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A. INTRODUCTION

This regulatory guide (RG) provides licensees of existing facilities (e.g., of large light-water
reactors) and applicants with improved guidance concerning criteria for onsite meteorological measurement
programs. It also provides guidance to licensees of and applicants for new power reactor designs (e.g.,
advanced reactors, small modular reactors, stationary micro-reactors) that may propose using offsite
source(s) of meteorological data to fulfill their applicable regulatory requirements. The staff of the U.S.
Nuclear Regulatory Commission (NRC) considers this guidance acceptable for collection of the basic
meteorological data needed to support safety- and/or environmental-related atmospheric dispersion modeling
and other such measurement activities associated with initial plant licensing and, as applicable, facility
operations and emergency response capabilities.

For Tier 1 power reactor site applications, Title 10 of the Code of Federal Regulations (10 CFR) Part
100, “Reactor Site Criteria,” (Ref. 1) at 10 CFR 100.10(c) states that the Commission will take the
“Ip]hysical characteristics of the site, including . . . meteorology” into consideration in determining the
acceptability of a site. As an aid in evaluating a proposed site, 10 CFR 100.11(a) states that “meteorological
conditions pertinent to the site” should be used, along with an assumed fission product release from the core
and the expected containment leak rate, to ensure that prescribed dose limits for the exclusion area boundary
(EAB) and the outer boundary of the low-population zone (LPZ), as defined in 10 CFR Part 50, “Domestic
Licensing of Production and Utilization Facilities” (Ref. 2) at 10 CFR 50.2, “Definitions,” are met.

For Tier 2 power reactor site applications, 10 CFR 100.20(c)(2) (Ref. 1) requires consideration of the
“[m]eteorological characteristics of the site that are necessary for safety analysis or that may have an impact
upon plant design” in determining the acceptability of a site for a nuclear power plant. In addition, 10 CFR
100.21(c) requires the evaluation of site atmospheric dispersion characteristics and the establishment of
dispersion parameters such that (1) radiological effluent release limits associated with normal operation from
the type of facility proposed to be located at the site can be met for any individual located off site, and (2)
radiological dose consequences of postulated accidents meet the prescribed dose limits at the EAB and LPZ
boundary distances set forth in Ref. 2 at 10 CFR 50.34(a)(1), “Contents of applications; technical
information.”

This RG is being issued in draft form to involve the public in the development of regulatory guidance in this area. It has not received final staff
review or approval and does not represent an NRC final staff position. Public comments are being solicited on this DG and its associated
regulatory analysis. Comments should be accompanied by appropriate supporting data. Comments may be submitted through the Federal-
rulemaking website, http://www.regulations.gov, by searching for draft regulatory guide DG-1463. Alternatively, comments may be submitted to
Office of the Secretary, U.S. Nuclear Regulatory Commission, Washington, DC 20555-0001, ATTN: Rulemakings and Adjudications Staff.
Comments must be submitted by the date indicated in the Federal Register notice.

Electronic copies of this DG, previous versions of DGs, and other recently issued guides are available through the NRC’s public website under
the Regulatory Guides document collection of the NRC Library at https://nrc.gov/reading-rm/doc-collections/reg-guides. The DG is also
available through the NRC’s Agencywide Documents Access and Management System (ADAMS) at http:/www.nrc.gov/reading-rm/adams.html,
under Accession No. ML25259A209. The regulatory analysis is associated with a rulemaking and may be found in ADAMS under Accession No.
ML26181A099.




The “General Design Criteria [GDC] for Nuclear Power Plants” set forth in 10 CFR Part 50 (Ref. 2),
Appendix A, establish minimum requirements for the principal design criteria for water-cooled nuclear
power plants. Specifically, GDC 19, “Control room,” requires that a control room be provided “from which
actions can be taken to operate the nuclear power unit safely under normal conditions and to maintain it in a
safe condition under accident conditions. . . .” GDC 19 requires that “[t]he necessary design, fabrication,
construction, testing, and performance criteria for structures, systems, and components important to safety”
must be provided to permit access to and occupancy of the control room for the duration of accident
conditions. For plants that use alternate source terms, 10 CFR 50.67, “Accident source term,” at
50.67(b)(2)(iii) provides similar criteria. Atmospheric dispersion estimates, which utilize meteorological
data, are significant inputs in assessments performed to demonstrate compliance with this requirement.

In addition, NUREG-0737, “Clarification of TMI [Three Mile Island] Action Plan Requirements”
(Ref. 3), Item 11.B.2, “Design Review of Plant Shielding and Environmental Qualification of Equipment for
Spaces / Systems Which May Be Used in Postaccident Operations,” Clarification Item 3, “Dose Rate
Criteria,” provides criteria for the habitability of technical support centers (TSCs). This clarification
recommends that a TSC be designed such that occupants do not exceed the dose limit in GDC 19 for the
duration of an accident. As above, atmospheric dispersion modeling of postulated accident releases, using
onsite meteorological data, is used to estimate dispersion factors at the TSC for input to the dose calculation.
Such modeling helps ensure that this habitability criterion is met.

Paragraphs 50.47(b)(4), (b)(8) and (b)(9) of 10 CFR Part 50 (Ref. 2), as well as Section [V.E.2 of
Appendix E to Part 50, “Emergency Planning and Preparedness for Production and Utilization Facilities,”
require each applicant for an operating license or combined license to describe its plans for coping with
emergencies. 10 CFR 50.47(b)(9) requires these plans to include provisions for methods, systems, and
equipment for assessing and monitoring actual or potential offsite consequences of a radiological emergency
condition. 10 CFR 50.47(b)(4) requires these plans to also include a standard emergency classification and
action level scheme for determining minimum initial offsite response measures. In addition, Section VI of
Appendix E to Part 50 requires that if plant meteorological program parameters (i.e., wind speed, wind
direction, and an indicator of atmospheric stability) are available on in-plant computer systems, they must be
made available in a digital data stream to the Emergency Response Data System (ERDS) maintained by the
NRC. In this regard, it may be necessary for an applicant to establish and maintain a meteorological program
capable of rapidly assessing critical meteorological parameters.

Appendix I, “Numerical Guides for Design Objectives and Limiting Conditions for Operation to
Meet the Criterion ‘As Low as is Reasonably Achievable’ for Radioactive Material in Light-Water-Cooled
Nuclear Power Reactor Effluents,” of 10 CFR Part 50 (Ref. 2), provides numerical guidance for the design
objectives of equipment intended to control releases of radioactive material in effluents from nuclear power
reactors. An assessment of the maximum potential annual radiation dose to the public resulting from the
routine release of radioactive materials in gaseous effluents is required to assist in demonstrating that
operations will be or are being conducted within the limits of 10 CFR Part 20, “Standards for Protection
Against Radiation” (Ref. 4). The regulations at Appendix I to Part 50 aim, in part, to ensure that effluent
control equipment design objectives and proposed operating procedures meet the NRC’s requirements for
keeping levels of radioactive material in effluents to unrestricted areas as low as practicable.

In addition, 10 CFR 50.36a(a)(2) of Ref. 2 requires nuclear power plant licensees to submit a report
to the Commission annually that specifies the quantity of each of the principal radionuclides released to
unrestricted areas in liquid and gaseous effluents during the previous 12 months, including any other
information that the NRC may require to estimate maximum potential annual radiation doses to the public
resulting from effluent releases. Knowledge of meteorological conditions in the vicinity of a reactor(s) is
important to provide the basis for estimating maximum potential annual radiation doses resulting from
radioactive materials released in gaseous effluents.
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In order for the NRC to fulfill its responsibilities under the National Environmental Policy Act of
1969, as amended (Ref. 5), and in accordance with the requirements of Subpart A, “National Environmental
Policy Act — Regulations Implementing Section 102(2),” of 10 CFR Part 51, “Environmental Protection
Regulations for Domestic Licensing and Related Regulatory Functions” (Ref. 6), basic meteorological
information must be available to assess (1) the environmental effects of radiological and non-radiological
emissions and effluents resulting from the construction or operation of a nuclear power plant and (2) the
benefits of design alternatives.

Thus, each nuclear power plant site has multiple needs for an onsite monitoring program to measure
and document basic meteorological data. These data may be used to develop atmospheric transport and
diffusion parameters using appropriate atmospheric dispersion models. The results of such dispersion
analyses provide direct input to estimates of potential radiation doses to the public due to actual routine or
accidental releases of radioactive materials to the atmosphere or to evaluate the potential dose to plant
personnel in the control room and, as applicable, a TSC due to hypothetical reactor accidents. These data
may also be used to assess non-radiological environmental effects resulting from the construction or
operation of a nuclear power plant, such as the impacts of the plant’s heat dissipation system.

This regulatory guide, through Appendix A, describes a suitable onsite monitoring program to
provide meteorological data needed to estimate these potential site-specific impacts. Appendix B provides
additional regulatory guidance to be used by applicants for and licensees of advanced power reactor designs
proposing to use offsite meteorological data source(s) as an alternate to onsite measurements. Appendix B
does not represent standalone guidance but rather is to be used in conjunction with the other parts of this
regulatory guide as may be applicable.

Purpose of Regulatory Guides

The NRC issues RGs to describe methods that are acceptable to the staff for implementing specific
parts of the agency’s regulations, to explain techniques that the staff uses in evaluating specific problems or
postulated events, and to describe information that the staff needs in its review of applications for permits
and licenses. Regulatory guides are not substitutes for regulations and compliance with them is not required.
Methods and solutions that differ from those set forth in RGs are acceptable if supported by a basis for the
issuance or continuance of a permit or license by the Commission.

Paperwork Reduction Act

This RG provides voluntary guidance for implementing the mandatory information collections in 10
CFR Parts 20, 50, 51, 52, and 100 that are subject to the Paperwork Reduction Act of 1995 (44 U.S.C. 3501
et. seq.). These information collections were approved by the Office of Management and Budget (OMB),
under control numbers 3150-0014, 3150-0011, 3150-0021, 3150-0151, and 3150-0093, respectively. Send
comments regarding this information collection to the FOIA, Library, and Information Collections Branch,
Office of the Chief Information Officer, Mail Stop: T6-A10M, U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001 or by e-mail to Infocollects.Resource@nrc.gov, and to the OMB reviewer at:
OMB Office of Information and Regulatory Affairs (3150-0014, 3150-0011, 3150-0021, 3150-0151, and
3150-0093), Attn: Desk Officer for the Nuclear Regulatory Commission, 725 17th Street, NW, Washington,
DC 20503.

Public Protection Notification
The NRC may not conduct or sponsor, and a person is not required to respond to, a collection of

information unless the document requesting or requiring the collection displays a currently valid OMB
control number.
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B. DISCUSSION

Reason for Revision

The NRC staff recognizes a growing interest by the nuclear industry in the potential use of offsite
meteorological data in lieu of or in addition to onsite measurements. Staff began the process of updating RG
1.23 early in 2025 to provide necessary updates to the main text as well as a new appendix to address the use
of offsite meteorological data. The schedule to issue this planned revision was accelerated when on May 23,
2025, President Donald J. Trump signed Executive Order (E.O.) 14300, “Ordering the Reform of the Nuclear
Regulatory Commission.” Section 5, “Reforming and Modernizing the NRC’s Regulations,” requires the
NRC to undertake a review and wholesale revision of its regulations and guidance documents as guided by
the policies set forth in section 2 of the E.O. Additionally, as part of the NRC’s overarching review of all of
its regulations, the agency identified a number of additional changes to the NRC’s regulations that will
improve the efficiency and efficacy of its licensing process that are also included in this RG.

Background

The NRC issued formal meteorological monitoring guidance in February 1972 designated as Safety
Guide 23 (Ref. 7) and sometimes referred to as Revision 0 of RG 1.23. It described a suitable onsite
meteorological measurements program to collect the basic meteorological data needed to perform dispersion
modeling analyses in support of dose consequence assessments for design-basis accident evaluations and
routine operational airborne releases, to determine the environmental impacts of a plant, and to support
emergency preparedness programs and other applications at power reactor sites.

The NRC subsequently issued a proposed Revision 1 of RG 1.23, “Meteorological Programs in
Support of Nuclear Power Plants,” (Ref. 8) for public comment in September 1980 in response to the
accident at TMI. That first proposed revision contained “special considerations for emergency planning,”
which included: (1) provisions for remote interrogation of the meteorological system by the NRC and other
emergency response organizations during emergency situations, and (2) a viable backup system to obtain
real-time local meteorological data. The NRC never officially adopted its first proposed Revision 1 of RG
1.23.

The NRC issued a second proposed Revision 1 of RG 1.23, “Meteorological Measurement Program
for Nuclear Power Plants,” (Ref. 9) for public comment in April 1986. The second proposed Revision 1
endorsed, with some minor exceptions, the “Standard for Determining Meteorological Information at
Nuclear Power Sites,” which the American National Standards Institute/American Nuclear Society
(ANSI/ANS) promulgated as ANSI/ANS-2.5-1984 (Ref. 10). Although ANSI/ANS-2.5-1984 did not contain
the “special considerations for emergency planning” included in the first proposed Revision 1 of RG 1.23, it
did update other provisions of the earlier proposed revision. Nonetheless, the NRC never officially adopted
second proposed Revision 1 of RG 1.23.

ANSI/ANS-2.5-1984 (Ref. 10) was eventually withdrawn and replaced in 2005 by a standard
designated as ANSI/ANS-3.11, titled “Determining Meteorological Information at Nuclear Facilities,”
(Ref. 11) which has been periodically reaffirmed or revised since that time. ANSI/ANS-2.5-1984 was
primarily intended to support licensing applications for commercial nuclear power plants. However,
ANSI/ANS-3.11-2005 (Ref. 11) and its subsequent reaffirmations and latest revision in 2024 as
ANSI/ANS-3.11-2024 (Ref. 12) has an expanded scope that includes nuclear installations at Federal sites,
ranges, and reservations (e.g., U.S. Department of Energy (DOE) and Department of Defense (DoD)
facilities). The nature and extent of the radiological and hazardous chemical materials present at Federal sites
can differ significantly from similar materials present at commercial nuclear power plants. Therefore, the
NRC staff considers additional information and guidance in subsequent versions of ANSI/ANS-3.11 to be
beyond the basic meteorological monitoring program criteria applicable to commercial nuclear power plants.
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The NRC again solicited public comment on a third proposed Revision 1 of this guide by publishing
Draft Regulatory Guide DG-1164, “Meteorological Monitoring Programs for Nuclear Power Plants,”
(Ref. 13) in October 2006. Designated as Revision 1 of RG 1.23 (Ref. 14), titled the same name as DG-1164,
and officially issued in 2007, it replaced the original (February 1972) version of Safety Guide 23 (Ref. 7).
Revision 1 of RG 1.23 clarified regulatory requirements and updated the regulatory guidance regarding
acceptable criteria for an onsite meteorological measurements program to collect the basic meteorological
data needed to support plant licensing and operation. In so doing, Revision 1 also better reflected the current
requirements and best practices in ANSI/ANS-3.11-2005 (Ref. 11), where appropriate, with explicit
references to the NRC’s regulatory guidance and requirements.

Revision 1 of RG 1.23 provided that an onsite meteorological measurements program at a nuclear
power plant site should be capable of providing the meteorological information needed to make the
following assessments by an applicant or licensee and as confirmed by the NRC staff:

e aconservative assessment of the potential dispersion of airborne radioactive material from, and
the radiological consequences of, design-basis accidents and routine operational releases to aid
in evaluating the acceptability of a site and the adequacy of engineered safety features for a
nuclear power plant in accordance with 10 CFR Part 100 criteria (Ref. 1);

e an assessment of the maximum potential annual radiation dose to the public resulting from
routine releases of radioactive materials in gaseous effluents to assist in demonstrating that
operations will be or are being conducted within the limits of 10 CFR Part 20 (Ref. 4) and
Appendix I to 10 CFR Part 50 (Ref. 2), and to ensure that effluent control equipment design
objectives and proposed operating procedures meet the NRC’s requirements for keeping
levels of radioactive material in effluents to unrestricted areas as low as practicable;

e a conservative assessment of the habitability of the control room and, as applicable, the
TSC, during postulated design-basis radiological accidents and hazardous chemical releases
to demonstrate that the control room and TSC can remain occupied under accident
conditions in accordance with GDC 19;

e near-real-time ongoing assessment(s) by a licensee of atmospheric transport and diffusion
immediately following an accidental release of radioactive materials to provide input to
the evaluation of the consequences of radioactive releases to the atmosphere and to aid in
the implementation of emergency response decisions in accordance with the requirements in
Appendix E to 10 CFR Part 50 (Ref. 2);

e an assessment by a licensee of natural phenomena being experienced (to the extent based on
onsite measurements) or more likely as projected (by other offsite resources such as the National
Weather Service) beyond usual levels (e.g., high winds) for the purposes of emergency
classification in accordance with 10 CFR 50.47(b)(4) and Section 1V.B of Appendix E to 10
CFR Part 50 (Ref. 2);

e a realistic assessment of the potential dispersion and/or deposition of airborne radioactive
materials from, and the radiological consequences of, a spectrum of accidents and
routine releases to aid in evaluating the environmental risk posed by a nuclear power plant
in accordance with Subpart A to 10 CFR Part 51 (Ref. 6); and
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e a realistic assessment of non-radiological environmental effects, such as criteria air
pollutants, potential onsite and offsite fogging, icing, and/or salt drift effects from cooling towers
or ponds, to aid in evaluating the environmental impact of a nuclear power plant again in
accordance with Subpart A to 10 CFR Part 51 (Ref. 6).

Revision 2 of RG 1.23 incorporates clarifications and additional criteria based on various lessons
learned from licensing reviews since Revision 1 was issued to support more efficient reviews by NRC staff,
including:

e the importance of periodically updating the period of record (POR) of meteorological data
included in license amendment requests (LARs) that involve atmospheric dispersion modeling;

e submission of hourly meteorological data files and input data in formats consistent with the
various dispersion models associated with a given licensing application submittal (e.g., permit,
license, LAR);

e data averaging methods to be used based on the type of wind instrumentation installed during a
given POR;

e potential logistical considerations for meteorological monitoring in locations subject to extreme
and persistent cold conditions and/or at remote sites;

e the addition of a new Appendix B, in concert with certain portions of this guidance through
Appendix A, but related to new reactor applicants that propose use of offsite meteorological data
for initial facility licensing purposes and/or for the operational phase;

e restructuring and consolidating Regulatory Position 7 into a single regulatory position with
sections that address special considerations for complex terrain sites, adding a new section
regarding relevant issues related to potential deployment of new reactor designs in areas subject
to extreme and persistent cold conditions and/or at remote locations, and integrating the
discussion on meteorological monitoring in support of emergency preparedness.

The pre-operational and operational meteorological monitoring program at a nuclear plant should
provide an adequate basis for atmospheric transport and diffusion estimates at offsite and onsite receptor
locations due to postulated accidents and routine operational releases. While the specific types of
meteorological data and information needed differ for each of the above assessments, a single set of
instruments can generally be used to obtain the basic data needed for all of them. For this reason, when
establishing a meteorological monitoring program for an initial site survey, careful consideration should also
be given to any later operational needs for meteorological data and information.

In particular, care should be taken to select measurement location(s) where the instrumentation will
accurately represent the overall site meteorology. Likewise, and to the extent possible, topographic features,
vegetation, and/or the construction of additional structures or plant features at a later date should be
accounted for so as not to significantly influence wind, temperature, and/or atmospheric moisture
measurements, thereby avoiding the potential need to relocate an existing meteorological tower. For cases
where a meteorological monitoring system is being upgraded due to age or when any change to the system is
considered or warranted, a review of appropriate new measurement and/or data acquisition technologies
should be undertaken. This review should also include an assessment of the potential implications of any
such proposed changes to data quality and recovery in terms of how the data is actually used (e.g.,
measurement heights, data sampling frequencies, data averaging methods).

Technical information to be provided in applications for construction permits (CPs) and operating
licenses (OLs) is specified in 10 CFR 50.34(a) and (b), respectively, of 10 CFR Part 50 (Ref. 2). Regarding
site meteorological data, the minimum amount that should be provided at the time of application submittal
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for a CP is a representative and consecutive 12-month period, and for an OL, a representative and
consecutive 24-month period, including the most recent 12-month period. Technical information to be
provided in applications for early site permits (ESPs) and combined licenses (COLs) is specified in 10 CFR
52.17 and 52.79, respectively, of 10 CFR Part 52 (Ref. 15). With respect to site meteorological data, the
minimum amount that should be provided at the time of application submittal for an ESP and for a COL that
does not reference an ESP is a representative and consecutive 24-month period including the most recent 12-
month period. Note that 3 or more years of data are preferable for OL, ESP, and COL application submittals,
if available, to better gauge the representativeness of long-term dispersion-related conditions. However, in all
cases, the POR for the meteorological data should not be older than 10 years from the date of the application.

For LAR submittals that involve atmospheric dispersion modeling, Section 5.3 of RG 1.183
(Ref. 16) allows the results of previously approved modeling analyses to be used. However, the 10-year
criterion above is also relevant to subsequent LARs if the POR used for the previously approved modeling
analysis is older than 10 years. In this case, an acceptable alternate approach to updating the POR input to a
subsequent modeling analysis would be to demonstrate that more recent meteorological conditions related to
atmospheric dispersion have reasonably remained the same in the interim. For example, comparisons
between joint frequency distribution (JFD) summaries of wind speed, wind direction, and atmospheric
stability class, often included in annual radioactive effluent release reports as called for by RG 1.21
(Ref. 17), would be one acceptable approach. The primary focus should be on the similarity of low wind
speeds and “F” and “G” stability class frequencies, with directionality being important for direction sectors
where monitors for airborne radiological emissions are located but also for evaluating dispersion conditions
when onsite receptor locations are involved.

The technical information regarding meteorology to be included in a final safety analysis report
(FSAR) as part of an application for a standard design certification (DC), standard design approval (SDA),
and manufacturing license (ML), is addressed in 10 CFR Part 52 (Ref. 15) at 10 CFR 52.47(a)(2)(iv),
52.137(a)(2)(iv), and 52.157(d), respectively. Those regulations use the phrase “site meteorology” which
should be interpreted to mean the meteorological data related to dispersion modeling that is representative of
and used to reasonably bound the locations at which a given reactor design might be deployed. The
meteorological data used for that purpose (i.e., the dispersion modeling results input to dose calculations)
should be no older than 10 years from the date of the application as above. Such data is often obtained from
readily available offsite sources in developing presumably bounding site parameters to be later confirmed
when a specific deployment site is chosen. This meteorological data is distinct from the climatological data
that should also be considered as postulated site parameters for other design and operational purposes.
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C. REGULATORY POSITION

This section describes a suitable onsite meteorological monitoring program to collect the basic
meteorological data needed to determine the environmental impacts of the plant, perform consequence
assessments supporting routine release and design-basis accident evaluations, and support emergency
preparedness programs and other applications at power reactor sites.

1. Definitions

Ambient Temperature: A measure of the hotness or coldness of the ambient air, as measured by a
suitable instrument that is sheltered from exposure to direct solar radiation.

Annual cycle: A continuous 12-month period of record (not necessarily a calendar year) but
consisting of four consecutive seasons of applicable meteorological measurements with the allowable
completeness of a season depending on the actual start date of monitoring. The POR for a given 12-month
annual cycle should not be a composite of data parsed from multiple PORs.

Calm: Any wind speed below the starting threshold of the wind speed and/or wind direction
sensor, whichever is greater, or any wind speed below the value that is appropriate for input to a dispersion
model.

Channel Check: The qualitative assessment, by observation, of channel behavior during operation.
This determination should include, where possible, comparison of the channel indication and status to other
indications or status derived from independent instrument channel(s) measuring the same parameter
simultaneously.

Complex Terrain: An area or region characterized by irregular topography such as mountains, large
hills, valleys, large water bodies and adjacent coastlines.

Dewpoint Temperature: The temperature to which a given parcel of air must be cooled at
constant pressure and constant water vapor content in order for saturation to occur.

Gaussian Plume Model: A basic atmospheric dispersion model that assumes the plume spread has a
Gaussian (or normal) distribution in both the horizontal and vertical directions and, therefore, uses the

standard deviations of plume concentration distribution in the horizontal (oy) and vertical (oz).

Joint Frequency Distribution (JFD): A composite summary of concurrent wind speed, wind
direction, and atmospheric stability class values used, in some cases, as input to certain atmospheric
dispersion models. JFDs are developed on an annual basis, sometimes also on a quarterly, monthly, or
day/night basis as necessary, for one or more complete annual cycle(s) depending on the POR being used
and presented for each stability class and for all stability classes combined. JFDs also provide a useful and
quick characterization of dispersion conditions at a given measurement location as opposed to only a site
wind rose.

Open Terrain: An area or region characterized by relatively uniform wind flow with no significant
terrain features or other effects that may alter generally uniform air flow.
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Pasquill Stability Class: A method for classifying the stability of the atmosphere, or the amount
of turbulent mixing in the atmosphere, used to estimate its effect on airborne effluent diffusion. As
implemented by the NRC, Pasquill stability class incorporates seven classifications (designated A through G)
corresponding to extremely unstable through extremely stable atmospheric conditions with relatively more to
less dispersion, respectively. The NRC approach classifies stability by vertical temperature difference. This
method was used in the development of its approved straight-line (Gaussian) dispersion models for
evaluating design-basis accident and routine airborne releases.

Plant North: An orientation typically used on plant drawings (e.g., site plans, plot plans) that may
differ (be offset) from alignment with respect to True North. Depending on the sensor type used to measure
wind direction, instrumentation should be aligned and/or data reported relative to True North or, if not,
adjusted before being used to prepare monitoring data summaries (such as JFDs) and input to atmospheric
dispersion models.

Precipitation: Any of the forms of water particles, whether liquid or solid, that fall from the
atmosphere and reach the ground at a specific measurement point.

Precipitation Wind Rose: A diagram or graphical presentation of the relative occurrence of
precipitation (typically rainfall) events for a given wind direction sector at a measurement location over a
given POR and/or time period (e.g., annual, seasonal, day / night). As with horizontal wind direction roses, a
precipitation wind rose is typically represented on a compass rose of sixteen, 22.5-degree sectors centered on
north, north-northeast, northeast, east-northeast, etc. The barbs for a given wind direction sector may
represent all events that have occurred above a certain threshold value (e.g., 0.25 millimeter (mm) or 0.01
inch (in.)). In certain cases, a barb may be further broken down to indicate various ranges of precipitation
totals recorded for that sector.

Relative Humidity: The ratio of the vapor pressure to the saturation vapor pressure in the
atmosphere with respect to water at a given pressure and temperature.

Scalar Average: The arithmetic mean of a set of scalar values calculated as the sum of all valid
values in a data set divided by the number of valid values in that data set. With respect to wind speed, a
scalar average represents only the magnitude of that physical quantity as opposed to a vector average that
may also account for the wind direction component. The distinction between scalar and vector averaging is
an important input data consideration depending on the dispersion model being used (i.e., straight-line
Gaussian dispersion models should use scalar- or unit vector-averaged wind components as input consistent
with Section 5.3.1 of ANSI/ANS-3.11-2024 (Ref. 12)).

Sigma-Theta.: The standard deviation of the horizontal wind direction fluctuation.

Solar Radiation: The total electromagnetic radiation emitted by the sun.

Stack Releases: Effluent releases to the atmosphere from a point or location not subject to wake
effects that may be caused, depending on their proximity, by adjacent man-made structures or by natural

objects such as terrain and/or vegetation.

Starting Threshold: The minimum wind speed above which the measuring instrument is
performing within its minimum specification.

System Accuracy: The amount by which a measured variable deviates from a value accepted as
true or standard. System accuracy encompasses all the components of a measurement system from
sensors through processors, data recorders, displays, etc.
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System Calibration: The process of validating the output of a measurement system against
known reference standards or observations.

True North: The direction from any point on the earth’s surface toward the geographic North Pole
and used as a reference in orienting horizontal wind direction measurement instrumentation.

Vector Average: Wind is characterized as a vector having both magnitude (i.e., speed) and
orientation (i.e., direction). Wind data measured by mechanical instrumentation can be resolved, through
appropriate digital data processing, into either scalar- or vector-averaged values. On the other hand, sonic
anemometers utilize vector processing to estimate wind speed and direction values. For sonic anemometers,
wind speed values equivalent to scalar averages can be determined by unit vector averaging over the
applicable time period (i.e., with the wind direction component weighted by either 1 meter per second
(m/sec) or 1 mile per hour (mph), whichever unit of measure is appropriate). Arithmetic means of each wind
component would then be calculated as the sum of all valid values in a data set divided by the number of
valid values in that data set. Again, the distinction between scalar and vector averaging is an important input
data consideration depending on the dispersion model being used (i.e., straight-line Gaussian dispersion
models should use scalar- or unit vector-averaged wind components as input).

Vertical Temperature Difference (AT or delta-T): The measured (or sometimes calculated)
difference in the ambient temperatures between two elevations on the same tower (also referred to as the
lapse rate). It is properly defined as the upper- minus the lower- level temperature measurements.

Water Equivalent: The amount of water, in millimeters or inches, measured at ground level from
rain and/or melted frozen precipitation (e.g., snow, freezing precipitation).

Wet-Bulb Temperature: The temperature an air parcel would have if cooled adiabatically to
saturation at constant pressure by evaporation of water into it, all latent heat being supplied by the parcel.

Wind Direction (Horizontal): The direction from which the wind is blowing. Values are reported in
degrees azimuth, measured clockwise from True North and ranging from 0° to <360° (e.g., north is 0° or
360°, east is 90°, etc.).

Wind Rose: A diagram or graphical presentation of the relative wind direction frequencies at a given
measurement location and height over a given POR and/or time period (e.g., annual, seasonal, day / night).
Horizontal wind direction, being a circular function, is typically represented on a compass rose of sixteen,
22.5-degree sectors centered on north, north-northeast, northeast, east-northeast, etc. Depending on the wind
data source, a different number of sectors and/or sector widths (e.g., to the nearest 10 degrees) may be
recorded with potential implications on the data if input directly to certain dispersion models. The barbs for a
given direction sector may be further broken down into various ranges of wind speeds associated with that
sector.

Wind Speed (Horizontal): The rate at which air is moving horizontally past a given point.
2. Meteorological Parameters

This section identifies the basic meteorological parameters and other general characteristics for a
monitoring system that supports safety- and environmental-related atmospheric dispersion modeling, and
other such measurement activities associated with initial plant licensing and, as applicable, facility operations
and emergency response capabilities.
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2.1. Wind Speed and Wind Direction

Horizontal wind speed and wind direction should generally be measured on one open-lattice tower at
heights of approximately 10 meters (m) (33 feet (ft)) and at a typical upper-level of 60 m (197 ft) above the
ground. A higher upper-level or intermediate measurement height other than 60 m (197 ft) may be
appropriate for those plants where the most probable and significant atmospheric release height(s) is other
than 60 m (197 ft). A third measurement height should be implemented at a representative level for stack
releases that are 85 m (279 ft) or higher above the ground.

2.2. Vertical Temperature Difference

Vertical temperature difference (AT or delta-T) should be measured on the same open-lattice tower
as wind speed and wind direction between the 60-m (197-ft) and 10-m (33-ft) levels (i.e., the upper minus
the lower measurement levels). If necessary, AT or delta-T should also be measured between the higher (or
intermediate) and 10-m (33-ft) levels to be representative of diffusion conditions in that vertical layer.

Table 1 provides a definition of Pasquill stability classes as a function of AT or delta-T noting that the NRC’s
criterion for stability classification is referenced to degrees Centigrade per 100 m (°C/100 m). Given the
recommended intervals above, the equivalent AT or delta-T may be extrapolated to a °C/100 m value by
assuming that the same lapse rate over the actual vertical measurement interval applies. However, if AT or
delta-T is measured over a shorter vertical interval than those recommended above, then justification should
be provided to demonstrate that the same lapse rate applies over a 100-m vertical interval.

At nuclear power plants for licensing-related purposes, vertical temperature difference is the
preferred method for characterizing atmospheric turbulence as determined by a series of Pasquill stability
classes. This method, as implemented by the NRC, has been an effective indicator for the worst-case stability
conditions (e.g., Pasquill stability classes E, F, and G) which are progressively more restrictive to
atmospheric dispersion. Moreover, the dispersion factors based on these stability classes are directly
associated with the calculation of progressively higher radiological doses. Note that the NRC’s range of
Pasquill stability classes (i.e., A though G) is greater than that typically implemented by the U.S.
Environmental Protection Agency (EPA) (i.e., A through F). Further, the method used by EPA for Pasquill
stability classification is based, in some cases, on different meteorological parameters and/or observations.

More importantly, certain deterministic Gaussian plume models endorsed by the NRC were
developed based on empirically derived plume dispersion factors from field tracer studies that used AT (or
delta-T) to classify atmospheric stability. This includes the accident-related dispersion models based on RGs
1.145, 1.249 and 1.194 (Refs. 18, 19, and 20, respectively) and the routine release-related dispersion model
based on RG 1.111 (Ref. 21), as well as their associated model user’s guidance documents. Alternative
methods may be proposed by an applicant or licensee to classify atmospheric stability for licensing purposes,
but appropriate justification should be provided to the NRC beforehand. However, the use of alternate
stability classification methods may require accounting for the effects of a different number of stability
classes on the modeling results as well as the possible need to modify a dispersion model’s algorithms.
Appendix B addresses this topic further in addition to proposed uses of other alternate meteorological input
data resources and their potential implications.

Alternate methods for classifying atmospheric stability may also be acceptable for emergency
response purposes if these methods can be shown to be compatible with the methodology in the dispersion
modeling portion of the plant’s emergency response dose assessment software.

2.3. Ambient Temperature

Ambient air temperature should be measured at approximately 10 m (33 ft) above ground.
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2.4. Precipitation

Precipitation should be measured near ground level near the base of the meteorological tower. While
routine release or design-basis accident assessments of offsite dose consequences do not typically consider
precipitation, the presence or absence of precipitation and its amount are important for severe accident
assessments that are included in an applicant’s environmental report and the staff’s environmental impact
assessment pursuant to Subpart A of 10 CFR Part 51 (Ref. 6). Severe accident dose consequence computer
codes, such as Version 2.2 of the MELCOR Accident Consequence Code System (MACCS2) (Ref. 22),
account for the efficient removal of particulate radionuclides from the plume by wet deposition. Precipitation
information can also be useful as an input to developing emergency response protective action
recommendations by indicating the potential for increased ground contamination as a result of wet
deposition.

Table 1: Classification of Atmospheric Stability

Classtsaikf)'jiieg/ion Pasquill Stability Category Ambient gggﬁf?gﬂe 031;3;1 ge With
Extremely Unstable A AT <-1.9
Moderately Unstable B -1.9<AT <-1.7
Slightly Unstable C -1.7<AT <-15
Neutral D -1.5<AT <-05
Slightly Stable E -0.5<AT <15
Moderately Stable F 1.5<AT<4.0
Extremely Stable G AT > 4.0

2.5. Atmospheric Moisture

At sites utilizing cooling towers, cooling lakes and ponds, or spray ponds as the plant’s normal heat
sink, a pre-operational meteorological monitoring program should include ambient temperature and
atmospheric moisture measurements (e.g., dewpoint temperature, wet-bulb temperature, or relative humidity)
at height(s) representative of water vapor release(s). In the case of natural or mechanical draft cooling
towers, ambient temperature and atmospheric moisture measurements should be made at the highest
measurement level on the meteorological tower that’s consistent, to the extent possible, with the height of the
discharge from the cooling tower.

These data are required to assess the potential physical and aesthetic impacts of water vapor plumes
from such heat dissipation facilities, including the length and frequency of elevated plumes, increases in
ground-level humidity, the frequency and extent of ground-level fogging and icing events, cooling tower
drift deposition, cloud formation, cloud shadowing, and possible precipitation enhancement in the site
vicinity as discussed in Section 5.7.1 of Regulatory Guide 4.2, “Preparation of Environmental Reports for
Nuclear Power Stations” (Ref. 23), and Subsection 5.3.3.1 of NUREG-1555, “Standard Review Plans for
Environmental Reviews for Nuclear Power Plants” (Ref. 24).

From an environmental perspective, these measurements need not be continued during the
operational phase of a facility’s OL or COL issued under 10 CFR Part 50 or 52 (Refs. 2 and 15),
respectively, unless specified in a plant’s environmental protection program pursuant to 10 CFR 50.36b
(Ref. 2) or 10 CFR 51.50 (Ref. 6). However, these data may also be necessary operationally for evaluating
ongoing performance aspects of other routine heat dissipation systems such as dry cooling towers or ultimate
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heat sink systems that rely on natural convection processes directly related to temperature and/or moisture
conditions in the ambient air.

3. Siting of Meteorological Instruments

To the extent practical, onsite meteorological measurements should be made in location(s) that can
provide data of acceptable duration and quality and that is spatially and temporally representative of the
atmospheric conditions into which material may be released and transported. The meteorological tower
should be sited at approximately the same elevation as the finished plant grade. If not the case, the potential
implications on dispersion modeling along with the need for any adjustments should be addressed. Factors to
be considered in selecting an appropriate measurement location and for installation of the instruments
include, among others, the prevailing and/or predominant horizontal wind direction(s), topography, and the
relative locations of any nearby man-made features and high vegetation.

Wind speed and wind direction measurements, in particular, should be made at locations and heights
that avoid potential modifications to airflow that may be caused by obstructions such as adjacent or nearby
buildings, hyperbolic (natural) or mechanical draft cooling towers, trees, and nearby terrain. Wind sensors
should be located over level, open terrain at a distance of at least 10 times the height of any nearby
obstruction if the height of the obstruction exceeds one-half the height of the wind measurement level. For
example, trees 15 m (49 ft) in height should be no closer than 150 m (492 ft) from the tower. Potential
interference effects may vary depending on the measurement height in question and possibly the shape of a
given man-made obstruction.

Wind sensors at the uppermost measurement level may be located on top of the meteorological
tower. In general, though, the sensors for upper and lower measurement levels should be mounted on booms
of sufficient length extending outward from the meteorological tower to also avoid interference by the tower
itself. In addition, boom-mounted wind sensors on the side of a tower should be located at a distance equal to
at least twice the longest horizontal dimension of the tower (e.g., the side of a triangular tower). Further, the
sensors should be situated on the upwind side of the tower in areas with a dominant prevailing wind
direction. However, in areas with two distinct wind directions (e.g., as may occur in mountain valleys or in
areas with marked seasonal variations), the wind sensors should be oriented, to the extent possible, in a
direction perpendicular to the two predominant wind directions. In addition, wind direction sensors should be
aligned relative to True North with any offset documented and accounted for in data processing.

Ambient temperature and atmospheric moisture measurements should be made to avoid air
modification by heat and/or moisture sources (e.g., ventilation exhausts, cooling towers, water bodies or
retention ponds, large parking lots or paved areas). For this reason, the tower should not be located on or
near permanent man-made surfaces, such as concrete or asphalt, or on or near temporary land disturbances,
such as coal piles, plowed fields, or storage and laydown areas. Temperature sensors should be mounted on
booms within fan-aspirated radiation shields to minimize the adverse influences of thermal radiation (from
the sun, ground surface, and the tower itself) as well as precipitation. Further, the aspirated temperature
shields should either be pointed downward or laterally towards the north with the shield inlet at least 1'%
times the tower horizontal width away from the nearest point on the tower. For temperature difference
measurements, the sensors should be housed in identical and equally exposed aspirated radiation shields. The
atmospheric moisture sensor(s) is often collocated with the temperature sensor in the same radiation shield.

Precipitation gauges should be sited near level ground with its mouth horizontal and open to the sky,
but not so close to the ground to avoid splashing of water into the gauge from the ground. In areas with
substantial snowfall, the elevation of the opening should be above expected snow depths. Further, the gauge
should be equipped with wind shields to minimize wind-caused loss of precipitation. Where appropriate,
precipitation gauges should also be equipped with heaters or an antifreeze solution (e.g., ethylene glycol) to
melt frozen precipitation. If heaters are used, they should be operated (e.g., thermostatically) to minimize
underestimation due to evaporation caused by the heating device.
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4. Instrument Range and Accuracy

All instrumentation should be capable of operating over a reasonable range of the expected climatic
conditions based on the regional climatology for a given deployment site.

Individual sensor accuracies are specified by the instrument manufacturer. On a broader scale, the
time-averaged accuracies for digital systems should meet the criteria listed in Table 2 and are stated in terms
of overall system accuracies. System accuracies are comprehensive and should include, where applicable, the
errors introduced by the sensors, cables, signal conditioners, temperature environments for signal
conditioning and recording equipment, recorders, processors, data displays, and the data reduction process.
Exhibit 1 of ANSI/ANS-3.11-2024 (Ref. 12) presents an example method that can be used to calculate
overall system accuracy for a given measurement parameter based on the accuracy values for individual
system components. Primary or back-up analog data recording systems (e.g., strip chart recorders), if still
used, may have fewer components comprising a given measurement system.

If the accuracies of the signal conditioning equipment and/or data acquisition or recording system are
sensitive to changes in temperature, they should be housed in a climate-controlled environment.

Table 2. Meteorological System Accuracies and Resolutions

Measurement
Measurement System Accuracy Resolution
. +0.2 m/sec (£0.45 mph) or 5% of observed wind speed
Wind Speed starting threshold < 0.45 m/s (1 mph) 0.1 m/s or 0.1 mph
Horizontal Wind +5 degrees azimuth 1.0 dearee
Direction starting threshold < 0.45 m/s (1 mph) vaeg
Sigma-Theta (Go) Std.

Deviation of Horiz. WD N/A 0.1 degree
Ambient Temperature +0.5 °C (£0.9 degrees Fahrenheit (°F) 0.1°Cor0.1°F
Vertical Temperature +0.1 °C (+0.18 °F) 0.01 °C or 0.01 °F

Diftference
Dewpoint Temperature +1.5 °C (£2.7 °F) 0.1°Cor0.1°F
Wet-Bulb Temperature +0.5 °C (£0.9 °F) 0.1°Cor0.1°F
Relative Humidity +4% 0.1%
Precipitation (water +10% for a volume equivalent to 2.54 mm (0.1 in.) of .
equivalent) precipitation at a rate < 50 mm/hr (<2 in./hr) 0.25 mm or 0.01 in.
Time +5 minutes (min) 1 min

5. Instrument Maintenance and Servicing Schedules

Meteorological instruments should be inspected and serviced at a frequency that will ensure
data recovery of at least 90 percent on an annual basis. This 90-percent rate applies to the individual
recovery of wind speed, wind direction, and stability measurements as well as to the concurrent recovery
of these three parameters. These data are necessary to create the input to the accident and routine release
atmospheric dispersion models either in the form of joint frequency distribution summaries or as hourly
values. If there are multiple pathways of potential airborne releases such that meteorological data from
different measurement levels are needed (i.e., for ground-level and/or elevated sources), the 90-percent rate
applies to the individual and concurrent data recoveries at each applicable level. Further, the 90-percent
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data recovery rate applies to the other meteorological parameters being monitored. The use of redundant
sensors is an acceptable approach to achieve the 90-percent data recovery goal.

Channel checks should be performed daily, and channel calibrations should be performed at least
semi-annually unless the operating history of the equipment is documented to indicate and/or the
environmental conditions at the monitoring site warrant either more or less frequent calibration is necessary.
System calibrations should encompass entire data channels including all recorders and displays (e.g., those
local at the meteorological tower, in the control room, and emergency response facilities, as well as those
used to compile the historical data set). System calibrations may be performed by a series of sequential,
overlapping, or total channel steps, such that each channel from sensors to recorders and displays is
calibrated. For guyed towers, guyed wires should be inspected annually, and anchors should be inspected
once every 3 years in accordance with industry standards.

6. Data Reduction, Compilation, and Archival

Meteorological monitoring systems should use electronic digital data acquisition systems as the
primary data processing and recording system. Note that wind direction is a circular function with values
between 0 and 360 degrees. This wind direction discontinuity at the beginning/end of the scale requires
special processing to compute a valid average value. A backup recording system (either digital or analog)
can also help provide higher assurance of valid data recovery. Where analog data recording systems are used,
wind speed and wind direction should be recorded on continuous trace strip charts. Other variables may be
recorded on multipoint charts with a sampling rate of at least once per minute. Data may be recorded and
displayed in either English units (e.g., mph, °F, in.) or metric units (e.g., m/sec, °C, mm) and should meet the
resolution criteria listed in Table 2.

The digital sampling rate of data should be at least once every 5 seconds. Digital data should be: (1)
compiled as 15-minute average values for real-time display in the control room and appropriate emergency
response facilities (e.g., TSC and emergency operations facility), and (2) compiled and archived as hourly
average values and JFD summaries for use in dispersion modeling analyses and compilation of historical site
climate-related data. Hourly values should preferably be generated by averaging all valid samples within an
hour. Alternatively, hourly averages could be based on using one valid 15-minute average per hour (if the
same 15-minute period is always used for each hour), or by averaging all valid 15-minute values recorded
during an hour. For precipitation, hourly values should represent the total amount of precipitation (water
equivalent) measured during a given hour. Appendix A shows the recommended format for an electronic
copy of an hourly meteorological database.

At a minimum, the basic meteorological data should also be compiled into an annual JFD for a
composite POR involving one or multiple years of measurements (i.e., complete annual cycles) as called for
in applicable guidance and used for dispersion modeling purposes and to support radiological environmental
monitoring programs during the operational phase. JFD summaries for individual annual cycles that may
comprise an overall POR are also helpful in assessing year-to-year variations in dispersion-related
conditions. In any case, JFDs should be prepared for each of the stability classes listed in Table 1 and for all
stability classes combined. Table 3 gives an example of a suitable format for data compilation and reporting
purposes and is consistent with Section 4 (Atmospheric Dispersion) of Regulatory Issue Summary 2006-04
(Ref. 25).

7. Special Considerations
7.1. Complex Terrain Sites

Complex terrain features such as mountains and adjacent valleys, large hills, large bodies of water
and their adjacent coast- and shorelines can induce complex wind flow patterns and/or temperature
conditions that can vary by time of day and season. For example, depending on the size of a dispersion
modeling domain, the representation of circulation for a hill-valley complex or a site near a large body of
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water may need additional measuring points to determine any spatial variations in airflow patterns and/or
atmospheric stability conditions. Occasionally, the unique diffusion characteristics of a particular site may
also warrant the use of special meteorological instrumentation, field studies, and/or dispersion modeling
strategies. Therefore, site locations in nonuniform terrain settings may necessitate additional wind and/or
temperature instrumentation and more comprehensive programs which should be evaluated with the NRC
staff before being implemented.

7.2. Sites Subject to Extreme and/or Persistent Cold Conditions and Remote Locations

Special considerations and adequate planning should be implemented when establishing a
meteorological monitoring program at a potential reactor site subject to extreme and/or persistent cold
conditions and/or in a remote location. Such deployments may affect the selection and use of measurement
instruments, data recording and communications equipment, quality assurance and quality control (QA and
QC) procedures, and site access and security. Examples of potential technical and logistical issues include,
but are not limited to:

e instrument and equipment specifications that account for the range, variation, and persistence of
expected meteorological conditions;

e protective measures to ensure their functionality and reliability (e.g., heat tracing, sheltering);

e determination of appropriate measurement heights that account for potential accident-related and
routine release heights and release characteristics (e.g., orientation, exit temperatures, exit
velocities);

e enhanced environmental effects (e.g., accumulated snow depths or snowpack, icing, salt or dust
aerosols, wildlife intrusion);

e daily, seasonal, and/or annual variation, depth, and persistence of surface-based temperature
inversions;

e data recording and communication protocols including remote access as necessary;

e frequency of instrument and equipment maintenance activities, routine QA/QC checks, periodic
calibrations, performance and/or systems audits, equipment change-out intervals; and

e frequency and methods for site surveillance and other logistical activities (e.g., site access, site
maintenance, snow removal).

The intent is to ensure that potentially adverse effects such as those above and other conditions that
may be specific to certain sites subject to extreme and/or persistent cold and/or at remote locations are
adequately considered. This applies to both the planning and operational phases of a meteorological
monitoring program so that sufficient valid and representative data is acquired in a reasonable amount of
time for use in permitting, licensing, and operational purposes.

7.3. Special Considerations to Support Emergency Preparedness

To identify rapidly changing meteorological conditions for use in performing emergency response
dose consequence assessments, 15-minute average values should be compiled for real-time display in the
appropriate emergency response facilities (e.g., control room, TSC, emergency operations facility). All
meteorological data channels required for input to the atmospheric dispersion portion of dose assessment
models should be available and presented in a format compatible for that input (e.g., wind speed displayed in
the proper units, wind direction, atmospheric stability displayed as a AT value for each Pasquill stability
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class over the vertical interval consistent with Table 1 of this guidance or if different (e.g., actual
measurement heights) the steps for any necessary conversions to Table 1 criteria before input).

If the basis for any emergency action levels includes the monitoring of onsite meteorological
conditions (e.g., the occurrence of measured hurricane-force winds as a basis for declaring an Unusual
Event) in addition to supporting assessments of accident radiological releases, the tower and its
instrumentation should be capable of surviving and monitoring (to the extent practicable) and displaying the
relevant meteorological condition(s).

If a plant computer system collects wind speed, wind direction, and atmospheric stability data, these
data should be submitted to the NRC’s ERDS as provided for in Section VI of Appendix E to 10 CFR Part
50 (Ref. 2). The ERDS is a direct, near-real-time electronic data link between a licensee’s onsite computer
system and the NRC Operations Center that provides for the automated transmission of a limited data set of
selected plant parameters in the event of a radiological emergency. An applicant should also have provisions
in place to obtain representative meteorological data (e.g., wind speed and wind direction representative of
the 10-m (33-ft) level and an estimate of atmospheric stability that may not necessarily be based on AT) from
specified alternative sources during an emergency if the site meteorological monitoring system is
unavailable. Appendix B addresses additional considerations regarding emergency preparedness and the use
of alternate sources of meteorological data in addition to or in lieu of onsite measurements.
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Table 3. Example Joint Frequency Distribution of Wind Direction, Wind Speed, and Stability
Class

Site/Plant Name:
Extremely Stable (AT exceeds 4.0 °C/100 m) Pasquill Stability Class G

Period of Record:

Wind Speed (m/sec) at __ Meter Level; AT between _ Meters and __ Meters

Wind Direction 05-| 11-| 1.6~ [ 21— | 3.1- | 41— | 5.1- | 6.1- | 8.1—
<05] 10 ] 15]20 )30 40| 506080 [100]>100| TOTAL

N

NNE

NE

ENE

ESE

SE

SSE

SSW

SW

WSW

w

WNW

NW

NNW

VARIABLE
Total

Number of Calms:

[Number of Missing Hours:

Values in this table can be in counts or percent of total valid hours.
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D. IMPLEMENTATION

Licensees generally are not required to comply with the guidance in this regulatory guide. If the
NRC proposes to use this regulatory guide in an action that would constitute backfitting, as that term is
defined in 10 CFR 50.109, “Backfitting,” and as described in NRC Management Directive 8.4,
“Management of Backfitting, Forward Fitting, Issue Finality, and Information Requests,” (Ref. 26) affect the
issue finality of an approval issued under 10 CFR Part 52, “Licenses, Certifications, and Approvals for
Nuclear Power Plants”; or constitute forward fitting, as that term is defined in Management Directive 8.4,
then the NRC staff will apply the applicable policy in Management Directive 8.4 to justify the action. If a
licensee believes that the NRC is using this regulatory guide in a manner inconsistent with the discussion in
this Implementation section, then the licensee may inform the NRC staff in accordance with Management
Directive 8.4.
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APPENDIX A

RECOMMENDED FORMAT
FOR HOURLY METEOROLOGICAL DATA TO BE PLACED ON ELECTRONIC MEDIA

Hourly meteorological data, whether collected from an onsite monitoring program or if obtained
from offsite monitoring resources approved per Appendix B, should be provided to the NRC on mutually
agreed-upon media and/or electronically at the time of the request for the licensing submittal. The file(s)
should be formatted as sequential access, ASCII text data to facilitate NRC staff use for its confirmatory
reviews. Comma-delimited or binary data files should not be submitted. Individual annual data files should
be provided when the POR to be used for a given licensing submittal covers multiple years.

At the beginning of each file, use the first five records to give a file description. Include plant name,
location (latitude, longitude), dates of data and whether time stamps on averages are hour-beginning or hour-
ending and local or standard time, units of measure if other than metric, information explaining data
contained in the “other” fields if they are used, measurement heights, and any additional information
pertinent to the identification of the file(s) and its contents (e.g., whether delta-T values represent
temperature differences between the actual measurement levels or have been converted to °C per 100 m
consistent with Table 1 of this guidance, type of atmospheric moisture measurements and units of measure).
Ensure that all five records are included, even if some are blank. Use 160A1 as the format for the first five
records. The remaining records, one per hour, contain meteorological data in the format A4, 14, 13, 14,
25F5.1, F5.2, 3F5.1. Check the file to ensure quality (e.g., by comparing it against the raw data to verify that
the electronic file has been properly formatted, that unit conversions are correct, and that invalid and other
data are properly identified).

The use of decimal points in the database is not required. However, provide all data as integer values
to the tenth of a unit, except solar radiation, which should be specified to a hundredth of a unit. This
reporting convention does not necessarily indicate the accuracy of all the data (e.g., wind direction is usually
given to the nearest degree). Use all nines in any field to indicate an invalid record (i.e., 99999). Use all
eights in a wind direction field to indicate valid but variable directional conditions (i.e., 88888) and all
sevens in a wind direction field to indicate calm wind conditions (i.e., 77777). If there are only two levels of
data, use the upper and lower levels. If there is only one level of data, use the upper level.

NOTE: The sigma theta, solar radiation, and visibility measurements listed in the following pages
are not required measurements but should be provided if they are available. Ambient temperature and
atmospheric moisture measurements should be provided at height(s) representative of water-vapor release for
those sites utilizing cooling towers (e.g., hyperbolic, wet, and/or dry designs), cooling lakes and ponds, or
spray ponds as the plant’s normal or ultimate heat sink.
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METEOROLOGICAL DATA FORMAT ON ELECTRONIC MEDIA
LOCATION:
DATE OF DATA RECORD:
A4 Identifier (can be anything)
14 Year
3 Julian Day

4 Hour (24-hour Clock)

F5.1  Upper Measurement Level (meters)

F5.1  Wind Direction (degrees) .

F5.1 Wind Speed (m/sec)

F5.1 Sigma Theta (degrees) _

F5.1  Ambient Temperature (°C) .

F5.1  Ambient Moisture (specify units) .
F5.1  Other (specify parameter and units)

F5.1  Other (specify parameter and units)

F5.1 Intermediate Measurement Level (meters) .
F5.1  Wind Direction (degrees) _

F5.1  Wind Speed (m/sec)

F5.1 Sigma Theta (degrees) _

F5.1  Ambient Temperature (°C) .

F5.1  Ambient Moisture (specify units) -
F5.1  Other (specify parameter and units) _
F5.1  Other (specify parameter and units) .
F5.1 Lower Measurement Level (meters)

F5.1  Wind Direction (degrees) .

F5.1  Wind Speed (m/sec)

F5.1 Sigma Theta (degrees) _

F5.1  Ambient Temperature (°C) -

DG-1463, Appendix A, Page A-23



o]

1
W

—

e
9

—_—

1
W

—

e
9

—_—

1
W

—

e
9

—_—

s
W

\S)

1
W

—

o9
W

—_—

1
W

—

METEOROLOGICAL DATA FORMAT ON ELECTRONIC MEDIA (continued)
Ambient Moisture (specify units)
Other (specify parameter and units)
Other (specify parameter and units)
Temperature Difference (Upper — Lower) (°C / 100 m)
Temperature Difference (Upper — Intermediate) (°C / 100 m)
Temperature Difference (Intermediate — Lower) (°C / 100 m)
Precipitation (millimeters) .

Solar Radiation (calories / square centimeter / minute)

Visibility (kilometers) _

Other (specify parameter and units)

Other (specify parameter and units)
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APPENDIX B

TECHNICAL DETAILS REGARDING PROPOSED USE OF OFFSITE
METEOROLOGICAL DATA

Appendix B provides guidance to applicants and licensees regulated by the U.S. Nuclear Regulatory
Commission (NRC) of advanced and small modular reactor (SMR) designs as addressed by the Nuclear
Energy Innovation and Modernization Act (NEIMA) (Ref. B-1), and as further refined by the Energy Act of
2020 (Ref. B-2) and the Accelerating Deployment of Versatile, Advanced Nuclear for Clean Energy Act
(ADVANCE Act) of 2024 (Ref. B-3). This guidance may also apply to non-light-water-reactors (non-LWRs)
and micro-reactors. In addition, this guidance is acceptable for the design and operation of non-power
production or utilization facilities, fuel cycle facilities, spent fuel storage facilities, and waste disposal
facilities, as applicable, if those facility applicants or licensees are regulated by the NRC.

Appendix B is to be used in conjunction with the regulatory positions and guidance in the rest of RG
1.23, including Appendix A, rather than as standalone guidance, to avoid unnecessary repetition.
Meteorological data is distinct from the climatological data that should also be considered as postulated site
parameters for other design and operational purposes.

B.1. Background on the Proposed Use of Offsite Meteorological Data

Meteorological data is critical input for the safety and environmental evaluations used to characterize
site-specific atmospheric dispersion conditions for permitting and licensing, operational, and emergency
planning and support purposes for nuclear power plants. Traditionally, onsite meteorological measurements
have been the primary source of data used in dispersion modeling analyses that directly support radiological
dose assessments to demonstrate compliance with applicable regulatory requirements and limits. The NRC
staff considers a well maintained onsite meteorological monitoring program and the resulting data to be the
most representative of conditions at a proposed or existing site.

The NRC staff also recognizes a growing interest from industry for the potential use of offsite
meteorological data in lieu of or in addition to onsite measurements. This interest is driven by advances in
dispersion modeling capabilities and improvements in both the perceived quality and the density of coverage
of meteorological data sources. Administratively, the potential for reducing the cost and complexity of
maintaining onsite meteorological monitoring systems is also an incentive. Further, the ADVANCE Act of
2024 (Ref. B-3) and subsequent Executive Orders by the White House have mandated and accelerated
consideration of using alternative meteorological data sources that could enable more efficient licensing
processes while still ensuring the robust protection of public health, safety, and the environment.

Deployment of land-based advanced fission reactor designs does not, by default, necessitate the use
of offsite meteorological data. Figure B-1 presents a flow chart intended to encompass the expected airborne
radiological release characteristics of the many existing or future advanced fission reactor designs and their
respective needs for atmospheric dispersion-related meteorological data.

When able to be demonstrated by a potential applicant (e.g., design developer, manufacturer,
licensee) and verified by the NRC staff, the three types of accident and/or routine operational airborne
radiological release categories are: (1) no (i.e., zero) potential accident and/or routine releases; (2) releases
with insignificant dose consequences; and (3) releases with uncertain or potentially significant dose
consequences. Of these three, the potential use of offsite meteorological data for atmospheric dispersion
modeling analyses is represented by the third category. The specific needs for meteorological data for the
first two categories are not addressed any further in this guidance except as shown in Figure B-1. Further, the
guidance in all of RG 1.23 generally does not apply to Design Certification, Standard Design Approval, and
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Manufacturing License applications that don’t require site-specific, dispersion-related meteorological data
(see Section B - Discussion) unless an application of one of these types applies only to a specific site.

B.2.  Potential Offsite Meteorological Data Sources

Depending on where a potential deployment site is located, an applicant may be able to acquire and
use offsite meteorological data from one or more measurement locations. These could include monitoring
stations operated by or for:

e the National Weather Service (NWS) or Federal Aviation Administration (FAA);

e meteorological measurement programs endorsed by the U.S. Environmental Protection Agency
(EPA) or State or local agencies with delegated regulatory authority primarily for criteria and/or
hazardous air pollutant permitting and compliance purposes (e.g., nearby private power
production facilities);

e the U.S. Department of Defense (DoD) or U.S. Department of Energy (DOE) facilities which
may or may not include potential sources of airborne radiological emissions in addition to
criteria and/or hazardous air pollutant emissions; or possibly

e other types of meteorological measurement programs (e.g., Mesonet weather networks, U.S.
Department of Agriculture (DOA) sites, some Federal or State climatologist cooperative network
stations, or nearby universities).

Potential meteorological data sources that should not be used include crowd-sourced monitoring
programs such as the CoCoRaHS (i.e., Community Collaborative Rain, Hail, and Snow) network, or similar,
which consist of voluntary “weather” observers. The NRC staff is aware that the acceptability of these data
resources likely suffers from possible inconsistencies that may include station siting, different equipment
specifications, inconsistent performance of routine maintenance and calibration, different data acquisition
and reporting methods, etc. relative to the specific criteria in RG 1.23.

B.3. Demonstrating Offsite Meteorological Data Representativeness

The adequacy of offsite meteorological data (e.g., its quality and representativeness) as a surrogate
for onsite measurements depends on the context for its uses. That context, in turn, includes consideration of
how and where the data is acquired, how it is to be used (in this specific case, as a key input to the different
site-specific atmospheric dispersion modeling analyses that need to be performed), and how the results from
those dispersion analyses are actually selected and applied as input to dose calculations. Therefore, the
similarities and, more importantly, the potential implications of any differences between the two types of
monitoring programs (i.e., offsite and onsite), their data, and its uses should be recognized and accounted for.
Put more simply, meteorological data should be selected based on the intended purpose and need, rather than
on its availability alone.

To that end, Section B.3 is structured in a top-down fashion. It begins with general considerations in
Section B.3.1, then progresses to a number of basic, yet important, technical items in Section B.3.2 that
should be considered in evaluating any proposed offsite meteorological monitoring program. Section B.3.2
also identifies examples of possible departures from any meteorological monitoring guidance presumably
implemented at an offsite location relative to the guidance in RG 1.23, the meteorological parameters
relevant to current NRC-approved dispersion modeling, and weather elements and summaries of less or even
no importance in demonstrating context-specific representativeness of the offsite data.

Section B.3.3 details the context appropriate to the three types of atmospheric dispersion modeling
analyses for which meteorological data is a key input (i.e., for estimating accident-related dispersion factors
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at offsite and onsite receptor locations, and routine release-related dispersion and/or relative deposition
factors typically at offsite receptors). For each type of modeling analysis, these details include recommended
tests and acceptance criteria as well as the supporting rationale and examples of potential technical issues
that may be encountered and should be addressed in any permitting or licensing submittals. The guidance in
Section B.3.3 is primarily with respect to the proposed use of offsite meteorological data. Nevertheless, in
order to determine the representativeness of the offsite data in proper context, these discussions cannot be
separated from some of the considerations specific to each type of dispersion model and modeling analysis.

B.3.1. General Considerations

It is important to recognize that this guidance allows for the proposed use of alternate data sources
and/or meteorological parameters with adequate justification (e.g., see Regulatory Positions 2.2 and 7.3). If
found by the NRC staff to be acceptable for use, the intended purpose will be the same for offsite
meteorological data as it is for data obtained from an onsite measurement program (i.e., to support safety-
and environmental-related atmospheric dispersion modeling analyses representative of a specific site).

To reiterate Section B.3, if offsite meteorological data is proposed to be used, then it should be
selected based on its intended purpose and need rather than just being available. The offsite data should be
technically justified which includes understanding the possibility of an applicant or licensee having to adjust
the data, a dispersion model(s), its algorithms, and/or its output. That justification should be context-specific
for each meteorological parameter used as input for atmospheric dispersion modeling purposes. General
considerations include, but may not be limited to:

e cognizance of how the offsite meteorological data were acquired;

e Dbeing both spatially and temporally (including over the long-term) representative of conditions at
a specific nuclear power plant site;

e consistency with how each dispersion model and its algorithms were developed and how each
model and its output is to be used as inputs to dose calculations; and

e ability to characterize transport and diffusion conditions where and when the data are to be
applied (e.g., reasonably accounting for the size of the modeling domains which typically differ
for accident- and routine release-related dispersion analyses).

In addition, the NRC staff acknowledges that offsite meteorological data can be used to support
applications for construction permits (CPs) submitted under Title 10 of the Code of Federal Regulations
(10 CFR) Part 50, “Domestic Licensing of Production and Utilization Facilities” (Ref. B-4) and early site
permits (ESPs) under 10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants,”
Subpart A, “Early Site Permits” (Ref. B-5). However, if offsite meteorological data is used for the earlier CP
or ESP phase submittals, a later supplemental period of onsite meteorological monitoring could provide the
data to support operating license (OL) application submittals made later under 10 CFR Part 50 (Ref. B-4)
and combined operating license (COL) submittals under 10 CFR Part 52, Subpart C, “Combined Licenses,”
(Ref. B-6).

From an applicant’s perspective, this provides for verification of the initially assumed
representativeness of the meteorological data used in earlier CP or ESP phase submittals, validation of the
accident and/or routine release dispersion modeling results in those submittals, and the possible need for
revision to the earlier dose calculations and any necessary design adjustments. From the NRC’s standpoint,
this approach helps ensure the agency’s mission statement is fulfilled.
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B.3.2. Basic but Important Technical Considerations for Determining Representativeness

An applicant or licensee that proposes using meteorological data obtained from any offsite (i.e., non-
site-specific) monitoring program for dispersion modeling purposes, in lieu of (at some point in time) onsite
monitoring data, has several basic technical items to consider in beginning to evaluate the data’s
representativeness including its limitations. These items are in addition to the dispersion model-specific
considerations and criteria in Sections B.3.3 through B.3.5 as well as any applicable criteria among the
regulatory positions found elsewhere in this regulatory guide. All items should be documented in their
application submittal(s) to facilitate the NRC staff’s review and expected acceptance.

Basic technical items to be documented should include but may not be limited to:

general characteristics of proposed offsite station(s) (e.g., rationale for each station selection,
station name(s) and type(s), distance(s) and direction(s) to plant site, station and plant site
elevations);

topographic setting around proposed offsite station(s) (e.g., flat, rolling, coastal, desert, valley)
versus the topographic setting covering the larger of either the accident or routine release
dispersion modeling domain (area);

measurement and operating details (e.g., tower siting, distances and directions to nearby natural
and other obstructions to airflow, tower and parameter measurement heights, instrument types
and performance specifications, sampling frequency and recording of output (averages or
discrete observations), data averaging method(s) used (scalar, unit vector, and/or full vector
averaging), frequencies and results of instrument and system surveillance, maintenance, and
other quality assurance activities);

guidance used to conduct offsite meteorological monitoring program(s) during the POR(s)
proposed to be used — for example,

o RG1.23,

o American National Standards Institute / American Nuclear Society (ANSI/ANS)-3.11-
2024, “Determining Meteorological Information at Nuclear Facilities,” (Ref. B-7),

o DOE, “DOE Handbook - Environmental Radiological Effluent Monitoring and
Environmental Surveillance,” DOE-HDBK-1216-2015 (R-2022), (Ref. B-8),

o EPA, “Meteorological Monitoring Guidance for Regulatory Modeling Applications,”
EPA-454/R-99-005, (Ref. B-9), and/or State agency meteorological monitoring guidance
(as standalone guidance or as a supplement to the EPA guidance reflecting state-specific
considerations),

o Interagency Council for Advancing Meteorological Services (ICAMS), “Federal
Meteorological Handbook No. 1 — Surface Weather Observations and Reports,”
(Ref. B-10); and

for each offsite station, annual data recoveries (and seasonal and/or day/night, if needed)
individually for wind speed, wind direction, and atmospheric stability (or approved alternate
method) and concurrent recovery of all three parameters for each year and the entire POR(s)
proposed to be used.
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Any departures between the meteorological monitoring guidance used at each offsite location and
RG 1.23 regarding data quality, instrument specifications, and potential implications to dispersion modeling
should be identified and explained. Possible departures may include but are not limited to:

different number of atmospheric stability classes between EPA or state guidance (i.e., six (A-F))
and NRC (i.e., seven (A-G));

parameters / approach used to determine atmospheric stability (e.g., EPA guidance cites multiple
methods) and their relationship to the NRC’s vertical temperature difference (AT or delta-T)
method;

wind speed and/or wind direction measurements at NWS, FAA, or other stations may, depending
on the proposed POR(s), be recorded as discrete observations, shorter-term rather than full hour
averages, and/or could be based on vector rather than scalar data averaging;

wind speed instruments at NWS, FAA, and other airfield stations focus on aviation needs rather
than atmospheric dispersion and may not have sufficient resolution at lower speeds that could
result in underestimated dispersion factors and, therefore, radiological doses;

wind direction at NWS, FAA, and other airfield stations may only be recorded to the nearest 10
degrees introducing potential bias in the calculation of dispersion factors at certain direction
headings which EPA meteorological monitoring guidance has previously recognized; and

wind direction at NWS, FAA, and other stations may be reported relative to Magnetic North
instead of True North.

Relevant meteorological parameters used in NRC-approved dispersion modeling (i.e., wind speed,
wind direction, atmospheric stability, and possibly JED summaries of these three parameters) should be
compared, as discussed in Sections B.3.3 through B.3.5, as part of the process of determining the
representativeness of offsite data to onsite dispersion conditions.

It is also important to recognize that certain weather elements and summaries are less relevant or
even irrelevant in determining the representativeness of offsite meteorological data with respect to the
accident- and/or routine release dispersion modeling analyses at a proposed plant site. Examples and their
limitations or possible uses include:

wind roses having at least two deficiencies (i.e., stability class is not included, and all wind
speeds and wind directions are typically included);

ambient temperatures (but may apply in regions subject to extreme and persistent cold conditions
and/or for plume rise calculations);

atmospheric humidity (e.g., dewpoint, wet-bulb temperature, relative humidity, but may apply to
cooling tower impact analyses);

precipitation (i.e., rain and snow, but may apply if wet deposition is accounted for); and

station pressure.

Nevertheless, the above weather elements and summaries may be useful for describing the general
climatological characteristics of a proposed plant site if they are otherwise shown to be representative.
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B.3.3. Use for Accident-Related Dispersion Analyses at Offsite Receptor Locations
B.3.3.1. General Model-Specific Context

The NRC-approved PAVAN dispersion model is used to estimate dispersion factors at offsite
receptor locations typically at the EAB, LPZ, and/or site boundary (if different from the EAB), due to
accident-related airborne radiological releases. Similarly, accident-related dispersion analyses for these same
offsite receptors may be performed using the NRC-approved ARCON96 (ARCON 2) dispersion model as an
alternate approach to the PAVAN code, although subject to a downwind receptor distance limitation of 1,200
m, which may be appropriate for certain advanced reactor designs, and as otherwise adapted for consistency
with the guidance in RG 1.145, “Atmospheric Dispersion Models for Potential Accident Consequence
Assessments at Nuclear Power Plants” (Ref. B-11). If the latter approach is used, an applicant or licensee
should verify that the accident-related averaging times are the same as in RG 1.145 (i.e., 0-2 hours, 0-8
hours, 8-24 hours, 1-4 days, and 4-30 days) for its advanced reactor design.

Note that proposed relocation of an onsite meteorological tower at existing nuclear power plant sites
often includes comparisons between concurrent measurement data from the old and new tower locations
before the old tower site is decommissioned. Therefore, it is reasonable to expect that linear regression
and/or other comparative statistics (e.g., correlations) of offsite-to-onsite meteorological data should also be
justified with further recognition that:

e accident-related dispersion modeling analyses for offsite receptor locations differ from accident-
related modeling analyses for onsite receptors; and

e if comparisons are made between dispersion-related meteorological data from offsite and onsite
monitoring programs, the same POR should be used.

Accident-related dispersion modeling for offsite receptors per RG 1.145 (Ref. B-11) and/or RG
1.249, “Use of ARCON Methodology for Calculation of Accident-Related Offsite Atmospheric Dispersion
Factors,” (Ref. B-12), and respective model user’s guidance includes:

e NUREG/CR-2260, “Technical Basis for Regulatory Guide 1.145, Atmospheric Dispersion
Models for Potential Accident Consequence Assessments at Nuclear Power Plants,” (Ref. B-13).

e NUREG/CR-2858, “PAVAN: An Atmospheric Dispersion Program for Evaluating Design-Basis
Accidental Releases of Radioactive Materials from Nuclear Power Stations,” (Ref. B-14).

e NUREG/CR-6331, “Atmospheric Relative Concentrations in Building Wakes,” Revision 1,
(Ref. B-15).

e Pacific Northwest National Laboratory (PNNL)-28667, “ARCON 2.0 User’s Guide,” Revision
1, (Ref. B-16).

B.3.3.2. Recommended Tests and Acceptance Criteria

The recommended tests and acceptance criteria that follow should be used by an applicant or
licensee to evaluate the degree to which proposed offsite meteorological data represent the atmospheric
dispersion conditions at a plant site located elsewhere. These tests and criteria are tailored specifically to the
NRC-approved dispersion models used to estimate dispersion factors at offsite receptor locations (i.e., the
PAVAN model and the alternative approach of using the ARCON96 (ARCON 2) model), and how the
results from such analyses are selected and provided as direct input to dose calculations.

Separate safety-related evaluations (i.e., linear regressions) or other comparative statistics (e.g.,
correlations) of concurrent meteorological parameters relevant to dispersion should be performed and
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documented. Initially, these evaluations should be between more than one offsite monitoring station
surrounding a proposed site (if possible) in order to develop an indication of possible regional consistency
among the relevant parameters. Similarly, later evaluations should be between relevant parameters from a
pre-operational onsite monitoring program and at least one nearby offsite monitoring station. If reasonable
comparability can be demonstrated between the relevant data from the offsite and onsite monitoring
programs, an applicant may decide to suspend further onsite measurements unless otherwise specified by
regulation or in its licensing documents. Failing that, the onsite meteorological measurement program should
be continued.

When only one offsite meteorological monitoring station is available that may reasonably be
expected to provide data relevant to the dispersion characteristics of a given site, the initial assumption of its
representativeness and potential effects on the initial dose calculations remains uncertain. Therefore,
establishing an onsite monitoring program would be even more necessary for subsequent verification. The
criteria in the preceding paragraph and below would still apply to the offsite / onsite evaluation. On the other
hand, when there is no nearby offsite monitoring station that may reasonably be expected to provide data
relevant to the dispersion characteristics of a given site (e.g., due to it being a remote location with sparse or
no coverage, different topographic settings in areas of complex terrain, elevation differences, coastal
environments), then it would be necessary to establish and maintain an onsite meteorological monitoring
program to support initial permitting and later licensing application submittals, as well as support to
emergency preparedness needs.

In particular, when these safety-related evaluations are performed, the relevant meteorological
parameters include:

e wind direction (for all wind directions);

e wind speed (but only up to 3 to 4 m/sec (6.7 to 8.9 mph), including calms, for all wind
directions);

e atmospheric stability (but only for F and G stability classes and for all wind directions); and

e possible comparison of joint wind speed and stability summaries or JFDs (subject to the wind
speed and stability limits above)

with an acceptance criterion in each case for safety-related linear regressions being about 0.95 (or 95%).

Separate environmental-related evaluations (i.e., linear regressions) or other comparative statistics
(e.g., correlations) of concurrent meteorological parameters relevant to dispersion may either be performed
or the more stringent, but somewhat different, safety-related evaluations adopted. In either case, the selected
approach should be documented. If the environmental-related evaluations are performed, the same
considerations for initial offsite-to-offsite, later offsite-to-onsite, or no offsite meteorological monitoring
station being available as identified above would apply. In particular, if the environmental-related
evaluations are performed, the relevant meteorological parameters include:

e wind direction (for all wind directions);

e wind speed (all wind speeds, including calms, for all wind directions);

e atmospheric stability (all stability classes (A - G) for all wind directions); and

e possible comparison of JFDs

with an acceptance criterion for environmental-related linear regressions being at least 0.85 (or 85%).
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If joint wind speed and stability summaries or JFD comparisons are used to supplement the
recommended statistical comparisons, but not replace those tests as a lone indicator of representativeness, the
format of these summaries or JFDs should:

e be reasonably consistent with the wind speed resolution in Table 3 of this regulatory guide;
e be adjusted, as needed, for consistent units of measure;

e use the appropriate wind measurement height depending on the postulated accident release
height(s) and adjust the wind speed data if the offsite measurement height differs significantly
from the release height(s) and/or from the appropriate height(s) to use in a dispersion modeling
analysis; and

e cxplain any differences in the number of stability classes used (e.g., A - F instead of A - G) and
the potential implications of any differences in the accident-related dispersion modeling results
for offsite receptor locations.

Technical justification should be included for the proposed use of other statistical approaches and/or
acceptance criteria.

If offsite meteorological data representativeness is established, an applicant or licensee should verify
that the shorter-term POR to be used also represents longer-term dispersion conditions at a given site
especially if an onsite meteorological monitoring program will not be implemented or continued.

B.3.3.3. Rationale

This section provides the rationale for the recommended tests and acceptance criteria discussed in
Section B.3.3.2. It also identifies some of the known and expected differences between the guidance given
elsewhere in RG 1.23 and possible alternative approaches associated with offsite meteorological monitoring
programs. For practical reasons, it is not intended to be all-inclusive. Consistent with Sections B.3.2 and
B.3.3, an applicant or licensee should document any such alternate approaches and/or technical departures in
its application submittals, including explaining and accounting for potential implications on the dispersion
modeling results. When any alternate approaches and/or technical departures are anticipated, they should be
discussed with cognizant NRC staff during any pre-application meetings and prior to implementation to help
facilitate NRC staff reviews.

Dispersion factors (X/Q values) are directly proportional to doses as long as airborne radiological
releases are still occurring. For postulated accidents, X/Qs estimated at offsite receptor locations (see Section
B.3.3.1) using the NRC-approved PAVAN model and the alternative approach of using the ARCON96
(ARCON 2) model are inversely proportional to the wind speed. The highest X/Qs input to dose calculations
are usually associated with wind speeds less than 3 to 4 m/sec (6.7 to 8.9 mph) and stability classes F and G.

The 99.5th percentile and 50th percentile X/Qs for safety- and environmental-related purposes,
respectively, are relative to the entire POR in the modeled meteorological data. Therefore, all valid wind
speeds (including calms), subject to the respective wind speed limitations in Section B.3.3.2, from all wind
direction sectors should be included. The 99.5th percentile X/Q means that 0.5 percent of the calculated
hourly X/Qs are higher than the identified 99.5th percentile value. The 50th percentile X/Q essentially
corresponds to the average of the calculated hourly X/Qs (i.e., half are higher, half are lower) or
representative of dispersion under average meteorological conditions during the modeled POR. However,
unlike the environmental-related linear regression calculations, including higher wind speeds and all stability
classes in the safety-related linear regression calculation would bias the representativeness of the offsite
meteorological data to appear better than it really is (e.g., higher wind speed values are expected to agree
better than lower wind speed values).
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With respect to atmospheric stability, a November 2015 report was prepared for the NRC through
the Oak Ridge Associated Universities (ORAU) titled “Technical Basis Document for Revisions to NRC
Regulatory Guide 3.63, Section C.1, Fourth Paragraph (Final)” (Ref. B-17). Its focus was to make
recommendations, including statistical tests, regarding the long-term representativeness of a short-term
onsite meteorological monitoring program using comparisons between offsite NWS data sources as an
indicator. Those sources have the same technical issues relative to RG 1.23 (e.g., wind speed ranges, number
of stability classes) addressed throughout this guidance. Nevertheless, Section 2.3.3 and Appendix B of that
ORAU report recognize the importance of the more stable categories on restricted atmospheric dispersion
and their association with higher radiological doses (consistent with what has also been mentioned in this
regulatory guidance). It shows, at least for the comparisons made in the ORAU report, that linear regressions
on the available stable categories (i.e., only E and F stabilities rather than E, F, and G per RG 1.23) appear
less representative — temporal or otherwise - versus the unstable and neutral stability categories individually
and when all categories (A through F) are combined.

Proper context, therefore, is to include only wind speed and stability class values that produce the
controlling (higher) X/Qs input to dose calculations. Wind direction linearity is also important in evaluating
representativeness because the highest sector-specific 99.5th percentile X/Q, regardless of direction sector, is
used for dose calculation unless the 5% overall site X/Q is controlling (higher). The latter X/Q appears to be
the controlling value only occasionally but depends on the site. However, in the case of the sector-specific
99.5th percentile X/Q being the controlling value, if wind direction linearity is below the indicated
acceptance criterion, then acceptable linearity results for wind speed and/or stability are considered to be less
significant contributors to representativeness because the sector-specific X/Q distributions may be
compromised.

For additional perspective and awareness about the possible importance of determining the need for
and/or the magnitude of any stability class adjustments, note that the horizontal (sigma-Y) and vertical
(sigma-Z) diffusion curves in Figures 1 and 2, respectively, of RG 1.145 (Ref. B-11) only include stability
classes A to F. Most other alternate stability classification approaches are likewise limited to six stability
classes. However, footnotes to those figures include estimated adjustment values of those curves between
stability class F and class G. Accounting for the difference between F and G stability per RG 1.145 indicates
that X/Qs (and, therefore, doses) could be a factor of 2 higher for a source modeled as a ground-level release.
The controlling (highest) safety-related X/Q is usually based on the 99.5th percentile value. Therefore, the
expected frequency of occurrence of G stability classes is very relevant at most potential deployment sites
and should be considered in making any stability class adjustments to the data from an offsite monitoring
station. See also Regulatory Position 1.3.1 and Appendix A of RG 1.145 for additional information.

In addition, the solar radiation / delta-T (or SRDT) method is one of the alternative stability
classification approaches in EPA-454/R-99-005 (Ref. B-9) using, in part, a vertical temperature difference
typically measured between 10 m and about 2 or 3 m. On the other hand, the NRC approach in Table 1 of
RG 1.23 is equivalent to degrees Centigrade per 100 m that is typically based on measurements over a 40- to
50-m vertical interval with the lower measurement height at 10 m. The delta-T value is then extrapolated to a
100-m vertical interval by assuming the same lapse rate. However, extrapolating from a 7- to 8-m vertical
interval per the SRDT method to a 100-m interval per RG 1.23 by assuming that the same lapse rate applies
is probably not appropriate (especially in extreme and persistent cold locations) unless an applicant or
licensee demonstrates that to be the case. See Section 6.4.5 (Accuracy of stability category estimates) in Ref.
B-9 for additional information.

Therefore, the method for determining atmospheric stability class for an onsite meteorological
measurement program (per RG 1.23) and proposed offsite monitoring program(s) should be the same or
either shown or adjusted to be equivalent. The NRC’s delta-T method was used for dispersion estimates
during model development field studies. If the methods differ between onsite and offsite monitoring
programs, then the non-RG 1.23 method should be evaluated, explained, and the stability classification
results possibly adjusted before any linear regression calculations or other statistical comparisons (e.g.,
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correlations) are made. Note also that the climatological characteristics of a given site may affect the
application of alternate methods of stability classification (e.g., in extreme cold climates due to extended
persistence of low temperature conditions, the intensity, vertical extent and duration of temperature
inversions, and/or the seasonal variation and duration of daylight and darkness). Consequently, dispersion
modeling analyses, model outputs, and/or model algorithms may also need to be adjusted.

B.3.4. Use for Accident-Related Dispersion Analyses at Onsite Receptor Locations
B.3.4.1. General Model-Specific Context

The NRC-approved ARCON96 (ARCON 2) dispersion model is used to estimate dispersion factors
at onsite receptor locations (e.g., at normal and emergency air intakes for the control room, air intakes for an
onsite or near-field offsite technical support center, equipment hatches, other points of ingress / egress).
These analyses support habitability and/or other exposure assessments at routinely occupied onsite personnel
locations during and after accident-related airborne radiological releases. An applicant or licensee should
verify that the accident-related averaging times are the same as in RG 1.194, “Atmospheric Relative
Concentrations for Control Room Habitability Assessments at Nuclear Power Plants,” (Ref. B-18) (i.e., 0-2
hours, 2-8 hours (typically), 8-24 hours, 1-4 days, and 4-30 days) for its advanced reactor design.

As mentioned in Section B.3.3.1, note that proposed relocation of an onsite meteorological tower at
existing nuclear power plant sites often includes comparisons between concurrent measurement data from
the old and new tower locations before the old tower site is decommissioned. Therefore, it is reasonable to
expect that linear regression and/or other comparative statistics (e.g., correlations) of offsite-to-onsite
meteorological data should also be justified with further recognition that:

e accident-related dispersion modeling analyses for onsite receptor locations differ from accident -
related modeling analyses for offsite receptors; and

e if comparisons are made between dispersion-related meteorological data from offsite and onsite
monitoring programs, the same POR should be used.

Accident-related dispersion modeling for onsite receptors per RG 1.194 (Ref. B-18) and related
model user’s guidance includes:

e NUREG/CR-6331, “Atmospheric Relative Concentrations in Building Wakes,” Revision 1,
(Ref. B-15).

e PNNL-28667, “ARCON 2.0 User’s Guide,” Revision 1, (Ref. B-16).
B.3.4.2. Recommended Tests and Acceptance Criteria

The recommended tests and acceptance criteria that follow should be used by an applicant or
licensee to evaluate the degree that proposed offsite meteorological data represent the atmospheric dispersion
conditions at a plant site located elsewhere. These tests and criteria are tailored specifically to the NRC-
approved dispersion model ARCON96 (ARCON 2) used to estimate dispersion factors at onsite receptor
locations, and how the results from such analyses are selected and provided as direct input to dose
calculations in support of habitability assessments.

Safety-related evaluations (i.e., linear regressions) or other comparative statistics (e.g., correlations)
of concurrent meteorological parameters relevant to dispersion should be performed and documented.
Initially, these evaluations should be between more than one offsite monitoring station surrounding a
proposed site (if possible) in order to develop an indication of possible regional consistency among the
relevant parameters. Similarly, later evaluations should be between relevant parameters from a pre-
operational onsite monitoring program and at least one nearby offsite monitoring station. If reasonable
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comparability can be demonstrated between the relevant data from the offsite and onsite monitoring
programs, an applicant may decide to suspend further onsite measurements unless otherwise specified by
regulation or in its licensing documents. Failing that, the onsite meteorological measurement program should
be continued.

When only one offsite meteorological monitoring station is available that may reasonably be
expected to provide data relevant to the dispersion characteristics of a given site, the initial assumption of its
representativeness and potential effects on the initial dose calculations remains uncertain. Therefore,
establishing an onsite monitoring program would be even more necessary for subsequent verification. The
criteria in the preceding paragraph and below would still apply to the offsite / onsite evaluation. When there
is no nearby offsite monitoring station that may reasonably be expected to provide data relevant to the
dispersion characteristics of a given site (e.g., due to it being a remote location with sparse or no coverage,
different topographic settings in areas of complex terrain, elevation differences, coastal environments), then
it would be necessary to establish and maintain an onsite meteorological monitoring program to support
initial permitting and later licensing application submittals, as well as support to emergency preparedness
needs.

In particular, when these safety-related evaluations are performed, the relevant meteorological
parameters include:

e wind direction (but only those within 45 degrees to either side of the line from a given release
point to a given onsite receptor (i.e., referred to as the wind direction window) for each
applicable release point and receptor pair orientation);

e wind speed (separately for wind speeds only up to 3 to 4 m/sec (6.7 to 8.9 mph) and then for all
wind speeds, including calms for each such comparison, but in both cases only for those
occurrences within the wind direction window for each onsite release point and receptor pair);

e atmospheric stability (separately for F and G stability classes and then for all stability classes,
but in both cases only for those occurrences within the wind direction window for each onsite
release point and receptor pair); and

e possible comparison of joint wind speed and stability summaries or JFDs (subject to the wind
direction window(s) and wind speed and stability limits above)

with an acceptance criterion in each case for safety-related linear regressions being about 0.95 (or 95%).

If joint wind speed and stability summaries or JFD comparisons are used to supplement the
recommended statistical comparisons, but not replace those tests as a lone indicator of representativeness, the
format of these summaries or JFDs should:

e be reasonably consistent with the wind speed resolution in Table 3 of this regulatory guide;

e be adjusted, as needed, for consistent units of measure;

e use the appropriate wind measurement height depending on the postulated accident release
height(s) and adjust the wind speed data if the offsite measurement height differs significantly
from the release height(s) and/or from the appropriate height(s) to use in a dispersion modeling
analysis; and

e explain any differences in the number of stability classes used (e.g., A - F instead of A - G) and

the potential implications of any differences in the accident-related dispersion modeling results
for onsite receptor locations.
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Technical justification should be included for the proposed use of other statistical approaches and/or
acceptance criteria. Unlike accident-related dispersion analyses for offsite receptor locations, separate
environmental-related evaluations of concurrent meteorological parameters relevant to dispersion are not
necessary.

If offsite meteorological data representativeness is established, an applicant or licensee should verify
and document that the shorter-term POR to be used also represents longer-term dispersion conditions at the
given site especially if an onsite meteorological monitoring program will not be implemented or continued.

If additional units are constructed later and adjacent to or near already operating reactor(s), direct use
of offsite meteorological data (previously determined to be representative of site-specific dispersion
conditions) or onsite meteorological data (if available) should be used for any accident-related dispersion
modeling. The timing of construction and operation of any additional units may also affect the POR of the
offsite or onsite meteorological data to be used.

B.3.4.3. Rationale

This section provides the rationale for the recommended tests and acceptance criteria discussed in
Section B.3.4.2. It also identifies some of the known and expected differences between the guidance given
elsewhere in RG 1.23 and possible alternative approaches associated with offsite meteorological monitoring
programs. For practical reasons, it is not intended to be all-inclusive. However, consistent with Sections
B.3.2 and B.3.4, an applicant or licensee should document any such alternate approaches and/or technical
departures in its application submittals, including explaining and accounting for potential implications on the
dispersion modeling results. It is also recommended that when any alternate approaches and/or technical
departures are anticipated, they should be discussed with cognizant NRC staff during any pre-application
meetings and prior to implementation to help facilitate NRC staff reviews.

Dispersion factors (X/Q values) are directly proportional to doses as long as airborne radiological
releases are still occurring. For postulated accidents, X/Qs estimated at onsite receptor locations (see Section
B.3.4.1) using the NRC-approved ARCON96 (ARCON 2) model are inversely proportional to the wind
speed. The highest X/Qs are usually associated with wind speeds less than 3 to 4 m/sec (6.7 to 8.9 mph) and
stability classes F and G.

For a given source / receptor pair, the controlling accident-related X/Q input to dose calculations for
a given averaging period is determined as a 95th percentile value. This means that 5 percent of the calculated
X/Qs for that pair are higher than the controlling value. Further, in determining the 95th percentile X/Q, the
only meteorological conditions considered are those associated with concurrent wind directions at the
appropriate measurement height that are within a default 90-degree (total) wind direction window per Table
A-2 of Appendix A to RG 1.194 (Ref. B-18) over the modeled POR. For any hour when a valid wind
direction is within that window (and the wind speed and stability class for that same hour are also valid
measurements), a plume is assumed to travel directly from the release point to the receptor resulting in a
calculated X/Q. Conversely, for hourly wind directions outside that window, no X/Q is considered in
estimating the 95th percentile value. If an applicant or licensee proposes to use a wind direction window
other than the 90-degree default value, the technical basis for the alternate value should be justified and
documented.

DG-1463, Appendix B, Page B-12



Including all wind speeds and stability classes for all wind directions as part of a safety-related (95th
percentile) linear regression calculation would bias the representativeness of these parameters (either
individually or together) to appear better than it really is (e.g., higher wind speed values are expected to
agree better than lower wind speed values). This may also be true for these parameters occurring only within
the default 90-degree wind direction window for a given source / receptor pair. However, for perspective,
because the 95th percentile X/Q for a given source / receptor pair is based on all dispersion-related
meteorological parameters occurring within that window, separate linear regression analyses are
recommended to be performed:

e for wind speeds, including calms, only up to 3 to 4 m/sec (6.7 to 8.9 mph) and for stability
classes F and G only; and

e for all wind speeds (including calms) and for all stability classes.

Proper context, nevertheless, is to give the most significance for evaluating representativeness to the results
from the linear regressions in the first bullet because they are most likely to be associated with the 95th
percentile X/Q.

In addition, the directional relationship for all source / receptor pairs should be established relative to
True North for consistency with the presumed alignment of the wind direction sensor or processed data from
the offsite monitoring program(s) to be used. Any offsets and necessary adjustments to the wind direction
data (e.g., between True North and Plant North or Magnetic North) should be documented before any
statistical comparisons are made. Note that such adjustments may be needed especially if NWS, FAA, or
military airport meteorological data resources are proposed.

With respect to atmospheric stability and to reiterate from Section B.3.3.3, a November 2015 report
was prepared for the NRC through ORAU (Ref. B-17). Its focus was to make recommendations, including
statistical tests, regarding the long-term representativeness of a short-term onsite meteorological monitoring
program using comparisons between offsite NWS data sources as an indicator. Those sources have the same
technical issues relative to RG 1.23 (e.g., wind speed ranges, number of stability classes) addressed
throughout this guidance. Nevertheless, Section 2.3.3 and Appendix B of that ORAU report recognize the
importance of the more stable categories on restricted atmospheric dispersion and their association with
higher radiological doses (consistent with what has also been mentioned in this regulatory guidance). It
shows, at least for the comparisons made in the ORAU report, that linear regressions on the available stable
categories (i.e., only E and F stabilities rather than E, F, and G per RG 1.23) appear less representative —
temporal or otherwise - versus the unstable and neutral stability categories individually and when all
available stabilities in that study (i.e., A through F) are combined.

The method for determining atmospheric stability class for an onsite meteorological measurement
program (per RG 1.23) and proposed offsite monitoring program(s) should be the same or either shown or
adjusted to be equivalent. NRC’s delta-T method was used for dispersion estimates during model
development field studies. If the methods differ between onsite and offsite monitoring programs, then the
non-RG 1.23 method should be evaluated, explained, and the stability classification results possibly adjusted
before any linear regression calculations or other statistical comparisons (e.g., correlations) are made.
Dispersion model outputs and/or algorithms may also need to be adjusted.

The NRC staff understands that the ARCON96 (ARCON 2) model was developed to consider the
effects of additional dispersion due to building wake effects on onsite receptor X/Qs. As a result, it would be
reasonable to consider these effects when evaluating the need for or the magnitude of possible stability class
adjustment. Nevertheless, the expected frequency of occurrence of G stability classes is very relevant at most
potential deployment sites and also needs to be considered in making any stability class adjustments to the
data from an offsite monitoring station.
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See also the discussion in Section B.3.3.3 regarding the alternative SRDT approach to stability class
determination and its potential technical issues with respect to its limited delta-T measurement heights versus
those in RG 1.23 and that that approach is probably not appropriate, especially in extreme and persistent cold
locations unless an applicant or licensee demonstrates that to be the case. The SRDT approach and other
alternate stability classification methods may also vary at different times of the year in far northern latitudes
subject to extreme and persistent cold conditions (e.g., the intensity, vertical extent and duration of
temperature inversions, and/or the seasonal variation and duration of daylight and darkness).

Determining the overall acceptability of offsite meteorological data source(s) for accident-related
modeling at onsite receptors should consider the acceptability of the linear regression results for all source /
receptor pairs where multiple pairs with markedly different relative orientations are present.

B.3.5. Use for Routine Release-Related Dispersion Analyses Typically at Offsite Receptor Locations
B.3.5.1. General Model-Specific Context

The NRC-approved XOQDOQ dispersion model (also available as one of the modules in the
NRCDose3 code) is used to estimate long-term (typically annual average) dispersion and/or relative
deposition factors at offsite receptor locations that usually include, but may not be limited to those:

e within 8 kilometers (km) (5 miles) of a facility (e.g., at the site boundary, nearest sector-specific
residence, milk animal, meat animal, and vegetable garden locations);

e at 0.4-km (0.25-mile) increments out to 1.6 km (1.0 mile), 0.8-km (0.5-mile) increments between
1.6 to 8.0 km (1.0 to 5.0 miles), 4.0-km (2.5-mile) increments from 8.0 to 16.1 km (5.0 to 10.0
miles), and 8.0-km (5.0-mile) increments between 16.1 to 80.5 km (10.0 and 50.0 miles); and

e at specific distance segments including one from 0.8 to 1.6 km (0.5 to 1.0 mile), four 1.6-km
(1.0-mile) segments between 1.6 and 8.0 km (1.0 and 5.0 miles), one 8.0-km (5.0-mile) segment
from 8.0 to 16.1 km (5.0 to 10.0 miles), and four 16.1-km (10.0-mile) segments between 16.1
km and 80.5 km (10.0 and 50.0 miles).

The relevance of other special receptors, specific distances and/or receptor distance segments proposed to be
used for a given design and/or site should be verified and explained.

Further, annual averages are typically estimated for routine operational releases. However, an
applicant or licensee should verify if other intermittent, shorter-term averages (but longer than accident-
related durations) should be considered for a given advanced reactor design (such as containment or purge
releases) based on a site’s location (e.g., calendar season, averages for the growing season, grazing season,
and/or one or more well-defined rainy season). Technical justification should also be provided for the use of
default plume depletion and/or deposition effects curves other than those in RG 1.111, “Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in Routine Releases from Light-
Water-Cooled Reactors,” (Ref. B-19).

Other considerations in addition to and/or different from those here may be necessary to evaluate
potential dose effects of routine releases from an already operating unit(s) on construction personnel if
advanced reactors and/or reactor modules are subsequently installed adjacent to or near the operating unit(s).
If so, it should be recognized that distances to such receptors will likely be shorter and may affect the
dispersion and/or relative deposition calculations and, therefore, doses.
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As mentioned in Sections B.3.3.1 and B.3.4.1, note that proposed relocation of an onsite
meteorological tower at existing nuclear power plant sites often includes comparisons between concurrent
measurement data from the old and new tower locations before the old tower site is decommissioned.
Therefore, it is reasonable to expect that linear regression and/or other comparative statistics (e.g.,
correlations) of offsite-to-onsite meteorological data should also be justified with further recognition that:

e dispersion modeling analyses of routine operational releases typically at offsite receptor
locations differ from accident-related dispersion modeling analyses for offsite and onsite
receptors; and

e if comparisons are made between dispersion-related meteorological data from offsite and onsite
monitoring programs, the same POR should be used.

Routine release-related dispersion modeling typically for offsite receptors per RG 1.111 (Ref. B-19)
and related model user’s guidance includes:

e NUREG/CR-2919, “XOQDOQ: Computer Program for the Meteorological Evaluation of
Routine Effluent Releases at Nuclear Power Stations,” (Ref. B-20).

e NUREG-2267, “NRCDose3 Code, Version 1.1.4, User Guide and Technical Manual,”
(Ref. B-21).

B.3.5.2. Recommended Tests and Acceptance Criteria

The recommended tests and acceptance criteria that follow should be used by an applicant or
licensee to evaluate the degree that proposed offsite meteorological data represent the atmospheric dispersion
conditions at a plant site located elsewhere. These tests and criteria are tailored specifically to the NRC-
approved dispersion model XOQDOQ (either as a standalone code or as one of the modules in NRCDose3)
used to estimate dispersion and/or relative deposition factors typically at offsite receptor locations, and how
the results from such analyses are selected and provided as direct input to dose calculations.

Safety- and environmental-related evaluations (i.e., linear regressions) or other comparative statistics
(e.g., correlations) of concurrent meteorological parameters relevant to dispersion should be performed and
documented. In this case, both types of evaluations are the same. As mentioned previously, these evaluations
should initially be between more than one offsite monitoring station surrounding a proposed site (if possible)
in order to develop an indication of possible regional consistency among the relevant parameters. Similarly,
later evaluations should be between relevant parameters from a pre-operational onsite monitoring program
and at least one nearby offsite monitoring station. If reasonable comparability can be demonstrated between
the relevant data from the offsite and onsite monitoring programs, an applicant may decide to suspend further
onsite measurements unless otherwise specified by regulation or in its licensing documents. Failing that, the
onsite meteorological measurement program should be continued.

When only one offsite meteorological monitoring station is available that may reasonably be
expected to provide data relevant to the dispersion characteristics of a given site, the initial assumption of its
representativeness and potential effects on the initial dose calculations remains uncertain. Therefore,
establishing an onsite monitoring program would be even more necessary for subsequent verification. The
criteria in the preceding paragraph and below would still apply to the offsite / onsite evaluation. On the other
hand, when there is no nearby offsite monitoring station that may reasonably be expected to provide data
relevant to the dispersion characteristics of a given site (e.g., due to it being a remote location with sparse or
no coverage, different topographic settings in areas of complex terrain, elevation differences, coastal
environments), then it would be necessary to establish and maintain an onsite meteorological monitoring
program to support initial permitting and later licensing application submittals, as well as operational needs
as part of an airborne radiological environmental monitoring program.
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In particular, when the combined safety- and environmental-related evaluations are performed, the
relevant meteorological parameters include:

e wind direction (for each of 16 standard 22.5-degree wind direction sectors centered on True
North, north-northeast, northeast, etc. for all wind speeds (including calms), and all stability
classes);

e wind speeds (for all wind speeds, including calms, all stability classes, and all wind directions);

e atmospheric stability (for all stability classes, wind speeds (including calms) and all wind
directions); and

e possible comparisons of annual JFDs (and for other durations (e.g., seasonal, day / night), as
applicable, based on the climatological conditions at a given site)

with an acceptance criterion in each case for linear regressions being at least 0.85 (or 85%), especially with
respect to those wind direction sectors where any special receptors of interest are located as this may affect
siting and operation of an airborne radiological monitoring network.

If JFD comparisons are used to supplement the recommended statistical comparisons, but not replace
those tests as a lone indicator of representativeness, the format of the JFDs should:

e be reasonably consistent with the wind speed resolution in Table 3 of this regulatory guide;
e Dbe adjusted, as needed, for consistent units of measure;

e use the appropriate wind measurement height depending on the routine operational release
height(s) and adjust the wind speed data if the offsite measurement height differs significantly
from the release height(s) and/or from the appropriate height(s) to use in a dispersion modeling
analysis; and

e explain any differences in the number of stability classes used (e.g., A - F instead of A - G) and
the potential implications of any differences on the routine release-related dispersion and relative
deposition modeling results for the typical offsite receptors or any later onsite receptor locations.

Technical justification should be included for the proposed use of other statistical approaches and/or
acceptance criteria.

If additional units are constructed later and adjacent to or near already operating reactor(s), the
timing of construction and operation of such units may also affect the POR of offsite and/or onsite
meteorological data to be used in modeling dispersion and/or relative deposition factors in assessing
potential doses to onsite construction workers.

If offsite meteorological data representativeness is established, an applicant or licensee should verify
and document that the shorter-term POR to be used also represents longer-term dispersion conditions at the
given site especially if an onsite meteorological monitoring program will not be implemented or continued.

B.3.5.3. Rationale

This section provides the rationale for the recommended tests and acceptance criteria discussed in
Section B.3.5.2. It also identifies some of the known and expected differences between the guidance given
elsewhere in RG 1.23 and possible alternative approaches associated with offsite meteorological monitoring
programs. For practical reasons, it is not intended to be all-inclusive. However, consistent with Sections
B.3.2 and B.3.5, an applicant or licensee should document any such alternate approaches and/or technical
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departures in its application submittals, including explaining and accounting for potential implications on the
dispersion modeling results. It is also recommended that when any alternate approaches and/or technical
departures are anticipated, they should be discussed with cognizant NRC staff during any pre-application
meetings and prior to implementation to help facilitate NRC staff reviews.

Dispersion factors (X/Q values) are directly proportional to doses. For the X/Qs typically estimated
at offsite receptor locations (see Section B.3.5.1), the cumulative effect over the long-term averages
calculated by the XOQDOQ model is that higher X/Q values are contributed by the lowest wind speeds and
the more stable (i.e., F and G) stability categories in the modeled POR. On the other hand, relative deposition
(D/Q) values are not directly proportional because the determination of dose also involves several other
factors within the dose calculation model besides the dry deposition (plume depletion) and decay effects
accounted for in the X/Q dispersion calculations. The separate dose-related factors are not addressed in this
guidance.

See the discussion in Section B.3.3.3 regarding the alternative SRDT approach to stability class
determination and its potential technical issues with respect to its limited delta-T measurement heights versus
those in RG 1.23 and that that approach is probably not appropriate, especially in extreme and persistent cold
locations unless an applicant or licensee demonstrates that to be the case. The SRDT approach and other
alternate stability classification methods may also vary at different times of the year in far northern latitudes
such as Alaska (e.g., in the delineation and duration of daytime and nighttime hours).

Therefore, the method for determining atmospheric stability class for an onsite meteorological
measurement program (per RG 1.23) and proposed offsite monitoring program(s) should be the same or
either shown or adjusted to be equivalent. NRC’s delta-T method was used for dispersion estimates during
model development field studies. If the methods differ between onsite and offsite monitoring programs, then
the non-RG 1.23 method should be evaluated, explained, and the stability classification results possibly
adjusted before any linear regression calculations or other statistical comparisons (e.g., correlations) are
made. Note that the climatological characteristics of a given site may also affect the application of alternate
methods of stability classification (e.g., in extreme cold climates due to extended persistence of low
temperature conditions, the intensity and duration of temperature inversions, and/or the seasonal variation
and duration of daylight and darkness). Consequently, dispersion modeling analyses, model outputs, and/or
model algorithms may also need to be adjusted.

There are potentially quite a few special receptors of interest around a given plant site (e.g., the
nearest sector-specific residence, milk animal, meat animal, and vegetable garden locations). As a result,
determining the representativeness of offsite meteorological data source(s) for routine release-related
modeling at such offsite receptors should consider the overall acceptability of the linear regression results for
each of the direction sectors in which those special receptors may be located.

B.4.  Potential Use of Offsite Meteorological Data for Implementation of the Site Radiological
Emergency Response Plan

The existing fleet of large light-water reactors primarily relies on meteorological data from each
facility’s onsite monitoring program. This approach is in response to requirements in 10 CFR Part 50,
Appendix E, “Emergency Planning and Preparedness for Production and Utilization Facilities,” (Ref. B-22),
including:

e Section II.H, “The Preliminary Safety Analysis Report,” which requires a preliminary analysis
reflecting the need to include “...facilities, systems, and methods for identifying the degree of
seriousness and potential scope of radiological consequences of emergency situations within and
outside the site boundary, including capabilities for dose projection using real-time
meteorological information...;”
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e Section [V.B.1, which states that “[t]he means to be used for determining the magnitude of, and
for continually assessing the impact of, the release of radioactive materials shall be described,
including emergency action levels. ... The emergency action levels shall be based on in-plant
conditions and instrumentation in addition to onsite and offsite monitoring;”

e Section VI, “Emergency Response Data System [ERDS],” Item 2a which requires hardware and
software to have “[d]ata points, if resident in the in-plant computer systems...for four selected
types of plant conditions” including “plant meteorological tower data,” and further specifying
selected plant parameters regarding meteorology to be “wind speed, wind direction, and
atmospheric stability.”

These criteria descend from 10 CFR 50.47, “Emergency plans,” Paragraphs (b)(8) and (b)(9), which
are further clarified in NUREG-0654/FEMA [Federal Emergency Management Agency]-REP-1, Revision 2,
“Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants,” (Ref. B-23). In particular, Section II, “Planning Standards and Evaluation
Criteria,” Item H, “Emergency Facilities and Equipment,” and Item I, “Accident Assessment” include, in
part, at:

e Evaluation Criterion H.7 that “[o]nsite monitoring systems used to initiate emergency response
measures in accordance with the emergency classification scheme, as well as those to be used for
conducting assessment, are identified.” Among other things, monitoring systems consist of
“meteorological...instrumentation.”

e Evaluation Criterion H.8 that “Provisions are made to acquire data from offsite monitoring and
analysis equipment including data on geophysical phenomena
(e.g., meteorological...monitors) . . .”

e Evaluation Criterion H.10 that “Instrumentation is provided to obtain current meteorological
information. Additional provisions are made to obtain representative meteorological information
from other sources as needed by the NPP’s [Nuclear Power Plant’s] radiological assessment
models for site-specific characterization of plume dispersion and transport. Meteorological
information is provided to the control room, TSC [Technical Support Center], EOF [Emergency
Operations Facility] (or backup EOF), and NRC (via ERDS).” and

e Evaluation Criterion I.1.b that “A radiological assessment model for airborne releases that
provides estimates of offsite radiation exposures and contamination levels using a dispersion
model that is representative of the plant release points, topographical features, and
meteorological regimes at the NPP site.”

The regulations at 10 CFR 50.160, “Emergency preparedness for small modular reactors, non-light-
water reactors, and non-power production or utilization facilities,” include among its requirements at 10 CFR
50.160(b)(1), a performance-based framework applicable to these types of reactors and facilities. While
meteorological data is not specifically mentioned, 10 CFR 50.160(b)(1)(iv)(B) applies to “a plume exposure
pathway EPZ [Emergency Planning Zone] that extends beyond the site boundary,” which implies that such
data should be a part of the emergency plan. 10 CFR 50.160(b)(1)(iv)(B)(6), requires an emergency plan to
describe “[t]he means of making offsite dose projections and the means of communicating the offsite dose
projections to the offsite response coordinating agencies.” Meteorological data is an essential input to
making “offsite dose projections.” This establishes the linkage to Ref. B-22 and Ref. B-23 in general, and to
Evaluation Criteria H.8 and H.10 in NUREG-0654/FEMA-REP-1, Rev. 2 in particular.

Further, Evaluation Criterion H.10 addresses the criteria “to obtain representative meteorological
information from other sources as needed by the NPP’s radiological assessment models for site-specific
characterization of plume dispersion and transport.” Therefore, the criteria in Sections B.1 and B.2, and as
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applicable in Section B.3.3, are just as important in justifying the representativeness of an offsite data source
for emergency response purposes. This assumes that an offsite monitoring station is available. As mentioned
in Section B.3.3.1, when there is no nearby offsite monitoring station that may reasonably be expected to
provide data relevant to the dispersion characteristics of a given site (e.g., due to it being a remote location
with sparse or no coverage, different topographic settings in areas of complex terrain, elevation differences,
coastal environments), then it would be necessary to establish and maintain an onsite meteorological
monitoring program to support initial permitting and later licensing application submittals, as well as support
to emergency preparedness needs. However, the technical requirements of the meteorological monitoring
program will be commensurate with the requirements of the site-specific dose assessment system.

Applicants and licensees should ensure that any reliance on offsite meteorological data is both
representative of site-specific conditions and reliable under natural phenomena conditions (e.g., adverse
weather, earthquake, etc.), when such data are most critical for determining emergency action levels and
decision-making. Use of meteorological data sources, whether from offsite or onsite stations for input into
dose assessment models, should be clearly described including how the data will be made available in the
control room, TSC, EOF, and to the NRC for accident assessment, protective action recommendations, drills,
and exercises. Where offsite meteorological data sources are proposed, applicants and licensees should
explain how these sources are able to provide data equivalent to onsite conditions and address quality
assurance, availability, and redundancy. Applicants and licensees should also demonstrate that potential
differences in terrain, elevation, or coastal influences do not diminish onsite representativeness. For
advanced and new reactor facilities with limited offsite consequences, the role of meteorological data may be
less risk significant. Applicants should justify how available data sources are sufficient to support bounding
assessments. Conversely, for designs with plume exposure pathway EPZs extending beyond the site
boundary, meteorological data remains a critical input to protective action strategies, and applicants and
licensees should demonstrate how data streams are validated, quality-assured, and effectively integrated into
emergency response decision-making.
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No Accident or Routine
Releases

Applicant’s dose analysts
show no airborne
radiological releases

NRC staff agrees or does not
agree technically and per
regulations / guidance

Dispersion modeling and Met
monitoring doesn’t appear to
be necessary

Figure B-1: Determination of When Atmospheric Dispersion Modeling and Meteorological Monitoring is

Accident / Routine Releases
are Minimal

Applicant’s dose analysts
show airborne radiological
releases / dose impacts are

minimal

NRC staff agrees or does not
agree technically and per
regulations / guidance

Dispersion modeling using
screening Met data rather
than monitoring may be
appropriate

Some modeling with
screening Met data may also
be valuable for community
relations purposes

Needed

Accident / Routine Releases
Not Minimal

Applicant’s dose analysts show
airborne radiological releases /
N dose impacts are significant or

can’t show them to be minimal

NRC staff agrees on significance
or shows releases / dose
impacts are significant
technically and per
regulations / guidance

Dispersion modeling and Met
monitoring needed
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