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1. | nt roducti on

The North Dakota Departnent of Health (NDDH) has conducted an air
quality nodeling analysis to determne the current status of
Prevention of Significant Deterioration (PSD) Cass | increnent
consunption for SO, in North Dakota and eastern Mntana. The
pur pose of this analysis was to determ ne /the current |evel of PSD
G ass | increnment consunption, including the use of actual em ssion
rates. Conpletion of this analysis/satisfies a commtnent nmade to
EPA on March 13, 2001%.

PSD Class | areas in North Dakota and eastern Montana are depicted
in Figure 1-1. These include t he Theodore Roosevelt National Park
(TRNP) and Lostwood WIlderness Area in North Dakota, and the
Medi ci ne Lake W1 derness Area and Fort Peck |Indian Reservation in
Mont ana. The TRNP is divided into three geographically separated
units: North Unit, South Unit, and El khorn Ranch Unit. Al of
these Class | areas were addressed in the NDDH nodeling anal ysis.

Consistent with current .Interagency Wrkgroup for Air Quality
Model i ng (I WAQW) gui dance?, the Cal puff | ong-range nodel i ng systent*
was used for /the NDDH anal ysis. EPA has proposed inclusion of
Cal puff in the Guideline on Ar Quality Mdels®> as a refined
nodel ing technique for general wuse in evaluating |ong-range
transport of pollutants. The Cal puff nodeling system has been

INDDH, 2001. March 13 letter from Francis Schwi ndt, North Dakota
Departnent of Health to Richard Long, EPA Region VIII.

’EPA, 1998. | WAQM Phase 2 Summary Report and Reconmendati ons for
Model i ng Long Range Transport |npacts. Publication No. EPA-454/R-98-
019, Ofice of Air Quality Planning and Standards, Research Triangle
Park, North Carolina 27711.

%earth Tech, Inc., 2000. A User's Quide for the Cal net
Met eor ol ogi cal Model (Version 5). Earth Tech, Inc., Concord, MA
01742.

“Earth Tech, Inc., 2000. A User’s Guide for the Cal puff
Di spersi on Mddel (Version 5). Earth Tech, Inc., Concord, MA 01742.

°CFR, 1999. EPA Guideline on Air Quality Mdels. 40 CFR (Code
of Federal Regulations) Part 51, Appendix W
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wi dely applied by States, EPA, and the National Park Service (NPS)
to evaluate PSD increnents and Air Quality Rel ated Val ues (AQRV s)
in PSD Cl ass | areas.

The NDDH em ssion inventory for PSD Class | increnent analysis
i ncluded generally the actual SO, em ssions associated with all
maj or SO, sources |ocated within 250 km and<all m nor SO, sources
| ocated within 50 km of subject Class | areas. Source |ocations
are also shown in Figure 1-1. To /nore. accurately determ ne the
current status of Class | increnent consunption, the NDDH em ssion
i nventory was derived fromhourly CEM(conti nuous em ssi on nonitor)
data, when avail abl e.

The NDDH inplenentation of ~the’ Cal puff nodel followed |WAQM
gui dance, including the wuse .of five years of conventional
nmet eorol ogi cal data. The /NDDH used a non-traditional approach in
the interpretation of nodel output to determine Class | increnent
conpliance. Conplete em ssion inventories for the baseline period
and for the current period (2000-2001) were devel oped. | ncrenent
consunption was then determ ned as a function of the difference in
nodel output for these two inventories. The NDDH approach al so
i ncorporated the use of receptor averaging to provide a uniform
prediction for each C ass | area. This interpretation of node

output is described fully in Section 4.0.

| npl enent ati on of the Cal puff nodeling systemby NDDH i ncl uded use
of the Calnet neteorological nodel (Version 5.2), the Calpuff
di spersion nodel (Version 5.4), and the Cal post postprocessing
program(Version 5.2). Earth Tech (Earth Tech, Inc., Concord, M,
the primary nodel devel oper, al so provi des several utility prograns
to accomopdate pre-processing of neteorol ogical and geophysica
data for Calnet. To the extent possible, the NDDH used the
utilities provided by Earth Tech. But several additional software
prograns, devel oped by NDDH, were necessary to accommodate format
conversions and substitutions for mssing data. None of the
prograns devel oped by NDDH affected the integrity of the original
dat a.

As part of the Class | area increnent analysis, the NDDH conduct ed
a nodel perfornmance eval uation (described in Appendix B) to



Figure 1-1: Class | Areas and Increment-Affecting Source Locations
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determne the effectiveness of Calpuff in reproducing SO
concentrations observed at nonitoring sites in North Dakota. The
performance eval uation also served as the basis to “tune” nodel
input (control file) settings to provide optimal agreenent between
predi ctions and observations. As a result of the evaluation and
tuni ng process, sone of the input settings utilized by NDDH di ffer
fromthose recomended by | WAQM

The NDDH anal ysis of Class | increnent consunption of SO, reflects
a work in progress because the baseline em ssion inventory for oil
and gas related facilities has not yet been fully devel oped.
Results of the current iteration, however, denonstrate conpliance
wth PSD Class | increments for SO.

This report is organized into three additional sections and four
appendi ces. Section 2 describes the preparation and processi ng of
met eor ol ogi cal data using Cal'net -and supporting software. Section
3 describes the preparation of input. data for Cal puff. Application
of Cal puff, and nodel results are di scussed in Section 4. Appendi x
A docunents NDDH code changes to Cal net. The NDDH report on
Cal puff performance evaluation is included as Appendi x B. The
conplete Ilist of “I'VWAQW recommended settings for Calnet input
control file is provided in Appendix C, and the conplete list of
| WAQM r econmmrended settings for Cal puff control file is provided in
Appendi x D.



2. Met eor ol ogi cal Data Processing - Cal net

Execution of the Cal met net eor ol ogi cal nodel requires establishnment
of the nodeling domain (neteorological grid), preprocessing and
qual ity assuring mneteorol ogical and geophysical input data, and
determ nati on of appropriate control file settings. Meteorol ogical
i nput data include surface, upper-air, and precipitation data.
Ceophysical input data include terrain and |and-use data.
Met eor ol ogi cal data were obtained fromthe National Cimatic Data
Center (NCDC), and geophysical data werefacquired fromthe United
St ates Geol ogi cal Survey (USGS)

The NDDH processed five years of conventional neteorological data
to use wth Cal puff.

2.1 Modeling Donain

The NDDH neteorol ogical grid was designed to provide a nodeling
domai n whi ch woul d enconpass all SO, sources |located up to 250 km
away from any North Dakota Class | area. The dinensions of the
grid are 640 km east-west by 460 km north-south. The extent of
NDDH Cal net grid, with respect to PSD Class | areas, isillustrated
in Figure 2-1.

Selection of 'grid cell size reflects a conprom se between the
desire to define meteorol ogical and geophysical variations on a
very small scale, and the conputer tine and resources necessary to
do so. The NDDH el ected to set grid cell size to 10 km which has

precedent in other PSD Cass | analyses (involving |long range
transport) conducted nationally. Gven the gently rolling nature
of Nort h Dakot a terrain, relatively uni form | and-use

characteristics, and the general |ack of terrain features or water
bodi es | arge enough to cause persistent, strong | ocal -scale fl ows,
the NDDH believes the 10 kmresolution is reasonable. Gid cel
size is also depicted in Figure 2-1.

In the vertical, the NDDH neteorological grid is defined by eight
vertical layers. Cell face heights are set at 22, 50, 100, 250,
500, 1000, 2000, and 4000 neters above-ground | evel (AGQ). Again,
the use of eight layers is consistent with gui dance provided for
t he nodeling system and with other PSD O ass | anal yses conduct ed
national ly.

Because the NDDH Calnet domain is large, the grid system
net eorol ogi cal data, and geophysical data were fit to Lanbert
conformal mapping to account for the earth’s curvature.



Figure 2-1: Location of Meteorological Grid and Class | Areas
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2.2. Meteorological Data

2.2.1 Surface Meteorol ogical Data

Sur face neteorol ogi cal data for the five-year period 1990-1994 were
obtained in TD- 1440 format fromthe National Cimatic Data Center
(NCDC). Data were obtained for 25 stations (National Wather
Servi ce, Feder al Aviation Adm nistration, uU. S. Mlitary,
Envi ronment Canada) located within or near the NDDH Cal net grid.
Location of these stations is shown in Figure 2-2.

Sonme adjustnents to the surface data files were required before
Earth Tech prograns METSCAN and SMERGE coul d be applied. Stations
other than first-order National Wather Service (NW5) were m ssing
opaque cloud cover for the entire five-year period. Based on a
conpari son of total and opaque.cloud cover in the first-order NWS
data sets, the NDDH devel oped an objective schene to extrapol ate
opaque from total cloud cover. This schene was coded into a
conputer program (TOT20PQ and applied to all surface data sets
with m ssing opaque cl oud cover.

EPA recomendati ons were followed to substitute for other mssing
data®’ (i.e., ceilding height, wind, pressure, tenperature, relative
hum dity). The EPA substitution schene was coded into a conputer

program (SUB144) and applied to all surface data sets.
Substitutions were nmade if data elenents were mi ssing for one or
two consecutive hours. Except for opaque cloud cover,

substitutions were not nade for |onger mssing periods (Calnet
i gnores stations with mssing data). This is not an i ssue, because
Cal nret accommodates m ssing hourly surface data. Stations wth
m ssing data are sinply ignored in the Calnmet gridding of surface
data el enents for that hour.

Earth Tech program METSCAN was next applied to scan each data set
for m ssing or unreasonable values. A few very m nor changes were
resultantly applied. Lastly, Earth Tech program SMERGE was appl i ed
to nerge individual station data sets into a single input file
( SURF. DAT) conpatible with Cal net.

°At ki nson, Dennis and Russell F. Lee, 1992. Procedures for
Substituting Values for Mssing MAS neteorol ogical Data for Use
in Regulatory Air Quality Models.

'EPA, 1987. On-Site Meteorol ogi cal Program Gui dance for

Regul at ory Modeling Application. Ofice of Air Quality Pl anning
and Standards, Research Triangle Park, North Carolina 27711.
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Figure 2-2: Surface / Upper-air Meteorological Stations
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The NDDH procedure for preparation of surface neteorol ogical data
is depicted schematically in Figure 2-3.

The occurrence of mssing data elenments in the TD 1440 data sets
was generally very limted, and within the tol erances suggested by
EPA. Note that none of the mssing data substitution procedures
applied by NDDH affected the integrity of the original, raw data.

2.2.2 Upper-Air Mteorol ogical Data

Upper-air meteorol ogi cal data for 1990 t hrough 1994 were obt ai ned
in TD-6201 format from NCDC. Data were _obtai ned for six upper-air
stations located within or near the NDDH Cal net grid. The
| ocations of these stations are shown in Figure 2-2.

Because of Calnet’s fairly strict requirenments on the conpl et eness
of upper-air data records and the frequency of m ssing upper-air
data, it was desirable to automte the upper-air data processing
with computer prograns as nuch as® possible. Since Earth Tech’s
program READ62 did not .correct errors or fill in for mssing data,
much of the upper-air data processing was acconplished by running
prograns witten by NDDH staff, along wwth a fair anount of manual
file editing. The procedure consisted of preparing the TD- 6201 dat a
file for Earth Tech’'s program READ62, execution of a nodified

versi on of READ62, execution of two NDDH programs to fill in some
m ssing data, and sone nmanual editing to handle nore conplicated
problens or fill iIn extended m ssing periods.

The first NDDH upper-air data program (DEL62) input the TD 6201
sounding data for one station for one year, nmade the hours of
observation consistent at 00Z and 12Z (hours GMI or UTC), and out put
only the first line of data (lowest 79 sounding |levels) for each
soundi ng. Then, program READ62 was executed to convert upper-air
data to the format Calnet requires and output only the desired
vari abl es pressure, hei ght above nean sea | evel (MSL), tenperature,
and wind at sounding levels up to the top |l evel desired, 500 nb in
this case. Calmet requires sounding data at levels up to the
cal cul ated m xi ng height for all hours processed. It was necessary
to extract data up to 500 nb to accommpdate m xing heights up to
approximately 4000 neters AGL at stations as high as Rapid City,
Sout h Dakota (el evation 966 m MsL).

Si nce program READ62 only flags m ssing soundi ngs but does not fil
in any mssing data, the rest of the data preparation and m ssing
data substitution is left up to the user. In addition, READ62
(version available in 1996-97) created sonme problens that were

13



1440 NCDC File

i

PROGRAM
FILL144

BISO1.AL

i

PROGRAM
TOT20PQ

BIV1.0PQ

i

PROGRAM
JVB144

B101.9UB

PROGRAM
METSCAN

BISO1.SCN

0

Figure 2-3
Surface Met Data
Preparation

PROGRAM
SMERGE

SURF.DAT

14



corrected in later NDDH progranms or by nodi fying READ62. READ62
rej ected sone surface data records because they were coded as havi ng
been substituted for m ssing data by NCDC. Since surface data nust
be conplete (in upper-air data files) and the NCDC substitutions
| ooked reasonabl e, READ62 was nodified to accept this type of data.
Al so, READ62 over| ooked sonme occurrences of two consecutive m ssing
soundi ngs and di d not code m ssing tenperatures correctly for Cal net
i nput, which were renedied in a | ater NDDH program Mbst of these
READ62 problens were corrected by Earth Tech in a nore recent
version, but these NDDH nodifications:/ were necessary because
preprocessing of raw data was performed in 1997.

Two NDDH programs (FlIXR62 and FILLSHRT) perforned nuch of the
remai ni ng upper-air data preprocessing. . The first program copied
soundi ngs at the begi nning and end of the year, when necessary, to
ensure that upper-air data bracketed the entire cal endar year of
surface data, as required by Calnet. Since Calnet requires the
surface level and top level to be present and conplete for al
soundi ngs, the programeither filled in the m ssing data or out put
informative nessages .ndicating where mnmanual substitution was
required. Fol | owi ng. EPA gui dance®’, m ssing data at the top or
surface | evel were interpolatedintinme fromthe sane station’s data
for one or two consecutive m ssing observations and were substituted
from a nearby station’s data at the sane tine for three or nore
consecutive m ssing observations.

Unli ke the requirements for surface neteorol ogical data, Calnet
requires soundings to be present for every standard 12-hour
observation tinme. Since no soundings nmay be | eft m ssing, periods
with conpletely m ssing soundings were filled in either by execution
of the NDDH program FI LLSHRT or manual substitution. For periods
wWth one or two consecutive m ssing soundings, the programfilled
in the mssing soundings from adjacent soundings in tine for the
sane station. The substitutions were designed to retain appropriate
representative diurnal variations inthe substituted soundi ngs. For
periods wth three or nobre consecutive mssing soundings, the
m ssing soundi ngs were substituted by copying soundings from a
representative nearby station for the same times using a text
editor. Sone editing of the substituted soundings was required to
adjust the new soundings to the new station and its different
el evation. Program FI XR62 al so found m ssing tenperatures, which
were converted incorrectly in READ62, and replaced themwth the
correct code (in the correct units). The result was a file for each
upper-air station and year containi ng soundi ng data i n Cal net -ready
format for every 12-hour observation.

15



The NDDH procedure for preparation of upper-air neteorol ogical data
is depicted schematically in Figure 2-4.

2.2.3 Precipitation Data

Hourly precipitation data for the five-year period 1990-1994 were
obtained from Earth Info, I|ncorporated (Boulder, CO. Data were
i ncluded for 96 stations located in North Dakota, eastern Montana,
northern South Dakota, and western M nnesot a. Locati on of these
stations is shown in Figure 2-5.

Software provided wth the Earth Info distribution allowed
extraction of hourly precipitation data in TD-3240 variable record
length format. The Earth Tech programfor processing precipitation
data (PXTRACT) requires data in TD-3240 fi xed record | ength format.
Therefore, the NDDH prepared -a program (CONV3240) to convert
precipitation files fromvariable to fixed record length format.

Earth Tech program PXTRACT was executed to extract individual
station precipitation data fromthe TD 3240 files, and PMERGE was
executed to consolidate individual station dataintothe single file
requi red by Cal net (PRECI P. DAT) . No substitutions were nade for
m ssing data (i<e., Calnet substitutes internally from nearest
avai | abl e station).

2.3 Ceophysical Data

Most of the terrain elevation and | and use data required by Cal net
were downl oaded from the United States Geol ogical Survey (USGS)
internet web site. Gid cell terrain elevations were derived from
1: 250, 000-Scale Digital Elevation Mdels (DEM and |and use data
were derived from 1: 250, 000- Scal e Land Use and Land Cover (LULQC
files. The LULC coding of |and use categories is equivalent to that
requi red by Cal net.

The NDDH Cal net grid extends into Canada, which is not covered by
USGS DEMs or LULC files. Terrain elevations for Canada were
obtained fromDEM s included with the EPA CD distribution “Cal nmet,
Cal puff, and Cal post Moddeling System Version 1.0". Because of the
relative honogeneity of land use in northeastern Mntana and
northern North Dakota, |and use categories for grid cells |ocated
i n Canada were sinply extrapol ated from adj oi ni ng Montana and North
Dakota grid cells.

Current Earth Tech prograns for processing terrain elevation and
| and use data, and creating the GEO DAT file required by Cal net were

16
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Figure 2-5: Precipitation Stations
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not avail able at the tinme the NDDH devel oped geophysi cal data. For
terrain elevation processing, the NDDH devel oped software to
al l ocate DEM data val ues to appropriate Calnet grid cells (TERSUM,
and then average over all allocated values to determne the
conposite elevation for each cell (TERAVG .

Land use processing conmenced with allocating LULC data values to
corresponding Calmet grid cells (via NDDH program T TERSUM . For each
grid cell, a conposite | and use type was assi gned based on t he npst
frequently allocated val ue. O her . |l and-use-rel ated paraneters
required for the GEO DAT fil e include surface roughness | ength (2.,
al bedo, Bowen ratio, soil heat flux, and |eaf area index. Val ues
for these paraneters are related to land use type as shown in the
Cal met User’s @uide. The distribution of |and use types within each
grid cell was wused to establish conposite values for these
paraneters. For exanple, if half of the LULC | and use data val ues
allocated to a grid cell were type 10 (Bowen ratio = 1.5) and the
other half type 20 (Bowen ratio = 1,0), the conposite Bowen ratio
for the cell was set to 1.25. In the case of Z, the conposite
value reflects the |og-wei ghted average. NDDH coded the above
procedure into program LANDAVG Coding is consistent with the
current Earth Tech program MAKEGEO

The resultant fields of terrain elevation, |and use type, Z,
al bedo, Bowen/rati o, soil heat flux, and | eaf area i ndex were edited

into the GEO. DAT file for processing with Cal net.

2.4 Cal net Code Revi sion

Based on a thorough exam nation of plotted wind fields generated
from Cal net processing of 1990-1994 neteorol ogi cal data sets, the
NDDH noted a chronic discontinuity between surface and upper w nd
levels. To mtigate this problem the Calnet option to extrapol ate
surface w nd observations to upper layers was deployed, using
simlarity theory (Option 4) and |ayer-dependent bias settings.
Cal net Version 5.x extrapol ates surface w nds both for setting the
initial guess field, and for introducing observations in the Step
2 wind field procedure. Unfortunately, the nodel utilizes the bias
factors for the initial guess field, only. The Step 2 vertical
extrapol ati on has equal effect through all upper layers. The NDDH
considered this wunrealistic because resultant upper-layer w nd
fields reflected | ocalized surface-layer (lowlevel) perturbations
consi stently, upward t hrough all upper | evels, eveninthe top | ayer
(4000 m. It was believed that such |ow|evel features should
danpen with height and not extend up into the mddle troposphere.
In other words, the Step 2 vertical extrapolation essentially undid
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the effective Step 1 (danpened) vertical extrapol ation of the w nd
fields.

To address this problem the NDDH nodified the Cal net code to sinply
elimnate the vertical extrapolation in the Step 2 wind field
procedure, resulting in anore realistic transition fromsurface to
upper layers. This nodification was made with concurrence fromJoe
Scire (Earth Tech) and John Vinont (National Park Service). NDDH
changes to Cal net code are docunented in Appendix A The nodified
Cal net version was used to process 1990- 1994 dat a.

2.5 Calnet Control File Settings

Cal met control file settings utilizedin the processing of 1990-1994
data were generally consistent with guidance fromthe |nteragency
Workgroup on Air Quality Modeling (IWAQM 2. However, extensive
testing of Cal net output, with'visual feedback (plotted 2-Dfields),
suggested that adjustnent to a |limted nunber of | WAQM settings was
required to achieve reasonabl e representations of wnd and m xi ng
hei ght fields. Further, the adjustnment of a limted nunber of
additional settings was found to provide better agreenent wth
noni tored observations based on a Calnet/Calpuff performance
eval uati on conducted by NDDH (Appendi x B) and such changes were
judged to be scientifically consistent.

| W QM recommendat i ons for Cal net control file settings fall intotwo
categories. Goup A (NDDH term nol ogy) includes those vari abl es for
whi ch | WAQM provi des a default val ue as a general recomendati on for
all anal yses. Goup B includes those variables where [|WAQM
recognizes the value wll need to be tailored for a given
application, and default values are therefore not provided.

The Group B settings utilized by NDDH for Cal net processi ng of 1990-

1994 data are summarized in Table 2-1. Most of these settings
i nvol ve straightforward variables, related to the Cal net/Cal puff
met eorol ogi cal grid, which have been previously discussed. The

remai ning Goup B variables (RVMAX1, RMAX2, RMAX3, TERRAD, Rl1l, R2)
control the influence of station observations and terrain features
in devel opment of the final wind field. Initial values for these
|atter variables were based on guidance from the National Park
Service. The NDDH then tuned the initial values to opti mumsettings
using iterative testing with visual feedback.

NDDH settings for Goup A variabl es were based both on the iterative
testing process described above, and on a nodel performance

evaluation. Initial iterative testing ensured that Cal met settings

20



provi ded a reasonabl e appearance of wi nd and m xi ng hei ght fields.
Then a nodel performance evaluation was conducted by NDDH to
establish optimum and final Calnet/Cal puff control file settings.
The performance eval uati on was based on a conpari son of observati ons
and nodel predications at two nonitoring sites, one |ocated at the
TRNP South Unit. The evaluation proceeded in an iterative nmanner
to determ ne the effect of adjustnents to settings in the Cal net and
Cal puff input control files on nodel skill. The NDDH perfornmance
evaluation is described in Appendi x B.

As a result of the iterative testing process and performance
eval uation, the NDDH el ected to nodify 4 WAQM values for a limted
nunber of Calnmet G oup Acontrol file settings. Non-IWAQM settings
utilized by the NDDH for the Cal net control file, and which provi ded
opti mum agreenent with nonitored observations, are listed in Table
2-2. These non-1WAQM G oup A settings are discussed bel ow.

IKINE - The inclusion <~of /kinematic effects provided
significantly better agreenent of Calpuff results wth
noni t ored observati ons. From a scientific standpoint, it

appears there is no consensus on use of kinematic effects.

Bl AS(NZ) - NDDH bi as settings were devel oped through iterative

testing with visual feedback. The |WAQM recomendati on
provi des/neutral bias (between surface and upper-air data) for
all vertical layers. In light of its testing, the NDDH does

not believe it is reasonable to assune equal weighting of
upper-air wind data with surface data at the | owest |evel, and
to assune equal weighting of surface data with upper-air at
top | evels.

LVARY - Gven the size of the neteorological grid, the NDDH
felt it necessary to deploy this option (varying radius of
influence) to ensure that at I|east one station would be
available for wind field interpol ation.

ZUPWND(2) - The NDDH was concerned that [|WAQM was
recomrendi ng a value of 1000 m while the nodel (Earth Tech)
default is 2500 m thus pronpting the NDDH conprom se val ue of
2000 m But regardl ess of the selected value for this initial
guess wind field input, subsequent wind field devel opnent
shoul d converge to the sane result.

MNMDAV/ | LEVZI - The NDDH found that | WAQM default val ues for
these paraneters, relating to spatial averaging of mxing
hei ghts, produced entirely unacceptable results for the m xing
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hei ght field. Severe gradients (bull’s eyes) in m xing hei ght
were observed in the imediate vicinity of neteorol ogical
stations, and a significant increase in the value of these
i nput paraneters was required to mtigate the anonmaly. The
NDDH notes that because MNMDAV is a function of grid cell
size, I'WAQM should not specify an absolute default value for
this paraneter.

ZI MAX/ ZI MAXW - Because the NDDH Cal net/Cal puff grid extends
into the western part of the upper Geat Plains, maxinmm
m xi ng hei ght was increased to 4000 m to be consistent with
maxi mum m xi ng heights reported for this region (Holzworth,
1972) 8.

The conplete list of |WAQWrecommended settings for the Calnet
control file is included as Appendi x C.

®Hol zworth, 1972. M xing Heights, Wnd Speeds, and
Potential throughout the Contiguous United States. EPA
Publication No. AP-101, Ofice of Air Prograns.
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Table 2-1

Calnet Control File Settings - Goup B

Vari abl e Description Val ue
NSSTA No. of surface stations 24
NUSTA No. of upper-air stations 6
NPSTA No. of precipitation stations 96
NX No. of east-west grid cells 64
NY No. of north-south grid cells 46
DCRI DKM Gid spacing (km 10
XORI GKM Sout hwest grid cell X coordinate - 380
YORI GKM Sout hwest grid cell Y coordinate 140
LLCONF Lanmbert confornal coordinates T
XLAT1 Latitude of 1%t standard parall el 46.0
XLAT2 Latitude of 2" standard parallel 48.5
RLONO Ref er ence | ongitude 102
RLATO Oriigin Latitude 44
NZ No. vertical layers 8
RMVAX1 Max- surface over-|and extrapol ation radius (km 300
RMAX2 Max al oft over-land extrapol ati on radius (km 1200
RMAX3 Vax over-water extrapol ation radius (km 500
TERRAD Radi us of influence of terrain features (km 100
R1 Rel ative weight at surface of Step 1 field & 125
observation

R2 Rel ative weight aloft of Step 1 field & observation 100
| SURFT Surface station to use for surface tenperature 1*
I UPT Station for |apse rates 1*

* Represents Bi smarck NWS
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Tabl e 2-2

Non- I WAQM Group A Settings Used by NDDH

in Calnmet Control File

Vari abl e | WAQM NDDH
| KI' NE 0 1

Bl AS( NZ) 0,0,0,0, -1.0, -0.9, -0.7, 0.0,

0,0,0,0, 0.5, 1.0, 1.0, 1.0
LVARY F T
ZUPW ND( 2) 1000 m 2000 m

MNIVDAV 1 8
| LEVZI 1 4
Zl MAX 3000 m 4000 m
Zl NAXW 3000 m 4000 m
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3. Cal puff I nput Data

Along with the Calnet-processed neteorological data, Calpuff
requires the user to provide an emssions inventory, receptor
| ocations, input control file settings, and (optionally) hourly
ozone data before the nodel can be execut ed.

3.1 Enission |lnventory

To address Cass | increnent consunption, the NDDH devel oped a
source inventory for current (Year 2000/2001) SO, em ssions, and
anot her source inventory for baseline SO enssions. Net increnent
consunption was determ ned as a function of the difference i n nodel
results for these two inventories (i.e., current inventory m nus
baseline i nventory). The baseline-inventory included sources which
no | onger existed in Year 2000, or which had reduced enissions hy
Year 2000, and therefore had the effect of expanding increnent.
Sources whose em ssions renmined essentially unchanged from the
basel ine to Year 2000 were not/ included in the analysis.

SO, increnment-affecting sources |located in the vicinity of the six
subject Cass | areas were shown in Figure 1-1. These sources
include primarily electrical generating stations, natural gas
processing plants, and well-site facilities (not shown in the
figure) related to oil' and gas production. Wth the exception of
well-site oil and gas facilities, all sources |located within 250 km
of subject Class | areas were included in the em ssion inventories
(current and baseline). Because well-site oil and gas facilities
are nunerous and generally have very snmall SO, em ssions, their
inclusion was limted to a distance of 50 km from Cl ass | areas.
These distance limts are consistent with previous NDDH PSD C ass
| nodel i ng anal yses.

Even t hough nunerous oil and gas production facilities are found in
the vicinity of Medicine Lake and Fort Peck Cass | areas,
em ssi on/ stack data were not obtainable for such facilities | ocated
in Montana. Therefore, the local well-site oil and gas facility
contribution was not accounted for in Cal puff nodeling for Mntana
Cl ass | areas, and nodel predictions for these areas nmay accordi ngly
be m srepresent ed.

Annual average SO, emi ssion rates, expressed as the total actua

annual em ssion divided by the annual hours of operation, were
utilized in the NDDH basel i ne and current em ssion inventories. Use
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of the annual average is based on the state’'s |legal review of the
Air Pollution Control Rules.?®

3.1.1 Current | nventory

Annual - average SO, em ssion rates and dynam c stack operating
paraneters (exit velocity and tenperature) for the current inventory
were derived from Conti nuous Em ssion Mnitoring (CEM hourly data
for years 2000 and 2001, where available. The annual average was
cal cul ated as the average for all non-zero hours. CEM hourly data
for emssion rates and flow rates (exit velocity) for electrica
generating stations (larger than 25 negawatts) were avail able and
downl oaded fromthe EPA Acid Rain Wb Site on the internet. Year
2001 data were available for the first three quarters, only. Al
CEM hourly data for other sources (Year 2000 only), as well as the
hourly stack exit tenmperature for electrical generating stations,
were obtained directly fromthe plant operators. Values for fixed
stack paraneters (stack hei ght and di aneter) were obtai ned from NDDH
records/permts. Basically, CEMhourly data were avail able for al
el ectrical generating stations, and for nost natural gas processing
pl ant s.

For sources with no hourly data, total annual em ssions and
oper ati ng hours were obtained fromAnnual Eni ssion |nventory Reports
for Year 2000. Stack /exit velocity and tenperature were obtained
from recent stack test data. Stack height and dianeter were
obt ai ned from NDDH records/permts.

Year 2000 actual em ssion rates refl ecting annual average operation
for oil and gas production sources (treaters and flares) were
derived fromthe ND State Industrial Commssion’s (SIC) G| and Gas
data base. The data base includes information on gas production
(flared and | ease-use), and the H,S content of the gas, such that
SO, emssion rates for well-site flares and treaters can be
cal cul at ed. Dynam ¢ stack operating paraneters for oil and gas
production sources were derived from the calculated heat of
conbustion using procedures described in the “WIIliston Basin

°NDDH, 2002. Summary of |egal |ssues Relating to
Adm ni stration of the Prevention of Significant Deterioration
(PSD) Provisions of North Dakota' s State |Inplenentation Plan
(SIP). North Dakota Departnent of Health, Bisnmarck, North Dakota
58506.
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Regional Air Quality Study”!, and nodified using SCREEN3' (EPA
screeni ng nodel ) adjustnments for effective flare plune height and
radi ati onal heat | oss. Flare and treater stack hei ght were obtai ned
directly fromthe SIC data base.

In summary, the current em ssions i nventory was grouped i nto non oil
and gas sources wth annual averages derived fromCEMs hourly stack
data, non oil and gas sources wth annual averages derived from
Annual Emi ssion Inventory Reports, and oil and gas sources wth
annual averages derived fromthe SIC G| and 'Gas data base. In all
cases, the annual average SO, represents total ~actual annual
em ssions divided by hours (or days) of operation. The em ssion
characterization for each current inventory source is provided in
Tabl e 3-1.

It should be noted that the Great Plains Synfuels Plant and the
Little Knife Gas Processing Plant, which have been included in
previ ous NDDH anal yses of C'ass‘| increment consunption, were not
included in the current/ em/sssions inventory for the present
anal ysis. Based on the state’s legal review, it was concl uded t hat
all emssions from these facilities are exenpt from increnent
consunption, because C ass | variances were granted for mgjor
nodi fi cations at both facilities.

The conplete/ current . emssions inventory for non oil and gas
sources, including all information required by Cal puff, is provided
as Table 3-2.  Current inventory information for the numerous oil

and gas sources can be provided on conputer nedia if requested.

Source |l ocations in Table 3-2, provided in Lanbert coordi nates, were
obt ai ned fromNDDH perm ts. Stack base el evati ons were derived from
USGS digital elevation nodels (DEM.

ONDDH, 1990. W liston Basin Regional Air Quality Study.
Nort h Dakota Department of Health, Bismarck, ND 58506.

HEpA, 1995. SCREEN3 Mbdel User’'s Quide. Publication No. EPA-

454/ B-95-004, Ofice of Air Quality Planning and Standards, Research
Triangle Park, North Carolina, 27711.
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Table 3-1

Current Source Inventory

St at us
Emi ssi on Figure 1-1
Sour ce Characteri zation PSDY I'nc. Consum ng/ Loc. Key
Basel i ne Expandi ng

Antel ope Valley Station Average - Hrs Operation PSD Consum ng 3
Coal Creek Station Aver age ;- Hrs Operation PSD Consum ng 2
Coyote Station Average - Hrs Operation PSD Consum ng 4
Grassl ands Gas Pl ant Average - Hrs Operation PSD Consum ng 7
Col strip Station (3&4) Average - Hrs Operation PSD Consum ng 8
CELP Boi | er Average - Hrs Operation PSD Consum ng 9
Leland A ds Station Average - Hrs Operation Basel i ne Consum ng 5
Stanton Station Average - Hrs Operation Basel i ne Consum ng 5
Mlton R Young Station Average - Hrs Operation Basel i ne Consum ng 1
Heskett Station Average - Hrs Operation Basel i ne Expandi ng 15
Mandan Refi nery Average - Hrs Operation Basel i ne Expandi ng 15
Lignite Gas Pl ant Average - Hrs Operation Basel i ne Expandi ng 16

Ti oga Gas Pl ant Average - Hrs Operation Basel i ne Expandi ng 10
Gl & Gas Rel at ed* Average - Days Operation Bot h Bot h -

Al facilities located within 50 kmof Cass | areas.
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©

Cal puf f I nput

X Y St ack

Coor di nat e Coordi nate Hei ght El

(km (km (m

SRCNAM = Antel ope Valley Station 1
X = 12. 459, 374.908, 182. 9,
SRCNAM = Antel ope Valley Station 2
X = 12. 459, 374.908, 182. 9,
SRCNAM = Coal Creek Station 1 !

X = 63. 487, 375.784, 201. 0,
SRCNAM = Coal Creek Station 2!
X = 63. 487, 375.784, 201. 0,
SRCNAM = Coyote Station !

X = 13.513, 357.842, 152. 0,

SRCNAM = Grassl ands Gas Pl ant !

X = -149.696, 401.234, 65. 0,

SRCNAM = Col strip Station 3 !

X = -357.648, 220.211, 210. 9,

SRCNAM = Col strip Station 4 !

X = -357.648, 220.211, 210. 9,

SRCNAM = CELP Boi |l er. !

X = -359.424, 230.411, 61.0

SRCNAM = Leland O'ds Station 1 !

X = 51.326, 365.208, 106. 7
|
4

SRCNAM = Leland O ds-Station 2 !
X = 51.326, 365.208, 152.
SRCNAM = Stanton Station !

X = 50. 407,/ 365.773, 77.7,
SRCNAM = M I tlon R Young Station 1
X = 59.519, 341.409, 91. 4,

SRCNAM = M Iton R Young Station 2
X = 59. 519, 341. 409, 167. 6,
SRCNAM = Heskett Station 1 !

X = 84.794, 319.565, 91. 44,
SRCNAM = Heskett Station 2 !

X = 84.794, 319.565, 91. 44,
SRCNAM = Mandan Refinery - Boilers

X = 85.215, 317.679, 31. 8,
SRCNAM = MR - FCU/ CO !
X = 85.215, 317.679, 60. 7,

SRCNAM = MR - Al ky Furnace !

X = 85.215, 317.679, 53. 0,
SRCNAM = MR - U tra Furnace !

X = 85.215, 317.679, 29.1,
SRCNAM = MR - SRU !

X = 85.215, 317.679, 60. 8,
SRCNAM = Lignite Gas Plant !

X = -38.885, 541.932, 38. 1,
SRCNAM = Ti oga Gas Pl ant !

X = -67.762, 489.627, 50. 3,

Table 3-2

Base St ack
evation Di anmeter

(m (m

!

588. 3, 7.0,
|

.588. 3, 7.0,
602. 0, 6.7,
602. 0, 6.7,
556. 9, 6. 4,
615:9, 0. 86,
988. 7, 7.3,
988. 7, 7.3,
945. 1, 2.5,
518. 3, 5.3,
518. 3, 6.7,
518. 3, 4.6,
|
. 597. 4, 5.8,
|
. 597. 4, 7.6,
514. 8, 2.2,
514. 8, 3. 65,
|

518. 3, 1.7,
518. 3, 3.4,
518. 3, 2.0,
518. 3, 1.3,
518. 3, 0. 6,
598. 0, 0. 4,
686. 0, 0. 91,
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Data for Current

Source I nventory

Exit Exit
Vel . Tenp.

(m's) (deg.
19.0, 358.
19.1, 356.
25.9,  358.
24.9, 354.
25.4, 370.
15.1, 571.
26.9, 361.
27.6, 362.
22.6, 433.
19.7, 450.
25.0, 448.
19.9, 411.
18.5, 449.
19.2, 361.
20.67, 461.
17.37, 419.
12.5, 424.
9.9, 547.
6.1, 447.
5.9, 530.
5.7, 589.
19.9, 893.
7.7, 782.

0.,

187.

430.

376.

487.

14.

93.

90.

52.

525.

1060.

305.

644.

573.

31.

74.

17.

133.

13.

37.

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!



3.1.2 Basel i ne I nventory

SO, emission rates for baseline sources were conputed as total
actual em ssions for the baseline period, divided by actual hours
of operation for the period. The baseline period reflects the two-
year period prior to the western North Dakota m nor-source baseline
date (Decenber 19, 1977), or a different period representative of
“normal ” operation, as determ ned by the NDDH

For el ectrical generating stations, total emssions for the baseline
period were cal cul ated as a function/of m ne-average sul fur content
and actual coal usage. For natural gas processing plants, tota
em ssions for the baseline period were taken from Annual Em ssion
| nventory Reports, or calculated -from raw gas volune and H,S
content. Actual hours of baseline period operation for both
el ectrical generating stations-and natural gas processing plants
wer e obtained from Annual Em.Ssion Inventory Reports.

Basel ine period em ssions for well-site oil and gas production
sources (treaters and flares) were derived fromthe SIC G| and Gas
data base information on gas production and H,S content. Because
the SIC had reservations about the quality and quantity of gas
production data contained .in the data base for the baseline period
(1976-1977), the NDDH elected to extrapolate (in time) production
data fromthe period of the “WIlliston Basin Regional Air Quality
Study” (i.e., the period 1987-1988). According to SIC, this latter
peri od represents the approxinmate earliest point in the chronol ogy
of the data base that consistent confidence can be placed in the
conpl eteness and reliability of the gas production data. Days of
production were also extrapolated fromthis period.

A conplete description of the NDDH nethodol ogy for determ ning
baseline em ssion rates is contained in “Prevention of Significant
Deterioration Sulfur D oxide Baseline Em ssion Rates (Draft).”??
The extrapol ation of oil and gas data fromthe WIliston Basin Study
is al so discussed.

For electrical generating stations and natural gas processing
pl ants, dynamic stack operating paraneters for the baseline
inventory were derived from stack test reports. Stack height and
di aneter were taken from NDDH records/permts. For oil and gas
sources, dynam c stack paraneters (as well as stack dianeter) were

2NDDH, 2002. Prevention of Significant Deterioration Sulfur
Di oxi de Baseline Emission Rates. North Dakota Departnent of Health,
Bi smarck, ND 58506
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derived fromcal cul ated heat of conbustion, as descri bed in Section
3.1.1. Flare and treater stack height were obtained directly from
the SIC data base.

The status of each baseline inventory source is sunmari zed in Tabl e
3-3. The conplete baseline emssion inventory for non oil and gas
sources, including all data required by Calpuff, is provided as
Table 3-4. Baseline inventory information for oil and gas sources
can be provided on conputer nedia if requested. Source |ocations
in Tabl e 3-4, based on Lambert coordi nates, were obtai ned from NDDH
permts. Stack base elevations were derived from USGS digital
el evati on nodel s ( DEM) .

It should be noted that the referenced baseline inventory for oi
and gas related sources reflects a “first cut”, as incorporated in
t hi s anal ysis, because a nunber of |issues related to its devel opnent
have not been (and may not be) resolved. These issues include:

. It may not be possible to determ ne exactly which wells were
tied into gas gathering systens as of the minor-source
basel i ne date (December 19, 1977).

. How to define “normal operation” for oil and gas wells.

. Whet her the baseline enission rate (representing two years
prior to the Dbaseline date) should be calculated as the
average over the actual hours of operation, or as a true
annual average (average over all hours in a year), given the
intermttent operation of many of the wells.

. If an oil and gas well should be given full credit for its
basel i ne em ssions, when it appears (fromnodeling) that those
em ssions may have caused an exceedance of National Anbient
Air Quality Standards (NAAQS).
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Table 3-3
Basel i ne Source I nventory

Figure 1-1

Sour ce I nc. Consum ng/ Expandi ng Loc. Key
Leland A ds Station Consum ng 5
Stanton Station Consuni ng 5
MIlton R Young Station Consum ng 1
Heskett Station Expandi ng 15
Mandan Refi nery Expandi ng 15
Lignite Gas Pl ant Expandi ng 16
Ti oga Gas Pl ant Expandi ng 10
Beul ah Station (shut down) Expandi ng 13
Neal Station (shut down) Expandi ng 11
Flying J Refinery (shut down) Expandi ng 12
Royal Oak Briquetting (shut down) Expandi ng 14
Ol & Gas Related * Bot h -

* AIl facilities |located within 50 kmof C ass | areas.

32




Cal puff Input Data for
Sour ce X Y St ack Base St ack Exit Exit
No. Coordi nat e Coordi nate Height Elevation Diameter Vel. Tenp.
(km (km (m (m (m (m's) (deg.

1! SRCNAM = Leland O ds Station 1!

11! X = 51. 326, 365. 208, 106. 7, 518.3, 5.3, 19.7, 450
2 ! SRCNAM = Leland O ds Station 2 !

21 X = 51.326, 365. 208, 152.4, 518.3, 6.7, 25.0, 448
3 ! SRCNAM = Stanton Station !

3! X= 50. 407, 365.773, 77.7, 518.3, 4.6, 19.9, 411
4 ! SRCNAM = MIton R Young Station 1 !

41 X = 59.519, 341. 409, 91.4, 597.4, 5.8, 18.5, 449
51 SRCNAM = MIton R Young Station 2 !

51 X = 59.519, 341. 409, 167.6, 597.4, 7.6, 19.2, 361
6 ! SRCNAM = Heskett Station 1!

6! X= 84.794, 319.565, 91. 44, 514.8, 2.2, 20.67, 461
7 ! SRCNAM = Heskett Station 2!

71" X = 84.794, 319. 565, 91. 44, .514.8, 3.65, 17.37, 419
8 | SRCNAM = Mandan Refinery - Boilers.!

8! X = 85.215, 317.679, 31.8, 518.3, 1.7, 12.5, 424
9 ! SRCNAM = MR - FCU CO !

91 X= 85.215, 317.679, 60.7, 518.3, 3.4, 9.9, 547
10 ! SRCNAM = MR - Al ky Furnace !
10! X = 85.215, 317.679, 53.0, 518.3, 2.0, 6.1, 447
11 ! SRCNAM = MR - U tra Furnace !
11! X = 85.215, 317.679, 29.1, 518.3, 1.3, 5.9, 530
12 ! SRCNAM = Lignite Gas Plant !
12 ! X = -38.885,/ 541.932, 38.1, 598.0, 0.4, 19.9, 893.
13 ! SRCNAM = Tioga Gas Pl ant !
13! X = -67.762, 489.627, 30.5, 686.0, 1.7, 7.7, 782.
14 | SRCNAM = Beul ah Station 1+2 !
141 X = 17. 404, 362. 995, 23.0, 567.0, 1.7, 7.6, 477
15 ! SRCNAM = Beul ah Station 3-5 !
151 X = 17. 404, 362.995, 30.5, 567.0, 2.1, 14.6, 527
16 ! SRCNAM = Neal Station 1+2 !
16 ! X = 82. 646, 447.977, 42.4, 488.0, 1.8, 25.0, 470
17 ! SRCNAM = Flying J Refin - Heaters + Boiler 2!
17 ' X = -117.411, 462. 238, 17.3, 575.0, 0.9, 3.2, 700.
18 ! SRCNAM = Flying J Refin - Boiler 1!
18 ' X = -117.411, 462.238, 30.2, 575.0, 1.2, 3.4, 464
19 ! SRCNAM = Flying J Refin - Boiler 3!
19 ' X = -117.411, 462.238, 9.1, 575.0, 0.8, 6. 3, 464.
20 ! SRCNAM = Royal Cak - Boilers 1-3 !
20! X = -53.232, 318.050, 19.2, 751.0, 1. 4, 9.8, 520.
21 | SRCNAM = Royal Qak - ACC!
21! X = -53.232, 318.050, 26.2, 751.0, 3.35, 9.35, 1172.

Tabl e 3-4
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766. 0,

268. 6,

585. 9,

618. 1,

65. 2,

152. 2,

78. 4,

212. 4,

20. 2,

36.0,

135. 3,

17. 27,

28. 29,

44.7,

3. 19,

1.32,

1.89,

21.7,

200. 5,

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!

I END!



. Whet her the inventory should be limted to wells within 50 km
of Class | areas (also an issue for current (Year 2000) oil
and gas inventory).

In addition, the NDDH has determ ned that reliable production data
are available for a limted nunber of oil and gas wells in the SIC
data base for the baseline period. The NDDH is currently in the
process of replacing SO, values estimated fromthe WIIliston Basin
Study wth the actual baseline val ues.

3.2 Ozone Data

Cal puff requires background ozone ' val ues. The NDDH elected to
utilize the option of providing an itnput file of hourly ozone
val ues, rather than assunme the constant default value in Cal puff.
Hourly ozone data were obtained froma NDDH nonitoring site | ocated
about 140 kmeast of TRNP El khorn/Ranch Unit. This places the site
within the corridor of primary plunme transport between nmmjor
generating stations and Theodore Roosevelt National Park. Ozone
data were concurrent with Cal met neteorol ogi cal data (i.e., 1990-
1994) .

3.3 Receptor Locations

Receptor locations for the Class | Cal puff analysis are shown in
Figures 3-1 and 3-2.- Figure 3-1 identifies receptor |ocations for
Nort h Dakota Class | areas and Figure 3-2 depicts receptor | ocations
for Montana Class | areas. Nunbers in the figures correspond to the
receptor nunbering convention enployed in Calpuff input/output
files. Receptor coverage includes 22 receptors (Nos. 1-22) at TRNP
South Unit, 16 receptors (Nos. 23-38) at TRNP North Unit, 1 receptor
(No. 39) at TRNP El khorn Ranch Unit, 5 receptors (Nos. 40-44) at
Lostwood W/l derness Area, 1 receptor (No. 45) at Medicine Lake
Wl derness Area, and 4 receptors (Nos. 46-49) at Fort Peck
Reservati on

Maxi mum receptor spacing in North Dakota Class | areas is on the
order of 4-5 kiloneters. G ven the distance of the |argest-
contributing sources fromdC ass | areas (150-200 km), concentrati on
gradients in the vicinity of Class | areas were not expected to be
significant. Based on subsequent nodel execution which confirned
this expectation, receptor coverage was deened sufficient.



Figure 3-1: Receptor Locations - North Dakota Class | Areas
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Figure 3-2: Receptor Locations - Montana Class | Areas

Fort Peck
Reservation
(east half)

0 10 20 30 40 km

36

%

Medicine Lake
Wilderness Area



Recept or coverage for Medicine Lake and Fort Peck C ass | areas was
limted because t hey are | ocat ed even fart her from
| argest-contributing sources, and (as indicated in Section 3.1) the
| ocal m nor-source contribution could not be accounted for. Most
of Fort Peck is located nore than 300 km from nmaj or North Dakota
sources. Al so, sone conprom se in receptor resol ution was necessary
to achi eve practical Cal puff execution tines.

The receptor network depicted in Figures 3-1 and 3-2 was utilized
for both the present and previous NDDH Cal puff anal yses. As part
of the hearing process the NDDH is seeking input- regarding the
adequacy of the receptor grid.

3.4 Calpuff Control File Settings

Cal puff control file settings for the NDDH Class | increnent
anal ysis were generally consistent with | WAQM gui dance. However,
the adjustnment of a limted nunber of settings was found to provide
better agreenent with /nonitored observations based on a
Cal et/ Cal puff perfornmance eval uati on conducted by NDDH (Appendi X
B), and such changes were judged to be scientifically viable.

| WAQM recommendati ons for. Cal puff control file settings fall into
two categories.. G oup A(NDDHterm nol ogy) includes those vari abl es
wher e | WAQM priovi des a/default val ue as a general reconmendation for
all anal yses. Goup B includes those variables where |WAQV
recognizes the wvalue wll need to be tailored for a given
application, and default values are therefore not provided.

The Group B settings utilized by NDDH are sunmari zed in Table 3-5.
These settings are straightforward, involving variables related to
defining the neteorol ogical and conputational grids, and the use of
default values for dry and wet deposition paraneterization. Note
that the conputational grid utilized by Cal puff can be desi gnated
a subset of the neteorological grid produced by Cal net. But as
shown in Table 3-5, NDDH set the conputational grid equivalent to
the full neteorol ogical grid.
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Tabl e 3-5

Cal puff Control File Settings - Goup B
Vari abl e Description Val ue
CSPEC Nanmes of species nodel ed (MESOPUFF Il = SO, SO, NQ, MESOPUFF 1 |
HNO,,  NO))

NX No. of east-west grids in nmet. data 64

NY No. of north-south grids in net. data 46

Nz No. of vertical layers in nmet. data 8

DGRl DKM Gid spacing (km 10

XORI GKM Sout hwest corner of net. data grid (X) - 380

YORI GKM Sout hwest corner of net. data grid (Y) 140

XLAT Latitude of center of met. donmain 47

XLONG Longi tude of center of net. domain 102

XTZ Base time zone of meteorol ogy 7

| BCOWP Sout hwest X-index of ~conput ati onal domain 1

JBCOWP Nort hwest Y-index of computational domain 1

| ECOVP Nort heast X-index of computational domain 64

JECOWP Nor t heast - Y-i ndex of conputational donmain 46

Dry Gas Dep Chemi.cal paraneters of gaseous deposition species Model defaults
Dry Part Dep Chemi cal paraneters of particul ate deposition species Model defaults
Wet Dep Wt deposi ti‘on paraneters Model defaults
| RESPLI T Hours when puff is eligible for split (1-24) 18- 23

NREC Nunmber of discrete receptors 49
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NDDH settings for Cal puff G oup A variables were | argely consi st ent
with | WAQM recommendati ons, but included adjustnents to a limted
nunber of vari abl es based on the nodel performance eval uation. As
di scussed in Section 2.5, the performance eval uati on was based on
a conparison of observations and predictions at two nonitoring
sites, and proceeded in an iterative manner to determ ne the effect
of adjustnents to control file settings on nodel skill. The NDDH
performance evaluation is described in Appendi x B.

As a result of the performance eval uati on, the NDDH chose to nodify
alimted nunber of | WAQM G oup A control file settings. Non-IWAQM
settings utilized by the NDDH for the Cal puff control file, and
whi ch provided optimum agreenent with nonitored observations, are
shown in Table 3-6. These non-1WAQM G oup A settings are di scussed
bel ow.

MSPLIT - The option for puff splitting was recommended by John
lrwi n (EPA) when nodeling source-receptor distances of 200 km
or nore, because of /the/tendency for Calpuff to otherw se
over predict <at these distances. Depl oynent of this option
al so provided better agreement with observations.

MDISP - Use of dispersion coefficient option 2 provided
significantly better agreenment with observations. The NDDH
al so believes this selection is nore consistent with the
“state-of-the-art” in air quality nodeling.

BCKOB - Though the NDDH utilized the hourly file option for
ozone background, the BCKO3 value is substituted by Cal puff
when hourly data are m ssing. Based on | ocal nonitoring data,
NDDH j udged the | WAQM val ue of 80 ppb to be nmuch higher than
typical for North Dakota, and therefore reset the value to 30

ppb.

BCKNH3 - The NDDH value of 2 ppb reflects the annual average
of local, unbiased nonitoring data.

XSAMLEN - The NDDH set this value lower than the |WAQMV
recommendati on, but notes that the only consequence for doing
so woul d be extra conputer time due to nore puffs on the grid.
The goal was to inprove nodel resolution by increasing the
nunber of puffs and decreasi ng nass per puff. Again, because
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Table 3-6
Non- | WAQM Group A Settings Used by NDDH
in Cal puff Control File

Vari abl e | WAQM NDDH
IVBPLI T* 0 1
MDI SP 3 2
BCKO3 80 ppb 30 ppb
BCKNH3 10 ppb 2 ppb
XSAMLEN 1.0 0.5
XMAXZI 3000 m 4000 m

Puff splitting was not deployed in Calpuff control file for
oi | and gas sources. . This concession to nodel execution tine
i s reasonabl e, because puffs would not grow vary |arge given
t he maxi mnum50 km:sour ce-receptor di stance.
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this paranmeter is a function of grid cell size, the NDDH
bel i eves | WAQM shoul d not have provided a default val ue.

XMAXZI - Value was increased to 4000 m for consistency with
ZI MAX/ ZI MAXW setting in Cal net.

The conplete list of |IWAQWrecomended settings for the Cal puff
control file is included as Appendi x D.
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4. Cal puff Application and Results

4.1 Calpuff Application

Cal puff was executed using neteorological data processed as
described in Section 2, and the em ssion inventories and ot her i nput
data di scussed in Section 3. The nodel was applied to the current
(Year 2000/2001) source inventory (Table 3-2), and then to the
basel i ne source inventory (Table 3-4).

To determ ne increnent consunption in the traditional manner, the
Cal puff (hourly) results for the baseline source.inventory would be
subtracted fromthe results for the current source inventory, and
the difference (summarized wth Calpost) would be conpared to
allowable dass | increments (i.e.; 25 wg/n¥ for 3-hour and 5 ug/ nt
for 24-hr average). As a result of the state’'s |legal review, the
NDDH el ected to enploy an alternative interpretation of increnent
consunpti on. Thi s approach i nvol ves determining a fixed nodel ed
basel i ne concentration, adding the allowable increnent (i.e., 25
ug/ n? for 3-hour, 5 wg/n? for 24-hour) to the baseline concentration
to establish a MAAL (Maxi mum Al |l owabl e Anbient Level), and then
conparing the nodeled results for the current source inventory
agai nst the MAAL: The NDDH approach was inplenented as foll ows:

1) Cal puff was applied for the current (Year 2000/2001) source
inventory (Table 3-2), and then for the baseline source
inventory (Table 3-4). Cal puff was applied separately for
each year of neteorological data (1990-1994).

2) Recept or averagi ng was perforned to derive uniformpredictions
over each Class | area. To inplenent receptor averaging, the
NDDH devel oped the Calavg software program Cal avg was
applied to the Cal puff (hourly) output for baseline inventory
sources, and then to the Cal puff output for current inventory
sources. All receptors identifiedin Figures 3-1 and 3-2 were
included in the averagi ng procedure. Execution of Cal avg
resulted in revised Cal puff-conpatible files (for baseline and
current source inventories) which included one central
receptor for each Class | area.

3) Cal post (Earth Tech) was applied to the averaged baseline file
and then to the averaged current file to provide sumary
results for 3-hour and 24-hour averages. Cal post provided the
hi gh and the second-hi gh prediction (3-hour and 24-hour) for
each Cass | area.
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4) Using results fromStep 3, the second-hi gh baseline prediction
was used to determine the MAAL for each averaging period for
each Class | area. That is, the MAAL equal s the second- hi gh
predi ction plus conventional allowable increnment (25 ug/nt for
3-hour averages and 5 ug/ n? for 24-hour averages). MAAL's were
det er m ned i ndependent |y for each year of nodel ed
nmet eorol ogi cal data and for each Class | area.

5) Finally, the second-high prediction for.-the current source
inventory (Step 3) was used to determmne conpliance with the
MAAL for each averaging period for each /Cass | area.
Conpl i ance was assuned i f the second- hi gh predi ction was | ower
than the MAAL. Conpl i ance was determ ned i ndependently for
each year of nodel ed neteorol ogical data and for each C ass |

ar ea.
The NDDH vari abl e-i ncrement approach is illustrated in Figures 4-1
and 4-2. This illustration denonstrates the application of the

procedure to the Theodore Roosevel t-National Park (TRNP) South Unit
for 24-hour averages for 1990 neteorol ogi cal data.

Determ nation of the MAAL is illustrated in Figure 4-1. Bl ock 24-
hour baseline predictions (averaged over receptors) are plotted as
a function of tine for 1990 neteorol ogi cal data. The second-high
prediction of /8.9 ug/n? is represented by the | ower dashed line in
the Figure. Upon< adding the conventional allowable 24-hour
increment of 5 ug/n? to the second-hi gh prediction, one obtains the
MAAL of 13.9 wg/n?, which is represented by the upper dashed line in
the Figure.

Conpliance with the MAAL is illustrated in Figure 4-2. Bl ock 24-
hour current-inventory predictions (averaged over receptors) are
plotted as a function of tine for 1990 neteorol ogi cal data. The
previously determned MAAL (13.9 ug/nf) is also represented in
Figure 4-2. The second-high prediction of 13.7 ug/n¥, represented
by the |ower dashed line, is less than the MAAL and, therefore,
denonstrates conpliance under this approach
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24-hr Baseline Prediction (ug/m3)

Figure 4-1: lllustration of MAAL Determination for TRNP South Unit
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4.2 Results

Results of the Calpuff SO nodeling analysis for current Cass |
i ncrement consunption in North Dakota and eastern Montana Cl ass | areas
are summari zed in Tables 4-1 through 4-6. A separate table is provided
for each CQass | area. The tables provide the MAAL and the second-
hi ghest nodel prediction (for the current source inventory) for 3-hour

and 24-hour averages for each year of neteorological data. Al so
i ncluded is the nunber of predicted exceedances of the MAAL (using the
current source inventory). MAAL's and second-high predictions are

provided in units of mcrograns per cubic neter (ugln?).

As shown in Tables 4-1 through 4-6, the nodeling anal ysis denonstrates
conpliance with increnents at all “Class | areas. Though single
exceedances of the MAAL were found for sone neteorol ogical years at
sone Cl ass | areas, one exceedance per year is allowed under the rules,
t hus, these single exceedances /do not constitute violations.
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Cal puff dass |

Table 4-1
| ncrenent

Results for SO,
TRNP Sout h Unit

(ugl/ nt?)

1990 1991 1992 1993 1994
3-hr Aver age
MAAL 45. 3 46. 2 44.7 45.9 43. 8
2" Hi gh Current Prediction 34. 4 31.2 24.8 28.9 21.7
No. of Exceedances of MAAL 0 0 0 0 0
24- hr Aver age
MAAL 13. 9 14.5 12.1 12.0 13.2
2" Hi gh Current Prediction 13.7 12.0 6.4 7.8 9.7
No. of Exceedances of MAAL 0 1 0 0 0

Tabl e 4-2
Calpuffsdass |I Increnent Results for SO
TRNP North Unit
(ugl nv)
1990 1991 1992 1993 1994

3-hr Aver age
MAAL 73.7 80.5 72. 81.6 85.8
2" Hi gh Current Prediction 25.7 33.6 26. 23.0 23.5
No. of Exceedances.of’ MAAL 0 0 0 0 0
24- hr Aver age
MAAL 26.5 25.5 22. 23.2 26.2
2" Hi gh Current Prediction 10.6 12.6 7. 9.0 9.2
No. of Exceedances of MAAL 0 0 0 0 0
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Tabl e 4-3

Cal puff dass | Increnent Results for SO
TRNP El khorn Ranch Unit
(ugl/ nt?)

1990 1991 1992 1993 1994
3-hr Aver age
MAAL 94.0 79.5 65.1 80.1 75.7
2" Hi gh Current Prediction 20.7 26.1 21.6 25.6 20. 6
No. of Exceedances of MAAL 0 0 0 0 0
24- hr Aver age
MAAL 23. 8 25.3 23.1 26.5 22.5
2" Hi gh Current Prediction 9.7 11.7 7.1 9.0 13. 4
No. of Exceedances of MAAL 0 0 0 0 0

Tabl e 4-4
Calpuffsdass | Increnent Results for SO
Lost wood W der ness Area
(ugl nv)

1990 1991 1992 1993 1994
3-hr Aver age
MAAL 46. 0 47.8 45. 7 47. 3 49.5
2" Hi gh Current Prediction 26. 3 28.5 28. 7 27.8 26.7
No. of Exceedances.of’ MAAL 0 0 0 0 0
24- hr Aver age
MAAL 14.0 14.7 13.5 14. 2 11.4
2" Hi gh Current Prediction 12.0 10.9 9.9 8.1 8.4
No. of Exceedances of MAAL 0 1 0 0 0
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Cal puff dass |
Medi ci ne Lake W/ derness Area

Tabl e 4-5

I ncrement Results for SO

(ugl/ nt?)

1990 1991 1992 1993 1994
3-hr Aver age
MAAL 43.9 38.2 38.5 38.7 36.2
2" Hi gh Current Prediction 27.5 16.7 19. 8 20.9 18. 3
No. of Exceedances of MAAL 0 0 0 0 0
24- hr Aver age
MAAL 11. 4 8.7 10.5 11.2 10.5
2" Hi gh Current Prediction 7.6 4.7 8.0 9.0 8.7
No. of Exceedances of MAAL 0 0 1 0 0

Tabl e 4-6
Calpuffsdass | Increnent Results for SO
Fort Peck Reservati on
(ugl nv)

1990 1991 1992 1993 1994
3-hr Aver age
MAAL 39.9 34.7 35.7 36.8 35.1
2" Hi gh Current Prediction 22.5 12.9 15.7 17.6 13.8
No. of Exceedances.of’ MAAL 0 0 0 0 0
24- hr Aver age
MAAL 9.3 8.8 9.5 9.3 9.2
2" Hi gh Current Prediction 5.5 5.2 7.7 6.1 5.8
No. of Exceedances of MAAL 1 0 0 0 0
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5. Summary

The Cal puff nodeling system has been applied to determ ne the current
status of PSD Cass | increnment consunption for SO, in North Dakota and
eastern Montana. Based on the state’s | egal review, a non-conventi onal
approach was applied to the interpretation of nodel results. Thi s
approach included the use of receptor averagi ng, and the establishnent
of a nodeled baseline concentration for the 3-hour and 24-hour
averagi ng peri ods. Results of the increnent analysis revealed
conpliance at all Class | areas.
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To defeat vertical extrapolation in Step 2 wind field devel opment (while
leaving in for initial guess), the follow ng section of Calnet (Version 5.0,
Level 970825) Subroutine DI AGNO was changed from

52 | F(1 CALC.LT.0) GO TO 850

C
C EXTRAPOLATE SURFACE W NDS
C EXTRAPCLATI ON OPTI ONS:
C 1) | F I ABS(| EXTRP)=1, THEN DO NOT EXTRAPOLATE FROM SURFACE DATA
C 2) |F 1 ABS(| EXTRP) =2, THEN USE POAER LAW
C 3) |F | ABS(| EXTRP)=3, THEN USE FEXTRP MULTI.PLI ER
C 4) IF | EXTRP=4, THEN USE S| M LARI TY/ THEORY
C 5) | F | EXTRP<=0, THEN DO NOT USE LEVEL 1 DATA FROM UA W NDS
C

| F(1 ABS(1 EXTRP). EQ 1) GO TO 91
to:

52 | F(I CALC. LT.0)- GO TO 850

C
C EXTRAPOLATE SURFACE W NDS
C EXTRAPCOLATI ON OPTI ONS:
C 1) 1F I ABS(I EXTRP) =1, THEN DO NOT EXTRAPCLATE FROM SURFACE DATA
C 2) |F 1 ABS(| EXTRP)=2, THEN USE POAER LAW
C 3) |F | ABS(I EXTRP) =3, THEN USE FEXTRP MULTI PLI ER
C 4) IF | EXTRP=4, THEN USE SI M LARI TY THEORY
C 5) |F | EXTRP<=0, THEN DO NOT USE LEVEL 1 DATA FROM UA W NDS
C

go to 91
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Evaluation of

Calpuff Model Performance

Using Y ear 2000 Data

November 2001

Nort h Dakota Departmnent of Health
1200 M ssouri Avenue
Bi smar ck, ND 58506



| nt r oducti on

Performance of the Cal puff nodel (Version 5.4, Level 000602_1), as
i npl emented by the North Dakota Departnment of Health (NDDH) for Year
2000 data, was evaluated using SO, observations from the NDDH Dunn
Center and Theodore Roosevelt National Park (TRNP) South Unit
monitoring sites. Meteorol ogi cal input data for Cal puff were devel oped
using the Calnet neteorol ogical nodel (Version 5.2, Level 000602a).
Source em ssion rates were based on CEM s hourly data (where avail abl e)
or annual average em ssion for Year 2000.

The performance evaluation proceeded in an iterative manner to
determne the effect of adjustnents to settings in the Calnet and
Cal puff input control files on nodel skill. The mpjority of these
settings were left equivalent to recommendations in “lIWAQM Phase 2
Sunmary Report and Recommendations for Mdeling Long Range Transport

| npacts,” 1998. But changes to a limted nunber of settings were
judged to be scientifically advantageous for the region of nodel
application, and resulted in inproved . nodel agr eenment W th
observati ons. A single Calpuff receptor was included for each

monitoring site.

The iterative procedure resulted ina final set of Cal net/Cal puff input
condi tions which yi el ded very-good agreenent with observations. All of
t he predicted/ observed ratios fell within the factor-of-two criteria
suggest ed by EPA.

Source | nventory

The eval uati on anal ysis accounted for all SO, sources located within a
reasonabl e di stance of the two nonitoring sites, and which operated
during Year 2000. The inventory included all significant SO, sources
wthin 250 km of the sites. G|l and gas production sources (i.e.
treaters and flares) were also included. But because of their greater
nunber and smaller size, the nodeled inventory of oil and gas sources
was limted to those |located within 50 km of each nonitoring site.

SO, sources included in the evaluation analysis are identified in Table
1. Source locations with respect to nonitoring sites are depicted in
Figure 1 (oil and gas source |ocations not shown).

SO, eni ssion rates and stack operating paranmeters (i.e., exit velocity
and tenperature) were based on CEMs hourly data for Year 2000 where
avai |l abl e. For significant sources with no CEMs data, constant
em ssion rates and operating paranmeters reflecting annual average
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operation for Year 2000 were utilized. Annual average stack data for
oil and gas production sources were derived from nonthly production
data for Year 2000. The em ssion characterization for each source is
indicated in Table 1. As shown in Table 1, hourly em ssions data were
avai lable for a majority of significant sources, and for nost of the
| ar gest sources.

Em ssion rates for oil and gas producti on sources were derived fromthe
ND State Industrial Commssion’s Ol and Gas data base. The oil and
gas sources were screened to elimnate those with zero or mninal
em ssi ons. Stack operating paraneters for oil and gas production
sources were derived using procedures described inthe “WIIliston Basin
Regional Ar Quality Study” (1990), and nodified using SCREEN3 (EPA
screening nodel) adjustnents for effective flare plune height and
radi ati onal heat | o0ss.

Cal net | nput Dat a

The | ocation of the 10 km conputational grid utilized by the NDDH for
t he Year 2000 analysis is representedsin Figure 1. The grid is defined
by eight vertical |ayers. Met eor ol ogi cal input data for Cal net was
based on 32 surface stations, 5 upper-air stations, and 89
precipitation stations | ocated in or near the conputational grid. GOES
ASCS satellite data were used to supplenment surface observations for
ceiling height and sky cover. Al'l meteorol ogical

data were obtained fromthe National Climatic Data Center (surface and
precipitation data), or Forecast Systens Laboratory (upper-air data).
Ceophysi cal data were devel oped using the USGS GIOP30 data set for
terrain elevations and the USGS d obal data set for |and use.

Processing of neteorological data relied on Earth Tech software, as
wel | as suppl enental software devel oped by NDDH for format conversions
and m ssing data substitution. Met hodol ogy for neteorol ogical data
preparation is generally consistent with that described in “Cal puff
Class | Area Analysis for MIton R Young Generating Station” (Draft),
1999. That net hodol ogy was nodi fied for the Year 2000 anal ysis | argely
because of the inclusion of GOES ASCS satellite data. Met hodol ogy
specific to the Year 2000 anal ysis has been infornmally described, and
will be formally docunented in a future report. Note that the
possibility/effect of alternative approaches to neteorol ogical data
preparati on was not considered in the perfornmance eval uati on.

Processing of terrain and |and use data was strictly objective, and
relied exclusively on Earth Tech software. Note that the seasona

scheme for land use related paraneters, which has been infornmally
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docunented, is not incorporated in the final iteration of the
performance evaluation, which provided the best agreenment wth
observations. Rather, Calnet default paraneters were assuned for the
entire year.

Cal et/ Cal puff Control File Settings

For the nost part, Calnmet and Cal puff input control file settings, as
i npl emented by the NDDH, were consistent with |IWAQM reconmendati ons.
However, extensive testing of Calnet output, wth visual feedback
(plotted data), suggested that adjustnment to a |limted nunber of | WQAM
settings was required to achi eve reasonabl e results for wind and m xi ng
hei ght fields. Further, the adjustnent of a limted nunber of
additional settings was found to provide better agreement wth
observations in the performance evaluation, and such changes were
judged to be scientifically consistent.

Non- I WAQM settings utilized by the NDDH for Cal net and Cal puff control
files, and which provided optinmm agreenent wth nonitored
observations, are listed in Table 2« These Non-IWAQM settings are
di scussed bel ow.

Cal net

| KINE - The inclusion.of kinematic effects provided significantly
better agreement of Cal puff results with nonitored observations.
Froma scientific standpoint, it seenms inconsistent for | WAQMto
recommend w nd adjustnent using Froude nunber effects (IFRADJ),
and not kinematic effects.

Bl AS(NZ) - NDDH bias settings were devel oped through significant
testing with visual feedback. The | WAQM recomendati on provi des
neutral bias (between surface and upper-air data) for all verti cal
layers. In light of its testing, the NDDH does not believe it is
reasonabl e to assune equal weighting of upper-air wind data with
surface data at the | owest | evel, and to assune equal wei ghting of
surface data with upper-air data at top |evels.

LVARY - The NDDH felt it necessary to deploy this option to ensure
that at | east one station would always be avail abl e.

ZUPWND( 2) - The NDDH was concerned that | WAQM was recomrendi ng a
val ue of 1000 mwhile the nodel (Earth Tech) default is 2500 m
thus pronpting the NDDH conprom se value of 2000 m But
regardl ess of the selected value for this initial guess wind field
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i nput, subsequent wind field devel opnment should converge to the
sanme result.

MNMVDAV/ | LEVZI - The NDDH found t hat | WAQV def ault val ues for these
paraneters, relating to spatial averaging of mxing heights,
produced entirely unacceptable results for the mxing height
field. Severe gradients (bull’s eyes) in mxing height were
observed in the i medi ate vicinity of neteorol ogi cal stations, and
a significant increase in the value of these i nput paraneters was
required to mtigate the anonaly. The NDDH notes that because
MNMDAV is a function of grid cell size, | WAQMshoul d specify “User
Defines” for this paraneter

ZI MAX/ ZI MAXW - Because the NDDH Cal net/ Cal puff grid extends into
the western part of the upper Geat Plains, maxi num m xi ng hei ght
was increased to 4000 m to be consistent with maxi mum m Xxing
hei ghts reported for this region (Hol zworth, 1972).

Cal puf f

MSPLIT - The option for puff  splitting was reconmended by John
lrwi n (EPA) when nodeling source-receptor distances of 200 km or
nore, because of the tendency for Cal puff to otherw se over predi ct
at these distances. Depl oyment of this option also provided
better agreenent wth observations.

MDISP - Use of dispersion coefficient option 2 provided
significantly better agreenent with observations. The NDDH al so
believes this selectionis nore consistent with the “state-of-the-
art” in air quality nodeling.

BCKOB - Though the NDDH is utilizing the hourly file option for
ozone background, the BCKO3 value is substituted by Cal puff when
hourly data are m ssing. Based on local nonitoring data, NDDH
judged the | WQAM val ue of 80 ppb to be much higher than typica

for North Dakota, and therefore reset the value to 30 ppb.

BCKNH3 - The NDDH val ue of 2 ppb reflects the annual average of
| ocal , unbiased nonitoring data.

XSAMLEN - The NDDH set this value lower than the [|WAQM
recommendati on, but notes that the only consequence for doing so
woul d be extra conputer tine due to nore puffs on the grid. The
goal was to inprove nodel resolution by increasing the nunber of
puffs and decreasi ng mass per puff. Again, because this paraneter
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is afunction of grid cell size, the NDDH bel i eves t he recommended
XSAMLEN val ue shoul d be “User Defined”.

XMAXZI - Value was increased to 4000 m for consistency wth
ZI MAX/ ZI MAXW setting in Cal net.

Sone ot her devi ations fromI| WAQV gui dance, whi ch had no consequence for
nodel predictions, were also involved in the NDDH inplenentation.
These related to printed output options and paraneters for the Lanbert
conformal map projection used by the NDDH

Resul ts

Results of the perfornmance evaluation are summarized in Figure 2 for
the Dunn Center nonitoring site, and in Figure 3 for the TRNP South
nmonitoring site. The Figures include quantile-quantile plots of the
hi ghest 50 predictions and observations.”for. .3-hour and 24-hour
averaging tines. The plots include “factor-of-tw” curves for
assessi ng performance. Note that these results represent the fina
iteration of the performance eval uation process, as reflected by the
control file settings in Table 2.

| nspection of the quantile-quantile plots in Figures 2 and 3 reveals
that the capability of the NDDH Cal puff nodeling systemto reproduce
observed SO, concentrations is very good. Al predicted-to-observed
ratios fall within the factor-of-two criteria suggested by EPA, and in
nmost cases are nuch better. Though sonme of the 50 highest 24-hour
averages at both nonitoring sites were underpredicted, it appears the
nmodel i ng system produces no systematic bias toward underprediction on
over predi ction when considering the ensenble results.

One caveat regarding these results in that TRNP South Unit nonitoring
data for Year 2000 included extensive m ssing periods (about 700 hours
total). Therefore, maxi num observations nmay be under-represented in
the conparative anal ysis, noving the bias nore toward underprediction,
particularly for 24-hour averages.

Concl usi ons

The eval uati on of Cal puff perfornmance for Year 2000 data at Dunn Center
and TRNP South Unit nonitoring sites indicates the nodeling system
performs well, when inplenented using | WAQM control file settings as
nodi fi ed by NDDH (Tabl e 2). Predicted-to-observed ratios for the fifty
hi ghest predi cted/ observed concentrations fell withinthe factor-of-two
criteria suggested by EPA, and did not exhibit systematic bias toward
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under predi ction or overprediction. Therefore, the NDDH i npl enentati on
of the Cal puff nodeling system using currently processed
nmet eor ol ogi cal / geophysi cal data and |IWAQM control file settings as
nodi fied by NDDH, should be acceptable for regulatory Cass | area
nmodel ing in North Dakot a.

The NDDH recognizes that mnor inprovenent in nodel performance is
still possible. But the inplication of these performance eval uation
results is that caution nmust attend any suggested changes to input or
met hodol ogy. Changing all control file settings to | WAQW recommended
values, for exanple, would l|ikely nove sone predicted-to-observed
rati os outside of the factor-of-two w ndow.
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Table 1

Source Inventory (SG)

Em ssi on Figure 1
Sour ce Char acteri zation Loc. Key
Coal Creek Station Actual Hourly 1
Ant el ope Valley Station Actual Hourly 2
Coyote Station Actual Hourly 3
Leland A ds Station Actual Hourly 4
MIlton R Young Station Actual Hourly 5
Heskett Station Actual Hourly 6
Stanton Station Act ual . Hourly 4
G eat Plains Synfuels Plant Act ual Hourly* 2
Little Knife Gas Pl ant Actual Hourly 7
Grassl ands Gas Pl ant Actual Hourly 8
Ti oga Gas Pl ant Annual Aver age 9
Lignite Gas Pl ant Annual Aver age 10
Mandan Refinery Annual Aver age 6
Boundary Dam Station Annual Aver age 11
Shand Station Annual Average 12
Col strip Station Actual Hourly 13
CELP Boi l er Annual Average 14
Si dney Station Annual Aver age 15

Ol & Gas Rel at ed**

Annual Average

* Hourly CEM s data were avail able for GPSP main stack only.
average em ssion assuned for other three units.

** Al facilities located within 50 km of nonitoring sites.
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Table 2
Non- | WAQM Settings Used by NDDH
in Calnmet/Cal puff Control Files

Par anet er I WAQM NDDH
Cal net
| KI NE 0 1
Bl AS( NZ) 0,0,0,0, -1.0, -0.9, -0.7, 0.0,
0,0,0,0 0.5, 1.0, 1.0, 1.0
LVARY F T
ZUPWND( 2) 1000 m 2000 m
MNIVDAV 1 8
| LEVZI 1 4
ZI MAX 3000 m 4000 m
ZI NAXW 3000 m 4000 m
Cal puf f
MBPLI T* 0 1
MDI SP 3 2
BCKCB 80 ppb 30 ppb
BCKNH3 10 ppb 2 ppb
XSAMLEN 1.0 0.5
XVAXZ| 3000 m 4000 m

* Puff splitting was not deployed in Cal puff control file for oil and
gas sources. This concession to nodel execution time is reasonabl e,
because puffs would not grow very | arge given the maxi num50 km source-
receptor distance.
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Figure 1: Monitor and Source Locations
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Figure 3

Calpuff Predicted vs TR South Observed
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§>'Append1x C
%WAQM Recommendations

for Calmet Control File



Variable Description Value
GEO.DAT Name of Geophysical data file GEO.DAT
SURF.DAT Name of Surface data file SURF.DAT
PRECIP.DAT | Name of Precipitation data file PRECIP.DAT
NUSTA Number of upper air data sites User Defined
UPn.DAT Names of NUSTA upper air data files UPNn.DAT
IBYR Beginning year User Defines
IBMO Beginning month User Defines
IBDY Beginning day User Defines
IBHR Beginning hour User Defines
IBTZ Base time zone User Defines
IRLG Number of hours to simulate User Defines
IRTYPE Output file type to create (must be 1 for 1

CALPUFF)
LCALGRD Are w-components and temperature needed? T
NX Number of east-west grid cells User Defines
NY Number of north-south grid cells User Defines
DGRIDKM Grid spacing User Defines
XORIGKM Southwest grid cell X coordinate User Defines
YORIGKM Southwest grid cell Y coordinate User Defines
XLATO Southwest grid cell latitude User Defines
YLONO Southwest grid cell longitude User Defines
IUTMZN UTM Zone User Defines
LLCONF When using Lambert Conformal map F

coordinates, rotate winds from true north to map

north?
XLAT1 Latitude of 1st standard paraliel 30
XLAT2 Latitude of 2nd standard parallel 60
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Variable Description Value
RLONO Longitude used if LLCONF =T 90
RLATO Latitude used if LLCONF =T 40
NZ Number of vertical layers User Defines
ZFACE Vertical cell face heights (NZ+1 values) User Defines
LSAVE Save met. data fields in an unformatted file? T
IFORMO Format of unformatted file (1 for CALPUFF) 1
NSSTA Number of stations in SURF.DAT file User Defines
NPSTA Number of stations in PRECIP.DAT User Defines
ICLOUD Is cloud data to be input as gridded fields? (0 = 0
No)
IFORMS Format of surface data (2 = formatted) 2
IFORMP Format of precipitation data (2 = formatted) 2
IFORMC Format of cloud data (2 = formatted) 2
IWFCOD Generate winds by diagnostic wind module? (1= | 1
Yes)
IFRADJ Adjust winds using Froude number effects? (1 = 1
Yes)
IKINE Adjust winds using kinematic effects? (1 = Yes) 0
IOBR Use O'Brien procedure for vertical winds? (0 = 0
No)
ISLOPE Compute slope flows? (1 = Yes) 1
IEXTRP Extrapolate surface winds to upper layers? (-4 = | -4
use similarity theory and ignore layer 1 of upper
air station data)
ICALM Extrapolate surface calms to upper layers? (0 = 0
No)
BIAS Surface/upper-air weighting factors (NZ values) NZ*0
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Variable Description Value
IPROG Using prognostic or MM-FDDA data? (0 = No) 0
LVARY Use varying radius to develop surface winds? F
RMAX1 Max surface over-land extrapolation radius (km) | User Defines
RMAX2 Max aloft over-land extrapolation radius (km) User Defines
RMAX3 Maximum over-water extrapolation radius (km) User Defines
RMIN Minimum extrapolation radius (km) 0.1
RMIN2 Distance (km) around an upper air site where 4
vertical extrapolation is excluded (Set to -1 if
IEXTRP = %4)
TERRAD Radius of influence of terrain features (km) User Defined
R1 Relative weight at surface of Step 1 field and obs | User Defines
R2 Relative weight aloft of Step 1 field and obs User Defines
DIVLIM Maximum acceptable divergence 5.E-6
NITER M_ax number of passes in divergence 50
minimization
NSMTH Number of passes in smoothing (NZ values) 2, 4*(NZ-1)
NINTR2 Max number of stations for interpolations (NA 99
values)
CRITFN Critical Froude number 1
ALPHA Empirical factor triggering kinematic effects 0.1
IDIOPT1 Compute temperatures from observations (0 = 0
True)
ISURFT Surface station to use for surface temperature User Defines
(between 1 and NSSTA)
IDIOPT2 Compute domain-average lapse rates? (0 = 0
True)
IUPT Station for lapse rates (between 1 and NUSTA) User Defines
ZUPT Depth of domain-average lapse rate (m) 200
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Variable Description Value
IDIOPT3 Compute internally inital guess winds? (0 = True) | O
IUPWND Upper air station for domain winds (-1 = 1/r*"2 -1
interpolation of all stations)
ZUPWND Bottom and top of layer for 1st guess winds (m) 1, 1000
IDIOPT4 Read surface winds from SURF.DAT? (0 = 0
True)
IDIOPTS Read aloft winds from UPn.DAT? (0 = True) 0
CONSTB Neutral mixing height B constant 1.41
CONSTE Convective mixing height E constant 0.15
CONSTN Stable mixing height N constant 2400
CONSTW Over-water mixing height W constant 0.16
FCORIOL Absolute value of Coriolis parameter 1.E-4
IAVEXZI Spatial averaging of mixing heights? (1 = True) 1
MNMDAV Max averaging radius (number of grid cells) 1
HAFANG Half-angle for looking upwind (degrees) 30
ILEVZI Layer to use in upwind averaging (between 1 1
and NZ)
DPTMIN Minimum capping potential temperature lapse 0.001
rate
DZZI Depth for computing capping lapse rate (m) 200
ZIMIN Minimum over-land mixing height (m) 50
ZIMAX Maximum over-land mixing height (m) 3000
ZIMINW Minimum over-water mixing height (m) 50
ZIMAXW Maximum over-water mixing heigh (m) 3000
IRAD Form of temperature interpolation (1 = 1/r) 1
TRADKM Radius of temperature interpolation (km) 500




Variable Description Value
NUMTS Max number of stations in temperature 5
interpolations
IAVET Conduct spatial averaging of temperature? (1 = 1
True)
TGDEFB Default over-water mixed layer lapse rate (K/m) -0.0098
TGDEFA Default over-water capping lapse rate (K/m) -0.0045
JWAT1 Beginning landuse type defining water 999
JWAT2 Ending landuse type defining water 999
NFLAGP Method for precipitation interpolation (2 = 1/r**2) | 2
SIGMAP Precip radius for interpolations (km) 100
CUTP Minimum cut off precip rate (mm/hr) 0.01
SSn NSSTA input records for surface stations User Defines
USn NUSTA input records for upper-air stations User Defines
PSn NPSTA input records for precipitation stations User Defines
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Appendix D
WAQM Recommendations

for Calpuff Control File



Variable Description Value
METDAT CALMET input data filename CALMET.DAT
PUFLST Filename for general output from CALPUFF CALPUFF.LST
CONDAT Filename for output concentration data CONC.DAT
DFDAT Filename for output dry deposition fluxes DFLX.DAT
WFDAT Filename for output wet deposition fluxes WFLX.DAT
VISDAT Filename for output relative humidities (for VISB.DAT

visibility)
METRUN Do we run all periods (1) or a subset (0)? 0
IBYR Beginning year User Defined
IBMO Beginning month User Defined
IBDY Beginning day User Defined
IBHR Beginning hour User Defined
IRLG Length of run (hours) User Defined
NSPEC Number of species modeled (for MESOPUFF I 5

chemistry)
NSE Number of species emitted 3
MRESTART | Restart options (0 = no restart), allows splitting 0

runs into smaller segments
METFM Format of input meteorology (1 = CALMET) 1
AVET Averaging time lateral dispersion parameters 60

(minutes)
MGAUSS Near-field vertical distribution (1 = Gaussian) 1
MCTADJ Terrain adjustments to plume path (3 = Plume 3

path)
MCTSG Do we have subgrid hills? (0 = No), allows 0

CTDM:-like treatment for subgrid scale hills
MSLUG Near-field puff treatment (0 = No slugs) 0
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Variable Description Value
MTRANS Model transitional plume rise? (1 = Yes) 1
MTIP Treat stack tip downwash? (1 = Yes) 1
MSHEAR Treat vertical wind shear? (0 = No) 0
MSPLIT Allow puffs to split? (0 = No) 0
MCHEM MESOPUFF-1I Chemistry? (1 = Yes) 1
MWET Model wet deposition? (1 = Yes) 1
MDRY Model dry deposition? (1 = Yes) 1
MDISP Method for dispersion coefficients (3 = PG & MP) |3
MTURBVW | Turbulence characterization? (Only if MDISP = 1 3
or 5)
MDISP2 Backup coefficients (Only if MDISP = 1 or 5) 3
MROUGH Adjust PG for surface roughness? (0 = No) 0
MPARTL Model partial plume penetration? (0 = No) 1
MTINV Elevated inversion strength (0 = compute from 0
data)
MPDF Use PDF for convective dispersion? (0 = No) 0
MSGTIBL Use TIBL module? (0 = No) allows treatment of 0
subgrid scale coastal areas
MREG Regulatory default checks? (1 = Yes) 1
CSPECn Names of species modeled (for MESOPUFF Il User Defined
must be SO2, SO4, NOX, HNO3, NO3)
Specie Manner species will be modeled User Defined
Names
Specie Grouping of species, if any. User Defined
Groups
NX Number of east-west grids of input meteorology User Defined
NY Number of north-south grids of input meteorology | User Defined
NZ Number of vertical layers of input meteorology User Defined




Variable Description Value

DGRIDKM Meteorology grid spacing (km) User Defined

ZFACE Vertical cell face heights of input meteorology User Defined

XORIGKM Southwest corner (east-west) of input User Defined
meteorology

YORIGIM Southwest corner (north-south) of input User Defined
meteorology

IUTMZN UTM zone User Defined

XLAT Latitude of center of meteorology domain User Defined

XLONG Longitude of center of meteorology domain User Defined

XTZ Base time zone of input meteoroclogy User Defined

IBCOMP Southwest X-index of computational domain User Defined

JBCOMP Southwest Y-index of computational domain User Defined

IECOMP Northeast X-index of computational domain User Defined

JECOMP Northeast Y-index of computational domain User Defined

LSAMP Use gridded receptors? (T = Yes) F

IBSAMP Southwest X-index of receptor grid User Defined

JBSAMP Southwest Y-index of receptor grid User Defined

IESAMP Northeast X-index of receptor grid User Defined

JESAMP Northeast Y-index of receptor grid User Defined

MESHDN Gridded recpetor spacing = DGRIDKM/MESHDN | 1

ICON Output concentrations? (1 = Yes) 1

IDRY Output dry deposition flux? (1 = Yes) 1

IWET Output west deposition flux? (1 = Yes) 1

VIS Output RH for visibility calculations (1 = Yes) 1

LCOMPRS Use compression option in output? (T = Yes) T
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Variable Description Value

ICPRT Print concentrations? (0 = No) 0

IDPRT Print dry deposition fluxes (0 = No) 0

IWPRT Print wet deposition fluxes (0O = No) 0

ICFRQ Concentration print interval (1 = hourly) 1

IDFRQ Dry deposition flux print interval (1 = hourly) 1

IWFRQ West deposition flux print interval (1 = hourly) 1

IPRTU Print output units (1 = g/m**3; g/m**2/s) 1

IMESG Status messages to screen? (1 = Yes) 1

Qutput Where to output various species User Defined

Species

LDEBUG Turn on debug tracking? (F = No) F

Dry Gas Dep Chemical parameters of gaseous deposition User Defined
species

Dry Part. Dep Chemical parameters of particulate deposition User Defined
species

RCUTR Reference cuticle resistance (s/cm) 30.

RGR Reference ground resistance (s/cm) 10.

REACTR Reference reactivity 8

NINT Number of particie-size intervals 9

IVEG Vegetative state (1 = active and unstressed) 1

Wet Dep Wet deposition parameters User Defined

MOZ Ozone background? (1 = read from ozone.dat) 1

BCKO3 Ozone default (ppb) (Use only for missing data) 80

BCKNH3 Ammonia background (ppb) 10

RNITE1 Nighttime SO2 loss rate (%/hr) 0.2

RNITE2 Nighttime NOXx loss rate (%/hr) 2

RNITES Nighttime HNO3 loss rate (%/hr) 2
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Variable Description Value
SYTDEP Horizontal size (m) to switch to time dependence | 550.
MHFTSE Use Hetffter for vertical dispersion? (0 = No) 0
JSUP PG Stability class above mixed layer 5
CONK1 Stable dispersion constant (Eq 2.7-3) 0.01
CONK2 Neutral dispersion constant (Eq 2.7-4) 0.1
TBD Transition for downwash algorithms (0.5 = I1SC) 0.5
IURBA1 Beginning urban landuse type 10
IURB2 Ending urban landuse type 19

Use Following Only For Single-Point Meteorological input (CALPUFF Screen)

ILANDUIN Land use type (20 = Unirrigated agricultural land) | 20
ZOIN Roughness length (m) 0.25
XLAIN Leaf area index 3
ELEVIN Met. Station elevation (m above MSL) 0
XLATIN Met. Station North latitude (degrees) User Defined
XLONIN Met. Station West longitude (degrees) User Defined
ANEMHT é\n)emometer height of ISC meteorological data 10.0
m
ISIGMAV Lateral turbulence (Not used with ISC 1
meteoroclogy)
IMIXCTDM Mixing heights (Not used with ISC meteorology) | O
End of Single Point Meteorology Input Variables
XMXLEN Maximum slug length in units of DGRIDKM 1
XSAMLEN Maximum puff travel distance per sampling step | 1

(units of DGRIDKM)
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Variable Description Value

MXNEW Maximum number of puffs per hour 99

MXSAM Maximum sampling steps per hour 99

SL2PF Maximum Sy/puff length 10

PLXO Wind speed power-law exponents 0.07,0.07,0.10,0.
15,0.35,0.55

WSCAT Upper bounds 1st 5 wind speed classes (m/s) 1.54,3.09,5.14,8.
23.10.8

PGGO Potential temperature gradients PG E and F 0.020, 0.035

(deg/km)

SYMIN Minimum lateral dispersion of new puff (m) 1.0

SZMIN Minimum vertical dispersion of new puff (m) 1.0

SVMIN Array of minimum lateral turbulence (m/s) 6*0.50

SWMIN Array of minimum vertical turbulence (m/s) 0.20, 0.12, 0.08,
0.06, 0.03, 0.016

CDIV Divergence criterion for dw/dz (1/s) 0.01

WSCALM Minimum non-calm wind speed (m/s) 0.5

XMAXZI Maximum mixing height (m) 3000

XMINZI Minimum mixing height (m) 50

PPC Plume path coefficients (only if MCTADJ = 3) 0.5,0.5,0.5,0.5,0.
35,0.35

NSPLIT Number of puffs when puffs split 3

IRESPLIT Hours when puff are eligible to split User Defined

ZISPLIT Previous hour’s mixing height (minimum), (m) 100

ROLDMAX Previous Max mixing height/current mixing 0.25

height ratio, must be less then this value to
allow puff split
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Variable Description Value
EPSSLUG Convergence criterion for slug sampling 1.0E-04
integration
PESAREA Convergence criterion for area source 1.0E-06
integration
NPT1 Number of point sources User Defined
IPTU Units of emission rates (1 = g/s) 1
NSPT1 Number of point source-species combinations | O
NPT2 Numb_er of point sources with fully variable 0
emission rates
Point Sources | Point sources characteristics User Defined
Area Sources | Area sources characteristics User Defined
Line Sources Buoyant lines source characteristics User Defined
Volume Volume sources characteristics User Defined
Sources
NREC Number of user defined receptors User Defined
Receptor Data | Location and elevation (MSL) of receptors User Defined
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