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EXECUTIVE SUMMARY 
 
The potential effects of air pollutant emissions from the Selkirk Generating Station (Selkirk 
G.S.) on ambient air quality were evaluated using a plume dispersion model to simulate the 
transport and diffusion of air pollutants that would be emitted from the combustion stack.  
Ambient ground level concentrations were calculated for common contaminants (CO, NO2, SO2 
and particulate matter), volatile organic compounds (VOCs), as well as trace organic (PAHs) and 
inorganic (e.g., metals) species.  Deposition rates were calculated for particulate matter, as well 
as trace organic and inorganic contaminants. The predicted concentrations of common 
contaminants were compared with observed ambient air quality data from stations in Winnipeg 
and with ambient air quality criteria adopted by Manitoba.  In addition, selected VOCs and trace 
contaminants were evaluated by comparison with air quality criteria adopted by the Canadian 
Council of Ministers of the Environment (CCME) or other provinces.  Finally, the emission of 
small quantities of natural gas from venting during startup and shutdown of the boilers was 
evaluated with respect to potential impacts on neighbouring residential properties. 
 
The results from the air quality impact assessment were also used to conduct screening-level 
human health and ecological (trees, plants, wild and domestic animals) risk assessment for those 
trace quantities of organic and inorganic emissions which are not covered by provincial or 
federal ambient air quality standards, objectives or guidelines.  The risk assessments are 
provided in a separate report. 
 
Methods 
The dispersion modelling analysis was conducted using the CALPUFF Modelling System for 
combustion stack emissions using methods similar to those that were accepted by Manitoba 
Conservation in support of the fuel switching project for the Selkirk G.S. in 2001. The 
CALPUFF modelling analysis was conducted over a 30 x 30 km modelling domain, with a 
receptor grid resolution of 200 x 200 metres.  The use of the CALPUFF model is considered 
appropriate for evaluating emissions from the Selkirk G.S. because: 
 

• The ability of the CALPUFF model to accept data from regional scale prognostic 
meteorological models allows the use of more representative meteorological data for the 
Selkirk area.  Regional scale prognostic models are highly sophisticated models that 
simulate meteorology over a domain of hundreds of kilometres with grid resolution of 
many kilometres.   

 
• The CALPUFF model has been accepted for use in regulatory applications by the U.S. 

Environmental Protection Agency (US EPA) and by Canadian provincial regulators. 
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• On a theoretical basis, the CALPUFF model is applicable to the flat terrain setting in the 
vicinity of the Selkirk G.S.  

 
Wind speed and direction for use in the CALMET portion of the CALPUFF model were derived 
from the prognostic meteorological Eta model that is run at the National Center for 
Environmental Prediction (NCEP) in Boulder, Colorado.   
 
Source Data 
The air emissions from natural gas combustion primarily consist of common contaminants such 
as oxides of nitrogen (NOx) and carbon monoxide (CO), with small quantities of sulphur dioxide 
(SO2), suspended particulate matter (SPM), volatile organic compounds, and trace quantities of 
both organic compounds and inorganic elements associated with the particulate matter.  Lastly, 
the combustion of natural gas results in emissions of carbon dioxide (CO2), and small quantities 
of other greenhouse gases such as methane (CH4) and nitrous oxide (N2O).  The emission rates 
for common contaminants are listed below in various units of measure for ease of comparison 
with regulated limits. 

 

 
 
For the purposes of Manitoba Hydro’s planning and assessment work, two operational scenarios 
were developed: 1) an expected operational scenario, characterized by plant utilization similar to 
that of the past several decades, and 2) a theoretical maximum operation scenario.  For the 
purposes of the air quality impact assessment, the maximum theoretical annual average 
generation has been estimated at 100% capacity factor, a conservative estimate that is 
unattainable in practice.  The expected long-term annual average generation rate is estimated at 
15% capacity factor. 
 
Existing Air Quality 
There are no ambient air quality monitoring stations located in the immediate vicinity of the 
Selkirk G.S. However, measurements are taken at a couple of locations in Winnipeg by 

 
Maximum Emission Rate 

Common 
Contaminants 

(g/s) (kg/hr) (ng/J) 

Maximum Annual  
100% Capacity Factor 

(tonnes/year) 

Average Annual 
15% Capacity Factor 

(tonnes/yr) 
      

SPM 1.7 6.1 3.2 45.4 8.0 
PM10 1.7 6.1 3.2 45.4 8.0 
PM2.5 1.7 6.1 3.2 45.4 8.0 
SO2 0.24 0.86 0.46 7.6 1.1 
NO2 13.9 50.0 26.5 438.4 65.8 
CO 18.8 67.7 35.8 592.9 88.9 
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Manitoba Conservation. Previous air quality assessments for the Selkirk G.S. (SENES 1992; 
SENES 2001) have used the monitoring data from Station 9118 (at Scotia & Jefferson) in north 
Winnipeg as an approximation of the levels that might be expected to occur in the Selkirk area, 
although it is recognised that these measurements may overestimate certain parameters since 
monitoring Station 9118 is located in the much larger urban area of Winnipeg. 
 
Predicted Air Quality Impacts   
 
Nitrogen Dioxide (NO2) 
The results of the dispersion modelling analysis for the common contaminants indicate that the 
predicted maximum impacts for NO2 emissions would not cause any exceedances of the 
Manitoba Maximum Acceptable Objectives.  Since most of the NOx emitted from the plume is in 
the form of NO and not NO2 , the analysis was conducted using three separate methodologies for 
estimating NO2  based on the assumed conversion rate of NO emitted to NO2: 1) assuming 100% 
conversion of NO to NO2 at the point of release (i.e., stack top) using the actual measured NOx 

emission rate, 2) assuming 100% conversion of NO to NO2 at the point of release (i.e., stack top) 
using the permitted measured NOx emission rate, and 3) assuming a more realistic rate of NO 
conversion to NO2 in the plume with distance from the stack using the actual measured NOx 

emission rate.   
 
The largest impacts were estimated for 1-hour average NO2 concentrations using Method 2.  The 
predicted NO2 concentration was 55.8 µg/m3 which accounted for up to 14% of the criterion 
level at the point of maximum ground level concentration.  However, using the more realistic 
conversion rates in Method 3, the maximum predicted 1-hour average NO2 concentration was 
only 10.4 µg/m3, accounting for only 2.6% of the Maximum Acceptable ambient air quality 
objective of 400 µg/m3.  Regardless of which method of NO to NO2 conversion is used to 
estimate the 1-hour average maximum NO2 concentration due to emissions from the Selkirk 
G.S., the addition of the predicted NO2 concentration due to the plant’s operation to the highest 
measured 1-hour average NO2 concentration at station 9118 in north Winnipeg would still not 
result in any exceedence of the Maximum Acceptable ambient air quality objective.  
 
Based on Method 2 NO to NO2 conversion, the predicted maximum 24-hour average NO2 
concentrations of 18.7 µg/m3 is estimated to account for about 9% of the Maximum Acceptable 
criterion level.  A more realistic estimate of the predicted NO2 concentration is 2.3 µg/m3 (24-
hour average) using Method 3.  The addition of the maximum observed NO2 concentration in 
Winnipeg as a representation of maximum background concentrations to either of these estimates 
would not cause the total NO2 concentrations to exceed the Maximum Acceptable criterion level.   
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Maximum predicted annual average NO2 concentrations are insignificant, accounting for less 
than 0.05% of the Maximum Acceptable annual average criterion level.   
 
Carbon Monoxide (CO)  
Maximum predicted 1-hour and 8-hour average CO concentrations are insignificant compared 
with ambient air quality criteria, accounting for less than 0.2% of the Maximum Acceptable 
levels.  If the measured CO concentrations are assumed to represent background concentrations 
from all other sources in the Selkirk area, the additional contribution of the emission from the 
Selkirk G.S. to ambient levels is also insignificant. 
 
Sulphur Dioxide (SO2) 
The maximum predicted 1-hour and 24-hour average concentrations of SO2 represent less than 
0.1% of the Maximum Acceptable concentration levels, and are thus insignificant.  The 
maximum predicted annual average concentration represents only 0.002% of the Maximum 
Acceptable ambient air quality objective level.  
 
Particulate Matter (SPM, PM10 & PM2.5) 
The Maximum predicted 24-hour average concentration of suspended particulate matter (SPM) 
of 1.2 µg/m3 represents just 1% of the Maximum Acceptable criterion level.  Since all of the 
particulate matter emitted from the Selkirk G.S. stack is less than 2.5 µm in diameter, the 
maximum predicted 24-hour average PM2.5 concentration represents approximately 4% of the 
numeric value of the Canada-Wide Standard (CWS).  Ambient monitoring data at station 9118 in 
north Winnipeg indicate that the CWS for PM2.5 is not being exceeded.  If the PM2.5 data at 
station 9118 in Winnipeg are assumed to be representative of background concentrations in the 
Selkirk area, the CWS would also not be exceeded with the addition of emissions from the 
Selkirk G.S.  Moreover, in most residential areas of Selkirk, the predicted PM2.5 concentrations 
are very low, on the order of 0.1-0.2 µg/m3.  Such low levels are below the measurable resolution 
of existing particulate matter monitoring equipment.       
 
Volatile Organic Compounds (VOCs) 
The predicted concentrations of all VOCs are far below all applicable ambient air quality 
guidelines or objectives.  The maximum predicted concentrations due to releases from the 
Selkirk G.S. stack are 2-to-6 orders of magnitude (i.e., 100-to-1 million times) lower than levels 
measured in downtown Winnipeg. 
 
Trace Inorganics 
As with the VOCs, the maximum predicted concentrations for all trace inorganic elements are 
insignificant when compared with established ambient air quality criteria in Ontario and/or 
Alberta.   
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Trace Organics (PAH) 
All of the predicted concentrations of PAH are very low.  The maximum predicted 24-hour 
average concentration for emissions from the Selkirk G.S. contributes less than 0.0004% of the 
criterion adopted in Ontario.  For the remaining PAHs which have no established ambient air 
quality criteria, the maximum predicted concentrations are about eight orders of magnitude (i.e., 
one hundred million times) lower than those observed in downtown Winnipeg. 
 
Greenhouse Gases (GHG) 
While trace amounts of nitrous oxide (N2O) and methane (CH4) are emitted from the Selkirk 
G.S., carbon dioxide is the only GHG emitted in significant quantities.  Although total emissions 
will vary from year-to-year, on average (i.e., at an assumed capacity factor of 15%), the plant 
produces 0.13 megatonnes per year (Mt/yr).  This represents approximately 0.7% of Manitoba’s 
total GHG emissions in 2000.Total GHG emissions in Manitoba represent approximately 3% of 
Canada’s total GHG emissions, and Canada contributes approximately 2% of the world’s GHG 
emissions. 
 
Natural Gas Venting 
The analysis of small amounts of natural gas vented during startup and shutdown of the boilers at 
the Selkirk G.S. indicates that this venting poses no risk of explosion to nearby residents.  
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1.0 INTRODUCTION 
 
Although Manitoba Hydro generates approximately 95% of its energy from hydraulic sources, 
uncertainty in water flows from season-to-season and year-to-year necessitates some thermal 
powered generation.  The Selkirk Generating Station (Selkirk G.S.), located on the eastern 
outskirts of the City of Selkirk, on the eastern bank of the Red River in the Rural Municipality 
(R.M.) of St. Clements, is an important part of Manitoba Hydro’s integrated system, providing 
backup to the system in times when power demand cannot be met by hydraulic sources.   
 
The first of two 66 MW units (132 MW total) at the Selkirk G.S. entered into service in 1960.  
Since that time, the station has undergone several provincial environmental reviews.  The first 
full Environmental Impact Assessment (EIA) was completed in 1976 (Environmental Impact 
Assessment of the Operations of the Selkirk Generating Station, James F. MacLaren Ltd., June 
1976) and a licence was issued in May 1979 (Clean Environment Commission Order No 833).  
A new licence was issued in 1984 (Clean Environment Commission Order No. 1048, later 
renamed Environmental Act Licence No. 1247). 
 
In 1992, Manitoba Hydro submitted a proposal to upgrade the Selkirk G.S. to assure reliable 
operation until 2005.  This included a comprehensive EIA of all aspects of the operation of the 
station, and a full regulatory review under the Environment Act.  This review resulted in the 
issuance of Environment Act Licence No. 1645 which prescribed terms, limits and conditions for 
the operation of the Selkirk G.S. for operation until 2005.  Since 1993, the licence has been 
revised on a number of occasions: in February 1994 (1645R), December 1999 (1645 RR), 
October 2000 (1645RRR) and May 2002 (1645 RRRR).   
 
It should be noted that despite significantly different developments than were anticipated at the 
time Licence 1645 was obtained, operation of the station since 1992 has been consistent with 
operations preceding that date and within the range of probable operations identified to the 
regulator in the 1992 EIA.  Although operating projections are provided to regulators for context 
and to assist evaluations, developments such as the cancellation of the 1,250 MW Conawapa 
project for a 2000 in-service and the deregulation of the electricity industry, to name a two, have 
not significantly affected how the station has been utilized in the period following 1992.  
Moreover, it is not expected that operations in the future will deviate significantly from past 
operations, regardless of any other developments that might occur. 
 
The Selkirk G.S. underwent alterations to convert from coal-fired to natural-gas fired operation 
in 2002.  An environmental assessment report was completed in 2001 to determine the expected 
changes in facility emissions and to obtain regulatory approval for the changes under the 
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station’s existing licence1.  Approval was granted, to be in effect until licence was formally 
reviewed in 2005.   
 
The air quality impact assessment presented in the following report provides an update of the 
assessment that was completed in 2001 in support of the fuel switching project.  The purpose of 
the current assessment report is to support the licence review for the Selkirk G.S. 
 

                                                 
1 see Manitoba Hydro, 2001.  Selkirk G.S. Fuel Switching Project Environmental Report 
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2.0 MODELLING METHODOLOGY 
 
Air quality assessment for the Selkirk G.S. has previously been conducted for Manitoba Hydro 
using the California Puff Modelling System (CALPUFF) (SENES 2001).  CALPUFF is a 
sophisticated dispersion modelling system that was developed by Sigma Research Corporation 
(now part of Earth Tech Inc.) for the United States Environmental Protection Agency (USEPA).  
CALPUFF continues to be supported by Earth Tech and is listed as an ‘Appendix A’ 
preferred/recommended dispersion model in the USEPA Guideline on Air Quality Models2.   
 
There are no surface meteorological stations in the immediate vicinity of Selkirk.  The nearest 
surface meteorological stations are located at the Winnipeg airport and at Gimli. Dispersion 
modelling also requires assessment of upper-air wind flow and atmospheric stability.  The 
nearest upper air stations are at The Pas in Manitoba, and Bismarck in North Dakota.  These 
stations are rather far to adequately characterize upper-air conditions over Selkirk.  These 
limitations on available meteorological data have been addressed in this analysis by using 
regional scale meteorology derived from a prognostic meteorological model as input to the 
CALPUFF model.  The ability of the CALPUFF model to accept data from regional scale 
prognostic meteorological models allows the use of more representative meteorological data for 
the Selkirk area. 
 
CALPUFF is a modern, non-steady-state air quality modelling system that includes a 
deterministic meteorological model (CALMET), the dispersion model itself (CALPUFF), and a 
postprocessor for analyzing and viewing output fields.  CALPUFF is able to treat emissions in a 
rigorous fashion with time-dependent releases of material that are transported and diluted within 
a 3-dimensional simulation of the atmosphere.  In Canada, CALPUFF is considered a refined 
dispersion model that is recommended for situations involving complex terrain or complex 
atmospheric circulations.  Although the terrain and atmospheric dynamics in southern Manitoba 
are not generally considered ‘complex’, SENES considers the use of CALPUFF over more 
simplified dispersion modelling techniques to be necessary to account for lack of meteorological 
data near Selkirk.   
 
CALPUFF simulates the transport of ‘puffs’ of material released from modelled sources.  
Sources of air contaminants can be represented with point, area, line or volume designation.  
Released materials are subject to chemical removal, wet and dry deposition, complex terrain 
algorithms (i.e., channelling), building downwash, fumigation, and other effects.  As opposed to 
more simplified gaussian plume models, CALPUFF is a lagrangian model that requires 3-

                                                 
2 http://www.epa.gov/scram001/tt22.htm 
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dimensional fields of wind and temperature, along with associated 2-dimensional fields such as 
mixing heights, surface characteristics and dispersion properties.   
 
A significant benefit of using the CALPUFF model is its ability to use meteorological inputs 
from a prognostic mesoscale (weather) model.  Although prognostic models are primarily used to 
construct weather forecasts, they also objectively analyse meteorological data from the network 
of surface and upper-air stations throughout North America and construct dynamically balanced 
fields of wind, temperature, humidity and other atmospheric quantities.  These analysed fields 
are constructed at regular (6-hour) intervals and are archived for future research initiatives.  The 
output from such models can now be purchased from research organizations for a region and 
specific time interval of interest.  Typically, the CALMET meteorological processor uses surface 
and upper-air station data as input.  However, in situations where nearby station data are not 
available, the use of prognostic model fields represents a significant advancement over previous 
modelling methods where station data from a distance are used with or without manual 
adjustments. 
 
 
2.1 CALMET METEOROLOGICAL MODEL 
 
A major reason for selecting the CALMET/CALPUFF modelling system to model emissions 
from the Selkirk G.S. is the lack of on-site meteorological data.  Although both the Winnipeg 
and Gimli Environment Canada (EC) surface stations likely provide a reasonable representation 
of surface winds at Selkirk, and are appropriate to use as input to the CALMET model, SENES 
considers use of the Eta mesoscale fields to provide significant benefit to the modelling exercise.  
The Eta model is run operationally at the National Center for Environmental Prediction (NCEP) 
in Boulder, Colorado, and the model’s large scale (12 km) fields are available for purchase.  
With use of the Eta fields, CALMET is provided with a high quality articulation of the upper air 
flow in the region.  It should be noted that surface station data from Winnipeg and Gimli was 
still used to provide minor adjustments to the Eta surface winds near the station locations, and 
local temperature and precipitation data on an hour-by-hour basis. 
 
There were several days in 2003 for which the Eta meteorological fields were not available.  For 
these isolated days, CALMET was run in its traditional mode, using upper air station data in 
conjunction with the EC surface data.  Upper air data was acquired from the Bismarck upper-air 
station in North Dakota.  There were 12 modelled days in 2003 that were affected by the missing 
Eta fields.  The resultant meteorological fields were merged with the CALMET fields produced 
with the Eta approach to produce a full, one-year dataset with which to use in the subsequent 
dispersion modelling with CALPUFF.   
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The input to the CALMET model requires a control file that defines the wind field grid parameters 
and model option switches, surface and upper air meteorological data, land use data and terrain 
data. A discussion of the data and options used is provided in the following sections.  The 
meteorological modelling was conducted over a 30 km by 30 km domain, with grid cell spacings 
of 200m in north and south directions.  
 
2.1.1 Meteorology   
 
Surface station data were purchased from Environment Canada, which were then re-formatted for 
use by CALMET.  In addition, precipitation data for the Winnipeg station were also acquired.  The 
Gimli station does not archive precipitation amounts.  A description of the stations used is 
provided in Table 2.1. 
 

Table 2.1 
Surface and Upper Air Meteorological Stations Used with CALMET 

 
 
No. 

 
Station MB Station No 

 
Latitude 

 
Longitude 

 Surface Stations    
1 Winnipeg 5023222 49.90 97.23 
2 Gimli 5031000 50.64 96.99 
     
 Precipitation Stations    
1 Winnipeg 5023222 49.90 97.23 
     
 Upper Air Station    
1 Bismark 24011 46.767 100.75 
Note:  The upper-air data were only used for 12 days of the modelling.  Eta fields were used for the vast 

 majority of the time for the 2003 simulation. 
 

 
Figure 2.1 shows an illustration of the meteorological modelling domain (with terrain contours) 
relative to the two EC surface stations.  The Winnipeg surface station is closest to the area 
studied, approximately 16 km from the south-east corner of the modelling domain.  The upper-
air station is too distant to include with the figure. 
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Figure 2.1 
CALMET Modelling Domain with Surface Station Locations 
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CALMET produces wind characteristics in distinct atmospheric layers.  Twelve vertical layers 
were used for the development of the complete 3-D wind field.  The layer heights used are 
described in Table 2.2. 
 

Table 2.2 
Vertical Layers Used in CALMET Modelling 

 
Vertical Height  

of Layer 
(metres) 

Height at  
Top of Layer 

(metres) 
 

20 
 

20 
30 50 
50 100 
100 200 
100 300 
100 400 
100 500 
300 800 
200 1000 
500 1500 
500 2000 
1300 

 
3300 

 
 

 
2.1.2 Land Use Data  
 
The Selkirk area is a flat expanse in the central lower-lying part of the Lake Agassiz Basin and is 
located between two sub-areas, namely: the Red River Plain Sub-Area and the Selkirk-
Beausejour Sub-Area.  The land use characteristic information for the modelling domain was 
based on the land cover data obtained from DMTI Spatial (Natural Resources Canada 
distributor).  The CTGPROC land use processor program, included with the CALPUFF package, 
was used to process this data for input to CALMET.  The land use categories for use in 
CALMET are based on the United States Geological Survey (USGS) land use classification 
system.  These categories are listed in Table 2.3.   The spatial distribution of land use categories 
in the modelling domain is provided in Figure 2.2. 
 
Figure 2.2 shows that much of the modelling domain is characterized by agricultural land, with 
smaller areas of rangeland, forest, water and urban.  Some interpolation of land use data was 
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required in the construction of gridded CALMET land use categories.  Particularly on the south 
side of the modelling domain, edge effects on the map sheets used in this type of data processing 
resulted in missing data.  The grid cells with missing data were flagged as agricultural, since this 
is clearly the dominant land use type.  This is evident in Figure 2.2.  SENES considers the 
potential effects of other land use types within the missing data region to be insignificant to the 
modelling results. 
 
2.1.3 Terrain Data  
 
Terrain data was acquired in the form of 3 arc-second digital elevation maps (DEMs) with 
approximately 90m horizontal resolution.  The DEMs were processed using the TERREL 
program that is included with the CALPUFF package.  The terrain in the modelling domain 
surrounding the Selkirk G.S. is depicted in Figure 2.3.  The region is characterized by flat terrain 
with little variability in topographical heights except in the extreme south of the domain. 
 
2.1.4 CALMET Configuration 
 
Appendix A contains a copy of the CALMET control file.  Many of the settings (‘switches’) are 
used to characterize the modelling domain and specify the names and locations of associated 
files (i.e., meteorological files).  There are several switches that are of importance in developing 
the 3-dimensional wind fields.  The choices used for these switches are based on guidance in the 
CALMET user’s guide, operator experience, and published accounts of previous CALMET 
studies.  A summary of the significant wind field switches used for Selkirk modelling is provided 
in Table 2.4.  All switches using model default options are not indicated. 
 

Table 2.4 
CALMET Model Configuration 

 
Option Setting 
ZFACE  (number of atmospheric layers) 12 
IPROG (prognostic wind field model) 14 
ISTEPPG (prognostic model timestep) 6 
RMAX1 (station influence parameter) 10 km 
RMAX2 (station influence parameter) 50 km 
TERRAD (influence of terrain features) 10 km 
R1 (station influence parameter) 5 km 
R2 (station influence parameter) 15 km 
ITPROG (3D temperature data) 1 
TRADKM (influence of temp station) 40 km 
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Table 2.3 
CALMET Land Use Categories  

Based on the U.S. Geological Survey Land Use  
and Land Cover Classification System (52-Category System) 

 
  

Level I   
Level II 

 
10 

 
Urban or Built-up Land 

 
11 
12 
13 
14 
15 
16 
17 

 
Residential 
Commercial and Services 
Industrial 
Transportation, Communications and Utilities 
Industrial and Commercial Complexes 
Mixed Urban or Built-up Land 
Other Urban or Built-up Land 

20 Agricultural Land — 
Unirrigated 

21 
22 

 
23 
24 

Cropland and Pasture 
Orchards, Groves, Vineyards, Nurseries, and 
  Ornamental Horticultural Areas 
Confined Feeding Operations 
Other Agricultural Land 

!20 Agricultural Land — 
Irrigated 

!21 
!22 

 
!23 
!24 

Cropland and Pasture 
Orchards, Groves, Vineyards, Nurseries, and 
  Ornamental Horticultural Areas 
Confined Feeding Operations 
Other Agricultural Land 

30 Rangeland 31 
32 
33 

Herbaceous Rangeland 
Shrub and Brush Rangeland 
Mixed Rangeland 

40 Forest Land 41 
42 
43 

Deciduous Forest Land 
Evergreen Forest Land 
Mixed Forest Land 

50 Water 51 
52 
53 
54 
55 

Streams and Canals 
Lakes 
Reservoirs 
Bays and Estuaries 
Oceans and Seas 

60 Wetland 61 
62 

Forested Wetland 
Non-forested Wetland 

70 Barren Land 71 
72 
73 
74 
75 
76 
77 

Dry Salt Flats 
Beaches 
Sandy Areas Other than Beaches 
Bare Exposed Rock 
Strip Mines, Quarries, and Gravel Pits 
Transitional Areas 
Mixed Barren Land 

80 Tundra 81 
82 
83 
84 
85 

Shrub and Brush Tundra 
Herbaceous Tundra 
Bare Ground 
Wet Tundra 
Mixed Tundra 

90 Perennial Snow or Ice 91 
92 

Perennial Snowfields 
Glaciers 
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Figure 2.2   

CALMET Land Use Distribution in the Modelling Domain 
 

 
 

Note:  10=urban, 20=agricultural, 30=rangeland, 40=Forest, 50=water, 60=wetland, 70=barren land 
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Figure 2.3  
Terrain Heights (m) for the Modelling Domain 
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2.1.5 CALMET Meteorological Fields 
 
CALMET meteorological fields were prepared for the entire year of 2003 (i.e., the most recent 
year for which all required meteorological data were available).  Several qualitative and 
quantitative comparisons were made to ensure there were no mistakes made in processing the 
input datasets. 
 
2.1.5.1  Modelled Winds 
 
Figure 2.4 presents an annual wind rose diagram of the CALMET predicted winds at the Selkirk 
G.S. and the wind rose diagrams of the EC surface winds from Winnipeg and Gimli surface 
stations.  A wind rose diagram shows the distribution of wind speeds and directions that a 
location experiences over a time period (in this case the year of 2003).  Although the two surface 
station locations are some distance from Selkirk, there should be distinct similarities to the 
CALMET predicted winds, based on the relatively flat terrain of southern Manitoba.  Figure 2.4 
indicates that southerly and northwesterly surface wind flow occurs frequently at Selkirk and 
nearby areas.  As an annual average, the CALMET predicted wind speed at Selkirk is 3.7 m/s, 
whereas the average measured wind speed at Winnipeg and Gimli is 4.9 and 4.2 m/s 
respectively.   
 
Figure 2.4 indicates that the CALMET surface winds provide a good representation of wind flow 
in the Selkirk area. 
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Figure 2.4  Surface Wind Comparison 
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Wind Speed and Distribution at Gimli, 2003
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Figure 2.5 presents a wind rose comparison of CALMET surface winds to CALMET winds in 
Layer 4 (between 100 and 200m above the Earth’s surface).  CALMET Layer 4 winds are 
important to consider, since air pollutants released from the Selkirk G.S. stack are influenced by 
these higher level winds more so than winds near the surface.  The influence of surface friction 
on wind speed is greatly reduced at 100m.  As such, higher wind speeds should be expected in 
Layer 4.  It is also expected that there should not be a great difference in wind direction between 
winds at the surface and those at 100m, due to the small potential of terrain in the Selkirk area to 
cause steering or drainage effects near the Earth’s surface (this can be considerable in valley-
based communities). 
 
Figure 2.5 shows good agreement with expected differences between surface and upper-level 
winds.  The annual average wind speed for CALMET Layer 4 winds is 6.9 m/s, which is almost 
double the average speed at the surface (10m).   
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Figure 2.5  Upper-Air Wind Comparison 
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2.1.5.2  Atmospheric Stability 
 
Atmospheric stability is a measure of the relative ease with which a parcel of air can move 
vertically.  Pollutants released into stable air tend to mix slowly, whereas the opposite is the case 
with unstable air.  Meteorologists commonly use stability classes to describe atmospheric 
conditions.  The Pasquill-Gifford (PG) stability class system uses categories from A (or 1) to F 
(or 6), where A is most stable and F is most unstable.   
 
Locally, strong stability (5 or 6) tends to occur overnight with clear skies and low wind speeds, 
whereas strong instability tends to occur during clear skies and surface heating (i.e., during the 
afternoon).  Synoptic (larger scale) weather patterns can also affect atmospheric stability.  Figure 
2.6 shows the distribution of PG classes for the 2003 CALMET meteorological fields. 
 

Figure 2.6 
CALMET PG Stability Class Distribution at Selkirk for 2003 

0

10

20

30

40

50

60

1 2 3 4 5 6

Stability Category

Fr
eq

ue
nc

y 
(%

)

 
 
The PG classes are not actually used within the CALPUFF model.  Instead, the model uses a 
more sophisticated approach to assess stability and associated vertical dispersion.  However, the 
PG class distribution can be extracted from the full meteorological dataset as an indicator to 
show how the model ‘sees’ the range of meteorological conditions throughout the modelling 
period. 
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The annual distribution of PG classes is reasonable for southern Manitoba and is similar in 
pattern to those developed in previous modelling exercises.  Class 1 (A) stability happens very 
infrequently (0.7% of the year).  Class 1 represents strong instability, which leads to vigorous 
updrafts and downdrafts due to turbulent motions associated with strong surface heating.  
Although infrequent, consideration of class 1 stability is important for Selkirk, since it can cause 
air near stack height to be brought down to the surface relatively close to the Generating Station 
(and the community of Selkirk).  The frequency of class 1 and 2 stability for Selkirk in 2003 is 
typical of frequencies found by SENES in past CALPUFF modelling studies of a similar nature. 
 
2.1.5.3  Mixing Heights 
 
The term mixing height describes the height to which the lower layer of the atmosphere will mix, 
effectively creating a uniform air mass.  Mixing can be mechanical, caused by high wind speeds, 
or turbulent, caused by differential heating.  Low mixing heights are typically caused by strong 
atmospheric stability and high mixing heights by instability.  Figure 2.7 depicts the distribution 
of CALMET mixing heights for 2003.  The frequency of high mixing heights (2000 – 3000m) is 
quite low.  These tend to occur during unstable conditions (PG class 1 or 2).  With strong 
stability (class 5 or 6), mixing heights tend to remain low. 
 

Figure 2.7 
CALMET Mixing Height Distribution at Selkirk for 2003 
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2.1.5.4  Summary of Meteorological Fields 
 
The CALMET modelling methodology produced an annual set of meteorological fields that is 
reasonable for the Selkirk area, based on summary features of the winds and stability parameters.  
The modelling approach used (in particular the choice of using prognostic weather model data to 
represent upper-air flow) likely resulted in a superior characterization of the distribution of 
atmospheric conditions experienced throughout a full year in the area surrounding the Selkirk 
G.S.  As such, it should be expected that air quality predictions may differ from, and be superior 
to, those determined through earlier modelling efforts. 
 
2.2 CALPUFF DISPERSION MODEL   
 
Table 2.5 lists the non-default settings (switches) used in the CALPUFF dispersion modelling.  
Choice of switches was based on guidance from the CALPUFF user’s guide and operator 
experience.  A full CALPUFF input file is provided in Appendix B. 
 

Table 2.5 
CALPUFF Model Configuration 

 
Option Setting 
MSHEAR (vertical wind shear) 1 
MCHEM (chemical transformation) 0 
MDISP (determination of dispersion coefficients) 2 

 

 
 
2.2.1 Discrete Receptors 
 
The CALMET meteorological fields were used with the CALPUFF model to predict ground-
level concentrations of particle-based and gaseous pollutants over both short-term and long-term 
averaging periods.  CALPUFF was set to determine both gridded (i.e., at regular intervals 
throughout the entire modelling domain) concentration estimates at 200m spacing and discrete 
receptor concentration estimates at 12 locations to use in the risk analysis.  In addition to 
concentrations at the discrete receptors, the maximum predicted off-site ground-level 
concentration within the modelling domain was determined and recorded.  The locations of the 
discrete receptors were chosen based on professional judgment of potential sensitivity of human 
or animal populations.  The discrete receptor points are listed in Table 2.6 and can be graphically 
located from Figure 2.8.   
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Receptors #1, #2, #4, #5 and #6 represent potentially sensitive receptor locations for human 
health impacts at residences, schools or hospitals near the Selkirk G.S.  Receptor #7 is located at 
a national historic park, while receptor #9 is located at the edge of the Birds Hill Provincial Park.   
Receptor #10, at the extreme western edge of the modelling domain, is located at the Oak 
Hammock Marsh Wildlife Management Area for use in the ecological impact assessment.  
Receptors 11 and 12 were added as points of maximum off-site air concentrations, as determined 
during initial modelling, and are not located in residential areas.  Receptor #11 is actually located 
over the Red River, while Receptor #12 is located at the edge of the golf course. 
 
 

Table 2.6 
Discrete Receptor Locations Used in Dispersion Modelling 

 

Receptor UTM Receptor Coordinates 
 

Land Use 
 Easting (m) Northing (m)  

R1 654801 5555942 residential 
R2 655200 5555282 residential 
R3 655878 5554314 residential and institutional (school) 
R4 651148 5555065 residential 
R5 650829 5557435 institutional (hospital and health centre) 
R6 653432 5560780 residential 
R7 648445 5553051 institutional (historic park) 
R8 652035 5557789 industrial (with nearby residences) 
R9 653069 5546057 rural residential 

R10 640108 5558060 institutional (wildlife management area) 
R11 653340 5555150 point of maximum predicted short-term 

concentration (1-hour & 24 hour averages),  near 
Selkirk G.S. property line 

R12 652742 5555753 second highest point of maximum predicted short-
term concentration (1-hour & 24 hour averages), 
near Selkirk G.S. property line 
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Figure 2.8 

Discrete Receptor Locations 
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2.2.2 Stack Parameters 
 
A list of the stack parameters for the Selkirk G.S. used in the CALPUFF dispersion modelling 
analysis is provided in Table 2.7, below.  Due to the relative height of the Selkirk powerhouse, 
building downwash was modelled.  The dynamic influence of a building can cause mean 
pollutant streamlines from the stack to sharply descend on the lee side of the building, resulting 
in increased ground-level concentrations near the generating station. 
    

Table 2.7 
 Stack Parameters for CALPUFF Modelling 

 
UTM Easting 653.450 km 
UTM Northing 5555.525 km 
Stack height 76.2 m 
Stack diameter 4.3 m 
Exit gas velocity 16.1 m/s 
Exit gas temperature 3980K 

 
 
The emissions from the stack were modelled with a unit emission rate of 1 g/s, and then 
apportioned to each specific pollutant based on its relative actual emission rate.  Two dispersion 
modelling runs were conducted to facilitate this methodology:  one run for gaseous pollutants 
and one run for particulate pollutants.  Particulate matter from the combustion of natural gas has 
been estimated to be less than 1 micrometer (µm) in size.  Such fine particles typically disperse 
much like a gas. Wet and dry deposition rates were determined with a similar methodology. 
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3.0 EMISSIONS DATA 
 
The air emissions from natural gas combustion primarily consistent of common contaminants 
such as oxides of nitrogen (NOx) and carbon monoxide (CO), as well as lesser quantities of 
sulphur dioxide (SO2) and particulate matter (PM).  The PM generally consists of larger 
molecular weight hydrocarbons from incomplete combustion, as well as trace quantities of 
inorganic elements.  There are also small quantities of some volatile organic compounds 
(VOCs).  Lastly, the combustion of natural gas results in emissions of carbon dioxide (CO2), and 
small quantities of other greenhouse gases such as methane and nitrous oxide (N2O).   
 
Operation of the Selkirk G.S. is expected to be similar in frequency, duration and magnitude to 
that of historic operation of the station.  Although sustained operation at the theoretical 
maximum power generation from the Selkirk G.S. is on the order of 963 GW.h per year (i.e., 
87% of its rated capacity factor), it is unlikely that the station could operate, or would be 
required to operate, at this level in a single year, let alone for multiple years, in the future.  The 
annual average production rates are listed for the period 1993 – 2004 in Table 3.1.   
 

Table 3.1 
Annual Power Generation at Selkirk G.S.  

 
Period of 

Operations 
Annual Generation 

(GW.h/yr) 
Fuel Type 

Capacity Factor 
(%) 

    
1993 43 coal 4 
1994 61 coal 5 
1995 51 coal 4 
1996 87 coal 8 
1997 90 coal 8 
1998 482 coal 42 
1999 199 coal 17 
2000 469 coal 41 
2001 77 coal 7 

2002 
120 
43 

coal 
gas 

14 

2003 125 gas 11 
2004 63 gas 5 

1993-2004 Average 159  14 
    

  
 
The long-term average annual emission rate is projected to be on the order of 15% of the total 
plant capacity, similar to the average capacity factor over the period 1993-2004.  Therefore, for 
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the purposes of evaluating chronic exposure to potentially toxic compounds evaluated in the 
human health and ecological risk assessments, maximum emission rates were multiplied by 0.15 
to obtain average annual emissions.  In addition, the risk assessments were also evaluated at the 
maximum theoretical generation level (i.e., a capacity factor of 100%, equivalent to 1,157 
GW.h/year) to provide an upper bound estimate of maximum potential risk, even though the 
plant is incapable of actually achieving this level of operation. 
 
Emission rates for air contaminants released from the Selkirk G.S. are based on continuous 
emissions monitoring (CEM) for NOx and available emission factors that relate air contaminant 
emissions to the amount of natural gas consumed.  These emission factors are produced by the 
U.S. Environmental Protection Agency (US EPA), based on previous testing programs3.  In the 
following sections, emissions are discussed and listed by group types.  Table 3.6 contains a full 
listing of all air contaminants released from the Selkirk G.S. 
 
3.1 COMMON AIR CONTAMINANTS 
 
Under operating Licence No. 1645 RRRR, issued in 1993 and revised in 2002, the applicable air 
pollutant emission limits for the Selkirk G.S. operating on natural gas are defined as follows: 
 

• nitrogen oxides (NOx - expressed as NO2):  an hourly mean emission rate of 50 
nanograms/Joule (ng/J) of total heat input for each generating unit, calculated based 
on a 720 rolling average of hourly mean NOx (tonne per hour) emission rate 
determinations; 

• sulphur dioxide (SO2):  an hourly mean emission rate of 258 ng/J of total heat input 
for each generating unit, calculated based on a 720 rolling average of hourly mean 
emission rate determinations. 

 
The maximum fuel firing rate for the Selkirk G.S. is 25,207 m3/hr per boiler.  The average heat 
content of the fuel gas is 37.501 megajoules per cubic metre (MJ/m3).  Therefore, the maximum 
heat input to each boiler is estimated at 262,579,919 Joules per second (J/s), or 896 million Btu 
per hour (MMBtu/hr).  At the maximum sustained generation rate for the Selkirk G.S., the 
permitted NOx emission limit of 50 nanograms per Joule (ng/J) is equivalent to an emission rate 
of 13.13 grams NOx (as NO2 equivalent) per second (g/s) per boiler.  The combined maximum 
permitted emission rate for the two generating units is 26.26 g/s.  Based on CEM monitoring 
data, the peak 720 hour rolling average emission rate for Units #1 and #2 combined is estimated 
at 13.9 g/s at the maximum generation rate of 132 MW, assuming total conversion of all NO to 
NO2 at the stack tip.    
                                                 
3 USEPA.  AP 42 Fifth Edition Compilation of Air Pollutant Emission Factors Volume 1:  Stationary Point and Area 
Sources.  See http://www.epa.gov/ttn/chief/ap42/index.html.   
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For large, wall-fired boilers (i.e., >100 MMBtu/hr heat input), the US EPA compilation of 
stationary source emission factors (AP-42) lists the CO emission rate as 84 lb CO/106 standard 
cubic foot (scf) of natural gas burned.  Using the maximum fuel firing rate for Selkirk G.S., the 
maximum CO emission rate for Units #1 and #2 combined is estimated to be 18.8 g/s. 
 
Naturally-occurring sulphur in natural gas, as well as small amounts of odorous sulphur 
compounds added to the gas to make it detectable for safety considerations, are converted in the 
combustion process to sulphur dioxide.  Assuming 100% conversion of fuel sulphur content to 
sulphur dioxide, AP-42 lists the SO2 emission rate for natural gas combustion at 0.6 lb/106 scf for 
a fuel sulphur content of 2,000 grains/106 scf.  The fuel sulphur content of the gas that is supplied 
to the Selkirk G.S. has an average of 3556 grains/106 scf.  Using this sulphur-content value, an 
SO2 emission rate of 0.861 lb/106 scf is determined, which is equivalent to 0.24 g/s at the 
maximum sustained generation rate for the two boilers combined. 
 
AP-42 lists the total particulate matter (both condensable and filterable combined) emission 
factor as 7.6 lb/106 scf.  This is equivalent to a maximum emission rate for suspended particulate 
matter (SPM) of 1.70 g/s.  All of the SPM is assumed to be less than 1 µm in diameter.  
Therefore, the emission rates for SPM, PM10 and PM2.5 size fractions are exactly the same. 
 
Table 3.2 lists the emission rates of common air contaminants in various units of measure for 
ease of comparison with regulated limits.  The estimate of the maximum NO2 emission rate 
assumes 100% conversion of NOx to NO2.   
 

Table 3.2 
Emission Rates for Common Air Contaminants  

 

Maximum Emission Rate Maximum Annual 
100% Capacity Factor 

Average Annual 
15% Capacity Factor 

(g/s) (kg/hr) (ng/J) (tonnes/yr) (tonnes/yr) 

 
Common 

Contaminants 
     

SPM 1.7 6.1 7.2 53.6 8.0 
PM10 1.7 6.1 7.2 53.6 8.0 
PM2.5 1.7 6.1 7.2 53.6 8.0 
SO2 0.24 0.86 1.0 7.6 1.1 
NO2 13.9 50.0 59.0 438.4 65.8 
CO 18.8 67.7 79.9 592.9 88.9 
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3.2 VOLATILE ORGANIC COMPOUNDS (VOCS) 
 
AP-42 lists only eight VOC emission factors for natural gas-fired boilers.  The eight compounds 
and their emission factors are listed in Table 3.3. 
 

Table 3.3 
VOC Emission Factors 

 
Compound AP-42 Emission Factor 

(lb/106 scf) 
 
benzene 

 
0.0021 

butane 2.1 
ethane 3.1 
formaldehyde 0.075 
hexane 1.8 
pentane 2.6 
propane 1.6 
toluene 0.0034 

  

 
At the maximum sustained generation rate for the two boilers, the emission rates for these eight 
VOCs are as listed in Table 3.6.   
 
 
3.3 TRACE CONTAMINANTS 
 
Although natural gas is a relatively clean-burning fuel, there are nevertheless trace quantities of 
other contaminants emitted in the exhaust gas stream.  There are no established guidelines or 
emission limits for these contaminants because of their low emission rates.  They are considered 
in this analysis solely to acknowledge their presence.  Since some of these contaminants are 
considered toxic compounds, they have been included in the human health and ecological risk 
assessments to ensure that the environmental impact assessment is as comprehensive as possible. 
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3.3.1 Trace Inorganics 
 
Trace inorganics consist primarily of metals present in the natural gas fuel.  AP-42 lists emission 
factors for 15 inorganics.  The inorganics are identified along with their emission factors in Table 
3.4. 
 

Table 3.4 
Trace Inorganic Emission Factors 

 
Trace Inorganic AP-42 Emission Factor 

(lb/106 scf) 
 
arsenic 

 
0.0002 

barium 0.0044 
beryllium <0.000012 
cadmium 0.0011 
chromium 0.0014 
cobalt 0.000084 
copper 0.00085 
lead 0.0005 
manganese 0.00038 
mercury 0.00026 
molybdenum 0.0011 
nickel 0.0021 
selenium <0.000024 
vanadium 0.0023 
zinc 0.029 

  

 
 
These factors were used to estimate the maximum emission rates listed in Table 3.6.  Wherever 
the emission factor was listed as ‘less than’, the emission factor was assumed to be that value.  
Therefore, the actual emission rates were likely overestimated for these substances. 
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3.3.2 Trace Organics 
 
Trace organic compounds from gas-fired combustion consist of Polycyclic Aromatic 
Hydrocarbons (PAHs).  According to the US EPA4, detectable levels of other trace organics such 
as dioxins and furans have not been reported in emissions from gas-fired boilers.   The PAH 
emission factors in AP-42 for gas combustion are listed in Table 3.5. 
 

Table 3.5 
PAH Emission Factors 

 
PAH AP-42 Emission Factor 

(lb/106 scf) 
 
2-methylanaphthalene 

 
0.000024 

3-methylchloranthrene <0.0000018 
7,12-dimethylbenz(a)anthracene <0.000016 
acenaphthene <0.0000018 
acenaphthylene <0.0000018 
anthracene <0.0000024 
benzo(a)anthracene <0.0000018 
benzo(a)pyrene <0.0000012 
benzo(b)fluoranthene <0.0000018 
benzo(g,h,i)perylene <0.0000012 
benzo(k)fluoranthene <0.0000018 
chrysene <0.0000018 
dibenzo(a,h)anthracene <0.0000012 
dichlorobenzene 0.0012 
fluoranthene 0.000003 
fluorene 0.0000038 
indeno(1,2,3-cd)pyrene <0.0000018 
naphthalene 0.00061 
phenanathrene 0.000017 
pyrene 0.000005 

  

 
 
The majority of the PAH emission factors in Table 3.5 are listed as ‘less than’ values.  Generally, 
a value represented as being ‘less than’ means that the compound is below detection limits.  As 
with the trace inorganics, the actual value used to estimate an emission rate was the less-than 
value, to ensure emissions were not underestimated.  

                                                 
4 U.S. Environmental Protection Agency (USEPA) 1997.  Locating and Estimating Air Emissions  
From Sources of Dioxins and Furans.  Office of Air Quality and Planning, Research Triangle Park, NC. EPA-
454/R-97-003. 
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3.4 GREENHOUSE GASES (GHGS) 
 
AP-42 estimates the emission factor of CO2 from natural gas combustion based on the equation 
shown below. 
 

CO2  [lb/106 scf] = 3.67 (CON)(C)(D) 
where: 

CON  -  is the fractional conversion of fuel carbon content to CO2   
  (assumed to be 100%); 

C  -  is the carbon content of the fuel by weight (72.11%); and, 
D  -  is the fuel density (42,000 lb/106 scf). 

 
Based on this equation, the maximum CO2 emission rate is estimated at 26.9 kg/s, or 96.8 
tonnes/hr at the maximum sustained generation rate. 
 
The other two GHGs emitted from natural gas combustion include methane and nitrous oxide.  
AP-42 emission factors for these two compounds are listed as follows: 
 

methane (CH4) 2.3 lb/106 scf 
nitrous oxide (N2O) 0.6 lb/106 scf 

(controlled low-NOx burner) 
 
Based on these emission factors, the maximum emission rates for these two compounds are 
estimated at 0.14 g/s for N2O and 0.52 g/s for methane.  The global warming potential of these 
compounds is often expressed as CO2–equivalents by multiplying the methane emission rate by a 
factor of 21, and the N2O emission rate by a factor of 310.  Thus, the total GHG emission rate in 
CO2-equivalents is estimated at 97.0 tonnes/hr.  At the long-term average generation rate (i.e., 
15% of capacity), the total GHG emission is estimated at 0.13 megatonnes/year (Mt/yr).   
 
Table 3.6 on the following page provides a full listing of the emission rates (in g/s) for all air 
contaminants considered in the air quality analysis. 
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Table 3.6 
Air Pollutant Emission Rates (g/s) at Maximum Sustained Power Generation 

 
 
 
 
 

 
 
 
 
 
 

Particulate Matter 1.7 Benzene 0.0005 Arsenic 0.000045 2-methylanapthalene 0.0000054
PM10 1.7 Butane 0.4704 Barium 0.000986 3-methylchloranthrene 0.0000004
PM2.5 1.7 Ethane 0.6944 Beryllium 0.000003 7,12-dimethylbenz(a)anthrac 0.0000036
Sulphur Dioxide 0.2 Formaldehyde 0.0168 Cadmium 0.000246 Acenaphthene 0.0000004
Nitrogen Dioxide 13.9 Hexane 0.4032 Chromium 0.000314 Acenaphthylene 0.0000004
Carbon Monoxide 18.8 Pentane 0.5824 Cobalt 0.000019 Anthracene 0.0000005

Propane 0.3584 Copper 0.000190 Benzo(a)anthracene 0.0000004
Toluene 0.0008 Lead 0.000112 Benzo(a)pyrene 0.0000003

Manganese 0.000085 Benzo(b)fluoranthene 0.0000004
Mercury 0.000058 Benzo(ghi)perylene 0.0000003
Molybdenum 0.000246 Benzo(k)fluroanthene 0.0000004

Carbon Dioxide 26887.0 Nickel 0.000470 Chrysene 0.0000004
Nitrous Oxide 0.14 Selenium 0.000005 Dibenzo(a,h)anthracene 0.0000003
Methane 0.52 Vanadium 0.000515 Dichlorobenzene 0.0002688

 Zinc 0.006496 Fluoranthene 0.0000007
Fluorene 0.0000009
Indeno(1,2,3-cd)pyrene 0.0000004
Naphthalene 0.0001366
Phenanthrene 0.0000038
Pyrene 0.0000011

Greenhouse Gases

Common Contaminants Volatile Organic Compounds Trace Inorganics Trace Organics (PAHs)
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3.5 NATURAL GAS VENTING 
 
As part of the normal operating procedure of burning natural gas at the Selkirk G.S., relatively 
small volumes of natural gas are vented directly to the atmosphere.  The gas volumes are 
released during start-up or shut-down procedures, for safety purposes.  On start-up, a leak test is 
completed to ensure that no valves are leaking prior to firing the unit.  The test pressurizes the 
gas piping and then vents it upon completion.  Also during start-up, the gas piping is purged with 
natural gas to ensure all air is removed from the line.  This ensures that there is no oxygen within 
the gas supply before it mixes with air inside the boiler.  Finally, there is also gas released during 
the shutdown cycle. 
 
Natural gas is primarily made up of methane and is not hazardous to inhale, unless it prevents an 
adequate supply of oxygen (i.e., in a confined space).  However, natural gas can be explosive 
under high enough concentrations.  To ensure that there is no danger to the public during gas 
venting, the maximum amount of gas vented during operational procedures was modelled and 
the resulting concentrations at the nearest off-site locations were examined.  As the venting 
procedures release gas over a short time interval, the CALPUFF dispersion model used for 
assessing stack emissions of air contaminants could not be used because it deals with hourly-
averaged emission rates.  Instead, the Area Locations of Hazardous Atmospheres (ALOHA) 
model was used, a commonly used dispersion model used in Canada for accidental releases of 
potentially hazardous gases.  ALOHA is a model supported by Environment Canada for the 
development of emergency response plans.  The model is generally considered a screening level 
model, which means it tends to be conservative in its predictions (i.e., over predicts actual 
expected impacts). 
 
There are two vents on either side of the Boiler Building, at a height of 40 feet (12.5m) each.  
The ALOHA model was used to predict the maximum ground-level concentration occurring at 
the nearest off-site location to the vents (approximately 160m distant).  Using the chemical 
composition of the natural gas supply5, the molecular weight of the gas was determined to be 
16.65 g/mole.  Manitoba Hydro estimated that the maximum amount of gas released in a start-up 
or shut-down cycle is 37.5 m3.  This volume represents the release during the fuel train purge 
prior to start-up of the boiler.  The total mass of gas released was estimated as follows: 
 
 37.5 m3 * 0.04464 mole/l * 1000 l/m3 * 16.65 g/mole = 27.9 kg 
 

                                                 
5 Based on TransCanada Pipelines daily chromatograph testing during the month of November 2004 at Emerson 1 
station. 
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Assuming the gas is released over a period of one minute, the natural gas emission rate was 
estimated at 465 g/s.  Table 3.7 provides a summary of the proportion of chemical compounds in 
the natural gas supply with estimated emission rates for each compound. 
 
 

Table 3.7 
Chemical Composition and Estimated Emission Rates 

for Natural Gas Venting 
 

Compound Fraction by Mass 
(%) 

Emission Rate 
(g/s) 

Total 100 465 
N2 3.45 16.03 

CO2 1.42 6.58 
Methane 92.50 430.14 
Ethane 2.29 10.67 
Propane 0.25 1.15 
I-Butane 0.035 0.16 
N-Butane 0.031 0.15 
I-Pentane 0.0039 0.018 
N-Pentane 0.011 0.050 

Helium 0.0096 0.045 
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4.0 EXISTING AIR QUALITY 
 
There are no ambient air quality monitoring stations located in the immediate vicinity of the 
Selkirk G.S.  However, measurements are taken at a couple of locations in Winnipeg by 
Manitoba Conservation.  Previous air quality assessments for the Selkirk G.S. (e.g., SENES 
1992; SENES 2001) have used the monitoring data from Station 9118 (at Scotia & Jefferson) in 
north Winnipeg as an approximation of the levels that might be expected to occur in the Selkirk 
area, although it is recognised that these measurements may overestimate certain parameters 
since monitoring Station 9118 is located in the much larger urban area of Winnipeg. 
 
Table 4.1 provides a summary of the concentrations of common contaminants (CO, NO2 and 
particulate matter) recorded at Station 9118 over the seven-year period 1995-2003.  Lead levels 
in particulate matter were also recorded at this site for two years (1995 & 1996).  SO2 levels are 
no longer monitored in Winnipeg.   Monitoring was discontinued in 1988.  During the preceding 
two year period, maximum average monthly SO2 concentrations recorded in north Winnipeg 
were less than 8 µg/m3 (SENES 1992), with a 2-year average concentration for 1987-88 of only 
2.4 µg/m3.  This was well below the provincial Maximum Desirable ambient air quality objective 
of 30 µg/m3.  According to Environment Canada, the average level of SO2 in major Canadian 
urban areas declined by about 50% between 1980 and 2000, and by 22% from 1988 to 2000.  
The average annual SO2 concentration in urban areas in 2000 was 12.6 µg/m3.  Therefore, the 
SO2 levels in Winnipeg in 1988 were already well below the more recent estimates of average 
SO2 in Canadian urban areas.  As such, it can be assumed that the current SO2 levels in the 
Selkirk area are quite low in comparison with established ambient air quality criteria. 
 
Table 4.1 shows that the ambient concentrations of both CO and NO2 are all well below the 
maximum acceptable air quality objectives set by Manitoba Environment.  This is also true of 
lead levels in particulate matter.  No monitoring data for other trace metal species were available 
for Winnipeg.  On the other hand, total suspended particulate matter (SPM), as well as the PM10 
and PM2.5 size fractions, all have peak concentration levels that exceed ambient air quality 
criteria set in Manitoba or in other jurisdictions.  The PM10 and PM2.5 measurements by 
Manitoba Environment were made using continuous (TEOM) monitors, whereas the SPM levels 
were recorded using cumulative 24-hour high-volume samplers, recorded on a 1-in-6 day cycle.   
 
Although the data indicate that particulate matter concentrations in Winnipeg are higher than 
established criteria levels, it should be noted that the Canada-Wide Standard (CWS) for PM2.5 is 
based on the 98th percentile measured annually, and averaged over three consecutive years.  The 
most recently available data from Environment Canada for Winnipeg shows that PM2.5 
concentrations were well below the CWS level of 30 µg/m3 over the 3-year period 1999-2001. 
PM2.5 levels in Winnipeg are also discussed in Dann (2001).  It is worth noting that the trends in 
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ambient concentrations of both PM10 and PM2.5 show steady and significant declines in both 
annual mean and peak concentrations.  For example, Figure 4.1 shows that annual mean PM10  
concentrations declined by approximately 10 µg/m3 between 1985 and 1996.  PM2.5 
concentrations, which generally account for roughly half of the mass in PM10 concentrations, 
declined by a proportionate amount of approximately 5 µg/m3 over the same period, and were 
lower still at the Scotia and Jefferson monitoring station in 2001.  This marked improvement in 
the concentrations of inhalable particulate matter mirrors similar declines that have been 
observed across Canada and the United States6. 
 
Table 4.2 lists the mean, minimum and maximum concentrations of polycyclic aromatic 
hydrocarbons (PAHs) measured at the Ellen Street monitoring station in downtown Winnipeg by 
Manitoba Environment in 1995-96.  Only those PAHs relevant to emissions from the Selkirk 
G.S. are listed.  There are no ambient air quality criteria specific to PAH concentrations, and the 
impacts of these contaminants are addressed in this assessment through the risk assessment 
analyses.  The PAH level measured in Winnipeg are simply provided for comparative purposes. 
 
Similarly, Table 4.3 lists a selected set of volatile organic compounds (VOCs) measured in 
Winnipeg at the Ellen Street monitoring station for seven of the eight VOCs that are relevant to 
gas-fired emissions from the Selkirk G.S.  As with the PAHs, the data in Table 4.3 are simply 
provided for comparative purposes.  There are no ambient air quality criteria for these 
compounds in Manitoba, although phased reductions in benzene emissions are being addressed 
through the Canada-Wide Standards process, and Manitoba is a participant in that process.  
According to Environment Canada (2000):  
 

“The largest source of benzene exposure to non-smoking Canadians is vehicular 
emissions. Cigarette smokers are exposed to even higher levels of benzene.  
Average ambient levels for benzene in 1998 were 0.3 - 1.0 µg/m3 in rural areas 
and 1.0 - 3.2 µg/m3

 in urban areas.  In general, ambient levels of benzene in air in 
Canada are generally at or below the long-term targets set for Europe, the UK 
and various states in the USA.”   

 
Furthermore, monitoring of benzene levels in Winnipeg by Environment Canada shows an 
approximate decline of about 1 µg/m3 over the period 1990-97 (see Figure 4.2), representing a 
40% decline over 1990 levels, and further reductions in benzene emissions are being 
implemented as part of the CWS process. 

                                                 
6 For example, Analysis of PM10 Trends in the U.S. from 1988 Through 1995. (Darlington and Kahlbaum 1996) 
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Table 4.1 
Ambient Air Quality Levels of Common Air Contaminants & Lead Measured in Winnipeg (1995-2003) 

(all concentrations in µg/m³) 
 

1995 1996 1997 1998 1999 2000 2001 2002 2003

Carbon Monoxide
Mean 467 433 422 456 388 547 524 422 331

Max. 1-hour 5928 6156 4674 6612 7866 4674 7980 3192 3762 35000
Maximum 

Acceptable Manitoba 

Max. 8-hour 4104 3078 3306 4560 3534 2736 3990 2280 1596 15000
Maximum 

Acceptable Level Manitoba 

Nitrogen Dioxide

Mean 24 24 23 23 23 23 23 19 18 100
Maximum 

Acceptable Manitoba 

Max. 1-hour 141 169 180 107 145 109 130 124 175 400
Maximum 

Acceptable Manitoba 

Max. 24-hour 107 117 86 75 79 70 75 75 62 200
Maximum 

Acceptable Manitoba 

Particulate Matter
SPM

Mean 28 25 28 26 26 25 23 70
Maximum 

Acceptable Manitoba 

Max. 24-hour 114 83 101 179 213 97 73 120
Maximum 

Acceptable Manitoba 
PM10 (TEOM)

Mean 18 17 19

Max. 24-hour 89 69 89 50 Interim Objective
B.C., Onatrio, 
Newfoundland

PM2.5 (TEOM)
Mean 7.3 9.5 8.6 5.7 5.8 5.7 5.6
Max. 24-hour 89 67 25 18 22 34 22 30 CWS* National

Lead
Mean 0.03 0.03

Max. 24-hour 0.04 0.04 5
Maximum 

Acceptable Manitoba 

* CWS - Canada-Wide Standard : achievement based on the 98th percentile ambient measurement annually, averaged over three consecurive years

Ambient 
Air Quality 
Criterion

Objective or 
Guideline 

Classification

9118 Winnipeg, Scotia & Jefferson
Jurisdiction
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Figure 4.1
Trends in Annual Mean Concentrations of Inhalable Particulate Matter 

in Winnipeg 1985-2001
(Source: Environment Canada 1999; Manitoba Conservation 1995-2001)
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Table 4.2 

Polycyclic Aromatic Hydrocarbon (PAH) Concentrations (ng/m3) 
Measured in Winnipeg (April 3, 1995 – December 31, 1996) 

 
Station 9119, Winnipeg (65 Ellen Street) 

Compound Arithmetic 
Mean Minimum Maximum 

   
Benzo(a)pyrene 

 
0.113 0 0.432 

Benzo(b)fluoranthene 0.462 0.023 2.707 
Chrysene 0.302 0.081 1.487 
Indeno(1,2,3-cd)pyrene 0.176 0.013 0.761 
Benzo(g,h,i)perylene 0.339 0.013 1.694 
Fluoranthane 2.497 0.826 9.314 
Naphthalene 0.380 0.040 1.080 
Phenanthrene 11.764 2.143 64.399 
Pyrene 2.069 0.508 7.018 

 Acenaphthene 2.279 0.248 41.324 
 Acenaphthylene 2.701 0.100 16.485 
 Anthracene 1.876 0.245 16.708 
 Benzo(a)anthracene 0.128 0.012 1.138 

      Benzo(k)fluoranthene 0.462 0.023 2.707 
 Dibenzo(a,h)anthracene 0.026 0.005 0.103 
 Fluorene 4.356 0.067 32.862 

 
 

Table 4.3 
Selected Volatile Organic Compounds (VOC) Concentrations (µg/m3) 

Measured in Winnipeg  (1995 – 1996) 
 

Compound Arithmetic Mean Minimum Maximum 
    
Benzene 1.59 0.39 6.25 
Butane 3.87 0.93 33.56 
Ethane 4.75 0.88 19.51 
Hexane 1.13 0.24 4.70 
Pentane 2.76 0.65 9.50 
Propane 9.10 1.61 180.26 
Toluene 7.45 1.26 46.55 
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Figure 4.2  
Trends in Ambient Benzene Levels 

Measured in Winnipeg (1990-97) 
(Source: Environment Canada 1999)
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5.0 AIR QUALITY ASSESSMENT 
 
The results from the dispersion modelling analysis are presented in the following sections.  
Significant characteristics of the meteorological fields are described, in addition to a discussion 
of predicted ambient air quality concentrations.  Where appropriate, the predicted concentrations 
have been compared to applicable ambient air quality criteria for Manitoba.  For those 
contaminants that do not have established criteria in Manitoba, a selected set of criteria from 
other regulatory jurisdictions are provided for comparison purposes.   
 
The evaluation of potential risks to human health and the environment is addressed in a separate 
document.  
 
 
5.1 AMBIENT AIR QUALITY CRITERIA 
 
The Province of Manitoba has adopted a set of time-based maximum pollutant concentration 
levels for the protection and preservation of ambient air quality.  Criteria for each contaminant 
are classified as either objectives or guidelines depending upon several factors.  The ‘objective’ 
classification is intended to be applied to those air pollutants that are sufficiently ubiquitous in 
presence (i.e., common contaminants) and potential environmental effect that national limits 
have been developed.  The ‘guideline’ classification is used for those pollutants of a more 
localized presence for which provincial limits have been developed.  In addition to the Provincial 
guidelines/objectives, there is a ‘Canada Wide Standard’ (CWS) for fine particulate matter 
(PM2.5 ).  Guidelines from other Provinces are also considered for those contaminants for which 
there are no established guidelines or objectives in Manitoba. 
 
Manitoba ambient air quality criteria are specified for the following three levels: 
 

• The Maximum Tolerable Level which denotes a time-based concentration of air 
contaminant beyond which, due to a diminishing margin of safety, appropriate action 
is required to protect the health of the general population; 

• The Maximum Acceptable Level which is deemed essential to provide adequate 
protection for soils, water, vegetation, materials, animals, visibility, personal comfort 
and well-being; 

• The Maximum Desirable Level which defines the long term goal for air quality and 
provides a basis for an anti-degradation policy for the pristine areas of Manitoba and 
for the continuing development of control technology. 
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The selection of the appropriate level depends upon the degree of protection to be afforded to 
affected receptors.  Maximum Tolerable Levels are only intended for evaluation purposes to 
identify the severity of an anthropogenic or natural phenomenon in order to protect public health 
and institute appropriate corrective action.  In general, Maximum Acceptable Levels are not to be 
exceeded in any urban centre, including areas that are in the vicinity of industries with 
atmospheric emissions.  Within rural areas, it is the goal to maintain pollutant concentrations at 
or below Maximum Desirable Levels. 
 
Table 5.1 lists the Manitoba air quality objectives for the common contaminants CO, SO2, NO2 
and particulate matter (SPM), as well as the guidelines for formaldehyde and lead.  Since the 
maximum predicted impacts of emissions from the Selkirk G.S. occur in residential areas in and 
around the City of Selkirk, the Maximum Acceptable Levels are the applicable criteria for 
comparison with predicted impacts. 
 

Table 5.1 
Manitoba Ambient Air Quality Criteria  

(concentrations in µg/m3) 
 

 
Contaminant 

 
Criterion 

Classification 

 
Averaging 

Period 

Maximum 
Desirable  

Level 

Maximum 
Acceptable 

Level 

Maximum 
Tolerable  

Level 
NO2 Objective 1-hour - 400 - 

  24-hour - 200 - 
  Annual 60 100 - 

CO Objective 1-hour 15,000 35,000 - 
  8-hour 6,000 15,000 20,000 

SO2 Objective 1-hour 450 900 - 
  24-hour 150 300 800 
  Annual 30 60 - 

SPM Objective 24-hour - 120 400 
  Annual 60 70 - 

Formaldehyde Interim 
Guideline 

1-hour - 60 - 

Lead Guideline 24-hour - 5 - 
 
 
Manitoba has defined criteria for only a limited number of pollutants that would be emitted from 
the Selkirk G.S.  Table 5.2 lists ambient air quality criteria for selected contaminants from other 
regulatory jurisdictions which may be used to provide some measure for comparison with 
predicted concentrations due to Selkirk G.S. releases.  Most of these contaminants would be 
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emitted in trace quantities. The Canada-Wide Standard (CWS) for PM2.5 is a relatively recent 
criterion established in June 2000 after extensive multi-stakeholder consultations.  The CWS 
level is considered to be a reasonably achievable target level for fine particulate matter.  The 
implementation schedule of the CWS process calls for attainment of the PM2.5 standard across 
Canada by the year 2010. 
 

Table 5.2 
Selected Ambient Air Quality Criteria from Other Jurisdictions 

(concentrations in µg/m3) 
 

 
Contaminant 

Averaging  
Period 

 
Criterion 

 
Jurisdiction 

 
PM2.5  

 
24-hour 

 
30 

 
Canada-Wide Standard* 

PM10  24-hour 50 B.C., Ontario, Newfoundland 
Benzene 1-hour 30 Alberta 

Naphthalene 24-hour 22.5 Ontario 
Toluene 24-hour 2,000 Ontario 
Arsenic 24-hour 0.3 Ontario 

Beryllium 24-hour 0.01 Ontario 
Cadmium 24-hour 2 Ontario 
Chromium 1-hour 

24-hour 
1 

1.5 
Alberta 
Ontario 

Lead 1-hour 1.5 Alberta 
Manganese 24-hour 2.5 Ontario 

Mercury 24-hour 2 Ontario 
Nickel 24-hour 2 Ontario 

Selenium 24-hour 10 Ontario 
* Canada-Wide Standard (CWS) – achievement to be based on the 98th percentile ambient measured annually, 
averaged over three consecutive years 
 
 
5.2 PREDICTED AMBIENT CONCENTRATIONS 
 
The CALPUFF modelled concentrations are discussed in this section.  The model is able to 
predict the maximum ground-level concentrations, at different averaging periods, and the times 
of year they occur.  Analysis of the meteorological fields at these specific times of maxima show 
that consistent atmospheric conditions tend to accompany the relatively high air concentrations. 
 
Maximum 1-hour concentrations near Selkirk tend to occur during low wind speeds and unstable 
conditions (PG class 1 or 2) during warmer months (in particular for June and July during 2003).  
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In many cases, strong overnight stability (PG class 6) changes to unstable conditions in the late 
morning, which can lead to a process known as ‘fumigation’.   Fumigation results from the 
breakup of a surface-based inversion layer as the mixing height rapidly expands.  Air with 
relatively high pollutant concentrations above the inversion layer is quickly brought down to the 
ground by vertical circulation cells.  CALPUFF shows that the maximum 1-hour air 
concentrations tend to occur during early afternoon and are likely a result of fumigation. 
 
Maximum 24-hour concentrations were also found to occur during summer months, but not on 
the same days the maximum 1-hour concentrations occurred.  The atmospheric conditions 
generally included moderate wind speeds, but stability tended to be more neutral (PG class 3 or 
4).    
 
5.2.1 Common Contaminants 
 
Common contaminants include CO, SO2, NO2 and particulate matter (SPM, PM10 and PM2.5).  
Table 5.3 lists the maximum predicted ground-level concentrations at the maximum sustained 
generation rate, and the appropriate time-based ambient air quality criterion.  Table 5.3 includes 
both common air contaminants and all other air contaminants of interest that were analysed in 
this study.  Note that for averaging periods greater than 1-hour, the predicted concentrations are 
considered to be conservative values, in the sense that they overestimate the actual 
concentrations which are likely to occur.  The values are conservative because it has been 
assumed that the Selkirk G.S. is capable of operating at the maximum sustained generation rate 
throughout the averaging period (e.g., 24 hours).  For periods greater than a few hours, this is an 
unrealistic assumption because in practice the facility would normally operate at a level closer to 
95% or less of its rated capacity over prolonged periods of operation (i.e., hours).  
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Table 5.3 
Maximum Predicted Off-site Ground-level Air Concentrations (µg/m3) 

at the Maximum Sustained Generation Rate 

Common Pollutants
NOx (as NO2) actual 29.59  9.92 0.0334 0.2227 
NOx (as NO2) permitted 55.82  18.72 0.0630 0.4202 
CO 40.01 24.34 13.42    
SO2 0.41  0.14 0.0005 0.0031 
PM (as PM2.5)   1.22 0.0041 0.0272 
Volatile Organics 
Benzene 0.0010 0.000001 0.000008 
Butane  0.001129 0.007528 
Ethane  0.001667 0.011113 
Formaldehyde 0.0357 0.000040 0.000269 
Hexane 0.000968 0.006453 
Pentane 0.001398 0.009321 
Propane 0.000860 0.005736 
Toluene 0.000116 0.000002 0.000012 
Particle-bound Inorganics 
Arsenic 3.21E-05 1.08E-07 7.17E-07 
Barium  2.37E-06 1.58E-05 
Beryllium 1.93E-06 6.45E-09 4.30E-08 
Cadmium 1.77E-04 5.92E-07 3.94E-06 
Chromium 6.69E-04 2.25E-04 7.53E-07 5.02E-06 
Cobalt  4.52E-08 3.01E-07 
Copper  4.57E-07 3.05E-06 
Lead 2.39E-04 8.03E-05 2.69E-07 1.79E-06 
Manganese 6.10E-05 2.04E-07 1.36E-06 
Mercury 4.17E-05 1.40E-07 9.32E-07 
Molybdenum  5.92E-07 3.94E-06 
Nickel 3.37E-04 1.13E-06 7.53E-06 
Selenium 3.85E-06 1.29E-08 8.60E-08 
Vanadium 1.24E-06 8.25E-06 
Zinc 1.56E-05 1.04E-04 
PAHs    
2-methylnaphthalene 1.29E-08 8.60E-08 
3-methylchloranthrene 9.68E-10 6.45E-09 
7,12-dimethylbenz(a)anthracene 8.60E-09 5.74E-08 
acenaphthene 9.68E-10 6.45E-09 
acenaphthylene 9.68E-10 6.45E-09 
anthracene 1.29E-09 8.60E-09 
benzo(a)anthracene 9.68E-10 6.45E-09 
benzo(a)pyrene 6.45E-10 4.30E-09 
benzo(b)fluoranthene 9.68E-10 6.45E-09 
benzo(g,h,i)perylene 6.45E-10 4.30E-09 
benzo(k)fluoranthene 9.68E-10 6.45E-09 
chrysene 9.68E-10 6.45E-09 
dibenzo(a,h)anthracene 6.45E-10 4.30E-09 
dichlorobenzene 6.45E-07 4.30E-06 
fluoranthene 1.61E-09 1.08E-08 
fluorene 2.04E-09 1.36E-08 
indeno(1,2,3-cd)pyrene 9.68E-10 6.45E-09 
naphthalene 9.79E-05 3.28E-07 2.19E-06 
phenanahtrene 9.14E-09 6.09E-08 
pyrene 2.69E-09 1.79E-08 

Averaging Period

1-hour 8-hour

average 
annual (15% 

capacity) 
theoretical 

max. annual24-hour
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Table 5.3 contains maximum ground-level concentrations for annual-average emission rates 
(estimated to be 15% of maximum possible emission rates) and for theoretical maximum 
emissions, which represent the plant operating at full capacity for the entire year.  In addition, the 
table yields resulting concentrations for actual emissions of NOx as well as for the permit-level 
emission of NOx.   
 
Nitrogen Dioxide (NO2 ) 
 
Most of the NOx emitted from the Selkirk G.S. consists of NO, with a small amount of NO2 (e.g., 
5% of the NOx is emitted as NO2).  The NO is subsequently chemically transformed into NO2 by 
oxidation of NO as the emission plume is transported downwind.  The conversion of NO to NO2 
is not constant as it is related to solar intensity and therefore drops to near zero during the 
evening7.  The conversion rate is also affected by the presence of other pollutants, especially 
ozone.   
 
It is common for air quality assessments to simply assume that all NO is converted to NO2 at 
stack top; this is simply due to the fact that regulatory dispersion models cannot accurately 
represent the complex chemical conversions that occur over time.  The assumption of 100% 
conversion at the stack tip leads to significant over-prediction of short-term concentrations of 
NO2, but may be more reasonable for long-term concentrations (at distances further from the 
source).  Alternative regulatory approaches to dealing with this issue are to 1) use the Ozone 
Limiting Method (OLM) which sets an upper limit on the conversion of NO to NO2 based on the 
relative amount of ozone present in the atmosphere, or 2) use the ratio of measured NO to NO2 
from a nearby ambient monitoring station to estimate the amount of NO converted to NO2 on an 
hourly basis.  The OLM method is not appropriate for a large plume such as that emitted from 
the Selkirk G.S. because it assumes rapid and complete mixing of the plume with the ozone in 
the ambient air.  In actual fact, power plant plumes can maintain their shape for some distance 
downwind, only gradually mixing with ambient air as the plume is transported downwind.  Thus, 
the OLM method also over predicts NO2 conversion rates.  As there are no NOx monitoring sites 
in Selkirk, the NO/NO2 ratio method cannot be applied either. 
 
For the purposes of this air quality assessment, the predicted ground-level concentrations of NO2 
are assessed with three different methodologies:   
 

1. use of the actual, measured maximum NOx emission rate, and assuming 100% conversion 
at stack top;   

2. use of the permit-level NOx emission rate, and assuming 100% conversion of NO to NO2; 

                                                 
7 Godish, T., 1991.  Air Quality. Lewis Publishers Inc., 2nd Edition.   
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3. use of the actual, measured maximum NOx emission rate and application of a published 
empirically-derived methodology to estimate conversion rates of NO to NO2 in power 
plant plumes. 

 
The NO2 concentrations estimated using Method #2 are not presented in Table 5.3 and are not 
used in any of the air quality summaries.  Instead, they are presented here only for discussion 
purposes. 
 
Because Method #3 predicts the lowest NO2  concentrations, it requires further discussion.  The 
methodology was developed in 1988 from a series of in-plume studies conducted in the 
Netherlands, and clearly described in a technical article8.  The NO/NO2 conversion rates were 
developed and presented within a predictive equation that was subsequently validated with in-
plume measurements from oil-, gas- and coal-fired power plants.  This methodology has been 
recently applied in other work9.  The predictive equation (referred to here as the ‘Janssen 
equation’) developed in the original work was applied to the Selkirk G.S. NOx emissions, along 
with local environmental factors that influence the conversion rates.   
 
The Janssen conversion equation is shown below: 
 

NO2/NO = Λ(1 – e-αx) 
 
 where  Λ and α are constants that depend on atmospheric conditions. 
   x = distance from source 
 
The Janssen article used the equation to develop Λ and α values by season, dependent on 
background ozone concentration and wind speed.  The conversion rates dramatically increase 
with strong solar radiation, and as such are at a maximum during the summer months.  The 
Janssen work also determined the constants during mid-day, when the solar radiation was 
greatest.  As both 1-hour and 24-hour maximum ground level concentrations of NO due to NOx  
emissions from the Selkirk G.S. occur during summer months, the Λ and α values corresponding 
to summer months with wind speeds between 0 and 5 m/s were used.  These values are 0.88 and 
0.20 km-1 respectively.  The maximum concentrations of ground-level NO near Selkirk occur 
during low wind speeds. 
 

                                                 
8 Janssen et al, 1988.  A Classification of NO Oxidation Rates in Power Plant Plumes Based On Atmospheric 
Conditions.  Atmospheric Environment 22, pp. 43 – 53. 
9 de Oliveira, S. and R. M. Simonsen, 2003.  Utilization of a Method to Estimate NO2 Concentrations from a NOx 
Simulation for Thermal Power Plants. Energy, Economic and Global Challenges Environment in the Balance:  
A&WMA 96th Annual Conference and Exhibition.  San Diego, California, June 2003. 
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Table 5.4 lists the NO2/NO conversion rates used for the Selkirk analysis.  It should be noted that 
the conversion rates were applied to all hours of the day, when in fact the rates are representative 
of mid-day (maximum) conversion of NO to NO2.  As such, the conversion rate represent 
maximum conversion rates for any day.  
 

Table 5.4 
NO2/NO Conversion Rates by Distance from the Selkirk G.S. 

 
Distance from 
Source (km) 

NO2/NO 
Conversion Rate 

(%) 
0 – 1 7.4 
1 - 2 29 
2 – 3 40 
3 – 5 56 
5 – 8 70 
8 – 11 78 
11 - 15 84 

 
The maximum ground-level NO2 concentrations at each applicable averaging period, for each of 
the three prediction methodologies indicated above, are listed in Table 5.5. 
 
 

Table 5.5 
Comparison of Maximum NO2 Concentrations for 3 Different Prediction Methodologies 

 

Assessment  
Methodology 

Maximum 1-hour 
Concentration 

(µg/m³) 

Maximum 24-hour 
Concentration 

(µg/m³) 

Annual 
Concentration* 

(µg/m³) 
 

1 - Actual Emission + 100%  
Conversion 

29.6 9.9 0.02 

2 - Permit-level Emission   
+ 100% Conversion 

55.8 18.7 0.04 

3 - Actual Emission + Janssen  
Conversion Rates 

10.4 2.3 0.02 
* The annual concentration assumes 15% of the maximum emission rate over the entire year. 
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Table 5.5 shows that use of the Janssen conversion rates of NO to NO2 leads to much lower 
maximum predicted short-term ambient NO2 concentrations.  For the maximum 1-hour and 24-
hour concentrations, Method #3 likely produces estimates closest to the actual impacts of 
emissions from the Selkirk G.S.  However, for the purposes of this assessment, the discussion of 
predicted NO2  concentrations that follow do not rely on the predicted concentrations derived 
from Method #3, and instead focus on the assumption of instantaneous 100% conversion of NO 
to NO2 at the stack in order to ensure that final predictions of ambient NO2 concentrations are 
conservative, in keeping with standard regulatory practices.  The results from applying Method 
#3 are provided simply as a measure of the degree of conservatism in the predicted NO2 
concentrations based on commonly accepted regulatory assessment practice. 
 
All of the predicted ambient NO2 concentrations are relatively small compared with applicable 
ambient air quality criteria, even considering the higher-than-actual (i.e., the permit-level) 
emission rate (see Table 5.3).  The predicted maximum 1-hour average NO2 concentration of 
29.6 µg/m3 in the vicinity of Receptor #11 (see Figure 2.5) represents only 7% of the Manitoba 
Maximum Acceptable Objective Level.  Similarly, the predicted maximum 24-hour average NO2 
concentration of 9.9 µg/m3 represents 5% of the Manitoba Maximum Acceptable Objective 
Level.  For comparison, the maximum observed NO2 concentrations at Station 9118 in Winnipeg 
(see Table 4.1) is 180 µg/m3 (1-hour average) and 117 µg/m3 (24-hour average).  Consequently, 
even if the NO2 concentrations measured at Station 9118 in Winnipeg are assumed to be 
representative of background NO2 concentrations in Selkirk as well, the Maximum Acceptable 
ambient air quality objectives for NO2 would not be exceeded at any time due to additional 
contributions from the Selkirk G.S.  
 
Figure 5.1 shows that, based on actual measured NOx emission rates, the location of the 
maximum predicted 1-hour average NO2 concentration of 29.6 µg/m3 occurs close to the Selkirk 
G.S.  Maximum 1-hour concentrations at other locations within Selkirk range from 5 µg/m3 up to 
20-30 µg/m3.  Some areas a short distance to the north-east of Selkirk would also expect to have 
impacts on the order of 10 µg/m3, while other areas within the modelling domain would 
experience less than 10 µg/m3 (i.e., less than 2.5% of the Maximum Acceptable Level).  It must 
be noted that an assumption that all NOx is converted to NO2 at stack top is being used, which is 
highly conservative for 1-hour and 24-hour averaging periods.   
 
For comparison purposes, contoured maximum 1-hour NO2 ground-level concentrations 
predicted using the Janssen method of NO/NO2 conversion rates and using the actual emission 
rates are shown in Figures 5.2.  It can be seen that use of the Janssen method for determining 
NO2 concentrations leads to maximum ground-level concentrations that are further removed 
from the vicinity of the Selkirk G.S. to the NE and NW.  Figure 5.3 shows the maximum 1-hour 
average NO2 concentrations assuming 100% conversion to NO2 at the permitted emission rate. 
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Figure 5.1 

Predicted Maximum 1-hour NO2 Concentrations (µg/m³), Assuming 100% Conversion of 
NO to NO2 at Stack Top –  at actual maximum emissions  
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Figure 5.2 
Predicted Maximum 1-hour NO2 Concentrations (µg/m³), Using the Janssen Equation  

for Conversion of NO to NO2 – at actual maximum emissions 
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Figure 5.3 

Predicted Maximum 1-hour NO2 Concentrations (µg/m³), Assuming 100% Conversion of 
NO to NO2 at Stack Top – at permit-level emissions  
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Figure 5.4 shows the predicted maximum 24-hour average NO2 concentrations using the actual 
maximum measured emission rate, and assuming that 100% of NO is converted to NO2 at stack 
top.  Maximum predicted 24-hour average NO2 concentrations in Selkirk are less than 2 µg/m³ 
on all days of the year (i.e., less than 1% of the Maximum Acceptable Level). Figures 5.9 
represents the maximum 24-hour concentrations derived using the Janssen method, while Figure 
5.10 shows the maximum predicted 24-hour NO2 concentrations based on the permit-level 
emission rate and assuming that 100% of the NO is instantaneously converted to NO2 at the stack 
top.   
 
Based on the Janssen method, the maximum, predicted 24-hour average NO2 concentration is 
only about 1-2 µg/m3 (Figure 5.5).  Even under the extreme assumption that all of the NO is 
converted to NO2 at the stack top and the permitted-emission rate, the maximum predicted 24-
hour average NO2 concentrations are less than 6 µg/m3 beyond the immediate vicinity of the 
Selkirk G.S. (Figure 5.6).  
 
All of the predicted 24-hour average NO2 concentrations are small, regardless of the method 
used to estimate conversion of NO to NO2, and regardless of whether the predicted 
concentrations are based on the actual measured NOx emission rate or the permitted emission 
rate.  If the observed NO2 concentrations at Station 9118 in Winnipeg are assumed to be 
representative of background NO2 concentrations in the Selkirk area, the additional contribution 
of NO2 from the Selkirk G.S. would not result in any exceedences of the 24-hour Maximum 
Acceptable ambient air quality objectives for NO2 in the Selkirk area. 
 
As indicated in Table 5.5, the maximum predicted annual average NO2 concentrations are 
insignificant.  Therefore, the distribution of annual average NO2 concentrations are not depicted. 
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Figure 5.4 
Predicted Maximum 24-hour NO2 Concentrations (µg/m³), Assuming 100% Conversion of 

NO to NO2 at Stack Top – at actual maximum emissions 
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Figure 5.5 
Predicted Maximum 24-hour NO2 Concentrations (µg/m³), Using the Janssen Equation for 

Conversion of NO to NO2 – at actual maximum emissions 
 

 



Selkirk Generating Station Licence Review 
Air Quality Impact Assessment 

 

 
38106-1  - June 2005 58 SENES Consultants Limited 

Figure 5.6 
Predicted Maximum 24-hour NO2 Concentrations (µg/m³), Assuming 100% Conversion of 

NO to NO2 at Stack Top – at permit-level emissions 
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Carbon Monoxide (CO) 
 
Figures 5.7 and 5.8 illustrate the locations of predicted maximum 1-hour and 8-hour average 
ground-level CO concentrations.  The highest maximum 1-hour concentrations are predicted to 
occur relatively close to the Selkirk G.S. 
 
CO emissions from the Selkirk G.S. are predicted to result in ambient concentrations that are less 
than 0.2% of Maximum Acceptable Levels (see Table 4.1).  The maximum predicted off-site 1-
hour average CO concentration of 40 µg/m3 is relatively insignificant compared to the observed 
maximum CO concentration of 7,866 µg/m3 at Station 9118 in Winnipeg.  Similarly, the 
maximum predicted 8-hour average concentration of 24 µg/m3 is insignificant compared to the 
observed maximum 8-hour average CO concentration of 4,560 µg/m3 at Station 9118.  
Therefore, if the observed CO levels at Station 9118 are assumed to be representative of 
background CO levels from all other sources in the Selkirk area, Manitoba’s Maximum 
Desirable objectives for CO would not be exceeded at any time due to contributions from the 
Selkirk G.S.  
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Figure 5.7 
Maximum 1-hour Ambient Concentrations of CO at the Maximum Emission Rate  
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Figure 5.8 
Maximum 8-hour Ambient Concentrations of CO at the Maximum Emission Rate 
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Sulphur Dioxide (SO2 ) 
 
The maximum predicted 1-hour average SO2 concentration of 0.52 µg/m3 is predicted to occur 
near the Selkirk G.S.  This represents less than 0.1% of the Maximum Acceptable concentration 
level.  The maximum predicted 24-hour concentration is 0.17 µg/m³, or less than 0.1% of the 
Maximum Acceptable level.  Since predicted SO2 concentrations are insignificant at all locations 
in the modelling domain compared with low background concentrations, a plot of the predicted 
concentration isopleths is not presented.   
 
Particulate Matter (SPM,PM10 & PM2.5) 
 
Figures 5.9 shows the maximum predicted 24-hour average concentrations of particulate matter.  
The maximum predicted 24-hour off-site concentration near Receptor #11 represents 
approximately 4% of the numeric value of the Canada-Wide Standard for PM2.5, about 2% of the 
Guideline value for PM10 adopted by three provinces, and less than 1% of the Manitoba 
Maximum Acceptable Level for total suspended particulate matter (SPM).  Most residential 
areas of Selkirk would experience very low concentrations, with maximum 24-hour average 
concentrations on the order of 0.1-0.2 µg/m3.  These levels are below the measurable resolution 
of existing SPM, PM10 or PM2.5 monitoring equipment.  The contribution of 0.003 µg/m3 to the 
annual average concentration of particulate matter is insignificant. 
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Figure 5.9 

Maximum 24-hour Concentrations of PM at the Maximum Emission Rate 
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A statistical summary was developed using the full annual distribution of predicted 24-hour 
averaged concentrations of particulate matter at Receptor 11.  Receptor 11 was chosen for the 
assessment as this location, near the Generating Station, is predicted to experience the highest 
24-hour particulate matter (PM) concentration over the year.  The summary is provided in Table 
5.6.   
 

Table 5.6 
Distribution of Maximum Predicted 24-hour Concentrations of PM at the Maximum Point 

of Impingement (Receptor #11) 
 

Percentile Values 

50 75 90 98 99 99.5 
Max 

µg/m3 
Min 

µg/m3 
Mean 
µg/m3 

Std. 
Dev. 

µg/m3 
0.000 0.001 0.030 0.090 0.120 0.150 1.22 0.000 0.017 0.074 

 
 
Table 5.6 indicates that the 24-hour PM concentrations are less than 0.15 µg/m3 99.5 percent of 
the time.  The second highest predicted 24-hour concentration (not shown in the table) is 0.29 
µg/m³.  Since the detection limit of an ambient PM2.5 TEOM monitor at low concentrations is 
only about 1 µg/m3, the dispersion modelling results indicate that the emissions from the Selkirk 
G.S. operations would be undetectable for all but one day a year (assuming that plant was 
operating at its maximum potential power output rating every day of the year).  For all intents 
and purposes, this means that monitoring of PM2.5  in the area would be identical with or without 
the operation of the plant. 
 
Assuming that the PM2.5 levels observed at Station 9118 in Winnipeg represent background 
PM2.5 levels in the Selkirk area, the CWS for PM2.5 would not be exceeded due to emissions from 
the Selkirk G.S. 
 
 
5.2.2 Volatile Organic Compounds 
 
Table 5.3 lists the annual average concentration for the eight VOCs that are included in the 
emissions from the Selkirk G.S.  Maximum predicted 1-hour and 24-hour averages are listed 
only for those compounds that are compared to ambient air quality criteria listed in Table 5.2.  
The comparison to ambient criteria is shown in Table 5.7.   
 
The predicted concentrations for all VOCs are far below all applicable guidelines or objectives.  
For example, the maximum predicted 1-hour average concentrations for benzene and 
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formaldehyde are 0.003% and 0.06% of the ambient air quality criteria listed in Table 5.2.  
Similarly, the maximum 24-hour average concentration for toluene is 0.00001% of the limit 
adopted by the Province of Ontario.  Figure 5.10 shows the predicted average concentrations for 
all eight VOCs compared with average observed concentrations at Station 9119 in downtown 
Winnipeg.  The maximum average concentrations due to releases from the Selkirk G.S. are 2-to-
6 orders of magnitude (i.e., 100-to-1 million times) lower than the levels measured in Winnipeg. 
 
5.2.3 Trace Inorganics 
 
As with the VOCs, Table 5.3 lists the annual average concentrations for the 15 trace inorganic 
elements emitted from the Selkirk G.S. during operation.  Maximum predicted 1-hour and 24-
hour averages are listed only for those elements with ambient air quality criteria (i.e., those 
criteria listed in Table 5.2).  The comparisons to ambient criteria are listed in Table 5.7. 
 
Table 5.7 shows that predicted maximum concentrations for all of the trace inorganic elements 
are insignificant when compared with established ambient air quality criteria in Ontario and/or 
Alberta.  Maximum concentrations range from 0.07% of the criteria (1-hour average for 
chromium) down to as low as 0.00004% (24-hour average for selenium).   
 
5.2.4 Trace Organics 
 
Table 5.3 lists the annual average concentration for trace organic compounds (i.e., PAH) emitted 
from the Selkirk G.S. during operation.  The only PAH with an established 24-hour average 
ambient air quality criterion is naphthalene.  The maximum predicted 24-hour average 
concentration from releases at the Selkirk G.S. is 0.000098 µg/m3, which represents 0.0004% of 
the criterion adopted by Ontario (see Table 5.7). 
 
Figure 5.11 compares the predicted annual average PAH concentration due to emissions from the 
Selkirk G.S. for each of the compounds with mean annual concentrations measured in downtown 
Winnipeg.  With the exception of naphthalene, maximum predicted concentrations for all PAHs 
are about eight orders of magnitude (i.e., one hundred million times) lower than those observed 
in Winnipeg.   
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Table 5.7 
Comparison of Predicted Ambient Concentrations (µg/m³) with Relevant Air Quality Criteria 

 
 

1-hour 400 29.59 7.397
24-hour 200 9.92 4.961
annual 100 0.0804 0.080
1-hour 35,000 40.01 0.114
8-hour 15,000 24.34 0.162
1-hour 900 0.52 0.058
24-hour 300 0.17 0.058
annual 60 0.0014 0.002
24-hour 120 1.22 1.017
annual 70 0.0098 0.014

Formaldehyde Manitoba Interim Guideline 1-hour 60 0.03572 0.060
Lead Manitoba Guideline 24-hour 5 0.00008 0.002

PM2.5 CWS** 24-hour  30 1.22 4.066

Benzene Alberta 1-hour 30 0.001000 0.003334
Napthalene Ontario 24-hour 22.5 0.000098 0.000435
Toluene Ontario 24-hour 2000 0.000116 0.000006
Arsenic Ontario 24-hour 0.3 0.000039 0.012840
Beryllium Ontario 24-hour 0.01 0.000002 0.019261
Cadmium Ontario 24-hour 2 0.000177 0.008828

Alberta 1-hour 1 0.000669 0.066919
Ontario 24-hour 1.5 0.000225 0.014980

Lead Alberta 1-hour 1.5 0.000239 0.015933
Manganese Ontario 24-hour 2.5 0.000061 0.002440
Mercury Ontario 24-hour 2 0.000042 0.002087
Nickel Ontario 24-hour 2 0.000337 0.016853
Selenium Ontario 24-hour 10 0.000004 0.000039

Averaging 
PeriodClassificationJurisdictionContaminant

Air Quality Criteria Maximum 
Predicted 

Ground-level 
Concentration

Percent of 
Applicable 
Criterion*Other

Maximum 
Acceptable 

Level

NO2 Manitoba Objective

CO Manitoba Objective

SO2 Manitoba Objective

Suspended 
Particulate Manitoba Objective

PM10
B.C., Ontario, 
Newfoundland

Chromium

5024-hour 1.22 2.440
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Figure 5.10 
Maximum Predicted Annual Mean VOC Concentrations From Selkirk G.S.  

Versus Annual Mean Observed Levels in Downtown Winnipeg 
 

0.000001

0.00001

0.0001

0.001

0.01

0.1

1

10

benzene butane ethane formaldehyde hexane pentane propane toluene

Volatile Organic Compounds

A
nn

ua
l M

ea
n 

C
on

ce
nt

ra
tio

n 
(µ

g/
m

³)

Mean Observed Values, Downtown Winnipeg

Maximum Predicted Values for Selkirk G.S.

 



Selkirk Generating Station Licence Review 
Air Quality Impact Assessment 

 

 
38106-1  - June 2005 68 SENES Consultants Limited 

Figure 5.11 
Maximum Predicted Annual Mean PAH Concentrations From Selkirk G.S.  

Versus Annual Mean Observed Levels in Downtown Winnipeg 
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5.3 DEPOSITION RATES 
 
The maximum predicted rates of dry and wet deposition for particulate matter and associated 
trace organic (PAH) and inorganic species are listed in Table 5.8.  The rates are calculated for 
the long term average power generation rate (assumed to be 15% capacity factor).  Wet 
deposition occurs only on those days with precipitation, whereas dry deposition occurs every day 
of the year.  As an annual average, the two different forms of deposition are similar in 
magnitude. 
 
The maximum rate of wet deposition is predicted to occur close to the stack at the Selkirk G.S., 
at a distance of approximately 150m due south.  The location of maximum dry deposition is also 
due south, but at a further distance of approximately 350m.  
 
The annual average deposition rates at the 12 receptor locations were used in the assessment of 
health risks.  The results of the risk assessment are discussed in a separate report. 
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Table 5.8 
Maximum Dry and Wet Deposition Rates Due to Emissions from the Selkirk G.S. 

 

Pollutant dry wet

Particulate Matter 4.78 5.54

Particle-bound Inorganics
Arsenic 1.51E-04 1.75E-04
Barium 2.77E-03 3.21E-03
Beryllium 7.54E-06 8.76E-06
Cadmium 6.91E-04 8.03E-04
Chromium 8.80E-04 1.02E-03
Cobalt 5.28E-05 6.13E-05
Copper 5.34E-04 6.20E-04
Lead 3.14E-04 3.65E-04
Manganese 2.39E-04 2.77E-04
Mercury 1.63E-04 1.90E-04
Molybdenum 6.91E-04 8.03E-04
Nickel 1.32E-03 1.53E-03
Selenium 1.51E-05 1.75E-05
Vanadium 1.45E-03 1.68E-03
Zinc 1.82E-02 2.12E-02
PAHs
2-methylnaphthalene 1.51E-05 1.75E-05
3-methylchloranthrene 1.13E-06 1.31E-06
7,12-dimethylbenz(a)anthracene 1.01E-05 1.17E-05
acenaphthene 1.13E-06 1.31E-06
acenaphthylene 1.13E-06 1.31E-06
anthracene 1.51E-06 1.75E-06
benzo(a)anthracene 1.13E-06 1.31E-06
benzo(a)pyrene 7.54E-07 8.76E-07
benzo(b)fluoranthene 1.13E-06 1.31E-06
benzo(g,h,i)perylene 7.54E-07 8.76E-07
benzo(k)fluoranthene 1.13E-06 1.31E-06
chrysene 1.13E-06 1.31E-06
dibenzo(a,h)anthracene 7.54E-07 8.76E-07
dichlorobenzene 7.54E-04 8.76E-04
fluoranthene 1.89E-06 2.19E-06
fluorene 2.39E-06 2.77E-06
indeno(1,2,3-cd)pyrene 1.13E-06 1.31E-06
naphthalene 3.83E-04 4.45E-04
phenanahtrene 1.07E-05 1.24E-05
pyrene 3.14E-06 3.65E-06

annual average deposition rate 
(mg/m2/yr)

 
 * Maximum wet and dry deposition rates are not additive in this table, as they occur at   
  different locations. 
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5.4 NATURAL GAS VENTING 
 
The maximum natural gas release rate was modelled with the ALOHA model to predict the 
highest ground-level concentration at the nearest off-site location to either of the two vents on 
the Selkirk G.S. boiler building.  The gas venting was assumed to originate from one of the two 
vent locations, continuing for a period of 1 minute.  At the nearest distance (approximately 160 
m), the maximum off-site concentrations at ground level were determined.   
 
The predicted concentrations are listed in Table 5.9.  Table 5.9 also shows the Lower Explosive 
Limit (LEL) for each of the compounds that make up the natural gas supply.  In each case, the 
predicted gas concentrations are much lower than the LEL values.  The maximum predicted 
concentration of natural gas at the facility fence line is 399 mg/m3, which occurs under low wind 
speeds and neutral atmospheric stability.  The maximum off-site concentration of natural gas 
represents less than 2% of the Lower Explosive Level (LEL) for methane and as such represents 
no danger to the public.  
 

Table 5.9 
Maximum Predicted Off-site Concentrations 
of Natural Gas Constituents Due to Venting 

 

Compound 
Maximum  

Off-site Concentration 
(mg/m³) 

Concentration 
in Air  

(%) 

Lower Explosive 
Limit  

(% in air) 
Total 399   
N2 13.75 0.001066 N/A 
CO2 5.65 0.000438 N/A 
Methane 369.09 0.028612 5.3 
Ethane 9.16 0.000710 3 
Propane 0.99 0.000077 2.3 
I-Butane 0.14 0.000011 1.9 
N-Butane 0.13 0.000010 1.9 
I-Pentane 0.02 0.000001 1.5 
N-Pentane 0.04 0.000003 1.5 
Helium 0.04 0.000003 N/A 
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6.0 CONCLUSIONS 
 
The impact of air pollutant emissions on the ambient air quality in the vicinity of the Selkirk G.S. 
was evaluated using the CALPUFF dispersion model.  The assessment considered emissions of 
common contaminants, volatile organic compounds, and trace inorganic and organic (PAH) 
species.  In addition, the assessment of natural gas venting emissions was evaluated using the 
ALOHA model to predict maximum off-site concentrations of natural gas. 
 
The results of the CALPUFF dispersion modelling analysis for the common contaminants 
indicate that the maximum predicted incremental impacts due to emissions from the Selkirk G.S. 
are all 7% or less than the Manitoba Maximum Acceptable Level air quality objectives.  Even if 
the background pollutant concentrations in the Selkirk area are assumed to be equivalent to those 
measured in Winnipeg, the combined impact of emissions from the Selkirk G.S. plus background 
levels would not result in exceedance of Maximum Acceptable ambient air quality objectives. 
The results of the air quality impact assessment presented in this report are not significantly 
different from those that were presented in 2001 in support of the proposed conversion of the 
plant from coal-fired to gas-fired power generation. 
 
The maximum predicted pollutant concentrations at the discrete receptor points are listed in 
Attachment C.  These values are used in the assessment of risks to human health and ecosystems 
in a separate report.  The following sections summarize the assessment results for common air 
contaminants, trace organic and inorganic species, greenhouse gases and the significance of 
natural gas venting. 
 
6.1 NITROGEN DIOXIDE 
 
At the actual measured NOx emissions rates for the two units, the highest off-site 1-hour average 
NO2 concentration is predicted to be 30 µg/m3, and occurs at Receptor #11, on the banks of the 
Red River near the Selkirk G.S.  At the permitted emission rate, the maximum predicted 1-hour 
average NO2 concentration would be 56 µg/m3.  However, it should be noted that these predicted 
maximums relate to a very conservative assumption that all of the NO in the plume is converted 
to NO2 at stack top.  In reality, assuming more realistic conversion rates of NO to NO2 in the 
emission plume as it is transported downwind,, actual maximum 1-hour average NO2 
concentrations from the stack emissions are likely to be no greater than about 10 µg/m3.  There 
are no measured ambient air quality data to determine background NO2 concentrations in the 
vicinity of the Selkirk G.S.  As an indicator, the highest 1-hour average concentration recorded at 
Station 9118 in Winnipeg during the 5-year period 1999-2003 was 175 µg/m3.  It is unlikely that 
the NO2 concentrations around Selkirk are as high as those in Winnipeg due to the higher 
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population and traffic levels in the latter urban area.  Nevertheless, even if the NO2 levels in 
Selkirk were comparable to those in Winnipeg, the total combined impact of emissions from the 
Selkirk G.S. plus background levels from other sources would not exceed the Maximum 
Acceptable objective of 400 µg/m3.   
 
Using actual measured NOx emission rates and assuming 100% conversion of NO to NO2 at the 
stack, the maximum predicted 24-hour average NO2 concentration is estimated at about 10 
µg/m3, compared with about 19 µg/m3 if the modelling is conducted at the permitted emission 
rate.  A more realistic estimate assuming gradual conversion of NO to NO2 yields a maximum 
predicted 24-hour average NO2 concentration of about 2 µg/m3.  If the highest 24-hour average 
NO2 concentration recorded at Station 9118 in Winnipeg over the 5-year period 1999-2003 of 79 
µg/m3 is assumed to be representative of background NO2 levels in the Selkirk area, the 
combined impact of background levels plus emissions from the Selkirk G.S. would not exceed 
the Maximum Acceptable objective of 200 µg/m3. 
 
The maximum predicted annual average NO2 concentration due to emissions from the Selkirk 
G.S. is estimated to provide an insignificant contribution of less than 0.05 µg/m3 to overall NO2 
levels in the Selkirk area for both actual and permitted emission rates. 
 
6.2 CARBON MONOXIDE AND SULPHUR DIOXIDE 
 
The impacts on ambient concentrations of CO and SO2 due to releases from the Selkirk G.S. are 
insignificant, representing less than 0.2% of applicable Maximum Acceptable Level criteria in 
Manitoba.   
 
6.3 PARTICULATE MATTER 
 
The maximum predicted 24-hour average concentration of suspended particulate matter is 
insignificant with respect to the Maximum Acceptable Level for total Suspended Particulate 
Matter (SPM) in Manitoba.  The maximum predicted 24-hour average concentration of 1.2 
µg/m3 represents 1% of the applicable air quality objective of 120 µg/m3.    The predicted 
maximum annual average SPM concentration of 0.014 µg/m3 is also insignificant.    
 
Since all of the particulate matter emitted from gas-fired operations is less than 1 µm in diameter, 
the impact on ambient concentrations of PM10 and PM2.5 is exactly the same as for SPM.  The 
predicted maximum 24-hour concentration of 1.2 µg/m3 represents 4% of the numeric value of 
the Canada-Wide Standard of 30 µg/m3 for PM2.5 and approximately 2% of the PM10 guideline 
level adopted by three provinces in Canada.  The distribution of 24-hour ambient PM 
concentrations at the point of maximum impingement shows that for the vast majority of the time 



Selkirk Generating Station Licence Review 
Air Quality Impact Assessment 

 

 
38106-1  - June 2005 74 SENES Consultants Limited 

levels are considerably lower than the maximum concentration of 1.2 µg/m³.  Such low levels of 
ambient PM are below the detection limit of commercially available ambient air quality 
monitoring equipment.  
 
6.4 TRACE CONTAMINANTS 
 
For the remaining contaminants in the exhaust emissions (i.e., VOCs, as well as trace organics 
and inorganics), only lead and formaldehyde have established ambient air quality criteria 
guidelines in Manitoba.  The maximum predicted 1-hour concentration of formaldehyde is 
0.06% of the interim guideline level, while the maximum 24-hour lead concentration represents 
0.002% of the Manitoba guideline.  Comparisons of maximum predicted concentrations for other 
constituents with available air quality criteria from other jurisdictions indicate that all impacts 
are less than 0.07% of criteria levels.  The potential health impacts of these emissions are 
addressed in a separate document.   
 
6.5 GREENHOUSE GASES 
 
At the average annual generation rate (i.e., 15% of capacity), the total greenhouse gas (GHG) 
emission is estimated at 0.13 megatonnes/year (Mt/yr).  For the year 2000, the total emission of 
GHGs in Manitoba was estimated at 18.2 Mt/yr of CO2–equivalent (Manitoba Environment 
1998).  Thus, the average GHG emissions from Selkirk G.S. are estimated at 0.7% of Manitoba’s 
total GHG emissions.  Total GHG emissions in Manitoba represent approximately 3% of 
Canada’s total GHG emissions, and Canada contributes approximately 2% of the world’s GHG 
emissions.  
 
The GHG emissions from the Selkirk G.S., as with similar emissions from Manitoba Hydro’s 
other thermal generating station at Brandon, are managed under the Corporation’s voluntary 
commitment under the national Voluntary Challenge and Registry (VCR) program. Through the 
program, Manitoba Hydro is committed to keeping the average net GHG emissions 6% below 
1990 levels over the period 1991 to 2012. If necessary, credits may be purchased from the 
emerging emissions reduction marketplace to maintain net emission within this commitment. 
Manitoba Hydro has been recognized nationally as the foremost electric utility in Canada in 
regard to the climate change activities and commitments of its voluntary action plan by the 
Pembina Institute. 
 
6.6 NATURAL GAS VENTING 
 
The modelling analysis indicates that routine venting of natural gas during startup and shutdown 
of the boilers poses no risk of explosion to nearby residential receptors. 
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CALMET RUN FOR SELKIRK 
150 x 150  200 m meteorological grid 
Met. stations used: 2 surface, Eta 12 km, 1 precip 
---------------- Run title (3 lines) ------------------------------------------ 
 
                    CALMET MODEL CONTROL FILE 
                    -------------------------- 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 0 -- Input and Output File Names 
 
 
Subgroup (a) 
------------ 
Default Name  Type          File Name 
------------  ----          --------- 
GEO.DAT       input    ! GEODAT=GEO1.TXT       ! 
SURF.DAT      input    ! SRFDAT=sfc_2stn.TXT      ! 
CLOUD.DAT     input    * CLDDAT=            * 
PRECIP.DAT    input    ! PRCDAT=PRECIP2.TXT    ! 
MM4.DAT       input    ! MM4DAT=M3D.DAT     ! 
WT.DAT        input    * WTDAT=             * 
 
CALMET.LST    output   ! METLST=jan1.LST     ! 
CALMET.DAT    output   ! METDAT=jan1.DAT    ! 
PACOUT.DAT    output   * PACDAT=            * 
 
All file names will be converted to lower case if LCFILES = T 
Otherwise, if LCFILES = F, file names will be converted to UPPER CASE 
         T = lower case      ! LCFILES = T ! 
         F = UPPER CASE 
 
NUMBER OF UPPER AIR & OVERWATER STATIONS: 
 
    Number of upper air stations (NUSTA)  No default     ! NUSTA =  0  ! 
    Number of overwater met stations 
                                 (NOWSTA) No default     ! NOWSTA =  0  ! 
 
                       !END! 
-------------------------------------------------------------------------------- 
Subgroup (b) 
--------------------------------- 
Upper air files (one per station) 
--------------------------------- 
Default Name  Type       File Name 
------------  ----       --------- 
-------------------------------------------------------------------------------- 
Subgroup (c) 
----------------------------------------- 
Overwater station files (one per station) 
----------------------------------------- 
Default Name  Type       File Name 
------------  ----       --------- 
-------------------------------------------------------------------------------- 
Subgroup (d) 
---------------- 
Other file names 
---------------- 
 
Default Name  Type       File Name 
------------  ----       --------- 
DIAG.DAT      input      * DIADAT=                  * 
PROG.DAT      input      * PRGDAT=                  * 
 
TEST.PRT      output     * TSTPRT=                  * 
TEST.OUT      output     * TSTOUT=                  * 
TEST.KIN      output     * TSTKIN=                  * 
TEST.FRD      output     * TSTFRD=                  * 
TEST.SLP      output     * TSTSLP=                  * 
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-------------------------------------------------------------------------------- 
NOTES: (1) File/path names can be up to 70 characters in length 
       (2) Subgroups (a) and (d) must have ONE 'END' (surround by 
           delimiters) at the end of the group 
       (3) Subgroups (b) and (c) must have an 'END' (surround by 
           delimiters) at the end of EACH LINE 
 
                         !END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 1 -- General run control parameters 
-------------- 
 
     Starting date:   Year (IBYR) -- No default       ! IBYR=  2003  ! 
                     Month (IBMO) -- No default       ! IBMO=  1  ! 
                       Day (IBDY) -- No default       ! IBDY=  1  ! 
                      Hour (IBHR) -- No default       ! IBHR=  1  ! 
 
     Base time zone        (IBTZ) -- No default       ! IBTZ=  6  ! 
        PST = 08, MST = 07 
        CST = 06, EST = 05 
 
     Length of run (hours) (IRLG) -- No default       ! IRLG=  216  ! 
 
     Run type            (IRTYPE) -- Default: 1       ! IRTYPE=  1  ! 
 
        0 = Computes wind fields only 
        1 = Computes wind fields and micrometeorological variables 
            (u*, w*, L, zi, etc.) 
        (IRTYPE must be 1 to run CALPUFF or CALGRID) 
 
     Compute special data fields required 
     by CALGRID (i.e., 3-D fields of W wind 
     components and temperature) 
     in additional to regular            Default: T    ! LCALGRD = T ! 
     fields ? (LCALGRD) 
     (LCALGRD must be T to Run CALGRID) 
 
      Flag to stop run after 
      SETUP phase (ITEST)             Default: 2       ! ITEST=  2   ! 
      (Used to allow checking 
      of the model inputs, files, etc.) 
      ITEST = 1 - STOPS program after SETUP phase 
      ITEST = 2 - Continues with execution of 
                  COMPUTATIONAL phase after SETUP 
 
!END! 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 2 -- Map Projection and Grid control parameters 
-------------- 
 
     Projection for all (X,Y): 
     ------------------------- 
 
     Map projection 
     (PMAP)                     Default: UTM    ! PMAP = UTM  ! 
 
         UTM :  Universal Transverse Mercator 
         TTM :  Tangential Transverse Mercator 
         LCC :  Lambert Conformal Conic 
          PS :  Polar Stereographic 
          EM :  Equatorial Mercator 
        LAZA :  Lambert Azimuthal Equal Area 
 
     False Easting and Northing (km) at the projection origin 
     (Used only if PMAP= TTM, LCC, or LAZA) 
     (FEAST)                    Default=0.0     ! FEAST  = 0.000  ! 
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     (FNORTH)                   Default=0.0     ! FNORTH = 0.000  ! 
 
     UTM zone (1 to 60) 
     (Used only if PMAP=UTM) 
     (IUTMZN)                   No Default      ! IUTMZN =  14   ! 
 
     Hemisphere for UTM projection? 
     (Used only if PMAP=UTM) 
     (UTMHEM)                   Default: N      ! UTMHEM = N  ! 
         N   :  Northern hemisphere projection 
         S   :  Southern hemisphere projection 
 
     Latitude and Longitude (decimal degrees) of projection origin 
     (Used only if PMAP= TTM, LCC, PS, EM, or LAZA) 
     (RLAT0)                    No Default      ! RLAT0 =  51.4N  ! 
     (RLON0)                    No Default      ! RLON0 =  115W  ! 
 
         TTM :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         LCC :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         PS  :  RLON0 identifies central (grid N/S) meridian of projection 
                RLAT0 selected for convenience 
         EM  :  RLON0 identifies central meridian of projection 
                RLAT0 is REPLACED by 0.0N (Equator) 
         LAZA:  RLON0 identifies longitude of tangent-point of mapping plane 
                RLAT0 identifies latitude of tangent-point of mapping plane 
 
     Matching parallel(s) of latitude (decimal degrees) for projection 
     (Used only if PMAP= LCC or PS) 
     (XLAT1)                    No Default      ! XLAT1 =  30N  ! 
     (XLAT2)                    No Default      ! XLAT2 =  60N  ! 
 
         LCC :  Projection cone slices through Earth's surface at XLAT1 and XLAT2 
         PS  :  Projection plane slices through Earth at XLAT1 
                (XLAT2 is not used) 
 
     ---------- 
     Note:  Latitudes and longitudes should be positive, and include a 
            letter N,S,E, or W indicating north or south latitude, and 
            east or west longitude.  For example, 
            35.9  N Latitude  =  35.9N 
            118.7 E Longitude = 118.7E 
 
 
     Datum-region 
     ------------ 
 
     The Datum-Region for the coordinates is identified by a character 
     string.  Many mapping products currently available use the model of the 
     Earth known as the World Geodetic System 1984 (WGS-84).  Other local 
     models may be in use, and their selection in CALMET will make its output 
     consistent with local mapping products.  The list of Datum-Regions with 
     official transformation parameters is provided by the National Imagery and 
     Mapping Agency (NIMA). 
 
     NIMA Datum - Regions(Examples) 
     ------------------------------------------------------------------------------ 
     WGS-84    WGS-84 Reference Ellipsoid and Geoid, Global coverage (WGS84) 
     NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27) 
     NAR-C     NORTH AMERICAN 1983 GRS 80 Spheroid, MEAN FOR CONUS (NAD83) 
     NWS-84    NWS 6370KM Radius, Sphere 
2      ESR-S     ESRI REFERENCE 6371KM Radius, Sphere 
 
     Datum-region for output coordinates 
     (DATUM)                    Default: WGS-84    ! DATUM = WGS-G  ! 
 
 
     Horizontal grid definition: 
     --------------------------- 
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     Rectangular grid defined for projection PMAP, 
     with X the Easting and Y the Northing coordinate 
 
            No. X grid cells (NX)      No default     ! NX =   150  ! 
            No. Y grid cells (NY)      No default     ! NY =   150  ! 
 
     Grid spacing (DGRIDKM)            No default     ! DGRIDKM = 0.2 ! 
                                       Units: km 
 
     Reference grid coordinate of 
     SOUTHWEST corner of grid cell (1,1) 
 
        X coordinate (XORIGKM)         No default     ! XORIGKM = 640.000 ! 
        Y coordinate (YORIGKM)         No default     ! YORIGKM = 5540.000 ! 
                                       Units: km 
 
 
     Vertical grid definition: 
     ------------------------- 
 
        No. of vertical layers (NZ)    No default     ! NZ =  12  ! 
 
        Cell face heights in arbitrary 
        vertical grid (ZFACE(NZ+1))    No defaults 
                                       Units: m 
        ! ZFACE = 0.,20.,50.,100.,200.,300.,400.,500.,800.,1000.,1500.,2000.,3300. ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 3 -- Output Options 
-------------- 
 
 
    DISK OUTPUT OPTION 
 
       Save met. fields in an unformatted 
       output file ?              (LSAVE)  Default: T     ! LSAVE = T ! 
       (F = Do not save, T = Save) 
 
       Type of unformatted output file: 
       (IFORMO)                            Default: 1    ! IFORMO =  1  ! 
 
            1 = CALPUFF/CALGRID type file (CALMET.DAT) 
            2 = MESOPUFF-II type file     (PACOUT.DAT) 
 
 
    LINE PRINTER OUTPUT OPTIONS: 
 
       Print met. fields ?  (LPRINT)       Default: F     ! LPRINT = T ! 
       (F = Do not print, T = Print) 
       (NOTE: parameters below control which 
              met. variables are printed) 
 
       Print interval 
       (IPRINF) in hours                   Default: 1     ! IPRINF =  6  ! 
       (Meteorological fields are printed 
        every  6  hours) 
 
 
       Specify which layers of U, V wind component 
       to print (IUVOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T)        Defaults: NZ*0  
       ! IUVOUT =  1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
       ----------------------- 
 
 
       Specify which levels of the W wind component to print 
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       (NOTE: W defined at TOP cell face --  12  values) 
       (IWOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T & LCALGRD=T) 
       ----------------------------------- 
                                            Defaults: NZ*0  
        ! IWOUT =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
 
 
       Specify which levels of the 3-D temperature field to print 
       (ITOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T & LCALGRD=T) 
       ----------------------------------- 
                                            Defaults: NZ*0  
        ! ITOUT =  1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
 
       Specify which meteorological fields 
       to print 
       (used only if LPRINT=T)             Defaults: 0 (all variables) 
       ----------------------- 
 
 
         Variable            Print ? 
                         (0 = do not print, 
                          1 = print) 
         --------        ------------------ 
 
      !  STABILITY  =           1           ! - PGT stability class 
      !  USTAR      =           1           ! - Friction velocity 
      !  MONIN      =           1           ! - Monin-Obukhov length 
      !  MIXHT      =           1           ! - Mixing height 
      !  WSTAR      =           1           ! - Convective velocity scale 
      !  PRECIP     =           1           ! - Precipitation rate 
      !  SENSHEAT   =           0           ! - Sensible heat flux 
      !  CONVZI     =           0           ! - Convective mixing ht. 
 
 
       Testing and debug print options for micrometeorological module 
 
          Print input meteorological data and 
          internal variables (LDB)         Default: F       ! LDB = T ! 
          (F = Do not print, T = print) 
          (NOTE: this option produces large amounts of output) 
 
          First time step for which debug data 
          are printed (NN1)                Default: 1       ! NN1 =  1  ! 
 
          Last time step for which debug data 
          are printed (NN2)                Default: 1       ! NN2 =  1  ! 
 
 
       Testing and debug print options for wind field module 
       (all of the following print options control output to 
        wind field module's output files: TEST.PRT, TEST.OUT, 
        TEST.KIN, TEST.FRD, and TEST.SLP) 
 
          Control variable for writing the test/debug 
          wind fields to disk files (IOUTD) 
          (0=Do not write, 1=write)        Default: 0       ! IOUTD =  0  ! 
 
          Number of levels, starting at the surface, 
          to print (NZPRN2)                Default: 1       ! NZPRN2 =  0  ! 
 
          Print the INTERPOLATED wind components ? 
          (IPR0) (0=no, 1=yes)             Default: 0       !  IPR0 =  0  ! 
 
          Print the TERRAIN ADJUSTED surface wind 
          components ? 
          (IPR1) (0=no, 1=yes)             Default: 0       !  IPR1 =  0  ! 
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          Print the SMOOTHED wind components and 
          the INITIAL DIVERGENCE fields ? 
          (IPR2) (0=no, 1=yes)             Default: 0       !  IPR2 =  0  ! 
 
          Print the FINAL wind speed and direction 
          fields ? 
          (IPR3) (0=no, 1=yes)             Default: 0       !  IPR3 =  0  ! 
 
          Print the FINAL DIVERGENCE fields ? 
          (IPR4) (0=no, 1=yes)             Default: 0       !  IPR4 =  0  ! 
 
          Print the winds after KINEMATIC effects 
          are added ? 
          (IPR5) (0=no, 1=yes)             Default: 0       !  IPR5 =  0  ! 
 
          Print the winds after the FROUDE NUMBER 
          adjustment is made ? 
          (IPR6) (0=no, 1=yes)             Default: 0       !  IPR6 =  0  ! 
 
          Print the winds after SLOPE FLOWS 
          are added ? 
          (IPR7) (0=no, 1=yes)             Default: 0       !  IPR7 =  0  ! 
 
          Print the FINAL wind field components ? 
          (IPR8) (0=no, 1=yes)             Default: 0       !  IPR8 =  0  ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 4 -- Meteorological data options 
-------------- 
 
    NO OBSERVATION MODE             (NOOBS)  Default: 0     ! NOOBS =  1   ! 
          0 = Use surface, overwater, and upper air stations 
          1 = Use surface and overwater stations (no upper air observations) 
              Use MM5 for upper air data 
          2 = No surface, overwater, or upper air observations 
              Use MM5 for surface, overwater, and upper air data 
 
    NUMBER OF SURFACE & PRECIP. METEOROLOGICAL STATIONS 
 
       Number of surface stations   (NSSTA)  No default     ! NSSTA =  2  ! 
 
       Number of precipitation stations 
       (NPSTA=-1: flag for use of MM5 precip data) 
                                    (NPSTA)  No default     ! NPSTA =  1  ! 
 
    CLOUD DATA OPTIONS 
       Gridded cloud fields: 
                                   (ICLOUD)  Default: 0     ! ICLOUD =  0  ! 
       ICLOUD = 0 - Gridded clouds not used 
       ICLOUD = 1 - Gridded CLOUD.DAT generated as OUTPUT 
       ICLOUD = 2 - Gridded CLOUD.DAT read as INPUT 
       ICLOUD = 3 - Gridded cloud cover from Prognostic Rel. Humidity 
 
    FILE FORMATS 
 
       Surface meteorological data file format 
                                   (IFORMS)  Default: 2     ! IFORMS =  2  ! 
       (1 = unformatted (e.g., SMERGE output)) 
       (2 = formatted   (free-formatted user input)) 
 
       Precipitation data file format 
                                   (IFORMP)  Default: 2     ! IFORMP =  2  ! 
       (1 = unformatted (e.g., PMERGE output)) 
       (2 = formatted   (free-formatted user input)) 
 
       Cloud data file format 
                                   (IFORMC)  Default: 2     ! IFORMC =  2  ! 
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       (1 = unformatted - CALMET unformatted output) 
       (2 = formatted   - free-formatted CALMET output or user input) 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 5 -- Wind Field Options and Parameters 
-------------- 
 
 
    WIND FIELD MODEL OPTIONS 
       Model selection variable (IWFCOD)     Default: 1      ! IWFCOD =  1  ! 
          0 = Objective analysis only 
          1 = Diagnostic wind module 
 
       Compute Froude number adjustment 
       effects ? (IFRADJ)                    Default: 1      ! IFRADJ =  1  ! 
       (0 = NO, 1 = YES) 
 
       Compute kinematic effects ? (IKINE)   Default: 0      ! IKINE  =  0  ! 
       (0 = NO, 1 = YES) 
 
       Use O'Brien procedure for adjustment 
       of the vertical velocity ? (IOBR)     Default: 0      ! IOBR =  0  ! 
       (0 = NO, 1 = YES) 
 
       Compute slope flow effects ? (ISLOPE) Default: 1      ! ISLOPE  =  1  ! 
       (0 = NO, 1 = YES) 
 
       Extrapolate surface wind observations 
       to upper layers ? (IEXTRP)            Default: -4     ! IEXTRP =  1  ! 
       (1 = no extrapolation is done, 
        2 = power law extrapolation used, 
        3 = user input multiplicative factors 
            for layers 2 - NZ used (see FEXTRP array) 
        4 = similarity theory used 
        -1, -2, -3, -4 = same as above except layer 1 data 
            at upper air stations are ignored 
 
       Extrapolate surface winds even 
       if calm? (ICALM)                      Default: 0      ! ICALM  =  0  ! 
       (0 = NO, 1 = YES) 
 
       Layer-dependent biases modifying the weights of 
       surface and upper air stations (BIAS(NZ)) 
         -1<=BIAS<=1 
       Negative BIAS reduces the weight of upper air stations 
         (e.g. BIAS=-0.1 reduces the weight of upper air stations 
       by 10%; BIAS= -1, reduces their weight by 100 %) 
       Positive BIAS reduces the weight of surface stations 
         (e.g. BIAS= 0.2 reduces the weight of surface stations 
       by 20%; BIAS=1 reduces their weight by 100%) 
       Zero BIAS leaves weights unchanged (1/R**2 interpolation) 
       Default: NZ*0 
       ! BIAS = -1 , -.5 , -.2 ,  0 ,  0 ,  1 ,  1 ,  1 ,  1 ,  1 ,  1 ,  1  ! 
 
       Minimum distance from nearest upper air station 
       to surface station for which extrapolation 
       of surface winds at surface station will be allowed 
       (RMIN2: Set to -1 for IEXTRP = 4 or other situations 
        where all surface stations should be extrapolated) 
                                              Default: 4.    ! RMIN2 = -1.0 ! 
 
       Use gridded prognostic wind field model 
       output fields as input to the diagnostic 
       wind field model (IPROG)              Default: 0      ! IPROG =  14  ! 
       (0 = No, [IWFCOD = 0 or 1] 
        1 = Yes, use CSUMM prog. winds as Step 1 field, [IWFCOD = 0] 
        2 = Yes, use CSUMM prog. winds as initial guess field [IWFCOD = 1] 
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        3 = Yes, use winds from MM4.DAT file as Step 1 field [IWFCOD = 0] 
        4 = Yes, use winds from MM4.DAT file as initial guess field [IWFCOD = 1] 
        5 = Yes, use winds from MM4.DAT file as observations [IWFCOD = 1] 
        13 = Yes, use winds from MM5.DAT file as Step 1 field [IWFCOD = 0] 
        14 = Yes, use winds from MM5.DAT file as initial guess field [IWFCOD = 1] 
        15 = Yes, use winds from MM5.DAT file as observations [IWFCOD = 1] 
 
       Timestep (hours) of the prognostic 
       model input data   (ISTEPPG)          Default: 1      ! ISTEPPG =  6   ! 
 
    RADIUS OF INFLUENCE PARAMETERS 
 
       Use varying radius of influence       Default: F      ! LVARY =  T! 
       (if no stations are found within RMAX1,RMAX2, 
        or RMAX3, then the closest station will be used) 
 
       Maximum radius of influence over land 
       in the surface layer (RMAX1)          No default      ! RMAX1 = 10. ! 
                                             Units: km 
       Maximum radius of influence over land 
       aloft (RMAX2)                         No default      ! RMAX2 = 50. ! 
                                             Units: km 
       Maximum radius of influence over water 
       (RMAX3)                               No default      ! RMAX3 = 500. ! 
                                             Units: km 
 
 
    OTHER WIND FIELD INPUT PARAMETERS 
 
       Minimum radius of influence used in 
       the wind field interpolation (RMIN)   Default: 0.1    ! RMIN = 0.1 ! 
                                             Units: km 
       Radius of influence of terrain 
       features (TERRAD)                     No default      ! TERRAD = 10. ! 
 
                                             Units: km 
       Relative weighting of the first 
       guess field and observations in the 
       SURFACE layer (R1)                    No default      ! R1 = 5. ! 
       (R1 is the distance from an           Units: km 
       observational station at which the 
       observation and first guess field are 
       equally weighted) 
 
       Relative weighting of the first 
       guess field and observations in the 
       layers ALOFT (R2)                     No default      ! R2 = 15. ! 
       (R2 is applied in the upper layers    Units: km 
       in the same manner as R1 is used in 
       the surface layer). 
 
       Relative weighting parameter of the 
       prognostic wind field data (RPROG)    No default      ! RPROG = 54. ! 
       (Used only if IPROG = 1)              Units: km 
       ------------------------ 
 
       Maximum acceptable divergence in the 
       divergence minimization procedure 
       (DIVLIM)                              Default: 5.E-6  
                ! DIVLIM= 5.0E-06 ! 
 
       Maximum number of iterations in the 
       divergence min. procedure (NITER)     Default: 50      
               ! NITER =  50  ! 
 
       Number of passes in the smoothing 
       procedure (NSMTH(NZ)) 
       NOTE: NZ values must be entered 
            Default: 2,(mxnz-1)*4  
   ! NSMTH =  2 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4  ! 
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       Maximum number of stations used in 
       each layer for the interpolation of 
       data to a grid point (NINTR2(NZ)) 
       NOTE: NZ values must be entered       Default: 99.     
    ! NINTR2 = 99,99,99,99,99,99,99,99,99,99,99,99  ! 
 
       Critical Froude number (CRITFN)       Default: 1.0    ! CRITFN = 1. ! 
 
       Empirical factor controlling the 
       influence of kinematic effects 
       (ALPHA)                               Default: 0.1    ! ALPHA = 0.1 ! 
 
       Multiplicative scaling factor for 
       extrapolation of surface observations 
       to upper layers (FEXTR2(NZ))          Default: NZ*0.0  
       ! FEXTR2 = 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0. ! 
       (Used only if IEXTRP = 3 or -3) 
 
 
    BARRIER INFORMATION 
 
       Number of barriers to interpolation 
       of the wind fields (NBAR)             Default: 0      ! NBAR =  0  ! 
 
       THE FOLLOWING 4 VARIABLES ARE INCLUDED 
       ONLY IF NBAR > 0 
       NOTE: NBAR values must be entered     No defaults 
             for each variable               Units: km 
 
          X coordinate of BEGINNING 
          of each barrier (XBBAR(NBAR))      ! XBBAR = 0. ! 
          Y coordinate of BEGINNING 
          of each barrier (YBBAR(NBAR))      ! YBBAR = 0. ! 
 
          X coordinate of ENDING 
          of each barrier (XEBAR(NBAR))      ! XEBAR = 0. ! 
          Y coordinate of ENDING 
          of each barrier (YEBAR(NBAR))      ! YEBAR = 0. ! 
 
 
    DIAGNOSTIC MODULE DATA INPUT OPTIONS 
 
       Surface temperature (IDIOPT1)         Default: 0      ! IDIOPT1 =  0  ! 
          0 = Compute internally from 
              hourly surface observations 
          1 = Read preprocessed values from 
              a data file (DIAG.DAT) 
 
          Surface met. station to use for 
          the surface temperature (ISURFT)   No default     ! ISURFT =  1  ! 
          (Must be a value from 1 to NSSTA) 
          (Used only if IDIOPT1 = 0) 
          -------------------------- 
 
       Domain-averaged temperature lapse 
       rate (IDIOPT2)                        Default: 0     ! IDIOPT2 =  0  ! 
          0 = Compute internally from 
              twice-daily upper air observations 
          1 = Read hourly preprocessed values 
              from a data file (DIAG.DAT) 
 
          Upper air station to use for 
          the domain-scale lapse rate (IUPT) No default     ! IUPT   =  0  ! 
          (Must be a value from 1 to NUSTA) 
          (Used only if IDIOPT2 = 0) 
          -------------------------- 
 
          Depth through which the domain-scale 
          lapse rate is computed (ZUPT)      Default: 200.  ! ZUPT = 200. ! 
          (Used only if IDIOPT2 = 0)         Units: meters 
          -------------------------- 
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       Domain-averaged wind components 
       (IDIOPT3)                             Default: 0     ! IDIOPT3 =  0  ! 
          0 = Compute internally from 
              twice-daily upper air observations 
          1 = Read hourly preprocessed values 
              a data file (DIAG.DAT) 
 
          Upper air station to use for 
          the domain-scale winds (IUPWND)    Default: -1    ! IUPWND = -1  ! 
          (Must be a value from -1 to NUSTA) 
          (Used only if IDIOPT3 = 0) 
          -------------------------- 
 
          Bottom and top of layer through 
          which the domain-scale winds 
          are computed 
          (ZUPWND(1), ZUPWND(2))        Defaults: 1., 1000.  
              ! ZUPWND= 1., 1000. ! 
          (Used only if IDIOPT3 = 0)    Units: meters 
          -------------------------- 
 
       Observed surface wind components 
       for wind field module (IDIOPT4)  Default: 0     ! IDIOPT4 =  0  ! 
          0 = Read WS, WD from a surface 
              data file (SURF.DAT) 
          1 = Read hourly preprocessed U, V from 
              a data file (DIAG.DAT) 
 
       Observed upper air wind components 
       for wind field module (IDIOPT5)  Default: 0     ! IDIOPT5 =  0  ! 
          0 = Read WS, WD from an upper 
              air data file (UP1.DAT, UP2.DAT, etc.) 
          1 = Read hourly preprocessed U, V from 
              a data file (DIAG.DAT) 
 
       LAKE BREEZE INFORMATION 
 
          Use Lake Breeze Module  (LLBREZE) 
                                           Default: F      ! LLBREZE = F ! 
 
           Number of lake breeze regions (NBOX)            ! NBOX =  0  ! 
 
        X Grid line 1 defining the region of interest 
                                                        ! XG1 = 0. ! 
        X Grid line 2 defining the region of interest 
                                                        ! XG2 = 0. ! 
        Y Grid line 1 defining the region of interest 
                                                        ! YG1 = 0. ! 
        Y Grid line 2 defining the region of interest 
                                                        ! YG2 = 0. ! 
 
         X Point defining the coastline (Straight line) 
                   (XBCST)  (KM)   Default: none    ! XBCST = 0. ! 
 
         Y Point defining the coastline (Straight line) 
                   (YBCST)  (KM)   Default: none    ! YBCST = 0. ! 
 
         X Point defining the coastline (Straight line) 
                   (XECST)  (KM)   Default: none    ! XECST = 0. ! 
 
         Y Point defining the coastline (Straight line) 
                   (YECST)  (KM)   Default: none    ! YECST = 0. ! 
 
 
       Number of stations in the region     Default: none ! NLB =  0 !  
       (Surface stations + upper air stations) 
 
       Station ID's  in the region   (METBXID(NLB)) 
       (Surface stations first, then upper air stations) 
         ! METBXID =  0 ! 
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!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 6 -- Mixing Height, Temperature and Precipitation Parameters 
-------------- 
 
    EMPIRICAL MIXING HEIGHT CONSTANTS 
 
       Neutral, mechanical equation 
       (CONSTB)                              Default: 1.41   ! CONSTB = 1.41 ! 
       Convective mixing ht. equation 
       (CONSTE)                              Default: 0.15   ! CONSTE = 0.15 ! 
       Stable mixing ht. equation 
       (CONSTN)                              Default: 2400.  ! CONSTN = 2400.! 
       Overwater mixing ht. equation 
       (CONSTW)                              Default: 0.16   ! CONSTW = 0.16 ! 
       Absolute value of Coriolis 
       parameter (FCORIOL)                   Default: 1.E-4  ! FCORIOL = 1.0E-04! 
                                             Units: (1/s) 
 
    SPATIAL AVERAGING OF MIXING HEIGHTS 
 
       Conduct spatial averaging 
       (IAVEZI)  (0=no, 1=yes)               Default: 1      ! IAVEZI =  1  ! 
 
       Max. search radius in averaging 
       process (MNMDAV)                      Default: 1      ! MNMDAV =  3  ! 
                                             Units: Grid 
                                                    cells 
       Half-angle of upwind looking cone 
       for averaging (HAFANG)                Default: 30.    ! HAFANG = 30. ! 
                                             Units: deg. 
       Layer of winds used in upwind 
       averaging (ILEVZI)                    Default: 1      ! ILEVZI =  1  ! 
       (must be between 1 and NZ) 
 
    OTHER MIXING HEIGHT VARIABLES 
 
       Minimum potential temperature lapse 
       rate in the stable layer above the 
       current convective mixing ht.         Default: 0.001  ! DPTMIN = 0.001 ! 
       (DPTMIN)                              Units: deg. K/m 
       Depth of layer above current conv. 
       mixing height through which lapse     Default: 200.   ! DZZI = 200. ! 
       rate is computed (DZZI)               Units: meters 
 
       Minimum overland mixing height        Default:  50.   ! ZIMIN = 50. ! 
       (ZIMIN)                               Units: meters 
       Maximum overland mixing height        Default: 3000.  ! ZIMAX = 3000. ! 
       (ZIMAX)                               Units: meters 
       Minimum overwater mixing height       Default:   50.  ! ZIMINW = 50. ! 
       (ZIMINW) -- (Not used if observed     Units: meters 
       overwater mixing hts. are used) 
       Maximum overwater mixing height       Default: 3000.  ! ZIMAXW = 3000. ! 
       (ZIMAXW) -- (Not used if observed     Units: meters 
       overwater mixing hts. are used) 
 
 
    TEMPERATURE PARAMETERS 
 
       3D temperature from observations or 
       from prognostic data? (ITPROG)        Default:0         !ITPROG =  1   ! 
 
          0 = Use Surface and upper air stations 
              (only if NOOBS = 0) 
          1 = Use Surface stations (no upper air observations) 
              Use MM5 for upper air data 
              (only if NOOBS = 0,1) 
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          2 = No surface or upper air observations 
              Use MM5 for surface and upper air data 
              (only if NOOBS = 0,1,2) 
 
       Interpolation type 
       (1 = 1/R ; 2 = 1/R**2)                Default:1         ! IRAD =  1  ! 
 
       Radius of influence for temperature 
       interpolation (TRADKM)                Default: 500.     ! TRADKM = 40. ! 
                                             Units: km 
 
       Maximum Number of stations to include 
       in temperature interpolation (NUMTS)  Default: 5        ! NUMTS = 1  ! 
 
       Conduct spatial averaging of temp- 
       eratures (IAVET)  (0=no, 1=yes)         Default: 1     ! IAVET =  1  ! 
       (will use mixing ht MNMDAV,HAFANG 
        so make sure they are correct) 
 
       Default temperature gradient        Default: -.0098 ! TGDEFB = -0.0098 ! 
       below the mixing height over 
       water (K/m) (TGDEFB) 
 
       Default temperature gradient        Default: -.0045 ! TGDEFA = -0.0035 ! 
       above the mixing height over 
       water (K/m) (TGDEFA) 
 
       Beginning (JWAT1) and ending (JWAT2) 
       land use categories for temperature                    ! JWAT1 =  55  ! 
       interpolation over water -- Make                       ! JWAT2 =  55  ! 
       bigger than largest land use to disable 
 
   PRECIP INTERPOLATION PARAMETERS 
 
       Method of interpolation (NFLAGP)      Default = 2    ! NFLAGP =  2  ! 
        (1=1/R,2=1/R**2,3=EXP/R**2) 
       Radius of Influence (km) (SIGMAP)     Default = 100.0  ! SIGMAP = 100. ! 
        (0.0 => use half dist. btwn 
         nearest stns w & w/out 
         precip when NFLAGP = 3) 
       Minimum Precip. Rate Cutoff (mm/hr)   Default = 0.01  ! CUTP = 0.01 ! 
        (values < CUTP = 0.0 mm/hr) 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 7 -- Surface meteorological station parameters 
-------------- 
 
     SURFACE STATION VARIABLES 
     (One record per station --  1  records in all) 
 
 
             1     2 
         Name   ID            X coord.   Y coord.   Time   Anem. 
                               (km)       (km)      zone   Ht.(m) 
       ---------------------------------------------------------- 
! SS1  ='SELK'   12341        636.361     5532.578    6    10  ! 
! SS2  ='GIML'   12342        637.911     5610.495    6    10  ! 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Five digit integer for station ID 
 
!END! 
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------------------------------------------------------------------------------- 
 
INPUT GROUP: 8 -- Upper air meteorological station parameters 
-------------- 
 
     UPPER AIR STATION VARIABLES 
     (One record per station --  0  records in all) 
 
             1     2 
         Name    ID      X coord.   Y coord.  Time zone 
                           (km)       (km)     
        ----------------------------------------------- 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Five digit integer for station ID 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 9 -- Precipitation station parameters 
-------------- 
 
     PRECIPITATION STATION VARIABLES 
     (One record per station --  1  records in all) 
     (NOT INCLUDED IF NPSTA = 0) 
 
            1          2 
         Name   Station    X coord.  Y coord. 
                  Code       (km)      (km) 
         ------------------------------------ 
 
! PS1 = 'SELK'  123412    636.361   5532.578      ! 
 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Six digit station code composed of state 
        code (first 2 digits) and station ID (last 
        4 digits) 
 
!END! 
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ATTACHMENT   B 
 

Sample CALPUFF Control File 
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CALMET RUN FOR SELKIRK 
150 x 150  200 m meteorological grid 
Met. stations used: 2 surface, Eta 12 km, 1 precip 
---------------- Run title (3 lines) ------------------------------------------ 
 
                    CALMET MODEL CONTROL FILE 
                    -------------------------- 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 0 -- Input and Output File Names 
 
 
Subgroup (a) 
------------ 
Default Name  Type          File Name 
------------  ----          --------- 
GEO.DAT       input    ! GEODAT=GEO1.TXT       ! 
SURF.DAT      input    ! SRFDAT=sfc_2stn.TXT      ! 
CLOUD.DAT     input    * CLDDAT=            * 
PRECIP.DAT    input    ! PRCDAT=PRECIP2.TXT    ! 
MM4.DAT       input    ! MM4DAT=M3D.DAT     ! 
WT.DAT        input    * WTDAT=             * 
 
CALMET.LST    output   ! METLST=jan1.LST     ! 
CALMET.DAT    output   ! METDAT=jan1.DAT    ! 
PACOUT.DAT    output   * PACDAT=            * 
 
All file names will be converted to lower case if LCFILES = T 
Otherwise, if LCFILES = F, file names will be converted to UPPER CASE 
         T = lower case      ! LCFILES = T ! 
         F = UPPER CASE 
 
NUMBER OF UPPER AIR & OVERWATER STATIONS: 
 
    Number of upper air stations (NUSTA)  No default     ! NUSTA =  0  ! 
    Number of overwater met stations 
                                 (NOWSTA) No default     ! NOWSTA =  0  ! 
 
                       !END! 
-------------------------------------------------------------------------------- 
Subgroup (b) 
--------------------------------- 
Upper air files (one per station) 
--------------------------------- 
Default Name  Type       File Name 
------------  ----       --------- 
-------------------------------------------------------------------------------- 
Subgroup (c) 
----------------------------------------- 
Overwater station files (one per station) 
----------------------------------------- 
Default Name  Type       File Name 
------------  ----       --------- 
-------------------------------------------------------------------------------- 
Subgroup (d) 
---------------- 
Other file names 
---------------- 
 
Default Name  Type       File Name 
------------  ----       --------- 
DIAG.DAT      input      * DIADAT=                  * 
PROG.DAT      input      * PRGDAT=                  * 
 
TEST.PRT      output     * TSTPRT=                  * 
TEST.OUT      output     * TSTOUT=                  * 
TEST.KIN      output     * TSTKIN=                  * 
TEST.FRD      output     * TSTFRD=                  * 
TEST.SLP      output     * TSTSLP=                  * 
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-------------------------------------------------------------------------------- 
NOTES: (1) File/path names can be up to 70 characters in length 
       (2) Subgroups (a) and (d) must have ONE 'END' (surround by 
           delimiters) at the end of the group 
       (3) Subgroups (b) and (c) must have an 'END' (surround by 
           delimiters) at the end of EACH LINE 
 
                         !END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 1 -- General run control parameters 
-------------- 
 
     Starting date:   Year (IBYR) -- No default       ! IBYR=  2003  ! 
                     Month (IBMO) -- No default       ! IBMO=  1  ! 
                       Day (IBDY) -- No default       ! IBDY=  1  ! 
                      Hour (IBHR) -- No default       ! IBHR=  1  ! 
 
     Base time zone        (IBTZ) -- No default       ! IBTZ=  6  ! 
        PST = 08, MST = 07 
        CST = 06, EST = 05 
 
     Length of run (hours) (IRLG) -- No default       ! IRLG=  216  ! 
 
     Run type            (IRTYPE) -- Default: 1       ! IRTYPE=  1  ! 
 
        0 = Computes wind fields only 
        1 = Computes wind fields and micrometeorological variables 
            (u*, w*, L, zi, etc.) 
        (IRTYPE must be 1 to run CALPUFF or CALGRID) 
 
     Compute special data fields required 
     by CALGRID (i.e., 3-D fields of W wind 
     components and temperature) 
     in additional to regular            Default: T    ! LCALGRD = T ! 
     fields ? (LCALGRD) 
     (LCALGRD must be T to Run CALGRID) 
 
      Flag to stop run after 
      SETUP phase (ITEST)             Default: 2       ! ITEST=  2   ! 
      (Used to allow checking 
      of the model inputs, files, etc.) 
      ITEST = 1 - STOPS program after SETUP phase 
      ITEST = 2 - Continues with execution of 
                  COMPUTATIONAL phase after SETUP 
 
!END! 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 2 -- Map Projection and Grid control parameters 
-------------- 
 
     Projection for all (X,Y): 
     ------------------------- 
 
     Map projection 
     (PMAP)                     Default: UTM    ! PMAP = UTM  ! 
 
         UTM :  Universal Transverse Mercator 
         TTM :  Tangential Transverse Mercator 
         LCC :  Lambert Conformal Conic 
          PS :  Polar Stereographic 
          EM :  Equatorial Mercator 
        LAZA :  Lambert Azimuthal Equal Area 
 
     False Easting and Northing (km) at the projection origin 
     (Used only if PMAP= TTM, LCC, or LAZA) 
     (FEAST)                    Default=0.0     ! FEAST  = 0.000  ! 
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     (FNORTH)                   Default=0.0     ! FNORTH = 0.000  ! 
 
     UTM zone (1 to 60) 
     (Used only if PMAP=UTM) 
     (IUTMZN)                   No Default      ! IUTMZN =  14   ! 
 
     Hemisphere for UTM projection? 
     (Used only if PMAP=UTM) 
     (UTMHEM)                   Default: N      ! UTMHEM = N  ! 
         N   :  Northern hemisphere projection 
         S   :  Southern hemisphere projection 
 
     Latitude and Longitude (decimal degrees) of projection origin 
     (Used only if PMAP= TTM, LCC, PS, EM, or LAZA) 
     (RLAT0)                    No Default      ! RLAT0 =  51.4N  ! 
     (RLON0)                    No Default      ! RLON0 =  115W  ! 
 
         TTM :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         LCC :  RLON0 identifies central (true N/S) meridian of projection 
                RLAT0 selected for convenience 
         PS  :  RLON0 identifies central (grid N/S) meridian of projection 
                RLAT0 selected for convenience 
         EM  :  RLON0 identifies central meridian of projection 
                RLAT0 is REPLACED by 0.0N (Equator) 
         LAZA:  RLON0 identifies longitude of tangent-point of mapping plane 
                RLAT0 identifies latitude of tangent-point of mapping plane 
 
     Matching parallel(s) of latitude (decimal degrees) for projection 
     (Used only if PMAP= LCC or PS) 
     (XLAT1)                    No Default      ! XLAT1 =  30N  ! 
     (XLAT2)                    No Default      ! XLAT2 =  60N  ! 
 
         LCC :  Projection cone slices through Earth's surface at XLAT1 and XLAT2 
         PS  :  Projection plane slices through Earth at XLAT1 
                (XLAT2 is not used) 
 
     ---------- 
     Note:  Latitudes and longitudes should be positive, and include a 
            letter N,S,E, or W indicating north or south latitude, and 
            east or west longitude.  For example, 
            35.9  N Latitude  =  35.9N 
            118.7 E Longitude = 118.7E 
 
 
     Datum-region 
     ------------ 
 
     The Datum-Region for the coordinates is identified by a character 
     string.  Many mapping products currently available use the model of the 
     Earth known as the World Geodetic System 1984 (WGS-84).  Other local 
     models may be in use, and their selection in CALMET will make its output 
     consistent with local mapping products.  The list of Datum-Regions with 
     official transformation parameters is provided by the National Imagery and 
     Mapping Agency (NIMA). 
 
     NIMA Datum - Regions(Examples) 
     ------------------------------------------------------------------------------ 
     WGS-84    WGS-84 Reference Ellipsoid and Geoid, Global coverage (WGS84) 
     NAS-C     NORTH AMERICAN 1927 Clarke 1866 Spheroid, MEAN FOR CONUS (NAD27) 
     NAR-C     NORTH AMERICAN 1983 GRS 80 Spheroid, MEAN FOR CONUS (NAD83) 
     NWS-84    NWS 6370KM Radius, Sphere 
2      ESR-S     ESRI REFERENCE 6371KM Radius, Sphere 
 
     Datum-region for output coordinates 
     (DATUM)                    Default: WGS-84    ! DATUM = WGS-G  ! 
 
 
     Horizontal grid definition: 
     --------------------------- 
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     Rectangular grid defined for projection PMAP, 
     with X the Easting and Y the Northing coordinate 
 
            No. X grid cells (NX)      No default     ! NX =   150  ! 
            No. Y grid cells (NY)      No default     ! NY =   150  ! 
 
     Grid spacing (DGRIDKM)            No default     ! DGRIDKM = 0.2 ! 
                                       Units: km 
 
     Reference grid coordinate of 
     SOUTHWEST corner of grid cell (1,1) 
 
        X coordinate (XORIGKM)         No default     ! XORIGKM = 640.000 ! 
        Y coordinate (YORIGKM)         No default     ! YORIGKM = 5540.000 ! 
                                       Units: km 
 
 
     Vertical grid definition: 
     ------------------------- 
 
        No. of vertical layers (NZ)    No default     ! NZ =  12  ! 
 
        Cell face heights in arbitrary 
        vertical grid (ZFACE(NZ+1))    No defaults 
                                       Units: m 
        ! ZFACE = 0.,20.,50.,100.,200.,300.,400.,500.,800.,1000.,1500.,2000.,3300. ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 3 -- Output Options 
-------------- 
 
 
    DISK OUTPUT OPTION 
 
       Save met. fields in an unformatted 
       output file ?              (LSAVE)  Default: T     ! LSAVE = T ! 
       (F = Do not save, T = Save) 
 
       Type of unformatted output file: 
       (IFORMO)                            Default: 1    ! IFORMO =  1  ! 
 
            1 = CALPUFF/CALGRID type file (CALMET.DAT) 
            2 = MESOPUFF-II type file     (PACOUT.DAT) 
 
 
    LINE PRINTER OUTPUT OPTIONS: 
 
       Print met. fields ?  (LPRINT)       Default: F     ! LPRINT = T ! 
       (F = Do not print, T = Print) 
       (NOTE: parameters below control which 
              met. variables are printed) 
 
       Print interval 
       (IPRINF) in hours                   Default: 1     ! IPRINF =  6  ! 
       (Meteorological fields are printed 
        every  6  hours) 
 
 
       Specify which layers of U, V wind component 
       to print (IUVOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T)        Defaults: NZ*0  
       ! IUVOUT =  1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
       ----------------------- 
 
 
       Specify which levels of the W wind component to print 
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       (NOTE: W defined at TOP cell face --  12  values) 
       (IWOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T & LCALGRD=T) 
       ----------------------------------- 
                                            Defaults: NZ*0  
        ! IWOUT =  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
 
 
       Specify which levels of the 3-D temperature field to print 
       (ITOUT(NZ)) -- NOTE: NZ values must be entered 
       (0=Do not print, 1=Print) 
       (used only if LPRINT=T & LCALGRD=T) 
       ----------------------------------- 
                                            Defaults: NZ*0  
        ! ITOUT =  1 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0 ,  0  ! 
 
       Specify which meteorological fields 
       to print 
       (used only if LPRINT=T)             Defaults: 0 (all variables) 
       ----------------------- 
 
 
         Variable            Print ? 
                         (0 = do not print, 
                          1 = print) 
         --------        ------------------ 
 
      !  STABILITY  =           1           ! - PGT stability class 
      !  USTAR      =           1           ! - Friction velocity 
      !  MONIN      =           1           ! - Monin-Obukhov length 
      !  MIXHT      =           1           ! - Mixing height 
      !  WSTAR      =           1           ! - Convective velocity scale 
      !  PRECIP     =           1           ! - Precipitation rate 
      !  SENSHEAT   =           0           ! - Sensible heat flux 
      !  CONVZI     =           0           ! - Convective mixing ht. 
 
 
       Testing and debug print options for micrometeorological module 
 
          Print input meteorological data and 
          internal variables (LDB)         Default: F       ! LDB = T ! 
          (F = Do not print, T = print) 
          (NOTE: this option produces large amounts of output) 
 
          First time step for which debug data 
          are printed (NN1)                Default: 1       ! NN1 =  1  ! 
 
          Last time step for which debug data 
          are printed (NN2)                Default: 1       ! NN2 =  1  ! 
 
 
       Testing and debug print options for wind field module 
       (all of the following print options control output to 
        wind field module's output files: TEST.PRT, TEST.OUT, 
        TEST.KIN, TEST.FRD, and TEST.SLP) 
 
          Control variable for writing the test/debug 
          wind fields to disk files (IOUTD) 
          (0=Do not write, 1=write)        Default: 0       ! IOUTD =  0  ! 
 
          Number of levels, starting at the surface, 
          to print (NZPRN2)                Default: 1       ! NZPRN2 =  0  ! 
 
          Print the INTERPOLATED wind components ? 
          (IPR0) (0=no, 1=yes)             Default: 0       !  IPR0 =  0  ! 
 
          Print the TERRAIN ADJUSTED surface wind 
          components ? 
          (IPR1) (0=no, 1=yes)             Default: 0       !  IPR1 =  0  ! 
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          Print the SMOOTHED wind components and 
          the INITIAL DIVERGENCE fields ? 
          (IPR2) (0=no, 1=yes)             Default: 0       !  IPR2 =  0  ! 
 
          Print the FINAL wind speed and direction 
          fields ? 
          (IPR3) (0=no, 1=yes)             Default: 0       !  IPR3 =  0  ! 
 
          Print the FINAL DIVERGENCE fields ? 
          (IPR4) (0=no, 1=yes)             Default: 0       !  IPR4 =  0  ! 
 
          Print the winds after KINEMATIC effects 
          are added ? 
          (IPR5) (0=no, 1=yes)             Default: 0       !  IPR5 =  0  ! 
 
          Print the winds after the FROUDE NUMBER 
          adjustment is made ? 
          (IPR6) (0=no, 1=yes)             Default: 0       !  IPR6 =  0  ! 
 
          Print the winds after SLOPE FLOWS 
          are added ? 
          (IPR7) (0=no, 1=yes)             Default: 0       !  IPR7 =  0  ! 
 
          Print the FINAL wind field components ? 
          (IPR8) (0=no, 1=yes)             Default: 0       !  IPR8 =  0  ! 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 4 -- Meteorological data options 
-------------- 
 
    NO OBSERVATION MODE             (NOOBS)  Default: 0     ! NOOBS =  1   ! 
          0 = Use surface, overwater, and upper air stations 
          1 = Use surface and overwater stations (no upper air observations) 
              Use MM5 for upper air data 
          2 = No surface, overwater, or upper air observations 
              Use MM5 for surface, overwater, and upper air data 
 
    NUMBER OF SURFACE & PRECIP. METEOROLOGICAL STATIONS 
 
       Number of surface stations   (NSSTA)  No default     ! NSSTA =  2  ! 
 
       Number of precipitation stations 
       (NPSTA=-1: flag for use of MM5 precip data) 
                                    (NPSTA)  No default     ! NPSTA =  1  ! 
 
    CLOUD DATA OPTIONS 
       Gridded cloud fields: 
                                   (ICLOUD)  Default: 0     ! ICLOUD =  0  ! 
       ICLOUD = 0 - Gridded clouds not used 
       ICLOUD = 1 - Gridded CLOUD.DAT generated as OUTPUT 
       ICLOUD = 2 - Gridded CLOUD.DAT read as INPUT 
       ICLOUD = 3 - Gridded cloud cover from Prognostic Rel. Humidity 
 
    FILE FORMATS 
 
       Surface meteorological data file format 
                                   (IFORMS)  Default: 2     ! IFORMS =  2  ! 
       (1 = unformatted (e.g., SMERGE output)) 
       (2 = formatted   (free-formatted user input)) 
 
       Precipitation data file format 
                                   (IFORMP)  Default: 2     ! IFORMP =  2  ! 
       (1 = unformatted (e.g., PMERGE output)) 
       (2 = formatted   (free-formatted user input)) 
 
       Cloud data file format 
                                   (IFORMC)  Default: 2     ! IFORMC =  2  ! 
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       (1 = unformatted - CALMET unformatted output) 
       (2 = formatted   - free-formatted CALMET output or user input) 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 5 -- Wind Field Options and Parameters 
-------------- 
 
 
    WIND FIELD MODEL OPTIONS 
       Model selection variable (IWFCOD)     Default: 1      ! IWFCOD =  1  ! 
          0 = Objective analysis only 
          1 = Diagnostic wind module 
 
       Compute Froude number adjustment 
       effects ? (IFRADJ)                    Default: 1      ! IFRADJ =  1  ! 
       (0 = NO, 1 = YES) 
 
       Compute kinematic effects ? (IKINE)   Default: 0      ! IKINE  =  0  ! 
       (0 = NO, 1 = YES) 
 
       Use O'Brien procedure for adjustment 
       of the vertical velocity ? (IOBR)     Default: 0      ! IOBR =  0  ! 
       (0 = NO, 1 = YES) 
 
       Compute slope flow effects ? (ISLOPE) Default: 1      ! ISLOPE  =  1  ! 
       (0 = NO, 1 = YES) 
 
       Extrapolate surface wind observations 
       to upper layers ? (IEXTRP)            Default: -4     ! IEXTRP =  1  ! 
       (1 = no extrapolation is done, 
        2 = power law extrapolation used, 
        3 = user input multiplicative factors 
            for layers 2 - NZ used (see FEXTRP array) 
        4 = similarity theory used 
        -1, -2, -3, -4 = same as above except layer 1 data 
            at upper air stations are ignored 
 
       Extrapolate surface winds even 
       if calm? (ICALM)                      Default: 0      ! ICALM  =  0  ! 
       (0 = NO, 1 = YES) 
 
       Layer-dependent biases modifying the weights of 
       surface and upper air stations (BIAS(NZ)) 
         -1<=BIAS<=1 
       Negative BIAS reduces the weight of upper air stations 
         (e.g. BIAS=-0.1 reduces the weight of upper air stations 
       by 10%; BIAS= -1, reduces their weight by 100 %) 
       Positive BIAS reduces the weight of surface stations 
         (e.g. BIAS= 0.2 reduces the weight of surface stations 
       by 20%; BIAS=1 reduces their weight by 100%) 
       Zero BIAS leaves weights unchanged (1/R**2 interpolation) 
       Default: NZ*0 
       ! BIAS = -1 , -.5 , -.2 ,  0 ,  0 ,  1 ,  1 ,  1 ,  1 ,  1 ,  1 ,  1  ! 
 
       Minimum distance from nearest upper air station 
       to surface station for which extrapolation 
       of surface winds at surface station will be allowed 
       (RMIN2: Set to -1 for IEXTRP = 4 or other situations 
        where all surface stations should be extrapolated) 
                                              Default: 4.    ! RMIN2 = -1.0 ! 
 
       Use gridded prognostic wind field model 
       output fields as input to the diagnostic 
       wind field model (IPROG)              Default: 0      ! IPROG =  14  ! 
       (0 = No, [IWFCOD = 0 or 1] 
        1 = Yes, use CSUMM prog. winds as Step 1 field, [IWFCOD = 0] 
        2 = Yes, use CSUMM prog. winds as initial guess field [IWFCOD = 1] 
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        3 = Yes, use winds from MM4.DAT file as Step 1 field [IWFCOD = 0] 
        4 = Yes, use winds from MM4.DAT file as initial guess field [IWFCOD = 1] 
        5 = Yes, use winds from MM4.DAT file as observations [IWFCOD = 1] 
        13 = Yes, use winds from MM5.DAT file as Step 1 field [IWFCOD = 0] 
        14 = Yes, use winds from MM5.DAT file as initial guess field [IWFCOD = 1] 
        15 = Yes, use winds from MM5.DAT file as observations [IWFCOD = 1] 
 
       Timestep (hours) of the prognostic 
       model input data   (ISTEPPG)          Default: 1      ! ISTEPPG =  6   ! 
 
    RADIUS OF INFLUENCE PARAMETERS 
 
       Use varying radius of influence       Default: F      ! LVARY =  T! 
       (if no stations are found within RMAX1,RMAX2, 
        or RMAX3, then the closest station will be used) 
 
       Maximum radius of influence over land 
       in the surface layer (RMAX1)          No default      ! RMAX1 = 10. ! 
                                             Units: km 
       Maximum radius of influence over land 
       aloft (RMAX2)                         No default      ! RMAX2 = 50. ! 
                                             Units: km 
       Maximum radius of influence over water 
       (RMAX3)                               No default      ! RMAX3 = 500. ! 
                                             Units: km 
 
 
    OTHER WIND FIELD INPUT PARAMETERS 
 
       Minimum radius of influence used in 
       the wind field interpolation (RMIN)   Default: 0.1    ! RMIN = 0.1 ! 
                                             Units: km 
       Radius of influence of terrain 
       features (TERRAD)                     No default      ! TERRAD = 10. ! 
 
                                             Units: km 
       Relative weighting of the first 
       guess field and observations in the 
       SURFACE layer (R1)                    No default      ! R1 = 5. ! 
       (R1 is the distance from an           Units: km 
       observational station at which the 
       observation and first guess field are 
       equally weighted) 
 
       Relative weighting of the first 
       guess field and observations in the 
       layers ALOFT (R2)                     No default      ! R2 = 15. ! 
       (R2 is applied in the upper layers    Units: km 
       in the same manner as R1 is used in 
       the surface layer). 
 
       Relative weighting parameter of the 
       prognostic wind field data (RPROG)    No default      ! RPROG = 54. ! 
       (Used only if IPROG = 1)              Units: km 
       ------------------------ 
 
       Maximum acceptable divergence in the 
       divergence minimization procedure 
       (DIVLIM)                              Default: 5.E-6  
                ! DIVLIM= 5.0E-06 ! 
 
       Maximum number of iterations in the 
       divergence min. procedure (NITER)     Default: 50      
               ! NITER =  50  ! 
 
       Number of passes in the smoothing 
       procedure (NSMTH(NZ)) 
       NOTE: NZ values must be entered 
            Default: 2,(mxnz-1)*4  
   ! NSMTH =  2 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4 ,  4  ! 
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       Maximum number of stations used in 
       each layer for the interpolation of 
       data to a grid point (NINTR2(NZ)) 
       NOTE: NZ values must be entered       Default: 99.     
    ! NINTR2 = 99,99,99,99,99,99,99,99,99,99,99,99  ! 
 
       Critical Froude number (CRITFN)       Default: 1.0    ! CRITFN = 1. ! 
 
       Empirical factor controlling the 
       influence of kinematic effects 
       (ALPHA)                               Default: 0.1    ! ALPHA = 0.1 ! 
 
       Multiplicative scaling factor for 
       extrapolation of surface observations 
       to upper layers (FEXTR2(NZ))          Default: NZ*0.0  
       ! FEXTR2 = 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0., 0. ! 
       (Used only if IEXTRP = 3 or -3) 
 
 
    BARRIER INFORMATION 
 
       Number of barriers to interpolation 
       of the wind fields (NBAR)             Default: 0      ! NBAR =  0  ! 
 
       THE FOLLOWING 4 VARIABLES ARE INCLUDED 
       ONLY IF NBAR > 0 
       NOTE: NBAR values must be entered     No defaults 
             for each variable               Units: km 
 
          X coordinate of BEGINNING 
          of each barrier (XBBAR(NBAR))      ! XBBAR = 0. ! 
          Y coordinate of BEGINNING 
          of each barrier (YBBAR(NBAR))      ! YBBAR = 0. ! 
 
          X coordinate of ENDING 
          of each barrier (XEBAR(NBAR))      ! XEBAR = 0. ! 
          Y coordinate of ENDING 
          of each barrier (YEBAR(NBAR))      ! YEBAR = 0. ! 
 
 
    DIAGNOSTIC MODULE DATA INPUT OPTIONS 
 
       Surface temperature (IDIOPT1)         Default: 0      ! IDIOPT1 =  0  ! 
          0 = Compute internally from 
              hourly surface observations 
          1 = Read preprocessed values from 
              a data file (DIAG.DAT) 
 
          Surface met. station to use for 
          the surface temperature (ISURFT)   No default     ! ISURFT =  1  ! 
          (Must be a value from 1 to NSSTA) 
          (Used only if IDIOPT1 = 0) 
          -------------------------- 
 
       Domain-averaged temperature lapse 
       rate (IDIOPT2)                        Default: 0     ! IDIOPT2 =  0  ! 
          0 = Compute internally from 
              twice-daily upper air observations 
          1 = Read hourly preprocessed values 
              from a data file (DIAG.DAT) 
 
          Upper air station to use for 
          the domain-scale lapse rate (IUPT) No default     ! IUPT   =  0  ! 
          (Must be a value from 1 to NUSTA) 
          (Used only if IDIOPT2 = 0) 
          -------------------------- 
 
          Depth through which the domain-scale 
          lapse rate is computed (ZUPT)      Default: 200.  ! ZUPT = 200. ! 
          (Used only if IDIOPT2 = 0)         Units: meters 
          -------------------------- 
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       Domain-averaged wind components 
       (IDIOPT3)                             Default: 0     ! IDIOPT3 =  0  ! 
          0 = Compute internally from 
              twice-daily upper air observations 
          1 = Read hourly preprocessed values 
              a data file (DIAG.DAT) 
 
          Upper air station to use for 
          the domain-scale winds (IUPWND)    Default: -1    ! IUPWND = -1  ! 
          (Must be a value from -1 to NUSTA) 
          (Used only if IDIOPT3 = 0) 
          -------------------------- 
 
          Bottom and top of layer through 
          which the domain-scale winds 
          are computed 
          (ZUPWND(1), ZUPWND(2))        Defaults: 1., 1000.  
              ! ZUPWND= 1., 1000. ! 
          (Used only if IDIOPT3 = 0)    Units: meters 
          -------------------------- 
 
       Observed surface wind components 
       for wind field module (IDIOPT4)  Default: 0     ! IDIOPT4 =  0  ! 
          0 = Read WS, WD from a surface 
              data file (SURF.DAT) 
          1 = Read hourly preprocessed U, V from 
              a data file (DIAG.DAT) 
 
       Observed upper air wind components 
       for wind field module (IDIOPT5)  Default: 0     ! IDIOPT5 =  0  ! 
          0 = Read WS, WD from an upper 
              air data file (UP1.DAT, UP2.DAT, etc.) 
          1 = Read hourly preprocessed U, V from 
              a data file (DIAG.DAT) 
 
       LAKE BREEZE INFORMATION 
 
          Use Lake Breeze Module  (LLBREZE) 
                                           Default: F      ! LLBREZE = F ! 
 
           Number of lake breeze regions (NBOX)            ! NBOX =  0  ! 
 
        X Grid line 1 defining the region of interest 
                                                        ! XG1 = 0. ! 
        X Grid line 2 defining the region of interest 
                                                        ! XG2 = 0. ! 
        Y Grid line 1 defining the region of interest 
                                                        ! YG1 = 0. ! 
        Y Grid line 2 defining the region of interest 
                                                        ! YG2 = 0. ! 
 
         X Point defining the coastline (Straight line) 
                   (XBCST)  (KM)   Default: none    ! XBCST = 0. ! 
 
         Y Point defining the coastline (Straight line) 
                   (YBCST)  (KM)   Default: none    ! YBCST = 0. ! 
 
         X Point defining the coastline (Straight line) 
                   (XECST)  (KM)   Default: none    ! XECST = 0. ! 
 
         Y Point defining the coastline (Straight line) 
                   (YECST)  (KM)   Default: none    ! YECST = 0. ! 
 
 
       Number of stations in the region     Default: none ! NLB =  0 !  
       (Surface stations + upper air stations) 
 
       Station ID's  in the region   (METBXID(NLB)) 
       (Surface stations first, then upper air stations) 
         ! METBXID =  0 ! 
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!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 6 -- Mixing Height, Temperature and Precipitation Parameters 
-------------- 
 
    EMPIRICAL MIXING HEIGHT CONSTANTS 
 
       Neutral, mechanical equation 
       (CONSTB)                              Default: 1.41   ! CONSTB = 1.41 ! 
       Convective mixing ht. equation 
       (CONSTE)                              Default: 0.15   ! CONSTE = 0.15 ! 
       Stable mixing ht. equation 
       (CONSTN)                              Default: 2400.  ! CONSTN = 2400.! 
       Overwater mixing ht. equation 
       (CONSTW)                              Default: 0.16   ! CONSTW = 0.16 ! 
       Absolute value of Coriolis 
       parameter (FCORIOL)                   Default: 1.E-4  ! FCORIOL = 1.0E-04! 
                                             Units: (1/s) 
 
    SPATIAL AVERAGING OF MIXING HEIGHTS 
 
       Conduct spatial averaging 
       (IAVEZI)  (0=no, 1=yes)               Default: 1      ! IAVEZI =  1  ! 
 
       Max. search radius in averaging 
       process (MNMDAV)                      Default: 1      ! MNMDAV =  3  ! 
                                             Units: Grid 
                                                    cells 
       Half-angle of upwind looking cone 
       for averaging (HAFANG)                Default: 30.    ! HAFANG = 30. ! 
                                             Units: deg. 
       Layer of winds used in upwind 
       averaging (ILEVZI)                    Default: 1      ! ILEVZI =  1  ! 
       (must be between 1 and NZ) 
 
    OTHER MIXING HEIGHT VARIABLES 
 
       Minimum potential temperature lapse 
       rate in the stable layer above the 
       current convective mixing ht.         Default: 0.001  ! DPTMIN = 0.001 ! 
       (DPTMIN)                              Units: deg. K/m 
       Depth of layer above current conv. 
       mixing height through which lapse     Default: 200.   ! DZZI = 200. ! 
       rate is computed (DZZI)               Units: meters 
 
       Minimum overland mixing height        Default:  50.   ! ZIMIN = 50. ! 
       (ZIMIN)                               Units: meters 
       Maximum overland mixing height        Default: 3000.  ! ZIMAX = 3000. ! 
       (ZIMAX)                               Units: meters 
       Minimum overwater mixing height       Default:   50.  ! ZIMINW = 50. ! 
       (ZIMINW) -- (Not used if observed     Units: meters 
       overwater mixing hts. are used) 
       Maximum overwater mixing height       Default: 3000.  ! ZIMAXW = 3000. ! 
       (ZIMAXW) -- (Not used if observed     Units: meters 
       overwater mixing hts. are used) 
 
 
    TEMPERATURE PARAMETERS 
 
       3D temperature from observations or 
       from prognostic data? (ITPROG)        Default:0         !ITPROG =  1   ! 
 
          0 = Use Surface and upper air stations 
              (only if NOOBS = 0) 
          1 = Use Surface stations (no upper air observations) 
              Use MM5 for upper air data 
              (only if NOOBS = 0,1) 
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          2 = No surface or upper air observations 
              Use MM5 for surface and upper air data 
              (only if NOOBS = 0,1,2) 
 
       Interpolation type 
       (1 = 1/R ; 2 = 1/R**2)                Default:1         ! IRAD =  1  ! 
 
       Radius of influence for temperature 
       interpolation (TRADKM)                Default: 500.     ! TRADKM = 40. ! 
                                             Units: km 
 
       Maximum Number of stations to include 
       in temperature interpolation (NUMTS)  Default: 5        ! NUMTS = 1  ! 
 
       Conduct spatial averaging of temp- 
       eratures (IAVET)  (0=no, 1=yes)         Default: 1     ! IAVET =  1  ! 
       (will use mixing ht MNMDAV,HAFANG 
        so make sure they are correct) 
 
       Default temperature gradient        Default: -.0098 ! TGDEFB = -0.0098 ! 
       below the mixing height over 
       water (K/m) (TGDEFB) 
 
       Default temperature gradient        Default: -.0045 ! TGDEFA = -0.0035 ! 
       above the mixing height over 
       water (K/m) (TGDEFA) 
 
       Beginning (JWAT1) and ending (JWAT2) 
       land use categories for temperature                    ! JWAT1 =  55  ! 
       interpolation over water -- Make                       ! JWAT2 =  55  ! 
       bigger than largest land use to disable 
 
   PRECIP INTERPOLATION PARAMETERS 
 
       Method of interpolation (NFLAGP)      Default = 2    ! NFLAGP =  2  ! 
        (1=1/R,2=1/R**2,3=EXP/R**2) 
       Radius of Influence (km) (SIGMAP)     Default = 100.0  ! SIGMAP = 100. ! 
        (0.0 => use half dist. btwn 
         nearest stns w & w/out 
         precip when NFLAGP = 3) 
       Minimum Precip. Rate Cutoff (mm/hr)   Default = 0.01  ! CUTP = 0.01 ! 
        (values < CUTP = 0.0 mm/hr) 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 7 -- Surface meteorological station parameters 
-------------- 
 
     SURFACE STATION VARIABLES 
     (One record per station --  1  records in all) 
 
 
             1     2 
         Name   ID            X coord.   Y coord.   Time   Anem. 
                               (km)       (km)      zone   Ht.(m) 
       ---------------------------------------------------------- 
! SS1  ='SELK'   12341        636.361     5532.578    6    10  ! 
! SS2  ='GIML'   12342        637.911     5610.495    6    10  ! 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Five digit integer for station ID 
 
!END! 
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------------------------------------------------------------------------------- 
 
INPUT GROUP: 8 -- Upper air meteorological station parameters 
-------------- 
 
     UPPER AIR STATION VARIABLES 
     (One record per station --  0  records in all) 
 
             1     2 
         Name    ID      X coord.   Y coord.  Time zone 
                           (km)       (km)     
        ----------------------------------------------- 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Five digit integer for station ID 
 
!END! 
 
 
------------------------------------------------------------------------------- 
 
INPUT GROUP: 9 -- Precipitation station parameters 
-------------- 
 
     PRECIPITATION STATION VARIABLES 
     (One record per station --  1  records in all) 
     (NOT INCLUDED IF NPSTA = 0) 
 
            1          2 
         Name   Station    X coord.  Y coord. 
                  Code       (km)      (km) 
         ------------------------------------ 
 
! PS1 = 'SELK'  123412    636.361   5532.578      ! 
 
------------------- 
      1 
        Four character string for station name 
        (MUST START IN COLUMN 9) 
 
      2 
        Six digit station code composed of state 
        code (first 2 digits) and station ID (last 
        4 digits) 
 
!END! 

 
 




