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INTRODUCTION
The purpose of the Meteorological Monitoring program at Rocky Flats Plant (RFP) is to provide meteorological information for use in assessing the transport, diffusion, and deposition of effluent actually or
potentially released into the atmosphere by plant operations. Achievement of this objective aids in protecting health and safety of the public, employees, and environment, and directly supports Emergency
Response programs at RFP. Meteorological information supports the design of environmental monitoring networks for impact assessments, environmental surveillance activities, remediation activities, and
emergency responses.
The RFP covers an area of 6,500 acres in northern Jefferson County, Colorado, located approximately
16 miles northwest of Denver (Figure 1). The plant roughly forms a rectangle that is 4 miles west-toeast and 2.5 miles north-to-south. The main production facilities are located near the center of RFP
within a fenced security area of 384 acres. RFP is located on the eastern edge of a flat, geological bench
known as Rocky Flats. This 5-mile-wide bench slopes slightly eastward from the eastern flank of the
foothills of the Rocky Mountain Front Range. Several creeks run along and drain the Rocky Flats
Bench. The plant has an average elevation of 6,000 feet above sea level (ASL) and an average slope of
100 to 120 feet per mile (about 2 percent). The U.S. Department of Energy (DOE) is the owner of RFP,
and EG&G Rocky Flats, Inc., is the contractor responsible for running the day-to-day operations of the
plant.
The RFP uses hazardous material in various operations including plutonium, uranium, beryllium, and
various chemicals. Although most potential airborne releases of hazardous materials do not pose a
major threat to the public beyond 1 to 2 miles downwind, several possible releases could be hazardous
out to 10 miles or more. Approximately 2 million people live within a 50-mile radius of RFP. Potential
causes of atmospheric releases include fires, tornadoes and other strong winds, explosions, and transportation accidents. A criticality is unlikely but remotely possible.
As the mission of the plant changes from production of nuclear weapons parts to environmental cleanup
and economic development, smaller releases resulting from remediation activities become more likely.
These possible releases could result from airborne fugitive dust, evaporation from collection ponds, or
grass fires.
METEOROLOGICAL

MONITORING PROGRAM RATIONALE

The Clean Air Act (CAA), Title 40 Code of Federal Regulations (CFR) 61, Subpart H, and DOE Order
5400.1 require the use of representative meteorological data for the air quality dispersion modeling of
airborne emissions for the plantsite. In addition, DOE Orders 5400.5, 5480.12, and 5500.3A require
each DOE facility to establish a meteorological monitoring program with routine measurements to be
taken at locations and heights that will characterize atmospheric conditions into which material may be
released and transported. The Environmental Protection Agency (EPA) also requires meteorological
data as input into regulatory models in support of routine and remediation activities. The DOE
Environmental Regulatory Guide for Radiological Effluent Monitoring and Environmental Surveillance
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provides guidelines concerning meteorology program measurements. These guidelines generally
require RFP to collect an adequate amount of quality assured data for assessing the transport, diffusion,
and deposition of actual or potential release of effluent. DOE Order 5700.6C requires compliance with
quality assurance (QA) and quality control (QC) procedures for obtaining and monitoring data. A brief
description of the key major regulatory drivers follow.
40 CFR 61, Subpart H, "National Emission Standards for Hazardous Air Pollutants" (1989)
This Order requires the use of representative meteorological data for the application of air
quality dispersion modeling of airborne emissions for the plantsite. Meteorological data are a
vital ingredient to the El-.k-approved atmospheric dispersion models and dose computer models
for demonstrating compliance with CAA National Emission Standards for Hazardous Air
Pollutants (NESHAPs) radioactivity emission standards revised on December 15, 1989.
DOE Order 5400.1 "General Environmental Protection Program" (1988)
This Order requires an environmental protection program at DOE sites for assuring compliance
with applicable federal, state, and local environmental protection laws and regulations confirming adherence to DOE environmental protection policies, and supporting environmental management decisions. The Order specifically mandates a formal meteorological monitoring program.
DOE Order 5400.5 "Radiation Protection of the Public and Environment" (1990)
This Order requires meteorological data to be supplied as input for air quality dispersion models
to determine impacts under the CAA and for analysis under the Clean Water Act (CWA). As a
result, meteorological data support air and water quality permitting projects.
DOE Order 5500.3A "Emergency Planning and Preparedness for Operational Emergencies"
(1991)
This Order requires that an environmental program have the ability to adequately assess the
actual or potential onsite and offsite consequences of an emergency. Preparedness should
include timely initial assessment and continuous, in-depth analysis of the emergency; integration
of the assessment process with other Emergency Response elements; monitoring and evaluation
of factors that may affect or worsen the emergency; and the ability of tracking and estimating the
impact of hazardous materials on the public and the environment. Meteorological data support
the RFP site-specific Emergency Response air dispersion model, the Terrain-Responsive
Atmospheric Code (TRAC). The objective of the model is to predict plume path and impacts in
a region of complex terrain and rapidly changing meteorological conditions with sufficient accuracy to support protective action decisions by managers working in a crisis environment.
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DOE Order 5700.6C "Quality Assurance Non-Weapons Quality Assurance" (1993)
This Order provides DOE policy and requirements, as well as assigns responsibilities for implementing and maintaining plans and actions to assure quality monitoring programs at DOE facilities.
EPA "Guidelines on Air Quality Models (Revised)" (1986)
This document recommends utilizing onsite meteorological data, in particular wind direction,
wind speed, and atmospheric stability, for input into air dispersion models when local airport
data are not representative of plantsite meteorological conditions, as is the case for RFP.
ONSITE METEOROLOGICAL

NETWORK

- OVERVIEW

AND LOCAL CLIMATOLOGY

Meteorological observations have been made at RFP since its conception in 1952. During this period of
time, quality and completeness of monitoring and reporting have varied. In 1975, a 61-meter (m) tower
was erected in the west buffer zone. The tower was out of service most of the time between 1977 and
1979.
The present Meteorological Monitoring Program at RFP consists of an instrumented, 61-m tower located on the west side of the plant (Figure 2) and a redundant, instrumented, 10-m tower approximately
100 m northeast of the primary tower. These towers are located in an area that is representative of the
atmospheric conditions into which material from RFP could potentially be released and transported.
The Meteorological Monitoring Program has been designed on the basis of the types of activities at the
site, topographical characteristics, and the distance to critical receptors of possible airborne emissions.
The 61-m tower is located west of the main facilities area on a flat, grassy mesa defined by the Rock
Creek drainage area to the north and the Woman Creek drainage to the south. This tower has instrumentation at three different heights: 10 m, 25 m, and 60 m (Figure 3). At each level, measurements are
taken of horizontal wind direction and wind speed, vertical wind speed, and ambient air temperature.
Temperature, relative humidity, and upward and downward components of solar and infrared radiation
are measured at 1.5 m above the ground. Soil temperature and heat flux are also measured. The 10-m
tower is used as a backup for data from the 61-m tower and measures horizontal wind _peed, wind
direction, vertical wind speed, temperature, relative humidity, and precipitation.
The sharply delineated difference in wind direction between Rocky Flats slope flow and the South Platte
River valley flow, as might be reported from Denver's Stapleton Airport (located about 24 miles southeast of RFP and 6 miles east of downtown Denver), is extremely important in determining transport and
dispersion of actual and potential atmospheric releases from RFP. Since the wind direction variation
occurs frequently at night, air dispersion modeling must take those direction changes into account when
estimating downwind concentrations of distances as little as 5 miles or less from RFE
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Daytime wind roses show a different, more complex wind pattern. During the night, west-northwest
winds occur most frequently. A large percentage of west and west-northwest winds are strong and
large-scale produced. Other direction maxima are centered from the north, north-northeast, and southeast. Much of the north and north-northeast maxima is caused by a regionally produced, thermally driven, up-valley (South Platte River) wind during daytime hours, especially during summer. The average
24-hour, daytime, and nighttime wind roses from RFP for 1992 are displayed in Figures 4, 5, and 6,
respectively.
Surface wind patterns differ dramatically between RFP and Denver. Predominant winds are quite clearly from the west-northwest at RFP and south-southwest at Denver. Many of the predominant winds
occur during the nighttime at both sites: drainage winds down the slope at RFP and down the South
Platte River Valley at Denver. Daytime winds are more similar between the sites, with both RFP and
Denver showing an increase of north to northeasterly winds resulting from up-valley winds. However,
RFP has slightly more southeasterly winds.
DATA APPLICATION
The Meteorology Programs Group (MPG) of the Air Quality Division (AQD) is responsible for collecting the meteorological data and maintaining the Meteorology Monitoring Program at RFP. Overall, the
program collects, analyzes, interprets, and reports meteorological data to a variety of users and organizations inside and outside RFP. The program provides services in three primary areas: maintaining the
meteorological monitoring network and measuring, archiving, and providing resulting data; analyzing,
interpreting, and summarizing climactic data; and weather forecasting in support of Emergency
Response and plant operations.
Routine monitoring of meteorological variables creates a database that is used by the AQD to assist in
environmental management and to answer requests of other RFP users and the public. Observations of
wind direction, wind speed, turbulence, and atmospheric stability are required input for regulatory
atmospheric dispersion models. These models are required by the EPA and the Colorado Department of
Health (CDH), and results are used to show compliance for routine and non-routine sources at RFP. Air
dispersion modeling is also required under the Inter-Agency Agreement (IAG) between the DOE, State
of Colorado, and EG&G Rocky Flats, Inc., whereby potential and actual releases resulting from remediation of operable units (OUs) in and around RFP are analyzed. Dispersion analyses are also made for
Safety Analysis Reports (SARs), Environmental Assessments (EAs), and other special studies. Other
data are supplied to support air quality, engineering, health and safety, hydrology, biology, and other
activities.
Wind direction, wind speed, turbulence, and stability data are also provided in real-time to the
Emergency Preparedness Offsite Programs Division. The data are input continuously to the Emergency
Response atmospheric dispersion model (TRAC). The program also supplies a weather forecasting service for 15 hours each work day and when needed, during nonworking hours. Forecasts are formulated
and provided in support of Emergency Response, support operations, industrial safety, employee safety,
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and construction management. Wind direction and wind speed, temperature, precipitation, and sky conditions are routinely forecast. In addition, special forecasts are provided for potential adverse weather
conditions such as severe thunderstorms, lightning, strong winds, heavy rain,_,and snowstorms.
METEOROLOGICAL

MONITORING PROGRAM

Meteorological monitoring programs are designed to provide support for Emergency Response, routine
monitoring and assessment, and special programs and studies. The program elements are delineated in
this section.
Staffing and Support
The Meteorological Monitoring Program consists of two full-time weather forecasters (meteorologists),
one climatologist, a supervisory meteorologist, and a part-time cooperative student (programmer/data
analyst). The Maintenance Department supplies a technician to service the meteorological instruments
and perform routine site checks (about 20 percent of this person's time supports the program).
Monitoring Sites and Instrumentation
Real-time data from the towers are transmitted to the Emergency Assessment Facility (EAF) and the
Emergency Operations Center (EOC) at RFP for use in Emergency Response programs. The data are
displayed on monitors in the EOC and EAF on a 15-minute average basis. The current and proposed
additional meteorological monitoring sites are shown in Figure 2.
All instruments are capable of continuous operation at RFP except during rare conditions of icing. In
addition, severe chinook (strong downwind) windstorms could potentially damage instruments. The
estimated manufacturer accuracies (and thresholds) meet or exceed standards recommended by the EPA.
Both the 10-m and 61-m towers meet EPA siting criteria.
The primary source of local offsite meteorological data is a research program operated by the National
Oceanic Atmospheric Administration (NOAA) Forecast Systems Laboratory (FSL) known as the
Program for Regional Observing and Forecasting Systems (PROFS). FSL maintains a network of 22
real-time monitoring stations along the Rocky Mountain Front Range. Measured wind direction and
wind speed, temperature, precipitation, solar radiation, and atmospheric pressure data from these stations are transmitted to RFP at 5-minute intervals. FSL data are displayed on monitors in the EOC and
EAF at 5-minute intervals and averaged over 15 minutes.
Sampling and Data Acquisition
Campbell Scientific dataloggers are used to sample, analyze, average, and store data at both tower sites.
The 15-minute sampling period is an optimum averaging time, since it is long enough to give good estimates of both mean and turbulence quantities, and short enough to indicate rapid changes such as during
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Emergency Response activities. The 15-minute period is recommended by DOE (199 I, Environmental
Regulatory Guide). All data are sampled twice per second, or 2 Hertz (Hz). Averages, standard deviations, and maxima and minima are calculated and averaged every 15 minutes. Maxima, minima, and
standard deviation values are used primarily for wind and temperature variables.
Data from the 61-m tower are telemetered via radio link to the EAF every 15 minutes. Telemetry of the
data is made 3 minutes after the top, quarter, half, and three-quarter hour. A computer program called
Telcom controls and allows the scheduled telemetry. The 10-m data are continually input to TRAC in
support of Emergency Response. Manager's Screens at the EAF quickly list the latest 10-m meteorological data, while a map of predicted plume path from TRAC is updated several minutes later. A
Manager's Screen displays the latest 15-minute onsite meteorological data taken from the 61-m tower.
The screen includes a recommended direction in which local residents should be relocated in the event
of a large-scale release.
Data from the 10-m tower is used only on those occasions when the 61-m tower instrumentation malfunctions. Data from this tower can also be acquired from a computer at the EAF or directly from the
tower datalogger. The EAF is also planning to acquire a doppler acoustic sodar (sound and detection
ranging) in 1994 for installation in the southwest corner of RFP. This unit will capture data up to
approximately 1000-m above ground level (AGL). This unit will also measure temperatures through
the Radio Acoustic Sounding System (RASS) and will have enhanced quality assurance software.
Weather Forecasts/Dissemination
There are currently two full-time meteorologists from the program at the EAF supporting Emergency
Response, health and safety, and plant operations. Typically, the two meteorologists work overlapping
shifts so that forecasts are available from 0600 to 2 I00 during weekdays. A meteorologist is also available during off hours in case of emergency.
Most incoming synoptic weather data are currently supplied by WSI Corporation (WSI) through a
monthly lease. The information includes 3-hour surface and 12-hour upper air analyses, prognostic
maps for 12-hour periods out to 72-hours (Nestled Grid Model [NGM] and the Aviation Model [AVN]),
satellite images, technical and narrative discussions, state and local forecasts, Denver radiosonde data,
radar plots, and surface prognoses. In addition, 5- and 15-minute averages of wind direction, wind
speed, temperature, precipitation, solar radiation, and pressure are sent to the EAF from the PROFS
network. Wind data from these stations are continually input into the TRAC model. Finally, profile
soundings of wind from Denver's Stapleton Airport and Platteville (about 30 miles northeast of RFP)
are sent to the EAF every 12 hours.
The issuance of weather warnings or advisories in support of employee health and safety, and plant
operations is also an important responsibility. The forecasters occasionally coordinate with RFP organizations to assist in planning operations that are dependent on weather conditions. A weather forecasting
station was purchased and became operational in early 1994 to provide the meteorologists with additional forecasting tools.
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Quality Assurance
DOE Order 5700.6C requires and specifies Quality Assurance (QA) requirements for DOE facilities and
operations including monitoring and surveillance programs. The DOE (1991, Environmental
Regulatory Guide) gives specific guidelines including routine inspections of data, scheduled maintenance and calibration of the meteorological instrumentation and acquisition system, conduct of inspection/maintenance/calibration in accordance with written procedures, and appropriate record-keeping
procedures. It also requires a90 percent annual data recovery rate for meteorological variables critical
to dose assessment. The EPA (1987) also specifies similar guidelines for all data used in regulatory
modeling.
A subcontractor was awarded a contract to perform semiannual, independent third-party audits of the
meteorological monitoring equipment to ensure that the data recorded and reported meet EPA and DOE
requirements and data recovery standards. In September 1993, the entire 61-m meteorological tower
instrumentation was replaced.
Future Program Planning
The program plans to proceed with the purchase of a meteorological tower on the southeast corner of
RFP and acquisition of a transportable sodar unit for use during 1994. Plans are for the southeast tower
to be 150 m high, or close to the elevation at the west side of RFP. A new tower is necessary to characterize transport-level winds toward the east and southeast of the plant property to support regulatory and
Emergency Response air dispersion modeling. A transportable Doppler acoustic sodar, which has capabilities to provide numerous layers of wind direction and wind speed, turbulence, and stability up to
about 700 m AGL, may be procured in 1994.
The sodar data would be used as input to regulatolay and Emergency Response air dispersion models.
The use of Denver National Weather Service (NWS) data from Stapleton Airport is the only alternative
to sodar in providing mixing height data. However, Stapleton Airport data may not accurately reflect
similar mixing height conditions at RFP, since the airport is situated at the base of the Platte River
Valley and is about 24 miles southeast of RFP. In addition, the data are not available in real-time and
are costly. The sodar, however, would provide real-time data representative of the RFP region and
could be sent to the EAF continuously in support of the TRAC Emergency Response model.
1994 ACTIVITIES
The objectives of the Meteorological Monitoring Program in 1994 are to upgrade and maintain the RFP
meteorological monitoring and weather forecasting programs to assure compliance with applicable regulations and DOE Orders. Included are the following activities: routine meteorological monitoring;
routine and emergency weather forecasting as required by DOE and on-going plant operations; climatological analysis, including the collection, quality assurance, and analysis of routine meteorological
observations; system maintenance, quality assurance, and program updates/enhancements; meteorological input to the 12 Monthly Environmental Monitoring Reports; and meteorological input to the annual
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Rocky Flats Plant Site Environmental Report. All activities are in support of Emergency Preparedness,
regulatory air dispersion modeling, environmental and remediation programs, planning and ongoing
plant operations. The following activities are being performed:
• Monthly Environmental Monitoring Report
Each month a meteorology and climatology section is prepared for the Monthly Environmental
Monitoring Report in order to comply with a historical agreement with the CDH from the early 1970's
and comply with DOE Order 5700.6C.
• RFP Site Environmental Report
A meteorology and climatology report is prepared annually as a part of the RFP Site Environmental
Report required by DOE Order 5400.1. Annual wind roses are prepared that display wind direction
and wind speed frequency at RFP during both daytime and nightime conditions.
• Climatological Analysis
Climatological analysis includes the collection, quality assurance, and analysis of historical and current meteorological data. Data analysis is performed in compliance with DOE Order 5400.1, DOE
Environmental Regulatory Guide, and 50 CFR 61, in support of atmospheric dispersion modeling,
health and safety, and remediation activities.
• Weather Forecasting
Daily weather forecasting is required to support Emergency Preparedness atmospheric dispersion
modeling programs as required by DOE Order 5500.3A, such as the TRAC model, routine plant operations and safety support, and regulatory atmospheric dispersion modeling. Four forecasts per working day are provided to about 30 onsite and offsite clients.
• Routine Meteorological Monitoring
Routine Meteorological Monitoring includes maintenance of meteorological towers and instruments,
quality assurance of instrumentation, site checks, maintenance and repair of instruments, QA audits,
and other monitoring duties as required. Routine Meteorological Monitoring is required by DOE
Orders 5400.1 and 5500.3A, and the Federal Clean Air Act.
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SUMMARY
The Rocky Flats Plant Meteorological Monitoring Program has progressed significantly over the past
few years. Over 20 years of historical climatological data have been reduced and validated, two fulltime meteorologists forecast weather conditions for about 30 clients onsite and offsite and issue severe
weather advisories when necessary, a weather forecasting work station has been procured to enable the
meteorologists additional forecasting tools, real-time meteorological data are supplied to the EOC on a
continuous basis, the meteorological monitoring equipment and instruments have been recently
upgraded, and a comprehensive quality assurance program has been implemented. A transportable
Doppler acoustic sodar may be procured in 1994 to provide input to regulatory and Emergency
Response air dispersion models.
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Figure 2. Existing and Proposed Meteorological Monitoring Network
at the Rocky Flats Plant
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