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Table 1 SO2 national ambient air quality standards (NAAQS) in U.S. and Japan

US. primary NAAQS

80 pug/m?3 (0.03ppm) — Annual arithmetic mean
365 pg/m® (0.14ppm) — Maximum 24-hr conc.
not to be exceeded more than once per year.
(second highest value)

secondary NAAQS

1300 pg/m?® (0.50ppm) — Maximum 3-hr conc.
not to be exceeded more than once per year.
(second highest value)

Japan (i) 0.04ppm

Maximum 24-hr conc.

not to be exceeded more than 2% per year.
(98-th percentile value)

(ii) 0.10ppm -

Maximum 1-hr conc.

not to be exceeded

cf: warning condition*
(i) 0.5ppm
(ii) 0.7ppm

3-hr conc. exceed this value
2-hr conc. exceed ths value

* These situations were not appeared in 1980’s at all.
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Table 2 Application of Air Quality Simulation Model (AQSM)

> Multiple-source issues

i) Implementation Planning (cf; SIP)
ii) Air quality maintenance planning (AQMP)

> Single-source issues

iii) Prevention of significant deterioration (PSD)

iv) New source review (NSR)

v) Offset rules (OSR)

vi) Environmental impact statement (EIS)

vii) Litigation

viii) Real-time emission control

Table 3 Objective of Air Quality Simulation Mode! (AQSM)

> Direct-source
i) Stationary source

e.g. power plants
industries

incineration plants

ii) Mobile source

e.g. automobile

ship
airplane
> Indirect-source
i) roadway
ii) airport
iii) port

iv) automobile attractive facilities

(e.g. shoppin- ~
amusement «

> Overall emission sources
i) urban area
ii) industrial area

‘ter, container terminal,
ate)
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Table 4 Averaging time for Air Quality Simulation

~ 3min odor, toxic pollutant, highly flammable or explosive
gas leakage (LNG LPG etc.)
: 22 glrl : short-term air quality (SOz, O3, CO etc.)

~ 1lyear long-term air quality
(802, particulate matter etc.)

1year~  COg, CFCs, Halons

Table 5 Type of Air Quality Simulation

(usually one year)
(one year)

Concentration at the designated place and time

VVV V V

place during the given period (one year)

Maximum (or second highest) concentration at anywhere and anytime durmg the designated period
Maximum (or second highest) concentration at designated place and at anytime within the given duration
Maximum or representative concentration at anywhere and at the designated time

Probability distribution or several percentile values of the concentration at anywhere or at designated
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Table 6 Classification of Air Quality Simulation Model (AQSM)

> Statistical
e Rollback model (Proportional scaling method)
® Receptor model (e.g. Chemical mass balance)
® Regression model
> Physico-chemical
o Isopleth method (for photochemical ozone)
¢ Grid model
e Trajectory model
® (Gaussian plume or puff model
> Fluid model
* Wind tunnel
¢ Towing tunk

Table 7 Characteristics for Air Quality Simulation Model

> Numerical Model
e Grid model: Primitive equation is numerically solved. )

Spatial distribution and temporal change for wind and diffusivity can be
taken into consideration.
e.g. three dimensional (3-D) difference model

2-D difference model

Multi-box model

particle model (PICK or MAC method)

finite element method (FEM)
Representative concentration in the moving cell (or air parcel) are
calculated. This type of model was often used in photochemical air quality
simulation and simulation for long-range transport.

o Trajectory model:

> Analytical Solution Model
¢ Gaussian puff model: Resultant concentration is obtained by integration of individual puff which is

transported by variable wind field.

¢ Gaussian plume model: Most popular and practical model. This type of model can be obtained under

the uniform and steady meteorological condition.
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Table 8 Comparison between the numerical models and analytical models

Advantage Disadvantage
> Three dimensional distribution of wind and |> Computational requirements are too
Numerical diffusivity can be incorporated. large.
model > Nonlinear reaction between pollutants can  |> Calculated concentrations may be
. be modeled. varied according to the computa-
(Difference . e . . .
> Temporal and spatial variation of emission tional scheme, even though emis-
model etc.) d ol . . o
and meteorological condition can be con- sion and meteorological conditions
sidered. are invariable.
Analytical > Computation is easy compared with that of |> Temporal and spatial variability of
model numerical model. meteorological parameters are diffi-
(Gaussian > lItis easy to obtain the individual contribu- cult to incorporate.
plume tions. > Nonlinear complex reactions cannot
model etc.) be incorporated.
1 day 1 month 1 year
10000 b Hemisphere
1000 F
’ Continent
w L TTmTm——— _
r |
: (short-term) (long-term) |
10 F | !
1 Urban :
) 1F ! 1
& 1 |
: e e e e e e -
B 0.1
o
4 Local
< 001 —_—
(road etc.)
Room
0.001
(indoor)
01 1 10 100 1000 10000 100000

Time scale (hour)

Fig. 1 Temporal and spatial scale for air quality simulation models
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3-D Grid Model

COMPUTATIONAL COST

Gaussian Puff Model

Gaussian Plume Model
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NUMBER OF SOURCES

Fig. 2 Relation between the computational cost
and number of sources
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Table 9 Model performance measures and standard by Bowne (1980)

performance attribute performance measures

Ratio of the predicted peak to observed peak Cmax pred./Cmax obs.
Average and standard deviation of the residual values (obs. — pred.)
Average and standard deviation of the absolute residual values
(obs. — pred.)

Temporal correlation coefficient at each monitoring station

Spatial correlation coefficient calculated for each modeling hour

> Accuracy of the peak prediction
> Absence of systematic bias
> Lack of gross error

> Temporal correlation
> Spatial alignment

P9

Table 10 Model performance critirion for AQSM used in SOz Total poilution Load Control
(Implimentation planning program in Japan)

0.8 = b =1.2 (desirable)

(i) regression coefficient b
(obs. =a+ b * cal)

r= 0.71 (necessary)
7= 0.8 (desirable)

(ii) correlation coefficient »

Concentration field obtained by AQSM should be consistent
with observed one.

(iii) spatial distribution

* Additional conditions for NOz AQSM

(iv) bias @0 (ao=obs. ~ cal)

a0=1/3 (obs. — BG) + BG
where BG is natural background concentration.

(V) residual variance s’ ' s”obs. < 1/4
s’=1/(n—2) - Z (obs. — cal. — ao)?
(vi) s’ s/obs. <1/5

For NO2 AQSM, condtions (i) (ii) (iv) (v) or (iv) (vi) should be attaind.

All value in this table are annual averagé concentrations.

THBNOERELHELT L L TH S,

5, PAYHADORTBTREFNICET 34

T AN AIBWTiE, KABRETADOFE
IZHEBOREHEE L O Z & DEEWHEIHAT.
NERFOBREDR. 0%, BLURSTOESR
XicE D19765EF TIZHL2IZE Nz, T
bbb, BEORBE T, FRBEOHTEICEL

ZDizsH, EPA T3, REFBHERETNVZET
AN, EPA BB CoBRIER, FH
BERIIHT 2 EMNRY L DER L BNNDE.,
N4 AT TOREEREEL., — B2 bnER
PEEL 72, ZORTEEITIZHS000HH L5,
B L URMBRERESmL 72, ot



32  KREFRTEETNOBMK EFRE
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Table 11 Recommended air quality simulation models in U.S. EPA’s revised guideline

level of recommendation

name of air quality simulation model

Preferred AQSM BLP
(in Appendix A)

: Buoyant line and point source dispersion model
CALINE 3 : (California line source model)

CDM 2.0 : Climatological dispersion model
RAM : Gaussian-plume multiple source air quality algorithm
1SC : Industrial source complex model '
MPTER : Multipile point Gaussian dispersion algorithm with terrain
adjustment
CRSTER : Single source model
UAM : Urban airshed model
Aternative AQSM AQDM, ARRPA, APRAC-3, COMPTER, ERTAQ, ERT-Visibility model,
(in Appendix B) HIWAY-2, IMPACT, LONGZ, PPSP, MESOPUFF-II, MTDDIS,

Models 3141 and 4141, MULTIMAX, MPSDM, SCSTER, PLUME 5,
PLMSTAR, PLUVUE-IL, PAL, RADM, RPM-II, RTM-II, SHORTZ,

GMLINE, TCM, TEM,

(total 27 models)
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