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Background 
Some residents in the vicinity of Intel’s Rio Rancho Facility and other concerned citizens 
have expressed concern about possible health effects of stack emissions on the 
communities near the plant. These concerns have motivated the Agency for Toxic 
Substances and Disease Registry (ATSDR) to conduct a Health Consultation in the area. 
The Community Environmental Working Group (CEWG) was established in 2004 to 
address these and other environmental concerns associated with the facility. Intel 
Corporation provides a facilitator and has one representative serving on the CEWG and it 
supports some travel expenses for the participants who serve without compensation. The 
CEWG (www.cewg/org) is committed to making continuous environmental 
improvements at the Intel New Mexico plant, including reduction of Intel's chemical 
emissions. The Group also promotes constructive dialogue on all issues related to its 
mission. The Working Group includes longtime "green" activists, local critics of Intel, 
other community voices, and one representative from Intel.  
 
CEWG, Intel, and other entities have been responsible for reducing air contaminant 
concentrations by providing redundant control equipment, increasing stack heights, and 
revising maintenance practices. They have also conducted a study of the crystalline silica 
concentrations in the community with stack gas testing and modeling. 
 
Recently, they have begun to address possible concentration “spikes” wherein the 
concern is with the effects of short-term increases in air contaminant concentrations 
associated with brief increases in emissions or with brief periods of adverse 
meteorological conditions. Hydrofluoric acid (HF) was chosen for a case study because: 
(1) the Intel facility’s emissions have historically amounted to thousands of pounds per 
year (ATSDR Health Consultation, Public Comment Release, p. 73), (2) HF is primarily 
of concern for its short term effects (ATSDR p.26 and ERM Risk Assessment for the 
Intel Rio Rancho Facility: p.105), and (3) previously modeled concentrations were 
comparable to levels of concern (ERM Risk Assessment p. 105 and p. 91). An additional 
factor of importance was the opportunity to study the possible effects of emissions from 
the scrubbers which emit HF as opposed to earlier work on crystalline silica that is 
emitted from stacks serving the thermal oxidizers.  
 
In the crystalline silica study, the first step was to define a criterion for significance and 
then develop techniques to assess whether or not the emissions would meet the criterion. 
In the HF study we used a similar approach. The first step was to choose the appropriate 
level of significance. This was followed by modeling the hourly concentrations with an 
EPA approved model using median measured emissions. 

 
 

Approach 
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An examination of the literature pointed to two possible choices for an appropriate level 
of significance for short-term HF exposures. The lowest numerical value was 0.020 parts 
per million (ppm) in the ATSDR’s Minimal Acute Risk Level (MRL–A) while the Texas 
Commission on Environmental Quality (TCEQ) has short term Effects Screening Level 
(ESL) of 0.022 parts per million. However, the TCEQ ESL is a one-hour average while 
the ATSDR (MRL-A) is a 24 hour average. Since the maximum one-hour average is 
usually significantly higher than the 24 hour average for an industrial facility, the TCEQ 
ESL level of 0.022 ppm was chosen. At the altitude of the Rio Rancho facility and a 
temperature of 20 degrees centigrade this corresponds to approximately 15 micrograms 
per cubic meter (µg/m3). 
 
The screening level was developed by the TCEQ based on studies by Lund in 1999 (see 
http://www.tceq.state.tx.us/assets/public/implementation/tox/dsd/final/october09/hydroge
n_fluoride.pdf). The study involved exposures of 25 healthy, male volunteers to three 
levels of HF for an hour period. The lowest level was divided by a factor of 30 to adjust 
for the small sample size and the selected population, which was healthy males aged 
between 20 and 50. The screening level is used as a planning tool to decide if further 
studies or different options are required for a new facility.  
 
The AERMOD model was chosen as the tool to estimate the HF concentrations outside 
the facility fence line. AERMOD is an EPA approved model for industrial facilities. It is 
the model currently being used to estimate compliance with ambient air quality standards 
in the vicinity of the facility. Previous modeling has shown that the highest 
concentrations are predicted to occur near the facility fence line. An important feature of 
the dispersion is the influence of the nearby buildings, because the stacks that emit HF 
are relatively short, (ranging from 12 to 30 meters in height) and the plume rise is very 
low because the stack gas temperatures are low. AERMOD is a Gaussian steady state 
model that does not take into account changes in the mean wind that occur while the 
plume is traveling to the receptors, however the short travel times in this context make 
this limitation of little importance. 
 
The risk assessment used and the permit applications have used meteorological data from 
an onsite tower for the period April 1993 to March 1994 together with Albuquerque 
airport surface measurements and upper-air soundings. The risk assessment also used 
onsite tower data from the calendar year 2002 together with the corresponding airport 
data. There has been concern expressed about using a single year’s data and concern that 
climate change may have made the 1993-1994 data less representative of current 
conditions. Consequently, the CEWG hired Class I Technical Services to prepare 
meteorological input data from the onsite tower data collected over the years 2010, 2011, 
and 2012. Class I also organized the corresponding airport data. Furthermore, Class I also 
prepared AERMOD input appropriate to scrubber HF emissions. The HF emissions are 
based on HF stack emissions measured and summarized by Kurt Parker of Environmental 
Resources Management. The measurements were made under contract with Intel during 
the year 2012. 
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The model which prepares the meteorological data, AERMET, requires data about the 
environment surrounding the site. The surface data is based on land cover data from the 
U.S. Geological Survey (USGS) National Land Cover Data 1992 archives (NLCD92). 
The model, AERSURFACE, that matches the land use data to meteorological surface 
parameters, requires the user to answer four questions: (1) is the meteorological data from 
an airport, (2) is there continuous snow cover during the winter, (3) is the site in an arid 
climate, and (4) is the site in a dry climate? The first two questions were answered no and 
the last two were answered yes. 
 
AERSURFACE was used to calculate the surface roughness, albedo, and Bowen ratio. 
The surface roughness influences the vertical profile of wind speed and the turbulence. 
The albedo is the fraction of sunlight that is reflected from the surface, while the Bowen 
ratio determines how much of the energy heating the surface goes into raising the air 
temperature and how much goes into evaporating moisture from the surface. In moist 
areas most of the incoming energy goes into evaporation, while in the dry regions it goes 
into heating the air giving larger temperature ranges and deeper mixing in the 

atmosphere.  For each parameter, data was extracted from land cover data for each month 
of the year and 12 equal sectors radiating from the Intel site. 
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Figure 1. Receptor locations used in the AERMOD modeling. 
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In the input to AERMET, an option specified by the keyword METHOD STABLEBL 
ADJ_U* was used. This option increases the turbulent spread of the plume under very 
low wind speed conditions. It is most important for surface releases as opposed to the 
stack releases that I considered. This option requires that AERMOD must be run in the 
“beta” mode and is a non-default option. In regulatory applications beta options must be 
approved by the regulatory agency. The New Mexico Environmental Department has 
approved this option for permit applications using the older set of meteorological data. 
Presumably, they would approve this application since it is using the same procedures as 
were used for the most recent permit application. The receptor grid was set up to locate 
receptors every 50 meters along the fence line and at grid points every 50 meters in the 
north-south and east-west directions extending to a distance of 1 kilometer from the fence 
line in each direction. Figure 1 shows the receptor layout. There are over 4000 receptors. 
The source input described 22 sources with a variety of stack heights and emission rates. 
Median emission rates from the stack testing were used. Emission rates for the same 
source show some variation. For example, the stack with the highest, median-emission 
rate, had maximum emission rates that were 35% greater than the median emission rate. 
Stack heights ranged from 12 meters to 30 meters. 
 
 

 
  
Results 
 
I ran the AERMOD model for the three years 2010, 2011, and 2012. The highest 
concentrations estimated were for November 25th at 4 am of 2012. The estimated level 
was 7.5 micrograms per cubic meter or approximately half of our screening level of 15 
micrograms per cubic meter. The second highest concentration was for a nearby receptor 
and was 7.3 micrograms per cubic meter. Consequently, we can conclude that there is no 
need to use a more-dense receptor grid. 
 

Figure 2. Source locations and fence-line receptor 
locations 

Boundary Receptors & Sources

3898200
3898400
3898600
3898800
3899000
3899200
3899400
3899600
3899800
3900000
3900200

348600 348800 349000 349200 349400 349600 349800

UTMX (meters)

UT
M

Y 
(m

et
er

s)

Boundary Receptors
Sources



Michael D. Williams Page 5 3/13/2014 5 

The highest concentrations for the year 2011 were estimated to be 5.7µg/m3 on 
September 26th at 7 am. The estimated concentrations nearby were very similar. The 
highest concentrations for the year 2010 were estimated to be 5.3µg/m3 on December 12th  

at 8 am and the nearby concentrations were very similar.  

 
In 2012, there were eight, one hour events with concentrations greater than 4.8µg/m3. In 
2011, there were six, one-hour events with concentrations greater than 4.8µg/m3, while in 
2010 there were six, one-hour events with concentrations greater than 4.2µg/m3. In this 
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Figure 3. Boundary receptors, sources, and the highest-concentration receptors for the 
years 2010, 2011, and 2012 

Figure 4. Boundary receptors, sources, and locations of receptors that received the 
highest concentrations during the 19 events of the years 2010, 2011, and 2012. 
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context we define an event as an hour when one of the 50 highest concentrations for one 
of the three years was estimated. There were two events in 2010 that fell on the same day 
and had the same highest-concentration receptor. There was only one-event that fell on 
the western boundary. It occurred in 2010 and had a concentration of 4.3µg/m3. 
 
Another question relates to the emission variability, is it likely that high emissions might 
occur at the same time as the most unfavorable meteorological conditions? The median 
emission for the stack with the highest emissions is listed at 633 parts per billion 
concentration in the stack, but the highest of the eight hours is 863 parts per billion which 
means that in one hour of eight the emissions could be 36% greater than those used in the 
modeling. However, a 36% increase in the concentrations would still leave us with 
concentrations of 10.1µg/m3 which is still less than the screening level of 15. 
Consequently we do not need to examine the role variations in the emission rate might 
play. 
 
I also executed a model run for the 2012 event that gave the highest estimated 
concentration. I forced the model to address only the highest receptor and to provide 
estimated concentrations for the single day that gave the highest concentrations. This 
modeling exercise was performed to illustrate the temporal pattern of concentrations for a 
single receptor. 
 
 

Figure 5 illustrates the large changes in concentration that can result from a change in 
meteorological conditions even though the emissions are unchanged. 

Figure 5. HF concentrations on the worst day at the worst receptor. 
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During the discussions of the results, concern was expressed about potential repeated 
occurrences of high concentrations. While we have no information about the 
significances of such occurrences, I decided to estimate the highest 24 hour averaged and 
annual averaged concentrations for the year 2012. Table 1 reports the results: 

 
 
One-hour         24-hour          Annual (2012) 

 
7.5 µg/m3        .40 µg/m3      .025 µg/m3 

 
5.2 µg/m3        .65 µg/m3      .15 µg/m3 

 
3.8 µg/m3        .15 µg/m3      .18 µg/m3 

 
 
I have reported the highest concentration for each averaging time and the associated 
concentrations for the other averaging times at the same location. We see that the highest 
one hour average was not associated with the highest 24 hour or annual average. 
 
Figure 6 reports the locations where the highest concentrations were found for each of the 
averaging times: one-hour, 24 hour and annual. 
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Table 1 Estimation of longer-term HF averages 
 

Figure 6. Locations of highest estimated HF concentrations. 
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Discussion 
The risk assessment also modeled HF concentrations for the Intel facility although it used 
a different meteorological period, a different dispersion model, and a different source 
configuration. The risk assessment reported results using the CALPUFF model and they 
used two different downwash models: (1) the Schulman-Scire approach and (2) the 
PRIME approach. The PRIME model is used in the current formulation of the AERMOD 
that I used. They also used higher emission rates, a rate equivalent to 12,603 pounds per 
year (table 3-4) while our rate is 5287 pounds per year. They used the maximum 
emissions estimated while I used a median emission rate. There may have been changes 
in the emissions over the intervening years. They also used a different screening level of 
25µg/m3 instead of the 15µg/m3 than I am using. Their level was based on occupational 
health levels divided by a factor of 100 to address the small population size (a factor of 
10) and the unrepresentative character of the population (another factor of 10). The 
TCEQ level is derived from the work of Lund et al and uses a factor 10 for population 
size and a factor of 3 for population representativeness. TCEQ used only a factor of 3, 
because the observed effect, some discomfort in breathing, didn’t necessarily represent an 
injury as opposed to a temporary discomfort. 
 
The risk assessment reported a modeled concentration of 12µg/m3 for the PRIME 
downwash model (table A-4) which is comparable to our results of 7.5µg/m3 when the 
differing emission rates are taken into account. However, the risk assessment reported a 
level of 33µg/m3 for the Schulman-Scire approach (table A-5) which exceeds both our 
screening level and theirs. 
 
Downwash is expected to play an important role with the influence of low plume rise, 
short stacks and nearby buildings. The risk assessment described a tracer experiment that 
examined the importance of this question at the Intel site. A tracer was released from one 
of the stacks and the concentration of the tracer was measured downwind. The highest 
measured tracer concentration was 2.2 times the concentration estimated for the same 
point and time using the PRIME downwash model while it was only 1.12 times that 
estimated by the Schulman-Scire approach (table 4-3, page 58). If one compares the 
highest of all the modeled concentrations to the highest of all the measured 
concentrations, the prime model still underestimates by a factor of 2.2, while the 
Schulman-Scire approach gives a 25% over prediction. 
 
Conclusions and Possible Next Steps 
EPA approved model estimates of HF concentrations were lower than the screening level 
and receptor locations were sufficiently close to one another that the results are not 
sensitive to the choice of receptor locations. Measured emissions showed more variation 
with time than expected, but not enough to change the conclusions. However, the 
modeled concentrations did not provide a large margin for error so that further 
examination of the role of model options might be advisable. In accordance with the 
original intent of this work, the next step would be to examine other emissions from the 
scrubbers to see if there are other contaminants with estimated concentrations comparable 
to appropriate screening levels. This endeavor would require examining the risk 
assessment and the ATSDR report to find contaminants with estimated or measured 
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concentrations that approached short-term screening levels. Once a list was constructed, 
appropriate screening levels would be developed by examining recent literature on 
contaminant health effects. Next, for each item on the list the ratio of estimated emissions 
to the estimated emissions for HF would be determined. The resulting ratios would be 
multiplied by the estimated HF concentrations to determine short-term concentrations for 
the other contaminants. 
 
This option would not address the possible short-comings in the performance of the 
downwash module or the use of the beta option in the model. There are three possible 
tasks that could address these concerns: (1) the model could be rerun without the beta 
option, (2) the AERMOD model could be run with meteorological data and emissions 
associated with tracer study, and (3) a measurement program could be developed to 
compare estimated HF concentrations with measured ones at one point along the fence 
line where high concentrations are expected to occur. I have rerun the model without the 
beta option and I found no differences in the maximum one hour averaged concentrations 
for 2012. 
 
The comparison with the tracer measurements would require developing the appropriate 
inputs for the AERMOD model. The basic data are probably available in one form or 
another but there would certainly be some differences between the inputs required by the 
current forms of the AERMET and AERMOD models. Another concern is that the tracer 
study was over a 2 month period and it was released from a single stack rather than a 
complex of stacks. Consequently the tracer study might not be representative of the most 
important circumstances and the appropriate geometry. 
 
A HF measurement program would pose other questions: (1) can the emissions be 
estimated with sufficient accuracy, (2) can the FT-IR sampling be done  with adequate 
minimum detection levels, and (3) where could the resources to support such a study be 
obtained? 
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