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SUMMARY

Regional impacts associated with the "possible" near-term scenario of coal-

fired electrical generation and coal gasification development in the Pacific

Northwest have been analyzed. This analysis is based on Federal New Source

Performance Standards (NSPS) and a regional scale transport, transformation
and removal model for 502, sul fates, particulates, and NOX. Results show the
following:

With respect to the National Ambient Air Quality Standards (NAAQS), no
significant incremental amounts of 502, particulates, or NOX are added
to the background level of regional air concentrations beyond the
immediate vicinity of the plant. National standards have not been
established for sulfates, although the State of Montana has established
its own standards. Here, the modeling shows that the amounts added by
new coal-fired power plants, in addition to all existing sulfur emitters,
may approach the limit set for maximum allowable sulfate concentrations
if emissions are as high as the NSPS. NSPS Timits 502 emissions to less
than 1.2 1b/106 Btu fired. In actual practice, emissions may be con-
siderably less either due to the combustion of Tow sulfur coal or the
application of control technology. This result has important implica-
tions on the siting of future additional plants in this state.

There were generally higher air concentrations of all pollutants in July
and October, mainly due to lower mean wind speeds. Air concentrations
are generally Tower in April and December because of greater mean wind
speeds and precipitation scavenging.

Topography influences the concentration patterns of all pollutants.
Mostly, these patterns reflect the wind flow characteristics in the
vicinity of the source but are modified by wet and dry removal processes.

Sulfate concentrations and depositions decrease much more slowly with
distance from the source than 502 concentrations and depositions, pri-
marily due to the time lag involved in the chemical transformation and
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to differences in the removal mechanisms. Beyond distances of 50 to
100 km, sulfate concentrations generally exceed 502 concentrations.

e Concentration patterns of NOX resemble those of 502, whereas concentra-
tion patterns of particulates resembie those of sulfate. Removal rates
for NOX are assumed to be similar to those of 502, while the removal
rates for particulates are assumed to be similar to those of sulfates.

e For sulfur sources located in basins bordered or surrounded by mountain-
ous terrain (e.g., Puget Sound, Columbia Basin, Snake River Valley), a
major portion of the sulfur emissions are deposited onto the terrestrial
environment as 502 and sulfates. Over the Great Plains of Montana and
Wyoming, there is considerably less deposition and a larger portion of
the 502 emitted remains in the air as sulfate to be transported out of
the region.

e The fraction of SO2 deposited is substantially different between the
July and December periods, primarily as a result of the seasonal varia-
tions in precipitation. In dry regions, approximately 45 to 60% of the
SO2 emitted is deposited as 302 (depending on the surrounding terrain),
while in wet regions 75% or more may be deposited.

e As much as 1 g/mz-yr or more, which is approximately 10 1b/acre-yr, of
sulfur (in the form of both.SO2 and sulfates), can be deposited onto the
terrestrial environment in the vicinity of a Targe power plant.

e The most significant increases in ambient air concentrations and surface
deposition resulting from the "possible" near-term development scenario
will be in the northern Great Plains, the Snake River Va]]ey,(a) and in
eastern Washington and Oregon.

(a) The impact in the Snake River Valley is due to the proposed Pioneer Power
Plant. However, recently the Idaho Public Utilities Commission denied a
construction permit for this facility.



CONTENTS

SUMMARY.

ACKNOWLEDGMENTS.

1. INTRODUCTION

2. REGIONAL MODELING

3. REGIONAL EMISSION INVENTORY . e .
4. ADAPTATION OF THE REGIONAL MODEL TO THE NORTHWEST

6.
7.
8. e e e e e e e e
APPENDIX A: COMPARISONS OF 1974 DATA TO CLIMATIC AVERAGES .

4.1 UPPER AIR DATA.

4.2 TOPOGRAPHY. .
4.3 SUMMARY OF MODEL INPUT.
RESULTS. ..

5.1 S0, CONCENTRATIONS.

5.2 SULFATE CONCENTRATIONS.
5.3 S0, DEPOSITION.

5.4 SULFATE DEPOSITION.

5.5 PARTICULATES

5.6 NITROGEN OXIDES

MODEL APPLICATION TO ASSESS PROPQOSED CLEAN AIR ACT AMENDMENT

RECOMMENDATIONS.
REFERENCES .

iv

ii

viii

1
1
14
16
18
18
22
23
24
26
27
29
35
37

A-1



10

11

12

13

14

FIGURES

Plume Positions Shown at 12-hour Intervals from Six Existing
and Proposed Coal-Fired Power Plants for a Release Starting
at 0000 GMT April 2, 1974

Distribution of Major Existing and Proposed Coal-Fired Power
Plants (2100 MWe) and Proposed Coal Gasification Plants in the
Northwest and Sulfur Dioxide Emission Estimates Based on New
Source Performance Standards .

U.S. and Canadian Meteorological Stations Used for Interpolating
the Winds .

Gross Terrain Features over the Northwest Grid Used in
Approximating Spatial Variations in Dry Deposition Velocities

Annual Average Ground-Level Air Concentrations of S02 for
Existing Plants Based on New Source Performance Standards

Annual Average Ground-Level Air Concentrations of SOp for
Existing and Proposed Plants Based on New Source Performance
Standards

Ground-Level Air Concentrations of SO» for July 1974 for
Existing and Proposed Plants Based on New Source Performance
Standards

Ground-Level Air Concentrations of SOp for December 1-17, 1974,
for Existing and Proposed Plants Based on New Source Performance
Standards

Annual Average Sulfate Concentrations for Existing and

Proposed Plants Based on Emissions at New Source Performance
Standards

Annual Total SO02 Deposition from Existing and Proposed Plants
Based on New Source Performance Standards

Annual Total Sulfate Deposition from Existing and Proposed
Plants Based on New Source Performance Standards .

Annual Average Particulates Concentrations for Existing and
Proposed Plants Based on New Source Performance Standards

Annual Average NOy Concentrations for Existing and Proposed
Plants Based on New Source Performance Standards .

A11 Possible Class I Exclusion Areas and Estimated Annual SO;
Concentrations for the "Possible" Near-Term Scenario Based
on New Source Performance Standards

12

16

19

19

21

21

22

24

25

27

28

33



TABLES

Emissions from Coal-Fired Power Plants in the Northwest
(Based on New Source Performance Standards)

Emissions from Possible Gasification Plants and Total
Coal-Related Emissions

Meteorological Stations Utilized in the Interpolation Scheme

National Ambient Air Quality Standards for Sulfur D1ox1des,
Total Suspended Particulates, and Nitrogen Oxides .

Seasonal Comparisons of Total SOZ—Su1fate Budgets within
the Northwest Grid .

Allowable Air Quality Increments Under Alternative
Significant Deterioration Proposals (ug/m3)

Summary of Major Differences of Alternative Approaches to
Significant Deterioration . . . . . .

Vi

18

26

30

31



ACKNOWLEDGMENTS

The authors thank the Puget Sound Air Pollution Control Agency for sup-
plying meteorological data from the Seattle pilot balloon station. We also
thank Terry Fox, Dave Powell, and Larry Wendell of the Atmospheric Sciences
Department, Battelle, Pacific Northwest Laboratories, for their assistance in
the model application and in preparation of meteorological data tapes, and
Rick Cederwall of Brookhaven National Laboratories for providing upper air

data tapes. Review comments by Ward Swift and John Burnham of Battelle are
greatly appreciated.

This work was performed under Contract E-(45-1)-1830 with the Energy
Research and Development Administration.

vii



REGIONAL AIR QUALITY ASSESSMENT FOR PROBABLE NEAR-TERM
COAL-RELATED ENERGY DEVELOPMENT IN THE NORTHWEST

David S. Renne and Dennis L. Elliott

The combined impacts on regional air quality and terrestrial
environments in the Pacific Northwest of the United States from
509, sulfates, particulates, and N0y emissions assoctated with a
"vossible" near-term scenario of coal-fired electrical generation
development has been initially assessed., This assessment is based
on Federal New Source Performance Standards and uses a regional
scale transport model. Dry deposition, precipitation scavenging,
and chemical transformation processes are incorporated into the
model. The effects of surface roughness and topography on dry
removal rates are simulated by varying the deposition velocity
over different terrain types. The analysis of ground level air
concentrations and surface depositions from major existing and
proposed coal-fired power plants and gasification plants is based
on approximately 1 month's wind data for each season in 1974.
Results show no significant amounts of S0p, particulates, or NOx
added to the background levels within the region with respect to
the National Ambient Air Quality Standards. Most of the 502
emitted is either deposited within the region or transported out
of the region as sulfates. The model shows largest average con-
centrations for the summer and fall periods, primarily due to
lighter wind speeds. Seasonal variations in the transport
patterns and topographical influences are apparent from the
analyses. The "possible" developmental sequence over the next
decade shows the largest increases in air concentration and
surface deposition due to new coal-fired facilities to occur in
the northern Great Plains, the Snake River Valley, and in eastern
Washington and Oregon.

1. INTRODUCTION

The Northwest holds many large energy resources and could become one of
the major energy-producing sectors of the country. Large, relatively untapped
low-sulfur coal reserves exist in Montana, Wyoming, and Alaska; an abundance
of hydroelectric power has already been exploited in Washington, Oregon and
Idaho; sites for large nuclear/fossil power parks are under development or
proposed in the Columbia Basin Region; and the trans-Alaskan pipeline will



soon be transporting crude oil to southern ports in Alaska to be transported
and refined in the Tower 48 states. Nevertheless, this seemingly abundant
energy picture is complicated by a rapid population growth in certain regions,
continued development of energy-intensive industries, potential curtailment
of Canadian crude oil and natural gas supplies to the region, nuclear and
hydroelectric moratoriums, and delays in fossil power plant production. The
situation is further complicated by a strong desire to preserve, as much as
possible, the natural environment of the diverse and spectacular scenery and
lifestyle of this sector of the United States. This complex energy picture
is being examined at the Battelle, Pacific Northwest Laboratories through the
Regional Assessment Program for the six-state region (Alaska, Washington,
Oregon, Idaho, Montana and Wyoming). The environmental consequences of these
various energy development scenarios are being studied as a major component
of the program.

One objective of the air quality portion of this regional study is to
develop emission estimates to the year 2020 for various development scenarios
and to apply the geographic distribution of these emissions to a regional
scale transport, transformation and removal model. With an emphasis on pro-
viding information for a coal utilization assessment, the first phase of this
continuing program has concentrated on regional impacts associated with emis-
sions from existing and proposed coal-fired power plants. An initial air
quality assessment of the regional impacts due to coal-related sulfur emis-
sions has been described previous]y.(]) Since then, revisions and refinements
in the modeling capability, analytical techniques, and emissions inventory
have been added. For example, topography effects have been better incorpo-
rated by increasing the density of the upper air network utilized by the
model, by examining the flow characteristics at each meteorological station
to determine the most representative layer for regional pollutant transport
(some of the stations may be in restricted valleys or sheltered locations),
and by varying the deposition velocity over different terrain features., Fur-
ther, 4 months of upper air data, one in each season of 1974, have been used
to estimate annual average concentrations.



Ground-level air concentrations and surface depositions of four pollu-
tants--sulfur dioxide (802), su]fates((Sdz), nitrogen oxides (NOX), and
particulates--have been computed for existing and proposed coal-fired power
plants and coal gasification in the Northwest (excluding Alaska). Federal New
Source Performance Standards (NSPS) are the upper Timit on permissible
emissions.

This paper focuses on the modeling techniques and model results of the
impacts on regional air quality and the terrestrial environment expected from
a "possible" near-term coal electric generation development in the next decade.
It also assesses the effects of proposed amendments to the Federal Clean Air
Act on coal development and utilization within the region.



2. REGIONAL MODELING

A regional scale transport, transformation, and removal model developed
by Wendell, et a1.(2) is being utilized to obtain estimates of ground-level
air concentrations and surface deposition of SOZ’ SOZ, NOx and particulates
for the Northwest. The model has been modified to incorporate multiple
source locations throughout the Northwest so that air quality impacts from
any combination of scenarios, e.g., emission strengths and source locations,
may be evaluated.

Transport of the effluents is determined from the spatial and temporal
variations of the observed upper level rawinsonde and pibal winds interpo-
lated to a uniformly spaced grid over the region. The winds are averaged
over any given specified layer to provide a "layered-average" transport, and
gridded wind fields are produced for each hour by interpolating between the
routine 12-hour observations. Pollutant transport is simulated by a con-
tinuous plume centerline approximated by a series of massless particles
released 1/hour from selected source locations. An example of computer
plots of simulated plumes is shown in Figure 1. Average ground-level air
concentrations and surface depositions are computed by sampling the plumes
over an array of grid squares.

The vertical dispersion parameter, g, is estimated from Briggs' formula-
tions,(3) which are modified in this regional assessment to 1imit the vertical
diffusion over Tong travel distances. As an option, a 1id to the vertical
mixing such as that imposed by an elevated inversion may be specified. A
model version is currently being developed which will account for diurnal

changes in the mixing height and stability.

Horizontal dispersion about the plume centerline is accounted for by the
spatial and temporal variations in the wind field, using the techniques of

(4)

mating the horizontal dispersion parameter as a function of travel distance

previous investigations. However, the model has the option of approxi-

and stability class, although use of this capability increases computer time
by a factor of four.
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FIGURE 1. Plume Positions Shown at 12-hour Intervals from Six

Existing and Proposed Coal-Fired Power Plants for a
Release Starting at 0000 GMT April 2, 1974



A linear oxidation reaction rate is assumed for the transformation of SO2
to sulfate. This reaction rate is specified as model input. As more experi-
mental data become available, the effects of nonlinear factors such as rela-
tive humidity on the transformation rate will be considered for incorporation
in the model.

Removal of pollutants by dry deposition depends on many factors, such as
roughness height, vegetation surfaces, and wind speed. However, insufficent
experimental data exist to account properly for these processes in the model,
so that deposition velocities for each pollutant are specified as model input.
The model utilizes the techniques of source depletion, a somewhat less real-
istic but nevertheless simpler method than the techniques of surface

(5)

depletion.

Scavenging of airborne SO2 and sulfate is determined from:

where { is the reduction of the source emission rate due to precipitation
scavenging, A is the washout coefficient and t is the plume travel time during
the precipitation episode. The washout coefficient is directly proportional
to the precipitation rate. Thus, pollutant scavenging is estimated by a
source depletion term in a manner similar to dry deposition. The model is
designed to use either time-averaged or gridded hourly precipitation data.
Although the more realistic approach is to use hourly precipitation data,
these data are not currently available in a form that can be readily converted
for use in a long-term assessment model. The effects of real-time versus time-
averaged precipitation rates on 502 and sulfate removal have previously been
examined,(G) and the results indicate that there is more total removal with
time-averaged precipitation data but greater wet deposition in localized areas
with hourly precipitation data.

Although topographic effects on plume transport are not incorporated into
the model explicitly, the synoptic scale wind does reflect implicitly large-
scale topographic features. More realistic methods of approximating the
effects of topography on the transport and deposition of pollutants over the
complex terrain of the Northwest are explained later in this report.



3. REGIONAL EMISSION INVENTORY

A sulfur emission inventory is being developed for the Pacific Northwest
Region. Air quality impacts of the Regional Assessment Program have thus far
dealt with concentrations and depositions caused by Targe point coal-related
emission sources. Future assessments will include other large sources in the
region such as smelters and refineries.

Emissions from the existing and proposed power plants have been estimated
by assuming that all facilities will operate at the New Source Performance

(7) These

Standards (NSPS) promulgated by the Environmental Protection Agency.
standards stipulate the following maximum allowable emissions for power

plants:

S0,: 1.2 1b/10° Btu
Particulate: 0.1 1b/106 Btu

NO. : 0.7 1b/10% Btu

State standards may be more stringent than these and would result in emissions
less than the NSPS. Alternatively, coals with lower sulfur contents may be
utilized or additional control technology may be applied. In this study the
thermal generating capacity of the facilities is estimated by assuming a 75%
plant load factor and a 33% thermal conversion efficiency.

Emission estimates for coal gasification plants were obtained following
the procedure given in the Northern Great Plains Resource Program report.(8)
A gasification plant size of 250 million standard cubic feet of gas production
per day and an associated steam plant with a 325 MW equivalent capacity were
assumed. A plant load factor of 91% was used in estimating the emissions.

Capacity and emission rates, based on NSPS, are given in Table 1 for
major existing and proposed Northwest coal-fired power plants and in Table 2
for proposed coal gasification plants. Figure 2 shows the distribution
throughout the Northwest of the existing and proposed coal-related energy
generation emitters and their relative size in terms of SO2 emissions. Emis-
sions from sources near the same location (e.g., Wyodak power plant and
Gillette gasification plant) are combined for this regional air quality



TABLE 1. Emissions from Coal-Fired Power Plants in the Northwest
(Based on New Source Performance Standards)

Capacity

Emissions (103 tons/yr)

Power Plant (MWe) S02 Particulates NOx

Washington

Centralia 1390 56.1 4.9 32.7
Oregon

Carty (Proposed) 500 20.2 1.7 11.8

Eden Ridge (Proposed) 100 4.0 0.3 2.4
Idaho (a)

Pioneer (Proposed) 1500 60.5 5.0 35.3
Montana

J. E. Corette 173 7.0 0.6 4,1

Colstrip 18&2 (b) 660 26.6 2.2 15.5

Colstrip 3&4 (Proposed) 1400 56.5 4.7 33.0
Wyoming

Jim Bridger 2034 82.1 6.8 47.9

Dave Johnston 750 30.3 2.5 17.7

Naughton 707 28.5 2.4 16.6

Wyodak Simpson 358 14.4 1.2 8.5

Laramie River (Proposed) 1500 60.5 5.0 35.3

Naughton (Proposed) 860 34.7 2.9 20.2
Total

Existing 6072 245.0 20.6 143.0

Proposed 5860 236.4 19.6 138.0

Existing and Proposed 11932 481.4 40.2 281.0

(a) Permit to construct has recently been denied by the Idaho

Public Utilities Commission.
(b) Permit to build was recently issued.



TABLE 2. Emissions from Possible Gasification Plants
and Total Coal-Related Emissions

. 3
Possible ‘ Capacity §g1ss1ons (10 tons/ﬁg)

Gasification Plants (MMSCFD) "2 Particulates X
Wyoming

Casper 250 21.5 1.9 10.4

Douglas 250 21.5 1.9 10.4

Gillette 250 21.5 1.9 10.4

Lake DeSmet 250 21.5 1.9 10.4
Total 1000 86.0 7.6 41.6

Total Coal-Related Emissions (Existing + Proposed Power
Plants + Possible Gasification Plants)

502: 567,400 tons/yr
Particulates: 47,800 tons/yr
NOX: 322,600 tons/yr
. 1-20 Konslyr (P - PROPOSED
® 2140 ktons/yr (E + P) ~EXISTING + PROPOSEp

4160 ktonslyr
@® 60-80 ktons/yr
>80 ktons/yr

COLSTRIP
© ¢+ p

CORETTE

CENTRALIA

® ©GILLETTE
LAKE (E+P
DE SMET ® DOUGLAS
P P

CASPER LARAMIE

E+P) RIVER(H'////\\
/
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* EDEN RIDGE
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FIGURE 2. Distribution of Major Existing and Proposed Coal-Fired Power Plants
(>100 MWe) and Proposed Coal Gasification Plants in the ‘Northwest
and Sulfur Dioxide Emission Estimates Based on New Source Perfor-
mance Standards



assessment. As seen from Figure 2, a major portion of the existing and pro-
posed coal-related emissions extend from the Great Plains of southeast Montana
through eastern Wyoming and into southwest Wyoming.

(

nlants shows enormous variations in emissions, in some cases an order of

An inventory of actual emissions data 8,9) for existing coal-fired power
magnitude for plants of approximately the same generating capacity. This is
most likely due to no high efficiency control devices at some of the older
power plants. For this assessment, however, since some of the existing plants
may have modified their emission control devices after the publication of the
emission inventories, emissions based on NSPS were used to obtain conservative
(high) concentration estimates for all sources until more updated emissions
data can be acquired.

As this model is refined and energy development scenarios for the North-
west are examined, future emissions will be computed directly from the energy
conversion, transportation and consumption estimates of the simulation program
projected to the year 2020. This present study concentrates on air quality
impacts associated with the combined long-range transport of the existing
major coal-fired power plants in the Northwest, and the incremental effects
of a "possible" coal-fired electric generation and coal gasification devel-
opment scenario projected about 10 years into the future.

10



4. ADAPTATION OF THE REGIONAL MODEL TO THE NORTHWEST

In adapting the regional model to the Northwest, particular attention
should be given to the air transport analysis, a major component of air qual-
ity assessment. Upper air data and the topographic features of the Northwest
are important inputs to the regional model and are discussed below.

4.1 UPPER AIR DATA

Over large regions of complex terrain, such as the Northwest, caution must
be used in interpolating gridded winds from upper air stations which are sepa-
rated from emission sources by physical topographic barriers. These barriers
cause wind characteristics significantly different from those near the source.
Large-scale topographic influences on the wind field, such as channeling or
sheltering effects, are often apparent 1000 m or more above the mean surface.
For this reason, a study was conducted to determine how the atmospheric trans-
port analysis could be improved over the Northwest, particularly for areas Tlike
Puget Sound in western Washington, the Columbia Basin of north-central Oregon,
and the high plateau of southwest Wyoming. These are areas where large coal-
fired power plants either exist or are proposed, but where standard upper air
data at 0000 GMT and 1200 GMT are not available.

Two techniques were used in this study. The first was to increase the
network density of upper air observations by incorporating those stations with
upper air pilot balloon wind observations (pibals) at 0600 GMT and/or 1800 GMT.
Figure 3 shows the upper air network of rawinsonde and pibal stations used in
this assessment. Station names are given in Table 3. Some of the pibal
stations, e.g., GRF, SEA, PDT, CPR, and BIL, are close (within 10 to 70 km)
to specified emission sources where major topographical influences on the
wind fields exist. Pibal stations which are located in mountain valleys or
sheltered locations and not near any existing or proposed coal-fired power
plant (e.g., Missoula, Montana and Wendover, Utah) were not used for this
analysis.

Observations at 0600 GMT were included with those at 0000 GMT for com-
puting the gridded winds at 0000 GMT. Likewise, 1800 GMT observations were

11
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TABLE 3.

Meteorological Stations Utilized
in the Interpolation Scheme

Station Station Layer-Averaged
Number Symbo1 Station Name Winds Specified(a)
72451 DDC Dodge City, KS 1
72469 DEN Denver, CO 1
72476 GJT Grand Junction, CO 2
72486 ELY Ely, NV 1
72562 LBF North Platte, NB 1
72569 CPR Casper, WY 1
72572 SLC Salt Lake City, UT 2
72576 LND Lander, WY 2
72583 WMC Winnemuca, NV 1
72597 MFR Medford, OR 2
72654 HON Huron, SD 1
72662 RCA Rapid City, SD 1
72666 SHR Sheridan, WY 1
72677 BIL Billings, MT 1
72681 BOI Boise, ID 1
72683 4BW Burns, OR 1
72688 PDT Pendleton, OR 1
72694 SLE Salem, OR 1
72764 BIS Bismarck, ND 1
72768 GGW Glasgow, MT 1
72775 GTE Great Falls, MT 1
72777 HVR Havre, MT 1
72785 GEG Spokane, WA 1
72793 SEA Seattle, WA 1
72797 UIL Quillayute, WA 1
72852 YWG Winnipeg, Mani. 1
72853 YBR Brandon, Mani. 1
72863 YQR Regina, Sask. 1
72874 YQL Lethbridge, Alb. 1
72892 YVR Vancouver, BC 1
74109 YZIT Port Hardy, BC 1
74115 WVK Vernon, BC 2
74207 GRF Tacoma, WA 1
(a) 1 =100 m to 1000 m layer
2 = 1000 m to 2000 m Tlayer.
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included with 1200 GMT observations for estimating gridded winds at 1200 GMT.
Some of the pibal stations (e.g., Sheridan, Wyoming) occasionally take obser-
vations at two consecutive 6-hour periods, such as 1200 GMT and 1800 GMT. In
this case, the 1200 GMT observation was selected.

An investigation shows no significant difference in the long-term trans-
port patterns if different time period combinations, such as the inclusion of
0600 GMT observations with 1200 GMT observations and 1800 GMT with 0000 GMT,
are used. For this reason, more elaborate interpolation schemes were not con-
sidered. In regions of complex terrain, the effects of topography on the
long-term regional transport patterns appear to overwhelm the effects of
short-term (6-hour) temporal variations.

The second technique involved specifying the appropriate layer of winds
for transporting the pollutant. For example, the emission source may be
located on a broad plateau while the nearest upper air station is in a con-
fined valley. In this case, a higher layer of wind data may be used so that
the winds in the interpolation scheme are above the influence of local
topography.

For the majority of stations, winds averaged over a layer between 100
and 1000 m above the ground were used to estimate the pollutant transport.
However, for rawinsonde stations Tocated in mountain valleys or sheltered
locations away from the emission sources, e.g., MFR, WVK, LND, and GJT,
1000 to 2000 m layered winds were used to get above the influence of local
topography. Also, the 1000 to 2000 m layered winds over SLC were used to
obtain better transport estimates for the Naughton and Jim Bridger coal-fired
power plants. These facilities are located in the southwest Wyoming basin
which is an elevation about 600 to 700 m higher than the Salt Lake basin. The
layer-averaged winds specified for each station are given in Table 3.

4.2 TOPOGRAPHY

An additional feature of the modeling used in this study is the capa-
bility to vary the dry removal rates over different terrain types. Terrain

14



features over the Northwest grid were classified into four general types,
shown in Figure 4. Smooth terrain types include large water bodies and
gently rolling to hilly terrain composed of grasslands and small shrubs, typi-
cal of a steppe climate. All nonmountainous terrain east of the Cascade
Mountains has been classified in this category. Flat forested areas in the
Northwest are confined to the marine climate of western Oregon and Washington.
As seen in Figure 4, a majbr portion of the Northwest is mountainous and very
mountainous terrain. The mountainous terrain type includes very hilly areas
(e.g., the coastal ranges of Washington and Oregon). The large extensive
mountain ranges (mainly the Rockies and Cascades), which act as major bar-
riers to regional transport of pollutants, have been designated as very

mountainous terrain,

For each pollutant, dry removal rates are specified as model input for
each terrain class. While insufficient data exist on deposition velocities
over forested and mountainous terrain, it is generally accepted that dry
removal rates are greater over these surface features primarily due to
increased roughness and to the ability of vegetation to take up gaseous and

particulate pollutants. Model predictionst'®>!1)

(12)

and wind tunnel experi-
ments show an increase in deposition velocities with increased roughness
heights; however, there is also considerable variation in these predicted

deposition velocities.

Over mountainous terrain, additional factors such as plume impaction
against the steeper slopes, increased roughness heights due to greater
height variations of the terrain surface, and greater plume dilution due to
terrain induced turbulence, complicate the problem of specifying deposition
velocities. We assumed here that dry removal rates are significantly higher
over mountainous terrain than over forested regions. Start et a].(]3)
investigated effluent transport over mountainous terrain and observed dilu-
tion factors averaging 4 to 15 times that predicted for smooth, flat terrain
under similar atmospheric conditions. However, there is no way to account
for the fraction of the observed dilution which can be attributed to plume
impaction against the elevated terrain and the fraction attributed to

enhanced mechanical turbulence. Greatest dilutions were observed under

15
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FIGURE 4. Gross Terrain Features over the Northwest Grid Used in Approxi-
mating Spatial Variations in Dry Deposition Velocities

strong inversion conditions and smallest during lapse conditions, in contrast
to what is typically observed over flat terrain. Yet, since these measure-
ments were taken primarily within 10 km of release points very near or within
mountainous terrain, the applicability of these results to long-range trans-
port over mountainous terrain is difficult to infer.

4.3 SUMMARY OF MODEL INPUT

Upper air data for computing layer average gridded winds were used in
this assessment for the following periods in 1974: April 1-30, July 1-31,
October 1-31, and December 1-19. Thus, each season was represented so that
seasonal variations in transport patterns throughout the Northwest could be
examined. In Appendix A, a discussion of the comparison of 1974 meteorology
with climatic averages is provided.
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A 38.5 km grid spacing was used in the analysis, giving a grid area,
and consequently a computational resolution, of approximately 1500 km2 over
which the concentrations and depositions were averaged. Neutral stability
conditions were assumed for the diffusion calculations in each period.
According to the diffusion formulation used, g, (the vertical dispersion
coefficient) approaches an asymptotic limit of 3000 m for neutral stability.
An effective stack height of 400 m was assumed for all sources.

Dry deposition velocities for smooth, flat terrain were specified as
1 cm/sec for SO2 and NOX and 0.1 cm/sec for sulfates and particulates.
Deposition velocities were increased by a factor of 2 for forested terrain,
a factor of 5 for mountainous terrain, and a factor of 10 for very mountain-
ous terrain. A transformation rate from SO2 to sulfate was set at 5%/hr. For
NOX and particulates, no transformation was assumed. The washout coeffi-
cients, A, for wet removal were specified as follows:

—
il

P/2/hr for SO2 and NOx

=
H

2 P/20/hr for sulfates and particulates

where P is the rainfall rate in mm/hr. Spatial variations in the rainfall
rate were determined by interpolating the mean monthly precipitation data
(obtained from mean monthly precipitation maps) to the same size grid squares
over which the concentrations and deposition were computed.

17



5. RESULTS

Average ground-level air concentrations and surface deposition of 502’
sulfates, particulates, and NOx from major existing and proposed coal-fired
power plants and coal gasification plants were computed for each of the four
T-month periods. Annual average concentrations and depositions were computed
from these four periods. Each period was weighted equally to obtain annual
average estimates, regardless of the number of days in each period. That is
to say, the average concentration for the 19-day period in December is con-
sidered representative of the winter season, the average concentration for
the 30-day period in April is considered representative for the spring sea-
son, and so forth. Deposition was normalized to an annual cumulative amount
deposited on the surface. Maximum allowable annual average air concentra-
tions allowed under the National Ambient Air Quality Standards (NAAQS) are
given in Table 4. State standards must at Teast meet the NAAQS and may be
more restrictive.

TABLE 4. National Ambient Air Quality Standards
for Sulfur Dioxides, Total Suspended
Particulates, and Nitrogen Oxides

Maximum Allowable Annual
Average Air Concentrations

Pollutant Primary Standard Secondary Standard
Sulfur Oxides 80 g/m> 80 g/m>
Particulates 75 g/m3 60 g/m3

Nitrogen Oxides 3 3
(as Nitrogen Dioxide) 100 g/m 100 g/m

5.1 §92 CONCENTRATIONS

Annual average concentrations of SO2 are shown in Figure 5 for the
existing plants and in Figure 6 for the existing plus proposed plants Tisted
in Table 1. Except for the Centralia plant, Tocated in western Washington,
all the existing power plants are in Montana and Wyoming. Largest annual
average SO2 concentrations predicted by the model from coal-related emissions
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FIGURE 5. Annual Average Ground-Level Air Concentrations of SO2 for Existing
Plants Based on New Source Performance Standards

B3 - ougm’
B’
[]03-1ugm’

FIGURE 6. Annual Average Ground-Level Air Concentrations of S02 for Existing
and Proposed Plants Based on New Source Performance Standards
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alone are approximately 4 ug/ms,(a) which is well below the NAAQS (80 pg/m3)
and state standards. However, since this value is an average for a 1500 km2
grid, much higher concentrations would be computed near the source using
Gaussian plume type models. By comparing the area within 1 ug/m3 contour
interval in Figures 5 and 6, it can be seen that increased regional inter-
actions of pollutants will occur over parts of Montana and Wyoming due to
the proposed plants. For the existing power plants, the model shows there
are presently no regional scale interactions of 502 concentrations greater
than 1 ug/m3; however, there is considerable interaction of concentrations
greater than this value with the addition of the proposed plants in Montana
and Wyoming. While these incremental concentrations may seem insignificant,
they could be quite important if they extend over areas where only small
increases (i.e., 2 ug/m3) in air concentrations would be allowed under pro-
posed amendments to the Federal Clean Air Act. This will be discussed in
more detail in Section 6.

Seasonal variations between winter and summer concentrations and trans-
port patterns can be seen by examining average concentrations for the July
period in Figure 7 and for the December period in Figure 8. Several signifi-
cant differences in the two periods are apparent: over the western half of
the grid, Targest SO2 concentrations are generally higher in July than in
December due to less precipitation scavenging and lower wind speeds during
summer. The most dramatic difference is at Centralia where the December
precipitation averages over 6 inches whereas July precipitation averages less
than 1 inch. With the exception of Centralia all the existing and proposed
coal-fired power plants are in dry locations. However, seasonal variations
in mean precipitation are pronounced with late spring and summer maximums
east of the Rocky Mountains and winter maximums in Oregon and Washington.
Nevertheless, over Montana and Wyoming, there are no significant differences
between the largest concentrations for July and December. This is most Tikely

(a) Air quality is, by convention, normally expressed in ug/m3.
For purposes of comparison 1 ug/m3 is approximately equal
to 0.38 x 10-3 ppm for SO, at 25°C.
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FIGURE 7. Ground-Level Air Concentrations of SO2 for July 1974
for Existing and Proposed Plants Based on New Source
Performance Standards
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FIGURE 8. Ground-Level Air Concentrations of SO2 for December 1-17, 1974,
for Existing and Proposed Plants Based on New Source
Performance Standards
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due to the fact that the effects of lower wind speeds in July are somewhat
offset by greater precipitation, whereas in December the reverse is true.

The predominance of northwest winds in December and southeast winds in
July over the Great Plains of Montana and Wyoming is apparent from a compari-
son of the concentration patterns for the two periods. In December the efflu-
ent is transported further into the bordering states of South Dakota, Nebraska,
and Colorado, while in July there is more transport toward the northwest.
These transport features over eastern Montana and eastern Wyoming agree well
with the climatological surface flow patterns for the two periods, based on
an examination of surface wind rose data. In addition, the influence of
topography on effluent transport patterns is apparent in certain regions,
such as the Snake River Valley of southwest Idaho and the Puget Sound-
Willamette Trough of western Washington and Oregon.

5.2 SULFATE CONCENTRATIONS

Annual average sulfate concentrations for all existing and proposed
power plants are shown in Figure 9. In contrast to the SO2 concentrations,

B3 - 10ugm’
1-3ugim’
303 - lugm’

[Joa -0.3pg/m’

3
D
W
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FIGURE 9. Annual Average Sulfate Concentrations for Existing
and Proposed Plants Based on Emissions at New
Source Performance Standards
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the sulfate concentrations decrease much more slowly with distance from the
source, primarily due to much smaller removal rates of sulfate for both pre-
cipitation scavenging and dry deposition. Largest annual sulfate concentra-
tions are approximately 2 ug/m3. This estimate can be compared with measure-
ments reported by A]tshu]]er,(]4) who showed measured sulfate concentrations
at urban sites throughout the western U.S. averaging from 5 to 9 ug/m3, while
measurements at nonurban sites indicate background levels of about 1 ug/m3 or
less. Although the maximum annual average sulfate concentrations estimated
by the model are slightly less than the maximum for 502, the area with con-
centrations exceeding 1 ug/m3 is substantially larger for sulfates than for
502, particularly over Montana and Wyoming. Here the combined wet and dry
removal rate is less, leaving more 502 in the atmosphere for chemical con-
version to sulfates. Thus, sulfate concentrations hundreds of kilometers
downwind of the source may be almost as large as they are near the source.

NAAQS for sulfates have not been established. However, air quality
standards for sulfate have been adopted by the State of Montana, where the
maximum allowable annual sulfate concentration is 4 ug/m3.(8) Since regional
sulfate concentrations of 1 to 3 ug/m3 are predicted for the ccal generation
development in Montana, the model results here indicate these standards could
prove to be constraints upon energy development if emission levels up to the

Federal New Source Performance Standards are permitted.

5.3 S0, DEPOSITION

Annual total deposition of 802 for all existing and proposed plants is
shown in Figure 10. The patterns are similar to the SO2 concentration pat-
terns. However the deposition patterns are not as confined to the basins,
indicating the greater wet and dry removal rates of SO2 over mountainous
terrain. The analysis shows that 1 g/mz, or 9 1b/acre, or more of 502 can be
deposited onto the terrestrial environment in the vicinity of a large power
plant each year. Assuming that the top foot of a soil profile weighs roughly
6 x 106 1b/acre, this would result in a sulfur concentration in the soil pro-
file of 0.75 ppm.
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FIGURE 10. Annual Total SO» Deposition from Existing
and Proposed Plants Based on New Source
Performance Standards

According to the U.S. Testing Company(]s) as much as 60 Tb/acre of sulfate
needs to be applied to soil with no existing sulfur content in the Pacific
Northwest for agricultural purposes. For soil with greater than 20 ppm sulfur,
no additional applications are necessary. Thus, although damage could occur
as the 502 passes through the plant canopy to the soil, the increase of sulfur
within the soil profile could benefit agriculture. Agriculture is an impor-
tant activity in the Pacific Northwest, and research on the potential impacts
that energy development may have on agricultural productivity should be
pursued.

5.4 SULFATE DEPOSITION

Annual total sulfate deposition for existing and proposed plants is
shown in Figure 11. For the most part, largest sulfate depositions are
roughly a factor of 5 to 10 smallier than 502 depositions. This is primarily
due to the smaller wet and dry removal rates for sulfates and the deposition
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FIGURE 11. Annual Total Sulfate Deposition from Existing
and Proposed Plants Based on New Source
Performance Standards

of much of the 302 before transformation occurs. The analysis shows that
largest sulfate depositions are generally a considerable distance away from
the source and often over mountainous terrain.

A comparison of the total regional 502¥su1fate budgets for the July and
December periods for a wet location (Centralia, in western Washington) and a
dry Tocation (Colstrip, in southeastern Montana) is given in Table 5. Overall,
the majority of the SO2 released is either deposited as 502 or transported
beyond the grid as sulfate. The largest contrast in deposition between the
two sites is during the December period when almost twice as much 502 is
deposited from Centralia (85%) as from Colstrip (44%). This difference
primarily reflects the enormous variations in mean monthly precipitation
for December between the two sites. During this season the region around
Centralia receives nearly an order of magnitude more precipitation than the
region around Colstrip.
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TABLE 5. Seasonal Comparisons of Total S02-Sulfate Budgets
within the Northwest Grid

Left in Deposi ted
Air Over on Surface Transported
Grid of Grid, Beyond Grid,
Percent(a) Percent Percent Total.
Period Source SO2 SO4 SO2 SO4 SO2 SO4 Percent
July 1-30 Centralia, WA 0.8 2.4 67.0 21.1 0.2 8.6 100.0

Colstrip, MT 1.3 4.9 52.2 15.3 1.0 25.4 100.0

Dec 1-17 Centralia, WA 0.8 0.6 84.6 6.8 0.4 6.9 100.0
Colstrip, MT 1.9 1.6 44.4 4.5 8.5 39.1 100.0

(a) Percent of total emissions or transformed material remaining at end
of computation period.

During July, which represents the summer season, the total 502 and sulfate
deposited from Centralia again is greater than from Colstrip, even though the
July precipitation is greater at Colstrip. This is mainly due to the terrain
differences between the two regions. The forested and mountainous terrain
near Centralia is assumed to cause much higher deposition velocities than the
smooth grasslands near Colstrip.

As mentioned previously, wet removal by time-averaged precipitation over-
estimates the surface deposition of SO2 by approximately 10 to 15%. If deposi-
tion occurs by dry processes only, approximately 35% of the total released is
deposited as SO2 and about 45% remains in the air as sulfate (assuming a uni-
form deposition velocity of 1 cm/sec). For a deposition velocity of 2 cm/sec
(the model assumptions for forested terrain), the corresponding values are
approximately 53% deposited as 502 and 33% remaining in the air as sulfate.

5.5 PARTICULATES

Annual average particulate concentrations for existing and proposed plants
are shown in Figure 12. Largest concentrations are less than 1 ug/m3. The
national average background particulate level is approximately 25 pg/m3 and
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FIGURE 12. Annual Average Particulates Concentrations for Existing
and Proposed Plants Based on New Source Performance
Standards

generally Tower (10 to 20 ug/m3) for the northern Great P1ains.(8) Thus, the
concentration from coal power plants and gasification plants appears to be
insignificant in the long-term assessment. A standard of 75 ug/m3 has been
established as the maximum allowable annual average of total suspended par-
ticulates. However, annual and/or 24-hour particulate standards are exceeded
even in rural areas of the Northwest as a result of particulates formed by

uncontrollable natural processes such as windblown dust.(16)

5.6 NITROGEN OXIDES

Annual average NOX concentrations are shown in Figure 13. The patterns
are similar to those for 502. Largest concentrations are in the range of
1 to 3 ug/m3, compared to the NAAQS of 100 ug/m3. This indicates that no
significant long-term regional air concentrations of NOX due to existing and
proposed coal power and gasification plants are expected on a regional scale.
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FIGURE 13. Annual Average NO, Concentrations for Existing
and Proposed Plants Based on New Source
Performance Standards
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6. MODEL APPLICATION TO ASSESS PROPOSED CLEAN AIR ACT AMENDMENTS

One of the most controversial Federal air quality regulations to be
passed in recent years deals with prevention of significant air quality dete-
rioration. Those regulations were promulgated by the Environmental Protection

Agency in December 1974(]7)

after a suit had been filed against the Administra-
tion in June of 1972 stating that no State Implementation Plan was designed

to protect clean areas from significant air quality deterioration. The suit
referred specifically to the Four Corners Project, which is a major coal-fired
energy facility established in an area of very clean air. The EPA Significant
Deterioration Regulation specifies that all states must designate all regions
as either Class I (the air must remain almost as clean as presently exists),
Class II (air quality can be degraded up to approximately 25% of the NAAQS),

or Class III (air quality can be degraded up to the NAAQS).

These regulations generated immediate controversy. Industry considered
them too stringent and oriented toward a no-growth policy. Conservation
groups considered them too lenient, including the Sierra Club which claimed
that the Class III designation would allow states to establish as much area
as they wanted to be degraded up to the legal air quality limits. Further-
more, the regulations only allowed for total suspended particulates and 502.
Once again the Sierra Club sued the EPA, but this time Congress stepped in to
clarify the issue by legislation rather than leaving it up to the courts to
decide.

Separate proposals were developed by the Senate and the House. The
allowable air quality increments under the various proposals are shown in
Table 6, and a summary of the major differences among the proposals as they
existed in late 1975 is given in Table 7. These tables were taken from an
analysis prepared by the EPA(]B) on the impact the various proposed regula-
tions would have on the electric utilities. The analysis showed that, in
general, the proposed regulations would have an impact on the electric utili-
ties in siting new power plants, particularly in- the west where much of the

mandatory Class I Tand exists.
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TABLE 6. Allowable Air Quality Increments Under Alternative Significant
Deterioration Proposals (ug/m3)

Source: EPA, 1975 (Reference 18)

CLASS I CLASS II CLASS 111
Pollutant EPA Senate House (a) EPA Senate House (a) EPA (b) Senate House (b)
Standard Regs. Proposal Proposal Regs. Proposal Proposal Regs. Proposal Proposal
Sulfur
Dioxide
Annual 2 2 1.6 15 15 20 80 No 40
24-hour 5 5 7.3 100 100 91 365 Class 183
3-hour 25 25 26 700 700 325 1300 1 50
Total
Suspended
Particulates
Annual 5 5 7.5 10 10 19 75 No 38
24-hour 10 10 15 30 30 38 150 Class 75
II

{a) The increments for the House proposal are based on limitations of 2% of NAAQS for Class I, 25% for Class II, and
50% for Class IIl, except that the limit for total suspended particulates in Class I is 10% of NAAQS. In addition,
the House proposal stipulates that the concentration of all pollutants cannot exceed 75% of the national ambient
air quality standards in any of the classes.

(b) EPA's Class III allows degradation up to the NAAQS (see Table 4).
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On August 2, 1976 the U.S. District Court of Appeals for the District of
Columbia upheld the EPA's regulations, ruling against the Sierra Club suit.
Three days later, on August 5, the Senate approved its version of the Pre-
vention of Significant Air Quality Deterioration legislation, which was part
of a package of proposed Clean Air Act Amendments (S 3219), by a vote of 78
to 13. Hearings on the House version of the Clean Air Act Amendments ‘

(HR 10498) began almost simultaneously, on August 4, and were approved a few
weeks later. The amendments are presently before the full Congress.

We used the regional transport model to examine the effects those regula-
tions will have on siting new electric generating facilities in the Northwest.
The House and Senate versions, as well as the EPA regulations, specify that,
at the least, emissions from new facilities must comply with the NSPS.
Furthermore, the House and Senate versions specify mandatory and discretion-
ary Class I exclusion areas, where very little air quality deterioration is
permitted. Under the present Senate version, for example, National Parks and
Wilderness Areas will be mandatory Class I areas, while many other types of
Federal Tands, such as National Forests, National Wildlife Refuges, and
Indian Reservations, could be designated Class I upon agreement with the
appropriate Federal Tand manager and state officia]s.(a)

Figure 14 shows all possible Class I exclusion areas under the present
version of the proposed regulations. Included in this figure are the con- .
tours for the 1 and 3 ug/m3 annual 502 concentration predicted by the model
for existing and proposed energy generating facilities in the region. These
contour intervals essentially envelop the allowed 502 degradation permitted by
both the House and Senate versions of the proposed significant deterioration
regulations (Table 6). This analysis shows that very few possible Class I
exclusion areas will be affected by the "possible" near-term development
scenario. Exceptions could be the Flaming Gorge National Recreation Area in

(a) The Northern Cheyenne Indian Reservation has requested that the air quality
classification for their Reservation be established at Class I. The
Colstrip complex (2060 MWe) is about 15 miles from the Reservation.
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southwest Wyoming and northwest Colorado, and the Northern Cheyenne Indian
Reservation in southeast Montana.

This analysis is not to provide a detailed assessment of the proposed
regulations for the Prevention of Significant Air Quality deterioration, but
rather to demonstrate the utility of applying regional transport models to
these kinds of assessments. It is intended that, as the modeling program
proceeds and proposed Clean Air Act Amendments are signed into law, the effects
of these regqulations on the electric utilities in the Northwest will be
assessed as a component of the Regional Assessment Program.
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7. RECOMMENDATIONS

There are many facets to air quality assessments besides Tong-range pol-
lutant transport. Modeling of individual proposed facilities, estimating
visibility reductions, examining secondary air quality impacts, and regional
and global climatic impacts are just some of the assessments being considered
under the Regional Assessment Program. However, much work is still required
on the regional modeling program to provide more realistic assessments of Tong-
range pollutant transport processes. Recommendations for this continued
effort are Tisted below:

e There is a need to incorporate improved techniques to account for the
effects of regional topography on the transport and diffusion properties
of the atmosphere.

e More experimental studies on dry deposition velocities over mountainous
terrain are required.

e More realistic dry removal methods in the model are necessary, including
a surface depletion instead of a source depletion scheme.

e Techniques need to be developed to incorporate the effects of diurnal and
seasonal variations in stability and mixing height into the regional
modeling.

e A more thorough seasonal and annual assessment should be performed using
a complete year's meteorological data, including hourly precipitation
data to more accurately estimate temporal and spatial variabilities in
precipitation scavenging.

e More complete information on background air quality levels of the various
pollutants throughout the region are required to fully evaluate air
quality impacts from existing and proposed facilities.

e A more complete emission inventory, including large nonenergy sulfur
emitters, needs to be incorporated into the modeling effort.
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® The effect of biogenic sources of sulfur on the sulfate budget in the

Northwest needs to be studied, similar to a study performed in the east-

ern U.S. by Hitchcock. (19)

These types of studies are currently underway in the Regional Assessment
Program as well as other programs sponsored by various agencies, including
ERDA. As improved methodologies become available they will be incorporated
into the assessment program to provide a more realistic picture of the
regional environmental trade-offs to be expected with future energy develop-

ment scenarios.
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COMPARISONS OF 1974 DATA TO CLIMATIC AVERAGES

Anomalies of wind speed and direction, precipitation, and temperature
were examined over the Northwest for April, July, October, and December 1974
to determine how representative each of the four periods in 1974 were of
average conditions. Of primary concern are the extreme departures from the
long-term averages (e.g., those that occur only once in 10 years or more), and
not the normal deviations that are expected from year to year. The main pur-
pose here is to investigate the anomalies of each period to assure the time
period(s) used was not one of the windiest or calmest, rainiest or driest, or
hottest or coldest periods on record in the Northwest.

For this regional air quality assessment, the only real time meteorologi-
cal data used were wind speed and direction. Spatial variabilities in pre-
cipitation scavenging were approximated from gridded values of mean monthly
precipitation, as previously described. Therefore, the most important param-
eters here are the temporal and spatial variations in the wind flow patterns

(estimated from layer-averaged rawinsonde and pibal wind data) and the repre-
sentativeness of these flow patterns with the mean flow. For the purposes

of this comparison, we felt the use of surface wind data was sufficient.

Thus, the monthly mean wind speeds for April, July, October, and December 1974
at first order weather stations(a) were compared with their corresponding
monthly climatological averages.(b) A few of the stations could not be used
in the comparison because of recent changes in instrument height or location.
Precipitation and temperature anomalies are discussed nevertheless to provide
additional information on the representativeness of 1974 with climatological

(c)

averages.

(a) Climatological Data, National Climatic Center, Environmental Data Service,
Asheville, NC.

(b) Climates of the States, National Climatic Center, Environmental Data
Service, Asheville, NC.

(c) Climatological Data, National Summary, National Climatic Center, Env1ron-
mental Data Service, Asheville, NC.
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APRIL

Mean wind speeds for April 1974 were above normal (1 to 2 mph) over
Idaho, eastern Washington, and eastern Oregon and near normal elsewhere. How-
ever no large departures from the mean prevailing flow patterns were evident.
Precipitation for April was highly variable over the region, varying from
50 to 200% of normal (Figure A-la). Except for temperature departures of
3 to 4°F above normal over much of Montana, April temperature averages were
near normal over most of the Northwest (Figure A-1b). Overall, the weather
during April 1974 was not extreme and appears representative of the average
April in the Northwest.

JULY

Mean wind speeds for July 1974 were near normal over most of the North-
west, with no extreme departures from normal. Precipitation was much above
normal over much of Washington and Oregon, with some record amounts in west-
ern Washington and Oregon (Figure A-2a). This was due to a southward dis-
placement of the mean storm track during this time. No extreme precipitation
departures occurred over the remainder of the Northwest. Mean temperatures
were about 2 to 4°F warmer than normal over Montana and Wyoming and about
2°F cooler over most of Washington (Figure A-2b). Thus, July 1974 appeared
cooler and wetter than normal over most of Washington and Oregon and warmer
than normal over Montana and Wyoming. However, the prevailing flow patterns
appeared, for the most part, similar to the mean for July.

OCTOBER

Mean wind speeds for October 1974 were 10 to 30% below normal. Condi-
tions were drier than normal over Oregon, Washington, northern Idaho, and
northwest Montana, with generally less than 50% of the normal precipitation,
and wetter than normal over southern Idaho, Wyoming, and southeast Montana,
with over 300% of the normal precipitation reported over parts of this area
(Figure A-3a). Temperatures were 1 to 2°F above normal throughout most of

the northwest (Figure A-3b). With the exception of a brief period at the
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end of the month, the storm track lay north of the region--perhaps further
north than would normally be expected. In general, departures of meteorologi-
cal parameters over the region during October were opposite those during July.

DECEMBER 1-19

Average wind speeds for the period December 1-19, 1974 showed no large
departures from normal. However, the time period is too short for a good
representation of the different types of flow patterns. Most of the region
was drier (Figure A-4a) and warmer (Figure A-4b) than normal, particularly in
northern Montana, with the storm track staying generally well to the north of
the region.

SUMMARY

For the period as a whole, much of the region was generally warmer and
drier than long-term averages. However, there were many regional exceptions
to this. A wetter and stormier period in July was balanced by a drier period
in October. These observations indicate qualitatively that many offsetting
meteorological variations over the 4 months used in this study resulted in
1974 being a rather "typical" year compared with climatology.
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