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PREFACE

In this document we have elected to use "English" units {(e.g, ft, mi,
mph, °F) when presenting information on quantities such as distance, speed,
and temperature. The metric equivalent (e.g., m, km, m/s, °C) is typically
provided in parenthesis following an English unit value. The decision to
follow this convention was based on several factors. First, most measurements
made by the Hanford Meteorology Monitoring Program (e.g., wind speed,
temperature) are recorded in English units. Second, the heights of the
instrument towers and the tower levels at which instruments are deployed were
generally selected using English units. Finally, when providing instructions
on how to reach a monitoring site, the distance to travel on local roads is
best provided in miles, because this is the unit of distance displayed on
most automobile odometers.

An exception to the rule of providing both English and metric values is
made when referring to the towers. There are four sizes of instrumented towers
used in the Hanford Meteorology Monitoring Program: 410 ft (125 m), 200 ft
(60 m), 40 ft (12 m}, and 30 ft (9 m). After the first reference to a tower
in a particular size category, towers of that size are referred to by their
height in english units (e.g., 410-ft tower) without repeating their metric
equivalent.

The figures cited in this report are presented together before the
presentation of the references. The figures are grouped this way to allow
the reader to more easily examine and compare the photographs of the various
monitoring sites. This method of presenting the figures also maintains
continuity of the text.






SUMMARY

An intensive program of meteorological monitoring is in place at the
U.S. Department of Energy's Hanford Site. The Hanford Meteorology Monitoring
Program involves the measurement, observation, and storage of various
meteorological data; continuous monitoring of regional weather conditions by
a staff of professional meteorologists; and around-the-clock forecasting of
weather conditions for the Hanford Site. The objective of this report is to
document the data collection component of the program.

In this report, each meteorological monitoring site is discussed in detail.
Each site's location and instrumentation are described and photographs are
presented. The methods for processing and communicating data to the Hanford
Meteorology Station are also discussed. Finally, the procedures followed to
maintain and calibrate these instruments are presented.
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IKTRODUCTION

An intensive meteorological monitoring program is in place at the U.S.
Department of Energy's (DOE's) Hanford Site in south-central Washington State.
The mission of the Hanford Meteorology Monitoring Program is to meet the
meteorological and climatelogical needs of DOE and its contractors for the
Hanford Site. Im particular, the program calls for the measurement,
cbservation, and storage of various meteorological data; continuous monitoring
of regional weather conditions by 3 staff of professional meteorclogists; and
around-the«clock forecasting of weather conditions for the Hanford Site. The
purpose of this report is tu document the data collection component of the
program, which includes reporting on the location and types of menitoring
equipment being used, the procedures followed to maintain and calibrate these
instruments, and the methods for processing and communicating data to the
Hanford Meteorology Station (HMS).

The heart of the Hanford Meteorology Monitoring Program is the HMS. The
HMS is centrally located on the Hanford Site between the 200 West and 200
Fast operating areas. Meteorological parameters measured or observed at the
station include air temperature, relative humidity, precipitation, atmospheric
pressure, solar radiation, cloud cover, and subsurface temperatures. Wind
directions, speeds, and air temperatures are measured at multiple levels on a
410~ft {125«m) tower. Winds and atmospheric mixing depth are also measured
by a doppler acoustic sounder. At least one professional meteorglogist is on
duty at the station at any given time. The duty meteorologist makes
meieorological observations, analyzes data, prepares weather forecasts,
disseminates information, and oversees the automatic components of the
meteorological monitoring program.

In addition to the monitoring at the HMS, measurements of winds and air
temperatures are made at 23 other locations on the Hanford Site and in the
surrounding area {Figure 1 and Table 1). These measurements are made at
automated monitoring stations that transmit their data to the HMS via UHF
radio transmission. A1l meteorological measuremenis and observations are
processed and stored at the station on a VAX 11/750 minicomputer. Data can

1



TABLE 1. Site Identification Numbers, Names, and 4-Character Codes for the
Hanford Meteorclogical Monitoring Sites.

Site site
Number Site Name Code
1 Prosser Barricade PROS
2 Emergency Operations Center EOLC
3 Army Loop Road ARMY
4 Rattlesnake Springs RSPG
5 Edna EONA
6 200 East 200E
7 200 West 2004
8 Wahluke WAKL
9 Fast Flux Test Facility FFTF
10 Yakima Barricade YAKB
11 300 Area 3004
iz Wye Barricade wWYEB
13 100K 1008
14 WNP.2 WPPS
15 Franklin County FRNK
15 Gable Mountain GABL
17 Ringold RING
18 Richland RICH
19 Sagehill SAGE
20 Rattiesnake Mountain RMTN
21 Hanford Meteorclogy Station  HMSS
22 Pasce PASC
23 100-F 100F
24 Gabie West GABW
25 Yernita Bridge YERN



be easily retrieved and transferred to other Hanford Site computers from this
system,

In the Background Information section of this report, the rationale for
the meteorological wmonitoring program, location of the Hanford Site, climate
of the region, and a brief history of meteorological monitoring in the Hanford
area are discussed. [In the section on the Metaorolegical Monitoring Sites,
the locations of the varicus wonitoring sites, the parvameters monitored, and
the instrumenis deployed at the sites are discussed. In the lastrumentation
section, the instruments used in the monitoring program are discussed in detatl
and their technical specifications are presented. In the section on Data
Processing and Transmission, descriptions of how signals from the meteorglogical
sensors are converted to neaningful data and how processed data are communicated
to the computer at the HMS are presented. In the section on Maintenance and
Calibration Procedures, the formal and informal procedures followed to maintain
and calibrate the program's instruments are discussed.



SACKGROUND INFORMATION

In this section, background information on the Hanford Meteorology
Monitoring Program is provided. The raticnale for the monitoring program, a
description of the location of the Hanford Site, a discussion of the clipate
of the region, and the history of meteorological measurements at Hanford are
discussed.

RATIONALE FOR THE HANFORD METEOROLOGY MOMITORING PROGRAM

There are several reasons for the existence of the Hanford Meteorology
Monitoring Program. First, detailed, real-time, meteorological data are needed
in the event of a release of hazardous material £o the atmosphere from one of
the Hanford Site’s facilities. These data would be used to model atmospheric
dispersion and estimate the environmental impacts of the release. Second,
meteorological data are needed to expand the Hanford Site's climatological
datahase. This database i35 used in envirommental studies, environmental impact
reports, facility design, and planning operations. The database is used not
only in meteorclogical analyses but also in ground-water, surface-water, and
ecological studies. Third, meteorclogical data are used to evaluate atsospheric
dispersion conditions for scheduling routine atmospheric releases from Hanford
facilities, Fourth, meteorological data are used to evaluate weather conditions

ang prepare forecasts that are used in scheduling Hanford operations and
activities,

LOCATION OF THE HANFORD SITE

The Hanford Site is located on approximately 560 mi2 (1450 km2) of land
in south-central Washington State (Figure 1). A variety of terrain is found
on the Hanford Site, including: ridge, Jower slope, valley, and river (Figurs
Z}. Ridge terrain is found in the extireme southwest and west portion of the
Hanford Site; jower slope terrain in the southwest, west, and northern portions
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of the Hanford Site; valley terrain in the central and eastern portion of the
Hanford Site; and river terrain associated with the Columbia River.

The northern boundary of the Hanford Site lies along the lower slope of
the Saddle Mountains, These east-west running mountains rise Lo an elevation
of more than 2000 ft {600 m) above mean sea level. Northwest of the Site,
the Columbia River flows south through a gap in the Saddle Mountains., Hear
Priest Rapids Dam, the river turas toward the east and flows futo the northern
portion of the Hanford Site. The river flows east and northeast for about 18
mi {29 km) before turning toward the southeast. About 22 mi (35 km) further
downistrean, the river turns south and forms the southera half of the sastern
bhoundary of the Hanford Site. The elevation of the terrain to the east of
the Hanford Site ranges from 340 ft to 900 ft {100 m to 270 m) above sea level.
In places, the bluffs along the eastern shore of the Columbiz River rise over
500 ft (150 m) above the surface of the river. In total, the Columbia River
drops about 70 ft (20 m) along fts path through the Hanford Site, from 400 ft
(122 m) above sea leve! when it enters the Hanford Site to 330 ft (100 m)
above sea level as it exits the Hanford Site.

The southwestern border of the Hanford Site is marked hy the summit ridge
of Rattlesnake Hountain, This mountain dominates the local terrain with an
elevation that reaches 3581 ft {1091 m) above sea level. Rattlesnake Mountain
and 1ts associated hills extend to the northwest to also form the western
Border of the Hanford Site.

CLIMATE OF THE HANFORD SITE

The climate of the Hanford Site can be classified as mid-latitude semiarid
(DOE 1982) or mid-latitude desert depending on the climatological classification
scheme being used, Summers are warm and dry with abundant sunshine. Large
diurnal temperature variations are common during this season resuliing from
intense solar heating and radiational cooling at night. Daytime high
temperatures in June, July, and August periodically exceed 100°F (38°C).
Winters, on the other hand, are cool with sccasional precipitation. Quibreaks
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of cold air associated with modified arctic air masses can veach the area and
cause temperatures to drop below 0°F (-18°C). Overcast skies and fog occur
periodically in this season.

Topographic fealures have a significant impact on the climate of the
Hanford Site, A)] air masses that reach the region undergo some modification
resulting from their passage over the cemplex topography of the Pacific
Korthwest (DOE 1982). The climate of the region is strongly influenced by
the Pacific Dcean and the Cascade Range to the west, The relatively Jow anpual
average rainfall of 6.3 in. {16.1 cm) at the HMS is, in large part, due to
the rain shadow created by the Cascade Range. These mountaing Timit much of
the maritime influence of the Pacific Ocean, resuliing in a more continental-
type climate than would exist if the mountains were not present. Maritime
influences are experienced in the region during the passage of strong synoptic-
scale systems(a). Maritime air also penetrates into the region through gaps
in the Cascade Range {such as the Columbia River Gorge}.

The Rocky Mountains to ihe east and the north are also an important
influence on the climate of the region. These wountains piay a key role in
protecting the region from the wmore severe winter storms and the extremely
Tow temperatures associated with the modified arctic air magses that move
southward through Canada.

Locally the climate of the Hanford Site is influenged by the Yakima Ridge

and the Rattiesnake Hills to the west, the Horse Heaven Hills to the south,
the Saddie Mountains to the north, and the Columbia River.

THE HISTORY OF METEOROLOGICAL MEASUREMENTS AT HANFORD

The HMS was established in 1945 fc provide a facility for the coliection
of metecrological data, analysis of meteorological conditions, and preparation

(s} Synoptic-scale systems have horizontal dimensions of several hundred
to over a thousand kilomelers.



of weather forecasts. Some meteorclogical data for the period prior to the
operation of the station are available. The earliest official weteorological
observations within what was to become the Hanford Site were made in 1912 at
the Hanford Townsite by cooperative pbservers for the U.S. Weather Bureau
{now the National Weather Service}. These observations were continued until
March 31, 1943, when the evacuation of the townspeople of Hanford for the
Manhattan Project ended the local measurement preogram. From March 1943 until
May 1844, the meteorclogical observations for Hanford were wade by the U.5,
Weather Bureau in Richland (near the southern border of the Hanford Site}.

Continuous cbservations of hourly meteorological conditions began at the
HMS on December 7, 1944, and have continued at the same location through the
present date. [Initially, meteorolegical observations at the station consisted
of wind and temperature data collected at the surface and on the 410-ft tower;
however, by the end of 1648 the measurement program was expanded to include
all of the standard "surface observations” specified by the Weather Bureau.
Today, operations at the HMS are equivaleni to those at a National Weather
Service station; data from the station are included in the National Weather
Service's automated field station reporting network.



METEOROLOGICAL MONTTORING SITES

Meteorological monitoring is conducted at the HMS and at 24 automated
monitoring sites. These automated monitoring sites consist of three 200-ft
(60-m) towers with doppler sodars, two 40-ft (12-m) towers with wind sensors
mounted at the 30 ft (9 m) level, fourteen 30-ft (3-m) towers with AC powered
instruments, two 30-ft towers with battery powered instruments, a pole-mounted
site on the crest of Rattlesnake Mountain, and twe sites on the roof of airport
contro]l towers. The approximate locations of the meteorological monitaring
sites are provided in Figure 1.

METEOROLOGICAL MONITORING AT THE HANFORD METEGROLOGY STATION (HMSS - SITE 21)

Meteorological monitoring at the HMS is conducted on the station's 410-
ft instrumented tower, at surface locations, and by a doppler sodar. The
station is Jocated bhetween the 200 West and 200 fast operating areas about
0.6 mi {1 km} north of the east gate to the 200 West Area and about 300 ft
{90 m) east of the Tocal highway. The HMS is positioned near the center of
the Hanford Site at 46° 33’ 47° N latitude and 116° 35' 54" W Jongitude, The
elevation of the station is 733 ft (223 m) ahove sea level.

The HMS is housed within the 622 R Building (Figure 3). The building is
surrounded by irrigated lawns, trees, and other vegetation. Surface level
measurements are made at several locations within several hundred feet of the
622 R Building. The 410-ft tower is located about 1600 ft {500 m) to the
east {Figure 4), The tower sits on a large, flat, circular, paved area with
several small buildings near its base, Vegetation near the tower is dominated
by desert grasses and sagebrush.

The HMS is on the 200 Area Plateau at a higher elevation than most of
the Hanford Site. The elevation of the terrain near the station graduaily
slopes downward to the north decreasing to an elevation of about 600 fi
{180 m} above sea level at a point about 1.3 wi (2.1 km} north of the station.



The station can be reached from the east gate of the 200 West Area by proceeding
north on Hanford Route 3 for just over 0.6 mi {1 km), Turn right {east) onto
the road that leads to the base of the 410-ft instrumented tower. The 622 R
Building is located on the north side of the road about 300 ft {90 m) from

the highway. The station can be found on the Gable Butte Quadrangle (1986
edition} USGS 7.5-Minute Series Topographic Map at UTH coordinates:

X = 300860 mE, Y = 5151680 m N,

Standard 110 volt, 60-Hz AC power is used at the HMS to power all] of the
site's electrical instruments, monitoring, data processing, and communication

equipment.

410-ft Instrumented Tower

The 410-ft instrumented tower has been in gperation since 1945, Wind
measurements are made at 6 lsvels on the tower: 30 ft {3 m), 50 ft (15 m),
100 ft {30 m}, 200 ft (60 m}, 300 ft (91 m}, and 400 §t {122-m} (Figures 5-
7}. Two sets of measurements are made at the 50-ft (15~-m) level on the tower.
At the near-surface monitoring site, ahout 75 ft {23 m) northwest of the tower,
wind measurements at made at 7 ft (2 m} above the ground {Figure 8). Data
from this monitor are processed and stored with the data from the 4i10-ft tower.

Wind directions are measured using Weathertronics Model 2020 Micro Response
Vanes. Wind speeds are measured using Weathertronics Medel 2030 Micro Response
Anemometers. The wind sensors are mounted on 48-in. (122-cm} Model 2023
Crossarms. The crossarms are positioned away from the tower on 7-ft {2-m}
booms. The hooms are oriented towards the northwest, At the 50-ft {15-m)
level, a second set of wind measurements are made on a second boom that is
oriented toward the southeast. To prevent instrusent malfunction in freezing
weather, the wind sensors are heated using standard heat tape. The
Weathertronics wind sensors were instailed in 1982 replacing Bendix Model 120
Aergvane Wind Transmitters.



Air temperatures are measured at 7 levels on the tower: 30 ft {9 m},
R0 ft (15 @), 100 ft (30 m), 200 ft (60 w), 250 ft {76 m), 300 ft (91 m), and
300 ft (122 m}. Weathertronics Platinum Temperature Probes are used to measure
temperatures, These temperature probes are housed in moior aspirated shields.

Surface Monitoring and (Qbservations

A variety of instruments monitor metecrological parameters at or near
surface level at the HMS monitoring site. A wide variety of observations are
also routinely made by the station's duty meteorologist, Where appropriate,
all observational procedures are governed by National Weather Service procedures
for surface observations (Standard Aviation Observations}. In the following
discussions, surface monitoring equipment and observational procedures will
be discussed.

Ssurface Temperature

At the nearesurface monitoring site, air temperature is measured at § ft
{1.5 m} above the ground. As on the 410-ft tower, Weathertronics Platinum
Temperature Probes are used to measure temperatures. The temperature probe
is housed in a motor-aspirated shield. As a backup, in case of a power failure
or another type of failure of the electronic instruments or data communication
system, temperature data can be obtained from two mercury-type thermometers
that are housed in a shelter located just east of the HMS.

Subsurface Temperatures

At the near-surface monitoring site, subsurface soil temperatures are
measured at depths of 0.5 in. {1.3 ¢m), 15 in. {38 cm), and 36 in. {91 cm)
using Weathertronics Model 4470A Platinum Temperature Probes. The sensors are
installed in the natural soil of the ares with the vegetation cover removed
{Stone et al. 1983). The soil is sandy and is mixed with some large graveil,
The Weathertronics temperature probes replaced the Leeds & Northrup copper
thermohms that were used prior to early 1887.
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Dew Point Temperature

A Hygrothermometer System Model H083 is used to measure the dew point
temperature near the 410-ft tower at a height of 5.5 ft (1.7 m) above the
ground. This instrument was developed by the Techr.ical Services Laboratory
for the National Weather Service and is currently the service's standard dew
point sensor. This instrument replaced a Humicap Relative Humidity Probe -
Model 5120 in 1986. The Humicap replaced the dewcel-based Foxboro Dew Point
Measuring System in 1981. Sling psychrometers are also used periodically by
HMS personnel to check dew point readings.

Atmospheric Pressure

A Fortin-type mercury barometer and a Bendix Model 790 Microbarograph
are used to measure atmospheric pressure. Hourly readings are obtained by
the duty meteorologist from the microbarograph. Readings are also obtained from
the mercury barometer once every 3 hours. The instruments are located in
Room 111 of the HMS.

Precipitation

A standard National Weather Service 8-in. (20-cm) rain gage and a Bendix
Model 405 automatic tipping rain gage are used to measure precipitation.
During a precipitation event, the rainfall accumulated in the 8-in. rain gage
is checked hourly. If the precipitation is in the form of snow, the hourly
precipitation sample is brought into the weather station and melted by adding
a known quantity of warm water. The liquid water content of the hourly
precipitation is then determined. Frozen precipitation entering the automatic
tipping rain gage is melted by the unit's heater and the liquid water content
of the precipitation is automatically recorded.

The amount of accumulated snowfall on the ground is measured in a cleared
area to the south of the HMS that is reserved for this purpose. During windy
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conditions, when snow may drift, a series of measurements are made to determine
the average snow depth.

Solar Radiation

Solar radiation is monitored using two instruments produced by the Eppley
Company. One instrument monitors direct solar radiation and the other
instrument monitors indirect solar radiation., The instruments are deployed
south of the HMS, on the south side of the service road, Data from the
instruments are recorded on a strip chart in Room 111 of the HMS.

Visibility

Vigibility is measured by the duty meteorologist every hour., Visibility
is determined subjectively by attempting to discern landmarks of known distance
in various directions. At night, Tighted Tandmarks are used, Under conditions
of Tow visibility, estimates are made by counting the number of telephone
poles that can be discerned from the HMS to the 410-ft tower, and north and
south of the station along Hanford Route 3.

{ioud Cover

Several cloud parameters are observed by meteorologists on an hourly
basis. First, the types of clouds visible from the surface are identified
(e.g., altocirrus, cumulo congestus) by comparing their shapes and properties
with known forms. Next, the altitude of the clouds are roughly estimated.
This estimation is often based on the known altitude ranges of certain types
of clouds. Also, aviation reports are used to approximate the elevation of
cloud bases. For low clouds, the height of the cloud base {s estimated by
the amount of Rattlesnake Mountain that is obscured. At night, low ¢louds
are observed from the reflection of lights in the 200 Areas off of the ¢loud
bases. Also at night, a ceiling projector and clinpmeter can be used to
estimate cloud bases. The ceiling projector is installed betwsen the HMS and
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the 410-ft tower. It projects a narrow vertical beam of light, i)luminating
the base of any cloud directly over the projector. Using the clinometer, the
meteorologist at the HMS can measure the elevation angle to the i)lluminated
cloud base. Knowing the elevation angle and the baseline distance from the
KMS to the ceiling projector, the height of the cloud base can be calculated,
This device is generally useful for clouds with bases below 4000 ft (1200 w},
although under optimal conditions this instrument may be useful up to a height
of 10,000 ft {3000 m). Finally, the percent ¢loud cover is observed and
recorded,

Pilot Balloon (Pi-Bal)

To estimate wind direction and speed at heights greater than can be
monitored by other HMS equipment, 2 pilot balloon is launched from near the
HMS twice a day, between 0:00 - 1:00 and 12:00 ~ 13:00 Pacific Standard Time.
The balloon rises at an initia) rate of about 700 ft {220 m) per minute. Ten
minutes after launch the balloon is approximately 6000 ft (1800 m) above the
surface and its rate of rise has slowed to about 590 ft (180 m) per minute.
To allow the balloon to be tracked at night, it is fitted with a battery powered
Tight. After releasing the balloon, the duty meteorologist records its pesition
with a theodolite. After computing the balloon's altitude, and measuring its
azimuth and elevation angles, the duty meteorologist can estimate the wind
direction and speed at various altitudes. During conditions of good visibility,
¢loud cover permitting, the balloon is usually tracked to a height of over
6000 ft (1800 m) before observations are terminated, Under optimal conditions,
the balloon has been tracked to a height of over 26,000 ft (8000 w).

Doppler Sodar Monitoring

Four Remtech Doppler Sodars are deployed as part of the meteorclogical
monitoring program. One of these sodars is located a short distance east of
the HMS; the other sodars are deployed near the 200-ft instrumented towers.

A doppler sodar uses sound waves {o measure three-dimensional winds,
turbulence indicators, and the thermal structure of the lower atmosphere,
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The sodar functions like a pulse radar, but instead of emitiing an
electromagnetic wave, it emits an acoustic wave at a fregquency of 1600 Hz {or
2400 Kz}. The sodar uses the phase difference in its outgeing and incoming
acoustic signalis to compute the horizontal wind speed, the direction theta of
the horizontal wind, the vertical wind speed {w)}, the standard deviation of
w, and the standard deviation of theta at a number of glevations between the
surface and 2000 ft {600 =} above ground level, Data from the HMS doppler
sodar are displayed on a computer screen in Room 110 of the HMS for analysis
by the duty meteorologist.

200=FT INSTRUMENTED TOWER MONITORING SITES

Three 200~ft instrumented towers are deployed as part of the Hanford
wmeteorcliogical monitoring network. These towers are located near the 300
Area, fFast Flux Test Facility, and 100-N Area. Located within several hundred
feet of the base of each of the towers are the antennas for the monitoring
site's Remtech doppler sodar. Each tower has a climate-controlled instrument
shed to house the data processing and transmission egquipment for the tower's
instrumentation and the doppler sodar. Staadard 110 volt, 60-Hz AC power is
available at each site and i3 used to power the site's instruments.

Wind directions and speeds are measured at 3 levels on the towers: 30 ft
{9 m}, 82 ft (25 m), and 200 ft (60 m). Winds are measured using (limatronics'
FA60 Wind Sensors. The wind direction sensors {(P/N 100076} are counterbalanced,
Tightweight vanes. The wind speed sensors {P/N 100075) are three cup
anemometers. The wind sensors are mounted on a 44-in. {112-cm) crossarm
{P/N 100487} and connected to the tower by a 5-ft {1.5-m} boom. To prevent the
wind sensors from failing in freezing weather, the sensors are heated using a
Climatronics external heater {P/N 100589).

Air temperatures are measured at 3 Tevels on the tower: & Tt (1.5 m),
30 ft (9 m), and 200 ft {60 m). The temperature sensor used is a resistance
thermistor housed in a forced ventilation chamber. The dew point temperature
§s also measured at the 5«ft (1.5-m) Jevel,
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The following is a description of each monitoring site. The site's
location and surroundings will be described. Photographs of the site are
provided as figures. The site's full name, four-character code name, and
identification number are provided in the section heading.

300 Area Monitoring Site (300A - Site 11)

The 300 Area monitoring site is located about 1300 ft (400 m) southwest
of the southwestern corner of the 300 Area. The tower is about 800 ft
(250 m) west of Hanford Route 45 (Stevens Drive) and about 500 ft (150 m)
west of the railroad tracks that parallel Route 45. The site is at 46° 21°
50" N latitude and 119° 17' 08" W longitude. The elevation of the base of
the tower is 390 ft (120 m) above sea level.

The 200-ft tower is situated on a gravel pad at the top of partially
stabilized sand dune. The dune appears to be one of several dunes in the
area that are oriented along a southwest-northeast axis. The dune is about
150 ft (45 m)} wide and over 300 ft (90 m) long. The base of the tower is
situated at the top of the dune at a height of 10 to 20 ft (3 to 6 m) above
the surrounding terrain. Desert grasses appear to be the dominant stabilizing
vegetation on the dune. Several small "blow-outs" (i.e., unstable areas of
the dune with Tittle or no vegetation) are located on the dune. The antennas
for the doppler sodar are deployed a short distance southwest of the 200-ft
tower. A climate-controlled instrument shed is located between the tower and
the sodar antennas. Photographs of the site are presented in Figures 9-12.

The site is reached from Route 4S by turning west onto the gravel road
located across from the north fence of the 300 Area [about 0.6 mi (1 km) north
of the 200-ft tower]. Turn left (south) immediately after crossing the railroad
tracks, and follow this gravel road south to the base of the tower. The 300
Area monitoring site can be found on the Richland Quadrangle - Washington
(1978 edition) USGS 7.5-Minute Series Topographic Map at UTM coordinates:

X =324190 m E, Y = 5136820 m N.
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Prior to 1983, meteorological measurements at this site were made on a
30-ft instrumented tower. The old 30-ft tower was located within 100 ft
{30 m} of the present tower.

Fast Filux Test Facility Monitoring Site {(FFIFf - Si:e 9)

The Fast Flux Test Facility {FFTF} monitoring site is located about
100G ft (300 m) south of the FFTIF fenceline almost due south of the reactor
dome. The site is at 46° 25' 43" X latitude and 119% 21' 31" W Tongitude.
The elevation of the base of the tower is 5370 ft {170 m) above sea level.

The 200-ft tower is situated on a large gravel pad on a stabilized sand
dune at a slightly higher elevation than the surrounding terrain. The local
topography is dominated by a series of low, stabilized sand dunes that are
oriented along a southwest-northeast axis. An active sand dune {of the *blow-
out® form} is located just to the northeast of the tower. The stabitizing
vegetation in the area near the tower appears to be dominated by desert grasses.
The doppler sodar is deployed a short distance to the south of the 200-ft
tower. A climate~controlled instrument shed is located between the tower and
the sodar antennas. Photographs of the site are presented in Figures 13-16.

The elevation of the local terrain chasges dramatically along a Yengthy
narth-soath running slope that approaches within 2000 ft (800 m) to the east
of the monitoring site. At the botiom of this siope the terrain elevation is
more than 100 ft (30 m) Towsr than at the base of 200-ft tower.

Te reach the monitoring site from Hanford Route 48, take the FFIF exit
and proceed 1 mi {1.6 km) down the road toward the reactor complex. Turn
left {south), before reaching the FFTF's south parking lot, onto the paved
service road. FProceed on this road for 0.6 mi (I km). Turn left (south)
onto the gravel road that leads directiy to the base of the tower, The FFIF
tower can he found on the Wooded Island Sectional (1978 edition) USGS 7.5~
Minute Series Topographic Map at UTM coordinates: X = 318760 m E,

Y = 8144340 » N,
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Prior to 1983, a 30-ft tower was operated at a location about 0.8 mi
(1.3 km) to the north-northeast of the 200-ft tower. Use of the 30-ft tower
was discontinued before the 200-ft tower became operational. The old monitoring
site was located outside the FFTF fenceline at a location northeast of the
reactor buildiny (approximately at UTM coordinates: X = 319200 m E,
Y = 5145150 m N).

100-N Monitoring Site (100A - Site 13)

The 100-N monitoring site is located between the 100-N and 100-D areas,
just over 1300 ft (400 m) to the southwest of the Columbia River. The site
is Tocated at 46° 41' 16" N latitude and 119° 32' 58" W longitude. The
elevation of the station is 460 ft {140 m) above sea level.

The 100-N monitoring site is closer to the 100-D Area [0.5 mi (0.8 km)
from the reactor buildings] than to the 100-N Area [1.5 mi (2.4 km) away].
Only the very tops of some 100-N facilities are visible from this location.
Most of the 100-N facilities are hidden from view by a series of rounded mounds
(a natural formation) that lie between the 100-N Area and the monitoring site.

The tower is situated on a large gravel pad surrounded by relatively
flat terrain. The vegetation in the region is dominated by desert grasses.
The doppler sodar is deployed a short distance to the east-northeast of the
200-ft tower. A climate-controlled instrument shed is located close to the
base of the tower between the tower and the sodar antennas. Photographs of
the site are presented in Figures 17 and 20.

To reach the monitoring site from the intersection of Hanford Route 4N
and Hanford Route 1, proceed north on Route 4N for about 0.1 mi (160 m), toward
the 100-D reactor, and turn left (west). Proceed straight ahead on this service
road following it as it turns right (to the north). Turn left (west) onto
the first gravel road; this road leads to the base of the tower. The FFTF
monitoring site can be found on the Coyote Rapids Quadrangle - Washington
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{1986 edition) USGS 7.5-Minute Series Topographic Map at UTM coordinates:
X = 305050 mE, Y = 5173420 m N.

Prior 1o 1983, a 30ft tower was operated at a location much closer to
the 100-N Area. This tower was on a rise about 0.3 mi (0.5 km) east of the
reactor building, at a point about 500 ft (150 m) northeast of the 100-N Area's
main access road {at approximately UTH coordinates: X = 304000 m E,
¥ » 5171900 m K).

40«FT INSTRUMENTED TOWER MONITORING SITES

The 43-ft instrumented meteorclogical towers are depioyed at the 100-F
and Gable West monitoring sites. The towers' wind sensors are deployed at
approximately 30 ft {9 m} above ground level. Winds are measured using
Climatronics F450 Wind Sensors. The wind direction sensors (P/N 100076} are
counterbalanced, lightweight vanes. The wind speed sensors (P/N 100078) are
three cup anemometers, The wind sensors are mounted on a 44~in. (112-cm)
crossarm (P/K 100487) and connected to the tower by a short boom. Temperatures
are measured at 5.5 ft (1.7 m} above the ground using a Climatronics Fast
Response Air Temperature Semsor - Model 100093-3. A Climatronics naturally
aspirated shield protects the thermistor from direct and scattered sunlight.
Standard 110 voit, 80-Hr AC power 15 available at each site and is used to
power the site's instruments.

The following is a description of the two monitoring sites. Each site's
locations and surroundings will be described. Photographs of the site are
provided. The site's full name, four-character code name, and identification
number are provided in the section heading.

100-F Mopitoring Site {100F - Site 272)
A3

The 100-F monitoring site is located about 1.5 mi {2.4 km) south of the

100-F Area, slightly southwest of the junction of Hanford Route 1 and Hanford
Route 2K, and east of the local railroad tracks. The monitoring site is alse
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about 1.5 mi {2.4 km) west of the Columbia River. The site is at 46° 38
8% N latitude and 119° 27' 4" W longitude., The elevation of the site is
310 ft (125 m) above sea level.

The 80-ft tower is situated on a small gravel pad in an area of relatively
flat topography. The vegeiation in the region appears to be dominated by
desert grasses. Tumble weeds were growing within the gravel pad around the
base of the tower. Photographs of the site are presented in Figures 21 and 23.

To reach the 100-F monitoring site from Hanford Route 1, near the
intersection of Route 1 and Route 4N, turn south onto the gravel service read
located between the railvoad tracks and Route 1. The site is located between
Route 4 (to the east) and the rajlrocad tracks {to the west)., Proceed south
on the gravel road for about 300 ft {30 m} to reach the base of tower, The
exact Jocation of the 100-F monitoring site can be found on the Locke Island
Quadrangle - Washington {1986 edition) USGS 7.5-Minute Series Topographic Map
at UM coordinates: X = 312380 m E, ¥ = 5167300 m N,

Gable West Monitoring Site (GABW - Site 24)

The Gable West monitoring site is located about 0.4 mi (0.6 km) west of
the western edge of Gable Mountais at a point less than 230 £t {70 m) west of
Hanford Route 4N. The site is 2.2 mi {3.5 km) north of the intersection of
Hanford Route 4N and Route I11-A and about 1.6 mi (2.5 km) south of the
intersection of Hanford Route 4N and Route 1. The site s at 46° 38" 35" N
latitude and 119° 33' 23* W longitude. The elevation of the station is
490 ft {150 m} above sea level.

The 40~-ft tower is situated on a small gravel pad in a local area with
rglatively flat topography. The site is approximately 0.6 mi (1 km) north of
the 200 Area Plateau. The vegetation in the region appears to consist mostly
of desert grasses and a significant population of shrubs. A few tumble weeds
were growing within the gravel pad arcund the base of the tower. Photographs
of the site are presented in Figures 24-26.
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To reach the Gable West tower from the intersection of Hanford Route 4N
and Route 11-A, travel north on Route 4N for about 2.2 mi (3.5 km) and turn
southwest onto the gravel service road that begins about 300 ft {90 m) north
of the tower. This road leads to the base of the tower. The exact location
of the Gable West monitoring site can be found on the Gable Butte (uadrangle
- Washington (1988 edition) USGS 7.5-Minute Series Topographic Map at UTM
coordinates: X = 304220 m E, Y = 5164760 m N,

30~-FT INSTRUMENTED TOWER MONITORING SITES WITH AC POWER

The 30-ft instrumeénted metecrological towers that operate on 110 volt,
60-Hz AL power are deployed at: 200 West, Rattlesnake Springs, Army Loop Road,
200 East, Gable Mountain, Yakima Barricade, Edna, Wye Barricade, Emergency
Operations Center, Wahluke, WhP-2, Prosser Barricade, Sagehill, Franklin County,
and Ringold menitoring sites. The wind sensors on each tower are deployed at
30 ft (9 m) above ground level, The wind sensors used on these towers are in
the process of being changed from Weather Measure to (limatronics equipment.
The transition to the Climatronics eguipment began in early 1988, and the last
tower should be converted prior to October, 1888. The Weather Measure wind
sensors that have been used are the Model W103 Cup Anemometer and Model W104~
SC Lightweight Vane with sin-cos potentiometers. These fastruments have been
mounted on a 37-in, {94-cm} crossarm - Model WI034. Heat tape has been used
at some sites to prevent the instruments from failing in moist, freezing
weather,

The new sensors that are being deployed are Climatronics' F460 Wind
Sensors. The wind direction sensors {P/N 100076} are counterbalanced,
lightweight vanes. The wind speed sensors {P/N 100078} are three cup
anemometers. The wind sensors are mounted on a 44-in. (112-cm} crossarm
{P/X 100487} and connected to the tower by & short boom. At present,
Climatronics external sensor heaters {P/N 10058%) have not been deployed on
these towers.
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Temperatures are measured at 5.5 ft (1.7 m} above the ground using a
Climatronics Fast Response Afr Temperature Sensor - Model 100093-3. The
thermistors are protected from direct and scattered sunlight by a naturally
aspirated shield.

The following is a description of the monitoring sites. Each site's
Tocation and surroundings will be described. Photographs of the site are
provided. The site's full name, four-character code name, and identification
number are provided in the section heading.

Prosser Barricade Monitoring Site {PROS - Site 1}

The Prosser Barricade monitoring site is near the location of the old
Prosser Barricade on Hanford Route 10 (near the southern boundary of the Hanford
Site). The Prosser Barricade guardhouse is no longer present on Route 10,
but its former Tocation is roughly indicated by a parking area on the west
side of road. The monitoring site is located at 46° 23' 31" N latitude and
119° 24" 40“ W longitude. The elevation of the site is 480 ft (146 m) above
sea level.

The 30-ft instrumented tower is situated on a slight riss {a stabilized
sand dune} about 160 fi {50 m) west of parking area. An automatic air quality
sampler is operated near the base of the tower, Vegetation in the area is
dominated by desert grasses. Most of the local shrubs appear to have been
burned off by a brush fire that occurred several years ago. FPhotographs of
the site are presented in Figures 27-29.

The topography near the Prosser Barricade is composed of low, rolling
mounds and stabilized sand dunes. Slightly higher terrain is found to the
west, north, and east of the site.

To reach the monitoring site from Washington State Highway 240, turn
north onto Route 10 or turn northeast onto Horn Rapids Read. Horn Rapids
Road and Hanford Route 10 merge at about the halfway point between Highway
240 and the Prosser Barricade. The monitoring site is located to the west of
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the southern edge of the parking area about 0.9 mi (1.5 km} up the road from
Highway 230. The exact location of the Prosser Barricade monitoring site can
be found on the Horn Rapids Dam Quadrangle - Washington {1977 edition} USGS
7.5-Minute Series Topographic Map at UTHM coordinates: X = 314630 m E,

Y = 5140220 » M.

Emergency Operations Center Monitoring Site (EOCC « Site 2}

The Emergency Operations Center {EQC) monitoring site is located in the
old Ecology Reserve compound within the boundaries of the Arid Lands Ecology
(ALE) Project. The compound is on the east slope of Rattlesnake Mountain,
downhill and to the east of the Rattlesnake Mountain Observatory. The
monitoring site is at 46° 23' 33" N latitude and 119° 32' 10° W Jongitude.
The elevation of the site is 1240 ft (380 m) above sea level,

The monitoring site is situated in the northwest corner of the Ecology
Reserve compound approximately 300 ft {80 w] from a series of one-story
buildings located in this portion of the compound and about 1300 ft (400 n}
from the E0C. The tower is located at the edge of a large gravel parking Tot
cnly several meters from the compound’s fenceline, The vegetation past the
edge of the parking ot is dominated by desert grasses and sagebrush,
Photographs of the site are presented in Figures 30-32,

The elevation of the Jocal topography decreases smoocthly to the east
northeast, as the terrain slopes downward with a 5% grade. The EOC is Jucated
well to the east of the 30-ft tower near the entrance to the ecology reserve
compound.

Unlike most of the 30-ft towers, this site is not surrounded by vegetation.
covered ground. The large size of the gravel parking lot to the south and
east of the tower may affect temperature readings by the site's shielded (but
not ventilated) thermistors, Therefore, care must be taken when using
temperature data from this site,
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Access to ALE lands, including the EOC moniforing site, is restricted by
fences and locked gates. A gate key is required to enter the ALE reservation
and visit the EOC site. To reach the site from State Highway 240, proceed
west on Horn Rapids Road for about 1.5 mi (2.4 km) and then turn right {(north}
onto the ALE reservatfon and Rattlesnake Mountain access road. Very shortly
after turning onto the access road, a locked access control gate will be
encountered, Unlock the gate, drive through and re-lock ihe gate; then procesd
west and north for about 4.3 mi {7 km) [bypassing the turnoff to the Ratitlesnake
Mountain Observatory at 3 mi {5 km)] and turn left {west-southwest) at the
road for the EOC and the ecology reserve compound. Proceed straight on this
road to the west fence marking the end of the ecology reserve compound and
turn right (north). The monitoring site is straight ahead at the northwest
corner of the compound. The exact location of the monitoring site can be
found on the Iowa Flats Quadrangle - Washington {1974 edition} USGS 7.5-Minute
Series Topographic Map at UTM coordinates: X = 305020 m E, ¥ = 5140570 m N,

A substantial number of animal bones 1itter the ground near the base of
the 30-fl tower. We have been assured that these bones are not the remains
of visiting instrument technicians or meteorpologists but of elk that expired
of aatural causes on the ALE reservation (the bones were collected for study
by ALE scientists and later deposited at the corner of the compound).

Franklin County Monitoring Site {FRHK - Site 15)

The Franklin County monitoring site is located outside of the Hanford
Site on the east side of the Columbia River. The site is located just over 4
mi {6 km} north-northeast of the 300 Area and about 1.2 mi {2 km) east of the
Columbia River. The monitoring site is at 46% 25' 3" N latitude and 115° 14
12" W longitude. The elevation of the terrain on the east side of the Columbia
River is significantly higher than on the west gide of the river; the elevation
of the monitoring site is 875 ft (267 m) above sea level.

The Frarnklin County monitoring site is situated in an agricultural area
aof alfalfa fields and orchards., The 30-ft tower is located several feet north
of a gravel road that runs east-west from a county road {Cottonwood Drive) to
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a farm house. A short dirt road that parailels the gravel road is several
feet north of the 30-ft tower. Apple orchards border the roads; the ¢losest
trees are about 30 to 65 ft (10 to 20 m} from the tower, The rows of apple
trees are perpendicular to the roads. On the south side of the gravel road,
there are about four trees per row. The rows an the north side of the dirt
road have substantially more {rees. The trees are currently about 9 to 13 ft
{3 to 4 m) tall, The trees should have some impact on the meteorslogical
parameters measured on the tower. This impact should be greatest during the
warm season when leaves are on the trees and should become mare sigoificant
as the trees increase in size. Photographs of the site are presented in Figures
33-35.

The topography near the site is flat, although the elevation of the terrain
increases slightly to the west., Rankin Canyon is Tocated about 0.3 mi
{0.5 km} to the west of the site, but the steep slope of the canyon's walls
cannot be seen from the base of the 30-ft tower. Sparse grass grows up through
the sandy soil at the base of the tower. Some agricultural equipment (e.g.,
irrigation pipes, tractor accessories, chemicals} were stored near the tower
during our inspection of the site.

Exit at Road B8 to reach the monitoring site from Highway 182 in west
Pasco. Proceed north on Road 68 for just over 3 mi (5 km) to the intersection
of Taylor Fiats Road. Proceed north on Taylor Flats Road for just over 8 mi
(13 km}, then turn left {west) onto Dogwood Road. Proceed west for about
1.6 mi {2.6 km) until the road ends at the intersection with Cottonwood Drive.
On the west side of Cottonwood Drive, Just north of the intersection with
Dogwood Road, a gravel road continues to the west (after briefly turning south
to cross an irrigation canal). Take this road west for about $.3 mi (0.5 km}
to reach the 30-ft tower. The exact Tocation of the Franklin County monitoring
site can be found on the Mathews Corner Quadrangle - Washington (1975 edition}
UsGS 7.5-Minute Series Topographic Map at UTM coordinates: X = 328090 m £,

Y = 514265G = N.
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Ringold Monitoring Site {RING - Site 17)

The Ringold monitoring site is outside of the Hanford Site on the east
side of the Columbia River. The site is located at the intersection of Rickert
Road ind Ranger Drive about 2.2 mi (3.5 km) east of the Columbia River and
2.5 mi (4 km) north-northeast of the Ringold fish hatchery. The monitoring
site is at 46° 32' 42" N latitude and 119° 14' 13" W longitude. The site is
located in a northeast-southwest oriented valley at an elevation of 620 ft
(190 m) above sea level. The elevation of the terrain on the northwestern
rim of the valley, 0.7 mi (1.2 km) from the site, exceeds 900 ft (270 m) above
sea level. The elevation of the terrain on the southeastern rim of the valley,
1.5 mi (2.4 km} from the site, exceeds 850 ft (260 m) above sea level.

The Ringold monitoring site is situated in an agricultural area, on sandy
soil, near the intersection of two roads. An irrigation canal passes a short
distance from the tower. Several automatic air quality samplers are operated
near the base of the tower. Cultivated fields are located to the east across
Rickert Road. Other fields are located to the west of the site with tall
vegetation growing in the summer between these fields and the 30-ft tower
(fed by irrigation water from the fields and the irrigation canal). The
vegetation on the dry soil near the base of the tower consists of desert
grasses. Photographs of the site are presented in Figures 36-38.

About 230 ft (70 m) to the north-northwest of the site is located a "v-
shaped” 1ine of about 65 ft (20 m)} tall Poplar trees. These trees form a
wind break for a farm house and may, under some conditions, impact the winds
measured on the 30-ft tower. The varying vegetative cover of the agricultural
lands around this site should also have some impact on the meteorological
measurements.

The local topography increases in elevation to the northeast (up-valley)
and northwest (toward the valley rim). To the southwest, a hill in the middle
of the valley splits the valley in half before it reaches the Columbia River.
There are a few small-scale undulations in terrain height within the valley;
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however, changes in elevation are so gradual and uniform that the valley floor
appears flat,

To reach the monitoring site from the intersection of Taylor F’ats Road
and Ringold Road [Just over 16 mi (25 km) north of Highway 182 {in west Pasco)
on Road 68 and Taylor Flats Road], proceed west on Ringold Road for just over
8.4 mi (0.6 km} and turn northwest onte Eltopia Road. Follow Eltopia Road
down inte the Ringoid Valley, where the road turns into Rickert Road, for
ahout 5 mi {8 km). The monitoring site will be visible near the left {west)
side of the road just south of the iatersection with Ranger Orive. The exact
location of the Ringold monitoring site can be found on the Basin City
Quadrangle ~ Washington (1985 edition) USGS 7.5-Minute Series Topographic Map
at UTM coordinates: X = 328560 = E, Y = 5156830 m K.

Sagehill Monitoring Site {SAGE - Site 18)

The Sagehil] monitoring site is outside of the Hanford Site on the east
side of the Columbia River. The monitoring site is on Mountain Vista Road,
near an elecirical substation, at a point about 7 mi {11 km} east of the
100-F reactor, The site is at 46° 39' 21" N latitude and 119° 17' 58" W
longitude, The site is Jocated on the Sagehill Piateau at an elevation of
990 ft (300 m) above sea level.

The Sagehill monitoring site is situated in an agricultural area, on
sandy scil, between Mountain View Road and the local electrical substation,
The substation is survounded by a chain link fence that should have a negligible
jmpact on meteoroiogical monitoring at this site. An automatic air quality
sampler is operated about 30 ft (9 m} from the base of the tower toward the
substation,

The vegetation near the base of the tower consists of desert grasses and
short brush. Cultivated fields are located several hundred meters to the
south and west of the 30-ft tower. Less than 650 ft {200 m} west of the
monitoring site, a stand of trees provides a windbreak and shade for a famm
house. About 1000 ft (300 m) west of the site is a lengthy row of mature
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poplar trees. Under selected meteorclogical conditions, this line of trees
might have a slight impact on wind measurements at the monitoring site.
Photographs of the site are presented in Figures 39-41,

The terrain in the immediate vicinity of the site is flat. The nearest
significant change in elevation begins at a point 0.4 mi {0.6 km) north of
the site where the north slope of the Sagehill Plateau begins a 200 ft {60 m)
descent. The western siope of the Sagehill Plateau begins its descent aboat
8.6 mi {1 km} west of the site. There are no significant terrain features
within several kilometers to the east or south of the site,

To reach the monitoring site from the intersection of Sagehill Road and
Basin Hill Road{a), proceed north for 2 mi (3.2 km} on Sagehill Road, Turn
left {west) on Hollingsworth Road and proceed west for 2 mi (3.2 km) to the
end of the road. Turn left {south) onto Wahluke Siope Road and proceed for
1 @i (1.6 km}. Turn right {west) onte Hollingsworth Road (which resumes at
this point) and proceed west for 4 mi (6.4 km} to the end of the road. Turn
right {north} onto Mountain Vista Road and proceed north for about 3.5 mi
{5.6 km)., The 30~ft tower is located approximately 50 ft (15 m} east of the
road near the electric substation. The exact location of the Sagehill
monitoring site can be found on the Manford HE Quadrangle - Washington {1988
edition} of the USGS 7.5-Minute Series Topographic Map at UTM coordinates:

X = 324070 m E, ¥ = 5169270 m N.

WNP-2 Monitoring Site {WPPS - Site 14)

The Washington Nuclear Power Plant Z {WNP-2) monitoring site is located
about ¢.4 mi (0.5 km} west of the WNP-Z reactor building. The 30-ft tower at
this site is located about 120 ft (35 m) west of WNP's 200-ft instrumented
tower, which is not part of the Hanford Meteorology Monitoring Program. The

{a) This intersection is located just over 1 mi {1.6 km) west of Basin (ity.
Basin City can be reached by several different routes from the Pasco
area. Basin City is located 7 mi {11 ¥km} west of Mesa on Route 170
{Basin Hill Road;.
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monitoring site is at 46° 28' 12" N latitude and 119° 20° 34" W Jongitude.
The elevation of the site is 450 ft {140 m) above sea level,

The 30-ft tower is located on sandy soil about 50 ft {15 m) from the end
of the gravel service road for the 200-f{ tower. The topography in the
immediate vicinity of the monitoring site is flat, but stabilized sand dunes
are located within several hundred meters of the site. The vegetation in the
area is dominated by desert grasses. Photographs of the site are presented
in Figures 42-44,

To reach the monitoring site from the Hanford Route 45, take the exit
for WNP-2 and proceed northeast for about 1.3 mi {2 km). Turn left {west} at
the gravel access road that leads to the 200-ft and 30-ft towers. The exact
Tocation of the WHP-2 monitoring site can be found on the Wooded 1sland
Quadrangle - Washington {1978 edition} USGS 7.5-Minute Series Topographic Map
at UTM coordinates: X = 320150 m E, Y = 5148710 m N.

Wye Barricade Monitorimg Site {WYFB - Site 12}

The Wye Barrvicade monitoring site is located just west of the ¥Wye Barricade
guardhouse on Hanford Route 45. The monitoring site is at 46° 28' 58" ¥
latitude and 119° 23* 34" W longitude. The elevation of the site is 550 ft
{170 m} above sea level.

The 30«fl tower is Tocated about 260 i (80 m} west of the guardhouse on
the top of a stabilized sand dune. Several automatic air quality samplers
are operated near the base of the tower. A gravel road that paraliels the
highway lies between the monitoring site and the guardhouse., Because of its
position on top of a sand dune, the base of the 30-ft tower is about 10 to
13 ft {3 to 4 m} above the level of the grave) road and the highway., There are
no significant terrain features in the vicinity of this monitoring site;
however, low, stabilized sand dunes characterize the terrain to the scuthwest
of the site.
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The vegetation in the area consists predominately of desert grasses and
brush. The vegetation near the base of the 30-ft tower is less dense than at
most of the other sites; there are areas on the sand dune that have no
vegetation, Blow-out formations are present on the southwestern flank of the
sand duns. fPhotographs of the site are presented in Figures 45-47.

To reach the monitoring site from Hanford Route 45, check in at the Wye
Barricade guardhouse and pull off to the west side of the road. Extreme care
should be taken if one chooses to drive up the side of the sand dune to the
base of the tower. A vehicle not equipped with four-wheel drive is best left
on the nearby gravel road. The exact location of the Wye Barricade monitoring
site can be found on the Horn Rapids Dam Quadrangle - Washington (1977 edition)
USGS 7.5-Minute Series Topographic Map at UIM coordinates: X = 316380 m [,

Y = 5150170 m H.

Gable Mountain Monitoring Site {GABL - Site 16)

The Gable Mountain monitoring site is located at the eastern summit of
Gable Mountain. The site is located at 46° 35' 53° N latitude and 119% 27°
36" W longitude. The elevation of the site is 10858 ft {331 m) above sea level,

The summit is "Tittered" with various types of towers and power poles.

The 30-ft instrumented meteorological tower is Tocated about 30 ft {9 m) to
the west of the small [approximately 13 ft by 20 ft {4 m by 6 m)], short

[10 ft {3 m)], cinderblock building at the susmit, A tall utility-type pole
with a diameter of about 2 ft (0.6 m), is located near the southwest corner
of the building. The soil at the summit of Gable Mountain is rocky. Sparse
grasses and small shrubs grow on the summit of the mountain., Photographs of
the site are presented in Figures 48.50.

To reach the monitoring sife from the Wye Barricads, proceed north on

Hanford Route 25 for about 6.5 mi {10.5 km). At this point, take the Jeft
foark in the road as it splits intc westbound Hanferd Route 11-A and northbound
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Route 2N. Proceed west on Highway 11-A for about 3.3 mi (5.3 km} and turn
right (north} onto the grave! road that heads straight toward the wmountain.
Proceed on the gravel road for 2.1 mi (3.4 km} as i1 approaches the mountain
and winds its way up to the summit. The exact location of the Gable Mountain
monitiring site can be found on the Hanford Quadrangle - Washington (1986
edition) USHS 7.5-Minute Series Topographic Map at UTM coordinates:

X = 311590 m £, ¥ = 5163230 m K.

Edna Monitoring Site {EDNA - Site 5}

The Edna sonitoring site is located just east of Highway 2N about 6.5 mi
{0.8 km) west of the remains of the Hanford townsite's old school. The name
of the monitoring site is taken from the "Edna® railroad crossing, which is
Tocated about 0.6 mi {1 km) west of the site, The site is at 46° 35" 15* N
latitude and 119° 23' 50% ¥ longitude. The elevation of the site is 410 ft
{125 m) above sea level.

The 30-ft tower is located near the remains of the foundation of a small
building and about 30 ft {9 m) from a line of gravel mounds that have a maximum
height of sbout 6 ft (Z m}. The mounds flank an abandoned gravel pit. The
topography of the area is flat. The base of the tower is on a surface of
compacted sand and rock. Vegetation in the area is dominated by desert grasses
with some shrubs. To the east and south, scattered trees mark the location
of the old Hanford townsite. Photographs of the monitoring site are presented
in Figures 51-53.

To reach the monitoring site from the intersection of Hanford Route 11-A
and Route 2N, proceed north on Route 2N for about 0.7 mi (1.1 km). Turn right
{east) onto the road that heads toward the remains of the old Hanford townsite
school, About 300 ft (30 m) east of Route 2N, turn right (south} and head
toward the 30-ft tower. The éxact location of the Edna monitoring site can
be found on the Manford Quadrangle - Washington (1986 edition) USGS 7.S5-Minute
Series Topographic Map at UTM coordinates: X = 316350 m E, ¥ = 5161910 m .
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Wahluke Monitoring Site {WAHL -~ Site 8)

The Wahluke monitoring site is northwest of the Hanford Site about
3.8 mi (6.1 km) east of the Mattawa turnoff from Highway 243 and 3 mi (4.8 km)
east of the town of Mattawa., The site is at 46° 44' 7* N latitude and 119°
50' 11" W longitude near the southern slope of the Saddle Mountains at an
elevation of BSS ft {260 m} above sea lsvel,

The Wahluke site is situated in an agricultural area of fields and
orchards. The 30-ft tower was erected about 0.1 mi (0.2 km) south of the main
road on the south side of a storage building. The building is about 23 ft
{7 m) tall, 30 ft {9 m} wide, and 100 ft (30 m} long. The site's anemometers
are mounted about 7 ft {2 m} above the peak of the building's roof. The
temperatyre sensor is positioned about 2 ft {0.6 m) away from the south wall
of the metal building. The base of the tower sits on a gravel driveway.
About 200 ft (60 m) to the east of the tower, a line of trees extends to the
north and south. These trees, planted as a wind break for the farm house and
supply buildings at the site, are approaching about 50 ft {15 m} in height.
To the south of the monitoring site is a Targe irrigation pond, Photographs
of the site are presented in Figures 54-%6.

The topography in the area around the site is flat. The base of the
south slope of the Saddle Mountains begins about 1.2 mi (2 km) to the north
of the site. Less significant changes in elevation are further away in all
other directions.

For sites not on U. 5. government property, the permission of the property
owner is required to ersct a meteorological tower and hook up to the owner's
electrical power. Because of this constraint, great difficulty was experienced
in finding a suitable location for the Wahluke monitoring site, The location
finally seiected was not optimal from a meteorological standpoint. As a result,
extreme care must be taken when using the data collected from this site. The
wingds measured on the tower are frequently impacted by the large storage
building adjacent to the tower, In addition, winds are impacted, especially
during the warm seasons, by the dense windbreak planted a short distance to
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the gast. Temperature readings at this site are also impacted by the proximity
of the temperature sensor to the south wall of the metal building and by the
gravel surface of the driveway {as opposed to the sandy soil and desert grasses
at most other sites) at the base of the tower.

Yo reach the sonitoring site from Highway 243, take the Mattawa exit,
Proceed east for 3.8 mi (6 km) through the town of Mattawa and into the
agricultural area to the east. Turo right {south) onto the gravel road (to
the east of the irrigation canal) that leads down the line of poplar trees
toward the monitoring site. The site is hidden from view as one drives the
0.1 mi (0.2 km} down this road to the south side of the metal storage building.
The exact location of the Wahluke monitoring site can be found on the Priest
Rapids NE Quadrangle - Washington (1986 edition} USGS 7.5-Minute Series
Topographic Map at UTH coordinates: X = 283290 m E, ¥ = 5179430 a K.

Rattlesnake Springs Monitoring Site {RSPG ~ Site 4)

The Rattlesnake Springs monitoring site is east of Highway 240 on the
Hanford Site's ALF Reservation. The site is located 0.4 mi (0.5 km) east of
the eastern edge of the Yakima Ridge and 1.6 mi (2.6 km) southwest of gate
218 on Highway 240. The site is at 48° 30' 22" K latitude and 119° 41' 58" W
longitude. The elevation of the site is 680 ft (207 m) above sea level.

In addition to the standard wind and temperature measurements made at
the monitoring sites, precipitation is also measured at this site, A Weather
Measure PS01-T automatic tipping rain gage is situated 3 ft (1 =) from the
base of the tower. A rain collector that does not have an automatic recording
device and must be manually checked is deployed a short distance south of the
tower,

Topography should have 3 strong influence on the metegrological parameters
measuyred at this site, Winds at the site are channeled by the Yakima Ridge
that lies to the west and northwest. The site is Tocated near the mouth of a
valley that descends from west to east between the Yakima Ridge (to the north)
and the Rattlesnake Hills {to the south). The valley is not symmsetrical;
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most of the valley is composed of a 2° slope that descends from the south to
meet valley's steep northern slope. Dry Cresk runs along the floor of the
valley just south of the steep northern slope. The monitoring site is located
near Dry Creek and is, therefore, subjected to diurnal drainage flows along
the valley floor. Winds and temperatures at the site may also be impacted by
drainage flows that may develop within the Cold Creek Valley to the east.

The vegetation near the base of the tower consists of desert grasses and
shrubs. The dense Ting of short trees and shrubs that run along the Tine of
Rattlesnake Springs and Dry Creek should not impact the winds at the site to
any significant degree. Photographs of the site are presented in Figures 57~
59.

Access to ALE lands, including Rattlesnake Springs monitoring site, is
restricted by fences and locked gates. A gate key smust be obtained and used
to enter the ALE reservation and visit the monitoring site. In addition, the
road to the site crosses the creek into which the Rattlesnake Springs flow.

A four-wheel drive vehicle with a high suspension may be needed to ford the
creek,

To reach the site, take Highway 240 to gate 218{8), This gate is located
on Highway 240 about 5.5 mi (8.9 km} south of the intersection of the highway
and Hanford Route 11-A {near the Yakima Barricade}. Unlock the gate, drive
through and re-lock the gate; then proceed southwest on this road for about
1.7 mi (2.7 km}. At this point, the road turns perpendicularly toward the
creek into which the local springs flow, If the creek can be successfully
forded, continue forward for about 300 ft (S0 m). The road will intersect
ancther gravel road. Turn right {west} and proceed ahead for about 150 ft
{35 m), then turn left (south) onto the path that leads the 150 ft (45 m) to
the base of the 30-ft tower. The exact location of the Rattlesnake Springs
monitoring site can be found on the Riveriand Quadrangle - Washington

fa) Gate 218 is on the west side of the highway; gate 118 is the
corresponding gate on the east side of the highway.
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{1986 edition) USGS 7.5-Minute Series Topographic Map at UTM coordinates:
X =2682840 m E, Y = 5163600 m N,

Army Loop Road Monitoring Site [ARMY -~ Site 3}

The Army Loop Road monitoring site is located about 4 mi (6 km) south of
the 200 East Area and about 1 mi {2 km) northeast of Highway 240, The 30-ft
tower is positioned 100 Tt {30 =) south of Army Loop Road about 1 mi {2 km)
east of Goose Egg Hill, The site is at 46°% 29' 19" N latitude and 119° 32¢
£3* W longitude. The elevation of the site is 865 ft {170 m) above sea level.

The monitoring site is located on flat terrain that slopes gradually
toward the fioor the €old Creek Yalley to the southwest. An automatic air
guality sampler is operated near the base of the tower., An interesting
topographic feature located near the site is Goose Egg Hill., This small hill,
about a mile west of the site, rises only about 60 ft (18 m} ahove the
surrounding terrain. When viewed from above it s decidedly egg-shaped, from
the side it looks something like a pyramid. This feature should have a
negligible impact on metecrological monitoring, but it is a good landmark for
locating the site.

There is sparse vegetation on the sandy, rocky soil nmear the base of the
tower., The tower sits on the east end of a 50-ft {15-m) diameter gravel pad
that has been denuded of vegetation. CQutside this immediate area are desert
grasses and shrubs. Photographs of the site are presented in Figures 60-63.
To reach the site from the intersection of Hanford Route 11-A and Route 6,
procesd south on Route 6 (which becomes Army Loop Road) for 10 @i (16 kmj.

At the intersection with the road that heads north along the east side of the
200 West Area, take the right fork and continue to the east. The 30-ft tower
is on the south side of the road about 3.3 mi (5.3 km)} east of the fork in
the road. The exact location of the Army Loop Road monitoring site can be
found on the lTowa Flats Quadrangle - Washington {1974 edition} USES 7.8-Minute
Series Topographic Map at UTM coordinates: X = 304450 o E, Y = 8151270 m A,
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Yakima Barricade Monitoring Site {YAKB - Site 10}

The Yakima Barricade monitoring site is a short distance from the Yakims
Barricade guardhouse. The Yakima Barricade is located near the intersection
of Hanford Route 11-A aid State Highway 240 at the western edge of the Hanford
Site. The monitoring site is at 46% 34' 41" N latitude and 119° 43 30" W
longitude. The elevation of the site is 785 ft {240 w) above sea level.

The 30-ft tower is Tocated about 230 ft (70 m) north-northeast of the
guardhouse within the boundaries of the Hanford Site. A dirt road leads past
a shed to the base of the tower. An array of automatic air quality samplers
is deployed around the tower. In addition to the standard wind and temperature
measurements made at the wonitoring site, precipitation i3 also measured. A
Weather Measure P501-1 automatic tipping rain gage is deployed about 15 ft
{5 m} away from the base of the tower.

This site is Tocated on the 200 Area Plateau. The southern edge of the
plateau is just over 0.6 mi (1 km) south-southeast of the site. Higher terrain
is located just over 0.6 mi (1 km) to the west of the site. There are no
major topographical features in the immediate vicinity of the site, The
vegetation in the area consists of desert grasses and shrubs, Photographs of
the site are presented in Figures §3-65.

To reach the monitoring site from the Hanford Site side of the Yakima
Barricade, twrn north by the brown shed located to the northeast of the
guardhouse and proceed north on the dirt road for about 70 ft (20 m). The
exact location of the Yakima Barvicade monitoring site can be found on the
Riverland Quadrangle - Washington {1386 edition} USGS 7.5-Minute Series
Topographic Map at UTHM coordinates: X = 281200 m E, ¥ = 5161670 m H.

200 East Mopitoring Site {(200f -Site B)

The 200 East monitoring site is located within the confimes of the 200
East Area. The monitoring site is about 0.4 mi {0.7 km) vorth of the Pluton-
fum Uraniup Extraction {Purex) Plant. An individual must have a Hanford
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security badge with 200 East Area access to visit this site. The site is at
46° 33* 23* N latitude and 118° 31' 14" ¥ longitude. The elevation of the
site is 680 ft (205 m) ahove sea level.

The 30-Tt tower is located about 100 ft {30 m} south of 7th Street at a
point about 0.85 mi {1.4 km) east of Baltimore Avenue. The Critical Mass
Laboratory is about 0.25 mi (0.4 km) to the west of the site. A waste storage
tank farm is located a short distance to the northeast, An above-ground steanm
1ine runs between 7th Street and the 30~ft tower. The tower is within a
radiation contamination zone; the zone begins just south of 7th Streel and
includes the steam line and the land sputh. Therefore, direct access to the
tower and its instruments are severely restricted, although the tower can be
safely viewed from 7th Street.

The topography within the 200 East Area is flat, The impact of 200 East
buildings on the winds measured at the monitoring site shouwld be negligeable.
Temperatures recorded at this site may be affected by the reduced amount of
veqetation and high percentage of cleared land {e.q., roads, gravel lots,
parking areas} present in the 200 East Area. Photographs of the site are
presented in Figures 66-88.

To reach the monitoring site from the west gate to the 200 East Area,
proceed east from the quardhouse for about 0.7 mi {1.1 km) to Baltimore Avenue.
Turn left {north} on Baltimore Avenue and proceed for about G.4 mi {0.6 km)
to 7th Street. Turn right {(east) on 7th Street. The 30-fi tower is to the
right (south) of the road about 0.85 mi {1.4 km} from the intersection of
Baltimore and 7th. The exact location of the 200 East monitoring site can be
found on the Gable Butte Quadrangle - Washington (1986 edition} USGS 7.5-Minute
Series Topographic Map at UTM coordinatess X = 306780 e £, Y = 5158730 m N.

30-FT INSTRUMERTED TOWER MONITORING SITES WITH BATTERY POWER

At present, battery powered monitoring sites are in operation at two
locations: the Vernita Bridge and 200 West monitoring sites. A third such
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site is planned for deployment in late 1988 or 1989 in the Beverly area;
additional monitoring sites of this type may be deployed in the future at
locations where AC power is not available. Each of the battery powered
monitoring sites is supplied with electricity from a deep-cycle 12-volt battery.
The battery is recharged using a Solarex Model MSX6 solar trickle charger,

The trickle charger uses a 36-Watt collection panel. Because of power
restrictions, an electrical heater cannot be used to warm the wind sensors in
freezing weather. As a result, slightly different monitoring equipment may

be used at this type of site.

Winds at each site are measured at 30 ft (9 m) above ground level using
either a Climatronics F460 or a R. M. Young wind sensor. Temperatures are
measured at 5.5 ft (1.7 m) above the ground using a Climatronics Fast Response
Air Temperature Sensor - Model 100093-3. The thermistors are protected from
direct and scattered sunlight by a naturally aspirated shield.

200 West Monitoring Site (200W - Site 7)

The 200 West monitoring site is currently located about 400 ft (120 m)
west of Hanford Route 6 and 2.4 mi (3.9 km) south of Hanford Route 11-A. The
site is several hundred meters outside the 200 West Area fenceline. The site
is at 46° 32' 35" N latitude and 119° 39' 41" W longitude. The elevation of
the site is 635 ft (195 m) above sea level.

The monitoring site is currently at its third location. Prior to 1985,
this site was located within the confines of the 200 West Area, at UTM
coordinates: X = 298350 m E, and Y = 5157400 m N. The tower was located
approximately 500 ft (150 m) west of the 242 S Building. The monitoring site
was removed from this location because of the potential for local meteoro-
logical interference from nearby buildings and trees, the site's proximity to
the HMS, and the need for data at the Basalt Waste Isolation Project's (BWIP)
exploratory shaft location (ESL). The monitoring site was transferred to a
location about 300 ft (90 m) west of the ESL. Prior to the spring of 1988,
when work was being conducted at the ESL, the monitoring site received AC
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power, With the termination of the BWIP, the ESL was closed, all eguipment
was removed, and operations began to restore the land to its original
condition, At this time, the monitoring site was moved several hundred meters
south-southeast to its present location and transformed for battery-powered
ocperation. At present, this site still uses the same Climatronics F460 wind
sensors that were used when the site received AC power.

The topography near the current location of the monitoring site {5 level;
there is only a 10-ft (3.m} variation in elevation within a mile of the site.
The tower has been erected on a gravel pad the extends from the nearby roadway
to the tower's location. The soil surrounding the site is very sandy with
desert grasses and sagebrush stabilizing the surface, Photographs of the
site are presented in Figures 63.71.

Te reach the monitoring site, travel about 2.5 mi {4 km} south on Hanford
Route B from the intersection with Route 11-A and turn west {right) onto the
paved road that intersects the highway. The 30-ft tower is on the north side
of this paved road, about 400 ft {120 m) west of the intersection with Route
&. The exact location of the monitoring site can be found on the Riverland
- Bridge Quadrangle - Washington {1986 edition} USGS 7.5-Minute Series Topographic
Map at UTM coordinates: X = 295830 m E, Y = 5157600 m E,

Vernita Bridge Monitoring Site {VERB - Site 25)

The Vernita Bridge monitoring site is located about 0.2 mi {0.3 km)
downriver (northeast} from the Vernita Bridge. The site is located just west
of the abandoned highway that runs north toward the Columbia River from Hanford
Route 6. The site is at 48° 38* 29" N latitude and 118° 43' 34" W Tongitude.
The elevation of the site 15 430 1 {130 m) asbove sea level.

Winds are measured at the top of the 30-ft tower using a R.M. Young Company
Wind Honitor - Model 05701, In this monitor, the wind sensor is a four<blade
propeller housed on the front end of a vane assembly. The higher mass of
this sensor, compired to the (limatronics FA60, makes it less likely to fail
due te icing in moist, freezing conditions,
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The tower is located about 400 ft {120 m) south of the Columbia River
and 50 ft {15 m) west of the roadway. The tower is situated on what used to
be a gravel parking Tot. The parking lot serviced a ferry terminal that has
been abandoned since the early 1840s. The parking lot is not easily recognizad;
sand and soil have been deposited on it, and weeds and brush have grown up
through the gravel., A small concrete building, populated by a colony of bees
when the site was inspected, is Tocated about 80 fi (25 m} east-northeast of
the 30-f{ tower. Photographs of the site are presented in Figures 72.74,

About 80 ft (25 m) north of the tower the local topography begins a
30-ft descent to the waters of the Columbia River. The terrain south of the
menitoring site rises gradually in elevation but appears quite flat, The
meteorology at this site should be strongly iafluenced by the Columbia River
and surrounding terrain. The vegetation in this area is dominaled by desert
grasses. A few rugged trees still grow near the site but should not impact
meteorological measurements.

Travel north on Route 6 to reach the Vernita Bridge monitoring site from
the intersection of Hanford Route & and Hanford Route 11-A. Take Route b
past the turnoff for the B Reactor and continue worth on the wamaintained
portion of the highway. Follow the highway as it turns io the west., A four-
wheel drive vehicle with a good suspension is recommended; reduce speed and
carefully watch for potholes. About 300 ft {90 m) east of the Tocked gate
that restricts access to the Hanford Site from Washington State Highway 240,
Route 6 turns toward the north. Proceed north for about 0.4 mi (0.6 km): the
30«ft tower will be visible on the west side of the road near the end of the
old highway, The exact location of the monitoring site can be found on the
Vernita Bridge Quadrangle - Washington {19856 edition) USGS 7.5-Minute Series
Topographic Map at UTM coordinates: X = 291360 m E, Y = 5168710 m N,

MONITORING SITES WITH SPECIAL CHARACTERISTICS

Meteorological monitoring is conducted at three sites that have special
characteristics. Two of these sites are at the top of unused airport control
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towers., The third site is on the crest of Rattlesnake Mountain at an elevation
of over 3500 ft (1070 m} above sea level,

At the airport sites, wind monitoring instruments are mounted on short
{astrument poles. The wind sensors al these two sites have recently been
changed from Weather Measure to Climatronics egquipment. The transition to
the Climatronics equipment was conducted in 1888. The new seasors are
Climatronics® F480 Wind Sensors. The wind direction sensors (P/N 100078) are
counterbalanced, l1ightweight vanes. The wind speed sensors {P/N 100078} are
three cup anemometers. The wind sensors are mounted on a 44-in, {11Z-cm)
crossarm (P/N 100487} attached to a short pole mounted on the roof of the
control tower. At present, heaters have not been deployed to prevent the
sensors from failing in moist, freezing weather,

The Neather Measure wind sensors that were used at the airport sites are
the Model w102 Cup Anemometer and Mode! W104-SC Lightweight Vane with sin-cos
potentiometers. These instruments were mounted on a 37-in. (92-¢m) c¢rossarm -
Model W1034. Heat tape had been used to prevent the instruments from failing
in moist, freeziang weather,

At the Rattlesnake Mountain monitoring site, instruments are mounted on
a 15-ft (5-m) metal pole. Winds are measured using a R. M. Young Company
Wind Moriitor - Model 05701, The higher mass of this type of sensor and the
heavy duty polypropylene propeller used io measure wind speeds make the
instrument more durable and dependable in the high-speed wind conditions
encountered at the site, 1In addition, instrument failure in moist, freezing
temperatures is much less likely using this type of unheated sensor. A seqgond,
stightly larger wind sensor is mounted on a shorter instrument pole only a
few meters from the 15-ft instrumented pole. This Second sensor provides
data only to the cbservatory and not tc the Hanford Meteorology Monitoring
Program, At each of these three special sites, temperatures are measured at
the monitering sites using a Climatronics Fast Response Air Temperature Sensor -
Model 100083-3.
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Rattlssnake Mountain Monitoring Site {RTMN « Site 20}

The Rattiesnake Mountain monitoring site is located near the Astroncmical
Observatory on the crest of Rattlesnake Mountain. The monitoring site is
about 230 ft (70 m) southeast of the southern-most observatory dome, The
site is located close to a U.5.6.S. Azimuth Marker at 46° 23! 40" N latitude
and 1i§f3§§&~4Qf W longitude. The elevation of the site is 3560 ft {1085 m)
above sea level,

Instruments at the site are mounted on a 15-ft pole that is sunk into a
concrete support platform on the crest of Rattlesnake Mountain, The surrounding
surface consists of rocks and gravel. Some desert grasses have established
themselves on the rocky summit. Desert grasses are the dominant vegetation
on both the east- and west~facing slopes of the mountain, Photographs of the
site are presented in Figures 78-77.

Access to ALE lands, including the Rattlesnake Mountain menitoring site,
15 restricted by fences and locked gates. A key is reguired to unlock the
gate that restricts access t¢ the Rattlesnake Mountain Observatory, EOC, and
ALE project land, To reach the site from State Highway 240, proceed west on
Horn Rapids Road for about 1.8 mi (2.4 km} and then turn right {north) onto
the ALE reservation and Rattlesnake Mountain access road. Yery shortly after
turning onte the access road, a lTocked access contrel gate will be encountered.
Unlock the gate, drive through, and re-lock the gate; then proceed west for
about 3 mi {5 km) and turn left (southwest) onto the observatory access road,
Proceed for about 5 mi {8 km) up the side of Rattlesnake Mountain; then turn
right to enter the main cbservatory complex. The monitoring site is located
about 230 ft (70 m) southeast of the southernemost observatory dome. The
exact location of the monitoring site can be found on the Iowa Flats Quadrengle
- Washington {1974 edition) VUSGS 7.5-Minute Series Topographic Map at UTM
coordinates: X = 300590 m £, Y = 5140920 m N,
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Pasco Airport Monitoring Site (PASC - Site 28)
i W 3

The monitoring site at the Pasco Airport is on the roof of the old contrel
tower on the east side of the airport., The lower levels of the old control
tower and adjacent building are used by Bergstrom Aircraft. The control tower
is approximately five storjes tall., The site is located at 46° 15’ 48" N
latitude and 119° 06' 18" W longitude. The elevation of the base of the contro)
tower is 410 ft {125 m) above sea Tevel.

The wind seasors are mounted at a height of about 5 ft (1.5 m) above the
roof of the control tower, roughly 70 ft (20 =} above the ground, An unheated
Weather Measure Corporation Model P501-I Tipping Bucket Rain Gage is also
deployed on the control tower roof. Air temperature i3 measured at a height
of 5.5 ft {1.7 m) above the ground on the north side of the control tower
building. Photographs of the site are presented in Figures 78-80.

To reach the site from 20th Avenue in Pasco, proceed north toward the
airport. Turn right {east) just prior to entering the airport and take the
airport servige road Tor about 0.8 mi {1.3 km) around the south side of the
airport. Turn Jeft {north) at the stop sign and proceed north-northwest for
about 0.3 mi {0.5 km). The control tower is on the left (west} side of the
road on the airport side of the Bergstrom Aircraft hanger. Bergstrom afrcraft
personnel will escort visitors to the stairways used to reach the {rapdoor
teading to the roof of the control tower., A 4 to 5 ft {1.2 to 1.5 m} high,
weather beaten, moth eaten, stuffed doy guards the roof from his perch several
feet away from the wind sensors. The exact location of the monitoring site
can be found on the Glade Quadrangle - Washington {1979 edition) USGS 7.5-
Minute Series Topographic Map at UTM coordinates: X = 338000 w E,

Y = 5125250 m N.

Large aircraft hangers are located to the south of the control tower.
The size and location of these buildings could impact the winds measured on
the control tower under some circumstances.
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Richland Airport Monitoring Site {RICH ~ Site 18}

The monitoring site at the Richland Airport is on the roof of the old
control tower on the south side of the airport. The airport is located to
the northwest «f the main portion of the city, separated from the city by the
Bypass Highway. The site is located at 46% 18' (4" N latitude and 115° 18°
01" W longitude. The elevation of the base of the control tower is 380 ft
(120 m) above sea level.

The wind sensors are mounted about 10 ft (3 m) above the roof of the
control tower at about 40 ft (12 m) above the ground. Air temperature is
measured at a height of 5.5 ft (1.7 m} above the roof of the control tower on
2 short instrument tower at the northern edge of the reof. The dimensions of
the control tower roof are roughly 30 ft (9 @} by 30 ft (3 m). Aircraft hangers
are located to the south of the control tower. The size and location of these
buildings could impact the winds measured on the control tower under some
circumstances. Wind sensors for airport use are mounted on the hanger
immediately south of the control tower. These sensors are not maintained,
and their data are not accessed by the Hanford Meteorology Monitoring Program.
Photographs of the site are presented in Figures 81-83.

To reach the site, take the Richland Airport exit off of the Richland
Bypass Highway. Proceed for just under 0.2 mi {0.3 km} from the Bypass Highway
and turn right {north) toward the control tower. The tower is owned by the
Port of Benton and the Tower level is used by the Airborne Express (ompany;
access to the stairs Jeading to the observation level of the control tower is
through the Airbarne Express office. A ladder on the cutside of the observation
Tevel must be climbed to reach the control tower roof. A key is reguired to
open the lock on the door that leads to the cutside observation deck. The
instrumenis technicians at the HMS should have a copy of this key or the door
can be unlocked by Port of Benton maintenance personnel. The exact location
of the monitoring site can be found on the Richland Quadrangle - Washington
(1978 edition) USGS 7.5-Minute Series Tepographic Map at UTM coordinates:

X = 322860 m E, Y = 5129860 m M.
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ADDITIONAL INFORMATION AND TECHNICAL SPECIFICATIONS FOR XEY IMSTRUMENTATION

In this section of ihe report, additional information and the technical
specifications for key instruments used in the Hanford Meteorclogy Monitoring
Frogram arg presented, :

HIND SENSORS

Four different types of wind sensors are currently being used in the
Hanford HMeteorology Monitoring Program: Climatronics F480, weather Measure,
Weathertronics Micro Response, and R. M. Young sensors, Bendix sensors werg
used for many years on the 410-ft tower but have been replaced by the
Weathertronics eguipment.

The {limatronics F460 Wind Speed Sensor (P/N 100075) and Wind Direction
Sensor (P/N 100078) are currently being used, or scom will be installed, on
ail 200~ft, 40-ft, and Al-powered 30-ft towers. The wind speed sensor is a
light-weight three«cup anemometer. A LED photochopper device and a 30-hole
photochopper are used to output a 2.0-volt peak-to-peak AC signal, The
frequency of the signal is directly proportional to wind speed., The wind
direction sensor measures wind direction using a counterbalanced, arrow-shaped
vane. A constant le-volt potential is applied to a potentiometer {variable
resistor) attached to the shaft of the wind vane, The potentiometer is used
to output a variable magnitude OC voltage that is dirvectly proportional te
wind direction. Techmical specifications for the Climatronics wied sensors
are provided in Tabkles 2 and 3.

Weathertronics Micro Response Wind Sensors are installed on the 410-ft
instrumented tower at the HMS. The Meathertronics winds sensors replaced the
Bendix sensors that operated on the tower from 1958 to 1982, The Weathertronics
Micro Response Anemometer - Model 2030 is a three-cup anemometer., A LED
photochopper device and a 3-hole photochopper are used to output a 4-volt
peak~to-peak AL signal. The frequency of this signal is proportional to
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TABLE 2.

Technical Specifications for the Climatronics FAG0 Wind Speed Sensor

P/N 100075,

Accuracy
Threshold covsuniiveniess. P
Distance Constant
Operating Range ....ccvvvennne
Qperating Temperature ,.......
Maximum Diameter .. ..iiicnnnas

Turning Radius

3
%ﬁ}ght IR R N RN NI EEE XN

Technical Specifications for the

Sensor P/N 100076,

ACCUTALY eve.. shratcocesesans .
Threshold .c..vnvsunvans R
Distance Constant ...... reveaese
Damping Ratio ...ovvevnnnrcrnes

Q?&rating Raagﬁ EIE B B B B R N B
Operating Temperature

FE AL NN TS

Maximum Diameter ....cccvvanne.

FABHPP PN

Weight

+0.15 mph (0.07 m/s} or =1%
0.5 mph {0.22 m/s}

8.0 ft (2.4 m) of air max.
0 to 125 mph {0 to 56 m/s)
«40% to 140°F (-40° to 60°C)

2.25 in. {5.7 cm)
11.5 in. {29.2 cm)
3.78 in. (9.5 cm)
< 2 15 {0.9 kg)

Climatronics F480 wind Direction

x2”

0.5 mph {0.22 m/s)

3.7 ft {1.1 m) of air max.

3.4 at 10° initial angle of attack
6° to 360°

-40° to 140°F (-40° to 60°C)

2.25% in. {5.7 cm)

11.5 in. (29.2 om}

16.5 in. {41.9 cm)

< 2 1b {0.9 kg}



wind speed, The Weathertronics Micro Response Vane - Medel 2020 measures
wind direction using a cpunterbalanced, arrow-shaped vane. A constant 5.volt
potential is applied to a wire-wound potentiometer attached to the vane shaft.
Instrument cutput is a variable magnitude 0C voltage that is proportional to
wind direction. Technical specifications for the Weathertronics wind sensors
are provided in Tables 4 and 5.

Weather Measure wind sensors have been deployed on AC-powered 30-ft towers
since the tate 1970s. These wind sensors are being replaced on the towers
with Climatronics F460 wind sensors: the last Weather Measure wind sensor
should be replaced befare October 1988, The Weather Measure Cup Anemometer -

Model WIC3 uses a three-cup anemometer and a high-speed tachometer. The
tachometer consists of an oscillater, a iransmitter, and a receiver. A 14-
notched disc connected to the anemometer shaft is located between the
transmitter and receiver., A 12-volt square wave is produced as each notch
rotates past the transmitter and receiver, The output from the receiver is a
pulse train at a frequency of 14 pulses per revolution of the disc. The Weather
Measure Lightweight Vane - Model Wi04-5C, measures wind direction using a
counterbalanced, arrow-shaped vane, A constant voltage is applied to a sin-
cos potenticmeter that is attached to the shaft of the vane. Output from the
potentiometer is in the form of a variable magnitude BC voltage that is
proportional to wind direction. Technical specifications far the Weather
Measure wind sensors are provided in Tables 6 and 7.

At the Rattlesnake Mountain and Vernita Bridge mwonitoring sites, R. M.
Young Wind Monitors are used to measure wind speed and direction. The R. M.
Young instruments are shaped like an airplane fuselage. A propeller is
mounted on the front of the fuselage of the vane asssambly. The rotation of
the propeller induces a current in a stationary coil inside the housing of
the fuselage via the six-pole magnet attached to the propeller shaft. Output
is a 2-volt peak-to-peak AC signal; the frequency of which is proporticnal to
wind speed. Wind direction is determined by the R. M, Young sensor by
applying a constant l-volt potential to a wire-wound potentiometer that is
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TABLE 4.

TABLE 5.

Technical Specifications for the Weathertronics Model 2030 Micre

Response Anemometer.

BCCUTACY sesvsasnnsssssrsnsnnas
Threshold PR
Distance Constant ....... veaas
Operating Rang® ...ivvrvvessees
Operating Temperature .........
Diameter
Height (. ...vvvvnen.. Vabsrenana
Turning Radius .vvvcevnnmanneas

Weight/Shipping Weight.........

Technical Specifications for the

Response Vane,

LR R R EEEER]

ACCUTACY cosvsrnonens
Resolution .ccavvues fateerarus
LEILICES (3 1+ IR R
Damping Ratio .......... brreren
Delay DIstance co.cusuvrrornnss
Qperating Temperature .........
Diameter ..vcevvonne
Height covevnrnenes cesvarrzerre
Turning Radius (i vvienananncen

Weight/Shipping ¥eight.........
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21,15 mph (0,07 m/s) or al%
0.5 mph {0.22 m/s)

5 ft (1.5 m)

0 to 100 mph {0 to 45 w/s)

-40° to 140°F {-40° to 60°C)
2.75 in. (7.0 ¢m}

12 in. {30.5 cm)

3.8 in, (9.7 cm}

2.5 16 {1.1 kg} 7 7 b {3.2 kg}

Weathertronics Model 72020 Micro

22"

<1%

8.5 mph (0.22 /s)

0.4

3.5 ft {1.07 m)

-40° to 140°F (-40° to 60°C)
2.75 in. {7.0 cm)

12 in. (30.5 om)

18 in. {45.7 cm)

2.5 1b (1.1 kg) / 7 1b (3.2 kg)



TABLE 6. Technical Specifications for the Weather Measure Model W103 Cup

Anemometer

ACCUTACY 4rssvovnes faaasanne oo 0,15 mph (0.07 ®fs) or 1%
”{h.{esho]d *t w £ F & o EIE B B LN B B N E N4 4 0.6 m?k (Q*z? mls)

Distance Constant ........ veves B FL (1.5 W)

Operating Range ........cvvs... O to 100 mph {0 to 45 m/s)
Operating Temperature ........ . =30 to 140°F (-34% to 60°C)
Diameter ..vvveniniacaneoesnaee 7 in. (17.8 cm}

Height ........ Cearrarrren eeser 16,75 in {42.6 om)

Weight oovviviiiirvennnaaneas 210 (0.9 kg)

Shipping Weight ..ovvvev.... oo 3.5 10 (1.6 kg)

TABLE 7. Technical Specifications for the Weather Measure Mudel W04
Lightweight Vane.

RESOTULION uriiiennrennscavens 0.72°
Threshold .......... Crvrerervre 0.75 mph {0.34 w/s)
Distance Constant ....... svvare 3.5 ft (1.1 m)

Potentiometer Linearity ....... 0.5%

Diameter ...veaone. feveeaies vee 37 in. {94.0 cm)
Height oveeeennvs feemmerrees oo 17 in, (43.2 cm)
Weight ..coavnnn. NP veresss & b {1.8 kq)
Shipping Weight ...... voverveer 5 1b (2.3 ky}



attached to the vane shaft. Qutput is in the form of a variable magnitude DC
voltage that is proportional to wind direction.

Two types of R. M. Young Wind Monitors are used: the Model 05701-RE at
Vernita Bridge and the Model 05305-A( at Rattlesnake Mountain, The Model
05701-RE uses a four-blade, polystyrene plastic, helicoid-shaped propeller.
The Mode]l 08305-AQ uses a propeller of similar design but iy made of
polyproyiene plastic, The Model (5701-RE instrument has a lower wind speed
start-up threshold., The Model 05303-AC instrument is designed to be sturdier
under high wind speed conditions, such as encountered near the summit of
Rattlesnake Mountain. The technical specifications for the R. M. Young wind
sensors are provided in Yables 8 and 9.

Between 1958 and 1982, wind directions and speed were measured on the
410-ft tower using the Bendix Aerovane Wind Transmitter - Model 120. This
instrument is similar in shape to the R. M. Young wind sensor. A three-blade
propelier (described in the instrument's literature as an "impeller") is
attached to the front of the fuselage of the wind vane. The propeller is
connected to the armature of a tachometer magneto. A voltage proportional to
the speed of rotation of the propeller is output from the tachometer. Wind
direction is measured by a synchro rotor that is coupled to the vane, The
synchro electrically transmits the vane position to 2 remote synchro,

AIR TEMPERATURE SENSORS

There are two types of air temperature sensors deployed at the Hanford
site: {limatronics Fast Response Air Temperature Sensors, Weathertronics
Platinum Temperature Probes., The (limatronics temperature sensors are
depioyed on the 200-ft, 40-ft, and 30-ft towers. The Weathertronics
temperature sensors are deployed on the 410-ft tower and are used for
sub-surface monitoring.

The Climatronics Fast Response Air Temperature Sensor - Model 100093-3
uses a two-thermistor composite that is directly exposed to the air from
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TABLE 8.

Technical Specifications for the R. M. Young Wind Monitor - Model

05701-RE with the Polystyrene Propelier

Threshold for Yane Assembly....
Damping Ratic for Vane

Eh bk HN

Threshold for Propeller .....u.
Distance Constant .v.innniensn
Operating Range ...cccenicennons
Biameter of propeller (........
Pitch of propeller
Height ......

LR R R R EERENEERENEERNENEZEHN]

Sensor Weight ... iiiveirnnynns

Shipping Weight ............ cre

TABLE 8.

0.9 mph (0.4 m/s) at 10° displacement
0.65

0.5 mph (0.2 m/s)

3.1 ft (1 m)

0 to 70 mph (0 to 30 m/s)
8.7 in. (22 cm)

11.7 in. {30 cm}

14.8 in. (38 ¢m}

25.4 in. (65 cm)

1.5 16 {0.7 kq)

8 1b (2.7 kg)

Differences in Technical Specifications for the R. M. Young Wind

Monitor - Model 05305+AQ with the Polypropylene Propeller

Tareshold for Vane Assembly....
Damping Ratic for Vane ........
Threshold for Propeller ....c...
Distance Constant ....vvvnvuve
Operating Range ....cversnannsn
Diameter of propeller c...ee.e..

Pitch of Propeller .

FPNERE A AP

1.0 mph (0.5 m/s) at 10° displacement
0.45

0.9 mph {0.4 m/s)

10.5 ft (3.3 o)

0 to 112 mph (O to 50 m/s)

7.1 in. {18 cm}

30 em {11.7 in)
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inside a protective cage. When a constant voltage is applied to the device,
a variable magnitude DC voltage is output that is proportional to the
temperature of the air around the thermistors. The technical specifications
for the Climatronics temperature sensor are provided in Table 10.

Two types of Climatronics semsor shields are used to shield the
Climatronics temperature sensors from direct and diffuse solar radiation and
precipitation: the Naturally Aspirated Shield P/N 100582 and the T5-10 Motor
Aspirated Shield P/N 100325, The naturally aspirated shield has a louvered
design that consists of three anodized aluminum sectional louvers, The
touvers are separated to provide natural aspiration while shading the senmsor.
Under full sun, with winds in excess of 7 mph {3 m/3}, absolute ervors
typically do not exceed 0.7°F {0.4%C). The motor aspirated shield is designed
to shield the sensor from both short- and longewave radiation. The motorized
fan provides a high air flow rate past the sensors, ensuring a proper mixture
of ambient air for measurement. The shield can house four different types of
Climatronics sensors: a temperature, two dew point, and a relative humidity
sensor. The open end of the shield's cylinder should be faced north to keep
the sun from shining into the cylinder and causing errors. The unit is about
34.1 in. (87 cm) long, 8 in. (20 cm} wide, and 17.75 in (45 cm) high with the
gptional dew point shield.

On the 200-ft towers, the temperature difference {AT) hetween the 200-ft
and 30-ft levels on the tower are monitored using a matched pair of {limatronics
temperaturs sensors. {ata from the sensors are used to determine the air
temperature at the sensor’s respective measurement level and also the
temperature difference between the 200-ft and 30-ft levels on the tower,

The Weathertronics Platinum Temperature Probe - Model 4470 uses the
variable resistivity of a platinum wire at different temperatures as the
temperature sensing element. The platinum element is mounted in a stainless
steel housing that is approximately 6 in. (15 cm) long. The output is a
voltage that is dirvectly proportional to the air temperature, The sensor is
mounted in a Model B150 motor aspirated shield to protect it from direct
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TABLE 10. Technical Specifications for the Climatronics Fast Response Air
Temperature Sensor Model 100093.3.

RANGE tvusecvvoservvrsrcroncen Veevae ~22.0° to 122°F
(«30.0° to 50.0°C)
Accuracy & Interchangeability....... =0.27°F {0.15°C)

Time Constant ..... ctsassrxmtecencoe 0.8 5

Linéarit_y IE R NN NENEENEEEEERNEENEREEN] *0’295F (ﬁt}.ﬁoc)
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solar radiation. Air is continually drawn through the mechanically aspirated
shield past the sensor. The technical specifications for the Weatherironics
Platinum Temperature Probe are provided in Table 11.

SUBSURFACE TEMPERATURE SENSORS

The Weathertronics Medel 4470A Platinum Temperature Probe is used to
measure subsurface sofl temperature. This instrument is an enhanced version
of the Model 4470 sensor. The technical specifications for this Weathertironics
temperature probe are provided in Table 12,

DEW POINT SENSORS ON THE 200-FT TOWERS

To measure the dew point at the 5-ft {1.5 m) Tevel on the 200-ft towers,
Climatronics Dew Point Sensors - Model 101197 are currently used, These sensors
are mounted inside the Climatronics motor aspirated shields that also house
the Climatronics air temperature sensors. The dew point sensor consists of
two gold wire electrodes wound arcund a fiberglass wick impregnated with
Tithjum chioride (LiC1}. The wick also encloses a thermistor temperature
sensor, When the hygroscepic LiCl crystals absorb moisture from the atmosphere,
the ¢rystals change to a liquid solution. This causes the electrical
conductivity of the wick to increase, allowing a current to flow between the
gold wires. The AC voltage applied across the gold wire electrodes causes an
increase in temperature due to resistive heating. This increase in femperature
causes water to evaporate from the wick allowing the LiCT to recrystallize.

This causes a decreases in the wick's electrical conductivity and resistance
heating. Eventually a dynamic equilibrium is reached bhetween the vapor
pressure of the salt and the surrounding air. The air temperature at this
dynamic equilibrium is the liquid-crystal transition point temperature, and

it is sensed by the thermistor temperature sensor. The transition temperature
is then converted to the dew point temperature using a signal conditioning
translator.
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TABLE 11. Technical Specifications for the Weathertronics Platinum Temperature

TABLE 12,

Probe - Model 4470

Range ..

R H AL AT R LR EE TN SR

ACCUPACY suvevcnssnvsavsnsrnnss
Time Constant ... ..covvnnee vos
Cable Length ovnvrinieivurnnas
Ramber of Conductors ..........
Active Element S128 vvvvennnnss
03 B

LR A

Weight/Shipping ¥Weight

Technical Specifications for the Weathertronics Platinum Temperature

Probe « Model 4470-A

Raﬁgg LI B A B

Accuracy ..

E X X £ 4 %93 kB & KS ST F R RN

Time Constant .. .ivvernnvnannns
Cable Length ........ ..., bevrae
Rumber of Conductors +.ceveanns
Active Element S9iz€ .ovvnvevees
Size .. ...

Ak EEY S B AR a4

Welight/Shipping uvvvvvvenacnas
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-58% to 212°F {-50° to 100°C)
+0.2°F {0.1°C)

15 ¢

16 ft (5 m)

3

8.7% in. (1.9 cm} at tip

0.4 in. diameter by & in. length
{10 mm by 150 mm}

...... « 0.5/ 118 {0.22 kg / 0.45 kg)

-58% to 2129 (-50% to 100°C)
«0.2°F (0.1°C)

i5s

§ ft {2 m)

§

.75 in {1.9 cm) at tip

(.25 in. diameter by & in. length
{6 mm by 150 am)
0.5 1 /1 1b (0.22 kg / 0.45 kg}



The Climatronics dew point sensor will measure dew point temperatures
from -40° to 120°F (-40° to 50°C). Output from this instrument is in the
form of an AL signal. The instrument will operate in relative humidities
from 100% down to the relative humidity at which the LiCl temperature is about
4°F {2°C) above the ambient temperature, generally hetween 18 and 11% depending
on the temperature. The response time of the instrument depends on the rate
of air flow over the wick and the direction of change of the dew point. The
higher the airflow over the probe the greater the response time. Likewise, a
declining relative humidity increases the response time.

PRECIPITATION MONITORING

Automatic monitoring of precipitation is conducted at the Yakima Barricade,
Rattlesnake Springs, and Pasco Airport moniforing sites. The instrument used
at these sites is a Weather Measure P501-1 Remote Recording Rain Gage. The
instrument has a 8 in. (20 ¢m) diameter opening for collecting precipitation.
Two chrome-plated brass buckets alternately fill with precipitation and tip
causing momentary closure of a mercury switch, Data from the rain gage are
recorded at each site by the IMP.B34 and transmitted to the HMS, along with
other data, every 15 min. The technical specifications for this Weathertronics
temperature probe are provided in Table 13,

SOLAR RADIATION MONITORING

Two instruments manufactured by the Eppley Company are used to measure
solar radiation., One instrument measures direct solar radiation and the other
instrument monitors indirect solar radiation. The instruments are deployed
to the south of the HMS. Data from the instruments are transferred to the
HMS over a buried, dedicated line. Values are recorded on a strip chart in
Room 110 of the HMS, Hourly values are later input to the 622 vaX for
permanent storage.
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TABLE 13. Technical Specifications for the Weather Mgasure P501-1 Remote

Recarding Rain Qage

Orifice vviecinvrenens

Default Catibrations +.eeesveeeann .

SWItCh cvvvvnsnncen R

ACCUTECY swrcesssves

Materials .o.ousiiivncanas

'y
S?Zé LR R N NN

Weight/Shipping ...

LIS

-

L Y

LI NN RN

IF R R T EFEE RN R

EEF RSN
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8 in. (20 cm)

0.01 in. or §.25 mn

Mercury with 0.1 s closure

§.5% {calibrated at 0.5 in./hr)
Aluminum and brass

20 in. high by 8.5 in. cuter dia,
{51 cm high by 24 cm outer dia.)
10 1b (4.8 kg) 7 13 1o (7.3 kg)



HYGROTHERMOMETER

At the HMS, a Hygrothermometer System Model HO83 is used to measure the
dew point temperature. The monitor is located at 5 ft (1.5 m) above ground
level or the near-surface instrument array located northwest of the 410-ft
tower, This instrument was developed by the Technical Services Laboratory
for the Kational Weather Service. The instrument is a ¢limatic thermometer
and dew point indicator composed of three parts: an aspirator, ftransmitter,
and a display wnit. The aspirator, a mushroom-shaped object, is the monitoring
unit. The waterproof transmitter is housed within § ft (1.5 m} of the
aspirator., The remote display unit is located in the HMS and receives data
from the transmitter via a dedicated line. The unit displays the dew point
temperature using an incandescent digital display,

The hygrothermometer uses a chilled-mirror system to monitor the dew
point. At the dew point temperature, water vapor begins to condense forming
optically detectable droplets. Using a feedback loop, a mirror in the
instrument is maintained at the temperature at which a thin film of condensate
is barely detectable on the surface of the mirror. This temperature is then
measured by a thermal sensor on the mirror. OCutput i$ a DL voltage that is
converted to a digital signal at the transmitter. The technical specifications
for this iastrument are provided in Table 14.

DOPPLER SODAR

The Remtech doppler sodar uses three antennas to emit and receive acoustic
signals that are used to monitor the thermal structure of the atmosphere.
The antennas are large, hollow, distorted cylinders with emitter/receivers
inside. Une antenna is pointed vertically, the other two point at an angle
of 18° from the vertical and are oriented at an angle of 90° from each other.
The antennas emit a series of acoustic waves into the atmosphere. These waves
are partially reflected back to the antennas by siight variations in the
temperature structure of the atmosphere. The reflected signal is received
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Operating Temperature ...........
Relative Humidity ....vvvuus
8)ind 4 % % F 2R EEARESTEERESEYSTFFEIFEFAAES

Ambhient Temperature Accuracy ....

Dew Point ACCUPACY svvrvereve veen
Sample Rate vvvuvccrrvrvnsveese

» % ¥

Aspirator Size and Weight .......
Transmitter Size and Meight

- an

Display Unit Size and Weight ....

TABLE 14. Technical Specifications for the Model HO83 Hygrothermometer

-58° to 158°F (-50° to 70°C)

5 to 100 %

0 to 50 knots {0 to 26 m/s)

x1°F from -58°% to 122°F

{»0.8°C from -50° to 50°C)

»1.0°F {0.6°C}, when > 32°F (0°C)
2.5 per second

i4 in, x 8,5 in. x 8 in, and § b
{36 cm x 22 ¢ x 20 ¢m and 2.7 kg)
19 in. x 14 in. x & in, and 28 1b
{48 c¢m x 36 em x 15 om and 13 kg)
19 in. x 5.5 in. x 15 in. and 14 1b
48 cm x 14 cm x 38 cm and 6 kg



back at the antennas, which act as receivers as well as transmitters, as a
continuous echo train. The sodar uses the phase difference of the outgoing
and incoming acoustic signals to compute the horizontal wind speed, the
direction theta of the horizontal vind, the vertical wind speed (w), the
standard deviation of w, and the standard deviation of theta at various levels
between the surface and 2000 ft (600 m) above the ground.

The return signal from the sodar is analyzed on a small DEC computer
that is part of the Remtech sodar system. Processed output is transmitted to
the HMS from the 200-ft tower monitoring sites via microwave links. At the
HMS, output is displayed in a numerical format on a monitor screen at the
HMS. More detailed information on the sodar js provided in Appendix A.

CLIMATRONICS IMP-834 REMOTE TELEMETRY UNIT AND SIGNAL INTERFACE

This device is composed of the IMP-834 Signal Interface, Model #SK-001157,
and the IMP-834 Telemetry Unit, Model #SK-001268. The purpose of this device
is are to acquire, process, and transmit data from remote monitoring sites to
the HMS (via a repeater on Rattlesnake Mountain). Inputs to the device may
be analog, counter, or digital. The device has 12 analog channels and 4
counters. The IMP-B34 scans its channels for information every 5 s (every
second for the tipping rain gage), stores the information for 15 min, and
sends out 15-min averaged values. Values are transmitted on the hour, the
half-hour, and 15 min before and after the hour. The output is a digital
sequence of numbers, transmitted at 416.5 MHz with 4 watts of power.

The IMP-834 is used at most locations to process the analog signails from
the instruments, average the data, and transmit these data to the HMS. At
some monitoring sites a Climatronics signal conditioner may be used to pre-
condition signals before they reach the IMP-B34. This pre-conditioning is
required at sites using the Weather Measure anemometers with their sin-cos
potentiometers but is optional at other monitoring sites.
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DATA PROCESSING AND TRANSMISSION

In this section of the report, additional information i3 presented on
how signals fros the monitoring instruments are converted to meaningful data
and transmitted to the HMS for usage and storage.

INSTRUMENTATICON ON THE 410-FT TOWER

The wind and temperature sensors on the tower send their cutput signals
to the Weathertronics Signal Conditioning Module (SCM). The Weathertronics
Anemometers send am AC signal with a frequency range of O to 1014 Hz and the
vanes send a3 variable magnitude DC voltage signal, The SCM produces two output
signals for each inmstrument. One output 15 a 0- to 10-mi1livelt OC signal
that is proportional Lo the wind direction or speed. This signal is sent by
dedicated line to a strip chart recorder Tocated at the HMS. The cther output
signal is a O~ to 5-volt DL signal that is also proportional to the wind
direction or speed.

The Weathertronics Platinum Temperature Probes alsc send their cutput
signals to the SCM. The SCM produces two output signals for each instrument.
One output is a 0- to l-volt B signal that is proportional to the measured
temperature, This signal is sent by dedicated line to a strip chart Tocated
at the WMS. The other signal is a 0~ to Sevolt BC signal that is alse
proportional to temperature.

Output signals from the SCM travel through a dedicated line to a
Multitronics multiplexer Jocated at the HMS., The multiplexer is an electronic
device that converts analog inputs from each of its 30 channels to digital
information. The multiplexer processes the analog signals from the SCH into
digital information. The HMS's VAX 11/750 minicomputer scans all the chaanels
of the multiplexer every 5 s {through an RS«232 link}, and the information
chtained by the VAX is stored on the computer's hard disk.
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When Bendix Aerovane Transmitters were used {0 measure winds on the tower,
their output signals went, via a dedicated cable, to Bendix-Friez Model 141
Aerovane Wind Recorders at the HMS. The recorder is a two-element device
that simultanecusly produces, in separate channels, inked trazes of wind
direction and speed on a continuous paper chart. The chart could be set to
advance at 1.5, 3, or & inches per hour. The wind speed output voltage was
on the order of 0 to 10 volts, Oata on the strip charts were analyzed hy the
duty meteorologist at the HMS and averages were recorded in the log hook.

SURFACE INSTRUMENTATION

The information from the hygrothermometer are sent by the instrument's
transmitter over a dedicated Tine to the display unit, Values are manually
recorded by the duty meteorclogist and are interactively entered into the HMS
VAX 117/750's meteorological database. OQutput from the wind and air temperature
sensors on the near-surface instrument array follows the same data transmission
pathway as does data from the 410-ft tower. Similarly, data from the
Weathertronics subsurface temperature sensors follow the same data transmission
pathway as the air temperature sensors on the 410-ft tower.

Data from the solar radiation instruments are continuously transmitted
over a dedicated line tc the HMS where they are displayed on strip charts in
Room 111. Data on the charts are read hourly by the duty meteorologists and
ara manually keypunched in the HMS YAX 11/750's meteorological database.

Data from the station’s tipping rain gage is sent over a dedicated line
to a strip chart in Reom 111 of the HMS. OData on the chart are read hourly
by the duty meteoralogists and are manually keypunched in the HMS VAX 11/750°s
meteorclogical database.
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DOPPLER SODAR

The REMTECH Dappler Sodar sends data to a continuous tape, which stores
data for 3 days before recycling and writing over the first day on the tape.
The Sodar equipment package near each 200.ft tower is located in the site’s
climate~controlled instrument shed. The data are 15-min averages. Currvently,
there is no method of long-term data storage, except on the arasable tape. The
information from the sounder is transmitted via microwave to a receiver in
the 200 West Area; from there the signals are sent by wire to the HMS.

Serious problems have been experienced in using the REMTECH Doppler Sodars
on an operational basis. The maximum height at which these sodars seem to
monitor has been about 1300 ft (300 m), significantly less than the projected
2000 ft (600 m}. Reliable performance has only been achieved during fair
weather and when the instrument has been cperating in a temperature range of
77° to 86°F {25° to 30°C}. In addition, the interface between the VAX and
the sodar has caused problems for the HMS’s VYAX computer. Also, AC noise
from such devices as the HMS's air conditioners have interfered with the sodar's
performance.  Assistance is being obtatned from the REMTECH Corporation to
help remedy the problems that have been encountered.

INSTRUMENTATION ON THE 200-FT, 40-FT, AND 30-FT TOWERS

Instruments on the 200-ft and 40-ft towers send their output signals to
their monitoring site's Climatronics Remote Meteorolegical Station {RMS) signal
conditioner. The Climatronics F460 Wind Speed Sensor outputs a 2.0-volt peak-
to-peak AC signal, and the F460 vane outputs a variable magnitude 0C voltage.
The {1imatronics Dew Point Sensors and Climatronics Fast Response Air
Temperature Sensars send similar signals to the RMS. The signals from the
air temperature sensors at the 30-ft {9-m) and 200~ft {60-m) levels on the
200-ft towers are used to compute AT, in addition to being used for directly
monitoring local air temperature,
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For 30-ft towers equipped with Weather Measure wind sensors, signals are
output as 0~ 1o S-volt OC signals. For sites equipped with the R. M. Young
Wind Monitor, the anemometer sends an AC signal with a frequency range of 0
to 456 Hz and the vane sends a 0« to l-volt DC signal.

Qutput signals from the instruments go to the RMS, which produces one
output signal for each instrument. The output signal is a 0~ to 5-v0l1t OC
signal that is proportional to the parameter being measured. This signal is
sent to the IMP-834 o be digitized and transmitted.

The IMP-B34 unit scans its chanmnels for incoming information every 5 s,
This information is stored for 15 min and processed into & 18-min average.
Every 15 min, starting on the hour, the IMP transmits the 15-min averaged
data via a UHF digital signal {at 416.500 MHz} to the repeater located on
Rattiesnake Mountain. The repeater then sends this signal to the UHF base
station at the HMS, From the base station, data are sent to the VAX 117750
via an R§«232 serial data link.
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MAINTENANCE AND CALIBRATION PROCEDURES

In this section of the report, the routine maintenance and calibration
procedures for the instruments used in the Hanford Meteorology Monitoring
Program are presented. Most of the instruments in the program undergoe routine
matntenance and calibration at Jeast once a year. [n addition to routine
procedures, additional instrument repair, mpaintenance, and calibration are
done on an "as needed" basis,

A formal program of in-house annual maintenance and calibration is in
place for most instruments, with precedures carefully ocutlined in the PNL
Quality Assurance Manual (PNL MA-70). For new instruments, the manufacturer's
recommended procedures are generally followed until formal procedures are
prepared., For some instruments, a formal program for maintenance and
calibration has not been developed because sutside organizations have assumed
responsibility for these functions (e.g., the Hational Weather Service services
the stations mercury barometer}.

FORMAL PROGRAM FOR MAINTERANCE AND CALTBRATION

Annual maintenance and calibration are performeqd for all wind and
temperature sensors. A formal program of annual maintenance and calibration
began in 1978, This program incorporated many of the procedures that had
been conducted on a routine basis as part of the existing in-house program of
maintenance and calibration. Formal maintenance and calibration procedures
exist for the instruments specified in Table 15.

Details of the calibration and maintenance procedures for the instruments
listed in Table 15 are presented in Appendix B.
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Table 15. List of Instruments for which Formal Maintenance and Calibration
Procedures Exist.

J Weathertronics wind sensors

. Climatronics wind sensors

. Weather Measure wind sensors

. Weathertronics platinum temperature probes

. Climatronics temperature sensors on towers

. Radio telemetry translator

) Radio telemetry translator calibration for the Weather Measure Model
SC701 Signal Conditioning System

. Remote radio telemetry data acquisition system (Climatronics 1MP-834)

. Weathertronics Model 5141 humidity monitoring system

. Remote Telemetry Station System Calibration
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PROCEDURES FOR INSTRUMENTS THAT ARE ROT PART OF THE FORMAL PROGRAM

The solar radiation sensors at the HMS are not calibrated by HMS
technicians, but are sent to Natiocnal Oceanic and Atmospheric Administration
{NOAA} laboratories for calibration every few years. The two solar radiation
instruments were last calibrated in 1981 and 1984 and prior to that in the
mid-1970s. During these calibration procedures, the units were both found to
be operating correctly and properly calibrated.

The hygrothermometer at the HMS is not manually calibrated. The instrument
has a built in self-check system. If problems arise, the instrument {s shipped
to the ROAA to be fixed.

Formal maintenance procedures have not been written for the Climatronics
Dew Point Seasor. At the present time, the manufacturers maintenance procedures
are being followed {Appendix C).

The Ooppler Sodar self-calibrates every bour. The systems output is
routinely examined to search for mechanical failures. The only maintenance
performed is the cuiting of weeds and grass around the sodar aniannas to preveat
the impedance of the acoustic signals.

_ The mercury barometer at the HMS is calibrated every few years by a
technician from the National Weather Service. This calibration is performed
at the discretion of the weather service and is consistent with the calibrations
performed at the weather service's own stations. Every 6 h the microbarograph
is calibrated to maitch the mercury harometer.
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FIGURE 5.

A View to the West-Southwest

of the 410-ft Instrumented
Tower. The HMS is 1600 ft

(500 m) to the west of the
tower and is visible (bracketed
by trees) in the lower right
hand corner of the picture.

FIGURE 6.

A%
A\

A Close-Up View of the Middle and
Upper Portions of the 410-ft Tower.
Instruments are mounted on the booms
that are visible at the 100-, 200-,
300-, and 400-ft levels on the tower.






























FIGURE 25. A View to the West of the 40-ft Tower at the GABW Monitoring Site.
A gravel pad surrounds the base of the tower. Gable Butte
(to the west of Gable Mountain) is barely visible behind the
utility poles in the background to the right of the tower.

FIGURE 26. A Close-Up View of the Wind Sensors on 40-ft Tower at the GABW
Monitoring Site. The wind sensors on the 40-ft towers are
mounted at approximately 30 ft (9 m) above the ground.
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FIGURE 29. A View to the North of the
the 30-ft Tower at the PROS
Monitoring Site.

FIGURE 30. A View to the Northwest of the 30-ft

Tower at the EOCC Monitoring Site.

The tower is situated at the edge of a
large gravel lot near the northwest
corner of the Ecology Reserve compound.












FIGURE 37. A View to the South-Southeast from Near the Base of the 30-ft
Tower at the RING Monitoring Site. The southeastern rim of the
Ringold Valley is visible in the background.

FIGURE 38. A View to the East from Near the Base of the 30-ft Tower at the
RING Monitoring Site. Cultivated fields dominate the landscape to
the east of the site.
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FIGURE 53. A View to the East of the 30-ft
Tower at the EDNA Monitoring Site.
The bluffs on the east side of the
Columbia River are visible in the

background behind the gravel mounds.

FIGURE 54. A View to the West-Northwest of the

30-ft Tower at the WAHL Monitoring
Site. The tower stands against the
south wall of a metal building.
Cultivated fields are to the west of
the site.
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FIGURE 65. A View to the West of the 30-ft Tower FIGURE 66. A View to the South Across 7th Street

at the YAKB Monitoring Site. Air of the 30-ft Tower at the 200E Monitor-
sampling equipment is positioned ing Site. The tower is situated in a
around the base of the tower. roped-off radiation zone. The PUREX

Plant is in the background.
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APPENDIX A
SELECTED INFORMATION FROM THE REMTECH DOPPLER SODAR OPERATING MANUAL
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DOCUMENT N® 84/148 A
zs00 REMTECH DOPPLER SODAR coo=-

DPERATING HMANUAL
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DT 8a/148 A -2 5 Qa=

2. - QPERATING PRINCIPLES

The REMTECH ODOPPLER SODAR functions Ilike » pulsed radar,
but instead of an elsctromagnetic wave, it emits an
scoustic wave szt & fregusncy of Ll§00 Hz (or 2400 Hz).

The SODAR has three antennes, which for convenience, will
be numbersd 1, 2 end 3 throughout this oanual; 3 Is the
vortical antenne, ! and 2 are antennaa tilted from the vers
tical at en sngle of 132 (15,57 for 2400 Hz.).

Sean from esbove, the angle betwesn the axsa of sntennasa 1
and 2 is nominally squal to 9G° as shown in figure 2.l1.

This three-dimensional configuration of the REMTECH SJDAR
psrmita the messurement of three-disensionnal wind speed
{horizontsl wind speed and the direction theta of the ho—
rizontal wind, and vertical wind speed w) ss well as the
atandard deviation of w and the standeard deviation of
thets. Theaw ars highly useful turbulence/stability indi-
cators. For sach of the thres sntannss the messurs=ment
cycla i1s composed of ‘a brisf acoustic hurat whose pulse
length is on the order of 130 ms. Tha acoustic power used
is 60 ¥ {300 W of slectriceal power).

The seriss of scoumtic weves propagating outward through
atmoaphere are partially rceflectad back to the antsnna aa
a tontinugua echo trein due to alight variationa of tempe-—
ratures (and thus of denmity} along the pulae path.

To detect theae preturning echoes, the compresaion driver
is slectronically switched into a ssenaitive microphnone
configuration, ipmediately after the acoustic burst hasa
been genkrated.
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whmrs | Is tvhe sngie of $1it From verticzal,

fo actosgllish these seasucensnta layse By layer {By conse
gutive 2% & lavers, For exsmele), it ia necessery to divide
the tine after Hesosmission Lot corvespondlng ssgoents of
{inw.

tThe fsliowing giagras s o suamery of ihese principise.
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Tha echo received by the antanna sftur « pulas trenamission
haa cevtain charecteristica.

Firet of gll, the gignal is extressly wask.

Ta 4llustsats Ehia atatemsnt, ths voliage applisd to the
termingls ¢f = cospresslon criver during Yresesiswion ls
aruund 0 welbs., Howover, during pretspiion it cen He ke
woak ax 35 nY end nsves sxcseda ?Q ¥y, untlens s very high
geyres of embl¥n nolae {3 present #uring he mesaursesst,
Tharafors, the seceived schc is nol sugibls Lo the opwraier
hecuuax ib ix sevsrsl i Iower than the sudibary bhresnelid
af the Mies esl.

¥i0n much ¢ wask recsived signal the wussbicn srisen ax %o
e phiausidility of obtaining any weasurements st all.

In Faot, yeing Yhe tachnigues sutilned beisw 12 iz perfeci-
iv fessibie, zince

- the snbtssnes ara dlrectional, thus liatting by 50 o8 any
anbiient nclsed parceived 3y the secondsry lobss pszalisl
te the ground. Im sdditien, the sntennas wess apeci?ioel.
1¥ designed for wery low nolise Lrwngsiexlon ssswpbion,

~ The recelver’s thermal and slsctronic nolee dowy
not wacesd 85 nv by uaing performsnce Filiaps,
il By making selentificelly acund cholcss In rew
farehcs U6 the asplirlcation chaln und its asmcew
¢hatad mlactronic componenta.

- Finally, the method employad a3y the sinicomputar
in procemsing the rcatyrned syles xilows the uae
&f eighmis “pollutad“ &y high iavelis af nmbiaﬂt
sginm.

fectuus 57 g1l of thess faciors the oominal admissible ene
vironmenial nolse levsl 1z 2t lsast £% dBA 7or basiz
syaiome.

het mesns, 1f the seblan? nolae is lese cop suual by 45
GBE, the Sodar syates wiil provide s mini range of

U0 m. An 20 % of cense in all Batgnrain LoLandied
{Standard Systen}.

But, becsuse tne rslavant paraswisd Tul sagagrament s ihe
signal e nnise ratia, it {s pemeibls iy meesures al nigher
sntifant noiszs level in good metsorologles] saaditiona

¥.3.: Ambiani nolae does not affect O6fa quality Dedwuam
the sofiwars taken care of slgndl ta noise ratic smd Daa
imewlidetn individusl peasutwmsnt [n case of Log Migh amw
bleni noise witheul "agotling®  average widd  speed,

At
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The RENTELH SCDAR fs e exsepticnslly effective toel far
making aimoapheric measursments. Fhe first  pisce of
informatian sxtrscted frow ihe sessurepent is the intensity
sf the sffective backssattared signale. Tha SUCAR aublracia
the s25ient nclss from the infurmsilion recsivec by Lhe
soapresaion drivers, retsining enly the scha returs.

the intsnalty of this racejvet scho degenda, #a in the Zaye
of apy redar, on the length and powar 3f the transsittec
pulsaw, the team of widtr of the receiving satanna; the ate
agspharic seattseiong characteristics ang tha sitangation
during the reund trdp pagsegs.

The powsr of the scgilared ssho lg proportionel o ine

Lemparatule stvuciure funption ¢ L‘.Tz,dﬁimd PN

2
z { T {xwz} w7 {xl}
0 s aheemid. It T

i

P53

In inis equation :
= tha horizontel Iine Ieprescnts & IZempoTil averigs,

w T ix 4 2} and T (x} arm respentively the air teoperaturs
#t the snd points af tha vectors % + r sngd x,

« & i% an the order of the 1/2 length of an sctustic wave
{ i o st 3600 Mx aperating frmgusngy J.

Exprsssed in » siapisr manner, C?z i3 » meesuyre of ihe ine

ternity of the small sesle fluctysbions of the wir Lbasepe-
raturs,

A7
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The REMTESR SO0AR thus, doss nol RSABUTS SVATHGS I2ODEr&w
turs, bubt rathar tha quantliy Crz, Thia is veiuable
hensuae Crz hes isrge values, and repsxbable peiterna, due

ping condiilona such w8 3 ground basssd sedistion {nvers
aione, w=ithism slovatsd invarsion layecs, &t tha periphery
of convective oolumns or thermais {wlth which gllder pilets
ers femilisr}, &N aes Ereszs/isnd breszs froantal surface
and in g ganersl way sk the houndary bebtwesn xesass of air
of different teapersiuras.

The REWNTECH SODAR thus pravides sar sxcellient and costingous
repord of the atmossheris thersal structure.

For sxampie, 14 tescily proeides the height 3f the *mixed
layer” =5 necassary %o air paliutiun modeling snd vontrel
afforts.

4 totwlly sutomated Ilnversion detaction ruoutine bDased on

SORAR outpubs has hewen Sested and i3 shown In Follawing
figure 2.5,

A8
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The seeand kind ef i{nformatian that the ICDAR ceigulsbee
based on the Deskacstiered acheo received Dy sach sntenns,

is the redial w=ind apesd along tha 2esx axis at wach
altisude isyver sumplead, The seall alements of thsrmal

turhulencs reaperalisle for the & i agve &l i apesd of the
wimid, thus & double Deppler foegt results. When the sooues
tic besw reschwe thew, the first Doppler sffact Is resiized
witlle the obasrver ia fixad wnd the terget i3 in smotion.
Than, when iheas cells rvebroadeas® By buckscesbberisg & part
of the sound soergy Lhay hwvs peceived, & second Dappler
#ffuct is ohisined fros tha point af viss of the ohasrver,
wire I wtill im & fisxed posifion, ft this tisw the Joppler
affeact Lo ceumed by 3 mebila trensmibiter. By wsay af
sxsmple, tha [rsgueandgy varietlen is on the ocdsr of 14 Hz
for asch seisl per secand of radiel wind spaed, ot & xignsi
Frocuengy af [,500 Er. 0f coufas, in prictics this Fresusnc
¢y siift Gan be sitongly skewsd 32 sven arssed by the pre-
sancs of sSzvsasive amiisnt soise, Bul this prables wil] be
disauennd furiher in peragreph 3.3, sntitled "Slgnsi fro-
consing Technigua™,

Redisl speamcid Fop exch sltituds laver sunplsg are tidrefare
obtained for every Lrsnssiaelac.secapiion gyels, along the
Sesm axls of seich antenna. Yo do hia the tlaing iz divices
inkc diacrete ateps steriing at the end of sech Fulse
transmisslion, .

The ainiovmpaisy fhen oyoles the traagenivsr Lo begls the
Bame srocedute 2n annther antanna, snd a0 on, he glaplest
syale glovisusly Bedag the 1,2,371,%,3 sbo....,

Sinen the REMTECH ZUDAR nes thoee antennan By & siapls zaw
thenstical csordisste Yranafyrmation, it san csiculzts the
thresedipensicnal wing spasd componenis. In sddition the
zaguitant speed { ¥ ) snd girscibion (theka) of ihe horie
zontel winda and veptical {») winds ars alas calnpuisztsd.

This in sachawstised foliowing pege.

The echo L(rtersity informaticn iw only sbtaired fros the
varticel antanna,

in ssidition is the average wind speed and dizection infape

zation, he stisadard devimbtion of Lhebts snd w e2e glss
provided.

A 1D
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3. SICNAL _PROCESSING METHOD

3.1. = Antenna "tuning"

3.1.1, = Autometic tempersture compensation

R R R R R N A R A ]

Uniike the speed of slectromagnetic waves, the speed of
asund, ¢, varies as a function of the tamperaturs.

The antenna of & SQDAR [a thue unsuitsble for continusus
use, if thess variations in e, and therefore in for e
given tranamission frequancy, ars rot somehow accounted
*or. Ouring the reception cycie the situation 33 sven more
delicate, since it ia no longer c which mugt be conaiderad,
but ¢ + 2 vg; vp being the radial apeed of the wind along

the beam axis st = given range from tha trenamitter. Now
although 2vR ls negligible as ccmpared to the apeag of

elsctromagretic weves, 2vp (for axemple 10 m/s) can cepre-

sent a significant fraction of the speed of sount ¢ (woout
330 m/s). Therefore, in ordsr to reduce v. for & given hos

rizontal wind speed, we tilt our antennas at & reather nar-

row engle (18° at 1600 Hz. and 15,57 at 2400 Kz.).

In order to "tuns” an entenna to the transaiasion, the REM-
TECH SOCAR automaticelly veries the smission frequency ac-
cording tc temperature changea.

An example of how dramstic the effect of & Lamperature
change can be is shown in Figurs 3.1. In this figure the
antenna gain varies as @ functlon of the sngle from the
antenna sxis, when the temperature is &°C {solid curve) and
when it is -13°C (dashed curve) for s given freguency of
1579 Hz.

The REMTECH DOPPLER SODAR will avtomatically change its
tranamitting fregueancy from 1579 hz at 4°c to 1512 hz at
-18°c to meintsin the optlmym antenns pattern (solid
curve). Without tempereture correctian, the secondecy lobtes
would increase by 6 dB for the temperature variation shown.
This ia equivalent to incresaing the enviconmental noise in
the antenna by a factor of four.

A.13
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Antenna
gelin
{in dB)
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3.i.02. » Automatic entenme pattarn optimizedion
R R R R L R L A LR R N A Y
ralstive o snvivonamnisl nuise
FPAER LR PRI R A E A AN R AR TR E T

and Fixed ashons

R R I I )

®oat savironmental soise propageles parallel to the ground.
Therafare, the ebiliby of the entenas ba distinguish bete
waen the echo {sigral) and the sabient noiss {one aart of
the tranafsr functlon of the antemna) iz directly celated
te the sacoendary lobe effank. Wa newd to be consesned with
an engls in the 72* zenge from the axin of tne tiltsd an-
tannes angd In the §3% renge from the axis of the verticsl
antsnna. -

Figure 3.2, Tollowing ahows the satanng tpanafar fungiien
versya freguency fop an sngie of errlvel of 723 {(a given
tilted andsnna).  This  avaumea  that  the  incoming
anvirommeniel ncise propsgsiea parallel iz the ground.

0f svursa, LF the main noise source doss nat propejsis pa—
rallei to the gsoung {nolse osused oy #ind in trees faor
instance), the snienrs tranaler funciion will be diffapent.
in all cases ihe dynamice belwsss minima s maxims im the
antenne tranafar funglion relstive to acousilis noise ere =t
least & ¢8.

There spe ohly twe ssiutions to his grobiss

« Take Inty agsount the sntenna
Lramater funciion,

w incresse the mininum signsl ia
nolae ratic thremhold by € g8
end then decreams the signel
¢ aplse ceapabilily of the sys.
tem Ly § facter of &.

Lot us aow consider the poiimization of the antenng o to-
move Fixsd schoos. Ons can understensg essily, bDesring in
miri the lacuseion shoul envipronments] noism, theb & EB0AR
should be able to siniairze the antenne gain for refyrns cow
aing ¥rom the asme direction as the Yixed acho. If Ehis is
nat properly dona, there can te csaes whers the fixsa scha
in om0 strang thet jb fobtally cenvels the umefyl backscags
fered signel.

A, 1%
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Avgla of senival from the sntenns axis ¢ 72¥
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32, = Signal proosesing techaigue

3.2.1 - Ceneral gonsideratices

L I E R E RN R R

I* has been gtated that at 1,800 Hr the Doppler shift is
about 13 Hx per m/9 of redial speed. For sgulpment whose
anternree wre iited a% 189 in relatian o werticel, there
will tharefuopre e g ahiFL aof 10 Hr far 3.%@ s/a of hori-
zantal cowporwnt. [ Ses Figure 3.3, following 3.

¢ & reault, I? it {8 tasired to meamube up t¢ I8 wfz on
ena componant, the signal nesds to be Ioeivead fu2 & Ltend-
wigth af + &0 By centered on the trerseission fragusncy f54

A 17
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In crger tn limit the Isflgenceés of aabiant inlspfererce a4
wuch sg poeaibla, » Band-psss filter ifa oded.

sith respant to the backscabtersd signei. 2 pure signsl iz
Yranssiiies, bub 0ol received.

The havkncatbered glognal haa been phass sad amcijtude mogu-
Taind far ssveral reanone pther then ihe Doppizr ghift.

Zame uf them ars

« glaburtencee sisng the round-bzip peth,

- velonity turbulense =itnin bhe beckscattering wolums,

« jeperfecticas of ke snienna during trgrsmissicn and
recantion,

« uneven asetisi distributlon of the thepmal celia in tha
haokgcaitering voluse,

= gurveture of the spoustic ravs cus to wind shesr whiph
ieag tz the MIling of recpived raya with reapect in ihe
axis oF the sntenna. Yhia tiliing hes the obvisus cuoace
susnce of changing the tiss of passsqn, and, a8 & Tesylt,
aliers ihe ant#nnd galn sng introduces phase ahifis,

Ail of these sccumuisted sffegte sulminets By the enlange.
ment of the Fraguency, the remult of which 8 that the fas
ceived mRiynel possesern an gnergy dissribution as fellows
o figure Tla,

A 18
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After pessing Zhrough the anisnne and the send-gass Filter,
the signal To &&= procewead {which 13 & miwture 2f ambient
roize and beskscatisred eneryy; iscks like this

Ganaity
of 1
Ineryy Doppler shift
a;ﬁi—nw
‘ EH
[l signel
naiae A\

i \ -
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3.2.7 = Fast Fourier Tranafops @ why sod Row

R R AR L L R R S A A I I AP 'Y

There ars 4till comemersial SCDARS «hich UYwp go=-Cellsg i0e
segral melhods for satisating DOPPLER anifts. Thess methoda
suh as 2ers 2Teaainga agegoistsd with signal io noise Gor-
rection, cympiax coverisnee ¥nd PLL {phaze jocked lvepl,
infer that ambient noise if nesrly Flat {("white") anrass
kme FLllter bandwidgih. Thia of toksse Ia nit correst spagie
ficaliy in the cass of fixed sghoes, which, by tha way,
none uf the above methad can Jetsel.

(See following Figure 3.4},

.21
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)
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Tharsfure sne nNeads e8n socursts frequency snaliygis of the
Haukscabtermd sigral, This is accomplished in the REMTLDH
SCDAR oy wslng YPourier Aesivsis. Ouzr svstem "mixes” the
suitted frequency f_ with the retucning signal sraviging
ita presl and lmagire®y compansnts 6 the minlecaputer Afge
Ivg to Digitel {370} convarter hossd.

Fee foilowing figure 3.7.

A.23
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af Lhe af the
atgral | signal

Figure 1.7, 1 Signal processing diegrse
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The corresponoing digital values are then processed by
softwerTe using a complex Faat Fourier Transform {(FFT) at 32
frequency points. Presently we gre only using the amplitude
information and not the phaas information contained within

the signal. Mare exactly we compute & powsr spsctrum by
squaring end adding the two Fourisr cooponentsa (real and
imaginary) at ssch frequency peint.

As we are dealing with random type of asignal snd noilse, we
apply a windoewing technigue. A& typical result is shown fol-
lowing figure 3.3. with a printing output and corresponding
graphics.

A.25
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%23 Fod$ 211008828 1
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Sofsrnitrary wnite) zentrel freguancy fraquency besd /
ir cestesponding (% sx. st 1800 Hz.:
frecusncy Sand. 7,5 nr. st 2409 Hz.)
Power

specsrum “f T

Faatumney

Piguee 3.8,

Pimsas nuis the iwg fraguency Demks w»hizk correspoeng
fo sur frequency coded puias. See next pspagranh.
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3.2-%. = Coubls Frequsnsoy pulse

mE R R R Rt EEARI AT AAE S B

You will notice that Imo "peeks™ sogesr on the previouvs Fie
gure., This is bscsyse oul system i not mencchromaiie, byt
actually uses imeg different freguenciea Zuring the pulse
emigsion, Ine resaon for this ig very aimple. With a mona-
chromstic system the acesptence lavel of the sigml Lo noi-
96 ratic must be unnscessarily high, ar the probabiliiy of
sepmpting noiee ga sigral will be umnagoepteble. With tws
pulzek one does nobt kagw whare ths twe corresponding pesics
of ihe pwturning signei will b= Freguensy loostsd but one
knaws what the distance between thesx twn pesks should Os.

Thiz cumplemeniiary informgtices raduces the probabiiity of
§ecapting noeise oy aignal snd fllows the sysies €0 operste
an npise pelluied signeis.

The foliowing figure J.7. ahows this ¢iassiy.

A.27
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Yumivar of ?&lldstiﬁhi

{apuzioun} per layer Snersting conditiora foar the

for e glywn anianina Loanty 1
1 Pure white noise input tn the
trannseivep
i sin. svaraging period
18 338 x paximus range

— EEMGLE Trsquency pules
i} \ —— gingle fraquecty pulse

Poawer {slgral iy noime} satic
s 19 13 (Arbitrery Unite)
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this oading tschnique ia slas very umeful far detecting
fived erhoes. Typicsily, the pofivarw wiil coms to ths
wrpgng eonciusicn in 20 % of ihe ceses »ith mongchroneiic
techaigue, Especielly with small DORSLER anifts, this s
probaply ihe besat that con be expecisd w=hich Is of course
uraccegtable, ¥ith oup fschnigus we oniy aeks mistakes in
& % of the cages s the jeint probabiiities zalzuletiss
ahows

Lo~ 0.2 % 8.2 2 0.98

Finaliy this iachnigus lensdas ig very interesting resulis
ragarding pracision, Nob saly is #sch radiai wind spesd
computed gs & Average of Ewo indeseandant vagdiel wing
speeds but the Jitter betwssn the two iz zlap used €8 an
satimate of the massupswent srtor whan clisulabing sigms »,

A3 & summary the codsd pulse we are using slliows an ine
srovement in

- alignal te noise rabis,
~ cwpanility of fixed eche detaction,
- measurement atturesy. .

9fF course much sore sophisticsted coding tacnniquss can &
ua=s #nd this «xithuut sny hardware medification 20 ouf syse
tem dye tg tne fael that the pulse anepe Iz celowvieies by
the mini-fomputer and thaa staprsd in the trgrssgiver Rax
mamsty .
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3.2.8. - Sigme tets €S} end Stgaa w irw) calculation :

3.2.8.1, - Gigma teta (@) ssiculstion @

e L L T T AR R

Bt level 3@  ia given st ha end of ths averwging perjed
by &

X = .2
{9\]&-;5}}
k)

o @ ow

E A B

in owhish 2

8 ik is the "inatgntansoua” & valus at level |,
B3 is the sveraged velue at lavel |,

N is the tetal aumber af individual zeasuzesenis.

Of sourss 3 menontstic S00AR which pedints wb differsni vow
lumes &t = givet lsyer csnnct reslly glive instantensous va-
lyea s & .

Therefore we spilt the gl 152sgratiun perioed [aay 15§
2in, ) in sewmlime Seriads for shich individusl wing profiles
T compubed.

kD small integration peried o
L .
'

F R 8 e ¢ ¥ o = oa

inl&Q:tti&E periag

Presentiy the snall integration geriede aze Eypically one
minute.
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3.2,04.2. » Sigma w (v w) culovlation t

R s T R R N ]

fin the othar head ¢« 18 oofputed uding A1l good memautes
ments peired at one level duriag the full infsgration pew
riod and then epplying an errcr correction as Follows ¢

i
2

2 2

Fw oz gew'p = Lrr

whepe
crwr in the rPaw Fw REssuzzeent
Fer 13 the seasurement error which is ssife

nutud, 58 salready steted, uvealing the Jfitiaer
beiwewn the twe backscabiared peaka.

A frequency sepreasntetion af what is performed is the fole
tawing figure 3.10.

A3l
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Ruw sgticate of
w Power . SLRAR spectrum
density
An&ctTUB
fAnsl apactrus

Hessutenant / }f ‘\s

arrox -

L Freguanty

figur

Ny is the SODAR NYSUIST Fomquency whish ia typiceliy
0,08 ¥z for 300 m.renge and bthreewdimeneionel opersiion
pode. We Sid not ahow aiissing effechk.
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Luatrery o what is usuwlly stated, this low fregusncy
sesnling rate, contrery o turbuiescs speotpum estismsien
whati one hek 2o feoe xlisaing, fo net 2 limlting factor for
6 & w estinsts dscause the sewpling itself (& very quick
{200 ma for 160 feet layarc).

we think thet ihe mest lisiting feclor 14 the aize of ithe

ssapied volume which leads <o significunt spatiasl averaw
ging.

AL33
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3.3+ w Software deseription

3.3.1 « Genersd

PR

The SSDAR progrsa Tung on g FDP 11703 Prow DIGITAL £Quls-
WEMT CURPCRATICK (DEC) under the 8711 opereting syabes,

The asszaizn? zysten and SCOAR prograsm 4r» siorey on the
syatem taps {or aysiam Floppy disk] and xse luaded sulsmae
bically in ihe RAN msqory of ithe computer when switohing
#r {sutomatic bostestres). '

The Z0DAR program is escitlen partly in FPORTRAN langusge sod
partly in HACRE szsembly lsngusge. RENIEZN pravides thix
program oaly 48 objset fods foram.

Griefiy the F00AR softwsre performes the following tsaks

w Fanagemant of sisctranic tranaceiver.

- Managewent af 179,

£

Computation of Fast Fauriar Tranafarws.

t-

Extraction of wing componentas from !pectra;

.

Qptianal real time applicaticn softwares
such os sutomatic tempecsturs Invarmion
vetaction,

The SRUAR system (s designed %o wprk sehometicelly end Yo
produee felishie defn which coer nol ceguirz interpretation
By o specisiist,

The purpecae of this descriptisn ia sisply e providge aowe

genwral inforsstion. For ocperslions]l puspoawss, plesns refsr
L the Opersbing FParemsters ssctisn,

£.3.3. ~ paseriptisn

LR R Y

The ZU0AR saftware iz made up of & maln routine and of spee
cific task subirautices.

A bloek diagrsm of “he progrem foliows

(509 next page)
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SODAR PROGRAM

RAYH ROUTINE

L2 111 JUU— PART 1 INIT

ZENSDL musines s

1.1 41 T
GUC INT commmrmssinand R vy 119 ¢ .
FFT
PART I

Lo L ——

BYiC D aantt 3
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Tasks pserfarmad Ty thess different subroutines srae :
» Part I of oain routine

This part is exsouted only ones when the SODAR progrem
is losded.

Callad aubiroutines

FILES = Thim subiroutine checka if & previous date fils
axiata 9n tapw OF flonpy diak. ¥ it ix the cess,
it spans thia Flie « Lf not, it cresbes acd opung
& % SHe,

Tt sisc apens the Pacamstars File {(Nemo
SUDCON.INIY  which  contsins  values of  working
paramidters sscessary for opsfatiag the Scder.

[N

INIY ¢ Thig aubrduting parforms initisiisstians such as
sokting opwrabisg pazasebisrs Yo thelr rogrecd vae
luss {reading SCOCOHLERI), resioring date and time
by reasding the hspdwape slack, cospuiing shspe of
pulne ...

- #art Il of main poutine :

This part conalats af ar infilnlte logp. Sach time cgec
pleted, the izgs gearforms on ane antenna tie fallowing ote~
retions :

- Emxission

-~ Regeptlon

= Signel srocessing

w Detsrminstiisn of Instantsneoys wingd spesg

Thia loop is intarrupted &% given timas for specisl operss

tions such an sntsnnes culibretion or aversging period com
putatione.

A.36
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Subroutines called at each completion of the loop are :

- CCMSQL : This subroutine managea [/0 bstwaesn
computer and terminals (Example :
changing & parameter value from the
master copenle).

= INIT2 ; This subrautine performs initislisa-
tione for paremstsrs which can vaty
from one pulse to another.

- SCCINT : This subroutine written Iin MACRO
apsambly language is ysad for dri-
ving the Sodar Electronic Transcelver
and performs processes inecluding :

* fraguencies generation by
addremsing & programmable
divider,

* relays aequencs,

* mixing of signal by
smission frequency,

* gignal sempling,

- FFT : This gubroutine computes a Fast Fou-
risr Trenaform on 32 complex paints
and gives ppectral density on 32 fre-
quancy points for each layer.

If the number of slices is aet to 20, 20 FFT are computed.

A, 37
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- FR ¢ Thia subroutine starts from a npecs
Lrum snd Lriea to exirast wing spead
4t megh leyer for sach antenna ($ee
next wactisn for detalls).
2t alno hea special oubputs thraugh
RE«232 auch aa apactrus viausliasse
Lian.

- BWY 2 This sybrsuline copputes svaTAQe?
a8l Standsrd davistion,
Thase valusa sre not computed €% tha
and oF an gversging pacicd but are .
guritinously up~detad sftar sech guie
.

w SERYITE + Services asfiwars mofyules.

Subrautines called at speeific times

« GALIE & This auhroutins performa s celibrew
tien procedure.

Geeed on & user salected intarve],
typicwlly mvery two 5o Ehoes Dougw,

& white rofse is emiited Lo uwhigin
the Lranafer function of the antanna
g sn optious emissine Freguency ias
detersined scocdding to sspiant soiase
st siz tespersturs.

~ IHTER : This subiccutine iz callad st the eng
of #vétaging tize and pecforie ths
Finel chatking of resuits before oub-
pubtiing thew. This subroutine slac
parforss actonatic detection of beme
getmiure inveraion {spiiona}.
(Gen duisils in the next sectisnd,
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.52, - cesepiption of schroutisem PR and INTEG

N N AR N N N R R R

- B This sdirouiine computes ihe instentaw
neous wind spasd comporent gutained &t
diffarent sliitudes, Thess instania-
necus valuee will De averacsd to pro-
vide a0 sveraye rsaluss af wind epees
For o given Integrafson period.

. The dmtwrmination of redisl wind spaad
from the speniruym ia penfusmed by PR,

In the following demcription, keep in pind thst we emii two
frequencine «with the pulas and so are waiting for itwe sis
gnificant pwaks in the specirs.

Ses next page,

A.38



DT B4/1l48 A =-=0 413 0=-

SPECTRUM

¥
[ LookInG For THE & Waln PEAKS] [z ! Signal

2 ¢ Fixed eacho

IS THERE A FIXED ECHD ?

YES

WE LODK FOR SIGNAL WE TAXKE THE TwWC HIGHEST PEAKS
{two otherTa peaks different

from two I"i;x_sd acho peaks) *

IS5 SICNAL STRONG ENOUGH CARACTERIZATION :
COMPARE TO FIXED ECHC 7

] « Spectrel widthness
ND iYESl = Distance in H: bastwesn
these peaks

INVALIDATION = Magnitude ratia destween the
Y twa pesks
CARACTERIZATION - Signal to noiae ratio
OF THE SIGNAL
\ /

ARE THEY MATCHING SPECIFICATIONS
gF A GOOD SIGNAL 7

i i

INYALIDATION THE TW0 DOFPLER SHIFTS GIVE
W0 ESTIMATORS OF WIND SPEED

v

¥ = (V1 » V2)/2

$

PLAUSIBILITY TESTS 1@

- Tomporal placsibility {comparison of
¥ to previoua wind spesd essiimstion)

- Spetisl pleusibility {comparison of
¥ level to level)

IS v PLAUSIBLE

INVALIDATION VALIDATION

A.40
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=~ INTEG & This subroutins pscforms finsl cnecking of dee
sulta.

Final tests are @

w We aak, st mack leyer and fer ssch of the thres Sampo-
ngnta, for a minisup number af velidmtions {oymber o»f
sases where we ware shis p sxtract A wing comfienant).

- ¥# ask for & ressonsbls velue of the stendard devistions
wf the three comgorisnts. The idea iz thst # spurious
point in wing speed dats produces s high standard Coviae
tion {Yhe threshald valus of stsndard devistion dapends
cn furbulsnace conditiens),

« We ask for s slausible wing profils,

If one of these firsl tests ie regativa, the #oFiwsre =il
invalidats the Jabta et the incriminated laysr.

ALl
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4. w DESCRIPTION OF THE MARDWARE.

&.L, « Gensrsl

ety ot b

*he heroware consists of several patia, tha sajer
noay arw Listed Delow :

+ ihg anbennas end cogoresaion drivers,
{3 for & Uhree-disensionnal DOPPLER
SODARY which porfors the smission and
pecaption of tha scoustic signal.

The electzonic cabinest including :
* Lhe PUP 1la3X computer =ilh its ségree
tic siorsges {cessatis or floppy«cimk’

and oth#i geriphersls,

* tha power axplifier For sxitiing tha
fral i,

* the S00AR trahsceiver [(which is
spacificelly designed for S00AR opers-
tiona] end its power aupply unit.

See gererel block disgram Ffigure 4.1, follewing page.
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#.2. = The anternasz

g o

tuch sntenns coneisis of :

]

@ tibsrglass parabeletd aad sheltwr {§, 2},

an sbanrhing meterial {f0sm) inaics the sheiter (33,

-« g compresaion driver (47 wilh a horn %] whose cutput bea
ta be sat sxeactly st the focus goint of the parsboleld.

w» Theae twn Jaiar jtems sre supporisd by = siginiess steel
arm (8},

A.a7
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Tha txs typss of antenny ars :

~ A [} antepne working st & pomiral Frecuency of LS00 Mz.
Dimeneiong 3 2,36 m

374 B

4,27 n

LAY m

I =

T e
HnuEw

Compresasion driver type : JBI, 2233 {or 7482]

« A «l anterna xorking ab a nominsl freguency of 2400 Hz ¢

.

Dimerngicns ¢ 1.583
1,160
3,200
i,uan
1,144

f R N T
oo Hnon
L

Compressian griver typs @ JHL a&3F

The shape of the A 9 ang A «i entennas are the ssme =iik a
ratio of 1.5 for sil dimensigns.

A.49
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4.3. - Mini-computer

The SOCAR computer is e POP 1103 from DEC (CISITAL
EQUIPMENT CORPCRATION) with the following charscteristics :

14 bit worda

64 K bytes RAM mepary

floating point inatruction set

autamatic booctatrap

faur RS 232 porta

cne 1§ hit DIGITAL 1/0 parallsl board

one 12 bit A/D board with 14 single ended {nputs (8
ifferential inputs).

at- &0 -1

As for the softwers cur system operstss under RTZ {subset
of RT 1l1}. RT ll cpersting ayatem and FJRTRAN IV language
are optiannsl for reseqrch orientad users,

The maas storage is done using either TU 58 cassettie racor-
der or double deralty floppy disk recorder. For very high
starage requirements, s CIPHER g-track mag tape recordasr
can ba provided with 2400 feet, 1600 2PI tapes.

An LA 34 (or LA 38) printer is used as the master console.
For specific applications we offer the following opticna :

- Dot matrix printer with grey scale for fac-simils display
in real time of the echo structurs,

- 8 colars full graphics ID 100 video terminal with kesy-
board. This terminal can be used as a ¥T 100 from CEL for
software development,

- colar hard copy for the [D 100 video terminal.

for a detalled description of the various computer modules
and the RS 232 interface see Appendix N% 2.
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APPENDIX B
FORMAL CALIBRATION AND MAINTENANCE PROCEDURES




Hevwan MNa. 2 e 3-17-87
(FoAT Menual i Peiiruee Na. Vi
L2 Batelle §22R-10 L4 2
e et LRt tnitial {euse Gaee To G Akviewsd
STANGARD MAINTENANCE PROCEDURE 2.6.79 1.17-88
tumun Povieomed/ Ruvient by Sraft Services. Dave oy (M, i:r:::} Servicas) <
Dean fobde JH/f2 317-67 Zﬁ Y 3-7-87
Tizke F,{Hiw ¥ Aren Bide,
Supereisor, General Ingtrument Services A.5.0. &40 6228

I PROCEDUAR TITLE iDescription GF Qoeestion $e Servical

RADIO TELEMEVYERING TRANSLATOR CALIBRATION

B R MAZARDS OR SPFECIH SAFETY MSPFECTS

Pinch Points ~ Folding~type Cabifnet - Use care (n closing,

M OTOUL, BOIFMENT, ARD MATENIAL REOQLIAEMENTS

necessary 1o meet manufacturer’'s specificatioss,

Signal Generstor - ¢ to 500 Hertz, + 10 ¥olt peak capability.

fracupncy Counter - To verify signal imput.

IR FROCEDUNE N METHSED SUTLINE

1. Give *Two Seconds of Safely Thought™ before proceeding.

final value,

SAFETY THOUGHT

TWO SECONDS FOK

LERNNED FROCEDURE
Ledo 22 éé‘ o ST EF
LAY RAE

CPLFT SERVICES
Electrical Shock - Remote chasce of shock &t 115 volf AL input conpector.

Calfbrated € 1/7 digit voltmster required becsuse a balanced system is

2. fonnegi Vight-weight vane t0 transiator - Do Not connect the anemometer.
{in calfbration, the frequency ganerator replacés the anemometeri.

3, 3Set function switeh in transiater €0 W. 5. Zers. Monltor 7P-1, Card |
{around) and T2-2, Card 2 and adiust R2, Card 2 for 0.00 YDC.
7.2 Tead to 17-2, Card 3 and adiust #3, Card 3 for 0.00 V.

Switch

Card 4 and 3 (averaging} are adiusted using R on {ts respeciive board
for 0,80 ¥0U out at TP-3. Thig should take about 20 minutes per esch
adjustment as the iime zonstant for 2ach board is about 5 minubes, and
five time constants shauld be zlilowed for the board to settle o its

B.1
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Revizicn No. 2 Diate 3-17-87
ree Procedure Na, Paga
STANDARD MAINTENANCE PAQCEDURE 6222-10 2 w2

Iv.

PROCEDURE OR METHOD QUTLINE (cont'd)

On cards 6 and 7 {offset buffers) short the junction at RZ and R14 to
TP-5 and TP-4 (zero to IC-2) and adjust R3 on each board for 0.00 VDC at
TP-2 on each card, Remove short when zero (R2} is set.

Apply a 491 Hertz, +10 Volt signal to wind speed cal. terminals {red and
black banana facks). Place function switch to zero sin/cas posftian.
Set B3, Card 2 for 1.00 VDC at TP.1, Card 2. Set R4, Card 3 for -1.00
VDC at TP-1, Card 3. Wait about 20 minutes per adjustment and set Rl
for -1.00 VOC at TP-1 on cards 4 and 5, using respective adjustments and
test points on each card, Adjust R2 on Cards 6 and 7 {offset and buffer
amplifiers} for 0.00 VOC at TP-2 using respective adjustments and test
points for each card, Set function switch to F.S. sin/cos. Verify each
time the function switch is changed that for 491 HZ {nput Card 2 TP-1
reads +1.00 VOC and Card 3 TP-1 reads -1.00 YDC. If they do not read
appropriately, then adjust proper potentiometer {R3 Card 2 and R4 Card
3? so that they do so. Waft about 20 minutes, then adjust R4 for 10.00
VDC at TP-1 on Cards 6 and 7, using respective adjustments and test paints
on each card.

Set function switch to run and jnsert the 491 HZ +10 VOC into TP-3 Card
2 and agafn verify -1.00 VDC on Card 3 and +1.00 VDC on Card 2 at Test
Point I, This completes the calibration of the translator.

Restore work area to a good housekeeping condition, Any unsafe tool,
equipment, material or condition should be corrected befare the job is
considered to be completed.

Complete documentation of calibration in accordance with SMP-GP-37.

A-1450-084.2 (186
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RET TR T Bracediare N, Fage

€3 Batiefle §22R~13 1, 2

bbbl

STy T T Lt e dice e

nitisd Fraoe Daw Ta Be Roveved
STANDARD MAINTENMANCE PROCEDURE 612281 51188,
izl Parriwwati/ Tevisnd by Okt Servicas Chaz Apirovad by (.. Qrvi Survicwe) Dan
0. L. Rohde g4 5-11-87 ;@’&W §«11-87
Tide Fapfie ™ Aren Hlsg,
Sunervisor, Spec. Instrument Sorvices 7 ¥4 00 BZ2R

T PROCEGUAR TITLE (Dwceiption OF Ovrarstion O Servicel

RABIO TELEMETERING TRANSLATOR CALIBRATICH FOR THE WEATHER
3 A ¥ I

M siaHs HETH

T OB AALARDS Qff SPECIFIL SASETY ASrECTS

Elsctrical Shocke-remote chance of shock at 115 VAC tnput connector,

Pinch Pofnts~~folding type cabinet--use care in closing,

Lifting Strains--53 poundg--use proper 11fifag techaique.

BY TQQK, EOUIMMENT, AND MATERIAL REQUIREMENTS

RAFT SERVICES
Caltbrated 4 1/2 Digit Voltmeter - required because a balanced system 1g

necessary to meet specifications.
Oscilloscope ~ to determine 10 volt peak.
Fregusncy Generator - D to 500 Hertz, +10 volt peak nput.

Frequancy counter - to verdfy signal fnput freguency.

-

i¥, PROCEGUBE DR METHON DUTLINE

1. Befors procesding, carefully consider the “safety aspects® of this fob.
Review Job Hazard Breakdown CS-78 on 11fting heavy oblects for sssurance
of proper techaique,

2, LConnect the light weight vane to the transtalor., Qo Bol cosneot ihe
anemometer. {In calibration, the frequency generator replacet the
ansmomater).

3. Ofsconnect terminals I and 2 {terminal 1 {s uppermost) of the wodule
terminal strip 1 on the rear panal fmnedfately behind the Wind Speed
Module {not to be confused with TB-1 on the power suppiyl,

4, Connect the positive tead of the 10-velt signal from the generator to

;.'frminaI 1 and the negnﬂﬁ/ﬂfgfﬂﬁﬁﬁé] ZFEJmeudu’le terminal strip
’ SAFETY THOUGHT

ATRYGR ¢ 1Ak

B.3
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S«11.07

Procedues flap.,

b
STANDARD MAINTENANCE PROCEDURE §220-13 r 2 w2 |

5‘

10,

il

12.

13.

JER

8.

Zgh

17.

8.

9.

Set the functlon switch on the front panel to the “Low Cal” position
and adfusc the V-Out Low Potentfometer to obtaim a zere voltage output
{red banana jacket) on the Windspeed Mndule.

Adfust the ¥-Caut {ow Potentiometer for 3 zerv voltage outpul {red banana
jack) on the Buffer Amplifier Module.

Set the function switch on the froat panel tz the “RUR* position.

3¢t the gunerator for 451.5 Hertz, + or - 1%, bul as accuraiely as
possible, keeping in mind that high accurscy *In® ensbles good calibration
*oul*,

Adsust the ¥-Oul Righ Potentiomefer on the wind speed module %o oblaln
+ 1,588 wolt B.E, 3t the veliage output.

. - 622R-13 2
Adjust the V-Out High Potentiometer on the Buffer Amplifier Module to
obtain -~ 1.000 walt D.C, at the voltage cutpul.

Set both "minutes® switches to zers on the Sine and Cosfae Average
Modules, {This removes the averaging time constants, thareby {ncreasing
technician efficiency in calfbration time).

Turn the vane until you obtain a minimum reading at the voltage output
of the Sine Average Module and adjust the V-Out Low Potentiomstar far a
zero reating.

Turn the vane until you obtain a maximum reading at the voltags output
of the Sine Average Nodule and adjust the v-aut Hi Potentiometer for
+ 10,00 voits 0.C,

Repeat steps 12 and 13 untd] satisfied there 15 no interaction belwsen
the twe, affecting the readings.

Maasuring the astﬁut of the {osine Averaging Module, go through steps
1%, 13 and 14, adiusting 1is ¥Y-Dut Low and ¥-Gmt HY Polentiomelers as

*

Returs the “minutes™ swiiches on the Sinz Averags aaé fosing Averags
H¥adules %o the °% minutes™ position.

Disconnect the peneeator from Terminals 1 and 2 of medule ferminal strip
1 ard reconnsct the orfginal {nputs,

festore ares to a good housekeeping condiifon, Any unsafe toeol, -
efquipment, matertat, or condition should be roevected before the job is
eorisidered to be complieted,

Complete any aeeded calfbration documentation In accordance with
SPP-GP-37,

A ZROGEN .2 17803
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MAIN Y ' ¥
STANDARD MAINTENANCE PROCEDURE 5-12-81 5-11-88
TEanacds Reviwonds Ruvised by Cratt Service Qe g by AMAGe,, Cralt Sarviows Qawe
B. L. Rohde 5-11.487 ‘ZM 51137
Fitin Pty Beay i
Supervisor, Spec. Instrument Services 8228 &00 5Z2-R

I PRCCRQURE 1TITLE {0

i O O e Sercicead

REMOTE RAOIG TYELEMETRY DATA ACOUISITION SYSTEM CALTORATION
[CLTRRTRONTC ~434 S‘fﬁ?lﬂﬂ% F1-19, 22 & 23

B IO8 HAZARGY Uk SPECIFIL SAFETY ARRIDTE

T OTO0L,. EEICHPAENY, ANG MATERIAL REQLILAGMENTY

IZ PROCEIARE OH METHOU GUTLIRE

1. Dpen the INP-838 enclossre.
2. Flacs the X«15 Jumper to position 1 {Laft}.
3. Bel Yoplcs 31 ang 45 o0 8,

Prepared by foberl H, {asticberry - $228% Instrument $hop.

A. Eleectrical Shock - remole chance of shock at 11§ YAC sutlet,
8. #inch Puints - flding type cabinet.

8. Shop mwade Sensor Input Adspter Plug.

7. Ensure Topfc 21 CH-1 = 3 (5 volt input).

TWO SECONDS FOR

SAFETY THOUGHT

A. Calibrated 5 YDC source (Transmation 1040 Digital Calibrator or equiv).

4. BRamove the 3Sensor Input from the bottom of the IMP, and connect adapter
plug to WP Input,

5. Set Toptc 25 CH-1 to 3,008 {Primary Spasn).
6. Set Topie 45 to 1 {Engineering units enable}.

8.5
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Aevition No. Dats
Titie PFrocedurs No. Page
STANDARD MA!NTENANCE PROCEDURE £22R-14 2 a2
8. Monftor Toplic 47 CH-1 for the applied voltaga. (_‘

9. Connect voltage source to CH-1 and analog common of plug adapter.

10. Input the following voltages, verify the IMP display reads within
tolerance., Record "As Found®,

YOLTAGE APPLIED DISPLAY VOLTAGE -
0 YoC 0 +- .03 VDC
1.25 ¥DC 1.25 +- .05 YOC
2.50 vbe 2.50 +- .05 vyDC
3.75 viC 3.75 +- .05 VOC
5.00 voC 5.00 +- .05 ¥DC

11. If in tolerance, record "As Left® voltage.

12, If out of tolerance, adjust R38, repeat Step 9, and record "As Left".

13. Remoye plug adapter and reinstall sensor connector to IMP,

10 2ket forres 1¢§ndqismiﬁ(1f“§:éé7-ﬁﬁ';per X-15 to position - 2 (Right)
and do a four second short reset.

15, Return remote station to normail operation.

M

16. Affix Level 1 calibration sticker and complete all required calibration
records.,

A-1840-058.2 (180}
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NOAT Hanual BT T8, Faow
§3Batelle - 622R~15 1 o« 2
e ) At | Ta Ba Aevivind
" STANDARD MAINTENANCE FRCCEGURE Foici luie Beve .
7-2%-81 N
Semnde Porrioerach Fapviand By Lentt Berviec £ Wgr Lot Bercoent Hete
M. H. Hapora ‘?}3/%% 71486 %@:{/ 7-14-86
Thie e - £ Apcaility Ares, 3idg,
Forsmas, Seneral Instrumsnt Services Atmospheric S¢lences 600 A, 642+R
{ PROCECUAE TITLE [Dexrision OF Spereion O Servieal '
CALIRRATION CHECK OF THE WEATHER
MEASUXE WOGEL WIOA LIGHTWEIGHT VANE CERTIFIED PROCEDURE
Bouta S 20000
O a8 HAZARDYS OR SPELISW SAEFTYY ASPECTS ARG é?: %'fs““‘
84 O BERVIQES DEPT.

Sharp Corners
Loose Calibration Top

I TOGL, EOLWMENT, AND MATERIAL AEIAERENTS

Dig!ta] Voitseter (4 1/2) HEEL Calibrated L e e
Calthration Unit (Battelle Daveioped) HEDL Calibrate

"‘1 &&d ". ¥01t D.Cg SQ“?'CQ
PHLEA.G0; PAP-1201; PAP.1203

IX FROCESURE ON METROD OUTLING

1. Consider the *safety aspscts® of this job before proceeding.
2. Install the lightweight vane Ints the calibration enit,

3. Connect tha +1 Volt supply to pin & ard the -1 Volt supply to pin H with
the grounds going to pin F. Using the Voltseter, make suve both suoplies
are as weil batanced (both at 1.0000 Volt) as possible,

4. Read the sutput of pin & {sfne output) and adjust the vane until you
read as close as possible fo zero. Adjust the calibrated top 30 that
the vane 15 in the north position while st resding zero.

§. Read the output of pin E (cosine sutput), This should be within % of
1 0000 Yolit, and any adjustment of the vane to obtaln this reading shall
net exceed + ¢ - 3.6° of porth.

| OO T 7
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STANDARD MAINTENANCE PROCEDURE ”ié?ﬁf«"i‘s |”2 o

st atr—

1¢. PROCEOURE OR METHOD CUTLINE {cont'd)

5, Adjust the vane {6 read *Easi”™ and oblain a new zere reading on pin
E. The vane should end up within + or ~ 3.5° of «asf ob the calibrated
tag. Then read the voitage on pin D, Thiy raading should be +1.0600
voit {within X}, Any adiustment of the vame to obtaln that reading
should 9 within + or < 1.6% of east.

7. Adiust the vane to read scuth and obtaln a near zevs reading on pin
D. The vane should end up within + or « 3.6° of south on the caiibrated
top., Then read the voltage on pin E. This reading should be -1.000
Yo {+ or ~ 1%}, Any adjustment of the vane to obtain that reading
should be within + or « 1.5 of south.

8. Adjest the vane 1o resd west and oblain a near zsro reading onp pln
£, The vane should end up within + ar ~ 3.5% of west on the calibrated
top. Then read the voltage on pin 0. This reading should De ~1.000
yoit {+ or - 1%}, Any adiusiment of the vane o obtain that reading
should be within + ar ~ 3.6° of west,

3. Change the bearings in the 1{ghtweight vane, (5ee the weather measure
manual, §¥ unfamiitar with the procedure).

10, Do steps 2 through B again and, if calibratios 1s verified, complete
required level one calibration documentation, See SMP-GP-37. -

11. Restore area to proper working condition. Aay unsafe focl, equipment
ar condition should be corrected before the job is considered to be
completed,

AR 11800
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Revision No. 0 Gax

" TErpedar NI, e
£ Batielle " GooR-36 w2
o S avaiones frrstral liswe Dot To Be Pavimesmed

STANGARD RAINTENAKRGE PROCEDUAE 7-23-81 7.23-85

Teneacti Reviawer e #e LGS0 " G gy Mg, Craft cervicas) Cex
M. H. Nagora 7423-84 \Q \z&\‘%‘s\\‘\h , 7-23-8i

Title ;_m'ﬁ& v R Arsz Bidg.
Foremen, Seneral Instrument Services Atmospheris Sciences 600 A, 622-R

1

PROCEIAE TITLE iOawription OF Otmration Or Servicei

CALIBRATION CHECK OF THE WEATHER MEASURE MODEL W103-A CERTIFIED PROCEDURE
INEVORMETER USE]

ED TR THE AANEORY RADIO TELERETAY SYSTEM /2 3/er
CERTFIED B% GATE
C & O SERVICES DEPT. -

JOH HAZARDS OR SPECIFC §AFETY ASFECTS

Snharg corners on catibration unif might be congidered hazardous.
Aveid placiag instruments in Ygcations whera thay might he disiodsed.

o conpu, s iz s TWO SECONDS FOR
Frequency Countar - HEDL Calibrated SﬁtFETY THOUGHT

Lattbration Untt {(Battelle Developed)

300 RPE [rive Motor - HEDL Verified

1800 RPN Drive Motor - HEDL vYerifiad

Calibration flecord Card B0~1060-047 {8-78} .

Shop Calibration Check List {Shop us# only, shown on pg. 2}

PROGCEDURE OB METHDD DUTLIMNG

t. Consider the safety aspecity of this job befare proceeding. Arrange
instruments on clean surface to avoid dropping,

2, Mount the anemomeier inta the connector on the calibrstion units
with {45 neck in the rest.

3. Place the 300 2P¥ drive motor ia the calibration unit and secure to
snemomater shafe.

4. Turn on the 300 RPH drive motor and resd counts out by <annecting the jnput
to the froquency countasr o the SMC connector on the calibration unit.
Record the counts cut {n the appropriate location on the calibration
whesk Yist form to show the "as Found® condition.

£. Flace the 1800 RPN drive mstar in the calibration unit and sacure 2o
anemomeler shafi.

A HAGON%E. 5 (T80
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Titia

STANDARD MAINTENANCE PROCEDURE " §22R-16

Procgdure NG, rlﬂ

I¥. PROCEDURE OR METHOD OUTLIKE (cont'd)

6.

10.

Turn on the 1800 RPM drive motor and read counts out on the frequency
counter. Record counts in the appropriate Tocation on the calibration
check T1ist form to show the "as found" condition.

Replace the bearings in the anemometer. (If unfamiliar with procedure,
refer to weather measure manual).

Again do Steps 3, 4, 5 and 6, and record output counts in appropriate
location on the check list form.

Fill out proper blocks of the calibration card, showing calibration
verified.

Restore area to proper iarking conditfon. Army unsafe tool, equipment
or condition should be corrected before the job is considered to be
completed.

W103-A Anemometer Serial #
As Found Hew Bearings
Qutput Counts Qutput Counts
300 RPM
1800 RPM
-~
Date:

Checked By:

4-1860.058.2 |1-20)
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Havigoan Na. 2 DRH e s imndy

CRATTEERRT ' _ [Frecedire Ha. T iPuge
£3Batelie 522818 A e B
Fac il Ml Lafxaratinene N
MAINTENANCE PROCEDURE s T D foBe®
STANDARO 10-12-81 10-12-87
fsned/Ruevevadifavived By (Cra Tt Services) O oved By M. Crafe Services) fars
0. 1. Rohde 10-12-86 | A\ L LAY 10-12-81
fiven = Facility TR prouny
Sugervisor, Spec. Instrument Servicas Atmosoharic Sciences 500 6728

{ PROCEDURE TITLE (Dewription OF Sowrstion Or Serveed)
CALIBRATION CHECK OF THE WEATHERTROMICS MOOEL 5147 HUMIBITY

L5 Sy

o M,

o Letzh, {5/ 873/
BB HAZASDS DR SPECIFIC SAFETY ABPECTS CLOHT T 8% 7 PAfE
Bumping hazard from equipment hanging from hdom. C & D BIRFSIS DTRT

W IO, EOUIFMENT, AND MATEMRIEL AEOUAEMENTS .-

Two-way radic, thermometer - HEDL verified, distilled water.

Saturated sotutiong of Tithium chloride crystals and potassium sulfate
crystals in seaied containers.

Atlen wrenchas, screwdrivers, water pump g?ie{s, camel hafr brush,

Calibration record card BD-1050-047 (5-78
TWO SECORDS FOR

I OPROCEOUAE OF METHOD QUTLIRE S AF ETY TH OU {; ; _g .

"TAKE TWO SECOROS FOR SAFETY THOUGHT®

Consider the safety aspects of this job before proceeding.
Ramove probe from shelter and varify aspiration.
Remove sintered filter from prabe. DG ROT TOUCH SENSING FLEMENT.

Insert probe into Tithium chlaride calidration chamber and wait approximately
twenty minues for stahilization to sccur,

5, PRecord ambient tewperstyre, caleulated husidity from Figure 5.1 in Heathertroaics
fuidity Probe Manual, and humidity recarded in control room.’

6." Insert probe into potassium selfate calibration chamber and wait approximately
thirty minutes for stahilization Lo accur.

7. Repeat Step #8,

8. Clean sintered filter with distilled waler if required.

9. Yarn off sumidity translator,

). Gently blow dust of'f senging alement; DO NOT USE COMPRESSED AR,
1. Carefully wipe sensing element with casel hasr brush dipped in distiiled water,

Rl R

A TEADDNR T [t
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Praisicn. hig, g Sars . A
Titia Prooedars N, Fugu
STANDARD MAINTENANCE PROCEDURE §278-18 IR I
1Z. After probe has dried, turs humidity translator back on. {J)
13, Repeat steps Four through seven, .
14, Final readings should be within + 3 percent of the calculated readings. If
they are not, refer to appropriats Westhartranics mamuals and Leeds and Norta-
rup Speedomax 250 Recorder Hanual to sysfesmatically troubleshast system,
1S. I final readings are within 1imits, calibration check {5 complets, When
sintered f1lter is dry, reinsisll on prube and replage probe in hopsing,
16, Restore area to proper working condition, Any unsafe tool, equipment,

or tondition should be corrected tefore the job is congidered complete.

AT EOLOERR (1At
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$3Battelle 622Kk~19 T 4
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STANDARD MAINTENANCE PROCEDURE 2.4-87 3489
Ergrants Ruvigvwends Favisnd e {raht Services Duta Appe M. Crafs Bmrncts Daw
0. L. Rotde /A 2.4.87 VYT 2:4-87
Titie ™ Pttty i T
Supervisor, Spec, Instrument Services BIZR §G0 §22-R

I PROCEOURE TITLE (Dewyiption OF Soervvion Jr Servient

REMOTE RADIG TELEMETRY MTCROPROSSOR BASED DATA ACQUISITION SYSTEM
CALIBRATION (LLIMATRUNILS IMP.B34) STATICN #20

Prepared Dy Robart H. Castleberry - §22R Instrusest Shop.

I JGE HAZARGS GR SPECIFIC SAFETY ASPECTS

£lectrical Shock - remote chance of shock at 115 YAC outlet,
Finch Points - folding Lype cabinet.
CEATIFIED PRECCEDURE

@%t,fmi l iﬁ%r 2§77
Voo HATE
CRNFT §24CES

AW TOOL, ESHPRENT, AND MATERIAL ARUUVIREMEN TS

Calthrated 1 ¥OC source {Trangmation 10480 Digital Calibrator or equiv),
Calibratad Freguency Counter {Fluke 30604 or 1910A or eguiv),

SHop Made Calibration Plug {opticnall,

Calibrated Funcilon Generator (HP 33114 or equiv).

asellioscope.

02 PRICEDLRE O/ METHOD QUTLiME

1, (Open tha IMP-B34 anclosurs,

2. Place the X-15 Jumper to position 1 (left),

3, Set topics 31 and 45 to &,

4, Removw the sensor inpul from the hoitom of the INP,

TWO SECONDS FoR
SAFETY THOHGHT

At EREIE L T
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STANDARD MAINTENANGE PRQCERURE §220-1% 2

I¥. PROCEDURES OR METHOD OUTLINE {contd)

5.

G.

ANALDG/DIGITAL CONYERTER CALIBRAYION:

a. Remave the J-7 molex commecior,

b. Cormnect the Transmation to pin 1{-) and pin 2{+).

. gﬁp?y the valtage Indicated tn the following steps and read the counts

own al topic 47, chanmel 1, Record ihe "as found” readings om the
Recard of (alibrations sheet,

YOLTAGE APPLIED READINGS {in couats)

{1} 0.008 v0C Q080 +/- (0005

(2) ©.250 ¥OC 1000 +/~ 0005

{3} 0.500 VOC 2000 +/- £005

{4} 0,750 ¥l 3000 +/~ CUGS

{5} 1.000 voC 4000 */- (005

d. Adiast R3% if cut of tolerance., Repeat steps £{1} to c(ii and rezeord .

the *a2s Teft” counts o5 the Record of Calibralions sheet, (i:g

e. Remove Transmation & remate J-7 molex comnector.

1 VOLT REFERENCE CALYIBRATION CHECK: )

a. Install the Sheop Made Calibration Plug.

NOTE: The Shop Hade Calibration Plug connects pin m {+1 %&c refargnce)
20 pin L {Analog 1). I you do not have the plug, the
cornection My be made with a jumper. o

b, Read topic &7, channel 1. Should read 4400 +/- 0008,

¢. Record the "z5 found™ counts on the Calibration Shest.

g, Adfust R3Z 1f out or talerance-record *as lTeft® reading.

COUNTER CALIBRAYION CHECK: .

2. Monitor the sutput of the Function Benerater with 2 Calibrated

Frequency Zounter and oscilloscope. Adjust for & 23 HZ, C.4 VP/
S5ine Wave with zero volisy offset.

S tHBG-CSEE v

8.14



W

fwpvidian Ne._ st ]

Tine

Brgpumate M. A,
STANDARD MAINTENANCE PROCEDURE 622R-16 3 oow 2

Iv. PRCCEGURF DR METHOD OUTLINE (contd)

7. COUNTER CALTSRATION CHECK: {contd)

aﬁ

. Connect the red and black leads from ithe Shop Hade Calibration Plug
to the output of the function Generalor. )
#O7E:r  YThe Shop Made Calfbration Plug connects the Counter 1 input

{pins & - &8DU and H - €71} to the red and Slack leeds, If
you do not have a plug, the connections may be made with a
Jumper, or test laads.

£, Read fopie 47, chanmel 17, It should read 3023 +/- BOOZ counts.
Record the "as found" reading on the Record of Calibrations sheet.
Adlust the Functios Sesevator for 69 HZ, Topic 47, channel 17 should
read G089 +/« 0002 counts, Record the "as found® cotnts on the Record
of Calihrations sheet. _

¢, Ajust the Function Generator for 138 HZ, Topic 47, channe! 17 should
read 0138 #/- 0002 counts. Recowd the "as found™ counts on the Record
of Calihrations sheet.

f. Adjust the Functign Generator for 234 xz. Topic 47, channel }7 should
read 0230 +/- 0005 counts, Record the *as found”™ counts on the Record
of Calibrations sheel,

4. AdJust the Function Generator for 414 HZ, Topic 47, champel 17 shouid
read 0414 +/- 0005 counts. Record the *as foand” ¢ounis on the Record
of Calibrations sheet.

h. Remove the Lalibration Pleg. "

1. Recomnect the sensor Plug,

YEWR CHECK:

#. Instal] the Byrd Model 43 Thruline Watimeter.

b, Push “¢al? button® apd read farward power,

c. BRecord on Calibration Sheet.

d. Push "call button” and read reflected power,

¢, Record onr Calibration sheet,

¥. Remove ¥Watimeter and refsstall Coax,

A TANADER.2 i 48
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STANDARD MAINTENANCE PRCCEDURE 622R-10 4o A

)

Titla

I¥. PROCEDURE OR BETHOO QUTLINE {csentd)

3. Shurt Reset the IMp

10, Prapare and install €alibrat1cn tay, Complete 217 caiibration
docunentation in accordance with S¥P-GP-37.

o

A-TEBO088.7 11 A
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£3Batelle 6228-20 b w3
e o Lo Imitiad Tsoup DEe Ty Ha Feviarnmt
STANGARD MAINTENANLE ¢ ED? ' )

£ PROCEDURE 7.9-37 5.9.88
ipzumds Heviewsds Revioed by Crah Services Daew i Syt y,c:w Serwrcust Date
§. L, Rohde M 2-3-87 ‘Z@ép‘{w 2.9-87
Tiole ;,aéxia 4 Ares By,

Supervisor Spac, Instrument Services General All All

t AAGCEDURE TITLE (Desricton 0F Soersrion O Secviost

METECROLOGY TOWER WIRD SPEED FISih CALIBRATION

Prepared by Dennts G. Knight - 622.R Instrument Shop

CERTIFIED PROCIOURL
T AR EATARDS 08 SPECIFC SAFETY ASPEOTE i

A 2-F3
Electric shock ”“”“‘2' :

Weather Lxposura . ; PR
Tower Tlevation and Elevator Usags CRAFT SERVICES

“GIVE TWh SECONDS OF SAFETY THOUGHY BEFORE PROCEEDING"

OI TOOL, SQUIPMENT, AMD HMATIRIAL AFQUIREMERTS

Pracision Digital Multimeter Lalibration fecord Card
EFroguency Counter Recurd of fatibration
Weathertronics Card Lxfernder P/N 17067 SHE GP.37

Preciston Calibrated Roturs 300 & 1800 RPN Two-way Radig
Anegpometer Test Jig

Portable Caleulator .

Geners] Imstrument Technizian Tools

HOTZ: Ensure all HEDL test equfpment uassd in calibration has current calibration
stickers. -

IV, PROCEQURES QR METHOD QUTLINE

The Weathertronics Wind Speed System iy comprised of an anemomeler {photo coupled
chopper) and 2 pulse frequency sensitive, signal conditfoning, module, Tha
Weathertronics Model 1251 module produces two output voltages, One is & 0 5

10 mitlivelt oulput wivich drives the ching wind speed recorder and the 0 i 5
voit cutput §s used for computer record and analysis. The wind weloctiy iy
measyred on 8 Yevels: 7, 30, 58, S8 3.E,, 148, 200, 300 and 400 fzet. Tha
system jndication s by recorder only and it will be calibrated under z s=parate
Standard Haiatenance Procedure.

e s WO 1 73
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STANDARD MAINTENANCE PROCEDURE 622820 2 w3

Frocwiure N, Pk

A ————

Iv. PROCEDURE OR METHOD OUTLINE (cont’d)

Iﬂ

Zﬂ

3*

4,

g’

HeP

il.

}Z‘

Infors the synoptic Tab of the {mpending calibration. Y¥Yerify the caiibration
date is current on the recorder for the tewer lavel to he calibraled,

Lacate the rack and the tower Tevel modute to be calibrated, as §)lustrated
in Figure 2,

his procedurs covers the calibraifon of the fower wind spesd as 2 system
and will require 2wo technicians.

17 an amual calibration iz to be performed, which includes anemumetler
bearing changes, continue to step 5. If not, gontinue also, only disregary
racording as found and as leit data, :
Remove the anemomeler from the cross-arm assambly, remove cups and place in
tast Jig.

Extablish communization Detween tower levels and piace the module mede switch
in the lo-cal position. The woltages measured at both fhe blue and orange
test points should be 0.00 in reference Io dDlack test paoint commn,

feturn the wode swileh to operate and alternately monitsr the blue and orange :
test painls, Turn the anemometer at 300 and 1800 RPM, If ot previsusgly 6:)
recarded, record as found, _

Refarence Figure 1 for wind speed, RPM and vollage aquivalents,

Betermine §f voltages are in tolerance. I not, adjusl culput-l and 2 hi/low
potentiometers uatil rero and span vollages are achieved using the 300 and
1300 PN mtors. Go to Step 12 if Just a board calibration is re:aired

Remove anemometer from test jig anmd refer to manufacturar®s manual for
bearing changes,

Repeat steps 7, & and 9, i {n tolerance, record as iefi and go ¢ Step
13, If module will not catibrate, commence troubleshootiag.

The wind speed module calibration 1s as follows:

A. Remove power and place wind speed ¢ard on extender,

B, Restore powsr and turn mode switch to the Hi-Dal pusi:ianﬂ‘

c. spasure internal test oscillator freguency at front 8lack (-} test point

and the brown {+) test point locatad at the rear of the module, Make
note of the frequency.

A-VREQ-QUAD (7 B
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STANDARD MAINTENANGE PROCEDURE 622020

Frizemeure Wi g
Mg............... af m?.......

Iv.

PROCEDURE OR METHOD QUTLINE (cent'd)

1%

14,

o,

£,

8.

HU

I

J?

Move the position test Tead to the blue test point, turn wode switch to
Lo-Cal. If necessary, adfust v& 202 {sfgnal out 1, Yo} for 0.00 ¥OC.

with the oscillator freguency measgred in Step €, caleulate the following
formula for wind velocity. ' ‘

¥meh = FHE + 9.3
25019

§s§ﬁ§ the wind velacity calculated in Step £, caleulate ths Hi-fal puipwr
witagm

¥out = 5.0 %04 Yaph
ida

Place mode switch im Hi-Cal pasitfon. Adjust VR201 {[signal out 1, HI}
for voltage calculated in Step F,

Monitor the orange (+) test point. Adjust YR203 {sfgnal out 2, HI)
for a value 0.002 times the value calculated fn Step F.

Make adjustments as required until Lo-Cal and Wi-Cal voitages are
achieved on both output voltage ranges {0-10 m¥ and 0-5 VOC).

if al) adjustments are complete, return to Step 14.

Before reinstalling anemometer verify 13b recorder reads ¢, 18.2 and 83.3
miles per hour, within the assigned talerance. Restere sysiem o normal
oparation,

-

inform synopiic ab that calibration is complete and affix level.l
caltbration gticker where it can be verifisd, complete Ualibration Recond
card and Record of Laltbration,

ARAG-058.2 11 a8
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Attachment

b22R-28
WEATHERTRONICS
MOGEL 2030
ANEMGMETER

FREQL SHAFT SPEED WIND $PEED WIND SPEER
ey REV/MIN, MILESHA,

28 L5 3.9 1.3

30 £0 as 155,

&0 126 84 3
ARG, X0 15.74 &4
450 a0 A4 26.9
504 ) 1008 B 0.0 . 224
750Q 1500 4.1 m
S0 - 1200 HE8 E: 320
10 2027 1000 442
o4 242 z;;x? 450
1135 2m 1119 50.0

CALIBRATION TABLE
5 Volit Dprsul Tal
300 ®PM = 0762 VIC (+712=w==p 812} -
1800 RPN = 4,44 VO {4.35----3 4.49)
16 Miilivelt Dutput
300 RPN = 1,524 WVDC {1.828-vws 1.624)
1800 RPE = 3,58 MyDC {8.,78--w-2 8,58 )

FIGURE 1

8.20
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STANDARD MAINTENANCE PROCEDURE Al T S e
2-4. 57 2-3.88
atuwds Reviewnds Amvised iry Zradi Sarvices Dacw Haprowma il (MgrL Servewsi Dare
E ¥
B. L. Rohde JIF 9-9-87 j%é;,wgfgi;¢;y£;~ 2-9-87
" ¥ Fadlivy | Area Biag,
Superetser, Spec, Insirumeatl Services Geperai AN A
I PROGEDLAE TVTLE iGescoioon I 0 Or Servicel ) :

METEQROLOSY TOWER WIND DIRECTYION FIELOD CALIBRATION

Prepared by Dennis G. Knight - 6228 Instrument Shop
CERTIFIED PAGCEDURE

O X8 HE2AR08 OR SPECIFG SAFETY ASpECTy

E _%ua... Shar, 2787
Elaectrical Shuek EATEAN N CAlE
Weather Exposure CRAFT SERVICES

Tawer Elevation and Elevaise Psage

*GIYE TWO SECONDS OF SAFETY THOUGHT BEFORE PROCEEDING®

T TOLL ELVIPMENT AND MATERRAL, AEniREMENTS

Frecision Digita) Multimeter gepart of Calibration
Weathertranics {ard Extender P/N 17007 {aithration Rezord Card
BNW Yane Calfbrator SHP GP+37

Two-¥ay Radic
fienerz! Instrument Techniofan Toplsz

Note: Ensure all HEDL calibration stickers are current on test equipment used
for ¢alibratfon,

I¥. PROCEDURE GR METHOD OUTLINE

The Tower Wind Direction Measuring System 13 comprised of a Weatherfronies
sensor and signal conditioning module. It utilizes a Mode! 1251 modale and
2 Model 202G, 340 degree potealicmeter vane, The signal cosgitipoer has two
cutputs, & to 10 willivolt range for the wind recordsr and 2 5 ta 5 volt for
computer record and amalysts. Wind direction ¢ sensed oa eight tower
Tevels--7, 38, 50, 50 SE, 106, 200, 300 and 400 feet. Wind direction is
indicated on a chari recorder and calibrated under a separate Standard
Haintenance Procediure.

TWO SECONDS FOR
SAFETY THOUGHT

AV OB Y
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STANDARD MAINTENANCE PROCEDURE 622021 2 s

£y
P,

I¥. PROCEDURE OR METHOO OUTLINE {cont'd)

1. Inform the synoptfc Tab of the {mpending calibiration, Verify the calibration
date {3 current on the recorder, for the tower level to be calibrated,

Z. §$caag the rack and the tower Tevel module to be caiibrated. Referonce
g- <.

3. Yhis gprocedure coversg the calibration of the fower wind direction as a3
system and will require two technicians,

4, If an asncal calideation i3 1o be performed which includes bearing changes,
cantiose to Step 8. I not, ¢o to Step &,

£, Reference maintemance section of manufacturer's manual for bearing change.
&, Securs the cross-arm assembly and remove the vaee,
7. Place the vane in the vane calfbrator, utiifzing extension cable,

8, Remove power and place wind direction medule In the card extender, First
monitor the black {-Y and blue {+) test points and resture power,

9. To align calibrator to north turn vane until the voltage reads 3,333 VOC. 63
Then turn calibrator unt1l the circular disc aligns with Vine marked north. - T .

10, Establiish commmication between tower levels and verify voltages at the
hBlue test point as the vane is rotated through $0 degrees east, 180 degreas
south, 270 degrees west and 360 degrees north,

11, Repeat step 10 while monitoring the cringe test point, Tafs 14 mititvnit
autpul 1y used to drive the synoptic lab recorder. :

12, Record a3 found volfages on the report of calibration sheel and determine
if 211 wpltages are o tolerance, IF any adfustment i3 required, first
adlust the outpel 1 Wi aad Lo potenticmetars, then the culpey -2
potestionetsr on the froat of the module. These adjusimenis should bring
hoth voltage spansy withia tolerance.

13, If in tolerance, go to Step 18. IF mot in tolerance, continue with module
catibration.

o
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STANDARD MAINTENANCE PROCEDURE 627R-21

" IV, DROCEDURE DR METHOD CUTLINE {cont’d)

14,

15,

6.

The foilowing stens verify the calibration of the wind direction madule, '

A, Turn the mode switch to the G.cal position. White moaitoring black
(-} and blue (+) test points, wdjust ¥R202 {signal ost i, Loj for 0.06
¥ _

-

B, Monitor violet {+} test peint. Turn mode switch to the 360-(al
position, Nake a note of the negative voltage.

€. Turn mode switch o the +360-cal position. If necessary adjust ¥R 301
{adjacent tg the dlack test point} for the value mzasured in grawious

step,
B. fepeat steps A, & and ¢ unti] corvect values are achieved,

E. Monitor Siye {+) test point and place mode swiich ia the 35J.cal
position, Adjust ¥R 201 (signal oyt I, Hi) for 3.333 ¥OC.

F. Honttor the crange {3} test point. Adjust ¥R 203 {signal out 2, i)
for G067 YOO, ..

G, Mositor hlue [+} tes? point. Place the mode switch fo the O-cal position
- and adjust YR 202 (sfgnal out 1, Lo} to Q.G ¥DE. . . . _

H. Repeat steps £, F and 8§ unti] all the corvect voltages are achieved.

i. Once the module s calibrated, vepeat Step 10 and §f in tolsrance,
record as 1e¥L and continse, If not in tolerance commence
troubieshooting,

-

wWhile the vane 1s 51111 1a the vape calibrator verify at Teast two compass
points up to the synoptic lab recordew, Verify the recorder reads within
the assigned system tolerance,

The wind direction sysiem has now been alectronically verffied and or
¢atibrated, 1In order to complele the alfgnment, the crogs-arm angd vane
mist be mechanically verified at true noeth. Reference Fig. }.

A. The sepsar cross-arm must be checked to verify 1t s setting
perpendicular to the tower boom,

B. Llscate a pofat top center ang about 3 feef away fram ihe cross-am.

ERE-LI-S L LN SRR -1
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STANDAAD MAINTENANCE PROCEDURE 622R-21 4 a4

Brocsdura Ng. Page

Iv.

PROCEDURE QR _METHOD OUTLINE (cont'd)

7.

c.

D.

Measure from the center point on the boom to both ends of the cross-arn

alternately, The measurements to both ends should be exactly equal,

If not equal, loosen seot screws and rotate until equal.

Once the cross-arm has been verified at 90 degrees the vana must he
physically oriented to true north,

A.
B.

Disconnect extension cables and refnstall vane on the cross-arm assemdly.

Remove the anemometer and, while keeping the vane turned away from the
anemometer end of the cross-arm, remove the counter weight and tail
assembly,

Install spare vane and parallel rod on the anemometer end of the
cross-arm. Extend the rod through the vane.

With the parallel rod halding the vane in place, monitor the voltage
at the blue (+) and orange test points.

If required, Toosen set screw and rotate the base of the vane and set
1t at the test voltages listed in Figure 1. Note the test v01tages
cover the 7 ft. level as well as all levels above 7 ft.. s

The offset voltage for all levels except 7 ft. were calculated based
on boom angle, cross-arm alignment and tower orientation.

Once the test voltage {3 set withipn the tolerance indicated on the
ca]ibratinn sheet, restore system to normal operation.

Affix leve]-one calibration sticker, sign and comp]ete Report of

Calibration and Calibration Record card. = _

N
./

Q9
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STANEARD MAINTENANGE PROCEDURE HR22R-73

b. Onze the 10 meter level {5 at or near the battom of the tawer, place
the Zx4 brace across the tower track to prevent the gensor assembly
and crossare from siiding off the end,

€. Mark the position of the csbie with tepe amd remove the two U-boTt
¢lzmms,

4, Repeat the above steps for 25 amd 60 meter seossr levels.
¢, Disabie the tower winch to prevent accidental operation.
Initial IMP-B34 Setup and Operation

4. Engure Topic 40 i3 ot to I,

2, Varify Topics 24 amd 25 have the valugs listed below for channels
through 11,

TarIC 24 TOPIC 28
Chanae! - 1 3 ion
2 6 40
3 G 100
4 e 540
5 ¢ 150
& i 540
7 -40 124
5 -1 25
g 435 iz
10 43 129
11 4 120

€. If values are oot correctly sei, change accordingly.

d, Set IMP o Topic 47 and chserve engineering units on chansel fa be
cilibrated. (Refersnce Fig«l1}

¥Wind Speed System Talibration

a, Starting with the 14 meter level, remove the anemometer from the
Sressars.

b, fhange the ansmowmeter besrings in accordance with the (limatronics
Bearing Removal Proceduve, Do not re-install the cups or the
anemometer.

£. Install anemometer test cable. With the precigion motors turn the
anemometer a? 1800 and 250 RPM. Observe the windspeed !n miles/hour
on the appropriate IMP-833 channel,

Fi
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STANDARD MAINTENANCE PROCEDURE 522R~23 3 o 5

g. 1f In toleratice, record a3 found and o ta Step F.

g, IT not in tolerance, check to make surs the motor 1s Yined up and
runping freely, Verify 2ero and span voltages 4re corrsct,
{Reference figures § &k 2}

f. Record z3 Yeft and fnstall the anemomefer without <ups.

%, Wind $irection System Catidratien
a, Remove the vane from the crossarm.
. Remve the vane and vane hub but Teave the sha®t hub intact.

¢, Replace bearings in accordance with the CHimatronfcs Bearing
Replacement Procedurs.

d, Re-instai} the vane on the crossarm.

€. Using the vane zaltibration rod, Yine up the hubs and ¢xiend it between
the ancmometar and the vane.

f. Alternataly rotate the zal{bration red Between Hurth and South {0-180%}
and read the azimuth as i{ngdicated on the appropriate [MP channel,
kazord as found,

. If both the Indicated azimuths are in tolerance, go to Step K.

. Ifdzﬁg of tolgrance, check zero and span voltages, {refar $p Figel
and 2

t. If there is no indication of & sigral conditicner problem, aziauth
mst be adinsted mechanicaliy.

3, Lloosen sel screws on the vane adapter base and wvolate untii in
tolerance 1n both the 0% and 180° arimuin's.

k. Record as left,
£, Repeat steps 4 and § for fhe 25 and S0 meter leveis.
7. RS Sigrat Conditioner {alihratien

4. After the wind system is calibrated, the remaining Bms rack signal
conditioners must be checked for yero and span,

b. Verify zero and span for all tower temperatures, dew point, delta
tenp and statuy sfgnal conditioners. Refer to figures 1 and 2 for
catibration volitages and test paints.

A-IEEO-S50 .5 5 A
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STANDARE MAINTENANCE PROCE[URE B22%-23 4 £

2., Temperaturs Probs Check
a. Place the BTD Yemserature Probe in & stabilized {ce bath,
b, Reﬁea: Ltep & for a1l three tamperature levels,

¢. While oliserving ?sgic 4), verify sach channel reads within system
taterance of & 1.6%F of 12°F,

4. [ew point sensors will be changed annualiy or ay seeded. Refer to
“iimatronics manual for dew point maintenanice progedures.

10, Restsrz 211 wind and tesserature senscrs to normal gperating condition,
11. Ensurs the BMS rack 1% in operation,

i2. Set Vopics 31 and 45 to 3, Return jumper X-1% %o positien 2 {right).
13, Compiete al) raquired documentation gad affix level 1 sticker on IMP-834,

£.TES0-058.2 %8G
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APPENDIX C

MAINTENANCE PROCEDURES FOR THE CLIMATRONICS DEW POINT SENSOR




8.0 MAINTENANCE

Periodic cleaning and recharging of the LiCl impregnated

wick is required. Fgilow the ggaps sutlined belnw,

Discoanect the senser from the shield,

Soak the wick end in distilied warer for at least 5
minures to remove wateér soluble divet and the old salt
charge. Gentle s&irring mav be uysed, HOTE: The wick
electrode assembly i3 delicare. 0o net attempgt Lo

elean it with s brush, water jet, or ultrasonic barh,

If chere {g still evidence of contamination op the
wick, =rinse it with Freon TF or fsophropyl alenhol.
Hore chat overall darkening of the wick is to be expecred.
This does nor zffect the probe’s perfcrmance. Localized
darkening may indicate a burn path and should be suspected

as possible srobe failure.
Thorouehly dry the probe in anm aven at &40% 1o 80°0.
Preparez an & percent by weighr solunion of lighfum

chloride im digiilied waber, or use Llimatzonics' B/N

18007453~ Lithium Chioride Solurion.

C.1



Use an eévedropper to spply the Li€l sclution o the

wick. Reep applying onzil che wick is saruraced,
Genzly shake rhe probe to rvemove excess solution,

Dry the probe it an overn at 60 to EO°C,

If che probe is te be scored for a period of cime
hefore ingrallation, replace rhe desiccant tube tc keer
the prabe dry. If not, the probe can he rainstalled in

the shieid,

If the depiceant color ia bBiue, rhis indicares that the
desiccant is dvy #nd can be used to keep the probe dry,
If che eolor is pink, this indicates chat a high moisturs
content 1s present in the desiccant and it peeds Lo %e
replaced or vecharged., Urying sf the desiccant can be

ageomplished by using the following procedurs.

1y  Remove the ted cap from the snd of the desicrane
rube.

2) Spread the desiccant, ane granule deif, o a tray
and bake for 1 hour at abaut 203%0 (40

31 ool the desiccanr ir an airvight conyainer before
refilling the holder,

C.2
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