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Alberta’s Air Quality Model Guideline (and response document)

Location:
https://open.alberta.ca/publications/air-quality-model-guideline-2021

Meteorological Dataset
Location:
https://www.alberta.ca/meteorological-data-for-dispersion-models

Contact:
AEP.AirQltyModels@gov.ab.ca
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Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach Model Output
Level of refinement Sub/super-hourly averaging times
Scenarios Chemistry:
Source types NO,/NO, conversion
Baseline TRS
Surface characteristics Other chemistry

Acid deposition



Alberta’s Air Quality Model Guideline:

Table 1 Assessment Level and Corresponding Acceptable Air Quality Model(s)
Update 2021
iy B = AT Switches Model Meteorology Other
Assessment Quality Model Domain
. =50 km MAKEMET Few sources;
M Odelllng ApproaCh Screening AERSCREEN simple terrain.
Appendix D =50 km Regulatory Simple terrain;
M M I kay f rticl
Level of Refinement e i | " eporen
Refined available) assessment but
. . not acid
Screening — simple Swoaten
- - A dix D <200 ki Regulat: C I d
cases/preliminary look at o S Sl
onsite (i
available)
p ro b | e m/n e arby S O u rC e S written approval of =50 km Regulatory Simple terrain;
Director before Mesoscale + okay for particle
N H AERMOD delling; side b ite (if d it
Refl ned/AdVan Ced - Conslder si‘r:lneocoemlsfri?o:w?;:h ao\tnas'l::l;lt‘:_-] asseEsI::f;:zrl;ut
Advanced
. . Refined model not acid
ired d it
terrain/alternate switches ot
Written approval of <200 km Regulatory Complex and
- H Director bef M I imple terrai
Alternate — specialized/one of cusure | modsing sdaby et |
side comparison with available)
Refined model
required
Written approval of Regulatory Open source;
. Alternate Director and AEP Mesoscale + deprecated
. h bef delling; ite (if |
Note: Not tiered & " e byside cvaianle) | motsre ot
i ith llowed
“efined model o
required

Apertan



Difference (Max - Typical)
[tonnes/day]

Alberta’s Air Quality Model Guideline:
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Alberta’s Air Quality Model Guideline:

Update 2021

Modelling Approach
Source Types

De Minimis Sources may be
excluded

» ldentified according to AEIR
reporting criteria
— In total only a few percent of

facility total for given
substance

« Must consider nearby sensitive
receptors



Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach

Source Types

Merged Stack Sources

« EPA formulation (EPA 1992)
— Similar stack parameters

— Merged sources can be used
for screening model

— Must consider nearby
sensitive receptors

— Must consider downwash




Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach
Source Types
Fugitive Emissions
AP42
CAPP recommended values
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Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach
Source Types

Flaring

Use AER flaring tools to generate
pseudo-parameters for all flare

modelling
— Continuous
- only pseudo-parameters
— Non-routine
- AER risk-based approach
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Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach
Source Types
Building Down Wash
Several formulations allowed
Prime
ISCST3 (under certain configurations)
Alternate
ORD
Prime2/AWMA

Aperton



Alberta’s Air Quality Model Guideline:
Update 2021

Modelling Approach
Source Types
Low-wind Options (AERMOD)
Use EPA default option at moment

If EPA sets new parameterization
then use these

Coherent plume

Low wind speed disk

n A(b@rbﬁ,!l
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Alberta’s Air Quality Model Guideline:

Update 2021

Modelling Approach
Source Types

Particulate Emission
(TSP) from stack surveys

« Distribute emissions
per bin

* Aerodynamic profiling
for correct
transportation

Example:

Create the appropriate input to model TSP and PMz 5 from a pulp and paper source that is
emitting 10 g/s of TSP. From the AEIR Standard (Alberta Environment and Parks, 2018) a pulp
and paper source has (PM25/TSP) = 0.560 and (PM10/TSP) = 0.737 (recall that PMio is

cumulative and includes the PM2 5 mass fraction).

AERMOD Solution:

To set up AERMOD it is necessary to first define the mass fraction. For this problem a table of
input values for particulate deposition modelling 1s as follows:

PM Mean Particle | Mass Particle Density | Mass (g)
Species Diameter (um) | Fraction® (g/em’)

P1 (PM2.5) | 0.625 0.1400 1 1.400
P2 (PM2.5) | 0.875 0.1400 1 1.400
P3 (PM2.5) | 1.125 0.1400 1 1.400
P4 (PM2.5) | 1.875 0.1400 1 1.400
P5 (PM10) | 4.250 0.0885 1 0.885
P6 (PM10) | 8.000 0.0885 1 0.885
>PM10 20.000 0.2630 1 2.630

* The mass fraction 1s assumed to be distributed uniformly amongst the different diameter bins
associated with a particular PM species.

Aperton
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Alberta’s Air Quality Model Guideline:

Update 2021

Modelling Approach

Baselines

Total Particulate Matter General Guidance

(TPM) « Clarity about what is in

« Limited PM,, data the modelling

« Profiling using « Clarity about what is

available data missing — general

« Not zero guidance on selecting
representative
baseline
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Alberta’s Air Quality Model Guideline:

Update 2021

Modelling Approach
Surface Characteristics

Revised Bowen Ratio,
Albedo, and Surface
Roughness

- 2015 Canadian Land
Use

- NLCD equivalent

- Used in developing
new meteorology

Appendix E AEP Recommended Default Surface Characteristics

Table E1 Surface Roughness Length {m) for Land Use by Season

Canada 2015: MLCD 2016° Seasonal Surface Roughness
Land Use Cover MNLCD Code Winter Spring Summer Fall
FGP Code’
Water Open Water 11 0.001 0.001 0.001 0.001
Snow and lce Perennial lce/Smow 12 0.002 0.002 0.002 D.002
Developed, Open Space e | 0.020 0.030 0.040 0.030
Developed, Low Intensity 2 0.050 0,080 D.100 0.080
Urban Developed, Medium Intensity 23 0.200 0300 0.300 0.300
Developed, High Intensity 24 0.700 0.700 0.700 0.700
Barren Land (Rock/Sand/'Clay) (Arid MA 0.050 D.050 0.050
Region) 3|
-
-
-
Falusirine Aquatic Bed 88 0.050 0.050 0.050 0.050
Estuarine Aquatic Bed ] 0.050 0.050 0.050 0.050
T Canada LUC 2015

? Table 8-5. Seasonal Values of Bowen Ratio for the NLCD 2001-2018
There are no anid areas in the provinee as per the MLCD definition.

Default surface values are indicated by the green shaded/bolded entries. Cream shaded boxes indicate

interpolated values for this document.

Definition of Seasons:

“Spring” refers to periods when vegetation is emerging or partially green. This is a transitional situation that
applies for 1-2 months after the last killing frost in spring.

“Summer” applies to the period when vegetation is lush and healthy, typical of midsummer, but also of other

seasons where frost is less common.



Alberta’s Air Quality Model Guideline:

Update 2021

Modelling Output

« May exclude top 8 values (top
0.1%)

* Must include all hourly values

— 8-hour average remove
top value

— 24-hour average and
longer no removal allowed

15

C

sub-hour

= C,,our X (sub-hourly time/hour)0-28

= Gy X 1.21

Restricted to odour management
AAAQGs

30 minute average period

Must be based on include all hourly

values

— May exclude top 0.5% (based on Ontario
guidance) — exclude top 44 “sub-hourly”
values based on hourly data

Aperton
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Alberta’s Air Quality Model Guideline:
Update 2021

E?:J_[Nﬂ:]pﬂﬂﬂiﬂ#d houriyi = (03] ambient hourly T E:.r=1 ISR; = [NO,] predicted houriy.i. {4":}

Model Output

which can be further broken down into project and non-project source contnbutions:
Chemistry

Ei"r:l [Nﬂ:]prﬂdifrﬂd houriyd — [DE ]ﬂmbixnr hourly + EF:J_ I5K; = [Nﬂ;r] pradicted hourly project sourcasd +

E-EF:N_R ISR; = [Nﬂx]pradirwd hourly non—project sources,I- {dd}

1. Total Conversion Method (always)

2. PVMRM/OLM (AERMOD)/ OLM:
use in-stack ratios if available

Default ISR, = 0.2
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output

Chemistry

3. RIVAD/ISORROPIA (CALPUFF): Use Alberta default NH,; and
H,O, values if no better available
4. ARM (AERMOD and CALPUFF): Use downwind monitoring ratios

Default value = 0.7

Aperton
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output
Chemistry

5. ARM2 (AERMOD and CALPUFF):
Use current EPA methodology
if NO,, (project, total) <= 200 ppb use as is
if NO,, (project, total) > 200 ppb modify based on ISR.
If all project ISR < = 0.2 then use default
If any project ISR > 0.2 then use stack ISRs

Aperton
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output
Chemistry

In Stack Ratios (ISRs):

1. Stack testing (AEIR)

2. Manufacturer’s data

3. EPAlist of acceptable ISRs

4. Default values if no better information available:
Project ISRs = 0.2
Non-project = 0.2
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output
Other chemistry
Reported as TRS, use as is

Reported as mix (e.g., H2S, CS2, etc.), then
form simple mass sum
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output Appendix G AEP Recommended NH3 and H202 Levels
4 For CALPUFF deposition and secondary particulate matter studies, it is important to set representative NHz and
Ot h e r C h e m I St ry H20: levels. If onsite NHz and H20: data is available it must be used, particularly in areas where there are known
sources of NHs (e.g., agnicultural operations), otherwise use the default values.
(aCId depOSItlon) Table G 1 Recommended Default NH; Monthly Levels

- USe CALPUFF Or Other AEP Jan | Feb | Mar | Apr | May .T:JITIEET Aug | Sep [ Oct | Nov | Dec

15 115 |15 [25 |28 |32 |32 [30 |25 |20 |15 |15

reCO m m e n d ed m O d e I (n Ot * Adapted from Wamer et al., 2017 assuming Alberta’s seasonal vanability.
AE R M O D) Table G 2 Hz0; Hourly Levels by Season
) H:0: [ppb]™
- U Se R IVA D/I S O R R O P IA C h e m IStry Hour Winter Ugbt‘lanfrjﬂr:frusmg;ﬁngﬁall Winter Surliumer?lr Spring/Fall
0:00 030 0.50 0.40 0.54 043 0.43
(CALPUFF) R B B B B
- Use Alberta default NH; and H,0O, :

values if no better available
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Alberta’s Air Quality Model Guideline:

Update 2021

Model Output 1.

Acid Deposition
When required:

The proponent’s combined emissions of SO,, NO,, and NH; are greater
than 0.175 t/d of H* equivalent, i.e.,

Total H* equivalent (t/d) =
2*(SO, t/d)/(64)+1*(NO,t/d)/(46)+1*(NH, t/d)/(17), (5)

or

There is evidence that regional soil and surface water is more sensitive
to acidification than is estimated in the provincial framework, or

There is existing deposition and/or acidification impact monitoring that
indicates a potential concern if acid deposition increases.

Aperton
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Alberta’s Air Quality Model Guideline:
Update 2021

Model Output

Acid Deposition

« Use Acid Deposition Management Framework (ADMF) to determine if
critical load is exceeded

« Base Cation Deposition: Incorporated into ADMF already — add additional
deposition in areas of heavy crustal disturbance

* Meteorology: Use median average deposition value based on five year
regulatory data set

« Emissions: Annual average

Aperton
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Meteorology: Update 2021.
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Alberta’s Meteorology:

Update 2021

Current Meteorology

2002 — 2006 MM5

12 km resolution

30 layers

Complete province

Convenient extraction tool (MMEU)
500 GB

Why new meteorology?
MM5 is dated — no longer supported

Weather Research Model (WRF)
has improved physics — state-of-
science mesoscale weather model

More ground data available to
develop model

Aperton
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Alberta’s Meteorology:

Update 2021

New Meteorology

MULTI-MODEL EXTRACTION
UTILITY VERSION 2 (MMEU2)

SERVICE ALBERTA ON BEHALF OF
ALBERTA ENVIRONMENT AND PARKS

WEATHER RESEARCH AND FORECAST MODEL (WRF)
RWDI # 2004851
September 24, 2021

SUBMITTED TO SUBMITTED BY

David Lyder Jeff Lundgren, M.Sc.

Senior Air Modelling Standards Engineer  Technical Director / Principal
Air Policy Section leff.Lundgren@rwdi.com

Environment and Parks
Main Flr., Oxbridge Place
9820 - 106 Street
Edmaonton, AB T5K 2)6
david.lyder@qgov.ab.ca

Rodney Blanco
Project Manager

Rodney.Blanco@rwdi.com

RWDI AIR Inc.

Consulting Engineers & Scientists
Suite 1000, 736 8th Avenue SW
Calgary Alberta Canada T2P 1H4
T:403.232.6771

F: 403.232.6762

Aperton



Alberta’s Meteorology:
Update 2021

New Meteorology

~doy

(12 km) : |
« WRFV4.2.1, WPS 4.2 S

| doz

(4 km) |2ep_d02
(4 km)

« 0.25° ERAS outer nest
e 12 km/4km inner nests

« 39 layers up to 100 mb

27
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Alberta’s Meteorology:
Update 2021

Table 22 MMEU2 WRF Configuration

WRF Process MEUE2 WRF Configuration

28

New Meteorology

Model Version
Grid Nesting

WRF 4.2.1, WPS 4.2%
12/km run together with 1-way feedback®

. . .
PhySICS bU||t on Longwave Radiation RRTMG
previou s CM AQ Shortwave Radiation RRTMG
. Land Surface Model (LSM) Noah
StUdleS (AEP 2018) Planetary Boundary Layer (PBL) scheme Y]
Explicit Moist Sch WSM6
* Improved boundary *BlCt Moistire Scieme ,
L. Cumulus Parametrization Scheme Grell-Freitas on 12/4km
CO nd |t|0 ns Analysis Nudging Nudging applied to winds, temperature and moisture every
3 hours, 12km only*
* Increased ground data | analysis nudging wind coefficient 3x10-4
H Analysis Nudging Temp Coefficient 3x10-4
for Observatlonal Analysis Nudging Moisture Coefficient 3x10-4
nudglng (300+ IC/BC + Analysis nudging dataset ERAG*

Observation Nudging

Nudging applied to both surface wind and temperature for

Statl O nS) 4 km domains only
Observation Nudging Dataset MADIS plus ACIS*
Observation Nudging Wind Coefficient 3x10-4
Observation Nudging Temp Coefficient 1x%10-4
Observation Nudging Moisture Coefficient None

Aberton
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Alberta’s Meteorology:
Update 2021

Model Validation

* One MADIS station held back per land
use region

» Performance based on bias, absolute
error and/or RMSE: 2-m temperature,
wind speed/direction, vapor mixing ratio

« January, April, July, October for all years

Frice Gaome

MNORETH
¥ -
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Alberta’s Meteorology:
Update 2021

WRF Performance by LUF Area January 2019 MOdeI Valldatlon
Temperature . Mixing Ratio ° Soccer plot graphica'
- assessment of error and bias
5 Simple Conditions
oty * For the most part model
performs well and meets

F) . .
; | ol simple and complex terrain

omplex C Z 9.0
Y]

Temperature Error (gikg)
~N w &
{

£ 101
-4 -3 -2 -1 8} 1 2 3 4 -20 -15 -10 =05 0.0 0.5 1.0 1.5 20
lemperature Bias (g/kq) Humidity Bias (K)
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3.5 4

= g LowerAth
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; 55 . -;:- 1
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Alberta’s Meteorology:
Update 2021 o T

Model Validation

« Time series also indicated
very good model
performance

(=] n - @ @

9101 02 03 04 06 06 O7 0B (9 10 %1 12 13 14

151617 18 19 202 2224 2526277288293 3%n00
Date

Aperton




Alberta’s Meteorology:
Update 2021

MMEUZ2

MULTI-MODEL EXTRACTION

» Very similar to previous UT”—ITY 2 (MMEU2) &
L 2015-2019 ALBERTA
available METEOROLOGICAL
DATA SET
USER’S GUIDE

32 Aberton



33

Alberta’s Meteorology:
Update 2021

MMEUZ2 MMEU2

Muiti-Model Extraction Utility 2
Version 1,000

Using the tool o

eula
END-USER LICENSE AGREEMENT

* Disclaimer

Thes End User Licence Ag: n (CAg t) 15 3 legal ag [ yOu a5 an
indridual or an entity ("Licensee”) and Alberta Ervdronment and Parks (CAEP"). regarding the use of
RWDN's software solution entitied the Multi-Model Extraction Utilty oc MMEU2 (*Software”).

In ths Agreement. “Licensor™ will mean AEP except if any third party software are included as

part of the Software and no license is presented for acceptance the first time that third party
software is imvoked. then the use of those third party software will be governed by the

Agreement but the term “Licensor™, with respect 1o such third party software. will mean the
creator of that software and not AEP. The creator of the therd party software has neither

reviewed nor tested the Software.

BEFORE YOU USE THE SOFTWARE. CAREFULLY READ THE TERMS AND

R L G R L A T L SR R R e e A

o

|




Alberta’s Meteorology:

Update 2021

MMEU2
Using the tool
« Pathway
* Met data
- DEM
* Land Use data
* Qutput

34

=») Settings

MET DATA FOLDER

@ Location of the "Me cermal hard drive.

DEM FILE

nd in the “DEM® falder on the AEP

wnd in the “Land Use® folder on

DEFAULT QUTPUT FOLDER
€ Default output location of all MMEUZ outputs,

# MMEUZ works best when the abo & folders are on a local drive.

The directories specified in the Settings dialog can be modified at any time by selecting the
Settings Gear located in the upper right-hand corner of the application.

Aperton
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Update 2021

MMEU2

Using the tool

« Land Use data

» Default — native resolution
(30 m); can use coarser

resolution — —
(Dt Dagiees, WOARE (Dbl Do e, WA
Labtuce Laditucia V)
ARG611G0T AR
Lirmpbabe (€] Limybalie
1 1D E0EET! T13ES
Wit 12 Height- 30
(_3. ...................................................................... @
H MLECETA WP DOMAIN CXTENTE [DECIMAL Denane, wesEd] E
(- — cmenen |
= .
o e
s




Alberta’s Meteorology:
Update 2021

MMEU2
Using the tool
« DEM data | |
The spatial extent screen is used to specify the extents of the region.

« Default — native resolution

(25 m)
e Can use coarser o masvone

resolution: different E‘i : Eﬁ

interpolation schemes e

JIoEEE DT

36
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Alberta’s Meteorology:
Update 2021

MMEU2
Using the tool
 AERMET ready

-] =
« SAMSON, RAOBS, Stage
 Still have to do

P‘! ase Wait
HHES Ddrv'w l

visualization check of s
upstream land use zones
(not AERMAP)




Alberta’s Meteorology:
Update 2021

MMEU2

Using the tool

 GEO.DAT

« CALMET/CALPUFF ready
(.INP files)

Faasa spacety B wpstos Betard

UFELE B O
Dl D, PR
Listincaly 1} il
AN e 7 W AR
[ e ]
iii MR = iR
Witk 17 e Fasght 0 s
C ...................................................................... :_:‘|
ma B T P T T T "
E’_ ............................................................. ::_.J
' _— A
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Alberta’s Meteorology:
Update 2021

MMEU2
Using the tool

* Other
 WRF

« MCIP
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Alberta’s Meteorology:
Update 2021

Cost

Comparable to cost of current MMS5 data (~S500)
- confirmed at purchase

Large data set (10 TB)

- be prepared to receive it
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Alberta’s Air Quality Model Guideline and
Meteorology:
Update 2021

Questions?



