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Optimization of Gas Detector Locations by
Application of Atmospheric Dispersion Modeling

Tools

Sumitomo Chemical Co., Ltd.
Process & Production Technology Center
Eisaburo MiyAaTA
Shigeki Mor1

In chemical plants, adequate emergency response procedures must be prearranged to prevent incidents (e.g. gas
leakage) from leading to major accidents. Installing gas detectors at appropriate locations is one of the indispensable
conditions for the implementation of emergency response plans. This paper introduces the procedure for optimiza-
tion of gas detector locations by application of atmospheric dispersion modeling tools which take into account dif-

fering plant conditions.
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Guidelines Institute Outline

Exposure Duration

ERPG AIHA
- Three levels are defined

- Exposure limits for all individuals

1hr

AEGL EPA - Exposure limits for general public, including susceptible subpopulations 10min, 30min,
- Three levels are defined for each of five exposure periods 1hr, 4hr, 8hr
TLV-STEL ACGIH - Exposure limits for workers that should not be exceeded at any time 15 min
during a workday.
IDLH NIOSH - Exposure limits for workers to ensure escape from a given contaminated 30 min
environment
ABBREVIATIONS
ERPG Emergency Response Planning Guideline AIHA  American Industrial Hygiene Association
AEGL Acute Exposure Guideline Level EPA U.S. Environmental Protection Agency
TLV-STEL Threshold Limit Value-Short-Term Exposure Limit ACGIH The American Conference of Governmental Industrial Hygienists
IDLH Immediately Dangerous to Life and Health limit NIOSH U.S. National Institute for Occupational Safety and Health

74 FRIEZ 2011-1



AR S EME I § % ERPG & 130K T %4
2 (AIHA) 2378 8 7285 2R O HES 3R D 723D D
fREHETH 5, WHINRIIERES. BREREEDET
DODATHD, DFEILHE T2 ERPG-21F FilNE TE X
N30,

ERPG-2 : it K 6053 D285 TH E &2 TD ADAH]

W 2 R, & B IR R %
DITEIRESI DN T % 4E U Wi KRS

(3) ALY —

R U 720 s ) Ffen, IhEoE B L Pl %
72HOFEEE LT, SRR X D KRR — e
KEhTn3 (Table22M), Zh b5 DY =L
T 5 RXILACE 7L R E < SFHIC S h 5,

DAL DI A © 18 S50 12 R B R o s 2

k%KD 53D
QOIER AT T I — 5= FINEOPERGIZHE > TR
K[NDOWRE S MEFHT 580

@3ICHTA T — Rz & 0 EH) 5 R IEEO X %
B i TR RO AR S ORI 53 Al % 3K 8 5
X0

%5, Table 2178 L7zdHili Y — Lk, KEILEGHR
DATEL . KBRS B I-REW 55T
iy —ILTdHbEDNEH,

1L [5P8 Modeling tools for atmospheric dispersion

Models Modeling tools
Simplified Risk Management Program  (EPA)
Prediction Risk Based Inspection (API)
Chemical Exposure Index (Dow)
Gaussian Type Risk Manager (JCIA)
METIL-LIS (METY)
TRACE™, Real-Time® (SAFER Systems)
PHAST (DNV)
ALOHA™ (EPA)
EFFECTS, DAMAGE (TNO)
CFD AutoReaGas™ (Century Dynamics)
fluidyn-PANEPR (TRANSOFT)
FLACS (Gexcon)
ABBREVIATIONS

API American Petroleum Institute

JCIA  Japan Chemical Industry Association

METI  Ministry of Economy, Trade and Industry of Japan

TNO  Netherlands Organization for Applied Scientific Research
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1R Modelling tool “TRACE™” input for
determination of “threshold release rate”

Category Parameter Value

Release Gas type 100% HCI

source Gas temperature 10 degree C *
Release height Ground level

Meteorology Ambient temperature 10 degree C *
etal. Atmospheric stability D (Neutral)

Surface roughness 0.1 m (Suburb equivalent)

Site boundary Distance for evaluation 270 m

Toxic endpoint 20 ppm (ERPG-2 for HCI)

* Yearly average value at the district

release rate site boundary
4 kg/min 3 (270m)

3 kg/min

2.3 kg/min

Distance from ground (m)

2 kg/min

0 100 200 300 400

Downwind distance (m)

G  ERPG-2 contour for each release rate
(Wind speed: 2.0m/s)

ERPG-2 (20ppm)

Ground level concentration
at site boundary of 270m (ppm)
oo

I
|
I
I
I
I
|
I
| 2.3kg/min
‘ LV ‘ ‘ ‘
0 1 2 3 4 5
Release rate (kg/min)

Determination of threshold release rate
(Wind speed: 2.0m/s)
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1R Modelling tool “PANEPR” input for
evaluation of gas detectors locations

Category Parameter Value
Release Gas type 100% HC1
source Gas temperature 10 degree C
Release height Ground level
Release rate 2.3 kg/min
Meteorology Wind speed 2.0 m/sec
Wind direction Case study
Ambient temperature 10 degree C
Other Discretization technique Finite difference method
conditions Governing equations Continuity eq.
Navier-Stokes eq.
Internal energy eq.
Turbulence model k-¢
Gravitational force Buoyancy model

Obstacles in domain Vertical cylinders (tanks)
Cuboids (buildings)
Oil dikes

Monitor point 7 points (D-( in Fig. 8)
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BEEEEN  Location of obstacles in “PANEPR”
simulation domain

1L Case study in “PANEPR” simulation

Case Release Point Wind Direction
A1 A East
A-2 A Southeast
A3 A West
A4 A North
B-1 B East
B-2 B Southeast
B-3 B West
B4 B North
C1 C East
C2 C Southeast
C3 C West
C4 C North
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BEEMEM  Case A-1: Time vs concentration at each
monitor point
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1NN Prediction of released gas detection for original layout of detectors

Maximum concentration for each monitor point (ppm)

Number of detection

Case

©) ©) ® ® ® ® @ Ippm<  2ppm<  3ppm<
Al 4.1 2.8 0.6 ND ND 0.7 2.6 3 3 1
A2 1.6 0.2 0.1 ND ND 3.9 3.0 3 2 2
B-1 44.9 0.2 ND ND ND ND 5.0 2 2 2
B2 26.1 ND ND ND ND 0.6 135 2 2 2
c1 2.2 0.6 0.2 ND ND 4.2 34 3 3 2
c-2 0.3 ND ND ND 0.3 5.5 0.9 1 1 1
ND : < 0.1ppm
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1L S8 Prediction of released gas detection for modified layout of detectors

Maximum concentration for each monitor point (ppm)

Number of detection

Case @ o @& _ 6 _®_ @ Ippm<  2ppm< _ 3ppm=<
A1 4.1 4.6 0.6 ND ND 0.7 2.6 1.5 4 3 2
A2 1.6 0.1 0.1 ND ND 3.9 3.0 5.8 4 3 3
B-1 44.9 ND ND ND ND ND 5.0 ND 2 2 2
B-2 26.1 ND ND ND ND 0.6 13.5 ND 2 2 2
C1 2.2 0.2 0.2 ND ND 4.2 3.4 8.1 4 4 3
C-2 0.3 ND ND ND 0.3 5.5 0.9 4.6 2 2 2
ND :<0.1ppm
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