EMRAS Il
WG 9 “Urban Areas”
Short range

Dejan Trifunovi¢, Hamilton, Canada, 15.-17. June 2011



Experiment SET-UP

Orientation of the blast:
“PARALEL” TO THE GROUND

Modelling requirement: BACK BLAST WAVE — due to explosion set-up
Unbounded upwards

Modelling requirement:

Unrestricted 360° geometry explosion



Experiment SET-UP
dispersion outcome

Shift of the maximum deposition
location around explosion point

forward for about 10 - 15 m.
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HotSpot model
Explosion geometry

Explosion (Non-nuclear)

Explosion
The release is partitioned as follows:

Upwind distance, dz, for for determination of sigma-z (x + dz)

g_.‘— — —_—
i dz (h=5) 2sigma-z ( x+z [h=5})

= dy(h=5) —>=
Upwind distance, dy, for for determination:of sigma-y (x + dy)....o»== "

Wi e radivs = 2sgma-z

«« radius = 25 gma-y

2'sigma-y ( x+dy (h=5} )

Upwind virtual H.
source terms
% Upwind Downwind x
sigma-y (x=0) = 0.5 cloud radius
sigma-z (x=0) = 0.2 cloud top
Cloud top =76 (wg25 (meter) "Y Source distribution
Cloud radius =0.20 cloud top (meter) 20% @ h(5) = 0.8cbudtop

where: w = pounds of high explosive (church, 1969) 35% @ h(4) = 0.6cbud top
2% @ h(3) = 0.4cbudtop
16% @ h(2) =02cloud top
4% @ h(1) = groundlevel



HotSpot Airborne Fraction
DEFAULT

~ Airborne Source Component Cloud Distribution
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Return to Original Defaults ‘ CT=76* (W)"O : 25 Return |




HotSpot model

Dispersion and Deposition

The following Gaussian model equations determine the atmospheric concentration of a gas or an aerosol :
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where—
C = Time-integrated atmospheric concentration (Ci-sec)/(m3).
Q = Source term (Ci).
H = Effective release height (m).
A = Radioactive decay constant (s—1).
x = Downwind distance (m).
v = Crosswind distance (m).
z = Vertical axis distance (m).
oV = Standard deviation of the integrated concentration distribution in the
crosswind direction (m).
0Z = Standard deviation of the integrated concentration distribution in the
vertical direction (m).
u = Average windspeed at the effective release height (H), (m's).
L = Inversion laver height (m).
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HotSpot model INPUT

ke

File Help

ot Version 2.07 srijeda, lipanj 02, 2010 -0 x|

Models T%Source Tevm§T Meteorology | Receptors T Setup T Qutput

Model I General Explosion

Radionuclide 1 Material at Risk —Damage Ratio
[Tc-99m D  6.02h [ 1.0580E+09 Bq | 1,000

Change Radionuclide Source Term I

~ Leakpath Factor-

-Deposition Velocity ] 1,000

I 0,03 cm/sec

-High Explosive -

| 250E-021b
Airborne Fraction ‘

| 1.00E+00

- Respirable Fraction -
| 9.75E-01 | Respirable Release Fraction = 9,75E-01




HotSpot model INPUT

|1 HotSpot
File Help
[ Mot

1Y HotSpot Version 2.07 srijeda, |
File Help

Model

Models | Source Term | [Meteorologyl| PReceptors |  Setp | Output

Radi
EI 10-meter Wind Speed Selected Stability Class
Ch “ 4.00 i3 “ [ Display Wind Chart { | D 1
~Wind Direction
I 270 Wind from the West

rAirbg ~Atmospheric Stabilty

l_1 Enter Solar Information - or- Enter the Actual Stability
_Rlﬂi * Sun High in the sky " A-Veryunstable

; " Sun Low in the sky or cloudy " B-Moderately unstable
" Night " C-Slightly unstable
& D-Neutral

" E - Slightly stable
" F-Moderately stable
" G- Special nighttime (low wind)
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' Mot

Model

Radi
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File

HotSpot model INPUT

=lolx|
tSpot =15
Help - S
IV HotSpot _.I_'- m] .2.‘.'
File Help
1 Models | SourceTerm | Meteorology | Receptors |  Setup) |  Output
I_ ~Terrain Radiological Units Distance Units —
@ Standard : Conservative Option " Classic (rem, rad, Ci) @ Metric
Wind  City: Large Metropolitan Area @« Sl (Sievert Gray, Bq) " English
vyl
~Wind Ref Height Sample Time Source Geometry - Explosion Model AF Distribution
I_ | 10 meters T “10 min —‘ ' Simple Default HotSpot Vertical AF
— " Complex I~ Change/View AF Distribution
i ~Mixing Layer _
P I~ Enable Inversion DCF Library
ni ﬂ: FGR11 ¢ FGR13 " Acute (1-day)
- ~Ground Shine & Resuspension
™ Include Ground Shine (Weathering Correction Factor : None)
C ™ Include Resuspension (Resuspension Factor : NCRP Report No, 129)
@,
Exposure Time: (Start: 0,00 days; Duration: 4,00 days)

~ Contour Values

Middle]S.DUE—U?
Outer ]1,00E—08

TEDE (Sv) ——
Inner |1,00E-05

~Deposition (kBg/m2)
Inner |3700,00

Middle |3?0.00
Quter |3?,UU

~Non-respirable Deposition Velocity
IU cmisec

~Holdup Time ——

—Wet Deposition
[~ Enable Rainout

llJ min

~ Breathing Rate —
|3.33E-04 m3/s

Return to Original Defaults




Plume Centraline Vertical Profile
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A B C D | E F G H i ) " [—O— O TV S— | J_——Y [ Y—, o, oy
Air
concentrati
1] ons
2 | (Bym3 " s) 4,50E+08 ——s :
3 | Cloud distribution: (4,18,25,35,20) % - DEFAULT 2 o Cloud distribution (4,16,25,35,20) %
4 Location (m) height (m) -
5 X Y 0 1 2 3 B 5 3,50E406 © g =
3. g g o 3,00E+06 —~ #heightom
g g
8| o 10 [ 35000000 36000000 37000000 35000000 | 33000000 0000000 | frpean Wheight 1 m
3| o 15 | 33000000 3300000.0 3200000,0 30000000 2800000.0 2600000.0 = 200808 Ahsight2m
0] o 20 | 28000000 2800000,0 2700000,0 2600000,0 25000000 2300000.0 I :
1| 0 25 | 2400000.0 2400000,0 2400000,0 2300000,0 = 2200000.0 = 2000000.0 ’ X height3m
12] o0 0 2100000,0 21000000 2100000.0 20000000 1300000.0 1800000.0 1,00E+06 I heightam
13 o 35 1500000,0 = 1900000,0 1800000,0 = 1800000,0 1700000.0 1600000.0 5,00E405 )
4] 0 40 1700000,0 = 1600000.0 18000000 16000000 1500000.0 1400000.0 i @heightsm
5] 0 45 15000000 15000000 14000000 | 14000000 14000000  1300000.0 2 ; ' ‘ ‘ '
18 0 50 1300000.0  1300000.0 13000000 13000000 1200000.0 1200000.0 o 10 20 30 40 S0 &
:; 1 Centraline location [m]
19|
20
o 4,50E4+05 = <
concentrati : Cloud distribution (20,20,20,20,20) %
21 ons 4,00E+05
2| Baym3 *3) ssorios -2 Cloud TOP=30m
23 | Cloud distribution: {20,20,20,20,20) % > . ] )
24 _ocation (m) height (m) B IeEn *—5 #heightom
25 X Y 0 1 2 3 4 5 &' 2,50E+06 Bheightim
2% 0 0 =
27| o 5 o Aheight2m
2 0 10 3.90E+08 3.90E+08 3.80E+08 3,60E«00 3.30E+06 3,00E+08 1,50E+06 " Xheight3m
2| 0 15 3.40E+08 3.30E+08 3,20E+08 3,10E+06 2,90E+08 2,60E+08 1 0OE+08 )
W 0 20 290E+08 290E+08 280E+08 270E+08 2.50E+05  2,30E+08 : fheightam
3| o 25 | 2505408 | 250E+08 240E+08  230E408 220E+08  2,10E408 HI0E:09 ®height s m
2| o 20 2,20E+08 220E+08 220E+08 2,10E+08 2,00E+03  1,80E+08 0,00E+00
2| 0 K] 2,00E+08 1,90E+08 1,90E+08 1,80E+08 1,80E+08 1,70E+08 o S e B e
2“4 0 40 1,80E+08  1,70E+08 1,70E+08 1,70E+08 160E+08  1,50E+08
3B 0 45 1,60E+08 | 180E+08 150E+08  1.50E+00 1.40E+08  1,40E+08 Centraline location [m]
8 0 50 1.40E+08  1.40E+08  1.40E+08  1.40E+08  1.30E+06  1.20E+08



Plume Centraline Vertical Profile
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Air
concentrati
ons f 1
Ar 4,50E406 s <
concentrati Clowd distribution (100,0,0,0,0) %
cin 4,00E+085
(Bg/m3 * ) T CO 3,50E405 -W:sﬂm_
| Cloud distribution: (100,0,0,0.0) % Kot P * —
Location (m) reight (m) g ¥ ° .9 ghtom
X Y. 0 1 2 3 4 5 oé 2,50E+06 ‘-—:—! Wheightim
0 0
0 5 e T q—!‘lr Aheightzm
@
0 10 420E+08 4,10E+08 4,00E+08 3,80E+08 3.50E+08  32,10E+08 1,50E408 < height3m
0 15 3,80E+08 360E+08 350E+08 3,30E+08 3,10E+08  2,80E+08 1,006+08 _
0 20 3.20E+08 3,10E+08  3,10E+08 290E+08 2.70E+08 = 2,50E+08 # heightam
0 25 | 2,80E+08 280E«08 270E«08 2B0Es08 240E+08  2,20E+08 e ® height 5m
0 30 | 2508408  250E+08 2.50E+08 240E+08 2,20E+08  2,00E+08 0,00£+00 ; :
0 5 230E+08 2,30E+08 220E+08 2,10E+08 2,00E+08 = 1,90E+08 < i 35 GK b ae a9
0 40 2,10E+08 2,10E+08 2,00E+08 1,90E+08 1,80E+08  1,70E+08
0 45 1,90E+08  1,90E+08 1,80E+08 1,80E+08 1,70E+08  1,80E+08 Centraline location [m]
0 B 1.70E+08  1.70E+08  1.70E+08  1.60E+08  1.80E+08  1.50E+08
Air
4,50E+06 oy -
concentrat Cloyd distribution {0,0,100,0,0) %
i 4,00E+05
(Baymi-s) 3,506+06 —'_!_Cloudlﬂl-‘-ﬂo_m_
, Cloud distribution: (0,0,100,0,0) % = :
Location (m) height (m) g ShEREAe o X ¢ heightom
X Y 0 1 2 2 4 5 -‘é‘ 2,50E+06 Bheightim
0 0 )
0 5 i i Aheight2m
0 10 4,10E+08 4,00E+08 3,90E+08 3,70E+08 3 40E+08 3,10E+08 1,50E+06 !—'—. ¥ height3m
0 15 350E+08 3.50E+08 340E+08 3.20E+08 300E+08  2.70E+08 1,00E+06 :
0 20 3,00E+08 3.00E+08 | 2,90E+D8 2,80E+08 260E+08 | 240E+08 i it Kheght4m
0 25 2.80E+08 280E+08 250E+08 2,40E:08 230E+08  2,10E+08 g @ heightsm
0 0 230E+08 2,30E+08 220E+08 2,10E+08 2,00E+08 = 1,90E+08 0,00£+00 ' . ' . , :
0 35 2.00E+08 2,00E+08 2,00E+08 1,90E+08 1,80E+08 1,70E+08 0 10 20 30 40 50 60
0 40 1.80E+08  1,80E+08 1,80E+08 1,70E+08 1.60E+08  1,50E+08
0 45 1,60E+08 160E+08 180E+08 1,50E+08 1,50E+08  1,40E+08 Centraline location [m]
0 50 1.50E+08  1.40E+08  1.40E+08  1.40E+08 | 1,30E+08  1,30E+00




Plume Centraline Vertical Profile
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ons '
(Bq“ms.S) ~ M ARA M W 3'505406 1 A -
Air 4 O0E+05 s = 03
concentrati ' Cloud distribution (0,0,0,0,100) %
ons 3,50E+05
Bym3*s) Cloud TOP=30 m
Cloud distribution: (0,0,0,0,100) % Pt ¢ N _
-ocation (m) height (m) g 2,50£405 3 s il
1 s -
é : [ 2 3 4 5 ¥ sidios '_!__' Bheight1m
0 5 E 1,50E+06 ’—' Aagiizm
0 10 350E+08 3.40E+08 340E+00  3.20E+08  3.00E+08 & 2.80E+08 ’ ] X beight 3m
0 15 | 2905408 | 2,80E+08 2,80E+08 | 2,70E:08  2,50E+08 | 2.40E+08 1,00E405 L :
0 20 | 240E408 2.40E408 2.30E+08 2.30E+08 @ 2.20E+08 = 2.00E+08 S ¥ heightam
0 25 | 2,00E+08  200E:08 2,00E+08 1.90E+08 | 1,80E+08 | 1,80E+08 » @ height s m
0 0 1.70E+06  1,70E+08  1,70E+08  1,70E+08 @ 1,00E+08  1,50E+08 0,00£+00 ‘ . .
0 5 1,50E+08 1,50E+08 1,50E+08 140E+08 1,40E+08  1,30E+08 I I
0 0 1,30E+06  1,30E+08  1,30E+08 1,30E+08 1,20E+08  1,20E+08
0 45 1,10E+08 1.10E+08 1,10E+08 1,10E+08 | 1,10E+08 1,10E+08 Centraline location [m]
0 50 | 9.90E+05 9.90E+05 9.80E+05  9.70E+05 9.80E+05  9.40E+05
Ak 3,006+07 ] et
concentrati Cloud distribution (4,16,25,35,20) %
Ons
(Ba/m3 ) 2,50E+07 - ou =9m
Cloud distribution: (4,18,25,35,20) % - DEFAULT, CF = 1/3 ,
Location {m) height (m) y 200807 a0 # heightom
x : 0 i 2 3 4 5 ¥ B - mheight1m
0 5 E W , A height2m
0 10 | 2508407 | 2.30E407 1.80E+07 | 1.20E+07  6.70E+08 | 3.20E+08 1,008+07 e ! % height3m
0 15 1,80E+07 1,70E+07 140E+07 1,00E+07 6,30E+08 3,50E+08 X 1‘ X ! (/] ;
0 20 1.40E+07 1,30E+07 1,10E+07 840E+08 5.80E+08 = 3,80E+D8 5,00E+06 - S ; * H—' #heightam
0 25 1,10E+07 1.00E+07 9,00E+08 7.20E+08  5,30E+08  3,80E+08 b @ height 5m
0 30 | 880E+08  830E+08 7.40E+08 6,20E+08 & 4,80E+08 | 3,40E+08 0,00£+00 : . : . ! :
0 35 | 7.10E408 B.90E+08 6,30E+08 5.40E+08  4.30E+08  3.20E+08 0. @5 BE 8 b Jeoh | g
0 40 | B.00E«08  5.80E«08 540E+08 4.70E+08 3,90E+08 = 3,00E+08
0 45 510E+08 5.00E+08 4.60E+08 4.10Es08 3.50E+08 & 2.80E+08 Centraline location [m]
0 50 | 440E408 4.30E+08  4,00E+08  3.60E+08  3.10E+08  2.80E+08




Short range scenario
TEST 2

Wind speed: 0,6 m/s
Weather stability class: B
Source term: 1058 MB(q
Cloud top: 5 m

Respirable Deposition velocity=0,0008 m/s
Respirable release fr.=99%



HotSpot “Calibration”

HotSpot vs. Experiment "fit" CT=35m

400000 i
REMARK: HotSpot model is not defined for x =(-10, 10) m ~n 350000
£ 300000
1. Bg/m2 8 250000
10 380000 46689,45 _% 200000:41- mn ~ @ EXPERIMENT
15 180000 180000 E 250000 ™ M Hotspot
20 110000 £2108,22 110000 3 100000 s
I} ] A HotSpot - SCALED |
25 74000 72987,95 2. Bq/mZ 74000 [ 50000 7#%.*.*7
30 53000 640 640 [ 0 T———h a6 64—
35 35000 710,835 560 560 [ ] 20 40 60
40 31000 308,0733 500 500 | Centraline downwind distance (m)
45 24000 319,7033 440 440 L
50 400 400

1. Sample time:10 min; Respirable release fraction:97,5%; Non-respirable depo. velocity:40m/s

2. Sample time:10min; Respirable release fraction: 97,5%; Non-respirable depo. velocity: 0m/s; Respirable depo. velocity: 0,03m/s



HotSpot “Calibration”

HotSpot vs. Experiment "fit" CT=35m

REMARI E :
HotSpot vs. Experiment "fit" CT=5m
300000 -~
REMARK: HotSpot model is not defined for x = (-10, 10) m rE 250000 - = |
S
200000 - — —
1. Bg/m2 % i
10 240000 46689,45 240000 ;| g 150000 - A ~ ®EXPERIMENT
15 130000 6,752698 130000 2 100000 - = BHotspot
; 20 85000 8210822 -3,52191 85000 2 - :
= @ 50000 - ® — Series3
‘ 25 59000 72987,95 19,16473 2.Bg/m2 59000 H gy
‘ 30 44000 700 700 0 T 2%
! 35, 33000 710,835 540 540 0 10 20 30 40 50
1. Samp 40 26000 308,0733 420 420 Centraline downwind distance (m)
45 21000 319,7032 340 340
2.Samp 50

1. Sample time:10 min; Respirable release fraction: 99%; Non-respirable depo. velocity: 40m/s, Respirable depo. velocity: 0,05 cm/s; CT=5m

2. Sample time:10min; Respirable release fraction: 99%; Non-respirable depo. velocity: 40m/s; Respirable depo. velocity: 0,0008 cm/s; CT=5m



REMARI

REMARK: HotSpot model is not defined for x = (-10, 10) m

HotSpot “Calibration”

Centraline Experimel CT=35m CT=5m

10
15
20
25
30
2.5 35

40

45

1.8:

46689

180000
110000
74000
640
560
500
440

240000
130000
85000
59000
700
540
420
340

HotSpot vs. Experiment "fit" CT=35m

HotSpot vs. Experiment "fit" CT=5m

300000

300000 -

250000

200000 -

150000 -

100000 -

50000 -

0 +

Ezsoooo m
O
¢ Experiment |

WCT=35m
g CT=5m
-

@
—8—8—8
0 10 20 30 40 50

CT=35 m ; Respirable Deposition velociy=0,03 m/s ; Respirable release fr.=97,5%

CT=5 m ; Respirable Deposition velocity=0,0008 m/s ; Respirable release fr.=99%



ENDPOINTS TEST 2




ENDPOINTS TEST 2
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400000 15 m Bami 3 60000 15 m B 5
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200000 20000
*, X B R B
0 0 2 X655 0+ —¢—9 B8 )
/N
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1800 R
1600
1400 A 0mB 5
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Short range scenario
TEST 3

Wind speed: 1,3 m/s
Weather stability class: D
Source term: 1222 MB(q
Cloud top: 13 m

Respirable Deposition velocity=0,0008 m/s
Respirable release fr.=99%



ENDPOINTS TEST 3

1000000
[ |
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[ | )
500000 O M 5 m Bgmin/m3 120000 ©0m Bg/m2
400000 - 10 m Bgmin/m3 100000 W5 m Bgmin/m3
300000 % 15 m Bgmin/m3 80000 10 m Bgmin/m3
60000 an
200000 % 15 m Bgmin/m3
100000 - 40000
'OQ;;i‘xxx 20000 n
0 10 20 30 40 50 60 0 +—o—¢ < <& o .
6000 0 200 400 600 800 1000
[, ]
5000 %
4000
§ ®0m Bg/m2
3000 n B5 m Bgmin/m3
R 10 m Bgmin/m3
2000 n
Q X 15 m Bgmin/m3
1000
0 : 0000 —

0 500 1000 1500 2000 2500



Short range scenario
TEST 4

Wind speed: 0,1 m/s
Weather stability class: C
Source term: 1088 MB(q
Cloud top: 13 m

Respirable Deposition velocity=0,0008 m/s
Respirable release fr.=99%



ENDPOINTS TEST 4

12000000
10000000 B 1400000
8000000 1200000 T H
u ¢0m Ba/m2 1000000
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6000000 | 800000 |
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600000 .
4000000 —I—. - % 15 m Bqmin/m3 10 m Bgmin/m3
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x X XX X X X X x 200000 =
00— ¢ 46644000 — 0+oeo & 9 B
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EMRASII
WG 9 “Urban Areas”
Mid range

Dejan Trifunovi¢, Hamilton, Canada, 15.-17. June 2011



MID-RANGE Cs-137 Ground deposition
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MID-RANGE I-131 Ground deposition
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MID-RANGE SUMMARY

Guadalajara - Ground depoosition in Bg/m2 Madrid - Ground depositionin Bg/m2  Air concentrations homogenous up to 50 m height in Bq*min/m3

D E D E
(s 23 ] (s 14 13 Guadalajara Madrid
I n 610 l 4 390 D E D E
(s % | 817 (s 60 | 51
I 533 | 4500 I 333 | 3000
STABLE NEUTRAL
Atmospheric stability class: € Atmospheric stability class: D
Wind speed at 10m height:3,0m/s  Wind speed at 10 m height: 6,0 m/s
Effective release height: 50m Cs-137 Deposition velocity =0,04 cm/s, Source term = 6,4E+11 Bg

Release time: 1 hour I-131 Deposition velocity =0,22 cm/s, Source term =3,67E+12 8q



