4.2. Air Quality
B.G. Fritz

A variety of atmospheric monitoring is done on and around the Hanford Site, allowing a relatively detailed analysis of air quality.  The primary air pollutant of concern for the Hanford Site is radiological contamination.  Radiological contamination becomes airborne as a result of stack emissions, diffuse emissions, and resuspension of contaminated material from the ground.  Dust is another air quality parameter of particular interest on and around the Hanford Site.  Although the dust (or particulate matter) concentrations are generally low, the local environment results in periodic windblown dust storms, raising the interest in particulate matter concentrations.  Emissions of other nonradiological gaseous compounds are measured, but due to the low regional concentrations, these compounds are generally of less concern.  The following sections summarize the ambient air monitoring programs and emissions measurements that occur, and provide a general synopsis of regional air quality.

4.2.1 Atmospheric Dispersion

Atmospheric dispersion is a function of wind speed, duration and direction of wind, intensity of atmospheric turbulence, and mixing depth.  Atmospheric turbulence is not directly measured at the Hanford Site; instead, the impact of turbulence on atmospheric dispersion is characterized using atmospheric stability.  Atmospheric stability describes the thermal stratification or vertical temperature structure of the atmosphere.  Generally, six or seven different classes of atmospheric stability are used to describe the atmosphere.  These classes range from extremely unstable (when atmospheric turbulence is greatest) to extremely stable (when atmospheric mixing is at a minimum).  When the atmosphere is unstable, pollutants can rapidly diffuse through a large volume of the atmosphere.  When the atmosphere is stable, pollutants will diffuse much more slowly in a vertical direction.  Horizontal dispersion may be limited during stable conditions; however, plumes may also fan out horizontally during stable conditions, particularly when the wind speed is low.  Most major pollutant incidents have been associated with stable conditions when inversions can trap pollutants near the ground.  

Conditions likely to increase dispersion are most common in the summer when neutral and unstable stratification exists, about 56 percent of the time (Stone et al. 1983).  Conditions less likely to promote dispersion are most common during the winter when moderately to extremely stable stratification exists, about 66 percent of the time (Stone et al. 1983).  Less-favorable conditions also occur periodically for surface and low-level releases in all seasons from about sunset to about an hour after sunrise as a result of ground-based temperature inversions and shallow mixing layers.  Occasionally, there are extended periods of poor dispersion conditions associated with stagnant air in stationary high-pressure systems.  These instances tend to occur during the winter months (Stone et al. 1983).  

Stone et al. (1972) estimated the probability of extended periods of poor dispersion conditions.  The probability of an inversion once established persisting more than 12 hours varies from a low of about 10 percent in May and June to a high of about 64 percent in September and October.  These probabilities decrease rapidly for durations of more than 12 hours and are associated with extended surface-based inversions (Table 4.2-1). 

Many simple dispersion models use the joint frequency distribution of atmospheric stability, wind speed, and wind direction to compute diffusion factors for both chronic and acute releases.  Joint frequency distributions for atmospheric stability, wind speed, and transport direction have been estimated for the data collected at the 100-N, 200, 300, and 400 Areas from two release heights (9.1 m and 

Table 4.2-1.  Percent Probabilities for Extended Periods of Surface-Based Inversions, Hanford Site, Washington (after Stone et al. 1972)  
	
	Inversion Duration

	Months
	12-hr
	24-hr
	48-hr

	January-February
	54.0
	2.5
	0.28

	March-April
	50.0
	(0.1
	(0.1

	May-June
	10.0
	(0.1
	(0.1

	July-August
	18.0
	(0.1
	(0.1

	September-October
	64.0
	0.11
	(0.1

	November-December
	50.0
	1.2
	0.13


60 m [30 ft and 197 ft]) (Tables A1 through A8, Appendix A).  For each station, the joint frequency distributions were determined using wind measurements and calculated stability.  

The annual sector-average atmospheric dispersion coefficient (X/Q’) where X is the air concentration (Ci/m3) and Q’ is the emission rate (Ci/s) were estimated for ground level and 60 m (197 ft) releases (Tables A9 through A16, Appendix A).  The 95 percent centerline atmospheric dispersion estimates (E/Q’) for the four major Hanford operating areas (100, 200, 300, and 400 Areas) were estimated from atmospheric data (Tables A17 through A24, Appendix A).  These dispersion factors are presented as a function of direction and distance from the release point and are based on meteorological data collected during the years 1983 through 2002.

4.2.2 Nonradiological Air Quality

The Clean Air Act (CAA) is the basis for federal regulation of air quality in the United States (42 USC 7401).  The CAA was first passed during 1967 and was comprehensively amendmented in 1970, 1977, and 1990.  Section 108 of the CAA calls for the U.S. Environmental Protection Agency (EPA) to promulgate a list of air pollutants that are emitted by numerous or diverse sources and whose presence in the atmosphere may reasonably be expected to endanger public health or welfare.  In response to this mandate, EPA has issued regulations in 40 CFR 50 setting national ambient air quality standards.  These standards are not directly enforceable, but other enforceable regulations are based on these standards.  The states have primary responsibility for ensuring that their air quality meets the national ambient air quality standards through implementation plans that are approved by EPA.  Areas that meet ambient air quality standards are said to be “in attainment.”  Areas that fail to meet one or more ambient air standards are designated as “nonattainment areas.”  The CAA also establishes a permitting program for construction or modification of large sources of air pollutants in both attainment and nonattainment areas and an operating permit program.  

Section 176 of the CAA states that federal agencies are not to engage in, support in any way, provide financial assistance for, license, permit, or approve any activity that does not conform to an applicable state implementation plan.  The DOE has guidance (DOE 2000) on how to apply the CAA conformity requirements and associated EPA regulations in a NEPA document and how to coordinate the CAA and NEPA public participation requirements.   

Ambient air quality standards define levels of air quality that are necessary, with an adequate margin of safety, to protect the public health (primary standards) and the public welfare (secondary standards).  “Ambient air” is that portion of the atmosphere, external to buildings, to which the general public has access (40 CFR 50.1).  EPA has issued ambient air standards for sulfur oxides (measured as sulfur dioxide), nitrogen dioxide, carbon monoxide, lead, ozone, and PM10, which  is an air pollutant consisting of small particles with an aerodynamic diameter less than or equal to 10 µm.  The standards specify the maximum pollutant concentrations and frequencies of occurrence that are allowed for specific averaging periods.  The averaging periods vary from 1 hour to 1 year, depending on the pollutant.

State and local governments have the authority to impose standards for ambient air quality that are stricter than the national standards (Table 4.2-2).  Washington State has established more stringent standards for sulfur dioxide.  In addition, Washington has established standards for total suspended particulates (WAC 173-470) and fluorides (WAC 173-481) that are not covered by national standards.  The state standards for carbon monoxide, nitrogen dioxide, PM10, and lead are identical to the national standards.  Benton County and the Hanford Site are “in attainment” for all standards outlined in Table 4.2-2.

On July 18, 1997, EPA issued new air quality standards for particulate matter with a diameter of 2.5 (m or less (PM2.5) and an 8-hour ozone standard.  Decisions on violations of the new particulate matter and ozone standard were delayed for 5 to 8 years to give states time to set up monitoring networks and obtain 3 years of data (Ecology 1997).   

4.2.2.1 Prevention of Significant Deterioration
Prevention of significant deterioration permits are issued to large sources of pollutants subject to ambient air standards in attainment areas.  The Plutonium-Uranium Extraction (PUREX) and Uranium Trioxide (UO3) facilities were issued a prevention of significant deterioration permit for nitrogen oxide emissions during 1980.  These facilities were permanently shut down in the late 1980s and deactivated in the 1990s.  None of the currently operating Hanford facilities have nonradiological emissions of sufficient magnitude to warrant consideration under prevention of significant deterioration regulations.

4.2.2.2 Emissions of Nonradiological Pollutants

Nonradiological pollutants are mainly emitted from power-generating and chemical-processing facilities in the 200 and 300 Areas on the Hanford Site (Table 4.2-3).  The 100, 400, and 600 Areas do not have any nonradiological emission sources of concern (Poston et al. 2005).

4.2.2.3 Offsite Monitoring

During 1998, the Washington State Department of Ecology (Ecology) conducted offsite monitoring near the Hanford Site for PM10 (Ecology 1999, 2000).  PM10 was monitored at one location in Benton County, the Tri-Tech Vocational Center near the Hanford network’s Vista Field meteorological monitoring site in Kennewick.  The Benton Clean Air Authority currently conducts particulate monitoring at Tri-Tech Vocational Center to demonstrate compliance with EPA and Washington State standards (Table 4.2-2).  During 2004, the maximum measured PM10 concentration was 91 µg/m3, and the second highest measured concentration was 85 µg/m3 (EPA 2005).  The annual average PM10 concentration reported for Benton County was 22 µg/m3 (EPA 2005).  The maximum measured PM2.5 concentration for Benton County during 2004 was 48 µg/m3, and the 2004 annual average PM2.5 concentration was 7.6 µg/m3 (EPA 2005).  These 2004 measured concentrations were less than EPA and Washington State standards.    
Table 4.2-2.  U.S. Environmental Protection Agency (EPA) and Washington State Ambient Air Quality Standards (a)
	Pollutant
	EPA Primary
	EPA Secondary
	Washington State

	
	
	
	

	Total Suspended Particulates
	
	
	

	   annual geometric mean
	    NS(b) 
	NS
	60 g/m3

	   24-hr average
	NS
	NS
	150 g/m3

	PM-10(c) 
	
	
	

	   annual arithmetic mean
	50 g/m3
	50 g/m3
	50 g/m3

	   24-hr average
	150 g/m3
	150 g/m3
	150 g/m3

	
	
	
	

	PM2.5(d)
	
	
	

	   annual arithmetic mean
	15 g/m3
	15 g/m3
	NS

	   24-hr average
	65 g/m3
	65 g/m3
	

	
	
	
	

	Sulfur Dioxide
	
	
	

	   annual average
	0.03 ppm (80 g/m3)
	NS
	0.02 ppm (50 g/m3)

	   24-hr average
	0.14 ppm (365g/m3)
	NS
	0.10 ppm (260 g/m3)

	   3-hr average
	NS
	0.50 ppm (1.3 mg/m3)
	NS

	   1-hr average
	NS
	NS
	0.40 ppm (1.0 mg/m3)(e)

	
	
	
	

	Carbon Monoxide
	
	
	

	   8-hr average
	9 ppm (10 mg/m3)
	9 ppm (10 mg/m3)
	9 ppm (10 mg/m3)

	   1-hr average
	35 ppm (40 mg/m3)
	35 ppm (40 mg/m3)
	35 ppm (40 mg/m3)

	
	
	
	

	Ozone
	
	
	

	   8-hr average
	0.08 ppm (~157 g/m3)
	0.08 ppm (~157 g/m3)
	NS

	   1-hr average
	0.12 ppm (235 g/m3)
	0.12 ppm (235 g/m3)
	0.12 ppm (235 g/m3)

	
	
	
	

	Nitrogen Dioxide
	
	
	

	   annual average
	0.053 ppm (100 g/m3)
	0.053 ppm (100 g/m3)
	0.053 ppm (100 g/m3)

	
	
	
	

	Lead
	
	
	

	   quarterly average
	1.5 g/m3
	1.5 g/m3
	1.5 g/m3

	
	
	
	

	Fluorides
	
	
	

	   12-hr average
	NS
	NS
	3.7 g/m3

	   24-hr average
	
	
	2.9 g/m3

	   7 day average
	
	
	1.7 g/m3

	   30 day average
	
	
	0.84 g/m3



	Abbreviations:  ppm = parts per million; (g/m3 = micrograms per cubic meter; mg/m3 = milligrams per cubic meter.

(a)    Source:  40 CFR 50 and WAC 173-470 – 173-481.  Annual standards are never to be exceeded; short-term standards are not to be exceeded more than once per year unless otherwise noted.  Particulate pollutants are in micrograms per cubic meter.  Gaseous pollutants are in parts per million and equivalent micrograms (or milligrams) per cubic meter.

(b)   NS = no standard.

(c)   PM10 - small particles in the air with an aerodynamic diameter less than or equal to 10 micrometers.

(d)   PM2.5 - small particles in the air with an aerodynamic diameter less than or equal to 2.5 micrometers.  Currently the PM2.5 standard is not enforced by the EPA.

(e)   0.25 ppm not to be exceeded more than twice in any 7 consecutive days.   




Table 4.2-3.  Nonradioactive Constituents Discharged to the Atmosphere during 2004, Hanford Site, Washington (Poston et al. 2005)

	Constituent
	         Release, kg (lb)

	particulate matter
	5,000 (11,000)

	nitrogen oxides
	11,000 (25,000)

	sulfur oxides
	2,700  (6,000)

	carbon monoxide
	16,000 (34,000)

	lead
	0.44 (1.0)

	volatile organic compounds (a,b)
	11,000 (25,000)

	ammonia(c)
	13,000 (28,000)

	other toxic air pollutants (d)
	6,800 (15,000)

	  (a)    The estimate of volatile organic compound emissions does not include emissions from certain laboratory operations.

   (b)    Produced from burning fossil fuel for steam and electrical generators, calculated estimates from the 200 East and 200 West Area tank farms, and the 242-A Evaporator, and the 200 Area Effluent Treatment Facility.

   (c)    Estimated ammonia releases are from the 200 East and 200 West Area tank farms, the 242-A Evaporator, and the 200 Area Effluent Treatment Facility.

   (d)    Releases are a composite of calculated estimates of toxic air pollutants, excluding ammonia, from the 200 East and 200 West Area tank farms, the 242-A Evaporator, and the 200 Area Effluent Treatment Facility.


4.2.2.4 Background Monitoring

During the last 10 years, carbon monoxide, sulfur dioxide, and nitrogen dioxide have been monitored periodically in communities and commercial areas south-southeast of Hanford.  These urban measurements are typically used to estimate the maximum background pollutant concentrations for the Hanford Site because of the lack of specific onsite monitoring.

Particulate concentrations can reach relatively high levels in eastern Washington because of exceptional natural events (i.e., dust storms and large brushfires) that occur in the region.  During June 1996, EPA adopted the policy that allows dust storms to be treated as uncontrollable natural events (EPA 1996).  This means that EPA will not designate areas affected by dust storms as nonattainment.  However, states are required to develop and implement a natural events action plan.

Areas that require more strict controls on air quality impacts are regions that have been determined to be nonattainment areas by the EPA.  Federal Class I areas include certain national parks and wilderness areas.  Actions on the Hanford Site are unlikely to have any effect on these types of areas.  The nearest nonattainment area to the Hanford Site is the Wallula area (located approximately 30 km [20 mi] southeast of the Site), which is a nonattainment area for PM10 (40 CFR 81.348, 66 FR 9663).  The major source of PM10 in the Wallula area is from windblown dust.  In making the nonattainment determination, EPA found that even if some of the data from the Wallula monitoring site are considered uncontrollable natural events and excluded from consideration in determining the air quality status of the area, the remaining data still show that the Wallula area has not attained the PM10 national ambient air quality standard (66 FR 9663).  The non-attainment status is under review, and may change sometime during 2005.
The nearest Federal Class I areas to the Hanford Site are Mount Rainer National Park, 160 km (100 mi) west of the Site; Goat Rocks Wilderness Area, approximately 145 km (90 mi) west of the Site; Mount Adams Wilderness Area, approximately 150 km (95 mi) southwest of the Site; and Alpine Lakes Wilderness Area, approximately 175 km (110 mi) northwest of the Site (40 CFR 81.434).  Operations at the Hanford Site should have no discernable effects on these areas because of their distance from the Site and because topography and prevailing winds tend to prevent Hanford emissions from reaching these Class I areas.

4.2.2.5 Onsite Monitoring

Monitoring of particulate matter mass concentrations in air on the Hanford Site began during February 2001.  PM10 data have been collected at the HMS since February 2001, while PM2.5 data collection began during October 2001.  The observed annual average PM10 concentration at the HMS during 2004 was 12 µg/m3.  Daily average PM10 concentrations on the Hanford Site were greater than the EPA standard on two days (Figure 4.2-1).  The Benton Clean Air Authority (BCAA) conducts air monitoring that is responsible for determining Benton County’s compliance with the EPA National Ambient Air Quality Standards (NAAQS), so concentrations on the Hanford Site that are higher than the EPA standard for PM10 are not considered for determining compliance with the EPA NAAQS.  All of the elevated PM10 concentrations observed on the Hanford Site during 2004 were associated with high winds.  The measured annual average PM2.5 concentration at the HMS during 2004 was 6.5 µg/m3, while the highest 24-hr average concentration observed was 21 µg/m3.  Both of these concentrations were less than EPA standards of 15 µg/m3 and 65 µg/m3, respectively (Table 4.2-2).  The annual average particulate matter concentrations observed on the Hanford Site were less than the concentrations measured by the BCAA in Kennewick, Washington.
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Figure 4.2-1.  24-hr Average Concentrations for Particulate Matter with a Diameter of 10 (m or less at the Hanford Meteorological Station, Washington, 2004  

4.2.3 Radiological Air Quality

Airborne effluents that may contain radioactive constituents are continually monitored at the Hanford Site.  Samples are analyzed for gross alpha and gross beta activity as well as selected radionuclides.  Radioactive emissions during 2004 originated in the 100, 200, 300, and 400 Areas.  100 Area emissions originated from the K Basins (irradiated fuel stored in two water-filled storage basins) and the Cold Vacuum Drying Facility, where fuel from the K Basins was prepared for storage.  The 200 Area emissions originated from the PUREX Plant, the Waste Encapsulation and Storage Facility, the Plutonium Finishing Plant, T Plant, 222-S Laboratory, underground storage tanks, and waste evaporators.  Emissions from the 300 Area originated from the 324 Waste Technology Engineering Laboratory, 325 Radiochemical Processing Laboratory, 327 Post-Irradiation Laboratory, and 340 Vault and Tanks; 400 Area emissions originated at the Fast Flux Test Facility (FFTF) and Maintenance and Storage Facility (Rokkan et al. 2005).  

4.2.3.1 Radiological Emissions

Standards for emissions of radionuclides from DOE facilities have been established by EPA (40 CFR 61) and Washington State (WAC 173-480 and WAC 246-247).  Emissions may not exceed quantities that would result in a dose of 10 mrem in a year to a maximally exposed individual (MEI) of the public.  Dose to an MEI is calculated through computer modeling that uses radiological emissions to the atmosphere as one input parameter (Table 4.2-4).

4.2.3.2 Dose Assessments

Each year dose assessments are conducted to determine doses from Hanford emissions.  Different assessments are done to comply with various regulations.  A hypothetical MEI dose with contributions from all potential pathways is calculated to satisfy the requirements of DOE Order 5400.5 (DOE 1993).  This dose estimate is made to ensure that no member of the public receives a dose exceeding 100 mrem (1000 µSv) per year.  Similarly, several dose estimates are made to satisfy the requirements of the Clean Air Act, which stipulates that no member of the public can receive an annual inhalation dose that exceeds 10 mrem (100 µSv).  
The annual dose to the Hanford Site maximally exposed individual is estimated using a computer code generated at Pacific Northwest National Laboratory (Napier et. al. 1998).  It estimates dose based on exposure from all potential pathways.  For 2004, this MEI dose was calculated to be 0.014 mrem (0.14 µSv) per year (Poston et. al. 2005).  The MEI was modeled to reside at the Sagemoor location in Franklin County, just across the Columbia River from the 300 Area.

The Clean Air Act requires the implementation of an EPA approved dispersion model to be used in order to estimate dose based on measured stack emissions.  For the Hanford Site, the annual dose to an offsite MEI from air emissions in 2004 was calculated to be 0.0022 mrem (0.022 µSv) (Poston et. al. 2005).  Based on guidance from EPA Region 10 and the Washington State Department of Health, a dose to a non-DOE worker on the Hanford Site from Hanford emissions was also calculated.  This dose was estimated to be 0.0019 mrem (0.019 µSv) per year to an employee of the LIGO facility (Poston et. al. 2005).  Finally, using environmental measurements at the Hanford Site perimeter and CAP-88 dispersion results, a dose to an offsite member of the public from diffuse and fugitive sources is calculated.  For 2004, this dose was calculated to be 0.031 mrem (0.31 µSv) per year at the Ringold Sampling location (Poston et. al. 2005).  
Table 4.2-4.  Radionuclides Discharged to the Atmosphere at the Hanford Site, Washington, 2004 (Rokkan et al. 2005)

	Radionuclide
	Releases, Ci(a)

	
	100 Areas
	200 East
Area
	200 West
Area
	300 Area
	400 Area
	Total

	3H (as HT)(b)
	NM
	NM
	NM
	1.8 E+00
	NM
	1.8 E+00

	3H (as HTO)(c)
	NM
	NM
	NM
	6.0 E+00
	3.6 E–01
	6.4 E+00

	60Co
	ND
	ND
	ND
	ND
	NM
	ND

	85Kr
	NM
	NM
	NM
	2.0 E–04
	NM
	2.0 E–04

	90Sr
	2.5 E–05(d)
	4.8 E–05(d)
	6.3 E–05(d)
	1.6 E–05(d)
	NM
	1.4 E–04(d)

	106Ru
	ND
	ND
	ND
	ND
	NM
	ND

	129I
	NM
	1.9 E–03
	NM
	NM
	NM
	1.9 E–03

	137Cs
	4.7 E–08
	2.0 E–05
	4.3 E–06
	1.2 E–05(e)
	1.2 E–05(f)
	3.9 E–05(e,f)

	220Rn
	NM
	NM
	NM
	8.9 E+01(g)
	NM
	8.9 E+01(g)

	222Rn
	NM
	NM
	NM
	5.8 E–10
	NM
	5.8 E–10

	234U
	NM
	NM
	NM
	ND
	NM
	ND

	235U
	NM
	NM
	NM
	ND
	NM
	ND

	238U
	NM
	NM
	NM
	ND
	NM
	ND

	232Th
	NM
	NM
	NM
	ND
	NM
	ND

	238Pu
	2.8 E–06
	ND
	1.2 E–06
	1.1 E–08
	NM
	4.0 E–06

	239/240Pu
	1.9 E–05(h)
	1.7 E–06(g)
	6.7 E–05(h)
	2.7 E–07(h)
	1.4 E–07(h)
	8.8 E–05(h)

	241Pu
	1.6 E–04
	ND
	5.3 E–05
	ND
	NM
	2.1 E–04

	241Am
	1.5 E–05
	1.3 E–06
	1.1 E–05
	8.3 E–08(i)
	NM
	2.7 E–05

	243Am
	NM
	NM
	NM
	9.0 E–10(i)
	NM
	9.0 E–10

	

	(a)
1 Ci = 1 curie = 3.7 E+10 becquerels (Bq); ND = not detected (i.e., either the radionuclide was not detected in any sample during the year or the average of all the measurements for that given radionuclide or type of radioactivity made during the year was below background levels); NM = not measured.

(b)
HT = tritium in the form of incondensable gas.

(c)
HTO = tritium in the form of condensable water vapor.

(d)
This release value includes gross beta data, assumed to be 90Sr in dose calculations.

(e)
For dose modeling, this value had added to it the value of 9.2 E–06 Ci of gross beta activity, assumed to be 137Cs in dose calculations.

(f)
This release value derives entirely from FFTF gross beta data, assumed to be 137Cs in dose calculations.

(g)
Calculated release based on inventory and project process.

(h)
This release value includes gross alpha data, assumed to be 239/240Pu in dose calculations.

(i)
For dose modeling, this value had added to it the value of 7.8 E–07 Ci of gross alpha, assumed to be 241Am in dose calculations.


4.2.3.3 Environmental Monitoring

Both the Surface Environmental Surveillance Project (SESP) and the near-facility environmental monitoring project conduct Hanford Site environmental monitoring.  The SESP conducts monitoring at locations across the Hanford Site, as well as at upwind and downwind locations.  The near-facility monitoring project primarily collects samples near known effluent sources.  Summaries of the 2004 monitoring data from both of these projects are available in the annual Hanford Site Environmental Report (Poston et al. 2005).  The spatial coverage of these two monitoring networks is sufficient to identify some Hanford sources.  However, the amount of radiological materials in air is so small that there is no difference between upwind and downwind samples for most radionuclides.  Atmospheric dispersion reduces Hanford atmospheric emissions to background levels before those emissions leave the site (Poston et al. 2005).
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