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Abstract 

  
 In 2005, the United States Environmental Protection Agency (EPA) issued the 
Clean Air Mercury Rule (CAMR) as a means for regulating mercury emissions from 
coal-fired utility boilers in the United States.  However, there is concern that this rule 
may result in local ‘hot spots’ of increased mercury in the environment surrounding these 
facilities.  Citizens of the Four Corners region in the southwest are particularly concerned 
about this rule due to the presence of two of the highest mercury-emitting facilities in the 
country.  While studies have shown that an increase in atmospheric levels of mercury  
lead to a global increase in mercury deposition, little is known on the effects air 
emissions from point sources on local mercury levels in the environment. 
 In this study, mercury emissions from the Four Corners Power Plant and the San 
Juan Generating Station of New Mexico were investigated for their possible impacts on 
local mercury levels in the environment.  The analysis included statistical and back 
trajectory analysis of deposition data at a nearby monitoring site, as well as SCREEN 
dispersion modeling of mercury emissions to calculate mercury concentrations in the 
ambient air.   

Results of the statistical analysis of the deposition data showed a relationship 
between precipitation and deposition levels, with higher deposition associated with 
higher precipitation.  However, season was also shown to have an effect, with summer 
having the highest levels of deposition in the area, despite having only the second highest 
level of precipitation, suggesting complexity in the relationship that was infeasible to 
fully evaluate with the available data.  The results of the back trajectory analysis 
suggested an association between high deposition and trajectories coming from the 
southwest and passing within 50 kilometers of the facilities.  However, the small sample 
size of dates available for back trajectory analysis leads to caution in interpreting the 
results.  More extensive monitoring schemes are proposed in order to perform more 
elaborate back trajectory analysis.  With the proposed monitoring scheme it is believed 
that source attribution analysis may be performed to determine the contribution of the 
Four Corners and San Juan facilities to local mercury deposition levels. 

Results from the SCREEN dispersion model of the facilities’ emissions were 
compared to EPA and California Office of Environmental Health Hazard Assessment 
(OEHHA) reference levels to assess possible health risks due to inhalation.  Results from 
the dispersion analysis showed maximum ambient concentrations of 0.030 µg/m3 of 
elemental mercury and 0.032 µg/m3 of total mercury.  Neither of these concentrations 
exceeds either the EPA or OEHHA reference levels.  However, given that they are on the 
same order of magnitude of the OEHHA reference level, more extensive modeling may 
be required with more detailed emissions estimates.   
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1. Introduction 

 Mercury exposure can pose a threat to both human and wildlife health.  A 

comparison of contemporary and historical records shows that atmospheric mercury 

burdens have increased between two- and five-fold since the industrial revolution 

(USEPA, 1997).  This has resulted in higher rates of global mercury deposition, leading 

to increases in methylmercury exposure via food chains.  Although global increases in 

emissions of mercury to the atmosphere have led to increased global mercury deposition, 

there is still uncertainty with regards to the contribution of point sources to local mercury 

levels in the environment. 

 Coal-fired utility boilers remain the largest anthropogenic source of mercury in 

the U.S.  With ever increasing concern over the contribution of these sources to mercury 

in the environment, the EPA issued the Clean Air Mercury Rule (CAMR) in 2005 to 

regulate mercury emissions from coal-fired utility boilers.  This rule involves the use of a 

market-based cap-and-trade program in which mercury-emitting facilities are able to buy 

and sell permits for releasing mercury quotas into the atmosphere.  The goal of this 

approach is to reduce mercury emissions nationally (USEPAa, 2007).  However, given 

the uncertainty surrounding the disproportionate effects of emissions on local deposition, 

many are concerned that this program will create mercury ‘hotspots’, or areas of 

particularly high mercury concentrations in air, water, and soil (Reppert, 2005). 

 Two of the highest mercury-emitting facilities in the United States are located 

within 15 kilometers of each other in the Four Corners region where Colorado, Utah, 

New Mexico and Arizona meet.  The Four Corners Power Plant and the San Juan 

Generating Station, located in the northwest corner of New Mexico, each emit on the 

order of 0.5 tons of mercury per year.  With the recent promulgation of the CAMR, 

citizens have become increasingly concerned with the potential impact of local mercury 

emissions on mercury levels in the environment (C. Nelson, Navajo Nation EPA, 

personal communication, March 17, 2007). 

This study investigates the effects of both the Four Corners and San Juan facilities 

on mercury levels in the surrounding local area.  The first section of this report 

investigates the impacts of emissions on deposition levels at a monitoring station located 

approximately 50 km to the north of the facilities.  This includes a statistical analysis of 

deposition data to isolate trends between deposition, precipitation, and season.  Back 
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trajectory analysis was also performed as a source attribution analysis, to investigate the 

origin of mercury deposited at this monitoring site.  This was performed in order to 

isolate the contribution of the Four Corners and San Juan facilities to local deposition 

levels. 

The second section of the analysis investigates the effects of emissions from these 

two facilities on local air quality with regards to mercury.  To do so, a dispersion model 

was utilized to calculate ambient mercury concentrations.  The results were then 

compared to reference concentrations for mercury developed by both the U.S. 

Environmental Protection Agency (EPA) and the California Office of Environmental 

Health and Hazard Assessment to determine potential health risks due to mercury 

inhalation.  

The results of these analyses are intended to help local officials as they evaluate 

issues associated with implementation of CAMR.  In addition, this study will provide 

insights on monitoring schemes which could be implemented in the area in order to 

investigate sources contributing to the environmental levels of mercury in the Four 

Corners region.  
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2. Background 

2.1 Sources of Mercury 

Concern over possible health effects resulting from elevated environmental 

mercury levels has led to extensive research on the sources of mercury, and its 

atmospheric transport and deposition.  Mercury cycles through the environment as a 

result of both natural and anthropogenic activities.  Natural sources include volcanic 

eruptions, undersea vents, and the geological weathering of rocks (Environment Canada, 

2004).  87% of U.S. anthropogenic mercury emissions are due to combustion.  This 

includes municipal waste combustors, medical waste incinerators, and coal-fired utility 

boilers.  With emission limits set for municipal waste combustors and medical waste 

incinerators, coal-fired utility boilers remain the largest anthropogenic source of mercury 

emissions in the United States (USEPA, 1997). 

 Both natural and anthropogenic emissions contribute to a ‘global pool’ of 

atmospheric mercury.  Mercury then enters waterways through wet and dry deposition.  

While it is known that an increase in the global pool of mercury from increased emissions 

has led to elevated mercury levels in fish, it is still unknown how anthropogenic sources 

may be contributing to mercury deposition on a local and regional scale.  Studies are now 

trying to assess these impacts (BNL, 2001). 

 

2.2 Mercury Speciation and Transport in the Environment 

Mercury deposits on the earth in different ways and different rates, depending on the 

form, or ‘species’ of mercury.  The three most common species that occur in the 

atmosphere include elemental mercury (Hg0), gaseous inorganic or divalent mercury 

(Hg2+), and particulate divalent mercury.  Particulate refers to divalent mercury bound to 

particulate matter.  The speciation of Hg0 to Hg2+ and vice versa can occur through the 

following: 

 
1) Oxidation of Hg0 to Hg2+ by reaction with ozone, hydroxyl radical, or hydrogen 

peroxide in cloud water. 
2) Reduction of Hg2+ to Hg0 by reaction with SO2 (g) or SO3

2- (aq). 
3) Direct oxidation of Hg0 to Hg2+ by reaction with ozone in the gas phase. 
 
Knowledge of the speciation of atmospheric Hg is necessary for predicting its 

deposition and biogeochemical cycling, as well as the potential risks associated with 
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exposure with some forms, such as methyl mercury implicated in Minimata Disease.  In 

the atmosphere, mercury exists largely in the elemental phase, with trace amounts of the 

divalent phase present as well.  Divalent mercury is only present in trace amounts due to 

its reactivity.  Hg2+ is often associated with particles and halide compounds, making them 

highly water soluble.  It is this solubility which strongly influences their atmospheric 

deposition rates.  Although elemental mercury is thought to be the dominant form of 

atmospheric Hg, even trace amounts of divalent mercury may control the overall 

deposition of mercury (Lindberg, 1998). 

Given the effects of speciation on mercury deposition, the distance Hg can travel 

through the atmosphere is also affected by its form.  Elemental mercury is able to travel 

tens of thousands of kilometers.  Divalent mercury is only able to travel from tens to a 

few hundred kilometers, while particulate mercury is thought to travel even less, making 

it travel the shortest range of all three forms (Roe, 2003).  Therefore, the speciation of 

mercury can affect whether or not emission sources greatly affect the surrounding local 

area. 

 Not only does mercury speciation occur in the atmosphere, it also occurs in the 

stacks of the point sources themselves.  Speciation profiles (which breakdown the relative 

ratios of the three forms of mercury) have been estimated for every coal-fired utility 

boiler in the United States using data on the type of coal used, the type of boiler, and the 

type of controls implemented.  Although speciation profiles do have uncertainty 

surrounding them, the profiles for coal-fired boilers are more accurate than any other 

mercury emissions category (WDNR, 2006). 

Upon deposition into an aquatic system, inorganic mercury can undergo 

transformations in either the sediment or water column to a methylated organic species.  

The processes through which methylmercury is formed are complex, and not completely 

understood.  However, one factor which plays a key role in the levels of methylmercury 

in the aquatic environment is atmospheric deposition of inorganic mercury (USEPA, 

1997).  

 

2.3 Toxicokinetics and Health Effects of Mercury Exposure 

 All three forms of mercury have adverse health effects. However, their relative 

impacts are affected by the toxicokinetics of each compound.  The species of mercury 
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affects both the risk of exposure, and an organism’s rate of uptake and excretion of the 

mercury. 

 The most prominent route of exposure of methyl mercury is ingestion, due to its 

ability to be rapidly absorbed through the gastrointestinal tract.  Conversely, due to 

limited absorption through the lungs, inhalation exposure of methyl mercury does not 

contribute greatly to body burden levels.  Methylmercury is lipophilic and has slow 

excretion rates (about 1% of the body burden per day).  The resulting half-life of 

methylmercury in the body is on the order of 80-90 days.  It easily penetrates the blood-

brain and placental barriers in humans and animals, making it of particular concern to 

women of child-bearing age.  The target organ of concern is the brain, causing 

neurological disorders.  Methylmercury is the greatest health threat to human populations 

due to its ability to bioaccumulate along the food chain, increasing the risk of exposure 

through the ingestion of fish (NRC, 2000).   

 Elemental mercury vapor, on the other hand, is rapidly absorbed in the lungs, but 

is poorly absorbed by the gastrointestinal tract.  Approximately 80% of inhaled elemental 

mercury is readily absorbed.  It too, readily crosses both the placental and blood-brain 

barriers, with the target organs of concern being the brain and kidneys.  The half-life is on 

the order of 45 days, with common excretion pathways including urine, feces, exhaled 

air, sweat, and saliva.  However, if elemental mercury is oxidized to the divalent form, it 

is less readily expelled from the body.  This oxidation occurs via catalase and hydrogen 

peroxide, with hydrogen peroxide production being the rate limiting step (NRC, 2000). 

 Divalent mercury uptake is dependent upon its salt formations.  Aerosols of 

mercuric chloride (HgCl2) can be absorbed through the lungs, and 7-15% of HgCl2 can be 

absorbed through the gastrointestinal tract.  Divalent mercury has a reduced capacity for 

penetrating the blood-brain or placental barriers, and accumulates in the kidneys instead.  

The half-life of divalent mercury is 1-2 months, and is excreted through urine, feces, 

saliva, sweat, and exhaled air (as elemental mercury) (NRC, 2000).  

 The adverse effects of mercury exposure to both human and environmental health 

have long been recognized. Exposure pathways include inhalation or ingestion via fish 

consumption, with ingestion being thought to be the most common exposure route. 

Exposure epidemics in Japan and Iraq in the 1950s and 1960s demonstrated severe 

developmental toxicity including malformations (Minimata Disease) and neurotoxicity as 
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human health effects of greatest concern. Adverse effects of exposure include death, 

reduced reproductive success, impaired growth and development, and behavioral 

abnormalities. Some of these abnormalities include neurological impairments such as 

difficulty with peripheral vision or blindness, sensory disturbances, discoordination, and 

impaired walking and speech.  Similar effects of concern are also found in wildlife.  

Piscivorous (fish-eating) wildlife such as loons, eagles, mink and otter are at high risk to 

mercury exposure.  Mercury contamination has even been documented in the endangered 

Florida panther.   From the toxicokinetics, it is known that methylmercury is the greatest 

threat to humans and wildlife via ingestion routes of exposure, while elemental mercury 

may pose a health threat if inhaled (USEPA, 1997).   

 The EPA has established a reference dose of 0.1 µg/kg-day for the ingestion of 

methylmercury (USEPA IRISb, 2007).  For elemental mercury, the reference 

concentration in ambient air recommended by EPA is 0.3 µg/m3 (USEPA IRISa, 2007).  

However, the California OEHHA has recommended a lower reference concentration of 

0.09 µg/m3 for mercury compounds in general (California OEHHA, 2007).  

 

2.4 Mercury Emissions in the Four Corners Area   

 Two of the highest mercury-emitting facilities in the country are located in the 

Four Corners area: the Arizona Public Service Four Corners Power Plant and the Salt 

River Project San Juan Generating Station (Figure 1).  These facilities are within 15 

kilometers of each other on either side of the border existing between the Navajo 

Reservation and the state of New Mexico.  With the proposed construction of another 

coal-fired utility boiler nearby, citizens on the reservation and the surrounding areas are 

becoming increasingly concerned with the possibility of disproportionate mercury 

exposure resulting from close proximity to the plants (C. Nelson, Navajo Nation EPA, 

personal communication, March 17, 2007).  

 



 7 

 

Figure 1. The location of the San Juan Generating Facility and the Four Corners Power Plant in New 
Mexico, and the Navajo Reservation, respectively. 

 

 The San Juan facility is regulated by the state of New Mexico, while the Four 

Corners facility is regulated by the Navajo Nation EPA (NNEPA). However, the Navajo 

Nation only recently gained jurisdiction over this facility.  As in many other agreements 

between industries and the Native American lands in which they lie, the facility leases 

their land from the Navajo Nation.  Within the original lease agreement, covenants 

existed, stipulating that the Navajo Nation had no right to regulatory authority over the 

facility.  However, in 1995 the Navajo Nation Council passed the Navajo Clean Air Act 

which would require regulation of the Four Corners plant by the Navajo Nation.  After 

years of litigation, the NNEPA and the Arizona Public Service (among other companies) 

entered into negotiations, the result of which was the company’s agreement to voluntarily 

recognize the sovereignty of the Navajo Nation and its right to control air emissions.  

This agreement was the first of its kind in the country.  Since then, the NNEPA has 

successfully regulated the facility such that both sulfur dioxide and nitrogen oxides 

emissions have been significantly reduced (NNEPA, 2005).  Similar reductions have 
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been achieved at the San Juan generating station over time (PNM, 2007).  However, 

mercury emissions remain to be regulated in these coal-fired utility boilers. 

  

2.5 Previous Studies 

2.5.1 Fish Advisory Study 

A fish advisory study was conducted by the NNEPA in 2004.  This study was not 

able to address the issue of an individual facility’s contribution to mercury in fish tissue, 

but it did raise interesting questions about how mercury is moving through the 

environment on the Navajo Reservation.  In the study, four commonly used recreational 

lakes were tested for mercury in fish tissue.  This resulted in the administration of fish 

mercury advisories for both humans and bald eagles at Red Lake, located approximately 

100 km southwest of the Four Corners facility.  Bald eagles are a particular species of 

concern on the reservation due to their use of its lakes for foraging.  In contrast, Morgan 

Lake, located adjacent to the Four Corners facility, did not show elevated methylmercury 

levels in fish tissue (USFWS, 2005). 

 

2.5.2 Soils Study 

 In 1979, Crockett and Kinnison published a study which investigated mercury 

levels in soils surrounding the Four Corners facility.  The soil samples were collected on 

a radial grid in order to investigate the existence of a concentration gradient relative to 

proximity from the plant.  Crocket and Kinnison also investigated wind direction effects 

on mercury content in soils.  Using regression analysis, the authors found a significant 

relationship between distance from the plant and soil mercury levels, as well as a 

significant relationship between compass direction and mercury levels.  However, there 

was also a significant interaction effect between distance and compass direction.  

Therefore, statistical analysis could not state a relationship between mercury residue 

levels and direction or distance from the facility.   

The highest levels found in the soils were found to lie to the northeast of the 

facility, which is in the direction of the San Juan facility.  However, the authors also 

noted that the maximum level of mercury found in the samples was less than the average 

concentration of mercury in soil in the Western United States, and that the mean 

concentration was five times less than that average.  Finally, the authors generated a 
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Figure 2. Four Corners (NEI7668) plant 
in Fruitland, NM.  Image obtained from: 
www.srpnet.com/about/stations/fourcorn

ers.aspx. 
  

Figure 3. San Juan facility (NEI7677) located near 
Farmington, NM.  Image obtained from: 

geoimages.berkeley.edu/.../BAIN5/COALFIRE.HTML 

 

rough calculation of total mercury emissions from the Four Corners facility since its 

establishment, and given the levels of mercury found, concluded that mercury was not 

accumulating in the surrounding soils. 

 

2.6 Facilities Description 

 The two facilities of interest in this study are the Arizona 

Public Service Four Corners Power Plant and the Salt River 

Project San Juan Generating Station.  The Four Corners facility is 

located in the rural, flat terrain of Fruitland, NM (Figure 2).  With 

five separate boilers, the plant provides an average of 2,040 

megawatts (MW) of power to ~300,000 households in New 

Mexico, Arizona, California, and Texas.  The facility takes 

advantage of large local deposits of sub-bituminous coal as its fuel 

source (PNM, 2007).  The facility consumes roughly 6 x 109 

kg/yr coal, and the mercury content of the coal used by the 

facility has an estimated range of 67 – 390 ng/g (Crockett and 

Kinnison, 1979).    

 The San Juan facility is located across the border from the Navajo Reservation, 15 

miles northwest of Farmington, NM.  The terrain surrounding this facility is rural and flat 

(see Figure 3).  The facility consists of four coal-fired units which generate a total of 

1,800 MW of electricity.  It is the seventh-largest coal-fired generating station in the 

western United States, and is the primary 

supplier of power to New Mexico (PNM, 2007).  

The San Juan generating station also uses local 

deposits of low-sulfur sub-bituminous coal as 

its fuel source.  The average mercury content of 

this type of coal has been estimated at 70 ng/g 

(EWG, 1999).  Both the Four Corners and San 

Juan facilities are listed in the top 50 of 

mercury-emitting facilities in the U.S. (EWG, 

1999). 
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3. Methods 

3.1 Deposition Data Analysis 

Divalent mercury is readily scavenged by precipitation from the atmosphere and 

deposited within 10’s to 100’s of kilometers from its source (Roe, 2003).  An 

investigation of deposition monitoring data near the Four Corners and San Juan facilities 

can provide insight regarding the effect these facilities may have on local deposition 

rates.  Two main strategies were implemented for investigating deposition data in the 

Four Corners region.  First, descriptive statistics using specific averaging techniques were 

performed in order to compare mercury deposition, mercury concentration, and 

precipitation levels in the Four Corners area to similar sites in the western U.S.  This 

analysis also allowed for an investigation of the effects of precipitation on mercury 

deposition in this region, as well as its seasonal variability.  The second analytical 

strategy involved developing back trajectories for specific dates of interest, in order to 

investigate the relationship between mercury deposition levels and back trajectory path.  

In doing so, the intent was to identify the contribution of the Four Corners and San Juan 

facilities to mercury deposition rates in the local area.  

 

3.1.1 Deposition Monitoring Data 

 The Mercury Deposition Network (MDN) is a network of the National 

Atmospheric Deposition Program (NADP); a nationwide network of precipitation 

monitoring sites.  Established in 1995, the MDN currently consists of 90 sites that 

monitor the amount of mercury in precipitation on a regional basis, to assist researchers 

in understanding mercury deposition in the lakes and streams of the United States.  Only 

seven of these sites collect precipitation on a daily basis.  The remaining sites collect 

weekly samples (NADP, 2007). 

 An MDN weekly-sampled monitoring site is currently located approximately 45 

km north of the San Juan facility, and 55 km north of the Four Corners power plant, 

respectively, and is the closest deposition monitoring site to either of these facilities 

(Figure 4).  Located in Mesa Verde National Park at an elevation of 2172 meters, CO99 

has collected mercury deposition data from late 2001 until the present.  Deposition data 

for this site, and four others, were extracted from the MDN in order to investigate the 
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deposition trends in the west, as well as the effects of precipitation and seasonality on 

deposition levels.  These other sites also collect precipitation samples on a weekly basis. 

 

 

 

Figure 4.  MDN monitoring site CO99 and its location north of the San Juan Generating Facility and the 

Four Corners Power Plant. 

 
 The four other sites selected for comparison to CO99 are all in western states and 

include CO97, NM10, WA18, and WY07 & 08.  WY07 & 08 are treated as a single site, 

due to the decommissioning of WY07 in favor of WY08 in 2004.  All sites, except for 

WA18, are at similar elevation to CO99.  When comparing deposition data, it is 

important to compare sites at similar elevations.  It is believed that elevation has an effect 

on deposition levels, though the exact dynamics are still being investigated (NADP, 

2007).  A summary of the description for each site is presented in Table 1.    
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Site 

ID Site Name Start date Stop date State Latitude Longitude 

Elevation 

(m) 

CO97 Buffalo Pass - Summit Lake 9/29/1998   CO 40.5383 -106.6766 3234 

CO99 Mesa Verde National Park-Chapin Mesa 12/26/2001   CO 37.1981 -108.4903 2172 

NM10 Caballo 5/13/1997   NM 33.0625 -107.2917 1280 

WA18 Seattle/NOAA 3/19/1996   WA 47.685 -122.258 25 

WY07 Yellowstone National Park - Yellowstone Lake 2/5/2002 10/20/2004 WY 44.5654 -110.4003 2468 

WY08 Yellowstone National Park-Tower Falls 10/21/2004   WY 44.9166 -110.4203 1912 

Table 1. Summary data for the five MDN monitoring sites. 

 
 CO97 is located far north of CO99.  Similar to CO97, it is also at a higher 

elevation.  However, it displays different seasonal patterns in precipitation, which may 

allow for an investigation into the relative effects of precipitation and season at these 

sites.  It is believed that deposition at CO97 is strongly affected by mining operations in 

Nevada.  NM10 on the other hand, has similar seasonal precipitation patterns to CO99.  

With no nearby sources of mercury, it is yet unknown as to what sources may be 

affecting deposition levels here.  WY07 & 08 are at elevations similar to CO99 and have 

no nearby sources of mercury emissions.  These sites are considered to be relatively 

pristine, and may serve as an important baseline site for mercury deposition in the west.  

WA18 was initially established to investigate background levels of atmospheric mercury 

from Asia.  However, located downwind of Seattle, it also has significant loading from 

local sources.  With high precipitation events, WA18 also serves as an interesting site to 

investigate the effect of season and precipitation on mercury deposition, even though it is 

not at elevation (David Gay, NADP, personal communication, March 19, 2007).  A map 

of the location of these sites is presented in Figure 5. 
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Figure 5. The location of MDN monitoring sites nationwide.  Adapted from: 

<http://nadp.sws.uiuc.edu/mdn/sites.asp>. 

 
3.1.2 Descriptive Statistics of Deposition 

 There are currently no ambient air quality standards for mercury.  In order to 

compare precipitation, mercury deposition, and mercury concentration between sites, an 

appropriate averaging scheme had to be developed.  To do so, averaging schemes for 

other ambient air quality standards were investigated.  In particular, the particulate matter 

(PM10) standard was found to have appropriate averaging schemes which might be 

applied to mercury deposition and concentration. 

 For the National Ambient Air Quality Standards (NAAQS), PM10 uses an 

aggregate annual averaging time.  Under this averaging scheme, samples are first 

averaged across a quarterly basis.  Next, the four quarters of the year are averaged 

together to create an annual average.  Finally, three or four consecutive years are 

averaged together to create an aggregate annual average.  This produces an overall 

average of sample concentration over a given period of time.  The benefits of this scheme 

include minimizing the effects of missing data and outliers on skewing the means 

(USEPAb, 2007).   
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 In order to effectively compare deposition, concentration, and precipitation 

between the four MDN sites, and to minimize the effects of missing data, an aggregate 

averaging scheme was selected, and was performed on both the seasonal and annual 

level.  For clarity, these averages will now be referred to as the seasonal and yearly mean.  

Given the data availability of CO99 between the years of 2002 and 2005, only these years 

were investigated at the other sites to maintain consistency. 

In addition to an aggregate averaging scheme, because mercury is a ‘loading’ 

pollutant, it is also important to investigate the total amount of mercury being deposited, 

as well as the total amount of precipitation occurring at a site.  For this reason, an 

averaging scheme involving the sum of deposited mercury and precipitation was also 

investigated on a seasonal and annual level.  In this averaging scheme, the sum was taken 

for a given season/quarter, and then the seasonal sum was averaged across all years.  For 

example, the total deposition occurring in the winter of 2002 was averaged with the total 

deposition occurring in the winters of 2003, and 2004, and so on.  On an annual level, the 

yearly total was averaged together across all years.  The end result was the mean total 

seasonal deposition or precipitation between years and the mean total yearly deposition or 

precipitation for a multi-year period.  For clarity, these averages will be referred to as the 

mean total yearly or mean total seasonal deposition or precipitation.  

By performing aggregate annual and seasonal averages of deposition, 

concentration, and precipitation, as well as aggregate annual and seasonal averages of 

total deposition and precipitation, it is possible to investigate the effects of season and 

precipitation levels on mercury deposition and concentration at CO99 and in the other 

sites throughout the west.  This may prove important in assessing local emissions 

contributions to deposition, due to wind direction variations depending on season.    

 
3.1.3 HYSPLIT Back Trajectory Analysis 

 In order to track the origin of the mercury being deposited at CO99, the Hybrid 

Single-Particle Lagrangian Integrated Trajectory Model (HYSPLIT) was used to perform 

back trajectories on particular dates of interest.   The HYSPLIT model was developed by 

the National Oceanic and Atmospheric Administration (NOAA), and is capable of 

computing simple air parcel trajectories and back trajectories at varying altitudes and 

times.  The back trajectory capability of the model is often used as a ‘source attribution 
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method’, attempting to determine the source of a pollution measurement (NOAA-ARL, 

2007). 

 The dates of interest for HYSPLIT modeling were selected by regressing mercury 

deposition versus precipitation measurements for each sample collected at CO99.  The 

resulting graph was then divided into quadrants, and dates with the following 

characteristics were selected: high deposition/high precipitation (highlighted in red); high 

deposition/low precipitation (highlighted in blue); and low deposition/high precipitation 

(highlighted in yellow) (Figure 6).  These pairings were selected due to the ‘washout’ 

effect of precipitation.  Because divalent mercury is highly soluble and only travels tens 

to hundreds of kilometers, days of high precipitation can be used to investigate the 

contribution of local sources to local mercury deposition levels.  It was also necessary to 

investigate days of high deposition in the presence of low precipitation.  Low 

precipitation levels lessen the contribution of far-away sources, facilitating the 

investigation of the effects of local sources on deposition.  If back trajectories were 

shown to consistently pass near the two facilities, this would be suggestive of their 

contribution to mercury deposition in the region.  Conversely, back trajectory analysis of 

days of low deposition and high precipitation were used to investigate whether or not 

trajectories on these days came from directions other than from the direction of the 

facilities. 

Overall, it was theorized that days of high deposition would result in back 

trajectories tracing through the vicinity of the two facilities, whereas low deposition 

events would have trajectories originating elsewhere.  If days with low deposition and 

high precipitation demonstrated trajectory paths near the two facilities, this would instead 

suggest that there is little influence of local sources on deposition levels in the region. 
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Mercury Deposition versus Precipitation at CO99 from 2002-2005
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Figure 6. Regression of mercury deposition versus precipitation at CO99.  The resulting quadrants were 
used for HYSPLIT back trajectory analysis (high deposition/high precipitation: red; high deposition/low 

precipitation: blue; low deposition/high precipitation: yellow). 

 
 Because samples at CO99 are collected on a weekly basis, it was important to 

isolate individual days of precipitation which contributed to the sample in order to 

perform back trajectory analysis for those days.  With CO99 being an NADP National 

Trends Network (NTN) site in addition to an MDN site, daily precipitation measurements 

have been recorded for the time period of this analysis.  Therefore, the weekly ranges for 

the mercury samples at CO99 were cross-checked against the NTN list of precipitation 

readings, and individual days contributing to the mercury samples were found.  The 

resulting dates from the regression analysis, and their days of contributing rainfall are 

presented in Table 2. 

 

 

 

 

 

 

 

 

 



 17 

 
Sample 

ID 

Site 

ID Date On Date Off 

Precip 

(mm) 

Hg Conc 

(ng/L) 

Hg Dep 

(ng/m
2
) Precipitation Dates 

High deposition/High precipitation         

2225 CO99 9/2/2003 9/9/2003 43.434 19.28 837.62 9/4,9/7,9/9 

2281 CO99 9/28/2004 10/5/2004 55.88 12.44 695.37 9/28,9/29,9/30,10/1,10/3 

2295 CO99 1/4/2005 1/11/2005 54.61 11.03 602.35 1/4,1/5,1/7,1/8,1/9,1/10,1/11 

2333 CO99 9/27/2005 10/4/2005 50.248 9.14 459.27 9/27,9/28,10/4 

High deposition/Low precipitation         

2168 CO99 7/8/2002 7/16/2002 14.264 55.32 789.19 7/10 

2223 CO99 8/19/2003 8/26/2003 23.368 25.65 599.41 8/21,8/22,8/23 

2277 CO99 8/31/2004 9/8/2004 27.178 16.41 446.12 9/4,9/5 

2323 CO99 7/19/2005 7/26/2005 17.78 24 426.72 7/23,7/25 

2326 CO99 8/9/2005 8/16/2005 24.384 22.1 538.89 8/9,8/11,8/13,8/14,8/15 

Low deposition/High precipitation         

2198 CO99 2/25/2003 3/3/2003 37.338 3.32 124.03 2/25,2/26,2/27,2/28,3/1 

2255 CO99 3/29/2004 4/6/2004 45.466 4.33 196.86 4/2,4/3,4/4 

2300 CO99 2/8/2005 2/15/2005 30.988 1.2 37.19 2/8,2/11,2/12,2/13 

Table 2. Samples isolated for CO99 for back trajectory analysis, and their associated dates of precipitation. 

 
 As can be seen in Table 2, all but one of the samples has more than a single 

precipitation date associated with it.  This may prove troublesome in discerning patterns 

between the back trajectory direction and the associated deposition and precipitation 

levels if different trajectory directions exist within a single sample.  For this reason, the 

NTN was further cross-checked to isolate weekly samples at CO99 which had only one 

day of precipitation associated with it.  From 2002 to 2005, only 36 such samples were 

found.  These samples were again used to regress deposition against precipitation, and 

samples of interest were selected based on quadrants.  From these quadrants, eight 

samples were isolated for back trajectory analysis (Table 3).  Two of these precipitation 

dates also had approximate times of their storm event recorded in the NTN. 
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Sample 

ID 

Site 

ID Date on Date off 

Precip 

(mm) 

Hg Conc 

(ng/L) 

Hg Dep 

(ng/m
2
) 

Precipitation 

Date 

Storm 

Time 

High deposition/High 

precipitation             

2226 CO99 9/9/2003 9/15/2003 27.94 7.53 210.47 9/9/2003 2000 

2168 CO99 7/8/2002 7/16/2002 14.264 55.32 789.19 8/28/2003   

High deposition/Low 

precipitation             

2224 CO99 8/26/2003 9/2/2003 10.668 25.09 267.66 8/11/2003   

2140 CO99 12/26/2001 1/1/2002 10.922 1.42 15.52 4/16/2002 1500 

Low deposition/High 

precipitation             

2350 CO99 1/24/2006 1/31/2006 10.922 6.41 70.05 7/10/2002   

2256 CO99 4/6/2004 4/13/2004 12.192 5.95 72.59 12/29/2001   

2221 CO99 8/5/2003 8/12/2003 4.826 51.99 250.91 1/26/2006   

2155 CO99 4/9/2002 4/16/2002 3.81 54.26 206.74 4/11/2004   

Table 3. CO99 samples associated with single days of precipitation, selected for back trajectory analysis. 

 

HYSPLIT Inputs 

 The main inputs for the HYSPLIT model are summarized in Table 4.  The model 

uses archived meteorological data in order to compute back trajectories.  For this 

analysis, the Eta Data Assimilation System meteorological database was selected, as it 

covers the continental United States for the timeframe of interest. 

 The source location input was listed as the latitude and longitude coordinates of 

CO99, being the starting point for the back trajectory analysis.  With a backward 

trajectory direction selected, the start time was entered as the precipitation date of 

interest, with a default time of 1200 hours, local time, unless otherwise listed.  This was 

due to a lack of information in the NTN with regards to the actual start and end times of 

storm events. 

 A run time of 48 hours was selected for the back trajectory analysis, as 

trajectories are generally thought to be most reliable within this time frame (NOAA-

ARL, 2005).  Additionally, two starting heights were selected: 2000 meters and 3000 

meters.  2000 m is a general estimate for the height to the cloud base, where precipitation 

occurs.  Because precipitation scavenges mercury from the atmosphere, it is best to 

choose a starting height at which this scavenging occurs.  By choosing a second starting 

height of 3000 m, the effects of wind sheer could also be investigated in the back 

trajectory analysis.  Wind sheer refers to a sudden change in wind speed or direction 

within a short distance.  The HYSPLIT model demonstrates the presence of wind sheer if 
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the two trajectories (2000 m and 3000 m) display sudden splits in their direction.  Back 

trajectories are most reliable when wind shear is minimal, and otherwise should not be 

analyzed in the back trajectory analysis (NOAA-ARL, 2005).  Reliable back trajectories 

were determined to be those that showed both the 2000 and 3000 m trajectories following 

similar paths.  

 

Archived Meteorological 

Dataset EDAS 

Source Location 37.1981, -108.4903 

Trajectory Direction Backward 

Start Time Precipitation Date, 1200 hours (default) 

Total Run Time 48 hrs 

Start Height 1 2000 m 

Start Height 2 3000 m 

Table 4. HYSPLIT model inputs. 

 
 Output trajectories of the model were then displayed in Google Earth, and 

trajectories which on inspection displayed wind sheer were eliminated from the analysis 

Of the 8 model runs for single storm events, one was eliminated due to presence of wind 

sheer.  For the samples with multiple days of contributing rain, 11 dates were eliminated 

from the analysis.  Similarly, for samples with multiple days of contributing rain, samples 

displaying disparate back trajectory directions were eliminated from the analysis.  For 

example, if within one sample, if the separate days of precipitation displayed trajectories 

originating from the north and the south and the east, this sample was not included in the 

analysis.  This is because no relationship between deposition level and trajectory path 

could be discerned. 

The remaining trajectories of the three deposition/precipitation pairings 

(high/high, high/low, and low/high) were displayed in their groups to determine patterns 

between back trajectory path and deposition and precipitation levels.  Also, trajectories 

occurring in the summer were used to investigate the theory regarding high deposition in 

this season, and southerly winds.  The proximity of the trajectories to the two facilities 

and its relationship to mercury deposition levels was also investigated. 

 

3.2 Dispersion Modeling Analysis 

 The U.S. EPA utilizes dispersion models as a means for computing ambient air 

concentrations due to point source emissions.  These concentrations are then used for 
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assessing human health risks due to inhalation exposure for compounds being emitted 

from facilities.  The SCREEN model is the basis for Tier 2 screening analysis for 

potential air pollution hazards.  More elaborate modeling is indicated only if the Tier 2 

analysis demonstrates pollutant concentrations in exceedance of EPA reference levels 

(NRC, 1994).  There are no current EPA ambient air quality standards for mercury.  

However, risk assessments have been performed, producing human health reference 

concentrations for inhalation exposure to mercury.  Therefore, the SCREEN model was 

used to compute ambient air concentrations for a preliminary analysis of the possible 

effects of mercury emissions on air quality surrounding the San Juan and Four Corners 

facilities.  The modeling was based on parameters extracted from the 2002 National 

Emissions Inventory. 

 

3.2.1 The 2002 National Emission Inventory 

 The National Emissions Inventory (NEI) was developed in response to the need 

for accurate emissions estimates as inputs for air quality models.  The EPA maintains this 

database for the 50 states, the District of Columbia, Puerto Rico, and the Virgin Islands.  

The emissions estimates are derived from various sources, including inventories 

compiled by state and local agencies, Toxic Release Inventory data, EPA’s Maximum 

Achievable Control Technology (MACT) programs, Department of Energy fuel use data, 

and various computer models (USEPA, 2006a). 

 The Four Corners and San Juan facilities are both listed in the 2002 NEI with an 

identification code of NEI7668 and NEI7677, respectively.  Data for the facilities listed 

in the NEI include emissions in metric tons per year (TPY), the individual boiler stack 

height (in feet), stack exit gas temperature (in degrees Fahrenheit), stack diameter (in 

feet), stack exit gas velocity (in feet per second), stack exit gas flow rate (in cubic feet per 

second), and the latitude/longitude coordinates for each boiler.  These parameters are 

essential for dispersion modeling.  The data extracted from the NEI for the Four Corners 

and San Juan facilities are listed in Appendix 3a & 3b.  When compared to all other 

mercury-emitting facilities listed in the NEI, both the Four Corners and San Juan plants 

lie in the top 5% for mercury emissions in the United States.  As seen in the appendix, the 

NEI lists all three species of mercury: elemental gaseous, gaseous divalent, and 

particulate divalent mercury.  
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3.2.2 SCREEN Dispersion Model and its Inputs 

 SCREEN is a Gaussian plume model that uses source-related factors and 

meteorology to estimate pollutant concentration from continuous sources.  The general 

capabilities of the model include estimating maximum ground-level concentrations and 

the distance to that maximum, incorporating the effects of downwash on maximum 

concentrations, and the effects of terrain on ambient concentrations (USEPA, 1995). 

 For this analysis, the SCREEN model was run in point source mode, using stack 

data obtained from the 2002 NEI.  These parameters include emission rate, stack height, 

stack inside diameter, stack gas exit velocity, and stack gas temperature.  A summary of 

the parameters for the Four Corners and San Juan facilities and their individual boilers 

are provided in Table 5.  These parameters were converted from the NEI’s English units 

to metric units, as required by the SCREEN model.  It should be noted that the NEI 

emissions rate of tons per year had to be converted to grams per second for the model 

inputs.   

 
Site ID Boiler ID Stack Height (m) Exit Gas Temperature (K) Stack Diameter (m) Exit Gas Velocity (m/s) 

NEI7668 1 76.2 328 5.36 18.3 

NEI7668 2 76.2 328 5.36 18.3 

NEI7668 3 76.2 328 4.36 31.7 

NEI7668 4 116 333 8.69 23.9 

NEI7668 5 116 333 8.69 18.3 

NEI7677 1 122 320 6.10 18.9 

NEI7677 2 122 318 6.10 18.3 

NEI7677 3 122 322 8.53 15.8 

NEI7677 4 122 322 8.53 15.8 

Table 5. Stack parameters for the Four Corners (NEI7668) and San Juan (NEI7677) facilities used for 
dispersion modeling. 

 
 
 The NEI lists elemental gaseous, gaseous divalent, and particulate divalent 

mercury emissions rates for each boiler of the facilities.  The estimates for these three 

categories were provided by the state of New Mexico to the NEI.  However, NEI7677 has 

a fourth category for mercury listed in the NEI.  It is simply labeled ‘Mercury’, and its 

data source is listed as 767/CAMD – a code indicating that this data was taken from an 

emissions monitoring system.  These ‘Mercury’ records contain a different set of stack 

parameters for the boilers than those listed in Table 5 (see Table 6). However, emissions 
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rates listed under this category are negligible (<0.01% of the total emissions).  For 

consistency, these emissions were not included in the dispersion modeling.   

 

Site ID Boiler ID Stack Height (m) Exit Gas Temperature (K) Stack Diameter (m) Exit Gas Velocity (m/s) 

NEI7677 1 122 353 5.49 26.8 

NEI7677 2 122 353 5.49 27.1 

NEI7677 3 122 353 7.62 29.3 

NEI7677 4 122 353 7.62 29.3 

Table 6. Stack parameters for ‘Mercury’ component emissions listed in the NEI for the San Juan facility 
(NEI7677). 

 

It is also important to note that even though particulate mercury is technically a 

solid, it was modeled as a gas, similar to the elemental and gaseous divalent mercury.  

This is due to its ability to behave as a gas.  The median particle size for fly ash emissions 

from power plants is on the order of 0.5 microns.  At this size, particles approach 

Brownian motion, and it is reasonable to model their behavior in the atmosphere using 

the SCREEN model (J. Vandenberg, EPA, personal communication, 26 May 2007). 

The SCREEN model also requires an input for ambient temperature.  Though the 

model default is 293 K (approximately 68 F), average temperatures in the region can 

reach much higher.  Therefore, ambient temperature data was obtained from the 

Farmington, NM climate station which lies within twenty miles from each facility.  In 

addition to 293K, the highest monthly average temperature (305.9K) was selected to 

investigate the effects of high temperatures on ambient mercury concentrations (WC, 

2007). 

The SCREEN model was run using rural dispersion coefficients, due to the 2000 

Census designation of San Juan County as rural (US Census Bureau, 2000).  

Additionally, given the isolation of the facilities, no building downwash was incorporated 

into the modeling procedure.  Although simple elevation and complex terrain scenarios 

can be modeled using SCREEN, both facilities are located on flat, even terrain, and 

therefore neither of these scenarios were included (see Figures 2 and 3 in the Background 

section for views of the immediate surroundings).   

The SCREEN model can be performed in either a full meteorology mode, or 

discrete stability classes and wind speeds can be selected.  First, full meteorology was 

selected to enable all stability classes and wind speeds in the model.  In doing so, the 

model was able to examine a range of stability classes and wind speeds in order to 
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identify the ‘worst case’ meteorological conditions (the conditions that result in the 

highest ground level concentration).  The outputs from the full meteorology mode result 

in distinct stability classes and wind speeds being selected at different distances from a 

facility, meaning that the model assumes that more than one wind speed and stability 

class can occur at a single time.  Therefore, the model was next rerun using the discrete 

stability class and wind speed which provided the highest overall ambient mercury 

concentration.  By selecting the automated distance array option, the model produced 

concentrations of mercury out to a maximum distance of 50 kilometers. 

The model was run separately for all four boilers of the San Juan facility, and all 

five boilers of the Four Corners facility.  Additionally, the three species of mercury 

(elemental, gaseous divalent, and particulate divalent) were modeled separately.  The 

outputs were then aggregated in Excel to produce ambient concentrations of each species 

around each facility, creating tables and charts of concentration versus distance from the 

facilities.  The three species outputs were then further aggregated to produce the total 

ambient concentration of mercury around each of the facilities.   

Due to the close proximity of Four Corners and San Juan, it was necessary to also 

investigate the additive effects of the emissions of the two facilities.  To do so, the 

ambient concentrations calculated by SCREEN surrounding each facility, were added 

together based on the distance between the two.  Given that the San Juan Generating 

Station lies approximately 14-15 km north of the Four Corners facility, the ambient 

concentration for Four Corners at 0 km was added to the ambient concentration 15 km 

from the San Juan facility, and 1 km was added to 14 km, and so on.  The end result 

represented a maximum ambient concentration of mercury that could be found lying 

along a straight line distance between the two facilities.  These ambient concentrations 

were then compared to EPA and California health standards or reference levels for 

mercury, to investigate the existence of health risks due to mercury inhalation in the Four 

Corners region. 
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4. Results 

4.1 Deposition Analysis Results 

4.1.1 Descriptive Statistics 

Mercury Concentration 

 CO99 is believed to be one of the sites of highest mercury concentration in 

precipitation in the country (David Gay, personal communication, NADP, personal 

communication, March 19, 2007).  Indeed, CO99 has a high baseline concentration of 1.2 

ng/L compared to a baseline concentration of 0.36 at WY07/08.  From the MDN dataset, 

the weekly values of mercury concentration at CO99 ranged from 1.2 to 126.37 ng/L for 

2002-2005, and demonstrated a lognormal distribution.  Because the data was not 

normally distributed, a simple comparison of means may not be informative.  Therefore, 

the median concentrations were calculated in addition to the mean concentrations, as a 

complementary measure of central tendency in the data. 

Mean mercury concentrations in precipitation were calculated using the aggregate 

annual averaging scheme discussed in Section 2.1.2.  When comparing the mean mercury 

concentration between CO99, CO97 and WA18, CO99 does demonstrate a relatively 

high concentration (21.0 ng/L versus 15.6 ng/L at WY07/08).  When comparing median 

values, CO99 demonstrated the second highest mercury concentration with 14.0 ng/L.  

The lowest concentration occurred at CO97 with 6.8 ng/L, and WA18 and WY07/08 

showed similar median concentrations of approximately 7.8 ng/L (Figure 7).   NM10 

demonstrated the highest mercury concentration with a mean of 32.2 ng/L and a median 

of 17.5 ng/L. 

While the mean and median concentrations calculated at CO99 show relatively 

high concentrations compared to WY07/08, it should be noted that the WY07/08 site had 

large gaps of missing data due to field and laboratory error.  Indeed, the following 

seasons were less than 75 percent complete, and could not be used in the aggregate 

calculation of the yearly mean concentration: Winter 2002 and 2004, Fall 2002 and 2003, 

and Spring 2004.  2005 was the only year of complete data for this site.  The winter and 

fall season data that was available showed a relatively low concentration of mercury in 

precipitation compared to the spring and summer.  Given the large absence of the winter 

and fall seasons, the WY07/08 mean and median concentration may be skewed higher 

than their true values.  For this reason, it is inappropriate to use this site as a baseline to 
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compare to CO99.  Instead, precipitation and season were investigated for their effects on 

mercury deposition at CO99.    

Aggregate Annual Average of Hg Concentration and Median Hg 

Concentration (2002-2005)
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Figure 7. Mean mercury concentration, as computed using an annual aggregate averaging scheme and 

median mercury concentration for the five MDN sites.  

 
Precipitation and Deposition 

 Precipitation is believed to have the greatest effect on mercury deposition levels 

due to its ability to scavenge soluble divalent mercury compounds from the air.  Because 

it is the total amount of precipitation which is thought to affect the total amount of 

deposition, total yearly and seasonal means of deposition and precipitation were 

investigated for each site.  As can be seen from Figures 8 and 9, there does appear to be a 

pattern between precipitation and deposition.  The relative amounts of total mercury 

deposition between sites mimic the relative amounts of total precipitation at each site. 
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Mean Total Yearly Precipitation (2002-2005)
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Figure 8. Mean total yearly precipitation for the five MDN sites, as computed using an annual aggregate 

averaging scheme. 
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Figure 9. Mean total yearly mercury deposition for the five MDN sites, as computed using an annual 

aggregate averaging scheme. 

 
 However, when broken up by season, another pattern emerges.  Deposition is no 

longer strictly related to precipitation level.  Total precipitation averages by season are 

presented in Figure 10.  Obviously, due to climatological variations at each site, 

precipitation will vary differently according to season.  For example, precipitation is 

lowest during the summer at WA18, whereas it is highest during the summer at NM10 
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(Figure 11).  Deposition is also highest during the summer at NM10, but this correlation 

between deposition and precipitation is not true at all sites, for all seasons, and 

particularly not at CO99. 
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Figure 10.  Mean total seasonal deposition for the five MDN sites, as computed using a seasonal aggregate 

averaging scheme. 
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Figure 11. Mean total seasonal mercury deposition for the five MDN sites, as computed using a seasonal 

aggregate averaging scheme. 
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 When investigating seasonal trends at CO99 individually, it is apparent that 

precipitation level is not the only contributor to mercury deposition levels.    The winter 

season shows the highest mean precipitation of approximately 110 mm of rainfall, 

followed by the summer with 94.8 mm, fall with 76.2 mm, and the spring with 42.1 mm 

(Figure 10).  However, the deposition data shows that winter has the second lowest total 

seasonal deposition with a mean of 718 ng/m2, whereas summer has the highest mean 

total seasonal deposition, with a value of 2021 ng/m2 (Figure 11).  It is during the 

summer months when mercury concentration in precipitation is highest (Figure 12).  A 

summary of the mean seasonal precipitation and deposition statistics is displayed in Table 

7.  For tables of the precipitation, mercury concentration, and mercury deposition 

statistics calculated for CO99 and the other MDN monitoring sites, refer to Appendices 

2a – 2d. 
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Figure 12. Seasonal mean concentrations of mercury in precipitation for the five MDN sites, calculated 

using a seasonal aggregate averaging scheme. 
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CO99 Precip (mm) Hg Dep (ng/m
2
) 

Winter 109.983 718.235 

  Std Dev 74.858 469.835 

Spring 42.124 566.388 

  Std Dev 34.998 257.375 

Summer 94.784 2021.338 

  Std Dev 22.931 657.444 

Fall 76.156 898.625 

  Std Dev 30.079 259.411 

Table 7. Mean total seasonal precipitation and mercury deposition at CO99 for Winter, Spring, Summer, 
and Fall 2002-2005. 

 
 The time series of weekly deposition at CO99 also demonstrates this seasonal 

effect (Figure 13).  Samples with the highest levels of deposition occur during the months 

of June to September consistently, between 2002 and 2005.  From the results of the 

descriptive statistics analysis, it appears that both season and precipitation have an effect 

on mercury deposition levels at CO99.  Whereas precipitation is known to have an effect 

due to the solubility of divalent mercury, the exact reason for the effect of season is 

unknown.  Some have theorized that high deposition rates in the summer may be due to 

the prevalent southerly winds which occur during that season (David Gay, NADP, 

personal communication, March 19, 2007).   
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Figure 13. Mercury deposition and concentration (raw readings) from 2002-2005 at CO99. 
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4.1.2 HYSPLIT Back Trajectory Analysis 

 The HYSPLIT analysis was used to investigate the trends between back trajectory 

direction and the three pairings of deposition and precipitation: high deposition/high 

precipitation, high deposition/low precipitation, and low deposition/high precipitation.  

Recall that it was theorized that days of high deposition would result in back trajectory 

paths near the facilities, whereas low deposition days would have trajectories otherwise, 

suggesting that the two facilities are having an effect on local mercury deposition levels.  

Additionally, high deposition samples occurring during summer months were further 

isolated to investigate the proposal that southerly winds were the cause of their high 

deposition rates, due to the presence of the Four Corners and San Juan facilities. 

The three pairings analyzed for samples with multiple days of precipitation were 

analyzed first, followed by the pairings extracted from the subset of data associated with 

single days of precipitation.  Maps of all individual back trajectories produced using the 

HYSPLIT model are displayed in Appendices 1a & 1b. 

 

4.1.2.1 Back Trajectory Analysis of Multiple Storm Events Data 

High Deposition/High Precipitation 

 Four samples were isolated for having both high deposition and precipitation.  

Within each sample, more than one day of precipitation contributed to the deposition.  

Upon investigating the back trajectories for all dates associated with the samples, two of 

the samples were found to have what will be referred to as ‘disparate’ back trajectories.  

For example, Sample 2281 had three dates of precipitation which contributed to it: 9/28, 

9/30, and 10/1/2004.  The three back trajectories for those dates are curved in nature, with 

an ultimate 48-hour origin beginning in either Wyoming, Northwestern Mexico, and 

Northwestern Arizona, respectively (see Figure 14: 2000-meter trajectories are displayed 

in red; 3000-meter trajectories in blue).  With disparate trajectories for one sample, this 

sample could not be used for investigating trends between deposition level and trajectory 

path.  
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Figure 14. Back trajectories for the high deposition/high precipitation Sample 2281.  With three very 

different trajectory paths for one sample, this sample was not included in the analysis. 

 
 The remaining two high deposition/high precipitation samples showed consistent 

back trajectories among the multiple dates contributing to the precipitation of the 

samples.  Sample 2333 was collected in the Fall of 2005.  Two of its back trajectories 

come from the southwest and pass within 40 kilometers of the Four Corners and San Juan 

facilities.  The third trajectory falls further west and does not pass near the facilities 

(Figure 15).  Sample 2295 was collected in January 2005, and comprised of five days of 

precipitation.  All coming from the southwest, only one of the back trajectories passed 

within 40 kilometers of the facilities.  The remaining trajectories passed further to the 

west (Figure 16).  It is interesting to note that in both Sample 2295 and 2333, at least one 

of the samples’ trajectories passed within 40 kilometers of the facilities.  However, given 

the presence of differing trajectories, it is difficult to attribute high deposition specifically 

to the presence of the facilities.  Rather, while it is difficult to attribute the high 

deposition to the facilities, these results are suggestive that air masses passing from the 

southwest and near the facilities are associated with relatively higher deposition levels of 

mercury. 

 

9/28/2004 

9/30/2004 

10/1/2004 
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Figure 15. Back trajectories for the high deposition/high precipitation Sample 2333. 

 
 

 
Figure 16. Back trajectories for the high deposition/high precipitation Sample 2295. 
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High Deposition/Low Precipitation 

 It was equally difficult to specifically ascertain the effects of the two facilities on 

deposition rates during high deposition/low precipitation events.  Of the five samples 

isolated, two had disparate back trajectory directions (trajectory paths traversing different 

compass directions: South, North, etc.) and could not be used in the analysis.  Of the 

remaining three samples, all occurred during the summer months.  Some of the 

trajectories of these samples were further removed from the analysis, due to the presence 

of wind sheer.  All three samples’ remaining back trajectories passed within 30-40 

kilometers of the facilities.  However, it is interesting to note, that even in the summer 

months, not all back trajectories with high deposition came from the south.  For Sample 

2168, its back trajectory came from the east, instead, originating in southeastern 

Colorado.  The back trajectory did, however, pass within 40 km of the facilities (Figure 

17). 

 
Figure 17. Back trajectories for high deposition/low precipitation Samples 2277, 2223, and 2168. 

 
Low Deposition/High Precipitation 

 One of the samples isolated for low deposition and high precipitation 

demonstrated disparate back trajectories for its contributing dates of precipitation, and 

could not be included in the analysis (Figure 18).  The two remaining samples were 

2168 

2227 

2223 
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collected in the late winter and spring.  Sample 2255 had three days of contributing 

precipitation, and Sample 2198 had five days.  The back trajectories traced either to the 

southeast our southwest.  Four of the five trajectories for these samples passed within 50 

kilometers of the Four Corners and San Juan facilities (Figure 19). 

 

  

 
Figure 18. Back trajectories for low deposition/high precipitation Sample 2300.  Due to disparate back 

trajectories, it was not included in the analysis. 
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Figure 19. Back trajectories for low deposition/high precipitation Samples 2255 and 2198. 

 

 

Summary 

 Samples of high deposition tended to be associated with trajectories which traced 

to the southwest across Arizona, and most of the samples had at least one trajectory 

which traced within 30-40 kilometers of the Four Corners and San Juan facilities.  This 

result would support a potential influence of the facilities on local deposition levels.  

However, the samples analyzed with low deposition and high precipitation also had 

trajectories which passed near the facilities.  This would suggest little local influence 

from the facilities or, possibly, that the precipitation was of sufficient magnitude to 

washout airborne Hg emitted from the facilities prior to the airmass reaching CO99.  The 

analysis is further complicated by the fact that several trajectories contributed to a single 

sample.  The trajectory(s) responsible for high deposition of mercury could not be 

isolated.  As a result, a relationship could not be specifically discerned between high 

deposition and trajectories occurring near the facilities.  Furthermore, the theory that 

higher deposition rates occur in the summer due to southerly winds was not supported 

when summer samples were isolated.  High deposition samples occurring in the summer 
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demonstrated origins ranging from southern Oregon to northern Mexico to eastern 

Colorado (Figure 20).  

 

 
Figure 20. High deposition samples at CO99 occurring during summer months. 

 
 

4.1.2.2 Back Trajectory Analysis of Single Days of Precipitation Data 

 In the previous analysis, all but one of the samples discussed had more than a 

single day of precipitation contributing to it.  As a result, multiple trajectories were 

attributed to a single sample, and the trajectory responsible for determining the amount of 

mercury deposited at CO99 could not be isolated.  An analysis of samples determined to 

have a single day of contributing precipitation may resolve this issue, and provide a 

clearer view of a relationship existing between back trajectory path direction and mercury 

deposition.  

 

High Deposition/High Precipitation 

 Of the 36 samples determined to have a single day of contributing precipitation, 

only two dates were isolated for having both high deposition and high precipitation.  Both 

occurred in the summer months of 2003.  The back trajectory associated with the 
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September 9 deposition sample shows a similar path as many of the high deposition/high 

precipitation samples analyzed earlier.  The trajectory cuts diagonally across Arizona to 

the southwest and passes within 50 kilometers of the facilities.  The second date of 

interest, August 28th, displays a more circuitous route through Utah and northern Arizona 

(Figure 21).  Due to the odd route of the trajectory of the August 28th sample, its 

trajectory was remodeled out to 72 hours.  The resulting trajectory is difficult to interpret 

due to disparate paths between the 2000 meter and 3000 meter trajectories.  However, 

even out to 72 hours, the August 28th sample did not pass within 50 kilometers of the 

facilities (Figure 22). 

 

 
Figure 21. Back trajectories for the high deposition/high precipitation events occurring on 9/9/2003 and 

8/28/2003. 
 

9/9/2003 

8/28/2003 
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Figure 22. 72 hour back trajectory of the high deposition/high precipitation event occurring on 8/23/2003. 
 
 

High Deposition/Low Precipitation 

 Two samples were also isolated for having both high deposition and low 

precipitation.  However, one of the back trajectories demonstrated the presence of wind 

sheer, and could not be included in the analysis.  The remaining sample collected 

precipitation occurring on December 29, 2001 and produced a back trajectory whose path 

also cut southwest, across Arizona (Figure 23).  This is similar to the high deposition/low 

precipitation samples analyzed previously.  These samples all had back trajectories which 

generally passed to the southwest or southeast.  However, these samples differed in that 

they all occurred in the summer months, whereas this sample was collected in the winter.  

It should be noted that this trajectory did not pass within 50 kilometers of the facilities. 
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Figure 23. Back trajectory for the high deposition/low precipitation sample occurring on December 29, 

2001. 

 
Low Deposition/High Precipitation 

 Four samples were successfully isolated for having low deposition and high 

precipitation and reliable back trajectories (no wind sheer).  Two occur in the winter, one 

in the spring, and one in the summer.  One of the winter trajectories traces west through 

Utah, Nevada, and California, while the other traces southwest across Arizona.  The 

spring sample shows a circuitous back trajectory, tracing through Utah, Idaho, and ending 

in Montana.  The three trajectories of these samples do not pass within 50 kilometers of 

the facilities.   

The summer sample occurring on 7/10/2002 cuts east across northern New 

Mexico, and originates in eastern Colorado (Figure 24).  It should be noted that this back 

trajectory date was also included in the previous back trajectory analysis of samples 

which included samples of multiple storm events.  This was the only sample in that 

analysis which was associated with a single day of contributing precipitation.  However, 

in the previous analysis, it was grouped under the category of high deposition/low 

precipitation.  This is due to the difference in sample size between the two groups of 

samples investigated.  The smaller sample size of single precipitation events affected the 

results of the regression of deposition versus precipitation, from which sample dates were 
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selected for back trajectory analysis.  Due to the contradicting regression results, the 

7/10/2002 sample was not included in the analysis of trends between trajectory direction 

and deposition levels.  

 

 
Figure 24. Back trajectories for the four low deposition/high precipitation samples at CO99. 

 
 

Summary 

 Again, the three high deposition samples collected during the summer months 

show varying back trajectories.  Two pass through Arizona in a southwesterly direction, 

and the third passes through Utah.  When comparing these trajectories and the trajectories 

examined in Section 3.1.2.1, many high deposition samples have back trajectories which 

pass through Arizona in a southwesterly direction.  For the low deposition/high 

precipitation samples examined in the analysis, on the other hand, only one had its 

trajectory passing to the southwest.  The remaining two came from the west or northwest.  

 One of the high deposition/high precipitation trajectories was found to pass within 

the vicinity of the two facilities, whereas the one high deposition/low precipitation 

trajectory did not.  None of the low deposition/high precipitation samples had trajectories 

passing in the vicinity of the facilities.  These results do not indicate a notable local 

4/11/2004 

1/26/2006 

7/10/2002 

12/29/2001 
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influence from the facilities with regards to mercury deposition.  However, with only 

seven days available for back trajectory analysis, the small sample size makes conclusive 

interpretation of these results difficult.  

  

4.2 Dispersion Modeling Results 

 The outputs from the SCREEN dispersion model yielded estimates of ambient 

concentrations of each species of mercury at various distances from the two facilities.  

For the Four Corners facility (NEI7668), under a 293 K temperature regime, maximum 

concentrations occurred at 1200 meters from the facility.  Under the 305 K temperature 

regime, maximums occurred at 1100 meters.  The San Juan facility (NEI7677) showed 

maximum concentrations at 1100 meters at 293 K, and 1000 meters at 305 K.  Maximum 

concentrations for each species of mercury, and their totals, surrounding the Four Corners 

and San Juan facilities are presented in Tables 8 and 9, respectively. 

 Graphic representations of ambient mercury concentration versus distance from 

the facility are presented in Figures 25 and 26.  The concentration curves for both 

facilities have similar shapes, reaching a maximum quickly, and then decaying at an 

exponential rate.  It can also be seen from these graphs, that elemental mercury is the 

largest contributor to overall ambient mercury concentrations, as would be expected 

given the relative emissions rates of elemental, gaseous divalent, and particulate divalent 

mercury.  
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Ambient Hg Concentrations Surrounding NEI7668 (305 K)
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Figure 25. Ambient mercury concentrations versus distance from the Four Corners facility, as modeled by 

SCREEN. 

 
 
 

Maximum Concentration (µg/m
3
)     

  Elemental Hg Gaseous Divalent Hg Particulate Divalent Hg Total Hg 

293 K 0.01333 0.00062 0.00016 0.01409 

305 K 0.01680 0.00076 0.00019 0.01774 

Table 8. Maximum ambient mercury concentrations produced by the Four Corners facility as modeled 
under two temperature regimes. 
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Ambient Hg Concentrations Surround NEI7677 (305 K)
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Figure 26. Ambient mercury concentrations versus distance from the San Juan facility, as modeled by 

SCREEN. 

 
 

Maximum Concentration (µg/m
3
)     

  Elemental Hg Gaseous Divalent Hg Particulate Divalent Hg Total Hg 

293 K 0.01775 0.00084 0.00022 0.01881 

305 K 0.02499 0.00118 0.00031 0.02648 

Table 9. Maximum ambient mercury concentrations produced by the San Juan facility as modeled under 
two temperature regimes. 

 
 
Additive Effects of the Four Corners and San Juan Facilities 

 Given the close proximity of the two facilities, ambient mercury concentrations 

from the facilities were added together, based on their distance to each other.  This was 

done to investigate their additive effects to the overall ambient concentration of mercury 

to then compare these concentrations to health standards.  The EPA has established a 

health reference concentration of 0.3 µg/m3 for elemental mercury (USEPA IRISa, 2007), 

while the California OEHHA has recommended a standard of 0.09 µg/m3 for mercury 

compounds in general (OEHHA, 2007).   Therefore, these concentration levels were 

compared to the additive ambient concentrations of elemental mercury and total mercury. 

 Figure 27 depicts the ambient concentrations of elemental mercury occurring 

between the two facilities under both the 293 and 305 K temperature regimes.  At 305 K, 
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the maximum concentration was found to be 0.030 µg/m3.  This concentration is an order 

of magnitude lower than the reference level put forth by the EPA.  The maximum 

concentration of total mercury between the facilities was calculated at 0.032 µg/m3 (see 

Figure 28 and Table 10).  This concentration is roughly three times less than the 

California OEHHA reference level, but is interestingly on the same order of magnitude as 

this standard. 

 

Elemental Hg Concentrations between the Four 
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Figure 27. Ambient elemental mercury concentrations between the Four Corners and San Juan facilities at 

293 and 305 K. 
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Total Hg Concentrations between the Four Corners 

and San Juan Facilities
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Figure 28. Ambient total mercury concentrations between the Four Corners and San Juan facilities at 293 

and 305 K. 

 
 

Maximum Ambient Hg Concentrations   

  293 K 305 K 

Health Reference 

Level 

Elemental Hg (µg/m
3
) 0.023 0.030 0.31 

Total Hg (µg/m
3
) 0.024 0.032 0.092 

Table 10. Maximum additive concentrations of elemental and total mercury between the Four Corners and 
San Juan facilities. 

 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 Health reference concentration developed by US EPA for ambient elemental mercury concentrations. 
2 Health reference concentration developed by the California OEHHA for ambient concentrations of 
mercury compounds. 
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5. Discussion 

5.1 Deposition Analysis Discussion 

Overall Trends 

 An investigation of the descriptive statistics of the data collected at MDN 

monitoring site CO99 demonstrated high concentrations of mercury in wet deposition 

samples.  The statistics also demonstrated a correlation between precipitation and 

deposition.  However, season was also shown to influence deposition levels at CO99, 

with the highest amount of deposition occurring in the summer months, due to higher 

mercury concentrations in precipitation.  Speculation that this high deposition was due to 

southerly winds during the summer was not fully supported by the results of the 

HYSPLIT back trajectory analysis. 

 Of all the samples investigated in this analysis, eight out of ten of the high 

deposition samples were found to have back trajectories which traced within 50 

kilometers of the Four Corners and San Juan facilities, whereas only two of the five low 

deposition samples fell within this distance.  Also, most high deposition samples tended 

to have trajectories which came from the southwest.   

These results tend to support the theory that air masses passing from the south and 

near the facilities are attributed to events of high deposition of mercury.  Similarly, the 

results suggest that samples of low deposition are influenced by local sources.  However, 

these results are not conclusive.  The small sample size makes interpretation of the results 

difficult.  With 20 samples isolated for analysis, incidents of wind sheer and disparate 

trajectories limited the analysis to only 13 samples.  Of the 13, only six of the samples 

were associated with a single day of contributing precipitation, further complicating 

interpretation of the HYSPLIT results.  

 It is also interesting to note that no pattern could be isolated between season and 

wind direction in this analysis.  Back trajectories produced for samples collected in the 

summer had origins ranging from Oregon to Mexico to Colorado.  Wind direction may 

not be the only reason for higher deposition rates in the summer months.  Some have 

suggested that warmer temperatures facilitate atmospheric reactions that create gaseous 

divalent from elemental mercury, thus increasing the potential for deposition (Mason, 

2000). 
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Sources of Error 

The inability to uncover patterns between deposition, season, and wind direction 

may also be a result of sources of error in the analysis.  First of all, much of the back 

trajectory analysis relied on samples which had multiple days of contributing 

precipitation.  As a result, it was difficult to discern which trajectory was contributing to 

high deposition levels.  Back trajectories of individual precipitation events and their 

deposition levels could resolve this issue, but only 36 such dates were available for this 

analysis.  Of those 36, only seven had the appropriate deposition/precipitation pairings 

necessary for the analysis.  More elaborate back trajectory analyses could be performed if 

a larger dataset existed for deposition samples collected for single storm events. 

Other sources of error involved HYSPLIT model inputs.  In particular, a default 

start time for the trajectories was selected to 1200 hours for days where no storm data 

was available.  The start time of the trajectory may significantly alter the path of the 

trajectory on days of unstable meteorological conditions.  Another source of error 

involved the starting height.  While a height of 2000 meters was selected as a default for 

this analysis, others have suggested that a more appropriate starting height should be 

derived by calculating the mixing height for a storm event, and dividing it by two 

(Keeler, 2006). 

 

Recommendations 

 The main hindrance to this analysis was a lack of data for individual precipitation 

events.  The HYSPLIT results of samples with multiple trajectories were difficult to 

interpret, and the sample size of individual storms was very small.  In order to perform 

accurate back trajectory analyses and discern sources contributing to deposition, the date 

and times for individual precipitation events, as well as the mercury deposition from that 

event is needed.  To collect this data, more elaborate monitoring schemes are necessary.  

A study of one such monitoring scheme is currently being conducted in eastern Ohio.   

 In 2006, Keeler et al produced an article elaborating on a state-of-the-art 

monitoring scheme which was used to analyze the contribution of local coal-fired utility 

plants to local deposition.  In this monitoring scheme, samples were collected on a daily, 

rather than weekly basis.  In addition to testing for mercury content in precipitation, the 
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samples were also tested for trace elements such as magnesium, aluminum, selenium, and 

vanadium, as well as major anions, among others.   

 The advantages for collecting samples on a daily basis, and testing for various 

elements are as follows.  With the trace element data, multivariate statistical models can 

be used to identify major sources of mercury deposition (coal-fired boiler versus 

municipal waste incineration, etc).  By collecting samples daily, accurate back 

trajectories can be produced to show the direction of these contributing source(s).  This 

enables a more accurate picture of the contribution of specific sources to local or regional 

deposition levels detected at the monitoring site.  

 Such a monitoring scheme is more costly, with estimates of operation costs at 

approximately $50,000 per year.  However, the MDN is currently developing a program 

which involves this more elaborate monitoring analysis scheme.  Establishing such a 

monitoring site in the Four Corners area would be beneficial for discerning the 

contribution of local coal-fired utility boilers such as the Four Corners and San Juan 

facilities to local deposition levels.  With another large utility boiler on the Navajo 

Reservation in the planning stages, and the possible effects of the Clean Air Mercury 

Rule, it is now more important than ever to determine how these facilities are 

contributing to local mercury deposition.  Only then can appropriate emissions control 

strategies be determined. 

 

5.2 Dispersion Analysis  

Overall Trends 

 Dispersion results found maximum ambient mercury concentrations to occur at 

higher ambient temperatures.  At a temperature of 305 K, the maximum concentration of 

total mercury between the two facilities was found to be 0.032 µg/m3, and elemental 

mercury was 0.030 µg/m3.  Neither of these concentrations exceeds the reference levels 

established by the EPA or California OEHHA.  However, they are on the same order of 

magnitude as the OEHHA standard.   

 The SCREEN model is a Tier 2 analysis tool, indicating that the need for further 

modeling is not necessary if ambient air quality standards or reference concentrations are 

not exceeded.  Several sources of error are associated with this analysis, which may lead 

to over or under predicting ambient concentrations of mercury.  If the model is under 
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predicting concentrations, it may be necessary to perform more extensive modeling of 

scenarios which may produce higher ambient mercury concentrations for comparison 

with reference levels. 

 

Sources of Error 

 The sources of error in this analysis are a result of both model inputs and the 

assumptions of the SCREEN model.  First of all, the main inputs of the model are derived 

from the 2002 NEI.  While parameters such as stack height and diameter can be assumed 

to be fairly accurate, other parameters such as emissions rates may be a significant source 

of error.  The 2002 NEI emissions estimates are the most accurate to date for coal-fired 

utility boilers.  However, the emissions rates reported by the NEI are on a scale of tons 

per year, whereas the SCREEN model requires emissions inputs on a scale of grams per 

second.  It is possible that emissions rates vary on a daily basis and that higher emission 

rates than those derived from the NEI may occur on any given day. 

Another source of error involves one of the model assumptions.  The SCREEN 

model assumes that no chemical reactions occur after exiting the stack.  In the case of 

mercury, atmospheric reactions are known to occur readily.  For example, if divalent 

mercury becomes associated with heavier particulate matter, it no longer behaves as a 

gas, and cannot be accurately represented by the dispersion equations of the SCREEN 

model.  Additionally, some speciation reactions could change elemental mercury to its 

divalent form, making it more susceptible to deposition via precipitation.  These and 

other reactions may significantly change the actual ambient concentrations of mercury 

from those predicted by the SCREEN model. 

The SCREEN model is a Tier 2 analysis tool utilized by the EPA.  It is not a 

highly elaborate model, but is used as a screening tool to test for ambient concentrations 

exceeding ambient air reference levels.   The analysis presented here was a worst-case 

scenario test.  However, sources of error in the analysis may lead to increases or 

decreases in the ambient concentrations calculated here.  Further analysis may provide a 

more accurate picture of the effects of the Four Corners and San Juan facilities on 

ambient mercury concentrations. 
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Recommendations 

 If more elaborate modeling is to be pursued, there are several recommendations 

regarding model inputs.  Currently the largest source of error resides in converting 

emissions on a tons per year basis to a grams per second basis.  To investigate more 

accurate worst-case scenarios, finer scale emissions inventories are necessary.  Emissions 

estimates are based on the type of coal used, the amount used, and the control 

technologies currently in place.  This information may be available from the state of New 

Mexico, the Navajo Nation EPA, or the facilities themselves. 

 It is also necessary to investigate other temperature scenarios.  The highest 

temperature investigated here was 305 K (91 F).  While this is the average high 

temperature in summer months, extreme temperatures of over 100 F are also common.  It 

should be noted that in the SCREEN model, higher ambient temperatures result in higher 

maximum concentrations, and the maximum concentrations occur closer to the point 

source.  The current model outputs suggest maximums occurring between 1 and 1.2 km 

from the facilities.  Given the rural nature of the surrounding area, it is highly unlikely 

that significant residential populations are present, this close to either facility.  
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6. Conclusions 

 The residents of the Four Corners area have become increasingly concerned with 

the possible effects of local coal-fired utility boilers on mercury levels in the local 

environment.  This concern has only increased with the proposed Clean Air Mercury 

Rule and the installation of yet another power plant being planned.  This report 

investigated the effects of the Four Corners and San Juan facilities on ambient air 

concentrations as well as their contribution to local deposition levels. 

Analysis of the deposition data for the monitoring site currently in operation 

suggested a pattern between deposition and precipitation and season.  Back trajectory 

model outputs did not reveal a definitive pattern between deposition levels and wind 

direction, and the contribution of the Four Corners and San Juan facilities could not be 

isolated.  More elaborate monitoring schemes involving daily sample collection were 

proposed in order to produce more accurate back trajectory results for source attribution 

methods of mercury deposition.  

 Results from the dispersion analysis did not demonstrate ambient mercury 

concentrations which exceed either EPA or California OEHHA health reference levels.  

However, the concentrations were on the same order of magnitude of the OEHHA 

standard.  More elaborate modeling involving a finer scale emissions inventory may 

provide a more accurate picture of ambient air concentrations surrounding the facility. 
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Appendix 1a. Back Trajectory Maps Generated with HYSPLIT for Multiple Storms 
 
High Deposition/High Precipitation 
 
Sample 2225 
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Sample 2281 
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Sample 2295 
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Sample 2333 
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High Deposition/Low Precipitation 
 
Sample 2168 
 

 
 

 
Sample 2223 
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Sample 2227 
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Sample 2323 
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Sample 2326 
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Low Deposition/High Precipitation 
 
Sample 2198 
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Sample 2255 
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Sample 2300 
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Appendix 1b. Back Trajectory Maps Generated with HYSPLIT for Single Storms 
 
High Deposition/High Precipitation 
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   72-hour back trajectory 
 
 
High Deposition/Low Precipitation 
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Appendix 2a. Yearly means of precipitation, mercury concentration, and mercury deposition at the five 

MDN monitoring sites as computed using an aggregate averaging scheme. 

 
 

Yearly Means       

  Precip (mm) Hg Conc (ng/L) Hg Dep (ng/m
2
) 

CO99       

Average 11.5 21.0 149.0 

  Std Dev 3.8 8.1 28.0 

NM10       

Average 8.3 32.2 160.1 

  Std Dev 4.1 9.3 69.8 

CO97       

Average 24.4 12.2 189.5 

  Std Dev 3.0 2.2 33.7 

WA18       

Average 17.2 11.2 149.4 

  Std Dev 3.0 0.8 18.1 

WY07/08       

Average 9.5 15.6 132.6 

  Std Dev 1.4 1.9 40.3 
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Appendix 2b. Seasonal means of precipitation, mercury concentration, and mercury deposition at the 
five MDN monitoring sites as computed using an aggregate averaging scheme. 

 
Seasonal Means       

  Precip (mm) Hg Conc (ng/L) Hg Dep (ng/m
2
) 

CO99       

Winter 13.6 7.4 89.8 

  Std Dev 7.3 2.9 44.9 

Spring 10.2 29.6 129.8 

  Std Dev 9.0 21.9 13.6 

Summer 12.1 31.7 256.9 

  Std Dev 1.8 8.2 59.3 

Fall 10.0 15.1 119.5 

  Std Dev 3.1 3.3 31.1 

NM10       

Winter 7.2 10.1 53.5 

  Std Dev 1.9 3.6 28.2 

Spring 5.4 62.7 130.7 

  Std Dev 8.2 24.5 135.0 

Summer 10.5 38.8 309.3 

  Std Dev 5.6 17.6 121.1 

Fall 10.0 17.1 147.1 

  Std Dev 6.3 4.4 73.7 

CO97       

Winter 25.1 6.0 128.3 

  Std Dev 4.6 0.8 20.9 

Spring 27.6 19.4 236.4 

  Std Dev 8.9 7.0 28.2 

Summer 16.3 17.1 209.3 

  Std Dev 3.5 2.0 24.7 

Fall 28.7 6.3 184.0 

  Std Dev 7.7 1.4 108.9 

WA18       

Winter 21.1 6.6 125.3 

  Std Dev 5.9 1.1 27.0 

Spring 13.5 14.4 147.7 

  Std Dev 4.2 1.8 34.7 

Summer 11.0 16.3 171.0 

  Std Dev 4.3 3.0 53.8 

Fall 23.0 7.2 153.7 

  Std Dev 6.0 2.4 33.2 

WY07/08       

Winter 7.4 3.0 20.4 

  Std Dev 4.7 0.2 18.6 

Spring 11.5 11.1 110.0 

  Std Dev 4.4 1.8 67.2 

Summer 9.8 31.0 236.4 

  Std Dev 3.2 13.8 91.1 

Fall 7.8 5.9 52.9 

  Std Dev 5.3 0.2 37.9 
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Appendix 2c. Yearly means of total precipitation and mercury deposition at the five MDN monitoring 

sites as computed using an aggregate averaging scheme. 

 
 

Mean Yearly Totals     

  Precip (mm) Hg Dep (ng/m
2
) 

CO99     

Average of Sums 323.0 4204.6 

  Std Dev 117.0 1044.0 

NM10     

Average of Sums 183.8 3842.4 

  Std Dev 97.7 1428.3 

CO97     

Average of Sums 1003.3 7678.8 

  Std Dev 169.3 1484.2 

WA18     

Average of Sums 730.8 5926.9 

  Std Dev 132.2 340.5 

WY07/08     

Average of Sums 363.5* 4497.3* 

  Std Dev -- -- 

 

*2005 was the only year of complete data.  The mean yearly total precipitation and deposition was 

assumed to be the total precipitation and deposition of 2005, therefore standard deviations could not be 

calculated. 
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Appendix 2d. Seasonal means of total precipitation and mercury deposition at the five MDN monitoring 
sites as computed using an aggregate averaging scheme. 

 
Mean Seasonal Totals   

  Precip (mm) Hg Dep (ng/m
2
) 

CO99     

Winter 110.0 718.2 

  Std Dev 74.9 469.8 

Spring 42.1 566.4 

  Std Dev 35.0 257.4 

Summer 94.8 2021.3 

  Std Dev 22.9 657.4 

Fall 76.2 898.6 

  Std Dev 30.1 259.4 

NM10     

Winter 28.4 232.4 

  Std Dev 26.0 254.4 

Spring 15.7 340.5 

  Std Dev 25.0 441.7 

Summer 83.2 2493.1 

  Std Dev 34.1 796.0 

Fall 56.4 776.4 

  Std Dev 50.2 537.2 

CO97     

Winter 297.9 1512.6 

  Std Dev 79.6 315.8 

Spring 290.7 2434.0 

  Std Dev 118.9 529.2 

Summer 173.4 2198.8 

  Std Dev 55.4 339.2 

Fall 241.3 1533.3 

  Std Dev 55.6 833.1 

WA18     

Winter 237.8 1404.8 

  Std Dev 66.7 278.3 

Spring 161.1 1740.3 

  Std Dev 64.3 501.3 

Summer 70.9 1039.7 

  Std Dev 34.1 199.7 

Fall 261.1 1742.0 

  Std Dev 83.9 475.9 

WY07/08     

Winter 25.9 53.2 

  Std Dev 21.5 27.7 

Spring 103.2 1009.2 

  Std Dev 62.0 793.7 

Summer 60.8 1558.4 

  Std Dev 38.3 1048.2 

Fall 66.5 450.0 

  Std Dev 53.3 377.7 
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Appendix 3a. Mercury Emissions Data from the 2002 NEI for the San Juan Power Generating Station. 
 

Site ID Boiler ID Pollutant  

Emissions 

(TPY) 

Stack 

Height (ft) 

Exit Gas 

Temperature (F) 

Stack 

Diameter 

(ft) 

Exit Gas 

Velocity (ft/s) 

Data 

Source Longitude Latitude 

NEI7677 1 Elemental Gaseous Mercury 0.08891 400 116 20.0 62.0 PSHG -108.437 36.803 

NEI7677 1 Gaseous Divalent Mercury 0.00420 400 116 20.0 62.0 PSHG -108.437 36.803 

NEI7677 1 Particulate Divalent Mercury 0.00110 400 116 20.0 62.0 PSHG -108.437 36.803 

NEI7677 1 Mercury 0.00015 400 175 18.0 88.0 767/CAMD -108.483 36.883 

NEI7677 2 Elemental Gaseous Mercury 0.10130 400 112 20.0 60.0 PSHG -108.437 36.804 

NEI7677 2 Gaseous Divalent Mercury 0.00479 400 112 20.0 60.0 PSHG -108.437 36.804 

NEI7677 2 Particulate Divalent Mercury 0.00126 400 112 20.0 60.0 PSHG -108.437 36.804 

NEI7677 2 Mercury 0.00012 400 175 18.0 89.0 767/CAMD -108.483 36.883 

NEI7677 3 Elemental Gaseous Mercury 0.15434 400 120 28.0 52.0 PSHG -108.436 36.804 

NEI7677 3 Gaseous Divalent Mercury 0.00730 400 120 28.0 52.0 PSHG -108.436 36.804 

NEI7677 3 Particulate Divalent Mercury 0.00191 400 120 28.0 52.0 PSHG -108.436 36.804 

NEI7677 3 Mercury 9.17E-05 400 175 25.0 96.0 767/CAMD -108.483 36.883 

NEI7677 4 Elemental Gaseous Mercury 0.15833 400 120 28.0 52.0 PSHG -108.436 36.805 

NEI7677 4 Gaseous Divalent Mercury 0.00748 400 120 28.0 52.0 PSHG -108.436 36.805 

NEI7677 4 Particulate Divalent Mercury 0.00196 400 120 28.0 52.0 PSHG -108.436 36.805 

NEI7677 4 Mercury 0.00009 400 175 25.0 96.0 767/CAMD -108.483 36.883 
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Appendix 3b. Mercury Emissions Data from the 2002 NEI for the Four Corners Power Plant. 
 

Site ID Boiler ID Pollutant  

Emissions 

(TPY) 

Stack 

Height (ft) 

Exit Gas 

Temperature 

(F) 

Stack 

Diameter (ft) 

Exit Gas 

Velocity (ft/s) 

Data 

Source Longitude Latitude 

NEI7668 1 Elemental Gaseous Mercury 0.05115 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 1 Gaseous Divalent Mercury 0.00280 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 1 Particulate Divalent Mercury 0.00080 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 2 Elemental Gaseous Mercury 0.05714 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 2 Gaseous Divalent Mercury 0.00313 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 2 Particulate Divalent Mercury 0.00089 250 130 17.6 60.0 PSHG -108.481 36.690 

NEI7668 3 Elemental Gaseous Mercury 0.07426 250 130 14.3 104 PSHG -108.481 36.690 

NEI7668 3 Gaseous Divalent Mercury 0.00406 250 130 14.3 104 PSHG -108.481 36.690 

NEI7668 3 Particulate Divalent Mercury 0.00116 250 130 14.3 104 PSHG -108.481 36.690 

NEI7668 4 Elemental Gaseous Mercury 0.18131 380 140 28.5 78.4 PSHG -108.481 36.690 

NEI7668 4 Gaseous Divalent Mercury 0.00552 380 140 28.5 78.4 PSHG -108.481 36.690 

NEI7668 4 Particulate Divalent Mercury 0.00080 380 140 28.5 78.4 PSHG -108.481 36.690 

NEI7668 5 Elemental Gaseous Mercury 0.12068 380 140 28.5 60.0 PSHG -108.481 36.690 

NEI7668 5 Gaseous Divalent Mercury 0.00367 380 140 28.5 60.0 PSHG -108.481 36.690 

NEI7668 5 Particulate Divalent Mercury 0.00053 380 140 28.5 60.0 PSHG -108.481 36.690 

 
 
 


