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NOTICE

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, or any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for any third party’s use, or the results of such use, of any information, apparatus,
product, or process disclosed in this report, or represents that its use by such third party would
not infringe on privately owned rights. Mention of a commercial company or product does not
constitute an endorsement by NOAA/OAR. Use of information from this publication concerning
proprietary products or tests of such products for publicity or advertising is not authorized.

i



PREFACE

This Climatography is a product of the Field Research Division (FRD) of the Air
Resources Laboratory (ARL). The ARL belongs to the National Oceanic and Atmospheric
Administration’s (NOAA) Office of Oceanic and Atmospheric Research (OAR). NOAA is a
federal agency focused on the condition of the oceans and the atmosphere. It plays several
distinct roles within the U.S. Department of Commerce:

A Supplier of Environmental Information Products. One of the most important resources in our
society is information. NOAA supplies information to its customers that pertains to the state of
the oceans and the atmosphere. This is clearly manifest in the production of weather warnings
and forecasts through the National Weather Service, but NOAA’s information products extend to
climate, ecosystems and commerce as well.

A Provider of Environmental Stewardship Services. NOAA is also the steward of national
coastal and marine environments. In coordination with federal, state, local, tribal and
international authorities, NOAA manages the use of these environments, regulating fisheries and
marine sanctuaries as well as protecting threatened and endangered marine species.

A Leader in Applied Scientific Research. NOAA is a trusted source of accurate and objective
scientific information in four particular areas of national and global importance:

Ecosystems: Ensure the sustainable use of resources and balance competing uses of
coastal and marine ecosystems, recognizing both their human and natural components.

Climate: Understand changes in climate, including the El Nifilo phenomenon, to ensure
that we can plan and respond properly.

Weather & Water: Provide data and forecasts for weather and water cycle events,
including storms, droughts, and floods.

Commerce & Transportation: Provide weather, climate, and ecosystem information to

make sure individual and commercial transportation is safe, efficient and environmentally
sound.

NOAA’S VISION

“An informed society that uses a comprehensive understanding of the role of the oceans,
coasts and atmosphere in the global ecosystem to make the best social and economic decisions.”

il



NOAA’s MISSION

“To understand and predict changes in the Earth’s environment and conserve and manage
coastal and marine resources to meet our nation’s economic, social and environmental needs.”

ARL’s MISSION

Within the broad science mission of NOAA, ARL conducts research on processes that
relate to air quality and climate, concentrating on the transport, dispersion, transformation, and
removal of trace gases and aerosols, their climatic and ecological influences, and exchange
between the atmosphere and biological and non-biological surfaces. The time frame of interest
ranges from minutes and hours to that of the global climate. Research in all of these areas
involves physical and numerical studies, leading to the development of improved atmospheric
models. ARL provides scientific and technical advice to elements of NOAA and other
government agencies on atmospheric science, environmental problems, emergency assistance
(Homeland Security), and climate change.

FRD’s MISSION

The primary goal of FRD within the ARL mission is to advance the state of knowledge of
the transport, dispersion, and removal of materials in the atmosphere. It places particular
emphasis on the development of innovative measurement technologies and also on field
experiments that use nontoxic tracers. The division works closely with other federal agencies,
including the U.S. Departments of Energy, Defense, and Homeland Security. More locally, it
works with several state and local-governmental entities, including the State of Idaho and the
Shoshone Bannock Tribes.

NOAA'’S 200" ANNIVERSARY

This year (2007), the National Oceanic and Atmospheric Administration (NOAA) is
celebrating 200 years of science and service to the nation. From the establishment of the Survey
of the Coast in 1807 by Thomas Jefferson to the formation of the Weather Bureau and the
Commission of Fish and Fisheries in the 1870’s, much of America’s scientific heritage is rooted
in NOAA. NOAA is dedicated to enhancing economic security and national safety through the
prediction and research of weather and climate-related events and information service delivery
for transportation, and by providing environmental stewardship of the nation’s coastal and
marine resources. Through the emerging Global Earth Observation System of Systems (GEOSS),
NOAA is working with its federal partners, more than 60 countries and the European
Commission to develop a global monitoring network that is as integrated as the planet it
observes, predicts, and protects. In this bicentennial year of celebration, it is fitting that a
climatology of the Idaho National Laboratory and of southeastern Idaho should be published
using meteorological data obtained from the NOAA/INL Mesonet, a system contributing to the
GEOSS vision.
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HISTORICAL CONTENT

Numerous research and climatological reports have been published about the INL by
ARLFRD or the various agency names under which this office has operated. Several preliminary
reports were prepared in the late 1940’s that described the expected climatology of the National
Reactor Testing Station, as the INL was then called. The first series of reports using
meteorological data acquired on-site was published during the time period 1958 to 1960 (IDO-
12003, IDO-12004, and IDO-12015). A major addition to that original body of climatological
literature was the first edition (1966) of the Climatography of the National Reactor Testing
Station (IDO-12048). Each of these reports were written primarily to: 1) provide engineers,
health physicists, scientists, and other researchers with a source of meteorological information
pertinent to designing, locating, and operating nuclear reactors and support facilities, and 2)
provide insight into the atmospheric aspects of health physics.

In December 1989, the first edition of the INL climatography was updated
(Climatography of the Idaho National Engineering Laboratory, 2™ Edition, DOE/ID-12118) to
include full 30-year normalized data, including averages and extreme values for most of the
climatic parameters used in engineering design. It also included an updated treatment of
atmospheric transport and dispersion from INL sources. The 2" Edition reflected most notably
the considerable strides in the state-of-the-science of atmospheric transport and dispersion that
occurred in the 1970’s and 1980’s. Much of this progress was based on field validation of
numerical models, some of which occurred at the INL.

By 1993, a telemetered weather observation network that reported not only winds and
temperature, but also precipitation, atmospheric moisture, barometric pressure, and solar
radiation was fully operational. This system provided continuous five-minute data for these
parameters within each of the three climatic zones identified at INL: CFA (Central Facilities
Area, southwest INL), SMC (Specific Manufacturing Capability, north end of INL), and MFC
(Materials and Fuels Complex, southeast INL). Additionally, a radar wind profiler and acoustic
sounding system (RASS), installed in 1992, has provided continuous upper air wind and
temperature data throughout the atmospheric mixing layer. Over 10 years of quality-controlled
data are now available from each of these systems for sources throughout the INL. Using these
data, this third edition of the INL climatography builds significantly on the material found in its
predecessors. Historical data summaries for now-discontinued monitoring locations have not
been included in this edition, but are available from ARLFRD.



UNITS OF MEASURE

It is general NOAA policy to express all units of measure using the protocols established
in the International System of Units [Systéme Internationale (SI)]. However, this document is
intended not only for the scientifically oriented reader, but also for general public consumption.
Therefore, following the prevailing local custom, SI convention is not strictly followed in this
publication. Instead, the U.S. customary system, or American system, is used for such measures
as distance and temperature. SI units are invoked only when they are commonly used in the
United States.
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INTRODUCTION

HISTORICAL DEVELOPMENT

This climatography is the most recent
in a series of publications that are designed to
provide meteorological statistics to support
design engineering, facility operations, and
operational safety at of the Department of
Energy’s (DOE’s) Idaho National Laboratory
(INL) and the Idaho Completion Project (ICP).

The INL was originally created under
the Atomic Energy Commission (AEC) and
was called the National Reactor Testing
Station (NRTS). In 1949, the U. S. Weather
Bureau, by agreement with the Reactor
Development Division of the AEC,
established a Weather Bureau Research
Station as part of the Special Projects Section
with a complete complement of
meteorologists and technicians at the NRTS.
The initial objective was to describe the
meteorology and climatology of the NRTS
with the focus on protecting the health and
safety of site workers and nearby residents.
The office provided a full range of hourly and
daily climatological observations, including
balloon soundings, which were transmitted to
the U.S. Weather Bureau (and later the
National Weather Service (NWS))
observations network.

After 15 years of operation, the first
complete climatography of the area was
published (Yanskey et al., 1966). It was based
on an assemblage of four previous reports
(DeMarrais, 1958a and 1958b; DeMarrais and
Islitzer, 1960; and Johnson and Dickson,
1962. At that time, regular observation
functions related solely to synoptic forecasting
were reduced to allow for more intense
research on atmospheric transport and
diffusion. Basic meteorological observations

of the renamed Idaho National Engineering
Laboratory (INEL) were continued, however,
in order to satisfy DOE requirements.

In 1989, a second edition of the INL
climatography was issued to integrate new
information acquired since the publication of
the first edition. The period of record that had
been developed by that time provided full 30-
year normalized climatological values for all
important atmospheric parameters.  The
Second Edition Climatography (Clawson et
al., 1989) supported the broad research
mission of the Idaho National Engineering and
Environmental Laboratory (INEEL). Building
upon the atmospheric dispersion climatology
of the first edition, it also included summaries
of wind transport trajectories for sources near
Central Facilities Area (CFA).

The Second Edition Climatography
proved to be the single most popular
publication of the Air Resources Laboratory
Field Research Division (ARLFRD) with both
on-site users and the general public. Today
ARLFRD continues to furnish forecast and
emergency support to DOE while reporting
only basic climatological parameters to the
National Climatic Data Center (NCDC).

In this most-recent edition, the
majority of Mesonet data is updated through
2006 with some additional information
updated through 2007. The order of topical
presentation found in both the first and second
editions are preserved. In addition to
climatological parameters updated, the current
INL climatography includes new insights on
winds and temperatures aloft derived from
remote sensing systems, channeled wind
flows, statistical wind trajectory groupings,
and precipitation return periods. Data are



presented in the context of three distinct local
micro-climatic regimes (INL north-end, INL
southwest, and INL southeast) that have
emerged in recent assessments. It is
anticipated that this most recent INL
climatography will continue to be useful to
planners and operations staff who support the
most recent INL and ICP mission directives of
revitalized nuclear reactor research and
completion of the legacy cleanup.

CONTENTS

Chapter 2 provides a description of the
topographical setting of the INL, and
describes three INL local climate zones to
provide a context for discussion of
meteorological variables. Chapter 3
summarizes the data sources used for the
climatography, including the mesoscale
meteorological station network (mesonet), the
use of historical thermoscreen parameters
from CFA, the radar wind profiler with radio-
acoustic sounding system (RASS), and the
atmospheric sensible heat flux station.
Chapter 4 discusses the general INL

climatology in the context of'its topographical
setting and geophysical setting. Chapter 5
comprises the specific climatology data for
winds (including wind trajectories and cluster
analyses), temperatures, precipitation,
atmospheric moisture, solar/terrestrial
radiation, atmospheric pressure, and special
phenomena, including range fires. Chapter 6
presents updated information on atmospheric
transport and diffusion.

Some information can best be
presented in the independent format of the
appendices. Appendix A presents
climatological temperature means and
extremes. Appendix B provides historical
precipitation data including snow fall and
snow depth information. Appendix C presents
wind roses for the complete set of the NOAA
INL Mesonet stations. Appendix D provides
a data comparison of two Mesonet towers that
were recently relocated. Appendix E explains
the new NOAA/INL Weather Center web site,
and Appendix F gives the NOAA/INL
Mesonet instrument specifications.



AREA PHYSIOGRAPHIC DESCRIPTION

The climatology of the INL cannot be
fully understood without knowledge of the
topography and some of the geological
features of the site itself and the surrounding
area. The INL is located along the western
edge of the Eastern Snake River Plain (ESRP)
in southeastern Idaho (Fig. 1).

Figure 1. INL Location on Eastern Snake
River Plain, Idaho.

The ESRP is the segment of the Snake
River Plain that extends from Twin Falls,
Idaho, to the Yellowstone Plateau as shown in
Fig. 1. Lying at the foot of the Lost River,
Lemhi and Bitterroot-Centennial Mountain
Ranges, the INL occupies a 2,305 square
kilometer (890 square mile) area. The
mountains rise to approximately 3,354 m
(11,000 ft.) above mean sea level (msl).

The general orientation of the ESRP is
northeast to southwest. Long, deep mountain
valleys bordering the INL immediately to the
northwest, however, are oriented in a
northwest-southeast direction.

The general surface of the INL, like
that of the entire Snake River Plain, is rolling
grass and sagebrush steppe broken by
occasional lava outcroppings. The average
elevation of the INL is about 1,524 m (5,000
ft.) msl (Fig. 2). A broad, low, volcanic ridge
extends from Craters of the Moon National
Monument along the southern edge of the INL
and northeastward through the eastern INL to
the south and east of the Mud Lake area. Two
buttes, located in the southeast corner of the
INL, rise approximately 427 m and 488 m
(1,400 and 1,600 ft.) above the surface of the
valley floor. Just a few miles south of the INL
is the Big Southern Butte. This butte has an
elevation of 2,310 m (7,576 ft.) msl and is a
major landmark.

Three streams enter the ESRP from the
northwest and flow through the INL across
alluvial fans into playas or sinks. Due to
seepage, evaporation, and substantial
upstream water diversion for irrigation, the
streams in the INL are often dry during the
warm months of the year.

The two principal surface materials at
the INL, according to the U. S. Geological
Survey (Nace et al., 1975) are loess and
olivine basalt. Other surface materials are
sand, black basalt, playa deposits, alluvial-fan
deposits, slope wash and talus, and lakebed
sediments with associated beach and bar
deposits.  Plant life consists primarily of
sagebrush and various grasses.
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Figure 2. ESRP terrain features and valley floor elevations at

the INL.

The physiographic features of the INL
result in three distinct local-climatic zones,
depicted in Fig. 3, that are apparent in the
review of INL climatic data, and need to be
considered when interpreting data for specific
site assessments. The northwest INL (TAN
southward to approximately NRF) is
influenced by down-canyon winds and up-
valley flows that originate in the southeast-to-
northwest trending valleys that dominate the
terrain northwest of the INL. The northwest
INL is also influenced by rain-shadow effects
of these mountains. The southwest INL
(RTC, INTEC, CFA, WROC/PB, RWMC) is
commonly influenced by shallow down-valley
winds that are associated with the Big Lost

River channel from CFA to INTEC, as well as
by strong pre-frontal southwesterly winds and
frequent afternoon winds, also from the
southwest, that result from the diurnal heating
cycle. The southeast INL (MFC; EBR-II and
TREAT)isisolated from the channeling flows
that commonly affect the western portions of
the site. In that area, temperatures, cloud
cover, and surface winds are influenced by the
subtle features of topography and higher
elevation along the southern perimeter of the
INL. The meteorological effects of these
physiographic features will be clarified in
later chapters as they relate to wind fields,
transport and diffusion, air temperatures, and
other atmospheric parameters.
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METEOROLOGICAL DATA SOURCES

NOAA INL MESONET

The NOAA INL MESOscale
meteorological monitoring NETwork
(Mesonet) began with a single station at the
Central Facilities Area (CFA) in 1949.
Between 1950-1970, six on-site and 16 off-
site monitoring stations were added to form an
expanded observational network. The number
of meteorological monitoring stations
continued to expand and change over the years
in support of various projects and to gain a
better understanding of the climatology of the
INL and ESRP. The current configuration of
the Mesonet meets the needs of INL planners,
engineers, and operations personnel.

There were 35 meteorological
observation stations in operation at the INL
and surrounding area as of December 31,
2007. Thirteen of these were located
within the boundaries of the INL (Table 1).
The remaining stations are sited at key
locations throughout the ESRP (Table 2)
including several at schools and other places
frequented by the public to enhance
relations with the local communities. The
station designator, location, elevation, and
types of data being collected at each level
on the tower are provided in the following
tables.

Temperature and relative humidity
are measured at all mesonet stations, at
the conventional 2 m level. Wind
measurements (speed and direction, gusts,
and standard deviation of the wind
direction) are currently made at all Mesonet
stations, normally at 15m (50 ft.) above
ground level.

Data is collected at each station by a
datalogger and transmitted every 5-minutes by
radio link back to the office. Data is also
stored for a short time at each individual
station and can be retrieved manually if the
radio link breaks for an extended period of
time. Most of the Mesonet data is recorded as
averages or totals over a 5S-minute period. The
exceptions include the maximum and
minimum temperature data that is measured as
a l-second average and wind gusts that
originally measured a 1-second average but
changed to a 3-second average to match the
engineer standard in June 2006.

The locations of each tower
comprising the Mesonet are depicted in Fig. 4
and Fig. 5 for on-site and off-site locations,
respectively. A typical mesonet tower,
representative of the configuration and
instrument layout used throughout the array, is
shown in Fig. 6.

Three on-site locations at Grid
3/INTEC (GRI), MFC, and SMC are
designated as "primary" observation stations,
and are more densely instrumented. Tall
towers at these stations are equipped to
measure winds and air temperatures up to 250
feet in addition to the measurements made at
the mid and lower levels.

As shown in Tables 1 and 2, the
Mesonet facilitates the collection of
meteorological data throughout the INL
region.  Additional reported parameters
include precipitation, atmospheric pressure,
and solar radiation. All of these data are
continuously being added to the INL
climatological database and are available for
customized analyses, as required.
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Figure 6. Example NOAA INL Mesonet station layout,
Idaho Falls Greenbelt.

CFA THERMOSCREEN

The weather station at CFA, also
established in 1950, was the first
meteorological observation station established
solely in support of the INL. The dataset is
known as thermoscreen data because the

13

temperatures are recorded on a thermograph
located inside a thermoscreen (also known as
a Cotton Region Shelter) (Fig. 7). The
thermoscreen station is different than a
mesonet station in that the data set consists
only of daily maximum and minimum
temperatures, total precipitation, total snow-



Figue 7. CFA thermoscreen is the longest and most complete set of

temperature and precipitation data set at the INL.

fall, and snow depth. Precipitation is
collected in a range gauge about 15 feet away
from the thermoscreen and manually
measured weekly when the thermograph chart
is changed. The graph is manually interpreted
and the data are archived in the INL
meteorological database The total snowfall,
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also recorded weekly, is estimated from the
amount of precipitation recorded,
temperatures at time of precipitation, and the
INL weather camera. This dataset is what
compromises the NWS cooperative observer
station known as Idaho Falls 46W (or IDF
46W). The data from IDF 46W are also



included in the NOAA’s National Climate
Data Center database. This station has an
uninterrupted record for air temperature and
precipitation since its establishment, and
continues to operate today.

RADAR WIND PROFILER AND
RASS

In this edition, the climatology of
upper winds and air temperature profiles have
been derived from a radar wind profiler with
Radar Acoustic Sounding System (RASS).
The wind profiler measures the upper-level
wind profiles and the RASS measures the
upper-level temperature profiles. This system
has operated continuously at a location near

Figure 8. Radar wind profiler an RASS ocatd near INTEC.

INTEC (Fig.8) since 1994. In previous
editions of this report, upper air data were
derived from uninstrumented pilot balloons
(PIBALSs) taken at CFA and TAN, and from
radiosonde soundings (RAWIN) taken at
CFA. Because of the rapid ascent of the
RAWIN, however, very limited resolution
within the mixing layer was available. The
radar wind profiler with RASS provides
highly-resolved round-the-clock data for
mixing layer characteristics above the
sounding site that are much superior to the
twice-per-day soundings that formed the
previous upper air record. Researchers
interested in INL upper tropospheric data
above the ceiling capability of the RASS
should refer to the balloon soundings




summaries in Section V of the 2" Edition
Climatography (Clawson et al., 1989).

The radar profiler has a vertical range
of approximately 150 to 4,000 m with a
vertical resolution of 60 to 100 m. Remotely-
sensed measurements include horizontal wind
speed (u) and direction (0®), the standard
deviation of the horizontal wind direction
(0g), and vertical wind speed (w). In addition,
the radar estimates the refractive index
structure parameter (Cy°). This value is a
direct measurement of the turbulent intensity
of humidity fluctuations in the atmospheric
boundary layer and is useful for estimating the
mixed layer height (z,).

FLUX STATION

Since 1999, ARLFRD has operated a
surface flux station that encompasses two
individual towers at Grid 3 using
instrumentation at the 2 m level. This flux
station provides information on how the INL
climate interacts with the global energy cycle.
One tower measures the surface energy
budget, the amount of energy gained or lost
from the ground. The measurements include
solar radiation, soil temperature, net radiation,
soil moisture and soil heat flux. The second
tower measures water vapor (H,O) and carbon
dioxide (CO,) fluxes. These are major
greenhouse gases that contribute to an offset
in the global energy budget and warmer
global temperatures. Data from this station
also provide both energy and momentum
fluxes. Climatology data from this station are
also wuseful for estimating atmospheric
stability, a standard input required by many
dispersion models. A few of the
measurements from the flux station are
included in this report, however a more
detailed summary of the global energy cycle
including the CO, and H,O fluxes, and the
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surface energy budget may be summarized in
a future addition of the climatology.

DATA ACQUISITION HISTORY

ARLFRD began collecting
meteorological data with the installation of the
first station at CFA in 1950. The collection of
the data was done manually by a strip chart
recording system. This original system was
replaced and automated during the 1969 -1970
time period with radio telemetry equipment.

The data collection of the monitoring
stations in the 1970's and 1980's was an
evolving and complex situation. The most
complete description of the hardware and
software collection of the Mesonet data during
this time can be found in Ackermann and
Johnson, 1989. A brief synopsis is provided
below.

Several different computer systems
were used to archive the data on strip chart
recorders, printers, tape recorders, magnetic
tapes, and optical drives over the two decades.
Between 1978 and 1980, a new computer
system began ingesting the data by modem.
Data for emergency situations were available
within 15 to 30 minutes which at the time was
considered sufficient. In 1984, ARLFRD
moved its offices into Idaho Falls and so the
data had to be transmitted using analog
transmitter/receiver pairs. In 1986 another
new computer system came online that
brought all of the data into a single place.
Prior to this time, off-site and few non-
essential meteorological stations were
managed by DOE and eventual DOE
contractor EG&G. Chart recorders continued
to be used for forecasts and in support of
emergency operations. Unfortunately up until
this time the data acquisition still did not



allow for real-time emergency support or user
interface for computer aided forecasting.

In 1993, a major upgrade of the
Mesonet was undertaken to focus on the need
for simultaneous quality-controlled data for
the entire ESRP that could define atmospheric
transport, as well as local subtleties in climate
at each site area, and for real-time emergency
support. A completely new digital data
recording and telemetry system was
developed at ARLFRD. This new system was
called the Real-Time Monitoring System
(RTMS). This system reported not only
winds and temperature, but also precipitation,
atmospheric moisture, and solar radiation. The
RTMS provided continuous 5-minute data for
these parameters within each of the three
climate zones. Over 13 years of quality-
controlled RTMS data are now available for
stations throughout the INL and ESRP.
Another minor upgrade to the RTMS was
completed in 2004 with new telemetry
hardware and data recording hardware. Data
recoveries for the numerous meteorological
parameters are generally in excess 0of 99% and
make the RTMS a very reliable system.

The majority of the data used in this
climatological report are based off of the
RTMS from January 1994 through December
2006 or CFA thermograph data from January
1950 through December 2006. The dates
selected for this report were based on the first
and last full years of complete data for these
systems. Using partial yearly data would
skew the yearly averages.

Inafew cases (e.g., soil temperatures),
some climatological data in this report are
carried over from historical measurements
made at CFA, since an adequate period of
record existed for these parameters, and
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measurements for those parameters are not
part of the current program.

DATA QUALITY CONTROL

The NOAA INL Mesonet has a
detailed and comprehensive data quality
assurance program. ARLFRD has adopted the
standard DOE ANSI 3.11 meteorological
guidelines for data quality control. To help
follow these guidelines the quality assurance
program uses an excellent software display of
trended meteorological data which enhances
the data quality evaluations and makes them
more efficient. Every 5-minute period for
every station is plotted for missing or spiked
data. Data is also screened for electronic
noise, non-working aspirators that effect
temperature and relative humidity values,
orientation errors in the wind direction, stalled
wind sensors, rime icing in the winter that
degrade wind speeds, and other erroneous
values caused by maintenance, sprinklers, bird
droppings, or any other small animal. Plotting
the data allows the meteorologist to flag any
of the problems in the database and if needed
be fixed quickly by a technician.

REQUESTING HISTORICAL
DATA

Researchers who require analyses of
historical non-Mesonet climatological data
must exercise care when working with older
data. Some stations have been known by more
than one name. Other stations have been
relocated, discontinued, or combined. Stations
have been moved because of private property
owners selling the land, changing landscapes
(such as new construction or better exposure
to the weather), or for public relations such as
a community monitoring station (CMS).



Nonetheless, relocation of stations, even over
short distances, can have huge implications on
the historical data. Appendix D compares two
Mesonet stations (Blackfoot and Hamer) that
were recently relocated. Large differences
were often found between the new and old
stations in both temperature and wind speed
and direction data.

Table 3 lists all of the changes that
have occurred to Mesonet stations since the
2" Edition INL Climatology. Other problems
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using historical data may arise because
the data averaging was every 6 minutes
compared to the current 5 minutes with the
RTMS. Therefore, caution is advised when
working with older data. Details on the
nomenclature, capabilities and the period of
record of the historical stations (including
discontinued stations) are summarized in the
2" Edition Climatography (Clawson et al.,
1989.) Note: no stations have been
discontinued or combined since the 2™
Edition Climatology.



Table 3. Changes to NOAA/INL Mesonet stations after publication of the 2™ Edition
Climatology.

Station Name Changes

New ID New Station Name Old ID Old Station Name Date of Change
On-Site
ATR  Advanced Test Reactor Complex ~ RTC Reactor Technology complex Sep-08
TRA Test Reactor Area Mar-06
CIT Critical Infrstructure Test PBF Power Burst Facility Mar-06
Range Complex
GRI Grid 3/INTEC GRD3 Grid 3 Apr-93
MFC Materials and Fuels Complex ANL®  Argonne National Laboratory-West Mar-06
RWM Radioactive Waste RWMC (unchanged) Apr-93
Management Complex
SAN San Dunes DUN (unchanged) Apr-93
SMC  Special Manufacturing Capability LOFT” Loss of Fluid Test Mar-06
Off-Site
ABE Aberdeen ABN (unchanged) Apr-93
COX Cox’s Well BIG Big South Butte (Base) Mar-06
BSN Apr-93
BLU Blue Dome BDM (unchanged) Apr-93
DUB Dubois DBS (unchanged) Apr-93
HAM Hamer HMR (unchanged) Apr-93
IDA Idaho Falls IDF (unchanged) Apr-93
KET Kettle Butte KTB (unchanged) Apr-93
MON Monteview MTV (unchanged) Apr-93
RIC Richfield RCH (unchanged) Apr-93
ROB Roberts RBT (unchanged) Apr-93
TAB Taber TBR (unchanged) Apr-93
TER Terreton TRN (unchanged) Apr-93

Relocated Stations
Station  Old Lat.  Old Long. Date moved Description

DUB 4416890  112.22450 Apr-93  Moved as part of the RTMS upgrade.

KET 43.53430  112.31900 Apr-93  Moved as part of the RTMS upgrade.

MIN 42.83684 113.57388 Apr-93  Moved as part of the RTMS upgrade.

STA 43.97100  111.68300 Apr-93  Moved to SUG to have better weather exposure.

ABE 4295497  112.82460 Jun-96  Moved because the property sold.

IDA 43.51130  112.05970 Jun-97  Moved to Idaho Falls Greenbelt to become a CMS".
TER 43.81162 112.41410 Aug-97  Moved to become a CMS".

RWM 43.50173  113.04020 Jun-98  Moved because building construction blocked wind flow.
HAM 43.96278 112.16670 Nov-99  Moved because development of linear sprinkling system.
LOS 43.54854  113.00846 Jun-07  Moved across parking lot to expand the rest area.

Discontinued Stations

Station Old Lat. Old Lon. Date Discontinued Description
CFA 43529 112944 May-97 Moved because of safety issues with the tower.
BLA 43.25601 112.3971 Mav-03 BILA discontinued to allow BLK to become CMS®.

a. Station also known as EBR II-Experimental Breeder Reactor I1.
b. Station also known as TAN - Test Area North.
c. Community Monitoring Station (CMS).
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GENERAL CLIMATOLOGY

The location of the INL in the ESRP,
including altitude above sea level, latitude,
and inter-mountain setting, affects the climate
of the site. Moist air masses coming from the
Pacific Ocean lose much of their moisture as
they move over mountains between the
Pacific coast and the ESRP. As a result,
annual rainfall at the INL is light. The type of
precipitation at the INL is dependant upon the
season. In the summer, precipitation most
often falls as rain showers or thunderstorms.
In the spring and autumn rain showers, or
periods of rain or snow may occur. Most
precipitation during the winter comes as
snow. Precipitation can occur in any
month, but the heaviest accumulations are
generally in the spring or early summer. Most
intense rainfall is associated with
thundershowers.

The ESRP is classified as an arid
climate with overall light annual rainfall. The
relatively dry air and infrequent low clouds
permit intense solar heating of the surface
during the day and rapid radiational cooling at
night. These factors combine to give a large
diurnal range of temperature near the ground.

The moderating influence of the
Pacific Ocean produces a climate which is
usually warmer in the winter and cooler in
summer than is found at locations with similar
latitudes in the more continental regions of the
United States to the east of the Continental
Divide. The Centennial and Beaverhead
Mountain Ranges act as an effective barrier to
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movement of most of the intensely cold winter
air masses that pass to the south out of Canada
toward the ESRP. Occasionally, however,
cold air spills over the mountains and is
trapped in the ESRP. The INL then
experiences below normal temperatures for
periods lasting usually a week to 10 days.

The orientation of the ESRP tends to
channel surface winds along a southwest-
northeast axis. This channeling is caused by
several factors, most notably the steering of
synoptic winds by the topography and the
pressure of diurnal thermally driven
circulations within the ESRP. Locations on
the west side of INL often are affected by
more local winds generated by the tributary
valleys to the west of INL.

A summary of recent climatological
data from 14 NCDC stations on and
surrounding the INL (U. S. Department of
Commerce, 1980-1985) is given in Table 3.
The data have been compiled for a common
time period (January 1981 through December
1985) to facilitate a climatological
comparison of these sites. The data include
average annual statistics for air temperature
and precipitation. Normal annual air
temperatures and precipitation levels, which
are an average of the 30-year period of 1951-
1980, are also provided where available. Data
listed under the heading "Upper Snake River
Plains Division™, is an average of all NCDC
stations in the ESRP, and represents the
average regional climate.
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SPECIFIC CLIMATOLOGY

This section presents climatological
relationships for specific meteorological
parameters, including winds, air temperature,
precipitation, atmospheric moisture content,
and atmospheric pressure. Winds provide the
most important transport mechanism affecting
site operations and potential off-site impacts;
therefore, the wind regime on and around the
INL has been monitored in detail for many
years. Wind data comprise the largest portion
of the INL climatological database. Air
temperature reflects the thermal energy that
drives many atmospheric processes and is
related to atmospheric stability and
turbulence.  Air temperature has been
monitored in detail for many years and
comprises the second largest portion of the
database. Both of these parameters are
currently monitored at many locations both on
and offsite (Tables 1 and 2).

Precipitation, atmospheric moisture,
atmospheric pressure, and solar and terrestrial
radiation also comprise a portion of the
climatological database. These parameters are
currently being measured at the INL. Other
parameters which have been measured in the
past, but for which observations have been
discontinued include soil temperature and the
state or condition of the ground. Other special
atmospheric phenomena have been observed
and are found in the climatological database.
Descriptions and summaries of each of these
types of data are found in the following
sections.

WIND

Wind speed and direction (always
recorded as the direction from which the wind
is blowing) have been continuously monitored
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at a large number of stations on and
surrounding the INL since 1950. The network
of wind stations supporting operational
requirements at the INL has expanded
considerably since the installation of the
original six stations. The original stations
were upgraded and new sites were established
to form an expanded observational network
using 50 ft. towers.  There were 35
meteorological observation stations in
operation at the INL and surrounding area as
of December, 2007. Thirteen of these are
located within the boundaries of the INL
(Table 1) while the remainder are sited at key
locations throughout the ESRP (Tables 2).
Knowledge of the general wind flow patterns
on the INL is based on these data records.

The wind pattern over the INL can, at
times, be quite complex. The orientation of
the bordering mountain ranges, as well as the
general orientation of the INL, plays an
important part in determining the wind
regime. The INL is within the latitudes of
prevailing westerly winds but these are
normally channeled by the topography. This
channeling usually produces a west-southwest
or southwest wind. When the prevailing
westerlies at the gradient level (at mountain-
top levels approximately 1,524 m (5,000 ft.)
above the surface) are strong, the winds
channeled across the INL between the
mountains become very strong. Some of the
highest wind speeds at the INL are observed
under these meteorological conditions. The
greatest frequency of this wind is in the
spring.

Local mountain and valley features
exhibit a strong influence on the wind flow
under other meteorological conditions as well.



When the winds above the gradient level are
strong and from a northwesterly direction,
channeling in the ESRP usually continues to
produce southwesterly winds over most of the
INL. At the mouth of Birch Creek however,
the northwest to southeast orientation of this
valley channels strong north - northwest
winds into the SMC area. This "Birch Creek"
wind may equal the strongest southwesterly
winds recorded at other locations on the INL.

Drainage winds also contribute to the
overall wind flow over the INL. On clear or
partly cloudy nights with only high thin
clouds, the valley experiences rapid surface
radiational cooling. This results in a cooling
ofthe air near the surface that causes the air to
become stable and less turbulent. However,
air along the slopes of the mountains cools at
a faster rate than the air at the same elevation
located aloft over the valley. Consequently, it
becomes more dense and flows or sinks
toward the valley floor, forming a down-slope
wind. When this air reaches the valley, it still
flows toward lower elevations and becomes a
down-valley wind. Based on wind roses, the
nocturnal down-valley flow is the second
most frequent wind observed over the INL,
and flows primarily out of the north-northeast.

A reverse flow, opposite in direction
to that of the drainage wind, occurs during the
daytime when the air along slopes is heated
more rapidly than air at the same elevation
over the valley. The air rises up the slopes as
it becomes less dense. This results in both up-
slope and up-valley winds. Up-valley winds
are seldom detectable as a separate component
of the wind until the synoptic pressure
gradient becomes quite weak. Although the
mountain and valley winds are predominantly
"fair weather" phenomena, they can also occur
under other sky cover conditions.
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In addition to the local drainage winds,
a somewhat stronger wind has been observed.
It develops during an outbreak of cold air east
of the Continental Divide during the winter
and behaves in the same manner as the down-
valley wind. If the cold air becomes deep
enough, it spills over the Continental Divide
and flows down across the INL. The result of
this phenomenon is valley winds from the
northeast.

Pressure gradient forces related to
passing synoptic weather systems, as well as
local storms, all affect the winds of the INL.
These storms alter the local flow regime such
that winds from any direction can be
observed. The frequency of occurrence of
these types of wind flow patterns is very
small, however.

On-site Near-Surface Wind

The characteristics of the near-surface
winds at the INL can best be described using
a graphical display called a wind rose. Wind
roses are graphs that display the frequency (in
percentages) of the occurrence of winds from
various direction sectors for selected speed
classes. This is an effective method of
showing joint wind speed and direction
frequency distributions at a glance. The
differences between stations, seasons, sensor
levels, stability classes, etc., are easily seen.

The geography of the INL results in
three general climatic zones (southwest
including Grid 3 (GRI), CFA, CIT, RTC, and
RWMC; northwest including NRF, TAN, and
SMC; and the southeast, including MFC and
TREAT). Tall towers are located within each
of these areas (GRI, SMC, and MFC,
respectively) to document climatic
characteristics that are specific to each area.



Wind roses for GRI are illustrated in
Figs. 9 and 10. The GRI tower is located
approximately one mile north of INTEC on
the east side Lincoln Boulevard, and is
representative of wind flow patterns over the
southwest INL. In this 3™ edition of the
climatography, GRI replaces CFA as the
source of tall tower data for this portion of the
INL. GRI has the advantage of being sited
close to the Lost River channel, where it is
easily influenced by both general down-valley
(northeast) breezes that develop during the
night and by a shallow surface flow that
moves down the Lost River Channel (from the
southwest). The figures present all-stability,
annual wind roses as a function of sensor
height and time of day (day, night, and all
hours). Data for GRI are obtained from the 10
m and 61 m levels. The GRI data lead to the
following conclusions:

1. A distinct channeling effect of the wind is
apparent. The directions with the highest
percentages of occurrence are the west-
southwest to southwest and north-
northeast to northeast quadrants.

2. A very small percentage of the wind
direction originates from the southeast and
northwest quadrants.

3. Much higher wind speeds are observed
during lapse conditions (usually daytime)
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than during inversion (usually nighttime)
conditions.

4. Higher wind speeds and therefore, a
smaller frequency of calms (period of
very low wind speeds), are observed at the
61 m level.

5. Ahigher frequency of calm periods occurs
during the winter months while the lowest
frequency of calm periods occurs during
the spring months.

6. Nighttime wind directions are often
different between the 10 m and 61 m
levels due to the limited vertical mixing
within the atmosphere during inversion
(usually nighttime) conditions.

Wind roses for SMC are illustrated in
Figs. 11 and 12. This tower is located
immediately northeast of the historic Aircraft
Nuclear Propulsion (ANP) hangar, and is
representative of wind flow patterns over the
northwest INL. It is the identical source of
tall tower data used in the 2" Edition
Climatography (Clawson et al., 1989). The
SMC tower is near the mouth of Birch Creek
Valley, and is influenced by flows from that
valley. The figures present all-stability,
annual wind roses as a function of sensor
height and time of day (day, night, and all
hours). Data for SMC are obtained from the
10 and 46 m levels.



/ / @ L/ \ \ \

‘1 /" Iy ﬂ \\\ |

| m ;]l 7% 14% }\21% p8%
o e

S e 1200 - 1800 MST Wind Rose for GRI
\_/_ﬂ// Jan 1994 through Dec 2006 10 meter level

y 0000 - 0600 MST Wind Rose for GRI
T o Jan 1994 through Dec 2006 10 meter level

35.0
/ 30,0
/ : / /, . 250
/ / A \
/l Fl - % | \\ 200
\ }zs%
\ \ r 15.0
Lol e
\ \\\ \ 10.0
O\
N\ \ g’ 5.0
NS
\ AN

Speed (MPH)

. " Five Minute Data Wind Rose for GRI
T~ Jan 1994 through Dec 2006 10 meter level

Figure 9. Day (top), night (middle), and all hours (bottom)
wind roses for the 10 meter level at Grid 3.

26



// 7 - ™ . \
Vs N\ \
/ ’ / // - Py~ ' N \ \
A4 P
N aE, '’ \ \ \ \

[ /" //

\ “3( : EJ ,7% 14% \21%
!

\

R “'\/’