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bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
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The purposes of the Climatological Data Management and Meteorological Monitoring programs at the 
Rocky Flats Environmental Technology Site (Site), are to support Emergency Response (ER) programs 
at the Site for use in assessing the transport, diffusion, and deposition of effluents actually or potentially 
released into the atmosphere by Site operations, to provide information for on-site and off-site projects 
concerned with the design of environmental monitoring networks for impact assessments, environmen- 
tal surveillance activities, and remediation activities. Also, maintenance of a meteorological monitoring 
network, which includes measuring, archiving, analyzing, interpreting, and summarizing resulting data 
is required for successfully generating monthly and annual environmental monitoring reports and for 
providing assistance for on-site and off-site projects. Finally, the Meteorological Monitoring Program 
provides information for site-specific weather forecasting, which supports Site operations, employee 
safety, and Emergency Response operations. 

REQUIREMENTS FOR HISTORICAL DATA AND MONITORING METEOROLOGICAL 
CONDITIONS 

Title 40 Code of Federal Regulations (CFR) 61, Subpart H1 and United States Department of Energy 
(DOE) Order 5400.1 "General Environmental Protection Program" (1988)2 , require the use of represen- 
tative meteorological data for modeling of airborne emissions for the Site. DOE Orders 5400.5 
"Radiation Protection of the Public and Environment" (1990)3 , and 5500.3A "Emergency Planning and 
Preparedness for Operational Emergencies" (199 1)4 , require DOE facilities to establish a meteorologi- 
cal monitoring program with routine measurements to be taken at locations and heights representative of 
atmospheric conditions into which material may be released and transported. DOE Order 5700.6C5 
requires compliance with quality assurance (QA) and quality control (QC) procedures for obtaining 
monitoring data. 

SITE LOCATION 

The Site covers an area of 6,500 acres in northern Jefferson County, Colorado, located approximately 16 
miles northwest of Denver. Figure 1 shows the location of the Site with respect to the metropolitan 
Denver-Boulder area. The Site roughly forms a rectangle that is 4 miles west-to-east and 2.5 miles 
north-to-south and is located on the eastern edge of a flat, geological bench known as Rocky Flats. The 
5-mile wide bench slopes slightly eastward from the eastern flank of the Rocky Mountain Front Range 
with an average slope of 100 to 120 feet per mile (about 2 percent) and an average elevation of 6,000 
feet above mean sea level (ASL). RegionaI elevations range from 14,000 feet ASL at the Continental 
Divide 20 miles west to about 5,200 feet ASL in the South Platte River Valley 15 miles southeast of the 
Site. 

DATA COLLECTION AND TRANSMISSION 

Meteorological data are collected and transmitted from two meteorological towers located in the Site's 
West Buffer Zone (Figure 2) .  Both towers contain a Campbell Scientific datalogger Model CR-10 
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which measures data in a continuous stream and transmits every 15 minutes. Telemetry is used to 
transmit data from the towers to the work environment. A hardwire transmission cable has recently 
been installed to back-up the telemetry. The dataloggers measure averages, maximums, minimums, 
totals, and standard deviations of the various meteorological parameters for each 15 minute period. The 
primary tower extends to 61-meters (200 feet), the back-up tower to 10 meters (33 feet). The 61- meter 
tower is the $firnary source of meteorological data. Instrumentation on the primary tower measures 
meteorological parameters from four levels: 1.5, 10,25, and 60 meters (Figure 3). The 1.5-meter- 
level, which is the industry standard height for measuring temperature, also measures atmospheric mois- 
ture parameters, including relative humidity and dew point. Collectively, the 10,25, and 60-meter lev- 
els measure many other parameters including incoming and outgoing solar radiation, atmospheric 
pressure, air density, soil heat flux, precipitation, vertical and horizontal wind speed and direction, and 
other air moisture parameters. 

HISTORY OF SITE DATA COLLECTION 

Although meteorological data have been measured at the Site since 1952, many of the data show gaps, 
incomplete data recording periods or are of suspect quality until the mid-1980’s. The first observations 
of temperature, precipitation, and wind were taken on the roof of Building 88 1 on the east side of the 
Site. The weather station was moved to the roof of Building 123 (centrally located) in 1953, where the 
primary weather station remained until 1975 when a 61-meter tower was erected in the West Buffer 
Zone. The tower was not operational from 1977 to 1983. Instrumentation was quite basic through 
1977, with temperature, precipitation, and wind direction and wind speed composited into monthly 
averages during the period. Large amounts of data recorded on strip charts from 1984 through early 
1989 have been digitized and are in the process of being analyzed. Data taken since 
validated with basic QC routines. 

989 have been 

APPLICABILITY OF THE METEOROLOGICAL DATA 

Site meteorological data are used for several applications both on and off-site. Some meteorological 
parameters are needed for atmospheric dispersion models concerned with Emergency Response, 
emergency preparedness, and regulatory compliance activities (40 CFR61, Subpart H). Other parame- 
ters are needed for the meteorology and climatology summaries which must be prepared for monthly 
and annual environmental monitoring reports, as required by DOE. Meteorological data are also needed 
for routine site-specific weather forecasts concerned with Site operations and employee safety as well as 
for performing risk assessment studies. The ongoing database also supplies needed information for 
many on-site and off-site reports, projects, and research interests. 

The meteorological database is utilized by management, on-site and off-site users, and the public. On- 
site users include health and safety, engineering, surface water, emergency preparedness (EP), construc- 
tion management, and industrial safety. Off-site users include the Climatological Center at Colorado 
State University, Argonne National Laboratory, the National Weather Service, and private environmen- 
tal consultants. The Environmental Protection Agency (EPA) and the Colorado Department of Public 
Health and Environment (CDPHE) require the use of atmospheric dispersion models for predicting path 
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and concentration of potential and actual contaminant releases at and adjacent to the Site. These models 
require input of various meteorological parameters such as wind direction, wind speed, ambient temper- 
ature, mixing height, and atmospheric stability for routine and non-routine regulatory compliance deter- 
minations69 7 . A site-specific air dispersion model, known as the Terrain Responsive Atmospheric Code 
TRAC), has been developed and applied at the Site. The TRAC model continuously receives meteoro- 
logical data from the 61-meter tower. Other models are used for safety analysis reports (SARS), 
environmental assessments, and special studies. 

The Climatological Data Management Program also supports weather forecasting efforts at the Site. 
The Site maintains a weather forecasting service 12 hours each work day, and when needed, during non- 
working hours. On-site, real-time meteorological data are necessary for site-specific weather 
forecasting. Not only do these data allow the forecaster to monitor current weather conditions to pro- 
duce a forecast, but they also permit the verification of past weather forecasts to quality assure and qual- 
ity control the forecasts for improved future products. Forecasts support ER, industrial safety, engineer- 
ing, and other Site operational groups. Wind direction and wind speed, temperature, precipitation, and 
sky condition are routinely forecast with each transmission. In addition, watches, warnings, and advi- 
sories are provided for potential adverse weather conditions, such as lightning, strong winds, hail, heavy 
rain, and snowstorms. 

METEOROLOGICAL DATA REDUCTION PROCESS 

Before data may be used for any of the above applications they must be reduced to a more useful print- 
able ASCII format. The data must be periodically downloaded from the computer system which 
receives the transmissions from the 61-meter tower. A batch file in the computer receives the meteoro- 
logical data where they are stored until downloaded to a diskette. The downloading process is per- 
formed once a week after which the batch file is cleared for acceptance of new data. Once down- 
loaded, the data must be reduced to a format useful for the intended applications. The primary reduction 
involves putting the meteorological data in a comma delimited ASCII format which conserves space and 
allows compatibility with most needed applications. A Campbell Scientific program called 'Split' is 
applied to reduce meteorological data to a more useful form. 

QUALITY ASSURANCE AND DATA PREPARATORY PROCEDURES FOR 
METEOROLOGICAL REPORTS 

The Monthly Environmental Monitoring Report (MEMR) requires a section on Site climatology and 
meteorology in order to comply with a historical agreement between DOE and CDPHE from the early 
1970's, as well as DOE Order 5700.6C. Numerical and descriptive summaries are produced for the 
meteorology and climatology sections of the report. These summaries are based upon data collected 
from the 61-meter tower at the 10-meter level. Once reduced into the comma delimited ASCII format, 
weekly meteorological data files are appended to produce a monthly file. The monthly data file is 
then run through a series of 'Split' programs. One program quantifies monthly precipitation and identi- 
fies periods when the precipitation was measured. Another program is used to QA and QC the data by 
setting plausible limits for each observable. As the meteorologist runs through the program, a blinking 
screen illuminates numbers which fall out of the prescribed range for which the limits were set. These 
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values may then be flagged and/or invalidated where necessary and potential problems with instrumen- 
tation or hardware may be identified. Another QNQC program is run to check for duplicate arrays. 
There are two other programs available for creating data sets. The SAS program data files, which have 
been modified by Split, produce monthly wind direction and wind speed statistics needed for the gener- 
ation of wind roses. Daytime, nighttime, and total composite wind roses are produced for the month. 
SAS also uses the data set produced by Split to identify duplicate arrays in the monthly data file. Once 
identified, duplicate arrays may be eliminated from the file. The numerical part of the monthly sumrna- 
ry is generated by a macro program produced in Excel software. The macro works in conjunction with 
Split to calculate averages, maximums, minimums, and composite totals of the meteorological observ- 
ables. 

The Annual Site Environmental Report also includes a meteorology and climatology section as required 
by DOE Order 5400.1. Similar to the MEMR, the Annual Site Environmental Report includes wind 
roses for total annual, daytime and nighttime conditions, percent occurrence of winds by atmospheric 
stability class, a numerical summary of high and low temperatures, precipitation, wind speed data, 
atmospheric pressure, dew point temperature, and preparation of a written meteorological data summa- 
ry for the entire calendar year. 

PROJECTED PLANS FOR METEOROLOGICAL DATA ACQUISITION AT THE SITE 

Atmospheric dispersion modeling of airborne emissions for the Site may be improved by more accu- 
rately representing wind fields at different levels in the boundary layer. An acoustic sodar has been 
installed and is expected to become operational during 1995. The acoustic sodar is located in the 
Southwest Buffer Zone (Figure 2)8. The atmosphere will be sampled at 50 meter increments up to about 
1,500 meters above ground level. The data will be input into the TRAC model. The CDPHE has 
installed five 10-meter meteorological towers along the Site perimeter. There are plans to access the 
data into the Site climatological database. 

Mesoscale meteorological features play an important role in determining Site weather. These features 
often present situations where weather conditions will vary significantly between the east and west sides 
of the Site. For example, precipitation may vary considerably from one side of the Site to the other, 
especially during the warm season convective storms. Frequently, thunderstorms strengthen rapidly as 
they move from the foothills west of the Site and onto the plains. This phenomenon often results in a 
marked increase in precipitation on the east side of the Site. More accurate measurement of precipita- 
tion data on the east side of the Site would benefit hydrology monitoring and studies. Downslope wind 
events also show great variability with respect to the distance from the foothills. During winter months 
winds will occasionally gust to hurricane force (above 75 miles per hour) on the west side of the Site, 
while on the east side winds are only half as strong. Monitoring winds on the east side would enhance 
employee safety, particularly for those involved in remediation and monitoring activities. 

SUMMARY 

The Site Meteorological Monitoring and Climatological Programs have progressed significantIy over 
the past few years. About 30 years of historical climatological data have been reduced and validated, 
on-site meteorologists forecast weather conditions for about 30 clients both on-site and off-site as well 
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as issue weather watches, warnings, and advisories when necessary, a weather workstation has been pur- 
chased as an additional forecasting tool, and real-time meteorological data are supplied to the 
Emergency Operations Center (EOC) on a continuous basis. A hardwire has been installed to back-up 
the meteorological tower telemetry, improved software is being developed for more efficient data reduc- 
tion and analysis in producing the monthly and annual climatological summaries, the meteorological 
database is being continuously improved with the addition of high quality data, the climatological data- 
base is being updated to produce useful statistical information, and a transportable Doppler acoustic 
soda  has been procured to provide input into regulatory and Emergency Response air dispersion 
models. 
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Figure 1. Area map of Rocky Flats Environmental Technology Site and 
s,urrounding communities. 
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Figure 2. Existing meteorological monitoring network at Rocky Flats 
Environmental Technology Site. 
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Figure 3. Meteorological monitoring tower configuration. 
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