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Executive Summary 
 
Emissions from municipal waste combustors and other stationary sources of air pollution have 
heightened concern about the respiratory health of residents living in the Merrimack Valley 
region in Northeastern Massachusetts.  In addition, the topographic configuration of this region 
(a broad valley oriented generally southwest to northeast) can result in the trapping of air 
pollutants that are emitted from stationary and mobile sources.  To help address regional 
concerns about public health, the Massachusetts Department of Public Health (MADPH) retained 
KM Chng Environmental Inc. to support the exposure assessment portion of its epidemiological 
study of asthma in children in the Merrimack Valley.  The study region includes the towns of 
Dracut, Andover, North Andover, and the cities of Lawrence, Methuen, and Haverhill (also referred 
to in this report as “the six-community study region,” or the specifically-named town or city (by 
itself) as a geographic entity in the Merrimack Valley).   
 
In order to determine the most appropriate meteorological data for the analysis, data were 
acquired and wind roses were developed and analyzed for two locations in the Merrimack 
Valley, and for Boston's Logan International Airport, a flat, exposed coastal location 
approximately 22 miles southeast of the study area.  A Pasquill Stability Class frequency 
analysis was also performed to aid in the determination of the most appropriate meteorological 
data.   
 
While most of the land area being modeled in the six-community study region where the stack 
plumes will be dispersing is in a rural environment, the urban areas of Lawrence and Haverhill are 
also in the modeling domain. Because the study area included several urban areas and a number 
of areas with mixed land use, a preliminary dispersion modeling sensitivity analysis was 
performed using permitted (allowable) particulate matter  (PM10) stack emissions data that were 
initially available at the onset of this study.  The purpose of this preliminary modeling, using the 
USEPA's ISCST3 model, was to select the appropriate dispersion model option for rural or urban 
mode.   
 
The wind rose and Pasquill Stability Class frequency analyses confirmed the selection of the 
1998-2001 Lawrence Municipal Airport hourly meteorological database for use in the final 
dispersion modeling since those data were shown to be the most representative of meteorological 
conditions expected in the study area.  This model sensitivity analysis confirmed the selection of 
the rural mode option for use in the final dispersion modeling since most of the land area being 
modeled in the six-community study region where the stack plumes disperse is in a rural 
environment, and maximum cumulative source concentrations would not be underestimated 
using the rural mode option.  It was also found from the preliminary dispersion modeling that the 
selection of meteorological databases and model options can have a significant impact on the 
locations and magnitudes of modeled maximum ground-level concentrations, given the terrain in 
the Merrimack Valley region.   
 
Final refined air quality dispersion modeling with actual stack emissions data from 39 facilities 
located within, or in the vicinity of, the six-community study region was performed using the 
USEPA's ISCST3 model and a grid of approximately 6,300 receptors with 250 meter spacing 
covering nearly 150 square miles.  An additional 82 discrete receptors, representing the locations 
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of specific schools in the study area provided by the MADPH, were also evaluated separately in 
this modeling study. 
 
Seasonal and annual average dispersion modeling was performed for each of four years (1998-
2001) using the Lawrence Municipal Airport meteorological database, and actual PM10 and 
VOC facility emissions. To help smooth out any year-to-year meteorological variability, 
composite four-year average seasonal and annual average concentration values were calculated 
at each modeled receptor for purposes of identifying long-term (chronic) impacts within the 
study area.  The seasonal and annual concentrations at each receptor for each pollutant modeled 
therefore, represented four-year composite averages for the MADPH’s use to spatially evaluate 
and correlate concentration predictions with pediatric asthma prevalence data.  No short-term 
average modeling (less than or equal to 24 hours) to assess potential acute exposure impacts 
from air pollutant emissions was performed in this study. 
 
Using base maps of the six-community study region, plots of cumulative source four-year 
composite average seasonal and annual PM10 and VOC concentrations were developed that 
depicted isopleth bands showing the locations of maximum predicted PM10 and VOC 
concentrations.  Tables were also prepared that summarize the locations and magnitudes of the 
highest modeled composite four-year average seasonal and annual PM10 and VOC concentrations 
for each modeled facility and for all facilities combined (cumulative) on a seasonal and annual 
basis.  The 82 school receptor locations were modeled on a cumulative source basis only, and 
composite 4-year average seasonal and annual PM10 and VOC concentrations were likewise 
calculated.   
 
The detailed methodology and assumptions used for the dispersion modeling are discussed in this 
study. A discussion on modeling uncertainties has also been included to help address several 
areas of uncertainty associated with the dispersion modeling.  A summary of the dispersion 
modeling results is given below. 
 
Higher cumulative seasonal and annual PM10 concentrations were found to occur in portions of  
Haverhill.  This concentration pattern reflects the larger facility emission rate and the lower stack 
plume height above ground that was associated with the principal contributing source described in 
this study.  The highest modeled cumulative seasonal PM10 concentrations ranged from 6.73 µg/m3 
(spring season) to 17.05 µg/m3 (summer season).  The highest modeled cumulative annual PM10 
concentration was 9.14 µg/m3.  The differences in highest cumulative seasonal and annual PM10 
concentrations can be attributed to seasonal variations in the meteorological data used in the 
modeling.  The majority of the modeled receptors (approximately 99 percent of the 6,313 total 
Cartesian grid receptors) also had cumulative seasonal and annual PM10 concentrations that did 
not exceed 2 µg/m3. 
 
Higher cumulative seasonal and annual VOC concentrations were found to occur in portions of 
Haverhill, Lawrence, Andover, and Dracut.  This concentration pattern reflects the larger facility 
emission rates and the lower stack plume heights above ground that were associated with the 
principal contributing sources described in this study.  The highest modeled cumulative seasonal 
VOC concentrations (and their corresponding locations) ranged from 20.77 µg/m3 (winter season, 
in Lawrence) to 39.16 µg/m3 (summer season, in Haverhill).  The highest modeled cumulative 



KMC Report No. 0401001                                                                                          KM Chng Environmental Inc. 
 
 

vii 

annual VOC concentration was 21.25 µg/m3 (also in Haverhill). The temporal and spatial 
differences in highest cumulative seasonal and annual VOC concentrations can also be attributed to 
seasonal variations in that existed in the meteorological data used in the modeling.  The majority of 
the modeled receptors (approximately 99 percent of the 6,313 total Cartesian grid receptors) also 
had cumulative seasonal and annual VOC concentrations that did not exceed 8 µg/m3. 
 
School 47 in Haverhill had the highest average modeled seasonal (fall) and annual PM10 
concentrations of 3.82 µg/m3 and 2.86 µg/m3, respectively.  School 53 in Haverhill is in the vicinity 
of School 47; hence, the modeled average seasonal and annual PM10 concentrations were quite 
similar.  School 66 in Lawrence had the next highest average modeled seasonal (fall) and annual 
PM10 concentrations of 2.19 µg/m3 and 1.77 µg/m3, respectively.  The majority of the other school 
receptor locations had modeled average seasonal and annual PM10 concentrations below 1 µg/m3.  
These modeled average seasonal and annual PM10 concentrations are all well below USEPA’s and 
MADEP’s annual PM10 National Ambient Air Quality Standard of 50 µg/m3. 
 
School 47 in Haverhill had the highest average modeled seasonal (fall) and annual VOC 
concentrations of 10.58 µg/m3 and 7.82 µg/m3, respectively.  School 53 in Haverhill is in the 
vicinity of School 47; hence, the modeled average seasonal and annual VOC concentrations were 
quite similar.  School 66 in Lawrence had the next highest average modeled seasonal (fall) and 
annual VOC concentrations of 8.90 µg/m3 and 6.79 µg/m3, respectively.  The majority of the other 
school receptor locations had modeled average seasonal and annual PM10 concentrations ranging 
between 1 and 3 µg/m3. 
 
This study also demonstrated the importance of relying upon local (site- or area-specific) 
meteorological data when performing cumulative source dispersion modeling exposure 
assessments when the results are to be coupled geographically with asthma prevalence or other 
health effects data. 
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1. Introduction 
 
In 1999, the Massachusetts Department of Environmental Protection (MADEP) performed a 
regional air quality modeling and health effects study (“Aggregate Incinerator Impact Study” [1]) 
to address community concerns about the adequacy of retrofit air emissions controls on existing 
municipal solid waste combustors in the Merrimack Valley region in Northeastern 
Massachusetts.  In 2000, the Massachusetts Department of Public Health (MADPH) asked for 
additional emission inventory studies and cumulative source dispersion modeling evaluations, 
involving the proposed Nickel Hill Power Plant, to help address regional air quality health 
concerns in the Merrimack Valley region [2].  Despite such studies, regional environmental and 
community health groups continued to express their perceived health concerns (which included 
addressing asthma in children) to municipal officials, regulatory and public health agencies, and 
the news media.  In 2001, the MADPH initiated a pediatric asthma study for the Merrimack 
Valley region to help identify the “asthmagens” (asthma precursors) which may be causing or 
contributing to the observed asthma in children.  As shown in Figure 1.1, MADPH’s exposure 
assessment study region (the dispersion modeling domain) includes the towns and the cities of 
Dracut, Andover, North Andover, Lawrence, Methuen, and Haverhill.    
 
The MADPH believed that assessment of local wind patterns was very important for the 
Merrimack Valley region, in order to determine if any meaningful correlations existed between 
pediatric asthma prevalence data and exposure to source emissions or other asthmagens.  
Moreover, it was the location of individual and cumulative source impacts that has been of 
particular concern to the MADPH.  Therefore, in March 2002, the MADPH identified the need 
for a new regional air quality modeling study to support the exposure assessment component of 
its ongoing asthma epidemiological research program with the following two prerequisites:  (a) 
use several years of representative local meteorological data for performing the exposure 
assessment dispersion modeling, and (b) from previous evaluations [2], use the same dispersion 
model, applicable modeling methods, and the available permitted facility (major stationary 
source) data to expedite performing this new regional study, and to provide a basis for 
comparison with the previous study results. (In fact, this new study also was a recommended 
follow-up activity included in a prior MADPH study of breast cancer and air pollution concerns 
in Andover, MA.)   As discussed below, in addition to evaluating permitted major stationary 
sources, the MADPH also wanted the scope of this modeling study to include other regional 
manufacturing facilities whose VOC emissions were relatively large (e.g., greater than 25 tons 
per year) as compared to other existing facilities found in MADEP’s emissions database [2].   
 
The fact that permitted major stationary sources have been included in the air quality dispersion 
modeling should not suggest that such sources are primarily causing, or significantly 
contributing to asthma prevalence in the Merrimack Valley region.  Non-permitted emission 
source categories, e.g., “area sources,” mobile sources including heavy duty diesel vehicle 
emissions, or even non-anthropogenic factors, may ultimately be more important in contributing 
to observed asthma prevalence and/or exacerbation of the disease.  It was beyond the scope of 
this study to perform air quality dispersion modeling for these other emission source categories.  
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1.1 Meteorological Issues 
 
The maximum modeled concentrations for the proposed Nickel Hill Power Plant had been shown 
to be relatively small compared to applicable ambient air quality standards and MADEP’s health 
guidelines [2].  Moreover, while the magnitudes of maximum annual average concentrations 
from the proposed Nickel Hill Power Plant were nearly identical when using long-term 
“regional” meteorological data from Boston’s Logan International Airport (Logan Airport) and 
short-term “local” meteorological data from Haverhill, MA, the locations of these concentration 
maxima were very dissimilar  (several thousand meters apart from one another and occurring in 
different directions relative to the proposed power plant location as depicted in the project EIR).  
Hence, the local prevailing wind patterns (expected to be generally aligned with the southwest-
northeast axis of the Merrimack River valley) can have a pronounced effect on where the 
locations of maximum concentration impacts from stack emissions occur.  However, the use of 
just one year of Haverhill, MA wind data (as used in the previous dispersion modeling studies 
[1,2]) while more representative for the Merrimack Valley region than Logan Airport data, may 
not adequately account for the possible year-to-year spatial variations in peak short-term (acute 
exposure) and long-term (chronic exposure) air quality impacts.   
 
1.2 Additional Modeling Study Considerations 
 
To help resolve the meteorological data issues discussed above, multi-year meteorological data 
were acquired, and wind roses were developed and analyzed for two locations in the Merrimack 
Valley, and for Boston's Logan International Airport.  (Logan Airport is in a flat, exposed coastal 
location approximately 22 miles southeast of the study area.)  A Pasquill Stability Class 
frequency analysis was also performed to aid in the determination of the most appropriate 
meteorological data.  The wind roses and Pasquill Stability Class frequency analyses were used 
to ascertain the locations where source emissions are likely being transported, and to justify the 
selection of the meteorological data for the refined dispersion modeling.   
 
Because the study area included several urban areas and a number of areas with mixed land use, 
a preliminary dispersion modeling sensitivity analysis was also performed using permitted 
(allowable) particulate matter (PM10) stack emissions data that were initially available at the 
onset of this study.  The purpose of this preliminary modeling was to select the appropriate 
dispersion model options to be used in the final refined dispersion modeling, i.e., for rural or 
urban mode. 
 
The proposed models, methodologies, databases, and other technical considerations used for the air 
quality dispersion modeling for the six-community study area are described below in Section 2.  
Section 3 presents the study results, while Section 4 discusses modeling uncertainties.  Conclusions 
and references are presented in Sections 5 and 6, respectively. 
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2. Study Methodology 
 
2.1 Model Selection and Application 
 
To be consistent with the previous modeling studies for the Merrimack Valley Region [1,2], the 
USEPA’s Industrial Source Complex Short Term (ISCST3) dispersion model [3,4] was used to 
perform the refined dispersion modeling in this study.  The most recent version of the ISCST3 
model, that was available from the USEPA “SCRAM” Electronic Bulletin Board (model version 
dated 02035, or 4 February 2002), was used.  The ISCST3 dispersion model calculates 
concentrations at each modeled receptor for every hour of each year.  The ISCST3 model was 
applied using USEPA’s standard regulatory default options, as discussed in the “Guideline on Air 
Quality Models [5].”  These options include:  stack tip downwash, final plume rise, buoyancy 
induced dispersion, default vertical potential temperature gradient and wind profile exponents, and 
calm wind processing. 
 
The ISCST3 model is designed to run in either a rural or urban mode depending upon the land use 
setting in the modeled region.  The selection of rural or urban mode affects the model's selection of 
dispersion coefficients and wind profile exponents that are used.  It is beyond the model’s capability 
to change from urban to rural mode, or vice-versa, in the same model run if the land use happens to 
change at different locations between a source and receptor.  While most of the land area being 
modeled in the six-community study region where the stack plumes will be dispersing is in a rural 
environment [6], the urban areas of Lawrence and Haverhill are also in the modeling domain.  As 
discussed above, a preliminary dispersion modeling sensitivity analysis was performed in order to 
select the appropriate dispersion model option for rural or urban mode in the final dispersion 
modeling.  
 
2.2 Facility Operation and Emission Data  
 
Table 2.1 identifies the facility stack and emission rate parameters that were used in this 
dispersion modeling study, and Figure 2.1 shows the locations of these facilities.  PM10 and 
volatile organic compound (VOC) emissions were selected as the potential pollutants of concern 
because the MADPH wanted to establish if these specific substances might be contributing to 
asthma prevalence in children.  For purposes of performing the urban versus rural mode 
sensitivity analysis, permitted (allowable) particulate matter (PM10) stack emissions data 
initially available for Facilities 1 through 29 in Table 2.1 were used [2]. These permitted major 
stationary sources (including Facility 30 for which allowable PM10 stack emissions data were 
not initially available) mainly consist of solid waste incinerators, paperboard companies, 
microelectronic industries, cogeneration facilities, and industrial and institutional boilers.  
Facilities 31 through 39 in Table 2.1 were also included in this study since their actual VOC 
emissions were reported to exceed 25 tons per year [2] (the major modification threshold in 
Massachusetts for ozone nonattainment areas).  For the final dispersion modeling, actual 1998 
PM10 and VOC stack emissions data provided by the MADEP for all 39 facilities listed in Table 
2.1, were modeled individually and cumulatively with ISCST3.  It was beyond the scope of this 
study to speciate the total VOC emissions into individual toxic substances in the dispersion 
modeling.  Additional assumptions made regarding use of these facility operations and emissions 
data are contained in Table 2.1 
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Although actual facility emissions data were available for 1998, actual emissions data for other 
years relevant to this study (i.e., 1999-2001) could not be provided in a timely manner.  Hence, 
the same 1998 actual facility emissions data were used for the other years modeled in this study 
to account for possible annual variations that may occur in the meteorological database.  
 
The MADEP identified the fact that some facilities in the study region had been permanently 
shut down within the past few years.  Other existing facilities in the study region recently have 
voluntarily opted to reduce their actual and/or allowable stack emissions as reflected by 
operating permit restrictions imposed by the MADEP for such (former) major stationary sources.  
Other facilities (e.g., municipal solid waste combustors) have been retrofitted with additional 
pollution control equipment to reduce their emissions to comply with applicable USEPA and 
MADEP regulations.  All facilities have been evaluated in the final dispersion modeling at their 
former (generally higher) actual emission levels that occurred during the late 1990s since 
MADPH’s tabulated asthma prevalence data for its epidemiological study generally coincides 
with the source operation conditions that existed previously.  Hence, this modeling approach 
provides for a more realistic appraisal of the exposure conditions that actually existed in the 
Merrimack Valley region during the period of greatest interest.  Some facilities have undergone 
name changes since the late 1990s, but their former names were used in this study for continuity 
with the emissions databases being used. 
 
Building downwash influences were considered in the dispersion modeling only for two facilities 
(Facility 1 – the Massachusetts Refusetech Incinerator, and Facility 27 – the BFI Medical Waste 
Incinerator).  These facilities have stack heights less than the “Good Engineering Practice” 
(GEP) height as defined by the USEPA [7].  KM Chng’s approach was consistent with the 
previous studies [1,2] which had simplified the cumulative source modeling effort by only 
accounting for building downwash effects for these two major stationary sources.  Moreover, the 
detailed building dimensions data necessary to evaluate downwash were not readily available for 
the majority of the sources modeled. 
 
2.3 Receptor Grid Data 
 
A 250 meter-spaced Cartesian receptor grid with corresponding terrain heights determined at 
each receptor location was developed to cover the entire six-community study region. This grid 
spacing resulted in 6,313 receptors being modeled.  This receptor grid spacing density was 
sufficient for the purpose of showing the areas of maximum PM10 and VOC concentration 
predictions for the longer-term concentration averaging times used in this study.  Receptor 
elevations were calculated using 3 meter interval contour data available from the MassGIS 
website (www.state.ma.us/mgis/massgis.htm) that is maintained by the Commonwealth of 
Massachusetts Executive Office of Environmental Affairs. An additional 82 receptors, 
representing the locations of specific schools in the study area provided by the MADPH, were 
also evaluated separately in this modeling study.  
 
2.4 Meteorological Data 
 
To demonstrate the importance of identifying and using representative local meteorological data 
for this dispersion modeling study, hourly quality assured, meteorological data were acquired 
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and evaluated for the following three locations:  (1) National Weather Service meteorological 
data for Logan Airport for the period 1991-1995 (these preprocessed data from the MADEP were 
used in the previous dispersion modeling studies [1,2]); (2) MADEP’s Storrow Park High Street 
site in Lawrence, MA for the period 1991-1995; and (3) Lawrence Municipal Airport for the 
period 1998-2001.   
 
Hourly National Weather Service data collected at Logan Airport is representative of a flat, 
exposed coastal location setting.  Logan Airport is located approximately 22 miles southeast of 
the (inland) study area.   
 
MADEP’s Storrow Park site, which measures only wind direction and wind speed 
meteorological parameters, is located approximately one mile west-southwest of Lawrence 
Municipal Airport, and is located in the vicinity of the Merrimack River near Lawrence General 
Hospital.  (Note: the MADEP had decommissioned the Storrow Park monitoring site during 
2003.) 
 
Lawrence Municipal Airport is a General Aviation airport, and does not operate 24 hours per 
day. Until mid-1997, when automated meteorological data collection commenced at Lawrence 
Municipal Airport, meteorological observations were missing every day for a large block of 
hours.  Hence, available meteorological data for Lawrence Municipal Airport prior to the 
calendar year 1998 were deemed unsuitable for long-term dispersion modeling purposes.  The 
1998-2001 hourly surface meteorological data for Lawrence Municipal Airport, and 
corresponding upper air meteorological data for the Portland, ME region were obtained from the 
National Climatic Data Center in Asheville, NC.  These “raw” data records were then 
preprocessed using the most recent version of USEPA’s PCRAMMET meteorological 
preprocessor program (version dated 99169 available from the USEPA “SCRAM” Electronic 
Bulletin Board [8]) to develop the appropriate formatted hourly meteorological database for 
subsequent use in the ISCST3 model.  
 
To perform dispersion modeling using MADEP’s available 1991-1995 hourly meteorological 
database from Storrow Park (to properly account for local wind influences in the Merrimack 
Valley region) would have required the merging of hourly atmospheric stability and ambient air 
temperature data from Logan Airport with the corresponding Storrow Park hourly wind direction 
and wind speed data.  Since the determination of hourly atmospheric stability class for use in the 
ISCST3 model is largely affected by wind speed, the higher anticipated wind speeds at Logan 
Airport could significantly bias the data, relative to the atmospheric stability conditions that had 
actually occurred in the Merrimack Valley region.  The previous dispersion modeling study 
results [1,2] also demonstrated that MADEP’s 1991-1995 preprocessed meteorological database 
(that also includes hourly atmospheric stability class data) from Logan Airport should not be 
used alone since the higher wind speeds (unrepresentative for the Merrimack Valley region) 
could affect the degree of stack plume rise and stack plume dilution (i.e., dispersion rates).  This, 
in turn, could affect the locations and magnitudes of maximum modeled ground-level 
concentrations given the terrain in the study area.  To assess these effects, and to confirm the 
selection of meteorological data for the dispersion modeling, annual wind roses were developed 
for each of the above meteorological monitoring locations, and a Pasquill Stability Class 
frequency analysis was also performed.  
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2.5 Concentration Averaging Times 
 
To satisfy the MADPH’s study goals and objectives, seasonal and annual average dispersion 
modeling for actual PM10 and VOC facility emissions was performed using the available, 
representative four year (1998-2001) meteorological database for Lawrence Municipal Airport.  
To help smooth out any year-to-year meteorological variability, composite four-year average 
seasonal and annual average concentration values were calculated at each modeled receptor for 
purposes of identifying long-term (chronic) impacts within the study area.  The seasonal and 
annual concentrations at each receptor for each pollutant modeled therefore, represent a four-
year composite average to facilitate the MADPH being able to spatially evaluate and correlate 
concentration predictions with asthma prevalence data.  No short-term average modeling (less 
than or equal to 24 hours) to assess potential acute exposure impacts from air pollutant emissions 
was performed in this study. 
 
2.6 Concentration Isopleth Maps and Tables 
 
Using base maps of the six-community study region, plots of cumulative source four-year 
composite average seasonal and annual PM10 and VOC concentrations were developed that 
depicted isopleth bands showing the locations of maximum predicted PM10 and VOC 
concentrations.  Tables were also prepared that summarize the locations and magnitudes of the 
highest modeled composite four-year average seasonal and annual PM10 and VOC concentrations 
for each modeled facility and for all facilities combined (cumulative) on a seasonal and annual 
basis.  The specific school receptor locations provided by the MADPH were also modeled on a 
cumulative source basis only, and composite four-year average seasonal and annual PM10 and 
VOC concentrations were likewise calculated.  Tables and graphics presenting these dispersion 
modeling results are discussed below. 
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3.  Study Results 
 
The meteorological data analyses and preliminary dispersion model sensitivity analysis results 
were originally reported by R. Rothstein, et al. [9] at the 2003 Annual Air and Waste 
Management Conference in San Diego, CA, and are provided below.  The final dispersion 
modeling using actual facility emissions data was completed during early 2004 and the modeling 
results are also provided below. 
 
3.1  Meteorological Data Analyses 
 
3.1.1 Wind Rose Analysis 
 
Figures 3.1 through 3.3 present annual wind rose plots that were prepared for Logan Airport  
(Boston, MA) for the period 1991-1995; MADEP’s Storrow Park High Street site (Lawrence, 
MA) for the period 1991-1995; and Lawrence Municipal Airport for the period 1998-2001. The 
frequencies of specific wind directions and wind speeds can vary somewhat at a given site from 
year to year due to the frequency of weather patterns that can affect an area.  There are, however, 
some important differences that can be readily observed in the wind roses for Logan Airport as 
compared to both of the Lawrence, MA sites.   
 
Prevailing wind directions at Logan Airport were found to be generally from the west-northwest 
and northwest, with a secondary maximum from the southwest direction.  Prevailing wind 
directions at both of the Lawrence, MA sites were found to be generally from the southwest, with 
secondary maxima from the west through northwest directions.  These prevailing wind directions 
generally reflect the terrain influences of the Merrimack River valley, onshore sea breezes that 
mainly affect the eastern Massachusetts coastal region, and large-scale weather systems that 
affect both regions. 
 
The average wind speed at Logan Airport for the period 1991-1995 was 5.6 meters/second 
(12.4 mph), and the frequency of calm winds averaged 0.25% during this time period.  For the 
Lawrence, MA Storrow Park site, the average wind speed for the period 1991-1995 was 
2.5 meters/second (5.6 mph), and the frequency of calm winds averaged 6.4% during this time 
period.  For Lawrence Municipal Airport, the average wind speed for the period 1998-2001 was 
1.9 meters/second (4.3 mph), and the frequency of calm winds averaged 12.6% during this same 
time period.  The higher average wind speeds and smaller percentage of calm winds at Logan 
Airport generally reflect the influences of its coastal setting.  The slightly lower average wind 
speeds and higher percentage of calm winds at Lawrence Municipal Airport, as compared to the 
Lawrence, MA Storrow Park site can be attributed to the different instrumentation and 
procedures used by the agencies to collect and record the data, the slightly lower base elevation 
at Lawrence Municipal Airport, and the fact that the periods of wind records between both 
locations do not coincide.  The wind roses (and higher frequency of calms) for both Lawrence, 
MA sites also appear to be very similar to the annual (1989-1990) wind rose for the Haverhill, 
MA site (as used in the previous cumulative source dispersion modeling studies [1,2]).  
 
The locations where source emissions are routinely being transported within the Merrimack 
Valley study region over the annual period will “mirror” the wind rose patterns.  That is, for any 
given source, the highest annual concentrations will tend to occur toward the northeast and 
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southeast of any given source.  Locations of regional terrain features will also affect the 
downwind distances and directions where such maximum concentrations are predicted to occur.   
 
3.1.2 Stability Class Analysis 
 
The determination of hourly atmospheric stability class for use in the ISCST3 model is largely 
affected by wind speed.  Hence, the higher anticipated wind speeds expected at Logan Airport 
could significantly bias the data, relative to the atmospheric stability conditions that would have 
actually occurred in the Merrimack Valley region.  Table 3.1 illustrates this point by comparing 
the calculated annual frequencies of occurrence of Pasquill Stability Class (A-F) for the 
Lawrence Municipal Airport and Logan Airport.  As shown in Table 3.1, the year-to-year 
frequencies of occurrence of each stability class are fairly similar at each airport site.  However, 
Logan Airport has a preponderance of Pasquill Stability Class D and E (averaging 72.32% and 
12.89%, respectively), while the frequencies of occurrence for Lawrence are fairly uniform for 
each of the Pasquill Stability Classes B through E (ranging between 12% and 14%), with F 
stability averaging 30.81%.  
 
These wind rose and Pasquill Stability Class frequency analyses confirmed the selection of the 
1998-2001 Lawrence Municipal Airport meteorological data for use in the final ISCST3  
modeling since those data were shown to be the most representative of meteorological conditions 
expected in the study area. 
 
3.2  Urban Versus Rural Model Sensitivity Analysis 
 
One year of hourly meteorological data for Lawrence Municipal Airport for 1998 was modeled 
with ISCST3 in both urban and rural modes using the permitted (allowable) PM10 stack 
emissions data for permitted facilities.  The purpose of this modeling was to determine, on a 
cumulative source basis, how much the locations and magnitudes of annual average 
concentrations may vary between urban and rural mode. 
 
Figures 3.4 and 3.5 show cumulative permitted (allowable) emission source annual average 
PM10 concentration isopleths for urban and rural modes, respectively.  The following results 
were obtained from this urban versus rural model sensitivity analysis: 
 

• “Worst Case” Modeling Mode – 5,083 of the 6,313 grid receptors (80.5 percent) have 
higher PM10 concentrations under rural mode than under urban mode.  Conversely, 
1,230 of the 6,313 receptors (19.5 percent) have higher PM10 concentrations under urban 
mode than under rural mode.  There are no receptors for which the rural mode 
concentrations and the urban mode concentrations are identical. 

 
• Location of Maximum Concentration – Maximum PM10 concentrations were found to 

occur at the same receptor located in the vicinity of Storrow Park in Lawrence, MA under 
both urban and rural modes.  The maximum PM10 concentration of 16.4 µg/m3 occurs 
under urban mode.  The maximum PM10 concentration under rural mode (at the same 
receptor) is 11.8 µg/m3.  A paperboard facility located in Lawrence (Facility 28) had the 
largest PM10 contribution due to its geographic proximity to this receptor, the magnitude 
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of its modeled allowable PM10 emission rate, and the prevailing southwesterly winds 
aligning that source with the receptor.   

 
• Average Concentration Differences for Receptors Modeled – For all of the 6,313 

receptors modeled, rural mode concentrations averaged about 0.49 µg/m3 higher than 
urban mode concentrations.  That is, the average difference between rural and urban 
mode PM10 concentrations at each receptor is 0.49 µg/m3.   The average difference of the 
5,083 receptors, having rural mode PM10 concentrations higher than urban mode PM10 
concentrations, is 0.44 µg/m3; and the average difference of the 1,230 receptors, having 
urban mode PM10 concentrations higher than rural mode PM10 concentrations, is 
0.31 µg/m3. 

 
• Comparison of Concentration Isopleth Patterns – A comparison of the concentration 

isopleth patterns presented in Figures 3.4 and 3.5 shows that regional terrain influences 
on the locations where source concentration impacts occur are more pronounced for rural 
mode. The maximum concentration isopleth pattern is more widespread and occurs 
further from each source under rural mode.  This is likely due to interactions between 
stack plumes (especially those with the greatest release height) and terrain (especially 
areas of high elevation).  In rural mode, the ISCST3 model applies smaller values for the 
dispersion coefficients than in urban mode, which causes plumes to be modeled with less 
dispersion.  Compared to urban mode, this inhibited spreading increases the distance 
from the source to the point of maximum concentration, and increases the modeled 
concentrations at elevated terrain that is close to the plume.  

 
This model sensitivity analysis confirmed the selection of the rural mode option for use in the 
final ISCST3 dispersion modeling using actual facility emissions data.  This is because most of 
the land area being modeled in the six-community study region where the stack plumes disperse 
is in a rural environment, and maximum cumulative source concentrations will not be 
underestimated using the rural mode option.  
 
3.3 Regional PM10 Source Concentration Impacts  
 
Figures 3.6 through 3.10 show isopleth plots of cumulative source four-year (1998-2001) composite 
average seasonal and annual PM10 concentrations for the six-community study region.  The plots 
depict isopleth bands showing the areas of maximum PM10 concentration predictions over the 
composite seasonal and annual periods for all 39 facilities modeled.  To facilitate the evaluation of 
each facility individually, tables were prepared which summarize the locations and magnitudes of 
the highest modeled composite four-year average seasonal and annual PM10 concentrations for all 
of the facilities modeled both individually and cumulatively.  Tables 3.2 through 3.6 show the 
cumulative source contributions for the highest modeled composite four-year (1998-2001) average 
seasonal and annual PM10 concentrations for all facilities modeled.  Tables 3.7 through 3.11 show 
the location and magnitude of the highest modeled composite four-year (1998-2001) average 
seasonal and annual PM10 concentrations for each facility modeled individually.   
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Cumulative Source PM10 Concentrations 
 
The results of the regional cumulative source modeling analysis for PM10 are presented below.  The 
facility identification numbers below refer to those identified in Table 2.1. 
 

• Cumulative Source Maximum Winter Season PM10 Concentrations (Table 3.2) – The 
highest cumulative winter season PM10 concentration of 7.91 µg/m3 occurred in Haverhill 
in the vicinity of Facility 35, and that facility contributed 7.57 µg/m3, or 96 percent to the 
highest cumulative concentration.  Facility 5, located in Lawrence, contributed an 
additional 0.17 µg/m3, or 2.2 percent to this value.  All other modeled facilities had much 
smaller contributions to this value.  It was determined that approximately 96 percent of 
the 6,313 total Cartesian grid receptors modeled had cumulative winter season PM10 
concentrations below 1 µg/m3, and approximately 99 percent were below 2 µg/m3. 

 
• Cumulative Source Maximum Spring Season PM10 Concentrations (Table 3.3) – The 

highest cumulative spring season PM10 concentration of 6.73 µg/m3 occurred in Haverhill 
in the vicinity of Facility 35, and that facility contributed 6.51 µg/m3, or 97 percent to the 
highest cumulative concentration.  Facility 30, also located in Haverhill, contributed an 
additional 0.08 µg/m3, or just over 1 percent to this value, and Facility 5, located in 
Lawrence, contributed an additional 0.07 µg/m3, or 1 percent to this value.  All other 
modeled facilities had much smaller contributions to this value. It was determined that 
approximately 98 percent of the 6,313 total Cartesian grid receptors modeled had 
cumulative spring season PM10 concentrations below 1 µg/m3, and approximately 99 
percent were below 2 µg/m3. 

 
• Cumulative Source Maximum Summer Season PM10 Concentrations (Table 3.4) – The 

highest cumulative summer season PM10 concentration of 17.05 µg/m3 occurred in 
Haverhill in the vicinity of Facility 35, and that facility contributed 16.69 µg/m3, or 98 
percent to the highest cumulative concentration.  Facility 5, located in Lawrence, 
contributed an additional 0.16 µg/m3, or slightly less than 1 percent to this value.  All 
other modeled facilities had much smaller contributions to this value.  It was determined 
that approximately 96 percent of the 6,313 total Cartesian grid receptors modeled had 
cumulative summer season PM10 concentrations below 1 µg/m3, and approximately 99 
percent were below 2 µg/m3. 

 
• Cumulative Source Maximum Fall Season PM10 Concentrations (Table 3.5) – The highest 

cumulative fall season PM10 concentration of 10.42 µg/m3 occurred in Haverhill in the 
vicinity of Facility 35, and that facility contributed 9.99 µg/m3, or 96 percent to the 
highest cumulative concentration. Facility 5, located in Lawrence, contributed an 
additional 0.24 µg/m3, or just over 2 percent to this value.  All other modeled facilities 
had much smaller contributions to this value.  It was determined that approximately 94 
percent of the 6,313 total Cartesian grid receptors modeled had cumulative fall season 
PM10 concentrations below 1 µg/m3, and approximately 99 percent were below 2 µg/m3. 
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• Cumulative Source Maximum Annual PM10 Concentrations (Table 3.6) – The highest 
cumulative annual PM10 concentration of 9.14 µg/m3 occurred in Haverhill in the vicinity 
of Facility 35, and that facility contributed 8.87 µg/m3, or 97 percent to the highest 
cumulative concentration. Facility 5, located in Lawrence, contributed an additional 0.12 
µg/m3, or just over 1 percent to this value.  All other modeled facilities had much smaller 
contributions to this value.  It was determined that approximately 96 percent of the 6,313 
total Cartesian grid receptors modeled had cumulative annual PM10 concentrations 
below 1 µg/m3, and approximately 99 percent were below 2 µg/m3. 

 
Individual Source PM10 Concentrations 
 
The results of the individual source modeling analysis for PM10 are presented below.  The facility 
identification numbers below refer to those identified in Table 2.1. 
 

• Individual Source Maximum Winter Season PM10 Concentrations (Table 3.7) – Facility 35, 
located in Haverhill, produced the highest individual source winter season PM10 
concentration of 7.57 µg/m3 at a receptor located 372 meters to the east-northeast from this 
facility.  Facility 5, located in Lawrence, produced the second highest individual source 
winter season PM10 concentration of 1.01 µg/m3 at a receptor located 1,034 meters to the 
northeast of that facility.  All other modeled facilities had individual maximum predicted 
winter season PM10 concentrations ranging from a few tenths to a few one-thousandths of a 
µg/m3, reflecting the smaller facility emission rates and/or the higher stack plume heights 
above ground that were associated with those sources.   

 
• Individual Source Maximum Spring Season PM10 Concentrations (Table 3.8) – Facility 35, 

located in Haverhill, produced the highest individual source spring season PM10 
concentration of 6.51 µg/m3 at a receptor located 151 meters to the northeast from this 
facility.  Facility 5, located in Lawrence, produced the second highest individual source 
spring season PM10 concentration of 0.75 µg/m3 at a receptor located 1,034 meters to the 
northeast of that facility.  Facility 30, located in Haverhill, produced the third highest 
individual source spring season PM10 concentration of 0.57 µg/m3 at a receptor located 
3,029 meters to the northeast of that facility.  All other modeled facilities had individual 
maximum predicted spring season PM10 concentrations ranging from two tenths to a few 
one-thousandths of a µg/m3, reflecting the smaller facility emission rates and/or the higher 
stack plume heights above ground that were associated with those sources.   

 
• Individual Source Maximum Summer Season PM10 Concentrations (Table 3.9) – Facility 

35, located in Haverhill, produced the highest individual source summer season PM10 
concentration of 16.69 µg/m3 at a receptor located 151 meters to the northeast from this 
facility.  Facility 5, located in Lawrence, produced the second highest individual source 
summer season PM10 concentration of 1.59 µg/m3 at a receptor located 1,034 meters to the 
northeast of that facility.  All other modeled facilities had individual maximum predicted 
summer season PM10 concentrations ranging from a few tenths to a few one-thousandths of 
a µg/m3, reflecting the smaller facility emission rates and/or the higher stack plume heights 
above ground that were associated with those sources.  
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• Individual Source Maximum Fall Season PM10 Concentrations (Table 3.10) – Facility 35, 
located in Haverhill, produced the highest individual source fall season PM10 concentration 
of 9.99 µg/m3 at a receptor located 504 meters to the northeast from this facility.  Facility 5, 
located in Lawrence, produced the second highest individual source fall season PM10 
concentration of 1.62 µg/m3 at a receptor located 1,034 meters to the northeast of that 
facility.  Facility 30, located in Haverhill, produced the third highest individual source fall 
season PM10 concentration of 1.19 µg/m3 at a receptor located 3,029 meters to the northeast 
of that facility.  All other modeled facilities had individual maximum predicted fall season 
PM10 concentrations ranging from a few tenths to a few one-thousandths of a µg/m3, 
reflecting the smaller facility emission rates and/or the higher stack plume heights above 
ground that were associated with those sources.   

 
• Individual Source Maximum Annual PM10 Concentrations (Table 3.11) – Facility 35, 

located in Haverhill, produced the highest individual source annual PM10 concentration of 
8.87 µg/m3 at a receptor located 151 meters to the northeast from this facility.  Facility 5, 
located in Lawrence, produced the second highest individual source annual PM10 
concentration of 1.24 µg/m3 at a receptor located 1,034 meters to the northeast of that 
facility.  All other modeled facilities had individual maximum predicted annual PM10 
concentrations ranging from a few tenths to a few one-thousandths of a µg/m3, reflecting the 
smaller facility emission rates and/or the higher stack plume heights above ground that were 
associated with those sources.   

 
As shown in Figures 3.6 through 3.10, higher cumulative seasonal and annual PM10 
concentrations were found to occur in portions of Haverhill.  This concentration pattern reflects 
the larger facility emission rate and the lower stack plume height above ground that was associated 
with the principal contributing source described above (Facility 35 in Haverhill).  Highest modeled 
cumulative seasonal PM10 concentrations ranged from 6.73 µg/m3 (spring season) to 17.05 µg/m3 
(summer season).  The highest modeled cumulative annual PM10 concentration was 9.14 µg/m3.  
The differences in highest cumulative seasonal and annual PM10 concentrations can be attributed to 
seasonal variations in the meteorological data used in the modeling.  The majority of the modeled 
receptors (approximately 99 percent of the 6,313 total Cartesian grid receptors) also had 
cumulative seasonal and annual PM10 concentrations that did not exceed 2 µg/m3. 
 
3.4 Regional VOC Source Concentration Impacts  
 
Figures 3.11 through 3.15 show isopleth plots of cumulative source four-year (1998-2001) 
composite average seasonal and annual VOC concentrations for the six-community study region.  
The plots depict isopleth bands showing the areas of maximum VOC concentration predictions over 
the composite seasonal and annual periods for all 39 facilities modeled.  To facilitate the evaluation 
of each facility individually, tables were prepared which summarize the locations and magnitudes of 
the highest modeled composite four-year average seasonal and annual VOC concentrations for all of 
the facilities modeled both individually and cumulatively. Tables 3.12 through 3.16 show the 
cumulative source contributions for the highest modeled composite four-year (1998-2001) average 
seasonal and annual VOC concentrations for all facilities modeled.  Tables 3.17 through 3.21 show 
the location and magnitude of the highest modeled composite four-year (1998-2001) average 
seasonal and annual VOC concentrations for each facility modeled individually.   
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Cumulative Source VOC Concentrations 
 
The results of the regional cumulative source modeling analysis for VOC are presented below.  The 
facility identification numbers below refer to those identified in Table 2.1. 
 

• Cumulative Source Maximum Winter Season VOC Concentrations (Table 3.12) – The 
highest cumulative winter season VOC concentration of 20.77 µg/m3 occurred in Lawrence 
in the vicinity of Facility 31, and that facility contributed 19.10 µg/m3, or 92 percent to 
the highest cumulative concentration.  Facilities 32 and 33 (in Lowell), and Facility 35 (in 
Haverhill) each contributed an additional 0.25 µg/m3, or slightly over 1 percent (each) to 
this value.  All other modeled facilities had much smaller contributions to this value.  It 
was determined that approximately 96 percent of the 6,313 total Cartesian grid receptors 
modeled had cumulative winter season VOC concentrations below 5 µg/m3, and 
approximately 99 percent were below 8 µg/m3. 

 
• Cumulative Source Maximum Spring Season VOC Concentrations (Table 3.13) – The 

highest cumulative spring season VOC concentration of 22.39 µg/m3 occurred in Andover 
in the vicinity of Facility 38, and that facility contributed 21.58 µg/m3, or 96 percent to 
the highest cumulative concentration. Facility 31, located in Lawrence, contributed an 
additional 0.31 µg/m3, or just over 1 percent to this value.  All other modeled facilities 
had much smaller contributions to this value.  It was determined that approximately 97 
percent of the 6,313 total Cartesian grid receptors modeled had cumulative spring season 
VOC concentrations below 4 µg/m3, and approximately 99 percent were below 6 µg/m3. 

 
• Cumulative Source Maximum Summer Season VOC Concentrations (Table 3.14) – The 

highest cumulative summer season VOC concentration of 39.16 µg/m3 occurred in 
Haverhill in the vicinity of Facility 35, and that facility contributed 37.43 µg/m3, or 96 
percent to the highest cumulative concentration.  Facility 31, located in Lawrence, 
contributed an additional 1.08 µg/m3, or almost 3 percent to this value.  All other 
modeled facilities had much smaller contributions to this value.  It was determined that 
approximately 97 percent of the 6,313 total Cartesian grid receptors modeled had 
cumulative summer season VOC concentrations below 5 µg/m3, and approximately 99 
percent were below 7 µg/m3. 

 
• Cumulative Source Maximum Fall Season VOC Concentrations (Table 3.15) – The highest 

cumulative fall season VOC concentration of 24.37 µg/m3 occurred in Haverhill in the 
vicinity of Facility 35, and that facility contributed 22.42 µg/m3, or 92 percent to the 
highest cumulative concentration. Facility 31, located in Lawrence, contributed an 
additional 1.15 µg/m3, or almost 5 percent to this value.  All other modeled facilities had 
much smaller contributions to this value.  It was determined that approximately 96 
percent of the 6,313 total Cartesian grid receptors modeled had cumulative fall season 
VOC concentrations below 5 µg/m3, and approximately 99 percent were below 8 µg/m3. 
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• Cumulative Source Maximum Annual VOC Concentrations (Table 3.16) – The highest 
cumulative annual VOC concentration of 21.25 µg/m3 occurred in Haverhill in the vicinity 
of Facility 35, and that facility contributed 19.89 µg/m3, or 94 percent to the highest 
cumulative concentration. Facility 31, located in Lawrence, contributed an additional 
0.80 µg/m3, or almost 4 percent to this value.  All other modeled facilities had much 
smaller contributions to this value.  It was determined that approximately 94 percent of 
the 6,313 total Cartesian grid receptors modeled had cumulative annual VOC 
concentrations below 4 µg/m3, and approximately 99 percent were below 7 µg/m3.    

 
Individual Source VOC Concentrations 
 
The results of the individual source modeling analysis for VOC are presented below.  The facility 
identification numbers below refer to those identified in Table 2.1. 
 

• Individual Source Maximum Winter Season VOC Concentrations (Table 3.17) – Facility 
31, located in Lawrence, produced the highest individual source winter season VOC 
concentration of 19.10 µg/m3 at a receptor located 670 meters to the east-southeast from this 
facility.  Facility 35, located in Haverhill, produced the second highest individual source 
winter season VOC concentration of 16.96 µg/m3 at a receptor located 372 meters to the 
east-northeast of that facility.  Facility 38, located in Andover, produced the third highest 
individual source winter season VOC concentration of 16.44 µg/m3 at a receptor located 
121 meters to the south-southeast of that facility.  Facilities 32, 33, 36, 37 (in Lowell), and 
39 (in Andover) had the next highest individual source winter season VOC concentrations 
which ranged from 9.98 µg/m3 to 2.50 µg/m3. All other modeled facilities had individual 
maximum predicted winter season VOC concentrations ranging from a few tenths to a few 
one-thousandths of a µg/m3, reflecting the smaller facility emission rates and/or the higher 
stack plume heights above ground that were associated with those sources.   

 
• Individual Source Maximum Spring Season VOC Concentrations (Table 3.18) – Facility 38, 

located in Andover, produced the highest individual source spring season VOC 
concentration of 21.58 µg/m3 at a receptor located 121 meters to the south-southeast from 
this facility.  Facility 35, located in Haverhill, produced the second highest individual source 
spring season VOC concentration of 14.60 µg/m3 at a receptor located 151 meters to the 
northeast of that facility. Facility 31, located in Lawrence, produced the third highest 
individual source spring season VOC concentration of 12.40 µg/m3 at a receptor located 670 
meters to the east-southeast of that facility. Facilities 32, 33, 36, 37 (in Lowell), and 39 (in 
Andover) had the next highest individual source spring season VOC concentrations which 
ranged from 5.12 µg/m3 to 1.64 µg/m3. All other modeled facilities had individual 
maximum predicted spring season VOC concentrations ranging from a few tenths to a few 
one-thousandths of a µg/m3, reflecting the smaller facility emission rates and/or the higher 
stack plume heights above ground that were associated with those sources.   

 
• Individual Source Maximum Summer Season VOC Concentrations (Table 3.19) – Facility 

35, located in Haverhill, produced the highest individual source summer season VOC 
concentration of 37.43 µg/m3 at a receptor located 151 meters to the northeast from this 
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facility.  Facility 38, located in Andover, produced the second highest individual source 
summer season VOC concentration of 26.52 µg/m3 at a receptor located 477 meters to the 
northeast of that facility.  Facilities 31 (in Lawrence), 32, 33, 36, 37 (in Lowell), and 39 (in 
Andover) had the next highest individual source summer season VOC concentrations which 
ranged from 12.01 µg/m3 to 3.61 µg/m3.  All other modeled facilities had individual 
maximum predicted summer season VOC concentrations ranging from a few tenths to a few 
one-thousandths of a µg/m3, reflecting the smaller facility emission rates and/or the higher 
stack plume heights above ground that were associated with those sources.   

 
• Individual Source Maximum Fall Season VOC Concentrations (Table 3.20) – Facility 35, 

located in Haverhill, produced the highest individual source fall season VOC concentration 
of 22.41 µg/m3 at a receptor located 504 meters to the northeast from this facility.  Facility 
38, located in Andover, produced the second highest individual source fall season VOC 
concentration of 22.13 µg/m3 at a receptor located 477 meters to the northeast of that 
facility.   Facilities 31 (in Lawrence), 32, 33, 36, 37 (in Lowell), and 39 (in Andover) had 
the next highest individual source fall season VOC concentrations which ranged from 13.71 
µg/m3 to 3.63 µg/m3.  All other modeled facilities had individual maximum predicted fall 
season VOC concentrations ranging from a few tenths to a few one-thousandths of a µg/m3, 
reflecting the smaller facility emission rates and/or the higher stack plume heights above 
ground that were associated with those sources.   

 
• Individual Source Maximum Annual VOC Concentrations (Table 3.21) – Facility 35, 

located in Haverhill, produced the highest individual source annual VOC concentration of 
19.89 µg/m3 at a receptor located 151 meters to the northeast from this facility.  Facility 38, 
located in Andover, produced the second highest individual source annual VOC 
concentration of 17.90 µg/m3 at a receptor located 121 meters to the south-southeast of that 
facility.  Facilities 31 (in Lawrence), 32, 33, 36, 37 (in Lowell), and 39 (in Andover) had the 
next highest individual source annual VOC concentrations which ranged from 13.63 µg/m3 
to 2.84 µg/m3. All other modeled facilities had individual maximum predicted annual VOC 
concentrations ranging from a few tenths to a few one-thousandths of a µg/m3, reflecting the 
smaller facility emission rates and/or the higher stack plume heights above ground that were 
associated with those sources.   

 
As shown in Figures 3.11 through 3.15, higher cumulative seasonal and annual VOC 
concentrations were found to occur in portions of Haverhill, Lawrence, Andover, and Dracut.  
This concentration pattern reflects the larger facility emission rates and the lower stack plume 
heights above ground that were associated with the principal contributing sources described above 
(Facility 31 in Lawrence; Facilities 32, 33, 36, and 37 in Lowell; Facility 35 in Haverhill; and 
Facilities 38 and 39 in Andover).  The highest modeled cumulative seasonal VOC concentrations 
(and their corresponding locations) ranged from 20.77 µg/m3 (winter season, in Lawrence) to 39.16 
µg/m3 (summer season, in Haverhill).  The highest modeled cumulative annual VOC concentration 
(and corresponding location) was 21.25 µg/m3 (also in Haverhill). The temporal and spatial 
differences in highest cumulative seasonal and annual VOC concentrations can be attributed to 
seasonal variations in the meteorological data used in the modeling.  The majority of the modeled 
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receptors (approximately 99 percent of the 6,313 total Cartesian grid receptors) also had 
cumulative seasonal and annual VOC concentrations that did not exceed 8 µg/m3. 
 
3.5 PM10 and VOC Source Concentration Impacts at School Locations 
 
The 82 school receptor locations identified by the MADPH were modeled on a cumulative 
source basis only, and composite 4-year average seasonal and annual PM10 and VOC 
concentrations were calculated. Tables 3.22 and 3.23 show the cumulative source composite 
four-year (1998-2001) average seasonal and annual PM10 and VOC concentrations respectively  
for all facilities modeled.    
 
As shown in Table 3.22, School 47 in Haverhill had the highest average modeled seasonal (fall) and 
annual PM10 concentrations of 3.82 µg/m3 and 2.86 µg/m3, respectively.  School 53 in Haverhill is 
in the vicinity of School 47; hence, the modeled average seasonal and annual PM10 concentrations 
were quite similar.  School 66 in Lawrence had the next highest average modeled seasonal (fall) and 
annual PM10 concentrations of 2.19 µg/m3 and 1.77 µg/m3, respectively.  The majority of the other 
school receptor locations had modeled average seasonal and annual PM10 concentrations below 1 
µg/m3.  These modeled average seasonal and annual PM10 concentrations are all well below 
USEPA’s and MADEP’s annual PM10 National Ambient Air Quality Standard of 50 µg/m3. 
 
As shown in Table 3.23, School 47 in Haverhill had the highest average modeled seasonal (fall) and 
annual VOC concentrations of 10.58 µg/m3 and 7.82 µg/m3, respectively.  School 53 in Haverhill is 
in the vicinity of School 47; hence, the modeled average seasonal and annual VOC concentrations 
were quite similar.  School 66 in Lawrence had the next highest average modeled seasonal (fall) and 
annual VOC concentrations of 8.90 µg/m3 and 6.79 µg/m3, respectively.  The majority of the other 
school receptor locations had modeled average seasonal and annual PM10 concentrations ranging 
between 1 and 3 µg/m3. 
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4. Modeling Uncertainties  
 
There are several different areas of uncertainty associated with this dispersion modeling analysis.  
Principal areas of modeling uncertainty are associated with the ISCST3 dispersion model itself; 
and the facility emission rates, stack and building parameters, and meteorological data used in 
the model.  These areas of modeling uncertainty are addressed below.   
 
4.1 ISCST3 Dispersion Model Uncertainties 
 
The basic ISCST3 model used in this study has been in existence since the late 1970s, and is still 
listed as a USEPA regulatory guideline air quality dispersion model. (As discussed previously, 
the most recent version of the ISCST3 model, that was available from the USEPA “SCRAM” 
Electronic Bulletin Board (model version dated 02035, or 4 February 2002), was used.)   This 
model has been used for a variety of purposes including supporting air quality research studies, 
environmental impact assessments, and air permit applications for stationary point sources.  The 
basis of the ISCST3 model is the straight-line steady-state Gaussian plume equation, which is 
used to address a variety of source features and emission characteristics.  The ISCST3 model 
assumptions are reasonable for homogeneous terrain and steady-state hourly meteorological 
conditions.  In this study, elevated point source stack emissions were simulated in the ISCST3 
model using constant  stack and emission rate parameters for each facility considered.  The 
seasonal and annual average concentration predictions at each modeled receptor were based on 
averaging the individually-calculated 1-hour concentration values over the annual period.  
Hence, any uncertainties in stack and emission rate parameters, or meteorological data, will 
translate directly into model prediction uncertainties.  
 
To help address Gaussian dispersion modeling accuracy and uncertainty issues for stationary 
point sources, the USEPA and other trade organizations have conducted numerous model 
validation studies over the past two decades that have included statistical model performance 
evaluations of observed versus predicted concentration values [5].  Corresponding measured 
meteorological data, and other source, site and regional-specific factors that could affect 
dispersion rates and model predictions (such as land surface characteristics and terrain features) 
are typically addressed in such model validation studies.  These studies also incorporate well-
quantified stack and emission rate parameters (e.g., use of tracer gas releases in the stack 
emissions), and extensive air quality sampling at ground-level and at the stack plume elevation.    
 
Even with well-quantified stack and emission rate parameters, any potential variations in 
meteorological conditions that exist within the modeled region can significantly affect model 
results. Moreover, unknown or unresolved inherent uncertainties that are associated with all 
dispersion model formulations will contribute to differences between observed and predicted 
concentration values. Various Gaussian dispersion model validation studies (that have included 
the ISCST3 model) have shown that when using well-defined and properly modeled source, site, 
and meteorological data, differences in the highest estimated 1-hour average concentrations of + 
10 to 40 percent are typically observed [5].  Such differences are certainly well within the often 
quoted factor of two accuracy that has long been recognized for Gaussian dispersion model 
applications [5].  However, even when highest 1-hour concentration predictions have been 
similar to observed values, they do not necessarily occur at the same receptor locations at the 
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same time. This is because the exact locations of maximum concentration predictions are very 
sensitive to wind direction, and stack plume height and dilution are very sensitive to wind speed.   
 
Although the ISCST3 rural mode option was assumed to be most representative for the study 
region, the urban areas of Lawrence and Haverhill were also in the modeling domain.  However, as 
discussed before, the model sensitivity analysis in this study confirmed the selection of the rural 
mode option for use in the final ISCST3 dispersion modeling using actual facility emissions data.   
 
4.2 Facility Emission Rates 
 
Ideally, the most technically appropriate modeling approach would have been to acquire and use 
facility emissions that had actually occurred during each calendar year being modeled.  
However, project time and resource constraints precluded developing such detailed source 
emissions information. As discussed previously, although actual facility emissions data were 
available for 1998, actual emissions data for other years relevant to this study (i.e., 1999-2001) 
could not be provided in a timely manner. Hence, the same actual facility emissions data were 
used for the other years modeled in this study.  However, the potential for variations in 
cumulative seasonal and annual source concentration patterns would be greater than modeled if 
actual facility emission rates were to vary significantly from year to year. This point is also 
illustrated when comparing the concentration isopleth patterns from Figure 3.5 (preliminary 
modeling), which was based on allowable PM10 stack emissions data with Figure 3.10 (final 
modeling), which was based on actual PM10 stack emissions data.   
 
Moreover, constant emission rates for each hour of the day, season, and year were also assumed 
for each facility being modeled.  Therefore, the potential for variations in cumulative seasonal 
source concentration patterns would also be greater than modeled if individual hourly facility 
emissions rates were to vary considerably from season to season.    
 
4.3 Facility Stack and Building Parameters 
 
Certain facilities were included in this dispersion modeling study even if insufficient information 
was available regarding the source release (stack) characteristics to model these facilities 
(Facilities 37 and 39 in Table 2.1).  In such instances, a representative 30 foot stack height, with 
no plume rise, was assumed for these facilities.  This assumption could lead to an over-prediction 
of calculated concentrations in the immediate vicinity of these facilities, especially if elevated 
terrain is also nearby. Since it was found in this study that maximum modeled concentrations 
tended to decrease quite rapidly within approximately the first 1,000 meters (about 0.6 mile) of 
facilities with short stacks, this assumption did not significantly affect the magnitudes of the 
cumulative source concentration results for the majority of modeled receptors within the entire 
study region.   
 
Facilities 31 through 36, and Facility 38 in Table 2.1 were found to consist of numerous short 
stacks.  Hence, for each facility, a simplifying assumption was used in which the total PM10 and 
VOC emissions were assumed to be emitted through a single representative stack. With this 
assumption, however, not accounting for physical separation of each of these facility stacks 
could lead to a small over-prediction of concentrations at the nearest receptors to each facility.  
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Building downwash influences were also considered in the dispersion modeling for just two of 
the major stationary sources being considered (Facility 1 and Facility 27).  As discussed 
previously, the detailed building dimensions data necessary to evaluate downwash were not 
readily available for the other facilities modeled.  For such facilities that have relatively short 
stack heights above ground, an under-prediction of the maximum concentration impacts may 
occur in the immediate vicinity of those specific sources where stack emissions may be subject 
to building downwash effects. However, the purpose of this modeling study was to estimate 
neighborhood-scale concentrations rather than “close-in” localized maximums. At the larger 
source-receptor distances that are characteristic of the neighborhood scale, the effects of building 
downwash on seasonal and annual average concentrations are not expected to be significant for 
the study purpose.  The receptor grid spacing density used was sufficient for the purpose of 
showing the areas of maximum PM10 and VOC concentrations on a neighborhood-scale for the 
longer-term concentration averaging times assumed. 
 
4.4 Meteorological Data  
 
In this study, hourly meteorological data acquired for Lawrence Municipal Airport were assumed 
to be the most representative of the entire modeled region.  Significant differences in wind 
conditions are not anticipated within the modeled region based on comparing the Haverhill [1,2] 
and Lawrence region wind rose data that were generated in this study.  Moreover, other multi-
year hourly meteorological databases that could have been selected were either based on 
measurements made in the vicinity of Lawrence Municipal Airport (MADEP’s Storrow Park 
monitoring data), or were determined not to be representative of the meteorological conditions in 
the modeled study region (National Weather Service data from Logan Airport).  In any event, the 
ISCST3 model is incapable of simulating wind field conditions from meteorological data 
acquired simultaneously from multiple monitoring sites. 
 
As mentioned before, use of Logan Airport meteorological data could significantly bias the 
determination of the atmospheric stability conditions that had actually occurred in the Merrimack 
Valley region.  Considering that the dispersion rates used in the model are very sensitive to 
atmospheric stability class, the wind rose and Pasquill Stability Class frequency analyses in this 
study likewise confirmed the selection of Lawrence Municipal Airport meteorological data for 
the dispersion modeling. 
 
4.5 Modeling Uncertainties - Conclusion 
 
Since long-term average seasonal and annual modeling was performed in this study, the effect of 
the modeling uncertainties discussed above on the predicted concentrations will be less 
pronounced than would have been the case if short-term average modeling (less than or equal to 
24 hours) had also been performed.  However, the overall combined effect of the modeling 
uncertainties discussed above on predicted concentrations is unclear.  Certain assumptions and 
model limitations may cause concentrations to either increase or decrease.  Ultimately, for the 
objective of this study, the predicted concentration results appear to be reasonable and adequate 
for use by the MADPH in its exposure assessment. 
 



KMC Report No. 0401001                                          KM Chng Environmental Inc.                             
 

5-1 

5. Conclusions 
 
In this study, wind roses were developed from meteorological data acquired for two locations in 
the Merrimack Valley region, and for Logan Airport in Boston, MA.  The wind roses were used 
to help ascertain the locations where source emissions are likely being transported in the study 
region, to justify the selection of the meteorological database used in the refined dispersion 
modeling, and to help facilitate MADPH’s interpretation of asthma prevalence data in the 
context of evaluating potential environmental contributors.  A preliminary dispersion modeling 
sensitivity analysis was also performed to select the appropriate dispersion model options.  It was 
found that the selection of meteorological databases and model options has a significant impact 
on the locations and magnitudes of maximum modeled ground-level concentrations, given the 
terrain in the Merrimack Valley region.  Since the determination of hourly atmospheric stability 
class for use in the ISCST3 model is largely affected by wind speed, it was found that the higher 
anticipated wind speeds at Logan Airport could significantly bias the concurrent atmospheric 
stability conditions that had actually occurred in the Merrimack Valley region.  The higher wind 
speeds measured at Logan Airport (unrepresentative for the Merrimack Valley region) also could 
affect the degree of stack plume rise and stack plume dilution; and hence, the locations and 
magnitudes of maximum modeled ground-level concentrations.  This study has demonstrated the 
need for relying upon local (site- or area-specific) meteorological data when performing 
cumulative source dispersion modeling exposure assessments when the results are to be coupled 
geographically with asthma prevalence or other health effects data. 
 
The fact that permitted major stationary sources have been included in the air quality dispersion 
modeling should not suggest that such sources are primarily causing, or significantly 
contributing to asthma prevalence in the Merrimack Valley region.  In fact, the majority of the 
permitted major stationary sources considered in this study (e.g., Facilities 1 through 30 in Table 
2.1) were found to contribute very little to the highest modeled cumulative seasonal and annual 
PM10 and VOC concentrations due to the smaller facility emission rates and/or the higher stack 
plume heights above ground that were associated with those sources.  However, other sources 
considered in this study (e.g., Facilities 31 through 39 in Table 2.1) were the principal 
contributors to the highest modeled cumulative seasonal and annual PM10 and VOC 
concentrations due to the larger facility emission rates and the lower stack plume heights above 
ground associated with those sources.   
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Figure 1.1:  Merrimack Valley Region Modeling Domain 
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Figure 2.1:  Facility Locations in the Merrimack Valley Study Region 
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Figure 3.1:  Cumulative Wind Rose for Logan International Airport, Boston, MA  1991-
1995 
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Figure 3.2:   Cumulative Wind Rose for MADEP’s Storrow Park Site, Lawrence, MA 1991-
1995 
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Figure 3.3:   Cumulative Wind Rose for Lawrence Municipal Airport, MA  1998-2001 
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Figure 3.4:  Preliminary Dispersion Modeling – 1998 Urban Mode Isopleths 
(ug/m3) 
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Figure 3.5:  Preliminary Dispersion Modeling – 1998 Rural Mode Isopleths 
(ug/m3) 
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Figure 3.6:  1998-2001 Cumulative Source PM10 Concentration Isopleths 
for Winter Season (December, January, February) 
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Figure 3.7:  1998-2001 Cumulative Source PM10 Concentration Isopleths 
for Spring Season (March, April, May)
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Figure 3.8:  1998-2001 Cumulative Source PM10 Concentration Isopleths 
for Summer Season (June, July, August)
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Figure 3.9:  1998-2001 Cumulative Source PM10 Concentration Isopleths 
for Fall Season (September, October, November)
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Figure 3.10:  1998-2001 Cumulative Source PM10 Concentration Isopleths 
for Annual Period 
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Figure 3.11:  1998-2001 Cumulative Source VOC Concentration Isopleths 
for Winter Season (December, January, February)
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Figure 3.12:  1998-2001 Cumulative Source VOC Concentration Isopleths 
for Spring Season (March, April, May)
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Figure 3.13:  1998-2001 Cumulative Source VOC Concentration Isopleths 
for Summer Season (June, July, August) 
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Figure 3.14:  1998-2001 Cumulative Source VOC Concentration Isopleths 
for Fall Season (September, October, November) 
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Figure 3.15:  1998-2001 Cumulative Source VOC Concentration Isopleths 
for Annual Period 
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