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W Aims

() Overview of DRIFT model
¢ Model capabilities
¢ Configuration for model intecomparison exercise

(W Preliminary model results
¢ Maximum arewise concentration versus downwind distance
¢ Maximum concentration across the azimuth angle of the arcs
¢ Contour plots

(W Sensitivity analysis
¢ Dry deposition velocity set to zero
¢ Increased roughness for urban array in Trial 1

W Conclusions and Future Directions
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() To contribute DRIFT model results to the model irtemparison exercise

(W To volunteer and provide help (if needed) to the coordinators:
¢ SupportDNI KIF'Y ¢AO1f SQa &42dz2NOS Y2RStftA
¢ Providequality assurance checks on the experimental data
¢ Volunteer to crosplot other model results and compare to the data

We2 ¢g2N] S6AGK 5b+x D[ 2y GKS tl1!{¢ Y2

(W To collaborate with other experts in tle 2 R S tW®iKiBg@roup and
share findings
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DRIFT model: capabilities
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DRIFT is an integral model

Constant mean wind
speed and direction

Meander affects plume width
for longer averaging times

Vessel

Evaporating aerosol of chlorine Alongwind diffusion and
droplets and condensed water vapourgravity spreading
in the dispersing cloud

[

]

Initial gravityspreading
anddilution ofthe
source

GASP pool spread and evaporation Two-phase
Model accountdor heat transfer: jet

conduction from groundifgc.ground
cooling effects), air convection and
thermal radiation

DRIFT does not account for
additional turbulence and re
entrainmentat impingement

Flat terrain with uniform
aerodynamic roughness
and specified dry
deposition velocity

DRIFT magver-predict concentrations foshort-durationreleases in fafield due to use
of smaller Froude number for gravity spreading derived for continuous releases

© Crown Copyright, HSE 2018
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ExerciseSource Conditions HSE

Source conditions provided by Tom Spicer and Graham Tickle:

Trial 1 Trial 6 Trial 7
Primaryrelease
Discharge rate (kg/s) 224, 260 259
Discharge period (s) 20.3 32.2 33.3
Temperature ¢C) -37.3 -37.4 -37.4
Vapor fraction (ignoring KE effects) 0.171 0.172 0.172
Density (kg/n#) 18.32 18.15 18.12
Velocity (m/s) 50.8 44.2 44.2
Area (n¥) 0.241 0.324 0.323
Primary release modified forainout
Discharge rate (kg/s) 145 168 162
Discharge period (s) 20.4 32.4 33.6
Temperature {C) -37.3 -37.4 -37.4
Vapor fraction (ignoring KE effects) 0.264 0.266 0.274
Density (kg/n?) 11.89 11.79 11.41
Velocity (m/s) 50.8 44.2 44.2
Area () 0.240 0.323 0.322
Evaporatedrainout
Discharge rate (kg/s) 43.2 34.0 34.0
Discharge period (s) 36.8 86.4 93.4
Temperature {C) -37.3 -37.4 -37.4
Vapor fraction 1 1 1
Density (kg/n?) 3.160 3.152 3.144
Area () 491 491 491

Data source: JRII Model Compari€pecifications_ REVISEIMay18b.docx
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Meteorological conditions provided by Steve Hanna:

Trial 1 Trial 6 Trial 7
Weather/Environment
Atmospheric pressure (mbar) 873.7 871.1 868.5
Initial wind speed (m/s) atz=2m 1.45 2.42 3.98
Initial wind direction? atz=2 m 147.4 146.9 149.6
Initial temperature C) atz=2m 17.5 22.3 18.7
Surface roughness (mm) 0.5 0.5 0.5
Friction velocity, u* (m/s) 0.108 0.093 0.210
Sensible heat flux Hs, (Km/s) -0.012 -0.0034 -0.0160
Vertical profiles of wind speed and
direction and temperature
Inverse MonirObukhov length (nt) 0.124 0.056 0.0229
Pasquill Class E/F E D/E

Drydeposition velocityy, = 0.04 cm/s

Data source: JRII Model Compari€pecifications_ REVISEIMay18b.docx © Crown Copyright, HSE 2018



DRIFT model: setup for JRII simulation SE

Two-stage modelling process:

1.) Twoephase jet Jet entrains air and droplets

[ evaporate until it impinges

Source conditions taken from: Spicer and Tiekha/>

g Conditions when jet hits ground used
éPrimary release modified M A y 2 dzii ¢ . J

to calculate area source for Stage 2

2.) Dispersion

Area source (twephase) [ ] Evaporating pool source from:

from jet in Stage 1 /{ LIAOSNI YR ¢AO1fES ac
\u L

© Crown Copyright, HSE 2018



DRIFT model: setup for JRII simulation 35%2

Data source: JRII Model Compari€pecifications_ REVISEIMay18b.docx

Other DRIFT model inputs:

W Ground surface roughness,=Z 0.5 mm
¢ No account taken of mock urban array in Trial 1
¢ Sensitivity tests performed to investigate this matter

W Dry deposition velocity, = 0.04 cm/s

¢ Previous work has shown results are very sensitive to the deposition velocity,
but this is a low value

¢ Sensitivity tests performed witly, =0 cm/s

() Fixed wind speeds and atmospheric stability for the duration of each trial

© Crown Copyright, HSE 2018
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W Aims

() Overview of DRIFT model
¢ Model capabilities
¢ Configuration for model intecomparison exercise

W Preliminary model results )
¢ Maximum arewise concentration versus downwind distancg
¢ Maximum concentration across the azimuth angle of the aTc
\ ¢ Contour plots )

(W Sensitivity analysis
¢ Dry deposition velocity set to zero
¢ Increased roughness for urban array in Trial 1

W Conclusions and Future Directions
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JRII'WInd Conditions and Mass Release?sé:

Analysis by Steve Hanna for meteorology and Tom Spicer for chlorine mass

Mass of chlorine released in kg
(circle area proportional to mass)

6 —
@ Trial 1

— > © Trial 2 All vertically
-E. © Trial 3 | down releases

4 .
- ® Trial 4 with mock
E urban array
v 3 @ Trial 5
Q
(75
22 ® Trial 6 : Vertically dowh
S

Trial 7 : 45deg down | Open terrain
: _ - without mock
Trial 8 : Vertically up | yrpan array

[

0 T T T T i | Trial 9 . Road tanker _
-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 9C

Wind Angle Relative to Sensor Array Centerline (deg)

Datasource¥ Gt mpn Ww LL wHdEREwnS yaR-SND K Siimel@dithy & E ¢
& D / -$pR017JR2source+releaseate-PSHinal-JR2ratesNB @ n H doRcAI®Dikeémass released

© Crown Copyright, HSE 2018



JRII:'Selected trials for current exercise EE

Analysis by Steve Hanna for meteorology and Tom Spicer for chlorine mass HSE
6 —
® Trial 1
5 :
All vertically
~ down releases
4 with mock

urban array

Wind Speed (m/s)

2 ® Trial 6 : Vertically dowh
D Trial 7 : 45deg down | Open terrain
1 — without mock
)| urban array
0

60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 9(
Wind Angle Relative to Sensor Array Centerline (deg)
Datasource¥ Gt mcdn Ww LL wSHEREwnS yar-SND K Siimefe@didhy & E ¢
& D / -$pR017JR2source+releaseate-PSHinal-JR2ratesNB @ n H doRcAI®Dikeémass released
© Crown Copyright, HSE 2018



Max ArcWise Concentration vs. Distance %SEE

Key to plots shown on subsequent slides

Example plot:

Trial 1 | Colorsshow three different averaging times

——2s (Raw) -—/ DRIFT used averaging time =2s,20 s, 1 m
Sensor raw data was between 1 sand 3 s
Joe Chang sensor averages for 20 sand 1t

Lines show DRIFT base case results

Symbols show measurements:

v Triangles indicate sensor saturated
(concentration may be higher than indicated

Concentration (ppm)

O Circles indicate sensor did not saturate

0.1 1.0 10.
/ Downwind distance (km)

Both x and y axes
are log scales

© Crown Copyright, HSE 2018



Max ArcWise Concentration vs. Distance
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Concentration (ppm)

108 Trial 1

—2s (Raw)

0.1 1.0 10.
Downwind distance (km)

N 1.5m/s

-18°
Mock Vertically
urban down
array release

Concentration (ppm)

108 Trial 6

—2s (Raw)

0.1 1.0 10.
Downwind distance (km)

\

2.4 m/s

-18°

Vertically
down
release

Open
terrain

Concentration (ppm)

108 Trial 7

—2s (Raw)

0.1 1.0 10.
Downwind distance (km)

4.0 m/s
-15°
45-de
Open g
. down
terrain
release
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Max ArcWise Concentration vs. Distance EE
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Concentration (ppm)
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) down
terrain
release
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Downwind distance (km)
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Open
terrain
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Max Concentration vs. Azimuth Angle I?S%:

Key to plots shown on subsequent slides

Example plot:

19000 — . nal7:1.0kmarc =~ Colorsshow three different averaging times
——2s (Raw) _J/ DRIFT used averaging time =2s,20 s, 1 m
10000 | —20s Sensor raw data was between 1 sand 3 s
g_ —Imin || Joe Chang sensor averages for 20 s and 1 |
£ 8000
S Lines show DRIFT base case results
"é 6000
= Symbols show measurements:
@
2 4000 ¢ v Triangles indicate sensor saturated
8 (concentration may be higher than indicated
2000
O Circles indicate sensor did not saturate
0 = STt
-50 -40 -30 -20 0 10 20 30 40

Any sensors that measured noise (not signa
/ Azimuth (degrees) have been set to zero concentration

Assessed by visual inspection of graphs of

Both x and y axes . : :
time-series concentration at each sensor

are linear scales

© Crown Copyright, HSE 2018



Max Concentration vs. Azimuth Angle

Trial 1 4,545 kg vertically down release, mock urban array, wind speed 1.5 m/s
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10 «10% Trial 1: 0.2km arc
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5 wL C¢ PedicBod & Bdncentration looks larger here since the vertical scale is lineaf, o, Copyright, HSE 2018



Max Concentration vs. Azimuth Angle

Trial 6 8,391 kg vertically down release, open terrain, wind speed 2.4 m/s
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Concentration (ppm)
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Max Concentration vs. Azimuth Angle %S%:

Trial 7 9,072 kg 4%leg down release, open terrain, wind speed 4.0 m/s

«10% Trial 7: 0.2km arc %104 Trial 7: 0.5km arc Trial 7: 1.0km arc
15 —_—— 5 — 12000 ———
—2s (Raw) ——2s (Raw) ——2s (Raw)
—20s —20s 10000 - ——20s 1
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c c3r C
il o 9
§ *é ‘é 6000 |
= v = ¥ £
g5 g v & 4000+
c v c c
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4 2000 | ]
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-50 40 -30 20 -10 O 10 20 30 40 50 -50 40 -30 -20 -10 O 10 20 30 40 50 -50 40 -30 -20 -10 0O 10 20 30 40 50
Azimuth (degrees) Azimuth (degrees) Azimuth (degrees)
Trial 7: 2.0km arc Trial 7: 5.0km arc Trial 7: 11.0km arc
3000 400 70 ——
—2s (Raw) 8 ——2s (Raw) ——2s (Raw)
2500 —20s o ﬁ —20s 60 [ —20s ]
= —1min = — 1min = —1min
E E 300 50l v
£2000 2 =
S § G40
‘é 1500 ‘é 200 ‘é
§ 1000 ¢ § % 20!
IS 500 I 100 o
[ 10
P aad 8 o \
OO i n I T m P e e N S S S Y 0 ™ OCYWW\ L Z L Y YOO
-50 40 -30 -20 -10 O 10 20 30 40 50 -50 40 -30 -20 -10 O 10 20 30 40 50 -50 40 -30 -20 -10 0 10 20 30 40 50
Azimuth (degrees) Azimuth (degrees) Azimuth (degrees)

Recall that triangles indicate saturated sensors: actual concentrations may have been bBigh&ln copyright, HSE 2018



Concentration Contours HSE

Key to plots shown on subsequent slides

Contours show predicted concentration at the

Example plot: specified time (t = 120 s in this case)
Trial 1: Near 120s Predicted concentrations above upper scale limit
0.6 | 100000 < (100,000 ppm here) are shown as red
047 =
= K 130000 £ symbols show maximum measured concentration
< 0.2f = over all time at that locationnot at the specified
» S time). Symbotolorscale matches the contours
2 ol 110000
£ S g Triangles indicate sensor saturated
E 0.2 % (concentration may be higher than indicate:
- O : . :
3000 Circles indicate sensor did not saturate
047 Any sensors that measured noise (not signal) hav
' ' 1000 ;
/0.5 0 0.5 been set to zero concentration
Eastings (km)
Black contour lines Predicted concentrations below lower scale limit (1,000 pp
highlight the 5 set levels: Colorscale is here) are not shown, i.e. contour limits are clipped to this
1000, 3000, 10000 etc. logarithmic, not lower bound so that background appears white, not blue

linear © Crown Copyright, HSE 2018



Concentration Contours
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Concentration Contours
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Concentration Contours
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Concentration Contours
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Concentration Contours
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