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PREFACE

This document was prepared in partial fulfillment of the National
Park Service Visibility Monitoring and Data Analysis Program (Contract
CX-0001-7-0010). This manual describes the Optec LPV-2 transmissometer
and its standard operating procedures. The LPV-2 transmissometer is a :
relatively new instrument that is still undergoing field evaluation tests
to define measurement and calibration uncertainties. The results of these
tests, as well as any procedural changes, will be included in future

versions of this document.
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1.0 INTRODUCTION

The LPV-2 transmissometer is designed and manufactured by Optec,
Inc. of Lowell, Michigan. The instrument has evolved to its present
configuration as a result of the visibility monitoring needs defined by
the National Park Service (NPS) Visibility Monitoring and Data Analysis
Program and the Interagency Monitoring of Protected Visual Environments
(IMPROVE) Committee. The transmissometer was designed to meet the
following criteria:

0 Measure atmospheric extinction at 550 nm;

o Measure extinction both day and night;

o Provide a variety of sampling and averaging options;

o Operate unattended for extended periods;

o Operate at low power to accommodéte remote solar applications;

o Operate at ambient temperatures;
o Be capable of self recovery in the event of power interruptions;

o Provide analog voltage outputs and panel digital displays of
selected visual air quality measurements;

o Be modular, 1ight weight, and easily transported to accommodate
remote installations or field replacement of components; and

0 Be easily serviced by trained, non-technical personnel;

The first LPV-2 transmissometer was installed in August 1986. The
primary configuration of the system has remained unchanged. However,
system improvements have occurred and are expected to continue as
additional field experience is gained.

Comparison studies between the LPV-2 transmissometer and other
extinction/scattering measurement techniques indicate that extinction
derived from the LPV-2 transmission measurements is accurate to better
than + 10% (Malm et al., 1988). The uncertainties associated with
"~ calibration and routine operation are yet to be quantified. The NPS is

currently conducting a comprehensive testing program to quantify these
uncertainties.

This manual was prepared by Air Resource Specialists, Inc. (ARS)
under the NPS Visibility Monitoring and Data Analysis Program (Contract

CX-0001-7-0010). The manual overviews the general LPV-2 instrument speci-

fications and standard operating procedures. Additional documents that
more fully describe specific instrument and operational details include:
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o Optec LPV-2 Instrument Manual (Optec, Inc., 1987) - This manual
describes the primary design and electronic principles of the
instrument, details the instrument specifications, and presents
operations and calibration procedures.

o Transmissometer System Field Operator’s Manual (Air Resource
Specialists, Inc., 1988) - This manual presents a detailed
description of all information necessary for field operators to
properly operate and maintain the IMPROVE transmissometer systems
based on the LPV-2 instrument.



2.0 INSTRUMENT DESCRIPTION

2.1 Concept

The Optec LPV-2 transmissometer has been designed to measure the
ability of the atmosphere to transmit Tight of a specific wavelength
(550 nm, green). It accomplishes this by measuring the loss in light
. received from a 1ight source of known intensity as the 1ight beam travels
a known distant. ‘ : ‘

The LPV-2 transmissometer has two primary components: a 1ight source
(transmitter), and a light detector (receiver) as displayed in Figure 2-1.
Depending on the average visual air quality, the components are generally
placed from .5 to 10 kilometers apart. The system can take measurements
day and night; the light emitted from the transmitter is "chopped” at 78
pulses a second to allow the receiver to differentiate the lamp signal from
background, ambient 1ighting. The receiver-measured transmitter light
intensity is compared to the known (calibrated) transmitter light output to
calculate the percent transmission of the atmosphere. When the path distance
is supplied (user set), the receiver computer can cT1culate and express
visibility measurements in terms of extinction (km™!) or visual range (km).

The LPV-2 transmissometer system’s low power consumption provides
remote operation from a small power supply, such as a solar power system.
Both components contain self-resetting and battery backup circuitry for
extended periods of unattended operation. Both components require shelter
from precipitation and dirt, but can operate at ambient temperatures. Routine
operation of the system can be performed by trained, non-technical personnel.
Instrument calibration and repair requires trained technical personnel or
factory service.

2.2 Transmitter

The LPV-2 transmitter emits a uniform, chopped 1ight beam of constant
intensity at regular intervals for a programmed duration. The transmitter
has two components: an electronic control box, and a light source or trans-
mitter. Transmitter components are shown in Section 7.0, Figure 7-4,

The transmitter optics perform two functions: 1) concentrate 1ight
from the 15-watt tungsten filament lamp into a narrow, well-defined uniform
cone, magnifying the beam to the equivalent of a bare 1500-watt lamp; and
2) allow the operator to precisely aim the light beam at the receiver.

Although a 1-degree cone of 1ight is emitted from the transmitter,
only the center 0.17 degree portion is used for routine monitoring. This
portion of the beam, denoted to the operator by a reticule circle, is
very uniform in illumination.
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Transmitter

Receiver

Figure 2-1. Optec LPV-2 Transmissometer System.



The intensity of the Tight emitted from the transmitter is precisely
controlled by an optical feedback system which continuously samples the
center 0.17 degree portion of the outgoing beam and makes fine adjustments
to keep the light output constant. Although the lamp light is white, only
the green (550 nm) portion of the output is monitored and controlled by the
feedback circuitry.

Light emitted from the transmitter is “"chopped" at 78 pulses a second
by a mechanical spinning disk located in front of the Tamp. The light is
chopped to allow the receiver computer to differentiate the lamp signal from
the background or ambient lighting. By using this technique, the transmis-
someter can operate day and night.

The transmissometer can be operated in either a “continuous" or "cycled"
mode. In the continuous mode, the transmitter projects the chopped signal
continuously. To prolong lamp life, reduce power consumption, or to accom-
modate various sampling strategies, the transmitter can be operated in the
cycled mode. In the cycled mode, the transmitter can be set to turn on at
precise intervals and to stay on for selected durations as shown below:

Intervals

20 minute 2 minutes
1 hour 16 minute
2 hour 32 minute
4 hour 64 minute

For example, with an interval setting of 1 hour and a duration setting
of 16 minutes, the transmitter would turn on every hour and stay on for 16
minutes. Other combinations, such as a 2-hour interval and a duration of 2
minutes, are possible. A push-button switch in the transmitter control box
defines the start time of the intervals. When using the system in a cycled
mode, the transmitter and receiver clocks must be synchronized.

The transmitter 1s not weatherproof and requires a shelter. The

instrument can operate at ambient temperatures. Primary specifications .
for the transmitter are listed in Section 7.0, Figure 7-2.

2.3 Receiver

The function of the LPV-2 receiver is to:

o

Gather light from the transmitter;
o Convert it to an electrical signal;
o Isolate and measure the received transmitter light; and

o Calculate and output visibility results in the desired form.



The receiver has three components: 1) a long focal-length telescope;
2) a photodetector eyepiece assembly; and 3) a Tow power computer. Receiver
components are shown in Section 7.0, Figure 7-8.

The telescope gathers the transmitter light and focuses it on a
photodiode that converts it to an electrical signal. The receiver
computer "locks-on" to the transmitter light’s chopped frequency and
separates the transmitter light from ambient lighting. The received
signal can be described as an AC waveform (chopped transmitter light)
carried on a DC voltage (background lighting). The effect of atmospheric
turbulence is minimized by using 62,500 samples of the signal to calculate .
-a one-minute average reading.

The computer compares the measured transmitter 1ight with the known
(calibrated) transmitter light to calculate the transmission of the
intervening atmosphere. :

Like the transmitter, the receiver is equipped with an eyepiece to
precisely aim the detector, and an interval timer to control the interval
and duration of measurements. The battery-backed interval timer can be
user-set to start the readings at precise intervals and define the averaging
time as shown: .

Intervals Qurations
20 minute "1 minute
1 hour 10 minute
2 hour 30 minute
4 hour 60 minute

For example, with an interval setting of 1 hour and an averaging time
of 10 minutes, the computer would provide one 10-minute averaged reading
every hour. Other combinations, such as an interval of 4 hours and an
averaging time of 60 minutes, are possible. The receiver computer has a
momentary switch to define the start time of the intervals and to synchronize
the receiver and transmitter timers when the system is used in the cycled
mode. '

The transmissometer system timing used in the National Park Service
monitoring network is as follows:

HR:MI:SEC Action

09:00:00 Transmitter turns on

09:03:00 Receiver begins 10-minute average reading
09:13:20 Receiver finishes reading, toggle changes
09:16:00 Transmitter turns off

10:00:00 Transmitter turns on

Sequence repeats hourly

The transmitter duration (lamp on) times are greater than the computer
averaging times to allow for timing system clock drift.



The receiver is not weatherproof, and requires a shelter. The
instrument can operate at ambient temperature. Primary specifications for
the receiver are listed -in Section 7.0, Figure 7-3.

2.4 Data Qutput

The receiver computer outputs visibility measurements to data loggers
in the following user-selected formats: . :

1. Raw receiver reiding (counts)
2. Extinction (km™')
3. Visual range (km)

The working path distance must be measured to the nearest 0.0]
kilometer. In most cases, a slope-distance measurement with this -accuracy
can only be made with an electronic distance meter. The working path must
be entered on the computer front panel to allow calculation of extinction
and visual range. - :

The receiver computer provides three analog outputs which are
available to data loggers. The first two outputs can be user defined with
the Al and A2 switches on the computer front panel. The third analog
output is dedicated to a signal called the toggle. A brief description
of the analog signals is presented below:

Al Switch
Al Switch 0-10 Volt Range
Position Units R n
C Raw Reading (coynts) 0 - 1000 Counts
B Extinction (km™!) 0.000 - 1.000 km~!
VR Visual Range (km) 0 - 1000 km

The Al switch position also determines the value shown on the
receiver computer front panel display.

A2 Switch
A2 Switch 0-10 Volt Range
Position Units Represents
SD Standard Deviation 0 - 100 Counts
(counts) :
CR Raw Reading (counts) 0 - 1000 Counts

The ?2 value is not available for display on the receiver front
panel.



Togqle

The toggle signal indicates that the receiver computer has made a
valid reading. Under normal operation, the toggle signal will change
state each time a new valid reading is made (i.e., low to high, or high
to lTow).

Togqle Signal Analoq Qutput
Low Approx. 2.5 volts
High Approx. 10 volts

The-toggle state is also displayed on the receiver compuier front panel
with an LED indicator light (light on = high).

The 0-10 volt DC, individually grounded, analog signals may be
sampled with any high impedance, single-ended, or differential input data
lTogger. Connector configurations are shown in Section 7.0, Figure 7-13.

When the receiver is used in the cycled mode, the analog signals
representing the readings are held constant and available to the data
Togger until the next reading update.




3.0 SITING CRITERIA

The fundamental requirement for operation of the LPV-2 transmissometer

is a clear, unobstructed Tine-of-sight between the transmitter and receiver.

When siting the transmissometer, the objectives of the monitoring program

and the requirements and limitations of the instrument should be considered.

3.1 General Siting Criteria

The following general siting criteria should be considered: .

o

o

Local or regional monitoring emphasis;

Representativeness of the sight path to the air mass of concern;
Isolation from local sources;

Proximity to seasonal or épecial.use areas;

Proximity to and desired relationship with other air quality
monitoring systems; and

Local weather conditions.

3.2 Path Length

When choosing a sight path distance, the expected range of visual air
- quality should be considered. As a general guideline, remote areas in
the Western United States will require a separation distance of between 5§

and 10 kilometers, while sites in the East will need a sight path of between

0.5 and 4 kilometers. A usable transmissometer sight path for remote
Tocations can be calculated if the mean visual range is known, as follows:

Sight Path = Mean Visual Range X 0.033

The working path should be selected carefully when siting a transmissometer
in a location with a wide range of visual air quality.

3.3 Path Height

The basic operating assumption of the LPV-2 transmissometer is that,
in the absence of atmospheric extinction, the irradiance from the source
decreases inversely as the square of the distance from the transmitter:
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Ir = Io/r2
I. = irradiance at some distance r with bext = 0
Io = jrradiance of source

This premise will be invalid if the transmitted beam is distorted by
refraction due to temperature discontinuities or by surface reflections. To
eliminate these effects, the transmitted light should not intercept or pass
near any surface visible in the detector field of view. If possible, the
sight path should be elevated above the terrain surface and both the receiver
and transmitter should be located at the edge of a drop-off. ‘

The LPV-2 transmissometer has the following optical configuration:

Transmitter: 0.179 uniform portion of beam
1.00% total cone of light
2.30° telescope field of view

Receiver: 0.07° detector acceptance cone
1.30° telescope field of view

The field of view of both transmitter and receiver telescopes in
relation to the terrain surface should be considered when choosing a
sight path. Diagrams of the reticule circles as viewed through the
telescope are presented in Section 7.0, Figure 7-12. Figure 3-1 depicts
acceptable and unacceptable sight paths:

3-1a - This figure depicts an ideal sight path where both the
transmitter 1ight beam and the receiver detector cone of
acceptance are well elevated above terrain features.

3-1b - This figure depicts a good sight path. Although the
transmitter beam touches the terrain surface, it does so
at a point well away from the detector cone. The detector
cone is also well elevated above the terrain.

3-1c - In this figure, the transmitter beam passes too close to
the terrain surface. Surface heating may distort the beam.

3-1d - This figure depicts a transmitter beam striking the ground
within the detector cone. Both refraction and reflection of
the beam will occur producing invalid measurements.

Avoid locating the transmissometer sight path over terrain that

will produce a high frequency of temperature inversions, such as bodies
of water. :
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TRANSMITTER _ RECEIVER
(1° Beam = Solid Line) 1A BEST (0.07° Detector Cone)

3-1B GOOD -

3-1C BAD

e’:%'Transmmer beam very close toQ.x‘-'

B 8round for long distance; £

1.

3-1D UNACCEPTABLE

Transmltte'r beam touches ground wnhln detector fleld of view..”

s fale tenree sl BRI S st e S _-..... R Pt .

Figure 3-1. Sight Path Examples.

11



3.4 Other Technical and Logistic Considerations
Additional technical siting considerations include:
o Power

o Ground Stability - Mounting piers should be as stable and free
of movement as possible.

o Radio Frequency Interference - The Tow power CMOS circuitry used
in both components is sensitive to strong radig signals. Avoid
siting very close to broadcast antennas or repeaters.

o Data logger requirements

Logistic siting considerations include:

o Installation access

o Servicing access

o Proximity to servicing personnel

0 Vandalism

0 Beam Intrusion

12




4.0 SYSTEM INSTALLATION

An LPV-2 transmissometer visibility monitoring system configuration
for remote, unattended operation will require a stable mounting platform,
adequate sheltering, and a reliable power supply. A diagram of a typical
installation is presented in Figure 4-1.

4.1 Instrument Mounting

Transmitter and receiver telescope alignment is critical for proper
operation of the system. The small angle of the transmitter light used .
for monitoring (0.179), and the very small angle of acceptance of the
receiver detector (0.07°) require mounting platforms that are not
susceptible to movement due to differential thermal expansion, slippage,

or vibration. Receiver mounting is more critical than transmitter mounting.

A massive concrete pier, or rock, should be used to support the
mounting posts. Soil stability and frost depth should be considered when
lTocating the pier. The mounting pier should have a large thermal mass and
be designed to avoid movement created by thermal distortion.

ATti-azimuth bases are available that allow precise positioning of
the transmitter and receiver telescopes. They should be designed to
minimize movement due to thermal expansion or contraction.

4.2 Sheltering

The LPV-2 transmissometer requires sheltering to protect the optics
and electronics, to house support equipment, and to shelter the operator
during servicing. Because transmissometer components will operate at
ambient temperatures, climate-controlled shelters are not necessary. The
type of shelter wiil depend on the local weather conditions and site
Togistics. Shelters can range from small environmental enclosures to full-
size instrument shelters. Considerations for sheltering system components
may include: S )

Weather conditions

Shelters aesthetics

Sealed well against precipitation and dust
Vandalism

Access for installation

Adequate room for support equipment
Adequate space for operator movement
Future additions of instrumentation

Two instrument-related requirements should be accommodated: 1) The
mounting post should be isolated from shelter vibrations and movement,
gnd 2) transmittance at 550 nm for all windows must be known to within +

1%,

13
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Figure 4-1, Transmissometer Shelter Diagrams.
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4.3 Power Requirements

Both the transmitter and receiver operate from 12 volts 0c,
requiring 34 and 5 watts respectively. Any well-filtered, stable power
supply may be used; however, the system lends itself well to battery
operation.

When AC line power is available, the transmitter can be powered from
. a deep-cycle battery that is maintained by a surge-protected automatic
charger. The receiver can also operate from the same power supply
configuration.

Solar, or alternative power systems, may also be used. Care must be
taken to adequately size the power supply to accommodate periods of
insufficient sun, and to provide power for selected support equipment.

Both the transmitter and receiver circuitry contain battery-backed
timing circuits to maintain correct system timing in the event of a power
failure. The transmitter-is equipped with a supply voltage sensing circuit
which will interrupt operation when the supply voltage is insufficient.
This prevents the transmitter from emitting improperly reguiated 1ight and
also protects the power supply. The receiver computer has a self-starting
capability to avoid computer lock-ups during power failures.
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5.0 SERVICING REQUIREMENTS

Routine servicing-of the Optec LPV-2 transmissometer system can be
performed by trained, non-technical personnel. Servicing tasks can be
separated into four classifications:

WEEKLY SERVICING
- Transmitter and receiver telescope alignment _
- Cleaning of transmitter and receiver optical surfaces

MONTHLY SERVICING . :
- Transmitter and receiver system timing check and reset (if necessary)
- Transmitter lamp status check

LAMP REPLACEMENT (500-750 hours use)

- Transmitter lamp change at 500 hours for 6-volt lamp supply
- Transmitter lamp change at 750 hours for 5-volt lamp supply
- Pre- and post-calibration of lamps

YEARLY SERVICING

- Field technician site visit and/or factory servicing of system
- Post-calibration of all lamps

- Pre- and post-calibration of lamps

Field operator Log Sheets should document servicing of the Optec
LPV-2 transmissometer system, as well as for support equipment such as data
loggers. [t is advisable to design the Log Sheets in a checklist format in
the order servicing tasks will be performed.

16
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6.0 INSTRUMENT CALIBRATION

Calibration determines the light output of the transmitter as measyred
by its receiver. The LPV-2 transmissometer system must be calibrated as a
unit.

Transmitter
Transmitter Control Box
Receiver Telescope
Receiver Detector Head
Receiver Computer

In addition, each lamp will have its own calibration number for use
in the specific transmissometer system. No component of the system,
including lamps, may be interchanged without re-calibration.

Calibration requires moving the transmitter and receiver close enough
together to negate the effects of the atmosphere on the light beam.
Calibration path distances of between 700 to 1300 feet accomplish this as
the table below shows:

Atmospheric Transmittance for Calibration
Paths at Various Extinction Values

Extinction (km~1)
Path_Length .01 .02 .03 .04 .05 .06 .07

0.2 km (656 ft.) - .998 .996 .994 .992 .990 .998 .980
0.3 km (984 ft.) .997 .994 .991 .988 .985 .982 .970
9.4 km (1312 ft.) .996 = .992 .988 .984 .980 .976 961

The LPV-2 optical/electronic systems are very sensitive to allow
operation at long paths with very small signals. To avoid detector overload
due to light saturation when operating at short distances, precisely machined
aperture rings are used to reduce the light gathering ability of the receiver
telescope by a known amount. A typical diameter for a calibration aperture
-would be 11.0 mm.

The calibration number is used by the receiver computer to calculate
extinction. Error in the calibration number will, therefore, affect the
accuracy of extinction values. Tests are underway to determine the accuracy
of the calibration numbers derived under field conditions.

17
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6.1 Calibration Paths

The calibration path should be chosen carefully with the following
considerations:

Calibration path approximately 700 to 1300 feet (0.2 to 0.4 km)
Beam elevated well above heated surface

No local pollution sources

Stable atmosphere of estimable extinction

The calibration path distance must be measured to an accuracy of 0.1%
which is usually only possible with an electronic distance measuring device.

6.2 Calibration Instrument Configuration

The receiver and transmitter telescopes can be supported by portable
tripods for calibration. A well-charged, deep-cycle battery is required to
power the transmitter because it is operated in the continuous "run" mode.
The following is a 1ist of -some of the more important support equipment
needed for calibration:

Electronic distance meter

Substantial tripod for receiver telescope
Regular camera tripod for transmitter
Two deep-cycle batteries '
Transmissometer lamps

Calibration Log Sheets

Communication radios

A precisely machined Tamp housing positions the lamp filament in the
correct optical position. Because of this, it is possible to pre-calibrate
a number of lamps for later use. With a pre-marked calibration path,
experienced technicians can calibrate four lamps in approximately three
hours, including set-up and take-down.

6.3 Calibration Data Collection and Analysis

Calibration readings should be documented on a LPV Calibration Data
Sheet (or equivalent), as shown in Figure 6-1. At least ten one-minute
. readings should be taken for each lamp. The mean value of the readings

should be used in the following equation to calculate the calibration
number: \

18




LPV CALIBRATION DATA SHEET

page 1 of 2

Location: Date:

instrument 1D: Technician:

Veather/Coaments:

WORKING SETTINGS

Vorking Path (UP) | {] Integration Time: { 10 30 60
Vorking Gain (UG) Cycle Time: € 20 1H 2H 4H
Working Aperturs (WA) - an Al Setting: C B VR

A2 Setting: SD CR
Shelter Yindows Transmittances (UT)
Receiver . Transmitter . Previous Calib. Nusber

CALIBRATION SETTINGS

Calib, Path (CP) ka Receiver Through Glass: Y N
Calib. Gain (CG) _Transaitter Through Glass: Y N
Calib. Aperture (CA) us

EXTINCTION CONDITION BEFORE AND AFTER CALIBRATION
TIME Bext ’ TIME Bext

Before: N E After: M E

(M measured or E estimated)

Atwospheric transmittance at time of calibration (T):

=(Bext x CP)
(calcuiate T using e _ or use Table 5-1)

Figure 6-1. LPV-2 Calibration Data Sheet, Page 1.
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CALIBRATION READINGS
page 2 of 2
Start time: (spare data area)

Reading Toggle . Reading Toggle

Average (CR)

CALIBRATION NUMBER CALCULATION

2 2
Caltib.? = (CP/WP) «x (WG/CG) x (WA/CA) x VT z (1/T) x CR

Note: sodify UT if calibration iy done through a shelter window

ADDITIONAL COMMENTS

Figure 6-1. LPV-2 Calibration Data Sheet, Page 2.
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Calib. # = (CP/WP)Z x (WG/CG) x (WA/CA)2 x WT x (1/T) x CR
where

CP = calibration path length, 0.200 to 0.400 km
WP = working path length, 0.500 to 10.000 km

CG = calibration gain, 100.0 to 999.9 (optimum calibration readings
in 800 to 900 range) . S -
WG.= working gain, 100.0 to 999.9

CA = calibration aperture, approximately 11.00 mm
WA = working aperture, approximately 110.00 mm

WT = total shelter(s) window transmittance.
If windows are used on both ends, multiply their
transmittance together. Typical value for two
windows is 0.846. '

T = estimated or measured atmospheric transmittance for
calibration path, 0.950 to 0.996 typical

CR = average of 10 readings at the calibration path

The transmissometer calibration number represents the reading in
counts that would be measured if the atmosphere between the transmitter
and receiver allowed 100% 1ight transmission. With the calibration
number dialed-in on the computer front panel, the percent transmission
(%T) is directly calculated by the receiver computer by dividing the
measured reading by the calibration number.

Each lamp will have its own calibration number that must be entered on
the computer front panel when the lamp is put into service. Once a system
is calibrated, no further adjustments to the telescope focus or any other
optical changes can be made or the calibration must be repeated.

The uncertainiies associated with calibration are yet to be quanfified.

The NPS is currently conducting a comprehensive testing program to quantify
these uncertainties,
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7.0 DIAGRAMS AND SCHEMATICS

Diagrams and schematics that may be helpful in understanding the
LPV-2 transmissometer are presented in this section. Included are:

General Operating Specifications (Optec, Inc., 1987)
Transmitter Specifications (Optec, Inc., 1987)
Receiver Specifications (Optec, Inc., 1987)
Transmitter Components

Transmitter Control Box _

Transmitter Lamp Chamber .

Transmitter Functional Diagram (Optec, Inc., 1987)
Receiver Components

Receiver Functional Diagram (Optec, Inc., 1987)
Receiver Signal Processing Waveforms (Optec, Inc., 1987)
Ten-Minute Integration - Sample (Optec, Inc., 1987)
Reticule Diagrams

Connector Configurations

NN\I\I\I\ITI\IN\I\I\IN
Pttt = D 00 OO B DN

WM -0
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EXTINCTION RANGE .010 TO 1.000 /km

RESOLUTION Extinction (B) .001 /km

Visual Range (VR) 1 km

ACCURACY Transmission +/-3%
Extinction +/-0.003 /km for 10 km working
path and 0.010 nominal extinction
value '
MEASURED Filter 550 +/-2 nm, 10 +/-1 nm bandwith at
WAVELENGTH . 1/2 power points
OUTPUT, PANEL Al Extinction (/km) to .001
METER Visual Range (km) to 1 km

Raw instrument values to .010 V
OUTPUT, REAR Al (Extinction) OtolOoVv, 0.01 V = 0.001/km
CONNECTOR

Al (Visual Range) Otol0V, 0.01 V=1km
Al (Calibration) 0 to 10 V raw instrument value

A2 (Chart Rec.) 0 to 10 V raw instrument value

A2 (Std. Dev.) ‘Standard deviation (N-1 samples)
of the raw 1 minute instrument
values

POWER SUPPLY .12 Battery

AMBIENT -20 TO +45 deg. Centigrade
OPERATING
TEMPERATURE

Figure 7-1. General Operating Specifications (Optec, Inc., 1987).
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TELESCOPE
BEAM

FEEDBACK
FILTER

LAMP

CHOPPER
FREQUENCY

CLOCK

POWER SUPPLY

SIZE

WEIGHT

Figure 7-2.

Field of View
Total Diameter

Used for Routine
Monitoring

Feedback Diameter

Uniformity

Center Wavelength
Bandwidth

Type

Regulation
Life

78.1250 +/-.0001 Hz

Cycle times
Lamp-on times
Freq. Tolerance

Voltage, input
Power (lamp off)
Power (1amp on)

Projector
Controller

Projector
Controller

24

2.3 degrees
1 degree, projected cone of light

0.17 degree center portion of beam
denoted by reticule circle

0.17 degree as referenced to the

projected cone and centered within
the 1 degree cone

5% over 1 degree cone
1% over 0.17 deg. center cone

550 +/-2 nm

‘10 +/-1 nm

6 volt, 15 watt special prefocused
tungsten filament lamp mounted in
machined base

constant to +/-1.5%

500 hrs. continuous at 6.0 volts

20 minutes, 1, 2, and 4 hours
2, 16, 32, 64 minutes and continuous
78.125 + .0004 Hz (709F)

10.2 to 15 volts DC
0.12 watt at 12.5 volt input
34 watts at 12.5 volt input

18 x 4 x 6 inches (LxWxH)

9.5 x 5.4 x 1.9 inches

4 1b.
2 1b.

Transmitter Specifications (Optec, Inc., 1987).




TELESCOPE

PHOTOMETER
HEAD

DET/ :
ELECTROMETE

BANOPASS
AMPLIFIER

A/D INPUT
AMP

SIGNAL GAIN
CONTROL

COMPUTER

OPERATING
SYSTEM AND
PROGRAM

INPUT CHANNELS

DISPLAY

POVER SUPPLY

SIZE

WEIGHT

Figure 7-3.

Field of View
Detector Acceptance
Cone

Clear Aperture
Focal Length

Lens Type

Detectar
Detector NEP
Active Dia.
Filter

Type

Gain
Bandwidth
Noise
Gatn T-C

Center Frequency

Gatn
Bandwidth
Gain T-C

Turns
Linearity
Accuracy

Processor
Memory

1/0

Clock Speed
Buss Type
A/D

D/A

1.3 degrees
0.07 degrees

110.00 mm
629 mm
coated cemented achromat

silicon PIN photodiode

8 x 10E~16 W/ Hz

0.75 mm

550 nm with 10 nm bandwidth

current-to-voltage
4x10E9

OC to 500 Hz o

S mv p-g OC to 500 Hz
0.02%/C , .

78.125 +/-0.100 Hz
a2

30
1 te 1008 Hz
0.005%/C

10
0.25%
0.5%

NSCB00, Z-80 8-bit CMOS

32K RAM, 32X ROM all CMOS

60 linaes total

4 Mhz

NS CIM-BUS, Euro-card connectors
12-bit, 50uS conversion all CMOS

12-bit, 0 - 10 V output, 2-channel, CMQS

Custom varaion of RTL (relocatable threaded language)
a variation of FORTH resident on ROM

POWER

GAIN

Al

A2

CYCLE TIME
INTEGRATION TIME
PATH LENGTH
CALIB. CONSTANT

Al
oy
O0R
106

Input Voltage
Input Current
Output Voltages

Telascope
Computar
Photometer Head

Telascope
Computer
Photometer Head

On-off toggle switch

10-turn pot with digital readout
3-pos. switch (C,B,VR)

2-pos. switch ($D.CR)

S5-pos. switch (C,20M,1H,2H,4H)
4-po3. switch (1,10,30,60 M)
4-digit BCD switch

3-digit BCD switch

3 1/2 digit panel meter
A/D aver voltage, LED lamp
D/A over range, LED lamp

Changes state after integ., LED lamp

9 - 15 V DC, raverse polarity protected

400 ma at 12.5 V DC input voltage
+5, +#15, -15

23 x 5.5 inches (L x Dia.)
14 x 12 x 9.5 inches (LxWxH)
5x 2.5 x 3.5 inches (LxWxH)

17 1b.
7 1b.
2 b,

Receiver Specifications (Optec, Inc., 1987).
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Lamp Housing
Access

Lens Position Screw.
(Preset - do not

|
adjust) Control Cable

Objective Lens Lamp Housing

Flip Mirror Knob

—t—e—Fyepiece

Flip Mirror Knob

® ® Lamp Housing Plate
_— Lamp Socket
) O (Shown with Lamp
Installed)

eoo0 Control Cable

® ® oo Connection

Control Box Access

Control Cable
Connectio

Test Switc
(SN 5 and above)

On/Off Switc
Figure 7-4. Transmitter Components.
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- AGC 5 AMP AA Alka“ﬂe |n(egrati0n Cycle
Fuse Batteries Settings Settings

Power Cable
Connection

Control
Cable
Connector

On/Off Switch —c]

Lamp Check LED Time Reset Switch
Control Box - Serial Nos. 001-004

p AA Alkaline

Batteries |
Power Cable

_.=|=.:.‘ N
Connection—| | XY [:Ej ﬂol m—— 5"l IﬂE j,f

AGCS
Fuse

i I

INTEG.

Control 64+t ] |—Integration
Cable 32+ Settings
Connector 16+

2.

CYCLE
4o
Test e —1] 3: ——=Cycle

Switch 20Me Settings

Time Reset Switch

On/Off Switch

. 1 S

Lamp Check LED *
Control Box — Serial Nos. 005 and higher

li‘late\

Figure 7-5. Transmitter Control Box.
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Cyepiece

Flip Mirror Knob

Lamp Housing Plate

Lamp Socket

—— OOO
= o O
Q (@)

(Shown with Lamp
Installed)

Control Cable

® ® ®ooo®

Connection

Chopper Blade

Optical Feed Back

. Block

Lamp

_ Figure 7-6. Transmitter Lamp Chamber.
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Ce—
FIELD APERTURE
RETICLE 7 CONDENSER 0w
‘ ) FEEDBACK ASSEMOLY LAP
= v ‘ . 741 .
= 4 / \ [ }
N £ ‘~1|Nlr
== !! @EAM SPUTTER
—1 FILTER
PROJECTION LENS CHOPPER ™\ Sucon DETECTOR
svncunonausﬁ
UOTOR
:7\ PREAMPF
VOLTAGE
uﬁumm L
) I 10gpm /C°
CRYSTAL PULSE GEN, DIFFERENCE
CONTROLLED WTH
QOCK (8) RAMP UP AMPLFIEN
m——————— - ENABLE mmur
| CRYSTAL |
| CONTROLLED |
I CLOCK (A) |
{ | ‘
[ I [ LOW BATTERY
| | COMPARATOR
[ CrQE tuer |
CONT. 20 MIN
: LI : PPL 2y BATTERY
POWER SUPPLY 1
| i mssrn/%‘ua. +6.8 &k -6.3 V 2.7 LAMP ON
| { ' QUTPUTS .0\A LAMP OFF
I INTEG. TIMER | |
| Le L
! heoum | | BATTERY
| M sacxue
A J 43 DAY UFE
7-7. Transmitter Functional Diagram (Optec, Inc., 1987).



Photometer Cable

Eyepiece

-

Telescope Tube

Obijective Lens
Thumbscrew

Photometer Head

Flip Mirror Knoﬁ

Mounting Plate

Objective Lens Assembly
Photometer Output
and Power Cable
Over Voltage (OV) ConnectionsonRear _ _ __
Indicator - . Panel S ; A; X
Display Path Dial Cal Dial _

-
/7 N
’//// < : L] 0 * N\
! @ @ \
| \

| INTEG.(MIN) CYCLE |
W m ™ i 0o
\ 1 0 c //
\ @ @ /
: /
~ -

hd -
—

* Toggle Light-

!
Over Range (OR b /
\

Indicator

Y

P ® @
S @ _

N\ /

- -
o o oy

= =
—

—

\
On/Off Switch  -Time Reset Switch

Figure 7-8. Receiver Components.
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GAN

OBJECTIVE LENS

AC AMPUFIER
-y GCAN = 30
BW = 1K HZ

A/D BOARD
12-8I1T
RESOLUTION

N3C-200 cPyU
S4K MEMORY
TL (FORTH) ©

1,

CYCLE TIMER |
CONT.. 20 VIN
2 & 4 HR,

0/A BOARD
Al MAIN OUT |———p
A2 CHART REC.

I S

FRONT PANEL
METER

-

AUTO RESET
CRCUITRY

BANDPASS AMP
o = 78125
Q = 32

2ERO CROSS
OETECTODR

oG or 5 A2

Figure 7-9,

aocx 10 30 W!Hﬂl
nm '--.ﬂ 'a..m

FRONT PANEL CONTROLS
EESE

PFATH m CALID.

c . “ ”. .m

oo O O

Receiver Functional Diagram (Optec, Inc., 1987).



— 128 ns —
T LARP ON /
LIGHT QUTPUT FROM / \ :
TRANSMITTER UNIT SIGNAL SAMPLE
INTERVAL OF \
8 READINGS LAMP OFF
0.4 ns
: SIGNAL SAMPLE :
SIGNAL RECEIVED AT INTERVAL OF
RECEIVER UNIT B READINGS -
SIGNAL + NOLSE 04 ns
QUTPUT FROM /
BANDPASS AMPLIFIER /
QUTPUT FROM ZERO
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Figure 7-10.
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oLoLote LAMP ON
START OF NEW CYTLE
8 READINGS

Receiver Signal Processing Waveforms (Optec, Inc., 1987).



A ten minute reading is tho average of 10 one rninuia roqdmga

e IS S e

[ tamp on [ % | % | %5 | Xa [ X3 [ 24 | T | Za [ Xe | Tw] _ LAMP OFF |

REEETaa
E K & § E i i

ISEC——l

Tho first second precseding sach
5 second meaauring interval

8 SEC used to find the average phase af
the signal with the Intemal ciock

Figure 7-11. Ten-Minute Integration - Sample (Optec, Inc., 1987).
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Transmitter

Alignment Reticule
The figure below depicts the reticule as viewed through the transmitter eyepiece:

2.3° Telescope Field of View

1° Beam of Transmitted Light
17° Portion of Beam.Used for Routine Monitoring

L

@,

The circle depicted on the Log Sheet represents the small .17°inner reticule circle.
Itis this circle which should remain aligned on the receiver telescope for correct
instrument operation.

Receiver

Alignment Reticule
The figure below depicts the reticule as viewed through the receiver eyepiece.

1.3° Telescope Field of View

O

L— .07° Detector Field of View

The circle depicted on the Log Sheet represents the small .07° inner reticule circle.
It is this circle which should remain aligned on the transmitter for correct
instrument operation.

Figure 7-12.  Reticule Diagrams.
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Receiver computer

Output Connector

v (0]lo]0)
(0]o]0]
01010
Pin No. Function Wire Color
1 A1 Switchable to: Yellow
Raw Reading, Bexor Ve
2 A2 Switchable to: White
Raw Reading, Std. Deviation
3 Toggle Switch Orange
4 A1Return Green
5 A2 Return ' Black
6 ToggleGround - ‘ Brown
7 Not Used
8 Not Used
9 Bare
Power Connector
(V)
® o
@
Pin No. Function Wire Color

1 - Not Used
2 + 12VoltDC Black (Ribbed)
3 -12VoitDC Black
4 Not Used

Figure 7-13. Connector Configurations.
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8.0 NPS TRANSMISSOMETER OPERATING SPECIFICATIONS

A number of LPV-2 transmissometers are currently operating in
the NPS Visibility Monitoring and Data Analysis and IMPROVE programs.
These transmissometers operate according to the following specifications:

PATH LENGTH

- Acadia National Park, Maine: 3.67 km.

- Badlands National Park, N. Dakota: 4,15 km -

- Canyonlands National Park, Utah: 6.43 km

- Glacier National Park, Montana: 5.28 km

- Grand Canyon National Park, Arizona: 5.79 km

- Petrified Forest National Park, Arizona: 5.94 km

- Pinnacles National Monument, California: 4.80 km

- Rocky Mountain National Park, Colorado: 5.27 km

- San Gorgonio Wilderness, California: 4.10 km

- Shenandoah National Park, Virginia: 0.68 km

- Voyageurs National Park, Minnesota: 1.68 km

SYSTEM TIMING

Transmitter

- Cycle mode, 1-hour interval, 16-minute duration

Receiver _

- Cycle mode, 1-hour interval, 10-minute duration

HR:MI:SEC - Action

02:00:00 Transmitter Tamp turns on

02:03:00 Receiver begins 10-minute average reading

02:13:20 Receiver finishes reading, updates display and
changes toggle state

02:16:00 Transmitter lamp turns off

Sequence repeats hourly

DATA COLLECTION
1.

One 10-minute averaged extinction measurement (km‘l) per hour.
Al switch setting: B

2. The last raw reading of 10-minute average (counts) each hour.
A2 switch setting: CR

3. Hourly air temperature (°F).
4. Hourly relative humidity (0-100%) .

TRANSMITTER LAMP CHANGES
1. Lamp change interval: 4 months

2. Four pr§-calibrated lamps are supplied each year (3 working lamps,
1 spare

3. Spent lamps are stored on-site for post-calibration
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SERVICING

1. Seven-to-ten day interval - routine servicing of both stations

2. Monthly interval - system timing checks

3. Four-month interval - transmitter lamp changes by field operators

4. Yearly - site visit by field technician. Post-calibration and
replacement of system with pre-calibrated unit.

CALIBRATION

1. Calibration path distance: 900 feet

2. Calibration aperture: 11.05 mm - _

3. Calibration readings: 800 to 900 count range ; .
4. Number of readings: minimum of 10 within + 2 counts of average -
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Appendix C

Visibility Monitoring and Data Analysis Using
Automatic Camera Systems - Standard Operating
Procedures and Quality Assurance Document



Visibility Monitoring and Data Analysis
Using Automatic Camera Systems

Standard Operating Procedures and
Quality Assurance Document

~ Prepared by:
AIR RESQURCE SPECIALISTS, ING.

May 1988
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1.0 INTRODUCTION

Documenting visibility events and trends is an important aspect of
evaluating existing or potential impairment in class I and other visi-
bility sensitive areas. Many of these areas afforded protection by the
Clean Air Act (1977) are remote. In many instances, commercial power is
not available, manpower is limited, and access is difficult. An auto-
matic camera visibility monitoring station is an effective and economical
way to address these specialized monitoring needs. -

An automatic camera visibility monitoring station takes 35mm slides
of a selected view any selected number of times a day. These photographs
provide a permanent visual record of visibility events, and quantitative
visibility measurements such as standard visual range can be estimated
from the slides.

This document outlines the data collection, analysis, and quality
assurance procedures commonly applied in automatic camera visibility
monitoring networks. Figure l1-1 is a flow diagram that highlights the
major steps in the data collection, handling, and analysis procedures.
In-depth discussions of theoretical and practical monitoring and analysis
techniques and considerations are also provided.
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Figure 1-1, Major Steps in the Data Collection, Handling, and
Analysis of Photographic Data.




2.0 MEASUREMENT METHODS AND INSTRUMENTATION

Automatic camera systems are an integral part of the visibi]jty
monitoring program. The day-to-day variations in visual air quality
captured on 35mm color slides can be used to:

Document how vistas appear under various measured conditions.
Qualitatively record the frequency that various conditions occur--
e.g., incidence of uniform haze, layered haze, or weather events.
Provide a quality assurance reference for collected measurements.
Serve as a method to estimate the electro-optical properties of
the atmosphere (if appropriate teleradiometric visibility targets
are in view). . ' ' -
Support color and human perception research.

Provide quality media for visually presenting program goals,
objectives, and results to decision makers and the public.

The specifications for a remote, automatic 35mm camera systems are
detailed in Table 2-1. Although a variety of configurations currently
exist in the field, an example camera system is now available through Air
Resource Specialists, Inc., and meets all of the above criteria. The

system

includes:

Contax 167MT camera with autowinder and data back

135mm lens with UV filter )

Programmable camera timer (Model 103) and cabling
Environmental enclosure with sunshield and internal locks
Quick-release camera mount

Mounting post (single- or double ended)

Documentation chart

Instruction manuals and example forms

Lens cleaning supplies

Batteries




Table 2-1

Equipment and Siting Protocols for
Photographic Visibility Monitoring

Automatic 35mm photographic monitoring equipment will be used to

collect optical data for the calculation of standard visual range and the
visual characterization of regional haze. Target/sky horizon contrast
measured by microdensitometry of 35mm color slides will be the primary _
electro-optical measurement. To achieve these goals, the following

1.

‘equipment and siting criteria must be met:

Equipment

Rugged, reliable 35mm camera body with automatic film winder. The
camera's automatic exposure meter must be designed so that it is on

only during the actual time of exposure and not continuously operating.

135mm lens with UV filter.

Databack that will imprint the day and time the exposure was taken
on the fiim.

. . Battery-powered programmable timer that will trigger the camera at

least three times a day.

The complete system must be able to operate within the ambient
temperature range of -10°F to 130°F,

The complete system must be able to be housed in a small stand-
alone environmental enclosure.

The system must be able to operate unattended for at least 10 days.
Siting Criteria

The monitoring location should be reasonably accessible and secure
year round,

The view must contain at least one horizon visibility target with
the following characteristics:

0 Large - Subtend at least 0.1 degrees of solid angle (i.e.,
approximately 20% of the size of the full moon). )

o Easily identifiable on topographic maps of the area.
0 Dark - Preferably covered with coniferous vegetation.

o0 Distance - Preferably in the range of 60% to 90% of the mean
visual range for the monitoring site.




Table 2-1 (cont.)

o Elevation Angle - The site and target should be approximately
the same elevation. The observer-target elevation angle
should be within +1°,

0 The observer-target sight path should not be affected by local
sources of visual air pollution. -

o The target should be selected to be as free of snow during the
winter months as possible. _ ' _

Where possible, the target should be selected within the unit of
interest (e.g., within a class I area). If the target is outside of
the unit, as large a portion of the observer-target sight path as
possible should be within the unit. If views do not contain targets
that meet the above requirements, then a view outside of the unit
boundary that contains a good visibility target must be chosen.




3.0 FIELD COORDINATION

Field coordination tasks include routine operation and maintenance,
standard operating procedures, training and quality assurance. The
effective performance of each of these tasks is the key to quality data
collection. Each field-related task is discussed in detail in the
following subsections.

3.1 Routine Operation

Agency personnel generally serve as the site operators and are
responsible for the routine operation of cameras and related data col-
lection equipment at the sites. Effective, two-way communication between
Air Resource Specialists (ARS) and the site operators will ensure that
routine operations proceed smoothly. Routine operations criteria for
camera systems are outlined below.

3.1.1 Camera - Routine Operations

Automatic cameras will take three photographs a day at 0900, 1200,
and 1500 local time. Kodachrome ASA 25 color slide fiilm will be used at
the site. This film was chosen for its fine grain and excellent color
reproduction qualities. For consistency, all film will be developed at
the Los Angeles Kodak laboratory. Photographs will be taken using the
automatic exposure capabilities of the camera (aperture priority -
preferably at a-f8.0 setting). ‘

Operators will visit the site a minimum of once every 10 days to
change the film and service the camera system. A full explanation of
the operator's duties are presented in Section 3.3.1, Quality Assurance.
The detailed procedures for handling the film and processed slides are
explained in Sections 4.0 and 5.0.

3.2 Training

Training of site operators by ARS staff is encouraged. Trained
operators consistently yield higher quality data products. As part of
the site installation, ARS's field staff will conduct hands-on training

of field operators on all equipment present at the site. Best attempts
“will be made to train at least two operators at each site, one of wnom
will be permanent staff. Training will include:

Monitoring Program Overview and Goals
Instrument .Operations

Quality Assurance

Preventive Maintenance

Trouble Shooting




If additional or refresher operator training is required at a
specific site, Air Resource Specialists' staff will work with the agency
and the site operator to schedule and provide the appropriate training.

3.3 Quality Assurance

Field quality assurance is necessary for precise, accurate, valid
and complete data. Well-designed and regularly-scheduled quality control
procedures will be implemented to assess the quality of each step of the
operation. Effective quality control locates and corrects problems quickly.

The visibility monitoring field quality assurance program will’
consist of: operational checks, preventive maintenance, and data
control to be carried out by site operators on a routine basis.

Inconsistencies identified by the quality assurance procedures will
initiate corrective actions. The following subsections describe the
quality assurance procedures and corrective action plans to be applied,

3.3.1 Field Quality Assurance

Site operators will service the camera approximately every 10 days
to change fiim, check the performance of the cameras, clean system
components and perform scheduled, preventive maintenance. Site operators
will be fully trained and supplied with all necessary materials.

The Automatic 35mm Camera System User's Manual contains standard
operating and quality assurance procedures and will be provided to each
site (see Appendix A), These written procedures provide step-by-step
instructions for regular maintenance, standard settings, camera cleaning
and servicing. The detailed procedures described in the manuals will not
be repeated in this section; however, the steps are summarized in Table 3-1.

During each routine site visit, the operator will document maintenance
performed and note all discrepancies on the "¥isibility Status Assessment
Sheet." The information on the Status Assessment Sheet for a Contax system
is provided as Figure 3-1, The completed sheets will be mailed with each
roll of film, If discrepancies or operator comments on the sheets indicate
that further action is necessary, immediate corrective action will be taken.

Identification and documentation of the film rolls is essential.
" The field-related aspects of the film documentation procedures are fully
described in Section 4.0 (Data Logging and Editing).




Table 3-1

Automatic Camera System Field Quality Assurance Procedures

Procedure -

Erequency

Regular Maintenance

000000000000 O0O0

General site/system inspection
Remove camera

Remove film (fi11 out ID label)
Inspect film compartment

Load new film

Inspect and clean camera lens
Inspect and clean box window

Check batteries

Check databack

Phatograph film documentation board
Check camera settings

Replace and align camera

Check timer settings

Complete Visibility Monitoring Status

Assessment Sheet

[o I

Close and lock camera shelter
Mail film and Status Assessment Sheet

to ARS

Scheduled Maintenance

o' Battery changes

camera and databack
winder
timer

o Full System

Unscheduled Maintenance

0 If a problem is noted, the operator:

calls ARS

a replacement camera/timer system

is express mailed to the site by ARS
the site operator replaces the
system and returns the malfunctioning
unit to ARS

ARS diagnoses the problem and effects

Every 10 Days

Scheduled as below or as
noted by the site operator.

Once a year
Every 6 months
Every 6 months
Every 2 years

As required

repairs




Today's Date

LoCEtOn

. AUTOMATIC CAMERA
VISIBILITY MONITORING STATUS / ASSESSMENT SHEET

Time Opermr
Temperature % Cloua Cover
(F) Now Mo Min

Deacrine General
Waather Conaditions:

YES NO

0 O Monioning target visibie

(| O Camera found in proper condition

O [ Tmerioundingroper condiion

0O (O rmacvanced ssepeced

O O Fimchangedandfimcasier properly inbeied

0 O Lessnowndowcen

0 O DocumentstionPhowgraph Taken

O O SETT™GS VERIFIED: Circie stnderd seting or write In ssting I not hessd.

a
Q

COMMENTS / ACTION TAKEN

Suppiies Neacit:

Figure 3-1.

a
c

Swiieh/ Dl Clympts Cormz
Apgmrese [ T} o
ABA Ol = L ]
Exponsw Corpmrastion Ol 0 x
Sy Cams Ol — A
Sancky Lowy . QROMIMY Al (OMRE) —

Duim bk diapiay “TTME / DATE® corment
Casnera alignmens correct

Encioss the onginal of this Stanm / ASSesETent 3hwet with he 35 mun fim and send ©0:

Alr Resource
{ZaSpeciaiists. Inc.

1901 Sharp Poire Orive
Suire E

Forr Coling, Colorado 803525

AN-484- 7041

Visibility Status Assessment Sheet for a Contax Automatic
Camera System.




Throughout the monitoring effort, close personal communications
will be maintained between the contractor and site operators. Operators
will be encouraged to call if they have any questions or problems. Many
problems can be fully resolved over the phone. :

3.3.2 Corrective Action

Two types of corrective action will be considered if monitoring
problems are detected or reported: : _

1. Immediate corrective action to correct or repair non-conforming.
equipment or procedures; and

2. long-term corrective action taken to eliminate causes of non-
conformance.

Immediate Corrective Action

Immediate corrective action will depend upon the specific problem
and the type of instrument. Typically, a problem will arise in the :
field that the field operator cannot solve. The operator will phone ARS
and discuss the problem with appropriate staff (e.g., field specialist or
photographic data coordinator). An attempt will be made to diagnose the
problem and suggest specific corrective action.

If an equipment problem persists, corrective action would depend on
the instrument configuration:

0 Camera System - When a camera-related problem is identified, a
backup camera/timer system will be shipped to the site as quickly
as possible. Site operators will exchange the equipment and will
ship the malfunctioning unit to ARS for evaluation and repair.

Long-Term Corrective Action

Long-term corrective action will include detailed evaluation of
systematic problems and development of a well planned, thoroughly documented
corrective action plan, including procedures which can be used to identify
-and eliminate problems. Long-term corrective action of operational
procedures can usually be handled through a written revision of SOPs and
incorporation of the procedural changes in training programs.
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4.0 DATA LOGGING AND EDITING

The logging and editing of film includes a series of steps. The
contractor will coordinate the logging and editing process from field
operator logging procedures to final editing. Effective quality assurance
of the data will be of primary importance throughout the logging and

editing procedures. These procedures have been developed by ARS and are
currently in use.

4.1 Field Documentation

After loading each roll of film, the site operator will £il1 out a
film canister label and attached it to the film canister. Information.
on the label includes:

0 Site abbreviation

0 Rol11 number

0 Date and time on -

0 Date and time off

0 Film emulsion number

The operator will take a picture of the photo documentation board
on the first exposure of each roll. The board contains the following
information: X
Monitoring site identification
Date

Time
Film roll number (numbers are consecutive)

| I I R |

~  Each camera is also equipped with a databack that records the date-
and time on the lower right corner of each slide.

When the operator returns to remove the film, he will complete the
information on the canister label, place the film in a padded envelope,
and mait it, along with the Status Assessment Sheet, as soon as possible
.to ARS via first class mail. '

4.2 Internal Documentation

Master Log

Film that arrives from the field will be immediately recorded on a
site specific Master Log according to the roll number and the time period
that the film documents. An example of a site Master Log is provided in
Figure 4-1. The following items will be maintained on each site Master Log:

11
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10.

11.

12.

13.

Location Name - Four-character site abbreviation code.

Rol11 Number - The rol1 number denoted on the film canister
label. If a difference exists between the roll number
received and the roll number that follows sequentially,
reference to the on and off dates of the roll is made. If
roll numbering errors occur, the operator will be contacted
for correction. .

Log - The receipt of a Status Assessment Sheet with the film
roll is noted. ‘ : '

Sent to Process - The date the film is mailed to the LA Kodak
processing lab. If film is lost in shipping, this date will
help to initiate tracing procedures.

Mailer Number - Each Kodak mailer in which an individual roll
of film is mailed has a Kodak mailer number. This number isg
recorded in the event film is lost during processing.

Emulsion Number - The Kodak emulsion number denoted on the film
canister label is recorded to track the response characteristics
of each batch of Kodak film.

Back From Process - The date the slides are returned to ARS.

Slide Numbers - After editing procedures are completed, the
beginning and ending slide numbers of the edited set will be

_recorded.

Number Good (#6) - The number of valid slides (s1ides that
appear usable for quantitative analysis). This number does not
include snow-covered targets, weather-gobscured targets, or
slides that are outside acceptable Rayleigh range.

Number Received (#R) - The number of slides taken between the
given dates and times for the film roll.

Number Possible (#P) - The total possible number of slides
that could have been taken between the given dates and times
for the film rol1. ’

Date and Time Logged - The on/off dates and times entered by
the operator on the film canister label will be recorded when
the film is first received at ARS. In the event the film is
later lost, or no databack information is recorded on the
processed slides, this information will be very useful.

Correspondence - A1l written correspondence and telephone
conversations will be referenced and dated. Actual letters
and telephone documentation notes will accompany the Master
Log for complete reference.

13




14, Problems - Any equipment, operator, or pertinent problems
associated with a given roll of film or the time period in
which it was taken. Problems that have been addressed are
noted on the Master Log and internally documented with a “Site
Operation Problem Documentation® (Figure 4-2) for further
reference.

15, Special Photos - Al] supplemental visibility photos will be
noted with their corresponding slide numbers. If interesting
conditions appear in any group of slides, they will also be
noted corresponding with the roll in which they ‘exist,

16. Equipment Change - If a camera, timer, batteries, or any piece
of support equipment is changed or altered, it will be noted
(with a date), corresponding to the date and roll in which the
change occurred.

17. Supplies Mailed - Any time batteries, film, or any other

supplies are mailed to a site, a note will be made as to what
was sent and the. date it was mailed. .

Film Processing

After each roll of film received from the field has been identified
and recorded on the Master Log, it will be placed in an individual 35mm
Kodak film mailer. Each mailer has a specific ID number that will be -
recorded on the site Master Log. The site abbreviation and film roll
number will be placed on the mailer for future identification. These
‘identification measures will track each roll individually, allowing
identification even if the field operator forgets to photograph the
documentation board. Film mailers will be shipped via UPS to the Kodak
Loes Angeles processing lab two times a week .

Within 10 to 12 days, the processed film will be returned by UPS to ARS.
If film is not returned within fifteen days, the Los Angeles processing lab
will be called to verify the arrival and completion of processing. A trace
will be made on the film shipment if any discrepancies in shipping/receiving
dates are discovered.

Slide Check In, Arrangement, Preliminary Review

The receipt of the developed slides from Kodak will be recorded in
the site Master Log. :

14




Alr Resource
{ZpSpecialists. Inc. -

1901 Shorp Poiry Drve
Sy E

Forr Collina, Colorado 80528

SITE OPERATION PROBLEM DOCUMENTATION

CONTACT:

PROBLEM DETECTION & DESCRIPTION:

SITE:

DATE:

PH#:

INITIALS:

POSSIBLE SOLUTIONS:

TELEDOC: BY: TO:

DATE:

COMMENTS :

CORRECTIVE ACTION TAKEN:

EQUIPMENT SHIPPED:

TO ARRIVE:

PROBLEN SOLVED:
ROLL & CHECKS QUT 0K
COMMENTS :

DATE :

8Y:

FOLLOW uyP: YES

NO

CcC:

Figure 4-2, Site Operation Problem Documentation Sheet,

15



PROBLEM SuMMARY

QATA:
ROLL ¢S5 AFFECTED: DATES:

# OF INVALID SLIDES: SLIDE #5:

COMMENTS:

EQUIPMENT:

RECEZIVED:

TESTED:

RESULTS: REPAIRS:
REPAIRS MADE:

COMMENTS :

PROBLZIM aAMALTYIS:

FOLLOW-uP ACTION:

Figure 4-2, Continued
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Processed slides will be first thecked for extraneous photos:

] Only slides that represent the standard date and time sequence
of a given target, or were taken purposely for documentation or
as a supplemental visibility documentation will be kept.

0 Any blank s1ides precéding or following the normal date/time
sequence will be discarded, :

Documentation and target photos will be arranged in polyethylene
sheets by date and time. Each protector sheet holds 15 slides (5 rows .
of 3 slides each). Each row represents the 0900, 1200, and 1500 photos -
for one day. The documentation board photograph will be placed in the
upper left corner of the pratector sheet beginning each roll of film.

S1ide Mumbering, Verification, and Filing

Slides will be initially reviewed to verify that the vista alignment
s correct, the databack date and time is recorded on the film, the slides
are arranged in proper order, and that no exposure inconsistencies exist.
Any discrepancies will be documented by site and roll number on the Master
Log and corrective action initiated. Following the initial verification of
slide arrangement, each slide will be numbered sequentially and stamped with
the four-letter site code. The slide set will be placed in a manila folder
labeled with site abbreviation, rol} number, and slide numbers.

Each set of slides will be checked one more time by the slide operations
supervisor. At this quality control point, all slides will be checked and
all log entries verified. If problems are noted, the slide operations
supervisor will initiate corrective action procedures that include:

1. Master Log checked to verify that the problem has not already
been addressed.

2. Previous slides reviewed to identify symptoms that may pin-point
- a-problem. - -

3. The photo log or status/assessment sheet reviewed for any
appropriate field operator comments.

4. If no previous corrective action has been taken by the field
personnel or ARS quality control personnel, the field operator
will be called to further identify the malfunction or discrepancy.
A telephone document memo or Site Operation Problem Documentation
will be written as a permanent record of the conversation.

5. Immediate or long term corrective action will be taken to correct
the malfunction and/or discrepancy. A Photographic Monitoring
Network Quality Assessment Log (Figure 4-3) will be mailed to the
site. A1l problems and directed actions will be documented. The
field operator will document the date of correction and what was
done, and return a copy of the log to ARS.

17




6. A1l corrective actions will be recorded on the site Master Log
and Operation Problem Documentation for future reference., All
documentation relating to the corrective action will be placed
in the site location file with the Master Log.

7. Photog taken following the date of correction will be checked
immediately to verify that proper adjustments were made.

The next step in the film logging and editing process will be the
determination of the number of photographs that appear usable for quanti-
tative slide scanning. Photographs will initially be considered valid for
quantitative analyses except for: S : ’

] Supplemental visibility photos.

0 Out-of-alignment photos; e.g., the target is not in the picture.

0 Blank photos

) Extremely under or overexposed photos

0 Out-of-focus.photos;‘distinct feature cannot be identified.

0 Photos taken through a fogged or icy shelter window.

The number of valid slides, that apbear usable for guantitative
analysis, is recorded in the #G column on the Master Log. The final
number of slides usable for quantitative analysis (SVR calculations) is
determined after slide coding and scanning are completed.

The actual number of slides taken between the given dates and times
for a fiIm roll is recorded in the #R column of the Master Log.

The total number of observations that could have been taken between
the given dates and times for a fiilm roll is documented in the #P column.
of the Master Log.

The ‘number of received slides (R) for each roll recorded on the
Master Log will be totaled to determine the number of observations
collected for the season. The total possible observations (cases) for a
season is determined by considering the number of days in the season and
. the number of observations a day. A resulting, seasonal percentage of
collection efficiency is calculated, for example:

265 slides available for the summer season = 96%
ays photos a day possible

‘The resulting seasonal percentage will be recorded in the upper left
corner of the Master Log.

Film roll folders will be filed by season, and retrieved at the end
of a season for coding and quantitative analysis.
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PHOTOGRAPHIC MONITORING NETWORK

QUALITY ASSESSMENT LOG
Siwe: Date:
Operator:
ACTION ITEM PROBLEM DESCRIPTION CORRECTIVE ACTION TAKEN | DATE | waT
Fien
Fim Labed
Asssssmnan Log
“Phom Log
Dacumermanon
Chan
Aokt ¢
Aparaue
ASA Seting
COmoersaation
Battanes
Data Bacx
Winder(s)
Camerals)
Timerts)
Allgremernt
AOK
“Manusi Camars
o Return Yellow Copy To:
. AirResource
FaSoecisiists. Inc.
1901 Showp Poire Drive
Sure €
Fort Collns, Colorado 80323
00484~ 7941
Figure 4-3, Photographic Monitoring Network Qual ity Assessment Log.
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Slide Coding

Slide coding qualitatively identifies the visibility measurement
related condition of the target and sky and other visibility-related
conditions within the scene. At the completion of eath season, slides
from each site will be coded for meteorological and visibility conditions.
These codes, summarized 1in Figure 4-4, are divided into four pr imary
categories:

Target Conditions

in the target detector area;

Sky Conditions - in the sky detector area§

Remainder of Sky conditions in the remainder of sky visible in

the photograph; and

Layered Haze layered haze conditions that exist, if any.

Each category is represented by a column on the Yisibility Network
Slide Coding Log presented in Figure 4-5. The Coding Log will be used
to record specific coding comments for a given film roll during this phase
for processing. Codes are recorded directly on the slides and entered into
the digital database during slide scanning.

Each valid slide will be viewed on a light table with the naked eye
and an eight-power, hand-held lens. The: foliowing criteria will be used
to assign a four-digit code for each slide:

A. Target Conditions - The target condition category describes
the visual conditions of the monitoring target in the target
detector area only.

0 In shade - no snow
The normal target surface (i.e., trees, rock, grass, soil,
etc.) is exposed, but shaded by ¢louds. .

1 Direct sun - no snow
The normal target surface (f.e., trees, rock, grass, soil,
ett.) is exposed and in direct sunlight.

2 Snow

The normal target surface is mostly or completely covered
by snow.
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TARGE™ CONDITIONS
arget Detecior Ares)

0 In snage, no snow
1 Dirme* sun, no snow
2 Snow on target

3 Target not visible
naze

$ Weather obstrycting

8 Incorrect exposure
net usable for aens

9 No opservation

SKY IN DETECTOR AREA

Q0 No clouds

1 Clouas

5 \Veather obstructing
qetector area

9 No opservation or ¢
be determined

REMAINDER OF SKY

0 No ¢louds

1 Scattered clouds <
“of sky

2 OQvercast > half of

S Weather obstructing

9 No observation or ¢

De determineq
LAYERED HAZE

0 Non-perceptible

1 Ground-based layered haze.  Only a single-layered haze boundary is

only
2 Elevated layer only
3 Multiple layers
5 -Weather costructing
‘9 No observation or ¢

be detarmined

NOTE: It is pessible

Figure 4-4,

CODE DESCRIPTION

No snow cover visible in targer detector area
and area is in shade due to cloud snadow.
No snow cove- visible in target detector
area and area is generally in sun lignt.
Snow visible in target detector area
regardless of lighting.
due to Target area not getectable by observer

due to atmospheric haze (not clouds or
+ precipitation),.
target  Target area not visible due to clouds or
precipitation.
or Incorrect exposure, imorgper metering, lens
itometry flare, lens (or window) condensation, or

target obstructed by foreign obdject,
causing sl!ide to be unysabie for a valid
qensitometry measurement,

No observation taken.

No clouas visible in the sky detector
area,
Clouds visible in the sky detector area.
sky To be used if target code of §.
annot To be used with target coge of 9 or if

sty value cannot be determined due to
reasons other than weather opstruction.

No clouds visibie anywnere in the sky,

1D [

half Less than one=nalf of the sky has clouds
: present.
sky Greater than one-nalf of the sky has

-¢louds present,
scene To be used with target code of 5.
annot To be used with target code of 3 or if

sky value cannot be determined due to
reasons other than weather odbstruction.

No layered haze boundary (intensity of
coloration edge) is perceptidle,

perceptibie with the haze layer
extending to the surface.
An elevated layer with two Doundaries
is present; e.g., horizontal plume.
More than a single ground-based or elevated

NN

layer is present. This can be multipls
ground=based layers or a comdination of both.
scene Cloud or precipitation are such that determination
of the presence of layersd hazes is impossibie.
annot To be used 'with target code of 9 or if a layered
haze valye cannot be determined due to reasons
other than weather obstruction,

to have a target code of S and still see a layered haze in the scene.

Visibility Slide Codes Used to Characterize Target, Sky,
and Haze Conditions.
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g 3
100 e P e VISIBILITY NETWORK SITE:

[y SLIDE CODING LOG SEASON:
Farr Colirw. Colomao 80525 ROLL #

Side Date Tme [T ggFng Comments _

20C°
9:00
12:00
300
9:00
12200
300
9:00
1200
300
9:00
12:00
300

~ 900
1200
300
9:00
1200
300
9:00
1200
3:00
9:00
12:00
a0
900
12:00
300
900
1200
300
9:00
12:00 i
300

[ ||

SkwTergst Cooe
T - Target Conaitions 30 - Sky n Devector Area RS - Remmnaer of Sky LM - Layerad Maze
213 w178

Figure 4-5, Visibility Network $1ide Coding Log.
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Target not visible due to haze
The target is not visible due to factors other than those
listed in defined codes.

(not currently used)

Weather obstructing target detector area

The target is not visible due to obstruction by weather
such as clouds, fog, rain, snow, blowing dust, or other
readily identifiable wind or moisture-related phenomena.

(not currently used)
(not currently used)

Incorrect exposure or not usable for densitometry

The slide is unusable for a valid densitometry measurement
due to incorrect exposure, improper metering, lens flare,
lens (or window) condensation, or target obstructed by a
foreign object. :

No observatibns

Sky in Detector Area - This category describes the visual
conditions of the sky in the sky detector area only,

0

ot E NPV RN ]

o 00~y O

No clouds '
No clouds are visible in the sky detector area,

Clouds '
A cloud or clouds are in the detector area.

(not currently used)
(not currently used)
(not currently used)

Weather obstructing sky detector area -
The sky detector area is not visible due to abstruction
by weather such as clouds, fog, rain, snow, blowing dust,
or other easily identifiable wind or moisture-related
phenomena.

(not currently used)
(not currently used)
(not currently used)

No observation or cannot be determined

To be used with target code or when a sky value cannot
be determined due to reasons other than weather obstruction.
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Remainder of Sky - this category describes the cloud condi-
tions in the entire portion of the sky visible on the slide.
Only distinguishable, opaque cloud types are considered; thin
cirrus clouds -are not coded. ’

0 No clouds
The sky is completely free of clouds or the existence of
clouds cannot be determined due to obscuring haze.

1 Scattered clouds < half of sky
Less than half of the sky visible is covered with clouds.

2 Overcast > half of sky \ . }
More than half of the sky visible is covered with clouds. _

3 (not currently used)
4 (not currently used)

5 Weather obstructing scene
None of the sky area is visible due to obstruction by
weather such as clouds, fog, rain, snow, blowing dust, or
other easily distinguishable wind or moisture related
phenomena.

(not currently used)
(not currently used)
(not currently used)

o 00~ on

To be used with target code of 9 or if a sky value cannot
be determined due to reasons other than weather obstruction.

Layered Haze -~ This category describes the type of layered
haze visible anywhere on the slide.

0 Non-perceptible
No haze layer with defined boundaries is visible on the
slide. .

1 Ground-based layer only
Ground-based layered haze is classified as a haze layer
having an defined upper boundary, which is visible on the
slide. The lower boundary is the ground.

2 Elevated layer only
An elevated, layered haze is classified as a haze having a
defined upper and lower boundary, with the lower boundary
not being the ground.

3 Multiple layers

More than one ground-based and/or elevated haze is visible
~in the slide. -
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4 (not currently used)

5 Weather obstructing scene
No haze layers are detected due to obstruction by weather
phenomena such as clouds, fog, rain, snow, blowing dust,
or other easily identifiable wind or moisture-related
phenomena.

(not currently used)
(not currently used)
(not currently used)

[ 00~ on

To be used with target code of 9 or if a sky value cannot
be determined due to reasons other than weather obstruction.

Compieted Slide Coding Logs for each fiim roll will be stored with
the slides in the designated film roll file folder. Slide codes will be
entered into the slide database during slide scanning.

4.3 Quality Assurance

The quality of photographic material is subject to deviation in
various forms. Throughout the purchasing, handling, and processing of film,
care must De taken to maintain the highest possible quality standards.
Through the abservance of certain controls, near maximum quality results
may be expected from photographic materials.

4.3.1 Film Purchasing, Handling, and Processing Quality Assurance
Procedures

Quality assurance in purchasing, handling, and processing of
visibility monitoring film necessitates the procedures outlined below:

[.  Film Purchase _

A.  Buy cases of fiim directly from Kodak or through a direct Kodak
distributor. A1l film in the cases must be from the same
emulsion number.

B. Store all film in a low-humidity freezer.

C. Pull five rolls of film from the batch for permanent storage.
This film archive will be used if further analysis of the emulsion
characteristics is required.

D. Separate a number of rolls from the batch for quality assurance

testing (see Field Procedures and Quality Assurance Tests
discussions).
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II.

III.

Field Procedures

A. Enough film will be shipped to each site to cover two seasons of
monitoring.

B. A1l film will have the same emulsion number,

C. A1l film will be shipped in a labeled film storage box to allow
for convenient separate storage at the site,.

0. Film in the film storage box will be sealed in a.2ip-lock freezer
bag with desiccant. . :

E. Two control rolls of film, pre-exposed with a grey scale and color
bar, will be included in each film storage box. These rolls will
be clearly labeled so that they can not be inadvertently used. A
control roll will be returned to ARS at the end of each season
with the last roll of film taken during the season. At ARS, the
control roll will again be exposed with a grey scale and color
bar. After processing, the two grey scales and color bars will
be compared to evaluate the potential effects of film storage and
transport (See Quality Assurance Tests discussions).

F. Film instructions will be issued to each site to keep the film
frozen or at least refrigerated until use.

G. No film should be stored in the camera shelters.

H. Individual rolls of film will be tracked by emulsion number and
roll number as entered by the operator on the film canister label,

1. Each camera box will have a maximum temperature recording thermo-
meter. At each film change, the maximum temperature should be read,
written on the Status Assessment Sheet, and the thermometer reset.

J. Field operators should mail exposed film immediately to ARS.
Quality Assurance (QA) Tests |
A. Envirormental Conditions - Field Storage Test

Two control rolls will be sent with each two seasons shipment of
film to each site. The, control rolls must be stored under condi-
tions identical to the rest of the fiim for the site. At the end
of each season a control roll will be returned to ARS. The
following outline details the QA test.

= The beginning of the film will be exposed with a grey scale
and color bar at ARS.

- Two rolls of the film will be mailed to each site with each
two seasons supply of film.
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- The fiim will be pre-numbered and clearly labeled so that the
site operators will not inadvertently use the film.

= The control rolls will be stored under the same conditions
as the rest of the film.

- At the end of each season, the operator will mail a control

roll to ARS.

- Control rolls received at ARS will be stored in a cool
location until all control rolls for a season are received.
(This usually occurs over a two-week period.) After all rolls
are received, the end of each control roll will be exposed to
a grey scale and color bar. '

- The end of a control roll that has been kept in the ARS
freezer since the film was purchased will also be exposed to
a color bar and grey scale to document any variations in grey
scale and color bar exposure due to non-field-related
circumstances.

- The control film will be sent to the L.A. Kodak processing lab.

= When the film is returned from the lab, the grey scale and
color bars will be compared to identify any changes in film
characteristics that could be attributed to how the film was
shipped to and from the site or stored at the site.

Film Processing QA

= A1l film will be processed at the LA Kodak processing lab,

- Approximately 40 rolls of film from each emulsion will be
exposed with a grey scale and color bar.

= A roll of this film will be sent along with each shipment of
film that is sent to the LA Kodak lab for processing.

= The grey scale and color bars will be compared from shipment
to shipment to identify any differences in film characteris-
tics attributed to the shipment of film to the lab or the
variation in processing.
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5.0 DATA REDUCTION

A primary goal of visibility monitoring is to quantify how well the
image-forming information in a vista is transmitted through the atmosphere
to an observer some distance away. Determining how well information is
transmitted requires an understanding of atmospheric extinction: the
scattering and absorbing properties of the atmosphere that influence the
transmission of light.

- Until the recent development of this transmissometer, two primary
operational measurement techniques were available: integrating nephelo-_
meters (Charlson et al., 1967) and teleradiometric techniques using
natural targets (Malm and Molenar, 1984 and Johnson et al., 1986).

The approach used to quantify the visual air quality at this site
is the measurement of sky/target contrast from 35mm color slides. These
measurements emulate teleradiometer measurements.

The details of the data reduction techniques to be applied to the
color slides are detailed in the following subsections.

5.1 Theoretical Considerations of Horizon/Sky Contrast Measurements

Color slides taken with cameras can be analyzed to emulate tele-

radiometer measurements. The following theoretical considerations will
be applied in the data reduction process:

Basic Equations

Slide densitometry methods will be used to measure the sky/natural
target contrast in the 550nm (green) wavelength 35mm color slides. The
550nm wavelength was chosen since it is the most domimant visible wave-
Tength in the solar spectrum. These measurements will be reduced and
reported as standard visual range (SVR) or extinction values. The }
equations and considerations used to calculate SVR and extinction from
the measured sky/target contrast are based on various deviations and
approximations in the 1iterature (Middleton, 1958; Malm, 1979; Allard and
Tombach, 1981). The basic equation relating sky and target (horizon)
radiance (as measured by the teleradiometer) and atmospheric extinction is:

N
Cp = Cp 32 exp (~Doyyr) (5-1)
s''r ’
where BE t 1s the average extinction coefficient between the observation
point ané a target located at a distance r; sNo and sNr are the sky

radiance at the target and observation point respectively; and C. and Co
are the apparent and inherent target contrasts given by:
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N N
C,=tr-sr . (5-2)

r
SNY‘
N N
cogtO'SO (5_3)
SNO

where N, and N. are the inherent radiances of the target observed from
distance = 0 and the observation point to target distance r.

Cr is a site specific value related to the characteristics of the
target and to the target distance. To normalize site specific C

values, a visual range, V., can be calculated from the C,. value Ey
assuming:

1. No = ¢Nr; (the sky radiance at the target and observer are

gqua1);

2. E;xt‘is the same over the entire distance equal to the visual
range as it is for the sight path r; and

3. C° is known.

Under these conditions, Equation (5-1) can be solved for Bayxt and .
related to V. by: g

Ve = 3.912/6,, (5-4)

where:
5 1 co
ext = --r In -c—r (5'5)

A problem results when visual ranges, derived from sites at differ-
ent altitudes, are directly compared. Even in a Rayleigh atmosphere, -
-where only air molecules affect visual range, an observer can see farther
at higher elevations than at sea level. Thus, a standard visual range
(SVR) is calculated to n?rmalize all visual ranges to a Rayleigh scattering
coefficient of 0.01 km ~* or an altitude of 1.55 km. SVR is calculated
using:

SWR = 3.912/(Bgyy -bpay + 0.01 km 1) (5-6)

The Rayleigh scattering coefficient, D.ay» for the mean sight path
altitude is subtracted from the calculated ex{1nction coeffiiient. Daxt s
and the standard Rayleigh scattering coefficient of 0.01 km~! is addeq
back (EPA, 1980).

Standard visual range can be interpreted as the farthest distance
that a large, black target can be seen on the horizon. It is a useful
visibility index that allows for comparison of data taken at various
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Tocations. Note that SVR only describes the conditions in the measured
sight path and does not account for layered haze or other visibility-
related influences in a vista that do not fall within the measured sight
path.

Determining Target Inherent Contrast

Careful approximation of inherent contrast for each target and time
of day that contrast measurements are made is essential. Four primary
methods have been used to approximate Co:

1. Direct measurément;

2. Calculation from target contrast measurements obtained on near
Rayleigh days;

3. Estimated from SVR cumulative frequency plots; and

4. Extrapolations of C, from target contrast measurements of the
same target at various distances, or measurement of C. of a
number of jdentical collinear targets that are located at
different distances.

Table 5-1 summarizes the advantages and limitations associated with sach
technique.

The direct measurement technique requires that radiometric measure-
ments be made within a few meters of the target. At these close distances,
the field of view of the standard monitoring instruments severely limits the
‘size of the target from which the measurement is made. Consequently, a
successful direct measurement of inherent contrast requires either very
uniform targets, spatially average inherent radiance measurements made from
the face of the target so that the average inherent radiance is comparable
to the teleradiometer's field of view at normal operating distances, or a
specific teleradiometer with a significantly larger field of view. In
practice, it is almost always difficult to achieve the proximity to actual
targets required to make a measurement. Also, the target usually is not
entirely uniform, and it is nearly impossible to make an inherent contrast
measurement that corresponds to the exact field of view of the teleradiometer
at normal operating distances.

The second method of determining C, from measurements of C. on clear
-days requires an independent measuremeng to establish that the atmosphere is
essentially free of particles so that only Rayleigh scattering takes place.
If it is assumed that sNg = N, and b xt = Ppays Equation 5-1 can be solved
for C, in terms of C and Bray: A d1f$1cu1ty agsociated with this technique
is the requirement tﬁat a mon*toring program must have been operated over an
extended time period in order to be certain that a number of measurements are
made on particle-free days. :

A third method to estimate Co uses the cumulative frequency distri-
butions of SVR., The cumulative frequency technique (CFT) is used to
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Table 5-1

Ssummary of Assumptions, Advantages, and Disadvantages of Various
Techniques for Determining Inherent Contrast

Direct measurement

of Cy

Estimation from
Caleulation from C. on ' cumulative frequency
Rayleigh clear sky days  distribution of SVR

Interpolation from multiple measurements of C,
tipie collinear

Multipie teleradiometer, targets with singie
single target teleradiometer

Assumptions

Disadvantayes

Advantages

1. Uniform target
aver large spatial
area

1. Difficuit 10 mea-
sure same held of
view at various
distances

2, Difficult w et -
close L must real
targets

1. Only sechmique
that is a direct
measurement of
Co -

1. 5..., » E..w 1. Lognormal
2 No/iNoand by distribution of SVR
errors cancel un 2 No local sources of
near Rayleigh days air pollution affect-
ing target sight
paths

1. Atmosphere never 1. Nonuniform sight
truly free of serusols paths

2. Monitoring over 2 Moniwring over
extensive time extensive time

period needed 1o period needed Lo
make a number make a number
of messurementa of messurements
on nesr Rayleigh on near Rayleigh
days days

1. Simple data 1. Simple data
processing processing

2 With large data bass 2 When tumbined with
technique can be Rayleigh eatimates.
reiterated to im- sllows fine tuning of
provesstimates of Cq  estimates

" 1. JNo/oN; and Bo, cancel under sll atmospheric

loading conditions
2. Uniform target/targets
3. Uniform sight paths

1. Very few colinear
uniform Largets heving
same Co

1. Custlv; manpower
and time in field

2 Above azsumptions
rarely if ever mat

1. For & few specific sites
may be practical and
useful

1. Neme
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fine-tune C, values that have been measured or calculated using methods

1 or 2. The use of CFT is best understoog by examining log-normal
probability plots of SVR, Figures 5-la and 5-1b are log~normal cumulative
frequency plots of SVR derived from teleradiometer measurements of four
different targets at Grand Canyon during fall 1982 (September, October, and
November). Figure 5-la shows the distribution of SVR with proper C. while
Figure 5-1b shows the effect of choosing the wrong C. for one targeg. In
Figure 5-la, with the proper choice of Co values, the distribution of SVR
corresponding to each target will be similar and converge at 391 km, the
theoretical maximum SVR. Figure 5-1b, on the other hand, shows the effect
of choosing a C, which is too large. In Figure 5-la, the C, values for the
Red Butte target are -0.87, -0.87, and -0.87 at 9:00, 12:00 noon, and 15:00
respectively, while in Figure 5-1b the Co values are -0,60, -0.60, and -0.60.
Figure 5-1b shows that the SVR calculation with the wrong choice C, yields a
distribution of SVR which is not physically possible; seventy percent of the
time SVR was greater than the Rayleigh limit of 391 km. As in method 2, this
technique requires monitoring over an extended time period to provide
sufficient data.

The fourth method employs either: 1) simultaneous teleradiometer
measurements of sky-target contrast of a number of targets located at
various distances from the observer, but with the same directional
orientation (same observation zenith and azimuth angles), or 2) simul-
taneous measurements of sky-target contrast of the same target at various
distances. The rationale for making a set of measurements of this type for
the purpose of calculating C, lies in rearranging Equation 5-1 so that it
fits the form of a straight ?ine: '

. N
InCp = Byer + 1n (CoS_N.a) (5-7)
s'r

[f the natural log of sky-target contrast is plotted as a function of
target distance r, the slope of this line is ~baxt and the intercept is
In (C, sNo/sNp) -

This method has several limitations. First, In (C.) does not vary
1inearly with r because Daxt and sNo/¢Nr are not constant with distance;
both are a function of observation angle and distance between the observer
and target. Second, targets with nearly the same observation zenith and
azimuth angles that are located at different distances are not commonly

_available. Third, it is inconvenient, and many times physically impossible,

to make measurements of the same target at different distances and at the
same angles of observation.

A1l four of these procedures have been applied to contrast data
gathered in monitoring networks. In most cases method 2 is used to
establish a first approximation for Co» while method 3 is used to refine
the initial C, estimations. Method 1 and particularly Method 4, although
cungeptua11y sound, have proved to be difficult to employ under “real-world"
conditions.
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Figure S5-la.

Figure 5-1b,

Figure 5-1,
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At this site, Methods 2 (calculation from near Rayleigh days) and
3 (estimation from cumulative frequency plots), be applied to estimate
inherent contrasts. An annual Co will be estimated for each time and
target for each site.

Proper site and target selection also reduces the uncertainty in
estimating C, values. The sensitivity of C. is reduced for dark targets
selected at 8istances between 60% and 90% o? the visual range. By
selecting multiple targets at various distances from the observation
point, SVR values calculated for each target as a function of the
individual target Cos values can be compared to help identify Cj errors.

Consideration of Error

The assumptions required to solve Equation 5-1 for visual range or
Doyt are rarely met. Specifically, sNo/sN is rarely ever equal to one,
ané for most natural targets C, varies w1tF target and sky illumination
conditions. Malm and Tomback ?1986) investigated the error in calculated
extinction associated with the uncertainty in sNo/sNp and C, under idealized
clear-sky, uniform illumination conditions. Figure E-z presents the results
of their investigation for a 50 km target with inherent contrast values on a
Rayleigh day of -1.0, -0.80, and -0.60, as a function of aerosol extinction.
Figure 5-2a shows the expected error in extinction when back scattering
conditions occur (scattering angle 1589). Figure 5-2b shows the expected
error in extinction when forward scattering occurs (scattering angle 279).
For C, = -1.0, extinction error is only due to changes in gNo /N as the
aerosol loading changes. Extinction error curves for C. = *8.&0 and. -0, 60
show the additional error associated with variations in Co as a function of
aerosol loading, '

The results of this analysis show that, “as baxt increases, there
is an increasing error in Co, and the error in “measured” extinction
increases. - The error is most pronounced for “back scatter* conditions
and for targets with a Rayleigh inherent contrast smaller in magnitude
than about -0.80" (Malm and Tombach, 1986). :

Malm and Tombach further emphasize that:

0 Brightly colored targets should only be used when shaded or
when forward scattering conditions exist.

o Imperfect Co estimates for targets less than 50 km would yield
higher error than imperfect C, estimates for targets greater
than 50 km. However, as target distance increases to a point
where apparent contrast measurements of -0.05 occur, the error
in apparent contrast measurements will begin to dominate.

0 To minimize Co and C. errors, target distances should be kept
between 60% and 90% of the average visual range (U.S. EPA,
1980), and the observation point and target should be at
nearly the same elevation.
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Figure 5-2a.

Figure 5-2b.

Figure 5-2.
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35



o For other than cloud-free conditions where illumination is
uniform, the non-uniformity in illumination of the target, sky
or cloud behind the target, and sight path increases the
uncertainty in calculated extinction.

This error analysis by Malm and Tombach emphasizes the need to
carefully select visibility monitoring sites and targets, individually
evaluate each visibility measurement and carefully estimate C, values.

Perfect site and target selection is often difficult. Geography and
operational logistics do not always follow the rules required' to minimize
error. The conditions associated with each visibility measurement must
be also be individually considered. The sky and target conditions must
be considered in the analysis routines. However, with the measurement
techniques applied, it is impossible to accurately account for every
variation in target, sky, and sight path illumination. Averaging,
estimating and reporting over longer time periods, such as seasons, may
help compensate for random measurement error,

The best monitoring, analysis, and quality contro] techniques

available to minimize error will be applied to the collection and
processing of visibility data in this proposed effaort.

5.2 Slide Densitometry

Theoretical System and Processing Considerations

Air Resource Specialists, the National Park Service, and Optec
developed an integrated system to make quantitative measurements of
visibility-related parameters directly from photographic slides. The
slide scanner is a microcomputer-controlled optical densitometer
specifically developed to handle slides. The system is. coupled with a
larger data-processing computer. System specifications are detailed in
Table 5-2. The system can make precise readings of slide transmissions.
Most importantly, the scanner can emulate the geometry of the teleradio-
meter and make sky and target slide transmission readings at the same

" angular separation as a teleradiometer would directly make readings of

the same vista. The measured sky and target slide transmission readings
can be used to estimate extinction and SVR. The slide scanning densito-
meter and specific analysis techniques are fully discussed in a paper by

Johnson (et al., 1986), and are briefly described below. -

The photographic slide is a-transformed representation of a scene's
radiance field at the moment of exposure; the transformation function is
the light response of the film known as the charachertistic curve. At a
later time this transformed radiance field can be regenerated by passing
1ight through the slide, and slide transmission measurements can be made
by a densitometer.

The immediate output of the slide scanning densitometer is two
slide transmission readings: one of the target and the other of the sky
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Table 5«2

Slide Scanning Densitometer
“Slide Scanner" Specifications

Scanniag Densitomecer .
Apetture diam:ﬁ_r (um) vesssssnssssnsnnassssnsssnse 100
Minioum scan increment (UM) ccovceverscceanasoncssee 264
Maximum number of LNCTEMENCSE .cerssssncaccnsssnses 85192
Maximum sScan lﬁﬂgth (u) "erePsrrasssesassabuvanene 21 6
Mﬂximn number Of re‘dlng’ Yed e PR ARRNEARNITERIREIRNGS 768
SIide den81ty lillit L R R R I N 3 61
Narrow band filters (nm) ...... 405,450,500,550,600,630
Cone=response F{ilLers ...vececescocsns Blue, Green. Red

Teleradiometer. Simulator
Effective detector dliameter (Um) vovecceccocacaseas 152
Detector angle (degrees)® ....c.cnveeccccncceanss 0.068
Sky=target 3eparaCion ceeicececoveasocncseccseess 805.2
Sky-target angle (degrees)® ....ceeececesececsnes 0.362

3Assuming a l35um lens on the field camera.
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immediately above the target. These two values are combined to give
target/sky slide contrast, where C is the target/sky target contrast, T,
is the target slide transmission, and Tg is the sky slide transmission,

C = Ty/Tg - 1 (5-8)

This quantity does not yet relate directly to actual atmospheric or
associated visibility parameters because of the function relating sky

and target radiance (expressed as film exposure) to film density. This
function is the characteristic curve of the film expressed as density vs.
logyg exposure (where exposure = radiance multiplied by time). To
calculate actual target/sky contrast, the above slide transmission values
first must be converted to corresponding density values by using:

where T is a target or sky slide transmission and D is the resulting
density. Then, by using the characterisite curve function, the resulting
slide densities can be converted to actual target/sky contrast using:

¢' = 109(Ds)/109(0¢) . 4 (5-10)

where C' is the actual target/sky contrast (the slide contrast C with
effects of the film response removed), and g is the fiim response
function that converts absolute slide density to the logarithm of film
exposure,

Even though only relative sky and target radiances can be calcu-
lated (unless the duration of film exposure is known), an absolyte
contrast calculation is still possible because of the ratio of radiances
in Equation 5-10. This also means that shifts in the film speed (hori-
zontal translations of the characteristic curve) due to variations in
emulsion sensitivity or processing do not affect the calculation of
target/sky contrast. However, changes in the slope of this function can
affect the calculation. Once target/sky contrast is calculated, standard
teleradiometric data-processing procedures can convert these values to-
standard visual range or extinction.

System performance of the slide scanning densitometer relative to
simultaneous teleradiometer measurements was evaluated by Johnson.
Several statistical analyses on up to 1441 data pairs were performed
-including correlation, 1inear regression, average bias and difference
calculations, and cumulative frequency distribution comparisons. Absolute
densitometer precision was very good. Accuracy and precision in estimating
target/sky contrast and standard visual range from photographic slides,
when compared to simultaneous teleradiometer measurements, were also high
and peaked when middle-range targets, around 50 km, were used. Imperfectly
quantified nonlinearities in the film characteristic curve caused a small
reduction in accuracy when using near or distant targets. Table 5-3
presents a summary of the analysis results.
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Referring to Table 5-3, at all locations the means of the tele-
radiometer and slide radiance ratios were very close, with Shenandoah
having the largest difference. Correlation between the radiance ratios
was greater thaE 0.88 in all cases and reached as high as 0.97 for
Joshua Tree. R4 (variance explained) was very high in all cases, ranging
from 0.78 to 0.95; this reflected the high correlation between the
independent and dependent variables, good system precision, and the
overall adequacy of the statistical model.

‘In addition, judging from the regression coefficient, intercept and
regression plots, system accuracy was also very good, although the slide -
ratios were slightly lower than simultaneous teleradiometer ratios.

Since Johnson's work was completed, identical tests performed on
simultaneous slide and teleradiometer data sets from the Pacific North-
west yielded similar results (Air Resource Specialists, 1985). Overall
research indicates that 35mm cameras taking color photographs are an
acceptable technique for simulating relative teleradiometer radiance
measurements. Slide-derived measurements accurately emulate teleradio-
meter measurements, -

Slide Scanning

At the end of each season, slides will be quantitatively scanned.
A1l scanning will be performed by slide scanning technicians under the
direction of the Photographic Data Coordinator. ARS has over four year's
experience in the quality assured operation and maintenance of the slide
scanner, '

Operational slide scanning procedures are listed below:

o Calibration -~ At four-hour intervals, the scanner is cali-
brated against a standard step grey scale slide. The density
of each step of the gray scale is known, as measured by a
standard calibrated densitometer. A direct comparison can be - . -
made between the calibrated densitometer and the scanner. A -
calibration curve derived from the calibration procedure is
entered into the scanner and is automatically applied to each
measurement. A1l calibrations are logged in the slide scan-
ning operations log.

o Interactive Scanning - The slide scanning program is completely
interactive and efficient. The slide scanning technician first
visually reviews the slide, checks the slide sequence, checks
the slide codes, and notes any inconsistencies. The technician
next aligns and scans the target/sky contrast for each target on
each slide. The interactive scanner program prompts the operator
for site, date, slide number, time, target, and slide code. The
results of the scan are immediately available to the operator for
review as slide contrast, scene contrast (characteristic curve
corrected), and roughly estimated SVR.
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The results of the previous scan are also simultaneously
displayed to allow for sequence consistency.

Data Storage - If the operator chooses to accept the scan, the

.data are automatically transferred to the site file on the NPS

computer. A quality assurance code is also calculated and
tagged to the data that includes scan date, time, operator
initials, and edit protect codes.

Quality Assurance - When all scanning for a site is completed, _
the file is reviewed by the Photographic Data Coordinator. ’
The file must account for each day and time during the season,
whether a slide was taken or not. Five percent of the slides
for each site for each season will be randomly selected and
re-scanned, Al] scan values must be within +0.02 slide
contrast or a re-scanning of the site will be ordered. All
completed files will be stored as .SLD files. A copy of a
portion of a seasonal .SLD file is provided as Figure 5-3,

Processing

Data will be processed seasonally. Each .SLD file will be run
througn the existing SVR program, a program specifically designed to
perform edit checks and yield SVR or extinction results. The edit
checks and processing considerations applied by the program include:

0

File Integrity Check - Each site file is checked to verify

that each date, time, and target is accounted for and that the
range in each file field is acceptable. Each file must contain
all possible dates and times for a season regardless of whether
or not an observation was taken. This approach ensures '
consistency in all files. _

Site/Target Specifications - The site and target specifica-
tions, including inherent contrasts, used by the program are
extracted from the master site specifications file.

Non-Standard Target Illumination - Because estimates of Cy are
made with data from cloud-free days, these estimates take into
account any direct illumination of the target by the sun.
However, it is important to identify when a target is shaded
by clouds. If the target is shaded and a Co s used that will
account for the target in the sun, the calculated SVR will be
too high. The SVR program will check for visibility slide
codes indicating non standard illumination conditions. If a
target is identified as shaded, a default target-in-shade C,
of -0.95 will be assigned for calculation of SVR.
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B: TACB&E&63. SLLD
{2111 pmy Friday, January 23, 1987

! +* - - - -t -

TACB 1086 6 11111207355 4184080 0.894-0.043860820201R17DJD7688
TACB 1086 6 11211202620 4094080 0.,894-0,043860820201900DJD154D
TACB 1186 6 12111208465 4744080 0.894-0.043860220201937DJD768E
TACB 1186 6 12211205744 4814080 0.894-0.043860820202000DJDDGCO
TACE 1286 6 13101208467 5454080 0.894-0.043360820202032DJDDECO
TACB 1286 6 13201207036 S374080 0.894-0,043860820202106DJD360F
TACB 1386 6 211101073599 4324080 0,894-0,043860820202147DJD%6CH
TACB 1386 6 2121010322% 4364080 0,894+0.043860820202213DJDSECY
TACH 1486 6 22111206351 4814080 0.894-0.043860820202303DJDDECO
TACB 1486 & 22211203729 4784080 0.894-0.043860820202320DJDO6GSC
TACB 1586 & 23101208458 5494080 0.894-0,043860820202406DJDEGAD
TACSE 1386 6 23201207360 35694080 0.894-0.043860820202426D.JDD6C0
TACB 1686 6 31110015843 3804080 0.894-0.043860820202%05DJD46EB
TACB 1686 6 31210011914 3924080 0.894-0,043860820202526DJD262F
TACH 1786 6 3211120534 4504080 0.,894-0.,043880820202558DJDFEA2

EXPLANATION OF SLIDE FILE (.5LD) CHARACTERS

{ 2 3 4 3 &
1234367890123436789012345678901 2945678901 2345679901 294%678901254

TACB 78512202110105432 2094092 0.872-0.017860819003116DJDFT90
TACE 78512202210103520 2184092 0.872-0.017860819003142DJD975¢
TACB 88512203100007049 3654092 0.8/2-0.017860819003217DJD273C
TACB 88312203200005740 3704092 0.872-0.017860819003242DJD97%6,

COLUMNS . DATA
1-4 SITE CODE
5-9 SLIDE 1D NUMBER
1011 YEAR
12-13 MONTH
14-13 DAY
18 TIME CODE (1#9:00, 2=12:00, 3=13:00 LOCAL TIME)
17 "TARGET CODE -
18-24 ' SLIDE METEOROLOGICAL CODE
22-23 SLIDE CONTRAST
24-23 SCENE CONTRAST
26-29 AVERAGE SKY A/D VALUE
30-33 CLEAR VALUE
24-39 CALIBRATION SLOPE
4043 CALIBRATION INTERCEPT
46-91 DATE SLIDE SCANNED
s2-37 TIME SLIDE SCANNED
38-60 OPERATORS INITIALS
61-64 16-BIT ERROR CHECK CODE
Figure 5-3. Portion of a .SLD Seasonal Contrast Slide Scanning Re-

sults File,
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o Snow-Covered Targets - If a target is snow-covered, the
apparent contrast measurement is not used to calculate an SVR.
Because extreme variations in C. occur for snow covered targets,
reasonable estimates of C, are Impossible.

0 Obscured Targets - When the target cannot be seen, a contrast
measurement cannot be made, but the reason that the target was
obscured is important. If a monitoring target cannot be seen
due to weather conditions, such as clouds that hide the target,
a SVR is not calculated or estimated. However, if the target is
not visible due to haze that exists between the observer and the
target, the following SVR considerations are applied:

- Calculation of a finite SVR for haze-obscured targets is
impossible; however, the SVR must be less than or equal
to the target distance.  To consider haze-obscured obser-
vations in the cumulative frequency distribution used to
approximate the seasonal median SVR, a finite SVR value
must be assigned to the haze-obscured observations. The
standard procedure is to assign an SVR equal to the
target distance to any target so obscured-by-haze that
the observer cannot see the target.

The occurrence of haze-obscured targets must be included in
the SVR cumulative frequency distribution, otherwise severe
haze conditions would be ignored and the SVR distribution
would be biased toward clean values.

o A1l Other Conditions - Measured contrast values taken under
all other conditions that pass specified edit checks are
considered valid and are used to calculate SVR.

The results of data processing include a SVR data file, a seasonal
summary plot file, and a printed report file. Examples of the SVR data
file is provided as Figure 5-4; report files are discussed in more detail
in Section 6. All results are thoroughly reviewed with project technical
administration. Because all files and programs are easily handled and
efficiently run, any identified inconsistencies in the results can be
readily investigated.
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6.0 REPORTING AND ARCHIVING

A1l data and analytical results will be output as a combination of
listings, summaries, discussions, charts and graphs. A1l results will
present information clearly so that it can be interpreted effectively by
scientific and non-scientific personnel, Collected data will be presented
in quarterly reports. Data presentations vary based on user needs and
preference. The typical or standard data presentations included in the
seasonal reports are presented in the following subsections.

A1l presentations Tisted below assume that data will be primarily
summarized as standard visual range. o

6.1 Quarterly Data Report Products

The standard seasonal reporting format for collected visibility data
will be the Quarterly Data Report. The report will be delivered 90 days
after the conclusion of the season to which the data pertains. It is assumed
that the visibility monitoring seasons will be defined by the NPS standard:

Winter - December, January, February
Spring - March, April, May
Summer - June, July, August
Fall -  September, October, November

The major components of the Quarterly Data Report will be the site
specific seasonal summary plots, daily SVR plots by month, cumulative
frequency analysis. statistical summary, and a qualitative slide code
summary. A1l raw and analyzed data will also be provided on IBM PC-
compatible disks or stored in a user-specified database. A1l original
slides will be either archived at ARS of delivered quarterly as specified
by the client. :

6.1.1 Seasonal Summary Plot

An example Seasonal Summary‘P1o£'is provided as Figure 6-1. The
plot includes three data summaries entitled:

Daily Variation of Standard Visual Range

Standard Visual Range Frequency of Occurrence
0ata Recovery Statistics.

Daily Variations of Standard Visual Range

The daily variation of standard visual range plot displays the daily
geometric mean SVR values for each day of the reporting season. Each bar
represents the daily geometric mean SVR calculated from all observations
taken during that day. The plot includes values calculated for all targets
and times. Gaps in the plot indicate that data were missing or failed the
edit procedures,
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Standard Visual Range Frequency of Occurrence

Cumulative frequency distributions are a concise way to represent and
analyze seasonal visibility data. A rank-order cumulative frequency method
(or count method) has been selected to represent the SVYR results. Starting
with the Fall 1986 season this method replaces the log-normal cumulative
frequency distribution method for reporting seasonal SVR values.

Each valid visibility observation of target/sky contrast is converted
to an SVR value. When the target cannot be seen a contrast measurement
cannot be made, but the reason that the target was invisible is important.
[f a monitoring target cannot be seen due to weather conditions, such as
clouds that hide the target, a SVR is not calcutated or estimated. However,
if the target is not visible due to haze that exists between the observer
and the target, the following SVR considerations are applied.

- Calculation of a finite SVR is impossible; however, the SVR must
be less than or equal to the target distance. Since a cumulative
frequency distribution cannot include non-finite SVR values, the
standard NPS procedure is to assign an SVR equal to the target
distance to any target so obscured-by-haze that the observer
cannot see the target. B

The occurrences of haze-obscured targets must be included in the SVR
cumylative frequency distribution, otherwise, severe haze conditions would
be ignored and the SVR distribution would be biased toward clean valyes.

After each individual observation is considered, the SVR data set is
analyzed as a rank-order cumulative frequency distribution. A11 valid SVR
values for a particular site and season are sorted from low to high, The
minimum SVR possible is the target distance and the theoretical maximum SVR
is 391 km. The 50% value is the median value of the set of valid observa-
tions, half of the ordered values are lower than the 50% value and half of
the values are higher, The 10% level represents that 10% of the valid
observations are lower than or equal to the 10% value. The 90% level rep-
resents that 90% of the valid observations are lower than or equal to the -
90% value. The actual 10%, 50%, ‘and -90% values are reported. The SVR values
corresponding to every tenth percent of the data are then plotted on a rank-
order cumulative probability graph. A least squares line is computed to fit
this distribution. The slope of the Tine is an indication of the variability
of the SVR values calculated for the time period. A steep slope indicates
high variability and a flat slope indicates little variability.

Data Recovery Statistics

The data recovery statistics are presented as numerical and percentage
representations of actual to possible observations:

= Total Possible Observations in the Time Period - Refers to the
number of observations a day times the number of days in the
season. The Total Possible Category is the theoretical maximum
number of observations possible during a season.
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- Observations Collected ~ Represents the number of observations
actually collected during a season. The percentage collection
efficiency represents the number of observations as compared
to the total possible observations.

- Observations Usable for SVR Calculations - Is the number of
observations remaining after discounting data that failed edit
or quality control checks. The percentage of Qbservations
Usable represents the number of usable observations as compared
to the total possible observations.

6.1.2 Daily SVR Plots by Month

The daily SVR plots by month include a graphic representation of
the daily maximum, minimum, and geometric mean SVR. An example plot is
provided as Figure 6-2,

6.1.3 Cumulative Frequency Statistics Table

The Cumulative Frequency Statistics Table summarizes the site
specification, target conditions, SVR statistics, and cumulative frequency
parameters. An example summary table is presented as Fiqgure 6-3. The
slope and intercept data available in the table can be used to determine a
cumulative frequency level for any SVR value. An example calculation is
provided in Appendix B. . :

6.1.4 Qualitative Slide Code Summary

As described in Section 4.2, each slide will be visually scrutinized
to identify the types of meteorological and haze conditions that exist
in the view. From these codes, a summary of observed haze types will be
compiled for each season. An example summary is provided as Figure 6-4,
When distinct haze layers are visible, they will be identified as ground-
based, elevated or simultaneous ground-based and elevated hazes, All1- -
cases where the target is visible and no distinct haze lTayer occurred
will be classified as uniform haze. A1l cases when haze or weather
obscure the target will also be noted.

6.2 Archive

6.2.1 Slide Archive

A1l slides are stored in non-gassing, polyethylene sheets. All
slides from federal land management agency sites are filed by site,
season, and date (roll), A1l files are kept alphabetically in standard
file cabinets at ARS. Slides are returned directly to most other clients
such as state agencies.
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SIERRA ANCHA WILDERNESS, ARIZONA
STANDARD VISUAL RANGE DAILY SUMMARY
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Figure 6-2. Example Monthly Plots of Daily Mean, Maximum, and Minimum

SVR Values,
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= "Fall 1987 Elevatfon: 0.50 km

Target O Z E A -R 0900 1200 1500
1 TARGET 1 31.5 319 1.950 2.45 1.022 -0.78 «0.72 -0.72
2 TARGET 2 26.7 323 1.660 2.27 1.033 -0.85 -0.74 -0.78

Azimuth in degrees true from
Elevation of the target in ki
Angle of elevation in degrees

2P mMNO

The straight-line distance in kil

Rayleigh coefficient at 550 nan

the monitoring site to the
lometers,

ometers from the monitoring site to the target.

target,

from the monitoring site to the tarqet.
ometers for the median site path elevation.

The valuyes following the target gedgraphic statistics are the inherent contrast
values determined for the target(s) at the indicated times. :

- TARGET CONDITION SUMMARY
(Number of occurrences for each condition)

TARGET # 1 2 ALL
Snow covered: 0 0 0
Shaded: 103 99 202
Cloud behind: 108 111 219
Cloud-obscured: 14 9 23
Haze-gbscured: 0 0 0
Bad contrast: -0 0 0
"Missed -readings: 14 14 28
Not usable: 0 0 0
SVR»191: g 0 0
CR<Rayleigh: 4 4 8
Good SVR's: 248 253 501
Total Observed: - 262 262 524
SVR STATISTICS
TARGET # 1 2 ALL
Minimum SVR: 39 8 a8
Maximum SVYR: 391 391 391
Arithmetic mean: 156.6 146.1 151.3
Arithmetic 5D: 64.9 64.6 64.9
Geometric mean: 144.8 134.0 139.2
Geometric SO: 1.49 1.51 1.50
LOG-LINEAR SVR CUMULATIVE FREQUENCY ANALYSIS
TARGET # l 2 ALL
Points 248 253 s01
Slope: 1.37 1.44 1.41
Intercept: 75.17 67.09 71.01
Correlation: 0.96 0.95 0.95
10% level: 87 79 83
50% level: 142 - 133 138
90 level: 242 224 233

The “Slope”and “Intercept® values in

calculating the SVR for any given

cunulative frequency value.

3 discussion and the applicable equations with axamples.

the statistics summary may be used for

See Appendix B for

Figure 6-3. Example Cumulative Frequency Statistics Table.
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Qual'itative Slide Analysls

Sierra Ancha, AZ

Surmar 1986
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Figure 6-4, Example Qualitative S1ide Code Analysis.
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6.2.2 Data Archive

An original and duplicate digital copy of all slide contrast and SVR
data files are kept at ARS. NPS and IMPROVE files are currently being
integrated into a comprehensive visibility database. For other federal
agencies and clients, duplicate IBM, PC-compatible floppy disks or 9-track
ASCII tapes of all data are sent along with the seasonal report.
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APPENDIX A

Automatic 35mm Camera System User's Manual

A-1



Automatic 35 mm Camera System
User’s Manual

CONTAX SYSTEM



INTRODUCTION

Photographs are a quality way to monitor visibility. Fol-
lowing the procedures in this manual will ensure high
quality, consistent visibility monitoring.

This manual supplements, but does not replace the
Contax Equipment Instruction Manuals. Manuals for
each camera component should be read and kept with
your camera log book for easy reference.

' CAMERA HARDWARE

Camera: Contax137MA Quarz

Lens: Yashica 135mm, with UV (haze) filter
Film: Kodachrome 25KM 135-36
Databack: Contax Databack Quartz D-5

Timer: 3.Clock Timer

FORMS AND SUPPLIES

The following items are necessary for continued oper-
ation of this camera system. They may, or may not, be
kept at the camera location:

+ Log Notebook
. Visibility Monitoring Status Assessment Sheets
» Spare Batteries:
1 -9V Transistor
4-AA
2 - 1.5 V EPX-76 silver oxide
+ Padded Mailing Envelopes
+ Film Cannister Labels

FILM STORAGE

To ensure proper film storage, pack the film inside a
ziploc bag with dessicant, inside a Film Storage Box.
Store the film in this manner until it is used. Place the
film storage box in a refrigerator or preferably a freezer.
If no cooling unit is available, try to store the film in a
cool (less than 70 degrees), dry location.

Keep all film inside the Film Storage Box until itis used.
If the film is kept in a freezer, allow the film to thaw at

room temperature for 24 hours before loading it in the

visibility camera.

REGULAR MAINTENANCE

Use your Visibility Monitoring Status/Assessment Sheet
every time you perform regular maintenance on the
system. It is an excellent maintenance guide and can
help you identify problems.

1. Inspect interior and exterior of cabinet for damage
or other problems (water leakage, etc.). Inspect out-
side of camera, lens, and window for dirt.

2. Remove camera from box. Disconnect the timer

cable from the camera at the midpoint jack. Remove

the camera body by pushing the quick release lever
on the tripod.

3. Remove exposed film from the camera, and place it
in the plastic cannister supplied with the new film.
« Fill out the label provided and attach it to the out-
side of the plastic cannister. The label should con-
tain the following information:
— Monitoring site name or abbreviation
— Roll number
- Date and time of first shot on roll
- Date and time of last shot on roll
— Emulsion number - Expiration date

4, Inspect film compartment for fragments of film. Re-
move these by blowing lightly. DO NQT TOUCH
the film guides or the shutter curtain.

5. Load new roll of film (see p.28 of Contax Instruction
Booklet).
« Confirm proper film advance by observing rotation
of film feed indicator during film advance.

6. Inspect camera lens and UV filter for dirt. Clean. if
necessary (see Camera Servicing Section).

7. Check Camera Batteries

Check the batteries by moving main switch to the
battery check position. Note the condition of the
green lamp.

LAMP ON - Battery voltage good

LAMP OFF - Drained, replace batteries
Batteries should last about a year, depending on
sight conditions. Replace as required.

8. Check Data Back day and time.



9.

10.

11.

12.

13.

14,

15.
16.

Photograph Documentation Board

The FIRST exposure on EVERY roll must be the

documentation board on the inside of the camera

shelter door. The board must contain:

- Monitoring Site Name or Abbreviation

— Roll Number

- Date

- Time

- Grey Scale ’

- Color Chart

The board should be photographed in full, unlform

lighting ~ no shadows or reflections.

A. Fill the view finder of the camera with the board,
allowing only a slight border between the grey
scale and the edge of the frame. You may have
to shift your position slightly to find a spot where
there are no shadows or glare from the board.
The board is mounted with velcro tabs and may
be moved if proper lighting conditions are not
possible with the board mounted on the box.

B. Bring the documentation board into SHARP
focus.

C. Take the exposure.

CHECK camera settings for automatic operation:

Main Switch Setting On|
Aperture Ring 8.0
ASA Dial 40
Exposure Compensation Dial X1
Shutter Controi Dial A
Exposure Mode Selector S

* — Film remains Kodachrome 25

Replace and Align Camera
. Mountcameraand tripod head onto tripod base.
B. Check cable connections. Timer cable to left
front side of camera and midpoint cable jack.
C. Look through View Finder and align camera with
the vista to be photographed It is important
that the alignment is constant from one roll of
film to the next. Check:
+ Horizon is level
s Vista is framed the same as previous
alignment
« Sun shade is not visible in view finder
Firmly tighten all locking levers on the tripod
head, and recheck alignment.

Check timer setﬁngs. See Clock Timer Sect:on if
timer must be reset.

Complete all items on Visibility Monitoring Status/
Assessment Sheet, insert yellow copy of status
sheet in log book.

Remember to bring exposed film and original copy
of Visibility Monitoring Status Assessment/Sheet
back for mailing.

Close and lock cameré box.

Mail film and Visibility Monitoring Status/Assess-
ment Sheet to:

Air Resource Specialists, Inc.

1901 Sharp Point Drive, Suite E

Fort Collins, Coloradao 80525

ATTN: Betsy Davis

CAMERA SERVICING

1.

Lens

A. Periodically check the camera lens and filter for
excess dust.

B. Use the supplied lens paper, and cleamng
fluid to clean lens.

C. Unscrew the UV filter and clean the Iens and
inside surface of the UV filter only if necessary.

D. Fold a piece of lens paper into a size that wiil
clean the eye-piece. Do not use sharp objects or
Q-tips to clean.

E. Do NOT remove the lens to clean inner surfaces.

. Film Compartment

A. Before loading new roll of film, check the film
compartment for fragments of film. Remove
these by blowing lightly.

B. Do NOT touch the film guides or the shutter cur-
tain.

. Camera Batteries

A. Check the batteries by moving main switch to
the battery check position. Note the condition
of the green lamp

LAMP ON - Battery voltage good
LAMP OFF - Drained, replace batteries
B. Batteries should last about a year.

C. The Contax uses four AA (1.5 volt) alkaline bat-
teries. Check Contax Instruction Book (p.12) for
installation instructions.

. Data Back Batteries The Data Back D-5 uses two 1.5

volt button (EPX-76) batteries. Check Contax Data
Back manual for installation and resetting instruc-
tions. Batteries should last about one year.



THREE CLOCK TIMER 10Tl

The timer provides a contact closure at up to three:
user-selected times per day. The contact closure tdps -~
the Contax camera to take a photograph. B

Three individual clocks are incorporated into the timer. <.
Each clock displays the actual time of day, and eaeh -
clock alarm is set for the desired photograph time.- ¢
When the alarm time is reached, the clock alarm output " ¢
trips a contact closure at the terminal strip on the bot- - 1.
tom of the timer, In normal operation, the top clock - -2
alarm time is set for 9:00 (9:00 a.m.), the middle clock <~ *
alarm time is set for 12:00 (12 noon), and the bottom’ =7

clock alarm time is set for 15:00 (3:00 p.rh.). 2 S
To Set the Time _ t
1. Slide the SET/ALARM switch to SET/T. LA

2. Press the HOUR set button once to advance one: .
hour. Press and hold to advance the hours quickly. 2 -'k
Release at the correct hour.

3. Press the MINUTE set button once to advance the -~
time one minute. Press and hold to advzince quickly. =
Release at the correct minute. r

4, Slide the SET/ALARM switch to ALARMAON. -

To Set the Alarm :

1. Slide the SET/ALARM switch to SET/A. The time dlS- i E
played is the time for which the alarm is presently set. = -

2. Press MINUTE set and/or HOUR set following the =
steps in “To Set the Time” to set the desired alarm =. ¥
time.

3. Slide the SET/ALARM switch to ALARM/ON toactivate - -
the alarm.

Batteries e
There are two types of batteries in the-timer, one 9 volt“‘-
transistor and one AA battery.  ¥:s

1. The 9 volt battery controls the contact closure signal -
to the camera. To change the 9 volt battery, slide.
the battery compartment on the rear of the timer "
case open. Replace with a good quality alkaline 9 "a
volt transistor battery. This battery is expected to ~x
last six months. When this battery fails, the clocks *

will still display the time; however, no photographs » .

will be taken.

2. One AA battery powers the three clock display. To 2
change the battery, remove the four phiilips-head "
screws which are accessible from the*back of the e
timer. Remove the back cover and replace the bat-* ™
tery, observing the same polarity. The clock display: ™
will appear dim or go blank when this battery is Y
exhausted,

WIRING THE CAMERA TO THE TIMER " ' YF

A two screw terminal strip is mounted b the bottom &
of the timer . To wire the camera to the firiér, connect - '®
the lug ends of the camera remote tnggerlng cord pro- - %
vided to the terminal strip. T

CAMERA OPERATION - PROBLEMS

It is important to read the Contax Instruction Booklet
thoroughly before operating the camera.

Experience has shown that the following camera and
operator problems result in most of the bad photo-
graphs in the network. Page numbers refer to the per-
tinent section in the Contax instruction booklet.

Problems with the Camera: Page

1. Loading Film 28

2. Unloading Film 52

3. Ingorrect ASA setting 34

4. F-stop on improper setting 40

5. Weak camera batteries 16

6. Main lamp flashing 64

7. Weak timer batteries See Three Clock

Timer section -

CONTACT US
if any questions or problems arise:

PHONE: Kristi Savig

Air Resource Specialists, Inc.
1901 Sharp Point Drive, Suite E
Fort Collins, Colorado 80525

303 / 224-9300
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DETERMINATION OF SVR AND CUMULATIVE FREQUENCY
FROM THE SLOPE AND [NTERCEPT

(Note: The following discussion is only valid for visibility analysis

statistical tables produced by the count method and published
after April 1988.)

The slope and intercept data available on the Cumulative Frequency
Statistics Table may be used to determine an SVR value from any cumula~
tive frequency level, or to determine a cumulative frequency level from
any SVR value. An example table is presented in Figure A-l.

TABLE # 1 ALL
Points 238 238
Slope 2.05 - 2.08
Intercept 43,93 43,93
Correlation 0.99 0.99
10% Level 52 52
50% Level 121 121
90% Level 275 275
Figure A-l. Cumulative Frequency Statistics Table,

The slope (2.05) and the intercept (43.93) along with the cumulative
frequency value may be used to caleulate any cumulative fregquency level
(0 to 100%) or the corresponding SVR value.

To determine the SVR given the slope, intercept, and the cumulative
frequency value, use Equation 1,

SVR = EXP[(SLOPE x CUMF) + In(INTERCEPT) ] (1)
where: ' - _
CUMF is the cumulative frequency (in decimal);
SLOPE is given in the Cumulative Frequency Statistics Table:
INTERCEPT is given in the Cumulative Frequency Statistics Table; and
SVR is the standard visual range value.

To determine the cumulative frequency level given the SVR and the
slope, intercept and cumulative frequency value, use Equation 2 using
the same variable designation as Equation 1.

= IN(SVR) - 1n{INTERCEPT)
CUMF <TOP (2)

B2




Example Calculation 1: using data presented in Figure A-1, apply Equation 1
to find the SVR value for the 25% cumulative frequency value,

SVR = EXP(2.05 x 0.25 + 1n(43.93))
SVR = EXP(0.51 + 3.78)

SWR = EXP(4.30)

SVR = 73 km

Example Calculation 2: using the data presented in Figure A-l, app]j :
cquation ¢ to find the cumulative frequency value for an SVR of 154.

s 1n(154) - 1n(43,93)
CUMF i

v
. 5.04 - 3.78
CuMF = 207~ 3.78

-

CUMF = 1:25

CUMF = 51
CUMF = 51%
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PREFACE

This manual was prepared in partial fulfillment of the National Park
Service Visibility Monitoring and Data Analysis Program (Cohtract CX-001-
7-0010). The manual presentsva11 information necessary for field
operators to properly operate and maintain traﬁshis;ometef systems based-
on the Optec, Inc., LPV-2 long-range transmissometer. Transmiésometers
are a new and evolving technology. As required, this manual will be

updated to reflect changes in instrumentation or operational procedures.
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1.0 INTRODUCTION

This manual details field operations and maintenance procedures
required to operate the Optec LPV-2 transmissometer system. The manual is
fqr use by on-site field operators and contains general and detailed system

descriptions and step-by-step servicing and trouble-shooting procedures.

1.1 Background

Visitor enjoyment of national parks and wildernesses is often
enhanced by the opportunity to clearly see spectacular vistas. In all
areas of the country, clean, clear air is an important aspect of the
qué]ity of Tife. Many parks and wildernesses are located in pristine areas
“where even small amounts of air pollution cause noticeable reductions in
the visual air quality. |

Recognizing the importance of visual air quality, Congress highlighted
visibility protection in class I areas as a national goal in the 1977
Amendments to the Clean Air Act. The_Nationa] Park Service (NPS) air
quality program responded to this congressional mandate by establishing a
Visibiiity Monitoring and Data Analysis Program in 1978.

The monitoring program has three components. The first, view monitoring,
documents the visual impairment of specific, unique vistas under existing air

quality conditions. Another monitoring component measures basic g]ectro-

- optical properties of the atmosphere, independent of specific vista charac-
teristics. The third component measures the atmospheric aerosols responsible
for reduced visibility.

The primary view-monitoring technique has been the use of cameras to
qualitatively document visibility conditions of unique vistas. The principle

electro-optical technique has been teleradiometric measurement of natural

0’1
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targets. The instruments used include several generations of manual and
automatic teleradiometers and camera/slide scanning densitometer systems,

Throughout the eight-year history of the Visibility Monitoring and Data
Analysis Program, the NPS has cooperated with the Environmental Protection
Agency (EPA), other federal land management agencies, states, and private
industry to perform monitoring aﬁd research aimed ét enhancing their abiTity
~to meet national visibility goals. Through these cooperative efforts, the-
program has evolved to incorporate improved monitoring and analysis techniques.

As a result of recent analyses and research, certain deficiencies in the
applied electro-optical measurement technologies have been identified.
Specifically, e]ectro-obti;al techniques applied in the past do not measure
atmospheric extinction with sufficient accuracy to satisfactorily make the
Tink between particulates and visibility.reduction.

The goal to directly and accurately measure atmospheric extinction led
to the deve]opméht of a long-range transmissometer system. To operationally
apply this system in the pursuit of national visibility goals, the NPS, the
EPA, and other federal Tand management agencies enhanced their long-standing
cooperative relationships to establish the Interagency Monitoring of Protected
Visibility Environments (IMPROVE) program.

The IMPROVE program and NPS obtained transmissometers (Model LPV-2)
from Optec, Inc., for implementation in selected class I areas. The LPV-2
system directly monitors the 1ight transmission properties of the atmosphere.
The data can be reduced to yield atmospheric extinction or standard visual
range measurements. Field installation of transmissometer systemé is being
performed by Air Resource Specialists, Inc. LPV-2 systems have been

successfully operated in class I areas and in other urban and rural areas.




1.2 Report Format
This manual contains the following sections:

2.0 GENERAL INSTRUMENT AND SYSTEM DESCRIPTION

SERVICING SCHEDULE AND SUMMARY REQUIREMENTS

ROUTINE SERVICING

INTERMITTENT SERVICING AND MAINTENANCE
TROUBLE-SHOOTING .

REPLACING AND SHIPPING INSTRUMENTS :
MONITORING SYSTEM DIAGRAMS AND COMPONENT DESCRIPTIONS

O~V W
" s e s e s
OCO0000O

Any questions on instruments and operational procedures should be
directed to: _

Roger Tree or

Ivar Rennat

Air Resource Specialists, Inc.
1901 Sharp Point Drive, Suite E
Fort Collins, Colorado 80525

303/484-7941



2.0 INSTRUMENT AND SYSTEM DESCRIPTIONS

This section introduces and describes the operation of instruments
and support equipment used in the transmissometer visibility monitoring
system. Instrument and support equipment discussed in this section are:
Monitoring System Overview
Optec LPV-2 Transmissometer = .
Handar 540A Data Collection Platform

Primeline 6723 Strip Chart Recorder
Handar 435A Temperature/Humidity Sensor

NMNMNNN
T T

2.1 Monitoring System Overview

The transmissometer monitoring system collects visibility and
related meteorological dat;. A long-path transmissometer makes the
visibility measurements and data are collected by a satellite telemetered
data collection platform (DCP). The DCP -transmits the data through a
geostationary satellite to a collection facility where it is available for
access. A strip chart recorder ﬁrovides data collection backup as well as
an on-site visual record of instrument performance for the field operator.

Each component of the transmissometer monitoring system is a
separate functioning unit; however, to obtain high quality data, all
components must work together. Figuie 2-1 presents the monitoring system
overview. Figure 2-2 displays instrument and equipment placements within
the transmitfer and receiver shelters.

It is important to understand how the transmissometer functions and
what the collected data represent. With a working knowledge of the
system, field operators are better prepared to maintain the instrument,
recognize problems, and reduce down-time. Major components of the

monitoring system are described in the following sections.
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2.2 Optec LPV-2 Transmissometer

2.2.1 Transmissometer Overview

A transmissometer is designed to measure the light transmission properties
of the atmosphere at a specific wavelength (color). It accomplishes this by
measuring the loss in Tlight received.from a light source of known intensity, as
the light beam travels a known dfstance. o

An Optec, Inc., LPV-2 transmissometer has two primary components: a
light source (transmitter) and a 1ight detector (receiver). The individually-
housed components are normally separated by a line-of-sight distance of
between 0.5 and 10.0 kilometers. The distaﬁce between the transmitter and
receiver is dependent on the expected visual air quality, instrument
performance factors, and physical constraints such as power and servicing
access.

Extinction, or the attenuation of light as it passes through the
atmosphere, is a combination of light loss due to both scattering and
absorptien. Transmissometers are the only instruments capable of directly
measuring extinction. The Optec LPV-2 transmissometer measures extinction at
a wavelength of 550 nm (green)--an area of the spectrum where the human eye
is most sensitive, | |

Transmission measurements can be expressed as extinction or visual range.
A discussion of these terms and visibility theory as it relates to the
transmissometer is presented in Appendix A. Sample data, and a list of
related reading material are included in Appendix B and C respectively.
Additional technical information on the transmissometer can be found in the

Optec LPV-2 Instrument Manual (Optec, Inc., 1987).




2.2.2 Transmissometer Transmitter

The LPV-2 Transmitter emits a uniform, chopped Tight beam of constant
intensity at regular intervals for a programmed duration.

The transmitter has two components: an electronic control box and a
‘1ight source or transmitter. The control box houses most of the instrument
electronics, such as the lamp power supply and controller, the chopper
frequency control, and the internal auto-timer. The transmitter assembly
houses the lamp, chopper, optical feedback detector, and the magnification
‘and alignment opticsr A diagram of the transmitter and description of its
components can be found in _Section 8.0 (Figure 8-1).

The transmitter optics perform two functions: 1) they concentrate light
from the 15-watt tungsten filament lamp into a narrow, well-defined uniform
cone, magnifying the beam to the equivalent of a bare 1500-watt lamp, and
2) the optics also allow the operator to precisely aim the light beam at
the receiver.

The intensity of the light emitted from the transmitter is precisely
controlled by an optical feedback system within the lamp chamber. This
system continuously samples a small'portion of the outgoing beam and makes
fine adjustments to keep the light oﬁtput constant. Although the lamp 1ight
is white, only the green (550 nm) portion of the output is monitored and
controiled by the feedback circuitry.

Light emitted from the transmitter is “chopped” into approximately 78
pulses a second by a mechanical spinning disk located in front of the lamp.
The Tight is chopped to allow the receiver computer to differentiate the lamp
signal from the background or ambient lighting. By using this technique,

the transmissometer can operate continuously, both day and night.




The timing circuit within the control box is programmed to turn the
transmitter on at regular intervals for a specified duration. The transmitter
is "cycled" to extend lamp life and to reduce power consumption. In a
typical monitoring configuration, the transmitter turns on at the top of

each hour and stays on for 16 minutes. The cycle repeaté hourly.

2.2.3 Transmissometer Receiver

The Optec LPV-2 receiver gathers light from the transmitter, converts
it to an electrical signal, calculates results in the desired form, and
outputs the results to both a display and to data loggers.

The receiver is coﬁpr%sed of three components: 1) a long focal-length
telescope, 2) a photodetector/eyepiece assembly, and 3) a low power computer.
A diagram of the receiver and a description of its components can be found in
Section 8.0 (Figure 8-2).

The telescope gathers light from the transmitter and focuses it on a
photodiode housed in the detector head. The photodiode converts the light
energy to an analog electrical signal which is sent to the receiver computer,
The signal can be described as an AC waveform (chopped transmitter 1ight)

carried on a DC voltage (background 1ighting).
| The computer separates the chopped transmitter light from the ambient
background 1ight and "locks-on" to the transmitter frequency. Once "locked-
on" to the frequency, it determines when the light was on and when it was
off (chopped). The receiver circuitry then converts the analog signal into
a digital form. |

The computer compares the lamp-on signal with the Tamp-off signal
approximately 4000 times (waveforms) a minute. By determining the amount

of transmitter light that reaches the receiver, based on an average of




many measurements (waveforms), the effects of turbulence on the Tight
beam are minimized. The computer then compares the measured transmitter
light with the known (calibrated) transmitter 1ight to calculate the
transmittance of the atmosphere.

When the path distance is supplied (user set), the computer calculates
and expresses visibility measurements in terms of:. |

1. Raw.recgiver rgiding (counts)
2. Extinction (km™*)
3. Visual range (km)

In addition, the receiver outputs a "toggle" signal that changes state
(high to Tow, or low to high) when a new reading is calculated and output.
A change in the toggle s@ate indicates that a new reading has been made.

Like the transmitter, the receiver is equipped with an eyepiece for
precisely aiming the detector and an internal timer to control the start
and duration of measurements. In a typical monitoring configuration, the
receiver will make a 10-minute averaged reading between 3 and 13 minutes

after the hour (centered within the transmitter "lamp-on" interval).

2.3 Handar 540A Data Collection Platform

ThelHandar 540A data collection platform (DCP) is a Tow-power, m{crb;
processor-based data logger. The DCP samples sensor inputs, such as the
transmissometer extinction signal, at precise intervals as defined by an
internal computer program. Every three hours at a specified time and radio
frequency, the DCP transmits the data it has collected to a geostationary
satellite. The satellite relays the data to a downlink facility where it is
stored and is available for dissemination.

The DCP-transmitted data are collected daily at ARS where the transmis-

someter, air temperature, and relative humidity measurements are checked to
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verify the instruments are functioning properly.

In addition, ARS monitors DCP operating parameters such as transmission
time, battery voltage, signal strength, and deviation of the transmissions
from the assigned frequency. By closely monitoring instrument and DCP
performance, it is often possible to identify and resolve problems, reducing
down-time. | |

If the DCP fails and efforts to troub]e-sﬁoot.fhe system afe not
productive, the strip chart recorder will collect data until a replacement
DCP is installed.

A diagram of the DCP and a description of its features are located in
Section 8.0 (Figure 8-5)..-Additiona1 technical information can be found in
the Handar 540A Operation and Servicing Manual (Handaf, Inc., 1982). Further

information on the satellite data collection system is presented in Appendix D.

2.4 Primeline 6723 Strip Chart Recorder

The Primeline 6723 strip chart recorder serves two functions: 1) it
acts as a backup data logger in the event of a OCP failure, and 2) it
provides the field operator with a visual record of transmissometer
performance.

The strip chart logger is a recording voltmeter that documents trans-
missometer extinction measurements and the toggle signal. Notes written on
the strip chart also provide a useful record of field operator site visits.

Strip chart paper and pens must to be changed at two-month intervals.
Completed and labeled strip charts are normally sent in with exposed film
from automatic camera systems. A diagram of the strip chart and a descrip-
tion of its components is located in Section 8.0 (Figure 8-4), and a sample

section of chart paper is shown in Appendix B. Additional technical and
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servicing information can be found in the Primeline 6723 Instruction Manual

(Soltec, Inc.).

2.5 Handar 435A Temperature/Humidity Sensor.

A Handar 435A sensor measures air temperature and relative humidity.
The sensor is housed in a white, parallel-plate radiation shield mounted on’
the outside of the receiver shelter. The sensor is controlled by, and
directly connected to, the DCP. No on-site record of these measurements is-
made.

The air temperature and relative humidity measurements are monitored

daily as the DCP-transmitted data are collected.
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3.0 SERVICING SCHEDULE AND SUMMARY OF REQUIREMENTS
This section outlines the field operator servicing schedule and
lists servicing tasks required at both the transmitter and receiver
stations.
The objective of field servicing is to assure the collection of high
quality data with minimal loss. ‘This requires the fo]]dwiﬁg-informatidn
'from the field operator Log Sheets: '

1. Was the instrument capable of producing high quality data in the
interval between operator servicing visits?

2. Have servicing tasks been performed so that the instrument will
produce high quality data until the next site visit?

3. Have preventative maintenance tasks been performed to minimize
the possibility of downtime?

Prior to servicing, transmissometer:alignment and optics must be
checked .and the "as found" conditions documented. Log Sheets must be

completed correctly as verification of servicing.

3.1 Servicing Schedules

The transmissometer servicing schedule is presented in Figure 3-1. The

following figures present the suggested order of completing servicing tasks

for both the transmitter station (Figure 3-2) and the receiver transmitter

station (Figure 3-3).

13
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TRANSMISSOMETER SERVICING SCHEDULE

7 to 10 Day Interval
0 Complete the servicing tasks listed.on the Site Assessment Log Sheets.

o Both the receiver and transmitter shelters must be visited at 7 to
10 day intervals.

Monthly Interval

0 At least once a month both the transmitter and receiver system
timing should be checked and reset if necessary.

0o The transmitter lamp status LED must be checked at least once a
month. -

0 Inspect solar panels, batteries, and DCP antenna.

Bi-Monthly Interval

0 Strip chart paper and pens should be changed on the first site
visit of every-other month. The chart paper magazine should also
be cleaned at this time.

Four-Month Interval

0 Transmitter lamps should be changed every four months. ARS will
notify sites when a lamp change is needed.

Yearly

0 ARS field technicians will make site visits once a year to exchange
the existing transmissometer system for a serviced system.

o Training of field operators in the servicing and maintenance of the

monitoring system components will take place during yearly ARS
technician visits.

Figure 3-1, Transmissometer Servicing Schedule.
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TRANSMISSOMETER TRANSMITTER STATION
SUMMARY OF SERVICING TASKS

Tasks are listed in the suggested order of completion. For more detailed

instructions, see the following section.

Before Leaving the Office:

1.

At least once a month, schedule your servicing trip to be at
the transmitter station while the transmitter is in the "run"
mode to check the lamp status LED and the system timing.

If checking the system timing, set your digital watch to the
correct time prior to leaving the office by calling the Bureau
of Standards recording 303/499-7111 (Boulder, C0).

At the Transmitter Station:

WO~ O£
s e s e s e

Complete the general information section and reset the thermometer.
Document the initial alignment conditions and/or comment.

Make sure the flip mirror is in the correct position.

Inspect and document the window cleanliness.

Clean the window or comment as necessary.

Dust the transmitter lens with canned air.

Clean the solar panels, inspect them for damage. -

Observe and record the transmitter on time.

Observe and record the LED status 1ight while transmitter is on.
Observe and record the transmitter turn off time.

Check supply inventory. Request needed supplies on the Log Sheet.
Record any comments on the Log Sheet.

Leave a copy of the Log Sheet in the shelter; take the original
back to the office and send to ARS.

Double-check the alignment and the -fl1ip mirror position before
leaving the shelter.

Back at the Qffice:

l. Send original Log Sheets from both the receiver and transmitter
to ARS along with film from the auto camera.
2. Call ARS field technicians promptly if a problem or need arises.
Figure 3-2. Transmitter Station Servicing Tasks.
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TRANSMISSOMETER RECEIVER STATION
SUMMARY OF SERVICING TASKS

Tasks are listed in the suggested order of completion. For more detailed
instructions, see the following section.

Before Leaving the Office:

1. At Teast once a month, schedule your servicing trip to be at
the receiver station as the computer reading updates (13
minutes past the hour) to check the system timing. The
transmitter off time (16 min. past the hour) can also be
observed and documented from the receiver station.

2. If checking the system timing, set your digital watch to the
correct time prior to leaving the office by calling the Bureau
of Standards recording 303/499-7111 (Boulder, C0).

At the Receiver Station:

Complete Log Sheet general info section; reset the thermometer.

Record the time and receiver computer reading and toggle state.

Record the receiver computer settings.

Document the initial alignment conditions and/or comment.

Inspect and document the window cleanliness.

Clean the window or comment as necessary.

Dust the telescope objective Tens with canned air.

Document the site visit on the strip chart.

Change chart paper and pens if necessary and re-document visit.

10. Clean solar panels and inspect for damage.

11. Inspect the antenna for damage or loose mounts.

12. Observe and record the transmitter turn-off time.

13. Observe receiver reading up-date (toggle light change) and
record time.

14, Make final alignment check after reading updates and while
transmitter is still on.

15. Observe transmitter turn-off and record time.

16. Verify the flip mirror is in "run” position.

17. Record the new reading on the Log Sheet.

18. Check supply inventory. Request needed supplies on the Log Sheet.

19. Record any comments on the Log Sheet.

20. Leave a copy of the Log Sheet in the shelter. Take the original
back to the office and send to ARS.

21. Double-check the alignment and the flip mirror position before

leaving shelter.

Back at the Office:

WO 00~ O U5 () P =
» a ] - - . - » -

1. Send original Log Sheets from both the receiver and transmitter
shelters to ARS along with film from the auto camera.

2. Call ARS field technicians promptly if a problem or need arises.

Figure 3-3. Receiver Station Servicing Tasks.
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4.0 ROUTINE SERVICING

This section describes transmissometer monitoring system routine
servicing tasks and Log Sheet entries. Task descriptions are listed in
the order in which they appear on the Operator Log Sheets. Information
or procedures to be followed are described with the apprdpriate'Log Sheet

entry. o | ‘ *

Log Sheet entries and general task descriptions common to servicing
of both the transmitter and receiver stations are presented in the
following section. Servicing tasks and Log Sheet entries relating to
only the transmitter or receiver stations follow in separate sections.
Blank operator Log Sheets are shown in Figures 4-1 and 4-2. Examples of
completed Log Sheets are included in the Appendix (E and F).

HAND-HELD RADIO The transmitter circuitry, especially the internal auto-

PRECAUTION timer, can be adversely affected by strong radio signals.
Do not transmit on a hand-held radio within 10 feet of the

transmitter. Avoid aiming the antenna at, or over, the
circuitry. Strong radio signals may reset the internal
auto-timer, resulting in incorrect system timing.

4.1 Receiver and Transmitter - Common Routine Servicing Tasks

The follawing general information appears on the top of both the

. transmitter and receiver Log Sheets.

LOCATION Either the full location name or the four-letter

abbreviation can be used.
‘ DATE Use the standard calendar date, not a Julian date.

TIME Current local time in 12-hour format should be used.
Use Daylight Savings Time when applicable.

OPERATOR(S) Use your full name or first initial and last name.

SHELTER A1l shelters are equigped with a Brannan max/min

TEMPERATURE thermometer. Temperature readings are used to monitor

the instruments and support equipment.
MAXIMUM The maximum temperature since the last site visit is

M
TEMPERATURE noted ?y the bottom of the marker column on the right
side of the thermometer.

17
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Al Resource
TZgSpecisiists, Inc. Location

TRANSMISSOMETER OPERATOR LOG SHEET
TRANSMITTER STATION

Date Time Operatort(s)

Shelter Temp. ("F) Max Min Current
Describe Weather & Haze Conditons:

ALIGNMENT Mark initial location of light source with a “+“. Align and/or comment as needed.

Initial Comments

ROUTINE PROCEDURES
YES

Alignment corrected

Window clean upon arriving

Window cleaned (if no, comment)

Solar panels cleaned

Lamp LED “on~; if ves, call ARS (This check is only valid during lamp “on” time.)

Lamp changed (To be done only on specified dates or upon direction from ARS.) New lamp # _____

Time reset (upon direction of ARS only)

oOooooaao
goocooaao

SPECIAL PROCEDURES
lampNo.InUse: _.. _ Comments:
Timing Check: Transmitter ON/QFF at (HR: MIN:SEC):

COMMENTS/SUPPLIES NEEDED

Enclose the original of this Log Sheet and send to:

Alr Resource Specialists, Inc., 1901 Sharp Point Dr., Suite E, Fort Coflins, CO 80525, 303/484-7941
' 03/88

Figure 4-1, Transmitter Station Log Sheet.
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Aty Resource N

[{gSpecialists, Inc. Location
TRANSMISSOMETER OPERATOR LOG SHEET
RECEIVER STATION

Date Time Operator(s)

Shelter Temp. (°F) Max Min Current

Describe Weather & Haze Conditons:

READINGS ' ,
Before Align.: Time Reading Toggle ON/OFF
After Align.: Time Reading Toggle ON/OFF

Time Check: Transmitter Light ON/OFF . Time (HR:MIN:5EC)

Receiver Toggle Chg. ON/OFF Time (HR:MIN:SEC)

COMPUTER SETTINGS CAIN CAL DIsT

A1-C,B,VR A2-5D,CR INT-1,10,30,60 Cycle - 4H, 2H, TH, 20M, 6

AULIGNMENT Mark initial location of light source with a *+”. Align and/or comment as needed.

Initial Comments

ROUTINE PROCEDURES

Alignment corrected OVlight “on” (fyes, call ARS)

‘ooaoog g
ooono 3
oaooog
oooco 3

Window clean upon arriving Strip chart marked
Window cleaned (if no, comment) Chart paper O.K.
Solar panels cleaned Chartpens O.X,

SPECIAL PROCEDURES (Use only after receiving instructions from ARS)
O O Computer reset
(] O Timereset

" COMMENTS/SUPPLIES NEEDED

Enclose the original of this Log Sheet and send to:

Alr Resource Specialists, Inc., 1901 Sharp Point Dr., Suite E, Fort Collins, CO 80525, 303/484-7941
03/68

Figure 4-2, Receiver Station Log Sheet.
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MINIMUM The minimum temperature since the last site visit is

TEMPERATURE noted by the bottom of the marker column on the left
side of the thermometer. Note that the temperature
scale increases towards the bottom.

CURRENT The current temperature can be found on either scale
TEMPERATURE although the maximum, or right scale, is easiest to read.

Resetting the Thermometer

Reset the thermometer aftér each set of readings by -
pushing in the red bar in the middle. Hold the bar in
un%i] the marker columns have come to rest on the mercury
columns.

WEATHER AND Comments regarding the weather and haze conditions may

HAZE CONDITIONS deal with present conditions, such as "extremely clean"
or "control burn in area.”™ They may also describe more
broad conditions, such as "storm front passing through”
or "scattered rain showers all week." Describe any
weather or haze occurrence that you think may be of value
in interpreting data.

4.2 Transmitter Station - Routine Serviéing
The following information describes Log Sheet entries and servicing

tasks required at the transmitter station. 7

DOCUMENTING To check the alignment, turn the flip mirror knob fully

INITIAL clockwise against the stop to the "view" position.
ALIGNMENT Document the position of the receiver window with respect

to the circle on the data sheet with a "+." The receiver
would be at the intersection of the "+."

Alfgnmgn; Viewing Times

Do not make alignment checks or adjustments while the
transmitter is on. If the flip mirror knob is moved from
the "run® position to the "view" position while the
transmitter is on, the extinction reading for that hour
will not be valid. If a reading has been affected by an
alignment check, note this on the Log Sheet comment section.

Bad Viewing Conditions -

If an initial alignment check is impossible due to haze,
turbulence, or lighting conditions, return the flip
mirror to the "run” position--Do not attempt to align.
Record pertinent comments regarding alignment problems
to the right of the circle on the Log Sheet.
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CORRECTING If the alignment has drifted so that the receiver is

ALIGNMENT not in the center of the reticule circle, adjust the alti-
azimuth base controls to center the receiver. Make sure
the f1ip mirror knob is fully against the stop while
aligning. Do this only after the initial alignment has
been documented.

Alignment Reticule

The figure below depicts the reticule as viewed through
The transmitter eyepiece: | .

2.3" Telescope Field of View

————

*f—— 1* Beam of Transmitted Light
.17° Portion of Beam Used for Routine Monitoring

The circle depicted on the Log Sheet represents the

small .179 inner reticule circle. It is this circle
which must remain aligned on the receiver telescope

for correct instrument operation. '

Alignment Hints

One of your eyes will be dominant; if you are having
difficulty viewing the scene, try it with your other

eye. Some people find it easier to view the scene from
behind the telescope while others prefer to view from

the side. Schedule site visits for times of the day with
the best viewing conditions. A1l shelters are equipped
with signal mirrors and flashlights for accasions when
alignment checks are made with operators at both stations.
Finally, keep the eyepiece clean for better viewing.

ALIGNMENT This entry is included to verify whether the alignment was

CORRECTED corrected. If the alignment was not corrected, comments
describing conditions should be written next to the align-
ment circle.

WINDOWS CLEAN Remove the window pane from its frame and visually inspect

- UPON ARRIVAL the shelter window for water drop deposits, film, unusually
heavy dust, and insects or pests that may reduce the trans-
mission of light through the glass. Make comments when
applicable. It is important to inspect the portion of the
glass pane which is directly in front of the transmitter lens.

leaning Optical Surfaces
The objective in cleaning glass is to remove highly

abrasive dust particies and film without damaging the
surface. Always remove the large particles with canned
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WINDOW CLEANED

SOLAR PANELS
CLEANED

LAMP LED "ON"

air first and progress towards the removal of films. Use
a light touch, plenty of cleaning fluid, and frequent
changes of cleaning paper. Clean with a circular, rubbing
motion. Always use compressed air in an upright position.
If the can is tilted, the propellant may be expelled onto
the glass surface. The propellant is greasy and difficult
to remove.

Shelter windows should be cleaned during every servicing
visit. If for some reason, windows are not cleaned,
document conditions in the comments section.

Window Cleaning lnstrugtiong-

Remove the window pane from the frame.

Use canned air to dislodge particles from both

sides of the glass.

Use the compressed air to clean the window slot in

the frame, particularly at the bottom.

Inspect the hood and frame for spider webs.

Use only Kimwipes and alcohol to clean both sides of

the glass. Use plenty of cleaning fluid, change

Kimwipes often, and use a 1ight hand.

6. Use compressed air on both sides to remove any
cleaning paper lint.

7. Reinstall window pane.

o o w Ny b
. . . . .

ransmitter Opti eanin

Use the compressed air to remove dust from the body of
the transmitter. Carefully, keeping the air can in the
upright position, remove dust particles from the trans-
mitter objective (front) lens. Clean the eyepiece with
alcohol and Kimwipes, but use only canned air to clean
the objective lens. .

Use glass cleaner and paper towels to clean dust and dirt
from the solar panels. In the winter, sweep accumulated
snow off the panels, but avoid scraping ice as damage to
the panels could occur.

If the Tamp voltage LED is 1it while the transmitter

light is on, the lamp needs replacing. This check is only
valid when the instrument is in its "auto on" mode; if the
instrument is turned on with the test switch, the LED will
always go on. Leave the checklist square blank if this
check was not completed. The lamp LED check should be
made at least once a month.

The status of the LED is difficult to determine while in

direct sunlight. Shade the LED with your hand before
checking.
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LAMP CHANGED

TIME RESET

LAMP NUMBER
IN USE

TIMING CHECKS
COMMENTS

SUPPLIES
NEEDED

Procedures for changing lamps are described in Section
5.2, If a lamp change is made, document it on the Log
Sheet. The lamp number is written on a sticker affixed
to the back of the Tamp. '

Procedures for checking and resetting the transmitter
internal auto-timer are described in Section 5.1. Document
the results of a timing check before resetting the time.

If the time is reset, document this on the Log Sheet.
Timing checks should be made monthly.

The transmitter should turn on under automatic control at -
the top of every hour and turn off at 16 minutes past the
hour. Refer to Section 5.1 for additional information.

Document the Tamp number in use. Use the comments section
to document lamp changes.

Document the results of timing checks here. Procedures for
checking the system timing are discussed in Section 5.1. :

Space for comments is provided at the bottom of the Log
Sheet. This space should also be used to request
additional servicing supplies.

4.3 Receiver Station - Routine Servicing

The following information describes Log Sheet entries and servicing

tasks required at the receiver station.

READINGS BEFORE
ALIGNMENT

READINGS AFTER
ALIGNMENT

_ TIME CHECK

Record the reading shown on the receiver computer
display upon entering the shelter. Also record the
time and toggle state.

If you are still in the shelter when the receiver computer
updates to a new reading, record the new information.

Record the exact time the transmitter 1light turns on or
off and the receiver toggle 1ight changes state in the
appropriate space. Procedures for making system timing
checks are given in Section 5.1. Circle "on" or "off"
and write the time in the blank space.

System Timing

The transmissometer system operates according to the
timed sequence described below. It is possible to
check the system timing of both the receiver and the
transmitter from the receiver station.
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HR:MI:SEC Action

09:00:00 Transmitter turns on
09:03:00 Receiver begins 10-min. average reading
] (cannot be observed)
09:13:20 Receiver finishes reading, toggle changes
09:16:00 Transmitter turns off
10:00:00 Transmitter turns on

Sequence repeats hourly

The system clocks will drift over time. For correct
operation, it is critical that the receiver take its
reading well-centered within the lamp-on interval.

Receiver Computer Sticker

Correct switch and dial settings are documented on a
sticker affixed to the front panel of the computer. An
example of the sticker is included in Section 8.0
(Figure 8-7).

GAIN Record the value on the gain pot next to the indicator
bar. The value is always set to a whole number, such as
250 or 319.

CAL Record the CAL (calibration) number dialed in with

the thumb switches.

DIST Record the DIST (distance) dia]e& in on the thumb-
wheel switches. '

Al Record the Al switch setting by circling the position
indicated on the Log Sheet.

A2 Record the A2 switch setting by circling the position
indicated on the Log Sheet.

INT Document the INT (integration) setting by circling the
position indicated on the Log Sheet.

CYCLE Document the cycle setting by circling the position
indicated on the Log Sheet.

W ttin auti

Do not change the INT and CYCLE switch positions; if
the settings are changed, a time reset may be required.

DOCUMENTING To check the alignment, turn the flip mirror knob fully
INITIAL clockwise against the stop to the "view" position.
ALIGNMENT Document the position of the transmitter with respect to

the circle on the data sheet with a "+." The 1ight source
would be at the intersection of the "+."
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CORRECTING
ALIGNMENT

ALIGNMENT
CORRECTED

WINDOWS CLEAN
UPON ARRIVAL

Align Viewing Time

If the transmitter shelter is easily visible, do not
interrupt a reading to make an alignment check. When
viewing conditions are marginal, use the transmitter

light source as an aid in alignment. The receiver can

be placed in the "view mode" for a short time immediately
after the transmitter turns on, or following a toggle and
reading update, without affecting a measurement. Document
any interruption of a reading on the Log Sheet.

Bad Vigwjng'Condi;jogs

If an initial alignment check is impossible due to haze
turbulence, or lighting conditions, return the flip
mirror to the “run" position--Do _not attempt to align.
Record pertinent comments regarding alignment problems
to the right of the circle on the Log Sheet.

If the alignment has drifted so that the transmitter is

not in the center of the reticule circle, adjust the alti-
azimuth base controls to center the transmitter. Make sure
the flip mirror knob is fully against the stop while
aligning. Do this only after the initial alignment has
been documented. '

Alignment Reticule

The figure below depicts the reticule as viewed through
The receiver eyepiece:

1.3* Telescope Field of View

.07° Detector Field of View

The circle depicted on the Log Sheet represents the
small .07°% inner reticule circle. It is this circle
which should remain aligned on the transmitter for
correct instrument operation.

This entry verifies whether the alignment was corrected.
If the alignment was not centered, document its location
using the circle on the data sheet.

Visually inspect the shelter window for water-drop deposits, |

 film, unusually heavy dust, and insects or pests that may

reduce the transmission of light through the glass. Make
comments when applicable. It is important to inspect the
glass directly in front of the receiver lens.
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"WINDOW CLEANED

SOLAR PANELS
CLEANED

OV LIGHT ON

Shelter windows should be cleaned during every site
visit. If, for some reason, windows are not ¢leaned,
document conditions in the comments section.

indow n
1. Remove the window pane from the frame.
2. Use canned air to dislodge particles from both
sides of the glass.

3. Use the compressed air to clean the window slot in

. the frame, particularly at the bottom. :
4. Inspect the hood and frame for spider webs.
5. Use only Kimwipes and alcohol to clean both sides of

the glass. Use plenty of cleaning fluid, change
Kimwipes often, and use a Tight hand.

6. Use compressed air on both sides to remove any
cleaning paper lint. Make sure the compressed air can
is always held in the upright position.

7. Re-install window pane.

Cleaning Optical Surfaces

The objective in cleaning glass is to remove the highly
abrasive dust particles and film without damaging the glass
surface. Always remove the Targe particles with canned

air first and progress towards the removal of films. Use a
light touch, plenty of cleaning fluid, and frequent changes
of cleaning paper. Clean with a circular, rubbing motion.
Always use compressed air in an upright position. If the
can is tilted, the propellant may be expelled onto the glass
surface. The propellant is greasy and difficult to remove.

eceiver Opti C1 in

Use the compressed air to remove dust from the body of the
receiver telescope. Carefully, keeping the air can in the
upright position, remove dust particles from the telescope
objective lens. C(lean the eyepiece with alcohol and

Kimwipes. Use only canned air to clean the objective lens.

Use glass cleaner and paper towels to clean dust and dirt
from the solar panels. In the winter, sweep accumulated
snow off the panels, but avoid scraping ice as damage

‘to the panels could occur.

If the over-voltage 1ight is on, reset the computer by
turning the “"on/off" switch off for a few seconds, and then
back "on." The Tight should not come back on. Document
this action in the Log Sheet comment section. Refer to
Section 8.3 for a discussion of this indicator Tight.

26



STRIP CHART The following information must be recorded on the chart at
MARKED each site visit:

Event markers or "ticks"

Date and time

Location

Operator name

Receiver computer display value
Other information, such as:

NN —
L] - L] - L] -

A. Pens zeroed

B. New pens/paper

C. Computer reset C

D. Alignment off/correcte

E. System timing off/corrected
umenting S and Chart P

When installing new chart paper, record the location,

date and time started on the outside of the chart. The
same information should be written and the end of the roll
upon chart removal. The procedure for changing chart paper
is described in the manufacturer’s Instruction Manual.

CHART PAPER Check the amount of chart paper remaining. A red line
will appear on the right side of the chart paper when
there is less than two days remaining on the chart.

CHART PENS Make sure the pens are leaving a bold trace and track
freely across the chart. Pen replacement is described
in the manufacturer’s Instruction Manual.

COMPUTER RESET Document whether or not a computer reset was done
during this site visit.

Resetting the Computer

The computer is reset by turning the power switch "off"
‘for at least one second and returning it to the "on"
position (see Section 5.1). This does not require
resetting the time.

TIME RESET Document whether or not a time reset was done during
this site visit. _

COMMENTS AND Space for additional comments is provided at the

SUPPLIES bottom of the Log Sheet. This space should also be

used to request servicing supplies.
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5.0 INTERMITTENT SERVICING AND MAINTENANCE

This section details procedures for providing special system

servicing or maintenance tasks. The frequency of these tasks is outlined

in Section 4.0, Figure 4-1. The following topics are discussed:

System Timing Checks and Resets
Transmitter Lamp Changes

Strip Chart Servicing

Solar Power System Checks

AC Line Power System Checks

DCP System Checks

U WM
* e s e s »

5.1 Checking and Resetting System Timing

When resetting the timing at both stations, reset the transmitter

timing first,

TRANSMITTER
TIMING CHECK

RECEIVER TIMING
CHECK

. TIMING SEQUENCE

TIMING TOLERANCE

1. Set your digital watch by calling the National
Bureau of Standards in Boulder, Colorado (303/499-7111).

2. The transmitter beam can be observed at the receiver
station with the un-aided eye or through the telescope.

At the transmitter, 1ight can be seen at the back of the
instrument through the lamp housing. Do_not look into the
transmitter. :

3. Observe the time the transmitter 1ight turns either

"on" or "off." Document this on the appropriate Log Sheet.

Observe the receiver computer toggle 1ight and record
the time it changes state (i.e., on to off, or off to on).

The transmissometer system should follow the following
timing sequence:

HR:MI:SEC Action

02:00:00 Transmitter lamp turns "on"

02:03:00 Receiver begins 10-min. average reading

02:13:20 Receiver finishes reading, updates
display and changes toggle state

02:16:00 Transmitter lamp turns "off"

03:00:00 Sequence repeats.

IMPORTANT--When there is less than 45 seconds, or
more than S minutes, between the toggle update and the
lamp turnoff, the timing system needs resetting.
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TRé?%MITTER TIME 1. Set your digital watch before going to the station.
RE
2. Arrive at the transmitter station at least five
minutes before the hour.

3. Leave the on/off switch in the "on" position (up),
and the test switch in the "off" position (down). Test
switches are on units with serial number 004 or higher.

4. Remove the control box cover (4 screws).

5. Precisely at the top of the hour-(any-hour), push
the time reset button all the way down, hold for 1/2
second, and release (see Figure 5-1).

6. Upon release of the time reset switch, the transmitter
will turn "on."

7. Replace the control box cover.

8. Verify the transmitter turns "off" at 16 minutes
past the hour.

9. Document the time reset on the transmitter Log Sheet.

RECEIVER TIME 1. Set your digital watch before going to the station.
RESET ’
' 2. Arrive at the receiver station at least five minutes
before the hour.

3. At two minutes and 30 seconds after the hour, turn

the computer power switch "off," leave the switch in the
"off" position for at least one second, and turn back "on."
For switch locations, see Section 8.0 (Figure 8-2).

4. At precisely 3 minutes after the hour, hold the
time reset switch in the "up" position for 1/2 second.
Let it return to its down or "run" position.

5. Verify that the reading updates and the toggle
light changes state at approximately 13 minutes and 20
seconds after the hour.

6. Document the time reset on the receiver Log Sheet.
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5.2 Transmitter Lamp Changes

IMPORTANT: Lamps are removed by pulling them out; do not loosen the SCrews
on the lamp housing plate.

LAMP REMOVAL 1. Refer to Figures 5-2 and 5-3 for the location of the
PROCEDURE items described.

2. If the transmitter is in the "run” mode and a
reading is being taken, do not disrupt the reading--
wait until the transmitter has turned "off.""

3. Do not attempt to change lamps if there is less
than 5 minutes before the start of the hour.

4. Before removing the replacement lamp from the lamp
case, write today’s date in the space labeled "lamp on"
on the lamp sticker.

5. Take the new lamp out of the lamp case, handling it by
the holder only. Do _not touch the glass with your fingers.

6. Clean the lamp with alcohol and Kimwipes and remove 1lint
from the lamp by blowing with canned air. Be sure to hold
the can in the "upright" position. Carefully set the Tamp
aside in a safe place.

7. Turn the transmitter power “off" at the control box.

8. Remove three of the four screws that hold the Tamp
chamber cover in place. Loosen the front right screw
slightly--this screw will hold the cover in place. The
cover can pivot on the screw, exposing the Tamp chamber.

9. Remove the old lamp by pulling out on the lamp holder.
Some lamps may have to be removed with the aid of a
flat-blade screwdriver. Do not push on the Tamp from
inside the Tamp chamber.

10. Place the old lamp in the lamp case. Mark the

date the lamp was removed on the "date off" space on
the lamp sticker.
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I e Fyepiece

Fliip Mirror Knob

Lamp Housing Plate

Lamp Socket

® ®
= ((° Q
0 ~O

(Shown with Lamp
Installed)

Control Cable

® ® 005]

Connection

1

Chopper Blade

Note: Lamp is Removed by
pulling Straight out.
Do Not Loosen
Housing Plate

Optical Feed Back

Block

Figure 5-2. Transmitter Lamp Chamber.
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Lamp Number Sticker

Date On/Off Sticker

Lamp Calibration Number Settings
. Lamp # requires a cal # of
-lamp#______ _ requires a cal # of
. Lamp # requires a cal # of
-lamp#____  requires a cal # of

When replacing spent lamps, always use lamp of next highest number.
Change Cal Number when replacement lamp is put into use.
Document lamp changes on Lamp Stickers and Operator Log Sheets.
Stare spent lamps in lamp case.

PUNS B WwN oo

This sticker is located in the lamp case.

Figure 5-3. Lamp Use and Calibration Stickers.
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LAMP INSERTION
PROCEDURE

CALIBRATION
SETTING

POST
CALIBRATIONS
(used Tamps)

SPARE LAMPS

1. Insert the cieaned and labeled replacement lamp
into the lamp socket.

2. Be very careful to align the lamp contact pins with
the holder sockets before pushing the lamp in.

3. Observe the contact sockets inside the lamp chamber
as you are inserting the lamp. If the contact pins were
not aligned correctly with the sockets, the sockets may be
pushed out while inserting the new lamp. If the socket is
pushed into the Tamp chamber, remove the lamp, push the
socket back in and try again. -

IMPORTANT--the lamp will not turn on unless proper contact
is made.

6. Push the lamp fully into the socket.
7. Replace the lamp chamber cover.
8. Turn the power switch to the “on" (up) position.

9. If your transmitter control box is equipped with a
test switch, move the switch to the "test" (up) position.
Verify that the new Tamp works and return the test switch
to the "off" (down) position,

10. If your transmitter control box does not have a test
switch, verify that the lamp comes "on" under auto-control.

11. Document the lamp change on the operator Log Sheet.

Each lamp outputs a slightly different amount of light,
requiring a new calibration setting on the receiver
computer with each lamp replacement. Calibration numbers
associated with each lamp are documented on a sheet
(Figure 5-3) located in the lamp case. If a sheet is not
supplied, or is lost, the correct calibration number can
be obtained by calling ARS.

Lamps removed from service will be post-calibrated by ARS
technicians after yearly site visits. Care should be
taken in handling and transporting these lamps because
the filaments become very brittle and fragile with use.

One spare, calibrated lamp has been left at each site.
If a replacement lamp has been damaged, use the lamp
with the next higher number. Document this on the Log
Sheet under comments.
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5.3 Strip Chart Servicing

CHART PAPER
REPLACEMENT

CHART MAGAZINE
CLEANING

RECORDER
CLEANING

PEN REPLACEMENT

Instructions for installation of chart paper can be

found in. the manufacturer’s Operators’ Manual on pages
2-8 through 2-10. Advance the paper by hand for a few
sheets before loading the magazine to make sure the paper
is feeding correctly.

At each paper change, the chart paper roller should be
cleaned with alcohol and Kimwipes. This will remove any
paper dust and chart pen ink that may have accumulated.
Use canned air, with can in upright position, to remove -
paper dust from the drive gear assembly.

Use canned air to remove dust from the control panel
and the top of the recorder.

Instructions for changing pens can be found on page 2-10
of the manufacturer’s Operators’ Manual.

5.4 Solar Power System Serviding

SOLAR PANELS
AND WIRING

BATTERIES

1. Clean solar panels with the supplied glass cleaner
and paper towels.

2. Inspect the glass for cracks and scratches.
3. Check mounting nuts and bolts for tightness.

4. Visually inspect wiring for signs of damage due to
rodents or chaffing.

5. If the panels are on a free-standing mount, check
that the alignment perpendicular to true south has not
been altered. : :

6. Document results of these checks on the operator
Log Sheets. Contact ARS if signs of damage are observed.

See Section 5-6.

5.5 AC Power System Servicing

SURGE PROTECTORS Visually check the status of the surge protector

indicator lights. For proper operation, the light should
be green. Refer to Section 8.10 for a description of the
surge protector. If the surge protector green indicator
light is not 1it while the power is on, call ARS and a
replacement unit will be sent.
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BATTERY CHARGER

WIRING AND
CONNECTORS

' BATTERIES

Periodically check the indicator dial on the face of the
battery charger. The charger at the receiver station
should always be very close to zero. The charger at the
transmitter station will rise to approximately 3 amps
while the light is "on® and will drop to zero as the
battery charges. Meter readings greater than this may
indicate a problem with the battery,

Periodically check wiring for damage and connectors
for tightness. Inspect battery connections for
corrosion and deposits.

See Section 5.6.

5.6 Storage Battery Servicing

BATTERY FLUID
LEVEL

BATTERY CONTACTS

CLEANING BATTERY

" CONTACTS

Battery fluid level should be checked monthly. The
fluid level is visible through the plastic case of the
battery and should be between the two indicator marks
on the battery case. Batteries in the small version
transmitter shelters may be difficult to check. In
that case, a check of one battery would suffice.

If the battery fluid level is low, use only distilled
water to bring the level up. Low battery fluid levels
jndicate a possible problem with the solar panel
regulators. ARS technicians should be informed of this
situation; more frequent inspections must be made.

Under normal operating conditions, battery fluid should
only need to be added during yearly ARS technician site
visits.

Visually inspect battery contacts for signs of excess
corrosion or deposits. Wire brushes have been supplied
to remove the deposits if needed. Under most conditions,
terminals will only need cleaning once a year by ARS
field technicians. If terminals need cleaning, follow
the directions listed below:

1. Notify ARS of the need to clean the terminals. Do
not attempt this if you are unsure.

2. Turn off power to the following instruments (do not
disrupt a transmissometer reading):

Receiver 1. Receiver computer
Station 2. Strip chart recorder
3. Unplug AC battery charger
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DEEP CYCLE
BATTERIES

BATTERY
REPLACEMENT

Transmitter 1. Transmitter
Station 2. Unplug AC battery charger

3. Make sure the wiring is labeled and is easily
jdentifiable as to positive (+) and negative (-) leads.

4. Draw a diagram depicting power Tead attachments.

5. Remove and clean one contact surface at a time
starting with all negative leads (-).

CAUTION--sparks will occur if battery leads touch metal
objects or each other.

6. Clean contacts with the supplied wire brush.

7. Check the battery system wiring with your diagram
after you have finished and the wires are re-connected.

8. Turn all instrumentation back "on" and verify
correct operation of each component.

9. Document this servicing on the operator Log Sheets.

10. Call ARS and advise them that the servicing has
been completed.

Due to the heavy power consumption of the transmitter
while the light is "on" (2.7 amps), deep cycle batteries
are used at the transmitter station. With their increased
plate thickness, they are able to withstand the constant
"deep cycle” of heavy usage and charging. Automobile
batteries would not last long in this application.

Deep cycle batteries are also used at the receiver
station. Due to the constant load of the instruments,

an automobile battery would suffice for this application.
Deep cycle batteries are used throughout to keep the
batteries standard.

Batteries will be replaced every two years by ARS field
technicians. If an emergency replacement is needed, dry
batteries will be sent by freight. Battery acid will need
to be purchased and used on-site as acid cannot be mailed.
An alternate plan would be for ARS to send the necessary
funds for local purchase of replacement batteries.
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5.7 Jata Collection #latform [(DCP} Antenna Servicing

DCP SERVICING

ANTENNA
INSPECTION

CABLE AND
CONNECTOR
IRSPECTION

On outward appearances alang, 4t is not possiblie tog

tell if the DCP 1s working correctly. Therefors, aside
from physical inspection of the antenna, cable cennectors,
and trickle chirger, no sarvicing of the UCP 15 reguired.

Tha DCP antanna should be visually inspected periodically.
First, check that the mounting base is sacurely affixed tg
the shelter., Secondly, tha driver, reflector, and
directional #lemwnts should be securely attached and in
position. Lastly and mest important, the antemna alignment
should be correct. See Section 8.7 for 2 description of
antenni componénts.

Inspect the antenna cable for rodént damage or chaffing.
The cable connector at the base of the anterna should be
checked for tightness periodically.



6.0 TROUBLE-SHOOTING

Many times operators can diagnose and solve instrument problems in
the field, reducing costly site visits or loss of data. Two good practices
to follow in trouble-shooting are: 1) start with the simple checks and
progress towards the more complicated; and 2) break a system q9wn into
jndividually testable ;ub-systems. \

Many transmissometer -system problems can be solved by checking items
in the following categories:

1. The "Obvious"
. Power unplugged or not turned "on."
. Flip mirror(s) not in correct "on" position.
. Misalignment at one, or both, ends.
. System timing out of synchronization.
. Incorrect instrument settings used.
ower Supply _
. Battery voltage not high enough to run system.
. Fuse Blown. -

Incorrect polarity on power leads.

A
B
¢
D
E
P
A
B
c
D. Power connectors not making good contact (pins).

onnectors '

Connector not plugged in, or in wrong input position.
Connector not making good contact.

Connector pins or sockets damaged.

¢
A
B
¢
D. Damage to cable/connector, resulting in broken wire or short.

737y - 6.1 Before Calling for Assistance
Before reporting problems or requesting assistance in diagnosing an

instrument problem, please do the following:

1. Check problem areas listed in Section 6.0 (obvious sources,
power supply, connectors, etc.).

2. Follow procedures for trouble-shooting the component in question.
3. Have documentation of your tests available.

4. Have a field Operators’ Manual available.
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Please call promptly with suspected or observed instrument problems.

If

the person you need to speak with is not in, ask to be directed to another or

leave a message, including your name, location, and a brief description of

the problem(s) or need(s).

§.2 Transmitter Trouble-Shooting

INOPERABLE
TRANSMITTER

CHOPPER ON/
NO LIGHT

TRANSMITTER NOT
"ON" FOR FULL
16 MINUTES

If the transmitter will not operate, check the following:
1. On/off switch in "on"™ position.

2. Power cable contacts at battery not loose, corroded,
or covered with excessive deposits.

3. Connectors firmly tightened at control box and
transmitter. ’

4. Battery voltage adequate (above 11 VDC).

5. Fuse inside control box intact.

_If the light chopper activates and stays "on," but the

lamp does not turn on, check the following:

1. Lamp filament broken. The lamp check LED will
light when the unit is "on" under auto-control.

2. Lamp pin/socket contact not made.

If the transmitter turns "on” at the correct time, but
does not stay "on" for the full 16 minutes, check the
battery voltage while the transmitter is "on." It
should remain above 10.5 volts.

6.3 Receiver Trouble-Shooting

POWERING UP

TOGGLE LIGHT
FLASHING

When the receiver computer power is turned "on," the
computer will perform a series of internal checks

and then set the display to "001" (Serial #1-4) or "000"

(Serial #5 and up). The toggle, OV, and OR Tights should
be "off." If the display does not go to "000" or "0O01"
upon powering-up, this indicates a system or component
failure. Call ARS for further directions.

If during internal checks, the computer finds a problem
on the memory card, the toggle light will flash at
approximately one-second intervals upon powering up.

If this occurs, call ARS for further directions.
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OVER-VOLTAGE
LIGHT "ON"

TOGGLE DOES
NOT UPDATE

CHOPPER FAILURE

Refer to Section 8.3 for a description of the function
of the over-voltage light. To clear (turn-off) the
over-voltage light, the computer must be reset. Resets
are accomplished simply by turning the computer power
"off" for one second and turning the power back "on."

If the toggle 1ight does not change state at the
correct time:

1. Check the system timing--refer to Section 5.1 to reset.

2. The computer may be locked dp. When this -happens, both
the toggle and the reading will stay the same until it is
reset. Reset by turning power "off" for 1 second.

3. The chopper may not be working--see chopper failure
description.

4. The computer may be malfunctioning--call ARS for
further direction.

If the transmissometer is not taking readings when checks
on all components of the system show that it should be
capable of taking readings, check the following:

1. Remove the transmitter lamp chamber cover.

2. Verify that the light chopper blade (slotted disk)
is still mounted to the motor shaft.

3. If the chopper blade has detached, turn power to the
system "off." Remove the transmitter only and take it
back to the office--telephone ARS for further instructions.

Note: It is not possible to determine whether or not the
chopper blade.is attached by observing the transmitter
through the telescope. Due to the speed at which the
chopper rotates, both conditions will look the same.

6.4 Strip Chart Trouble-Shooting

The following is a list of the most common strip chart operational

problems, resulting in lost data:

Zero/record button left in "zero" position.

Chart speed button 1eft in "CM/Min" position.

Chart start/stop switch left in "stop” position.

Pen 1ifters left in “up" position.

Paper loaded incorrectly, resulting in jam. *

oy B I P =
- - - - L]
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If problems with the strip chart occur, take a minute to verify that

the control switch or button settings match those listed on the strip chart

sticker.

FUSES:
AC OPERATION

FUSES:
DC OPERATION

If the strip chart does not function, the fuse may have
blown. If the unit operates from AC 11ne power, proceed
with the following:

1. Check that the power indicator switch on the back
panel (Figure 8-4) is on the "AC 1ine" position.

2. Check the surge protector for correct operating
status (see Section 8.10).

3. %heck the fuse Tocated in a black holder on the back
panel.

4. Check the circuit breaker if the fuse is intact.

5. If the fuse has blown, locate a replacement fuse.
Verify that the replacement fuse is the same as the blown
fuse by reading the specifications stamped on the end

of the fuse. _

6. Before inserting the replacement fuse, turn recorder
power "off"--also turn off the chart drive. Disconnect
the Channel A and B "-" lines on the back panel (2 jacks).

7. Insert the replacement fuse and turn the recorder

"on." If the power on indicator does not light, turn

the unit off and recheck the fuse. If the fuse has
blown, call ARS.

8. If the power indicator light remains "on," connect
the signal input "-" lines one at a time while observing
the power indicator light.

9. If the fuse blows while connecting either input line,
disconnect the input "-" lines and turn the recorder power
switch "off."

10. If the problem cannot be corrected, call ARS for
further directions. If a replacement unit is sent, be
sure to read Section 7.7 on installing a new strip chart
recorder.

If the strip chart does not function, an internal fuse

may have blown. Fuses protecting recorders that operate
from DC power will "blow" if the power leads are connected
improperly (reverse polarity), if signal grounds are
attached incorrectly, or if recorder components have failed.
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The fuses are located inside the recorder. To check the
recorder operation:

1. Check that the power indicator switch on the back panel
(see Figure 8-4) is in the "12V" position.

2. Check the power leads on the terminal strip and the
battery for excessive corrosion or a bad connection.

3. Check the voltage reaching the recorder at the power
input banana jacks on the back panel The voltage should
be above 10 VDC. : ‘

4. Before checking the fuse, turn the power switch
"off" and disconnect the Channel A and B "-" leads.

5. Take off the recorder cover by removing the six

Phillips head screws. Two screws are located on the
top of the cover, the other four are located on the

sides (two to a side near the bottom).

6. Carefully remove the cover by first sliding it
towards the back slightly before pulling up.

7. Inspect the two fuses located on a small circuit
board on the left side of the recorder.

8. Replace the bad fuse with the supplied replacement.
Verify that the replacement fuse is correct by comparing
specifications stamped on the fuse.

9. With the cover still off, turn the power switch
back "on" and observe the power indicator light., If
the fuse blows, turn the power switch "off," reinstall
the cover, leave the signal "-" leads d1sconnected and
ca11 ARS for further directions.

10. If the power indicator light remains "on," connect

the Channel A and B "-" lines one at a time while observing
the power indicator 1ight and the fuses. If a fuse blows,
disconnect the signal "-" input lines, turn the power
switch "off," reinstall the cover, and call ARS for further
directions.

11. If the problem cannot be corrected, call ARS for

further directions. If a replacement is needed, be sure
to read Section 7.8 on installing a new strip chart recorder.
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6.5 DCP Trouble-Shooting

The operation of the DCP, as well as the monitoring of parameters
important to the correct operation of the DCP, is tracked daily at ARS.
Should a potential problem arise, a technician will call to have you check
the following:
| Antenna alignment
. Antenna elements

Cables
Connectors

=l P -
- L) -

Refer to Section 5.8 for descriptions of checks that can be made of
DCP components and Section 8.6 which describes DCP features (Figure 8-5).
If a data collection platform is transmitting at an errant frequency or time,
ARS technicians may ask that you disable the DCP. Refer to Section 7.2 for

instructions.

~ 6.6 Solar Power System Trouble-Shooting _

If a problem with the solar panel power system is suspected, first
check the servicing and maintenance items described in Sections 5.4 and 5.6,
then call ARS for directions before proceeding with further tests.

PANELS Solar panel systems are wired in parallel, so that an
individual, bad panel may not be easily identified aside
from physical damage; however, there is not much that can
go wrong with a solar panel. The most likely problem would
be with the regulators or with the storage batteries.

REGULATORS A bad regulator may inhibit panels from charging the
batteries. To check the voltage output of the panels,
proceed with the following:

1. Check the storage battery voltage when the panels have
been exposed to full sun for several hours. The batteries
should be "floating" at approximately 13 volts.

Note: Check the batteries at the transmitter station at 45

minutes past the hour after they have had a chance to
recharge from powering the lamp.
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2. 1If the batteries do not read approximately 13
volts, check the state of the charge of each battery
cell .with a hydrometer. If any cell is bad or if all
cells are low, call ARS for instructions.

3. If the battery voltages are acceptable, turn off

all the instruments, disconnect the solar panel "-" cable
from the regulator or battery and measure the output. The
panels should produce 18 to 22 volts under full sun.

4. Call ARS with the results of your tests.

6.7 AC Power System Trouble-Shooting

BLOWN BREAKERS-
RECEIVER

gf]a breaker has tripped, follow the procedure listed
elow:

1. Unplug the surge protector. Do not plug the
battery charger back in.

2. Unplug the DCP trickle charger (3"x3"x4" metal box).

3. Reset the breaker. If the breaker trips, consult
an electrician. :

4, If the breaker does not trip, try to isolate the
faulty component by the following tests:

A. Plug the DCP trickle charger in--note breaker
condition.

B. Plug the surge protector in after first discon-
necting the battery charger--note breaker condition.

~C. 'Plug the battery charger in--note breaker condition.
If the breaker blows, disconnect the charger from
the battery and try again.

8. Phone ARS with the results of the test.
9. If either the DCP trickle charger or the battery
charger are malfunctioning, leave the units unplugged.

The system will operate for a few days on battery power
alone. ARS will send replacement components.

45



7.0 REPLACING AND SHIPPING INSTRUMENTS

Follow the procedures described in this section for disabling,
shipping, and installing instruments. Damage to instruments can occur
not only during installation, but also while disconnecting. When- removing
or replacing instruments, keep the following considerations in mind:

1. Always leave the on/off‘switch in the "off" poéitibn.when
removing or installing instruments.’

2. Avoid touching connector pins or circuit boards as static
electricity could damage sensitive components.

3. Doubie-check connectors, power polarity, and instrument settings
before applying power.

4. Follow procedures in the order they are given.

5. Call ARS technicians before proceeding if you have questions.

7.1 Removing the Transmissometer System"

Take the appropriate shipping cases to the site with you when
removing the transmissometer system so that the instrument will be protected
during transit. See Section 7.10 for packing and shipping instructions.

TRANSMITTER 1. Take the gray, suitcase-style transmitter shipping
REMOVAL case with you to the site.

2. Turn the control box power switch "off."

3. Disconnect the power cable from the control box only.
Coil the cable and set next to the battery or, if fixed,
leave in position.

4. Disconnect the control cable from both the control
box and the transmitter. Coil and band the cable and
place in the shipping case.

5. Place the control box in the shipping case after
first enclosing in a plastic bag.

6. Remove the lamp from the transmitter. Label the
lamp sticker with the "off date" and store the lamp in
the Tamp case.
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TRANSMITTER 7. Cover the telescope and lamp chamber ends of the

REMOVAL-Cont. transmitter with plastic bags. Secure the bags in
place with rubber bands. Place the transmitter in the
shipping case.

8. Document removal of the instrument on the operator

Log Sheet.
RECEIVER 1. Have both wooden shipping cases and the gray,
- REMOVAL suitcase-style case on-site as you prepare to remove

the receiver.
2. Turn "off" power to the receiver computer.

3. Disconnect the receiver power, output, and photometer
head cables from the computer and place them aside. Coil
and band the photometer head cable.

4. Place the receiver -computer in its shipping case.

5. Remove the detector head from the telescope with an
Allen wrench which has been included in the tool kit.
Wrap the detector head in a plastic bag and place it in
the gray, suitcase-sty]e shipping case.

6. Cover both ends of the telescope with plastic bags
and place in the shipping case.

7. Document removal of the instrument on the operator
Log Sheet.

7.2 Removing the DCP

Refer to Figure 8-5 for the location of the switches and connectors
dis;ussed. Figure 7.1 depicts the switches in detail.

DCP REMQVAL IMPORTANT - -Before disconnecting the DCP antenna cable,
some internal switch settings must be changed to inhibit
trangmissions. Failure to do so may result in damage to
the DCP.

1. Open the hinged door of the DCP. Locate the six, square
red dial switches located on the circuit board on the
inside of the door.

2. Using a small flat-blade screwdriver, reset the
switches under "CHAN 1" to 9, 0, 0. The switch
immediately below the "100" on the circuit board should
be set to 9.
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Figure 7-1.
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DCP REMOVAL
Cont.

3. Close the DCP door and tighten the clasps.

4. Before disconnecting the connectors on the side of
the DCP, note their locations and mark, if necessary.
Draw a wiring diagram if you think it will be helpful.

5. Disconnect all cables from the DCP input panel and
remove the DCP. Pack the unit for shipping in the
supplied box.

Gﬁ Document the removal of the DCP on the operator Log -
Sheet. ‘ i

7.3 Removing the Strip Chart Recorder

The strip chart recorder should be removed carefully, as both signal

wires from the receiver computer and power from the battery (DC operation)

are "live." Follow the procedures given below:

STRIP CHART
RECORDER REMOVAL

1. Turn off the receiver computer power.

2. Turn off the strip chart recorder power and unplug at
the surge protector if the unit is AC powered. -

3. Disconnect the "+" lead of the power supply and

completely cover the metal portion of the banana jack
with electrical tape.

IMPORTANT--do not let this connector touch metal as a
large, potentially damaging spark will occur.

4. Remove the "-" lead of the power supply and tape
the end. .

5. Remove the “+" leads of CHA and CHB inputs and tape
each one as it is taken off.

6. Remove the "-" leads of CHA and CHB inputs and tape
each one as it is taken off.

7. Place pen lifters for both channels in the "up"
position. :

8. Remove and discard the chart recorder pens.
9. Remove any chart paper containing data after

documenting removal date, time, and comments. Mail
the used portion of the strip chart to ARS.
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STRIP CHART 10. Enclose the recorder in a plastic bag before placing
RECORDER REMOVAL it in the shipping case. Also coil the AC 1ine-powered

Cont.

cord (if supplied) and place it in the shipping box.

11. Record the following information regarding chart
removal and place inside the shipping box.

Location name

Date/Time

Operator name S ~ ‘ ,
Brief description of chart recorder problems,
if known.

o N -
L] - - -

12. Document removal of the strip chart on the
Operator Log Sheet.

7.4 Removing Air Temperagure/Re]ative Humidity Sensors

1.
2,

Disconnect the air temperature/relative humidity cable at the sensor.
Tape the end of the cable connector with electrician’s tape.

Allow the connector to hang down to avoid moisture entering the
connector. :

Loosen the two clamps that hold the sensor in place and slide the
sensor out.

Pack the sensor in a cardboard box for shipping. No shipping
case has been supplied for this.

Document the removal of this sensor on the Operator Log Sheet.

7.5 Transmitter Installation

Transmissometers sent from ARS or Qptec, Inc. will have receiver and

transmitter timers pre-set; however, to verify system timing is correct,

follow the procedure described in Section 5.1.

1.

Inspect shipping case(s) for signs of damage upon receiving the
instrumentation. Remove the transmitter from the shipping
case and remove the plastic bags from the instrument.

Mount the transmitter on the alti-azimuth base and tighten the
lock-bolt. IMPORTANT--do not re-focus the transmitter.

Install the lTamp with the Jowest number after first cleaning and
labeling.
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7.6

10.

11.

Dust the objective lens with canned air. Be careful to hold the
can in the "upright” position.

Install the control box. Make sure the on/off and test switches
are in the "off" (down) position.

Connect the control cable to the instrument and the control box A
making sure to seat the connectors properly. A small "detent” can
be felt when the connectors are fully seated.

Connect the control box power cable. Check tﬁat the power cable
is securely connected to the battery.

Turn "on" the control box on/off switch. If the time is between

the top of the hour and 16 minutes past, the transmitter will turn
"on" automatically. If the unit is operating, wait until 16 minutes
past the hour to verify the lamp turns "off" at this time.

If the time is not right for the transmitter to turn "on" under
auto-control, use the test switch (if equipped) to verify lamp
operation.

Verify that the system timer is set correctly. If the timer is not
set correctly, refer to Section 5.1 for instructions on how to reset
the timer.

Upon successful installation of the transmitter, complete the

tasks listed on the Transmitter Station Log Sheet. Document the
installation of the system and the lamp number placed into service.

Receiver Installation

1.

Remove the receiver telescope from the wooden shipping case.
Remove the plastic bags from the instrument.

Mount the telescope on the alti-azimuth base and tighten the
lock-bolt.

Dust off the objective lens with canned air. Be sure to keep
the can in the "upright® position.

Mount the detector to the telescope by- tightening the two
retaining Allen screws after fully seating the assembly. The
sides of the eyepiece/detector assembly should be perpendicular
to the ground.

Remove the receiver computer from the wooden shipping case and
place it in its correct position. Make sure the power switch is in
the "off" (down) position. Remove the four screws and take off the
top cover of the receiver computer. '
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10.

11.

12.

13.
14,

Touch the receiver computer case and any large, metal object
(such as the unpainted portion of post) to rid yourself of static
electricity. .

Carefully, push down oh the computer cards to make sure they
are fully seated.

Push down on the ribbon connector and the small two-conductor
connector located on the top cards.

Replace the computer cover and tighten the four screws. Connect
the output cable from the terminal strip board, and power cable
from the battery to the back panel of the receiver computer.

Plug the cable from the detector into the photometer input on
the back panel of the receiver computer.

Turn the computer "on"--the display should go to "000" or "001"
and the toggle, OR, and OV lights should be "off." If this is
not the case, re-check board and connector seating.

Align the telescope, leave the flip mirror in the "on" position,
and await a reading and toggle update at 13 minutes past the hour.

Upon successful installation of the system, complete the tasks
listed on the Receiver Station _og Sheet. Document the instal-
lation of the system on the Log Sheet.

Store the shipping cases in the receiver station.

Call ARS and notify field technicians after the transmissometer
has been installed.

7.7 DCP Installation

Any replacement data collection platform (DCP) sent from ARS will

be pre-programmed and in its "run” mode. It will start collecting data

as soon as the sensor input cables are attached. Data will be transmitted

after the antenna cable is attached and internal channel selection switches

are set to the proper position. Follow the steps listed below to install

the DCP.
1.

‘Refer to Figure 7.1 for the location of described parts.

Notify ARS technicians before going into the field to install
the DCP. The channel must be "activated" with the satellite
service center prior to transmitting.
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2. Locate the new DCP in the correct position within the shelter.

3. Connect the trickle charger or solar panel power cable to the
correct position on the DCP panel. If a solar panel is used, it
should be connected directly to the connector labeled either "15
to 30 volt input" or "solar panel/batt charger." If AC power is
used, the trickle charger should also be plugged into the same
connector.

4. Connect the antenna to the gold coaxial connector located on the
upper right of the input panel. _

5. Connect the sensor input cable from the terminal strip board to
the connector labeled either "transmissometer® or "tele #1."

6. Connect the air temperature/relative humidity sensor cable to the
position labeled “air temp/rel humidity."

7. Open the DCP door after loosening the clamps with a large, flat-
blade screwdriver '

8. Change the setting of transmission Channel 1 from (3 switches)
900 to the channel noted on the DCP sticker (see Figure 8-7).
Channels used will be 009 for Eastern sites, and either 014 or
038 for Western sites.

9. Close the DCP door and re-tighten clasps.

10. Check the antenna alignment, elements, and cable, as described
in Section 8.7. T

11. Store the DCP shipping box, unless it is needed to return a
malfunctioning DCP.

12. Document the DCP installation on the receiver station Operator
Log Sheet.

13. Notify ARS technicians when the installation is complete.

7.8 Strip Chart Recorder Installation

Care must be taken when connecting DC power to the strip chart because
the +12VDC wirg comes directly from the battery. To avoid damage to the
-recorder or the receiver computer, follow the procedures listed below:

IMPORTANT--do not allow the "+" lead of the DC power cord to touch
metal or the "-" lead as a potentially-damaging spark will occur.

1. Place the strip chart in its normal position within the shelter.
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7.9

10.

11,
12.

13.

Make sure the strip chart settings match those listed on the
strip chart sticker. See Section 8.5 for a description of
the controls.

Set the power source switch, located on the back panel, to the
correct position:

"AC 1ine™ - if AC Tine power is used
"12v" - if battery power is used

Leave the strip chart power switch in the "off" pbsition.

Turn the receiver computer power "off."

Connect the green (-) and yellow (+) labeled sensor input banana
Jjacks to the back of the strip chart recorder. The (-) leads
attach to the black connectors, and the (+) leads attach to the
red connectors under the appropriate channels.

If battery power is used, connect the red "+" lead of the power
supply to "Ext Battery +" before connecting the black "-" lead.

If AC line power is used, plug the power cord into the chart
recorder and then into the surge protector.

. Before turning on the power, double-check the wiring.

Turn the power "on"-:-the power on indicator should light. If
it does not, check the settings and wiring.

Service the strip chart as described in Section 5.3.

Document the installation of the strip chart on the Receiver
Station Log Sheet.

Call ARS to advise technicians of the installation.

Air Temperature/Relative Humidity Sensor Installation

1.
2.

Slip the sensor into the mounting clamps. Do not tighten yet.
Attach the sensor input cable after inspecting for dust and
debris within the connector. Use canned air to clean the
connector if needed. Wipe a rag around the thread inside the
connector if excess dust has collected there,

Tighten the sensor mounting clamps.

Document the installation of the sensor on the Receiver Station
Operating Log Sheet.

Call ARS to advise technicians of the installation.
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7.10 Packing and Shipping

SHIPPING CASES Shipping cases have been provided for the transmissometer
computer, telescope, and transmitter. The original
manufacturer’s box for the strip chart recorder has also
been left on-site. Some sites have DCP shipping boxes;
these can be sent from ARS if needed. Shipping containers
for other equipment or instruments must be found locally.

SHIPPING COSTS Shipping costs should be charged to the air quality
project’s account. Other arrangements can be made if:

1. UPS shipment is required and cannot be charged to
the air quality account, or

2. There are problems meeting insurance requirements
(government use of U.S. mail), or

3. An air quality account does not exist.

Call ARS to discuss alternate plans for covering
shipping costs. -

INSURANCE Items shipped to ARS should be insured for the

following amounts: _

1. Receiver computer : $ 6,000
2. Receiver telescope 4,000
3. Transmitter 6,000
4. Data collection platform 6,000
5. Air temp/rel humidity sensor 1,000
6. DCP antenna 300

Most other items do not need to be insured. If you
have questions regarding insurance, call ARS technicians.

SHIPPING Use packing tape in addition to a nut and bolt to seal the

MISCELLANEOUS shipping cases. When shipping items in a cardboard box, use
nylon filament packing tape to help strengthen the box.
If government mailing franks are used, write your location
above the "return address.” If the shipped items are not
expected at ARS, or if an explanation on the return of the
items would be valuable, enclose it in an envelope within
the shipping case or box.
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SHIPPING
ADDRESS

Mail all items, including correspondence and instruments,
to:

Air Resource Specialists, Inc.
1901 Sharp Point Drive, Suite E
Fort Collins, Colorado 80525
(303) 484-794]

Notify ARS when and with which shipper monitoring components
were sent so that an expected date of delivery is known. - -
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8.0 MONITORING SYSTéN DIAGRAMS AND COMPONENT DESCRIPTIONS
This section presents transmissometer system component diagrams and
detailed descriptions of systemvcomponents, including:

Transmissometer transmitter
Transmissometer receiver

Terminal strip connector board

Strip chart recorder

Data collection platform '
Air temperature/relative hum1d1ty sensor
Solar power system

AC line power system

Support equipment

8.1 Monitoring System Diagrams

Diagrams of the transmissometer system monitoring components
presented in this section support the discussions and operating
procedures presented throughout this manual. The following diagrams
are presented:

Number Title

8-1 Transmitter Component Diagram

8-2 Receiver Component Diagram

8-3 Terminal Strip Wiring Diagram

8-4 Strip Chart Component Diagram

8-5 DCP Logger Component Diagram

8-6 DCP Antenna Component Diagram

8-7 DCP, Receiver, and Strip Chart Stickers
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Eyepiece

Telescope Tube

Lens Position Screw
(Preset - do not
adjust or loosen)

Objective Lens

Flip Mirror Knob

Control Cable
Connectio

Power Connectio

(SN 5 and above)

OwOff Swi

Figure 8-1. Transmitter Component Diagram.
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Lamp Housing

Control Cable

Lamp Housing

Flip Mirror Knob

® ® Lamp Housing Plate
] 0Co P ¢
—_— Q - Lamp Socket Note: Lamp is Removed by
@ Q (Shown with Lamp pulling Straight out.
: Installed) Do Not Loosen
& & Housing Plate
(L1 Control Cable
® ® P —Connection
®



Objective Lens

Objective Lens

Objective Lens Ass:!mbly

Over Voltage (OV)
Indicator

Over Range (OR
Indicator

o e =

On/Off Switch

Time Reset Switch

Figure 8-2, Receiver Component Diagram.
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Photometer Cable

Eyepiece

m Photoniet;er Head

Flip Mirror Knob

Mounting Plate

Photometer Output
and Power Cable
Connections on Rear —

Panel -~ -~ ~
A7 A A2 N\
- S [] P n AN
.~ - / € " \
ORI
{ : \
| INTEG.(MIN)  CYCLE J
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OO,
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— White

= Blue

—— Green

—— Brown

(Bexr) Yellow Yellow {Bexr) Vel
{CR/SD) White o White (CR/SD)
(Toggle) Orange ote! Orange (Toggle)
(Bexr Grd.) Green oA | Green (Box Grd.)
(Toggle Grd.) * Black 0 OJ Black (CR/SD Grd.)
(CR/SD Grd.) Brown Brown (Toggle Grd.)
00
(RF Shield) = Bare 08 Bare (RF Shield)
ole
Qo0
010 )
Strip Chart
Power
Black (-)
Red (+)
00000000000
5 000000000000 -
2 Black (-) 12VDC 5
§ Red (+) 12 VDC ! (g
o () =
- (=] -
2 T Red RE
g 2 Blue ‘ %
o To Ba"efy a PUEEIQ | ’S
g z Grax ‘
R

Black
Computer
Output
Connecto

See Appendix G

. For More Information.

Figure 8-3.
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Event Markers
Pen Lifters

Range Switches

=[In
= ot
o—
=)
o888 }%

L:__-:-,.Zerb Control -

Chart Paper

jat:%ta f3~§1:3

Magazine
-
Chart Speed Selector Zero/Record Button
Chart Start/Stop '
Power On/Off
Cal/Rec Switch
@ @
_ @]
@)
CHA
CH B AN
=] = @ l:l @ —m_H—Power Save Switch
@001,
Po Source
CH.B Input~" \ &S] [ Ffower Sour
CH:;,lnput I Fuse

External Battery

AC Power Plug Connections

Figure 8-4. Strip Chart Component Diagram.
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DCP Input Panel

©— —=Antenna Connector
Transmissomerter
Power

™ Input

| _Solar Panel or
*| Trickie Charge
—Do Not Use

©\ AT/RH Connector : N
= Programmer Set 1/0

*IMPORTANT: Some DCP Panels

May Differ from the one shown.

—{ @}
e
I!
]
1l

s 0

ngure 8-5.

DCP Component Diagram
GOES Transmitter

540-6004 .7 MMz Synthesizer
Secondary Channel Switches

Primary Channel Switches

DIAL SWITCH DIAGRAM

[ B34 B3 2y 7] AE) 7
9g%| [szv :sgg' @’3 Foed|  [F3]
CHANNMEL ONE CHANNEL TWQ

Fuses-

|~ ) “Siot #6 Met Card
Card

-t Battery (12 VDC)

| et~ Dessicant Indicator

:

S EDt:ll:lr Lamps

Side view DCP input panel
IMPORTANT--DCP panels may differ from the above unit.
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Directional Elements N

N,

Driver Elements

Reflector Elements

\

Base Plate
(Version A)

S

o

Base Plate
(Version B)
Coaxial Cable Connector
Drain Hole
) 5 1

Figure 8-6. DCP Antenna Component Diagram.
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Strip Chart Settings
. Chart speed -

. CHA range -
. CHB range -
. Both zero buttons - record position.

. CHB zero knob pulled out (x5 position).
CHA zero on chart paper at 0.0.

. CHB zero on chart paper at 8.8.

. Both pens in down position.

Chart and power switches “On”.

CM/HR

PNV R W

Strip Chart Documentation

1. "Hack” marks on chart paper (orange
buttons).

Location, date and local time.

. Operator name.

. Receiver panel reading.

. Receiver alignment comments.

. Stirp chart servicing comments.

- Any additional monitoring comments.

g\aaﬂmhu!\a

DCP Operating Parameters
Serial #:
D:
Channel:
Transmit Times:
Antenna Azimuth (°T): . ______
Antenna Inclination:
Comments:

Panel Setting

Al: € B W

A2: SD CR

Integ. Time: 1 10 30 60

Cycle Time: C 20M 1H 2H 4H

This sticker should be
affixed to the top right
corner of the strip chart
recorder.

This sticker should be
affixed to the top left
surface of the strip chart
recorder.

This sticker should be
affixed to the top left
corner of the DCP door.

This sticker should be
affixed to the receiver
computer front panel.

Path: - (km) Gain:
Calib:
Figure 8-7. DCP, Receiver, and Strip Chart Stickers.
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8.2 Transmitter Component Descriptions

Refer to Figure 8-1 for the location of the following components:

8.2.1 Transmitter Telescope

FLIP MIRROR The flip mirror knob changes the position of an internal
KNOB mirror. When the knob is in its fully-clockwise or "view"
position, the image is directed to the eyepiece. When
the knob is in its fully counter-clockwise or "run" - :
position, the image is directed to the photodetector for
measurement,

EYEPIECE The eyepiece is used to check and re-position transmitter
alignment. An image of the scene with the view transposed
left to right will be visible when the flip mirror knob
is rotated fully clockwise. The reticule markings are
super-imposed over the scene as an aid to alignment. The
transmitter must be aligned so that the receiver is
always within the center circle.

IMPORTANT--no readings are taken with the flip mirror
in the "view" position.

LENS POSITION The Tens adjustment screw holds the objective lens in
LOCKING SCREW  position. '

IMPORTANT--do not attempt to focus the transmitter.
Re-positioning the objective lens will change the
transmitter 1ight output, requiring a re-calibration.

TELESCOPE TUBE The telescope tube holds the objective lens at a constant
distance (focus) from the lamp filament. The objective
lens is used both to focus the image for alignment and to -
concentrate the outgoing 1ight beam. The tube should
always be mounted securely to the flip mirror assembly
g;thkthe two Allen screws machined into the flip mirror

ock.

LAMP CHAMBER - The lamp chamber contains the lamp, chopper system, and
the optical feedback block. To avoid the possibility
of contaminating the optical surfaces with dust, the
chamber should only be opened if servicing is required.

LAMP SOCKET The type of optical system used in the transmitter to
concentrate the light beam requires accurate
positioning of the lamp filament. The machined lamp
socket assures that each lamp is mounted in the same
position.
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LAMP SOCKET The lamp housing plate accurately positions the Tamp
PLATE socket which, in turn, accurately positions the lamp and
its filament.

IMPORTANT--the plate should never be loosened; movement
of the lamp housing plate will require factory servicing of

the instrument. Access to the lamp chamber is from the top.

8.2.2 Transmitter Control Box

ON/OFF SWITCH This switch controls power to the control box (on = up).
The transmitter time-keeping circuitry runs from an internal
battery and is not affected by the position of this switch.
If power is applied to the transmitter when the auto timer
circuit is in the "operate" mode, the Tamp and chopper will

. come "on." If the auto timer is in the "wait" mode, the

1ight will not come "on."

TEST SWITCH - The test switch, present on units with serial numbers
greater than four, is used to manually turn the
transmitter "on" without affecting the internal time-
keeping circuitry. The Tamp status LED will Tight when
the test switch is in the "up” or "test" position.

Keep in mind the transmitter will not turn "off" when
the test switch is moved to the "off" position (if the
internal auto-timer is in the "operate® mode).

LAMP STATUS LED The lamp status light indicates whether or not the lamp
has aged or been damaged to the point where the optical
feedback controller cannot keep the light output constant.
The LED must be observed while the transmitter is "on"
under automatic control. If the LED is "on," the lamp
needs to be replaced. Remember, the LED will always light
when the test switch is used.

HAND-HELD RADIO The transmitter circuitry, especially the internal aito-
PRECAUTION timer, can be adversely affected by strong radio signals.
Do not transmit on a hand-held radio within 10 feet of the
transmitter. Avoid aiming the antenna at, or over, the
circuitry. Strong radio signals may reset the internal
auto-timer, resulting in incorrect system timing.

8.2.3 Transmitter Cables and Connections

POWER CABLE A two-conductor power cable from a power supply or

CONNECTION battery connects to this input plug. Pin 2 of the plug
is_for +12VDC, Pin 3 is for power return (-). Reversing
polarity or connecting a supply greater than 17VDC will
cause the fuse inside the controller box to blow.
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CONTROL CABLE
CONNECTION

The cable that carries power and signals from the control
box to the transmitter connects to these input plugs. Both
ends of the cable are identical and are interchangeable.

A small indentation can be felt when tightening this type
of connector, indicating the fully-secured position.

8.3 Receiver Component Descriptions

Refer to Figure 8-2 for the location of the following components:

8.3.1 Receiver Computer

ON/OFF SWITCH

TIME RESET

DISPLAY

The On/Off switch serves two purposes: it controls
power to the computer, and acts as a computer reset.
Upon powering up, the LCD display should, after a short
period, display 000 or 001. If the computer should lock
up, the .on/off switch can be used to reset the system.
Resetting is accomplished by holding the switch in the
"off" position for at least one second before turning
“on." Like the transmitter, the receiver’s auto-timer
circuitry is powered by internal batteries and is not
affected by the on/off. switch.

The time reset switch, when activated, resets the internal
timer and defines the start times for the integration and
cycle intervals. If settings on either the INTEG or CYCLE
switches are changed, the internal timer must be reset.
The timer reset switch has no effect when the computer

is set to the "continuous" mode (INTEG = 1, CYCLE = ().

The small LCD display, on the receiver'computer front
panel, displays readings as selected by switch Al. The
range of the display for the various readings is: ’

C Raw Instrument Readings. The range is from 000,
indicating no 1ight is visible to 999 counts. Raw
readings should always be less than the calibration
number. The higher the raw reading, the cleaner the
air.

B Extinction Values (in km‘l). The range is from .000

(000 displayed), indicating impossibly clean air to an
extinction of .999 (999 displayed), which corresponds
to a visual range of 3.92 km. For visual ranges less
than 3.92 km, .999 will continue to be displayed.
Extinction values should not go below 0.007, which is
the calculated theoretical minimum of .009 minus
instrument and rounding error of .002. The lower the
extinction value, the cleaner the air.
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Al SWITCH

A2 SWITCH

INTEG (MIN)

CYCLE

GAIN POT

VR Visual Range (km). The range for this setting is
from 000 km, indicating no transmitter light was
visible, to 999 km--an impossibly high value.

The maximum possible visual range is 391 km. The
higher the visual range, the cleaner the air.

The Al switch selects the computer output to both the
front panel display and to analog line #1 used by the
data loggers.

C  Raw instrument readings in counts .
B Extinction values in units of /km'1
VR Visual range in units of km

The switch must remain on the setting shown on the
receiver settings sticker.

The_Ai switch selects the computer output to analog
line #Z_used by the data loggers.

SD Standard deviation of the raw instrument readings
CR Chart recorder output of raw readings

This switch must remain on the setting shown on the
receiver settings sticker.

The INTEG switch selects the integration or averaging
time period in minutes. The shortest possible time
interval for a reading is one minute. A ten-minute
averaged reading is, therefore, based upon 10 one-minute
readings. A change in switch position requires that a
time reset be made.

The CYCLE switch selects the time interval between the
start of each reading. A setting of C, for continuous,
indicates there is no time delay or interval between
readings. Other settings dictate time intervals of
between 20 minutes and 4 hours. For example, a cycle
time of 1 hour (1H) with an integration time of 10
minutes (10M), would provide a 10-minute average every
hour. For routine operation, this switch must remain
on the setting shown on the receiver computer settings
sticker. A change in switch position requires that a
time reset be made.

The gain pot determines the amount of amplification the
raw signal receives before being digitized by the analog
to digital (A/D) converter for use in the computer. The
gain should only be changed by trained service technicians.
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OVER-RANGE (OR)  When the over-range Tight is "on," it indicates that the

INDICATOR value sent from the computer to the display is too great
for the display to handle. This may occur, for example,
when a storm obscures the transmitter Tight. The receiver
computer will then calculate an infinitely high extinction
and output a very high (over-range) value to the display.
This condition is indicated by the over-range (OR) light.
The display will show 1000, its maximum value. The OR
1ight will extinguish on its own after a within-range
reading has been taken. : :

OVER-VOLTAGE The over-voltage 1ight indicates that either the gain
(OV) INDICATOQR boosted raw reading is too great to be accepted by the
analog to digital converter, or that the background
1ighting is bright enough to saturate the detector. The
first condition is unlikely as the proper gain setting
is determined when calculating the calibration factor.
A saturated detector can occur if the sun rises or sets
near, or within, the field of view of the receiver
telescope. It can also occur if extremely bright clouds
or snow cover are within the field of view. Once the OV
light goes "on," it will stay "on" as an indication to the
operator that an OV condition has occurred. Resetting the
. computer, by turning the power switch "off" for one second,
will clear the indicator light. If this action is taken,
it should be noted on the Receiver Station Log Sheet.

TOGGLE LIGHT The toggle 1ight indicates a reading update. At the end of
an integration period, the toggle light will change state
from "on," to "off" or vice-versa. The toggle status is
also output to the data loggers. The toggle Tight has three
important functions:

1. It indicates a computer lock-up or failure.

2. It can be used to differentiate a computer lock-up from
consecutive, identical readings.

3. It provides the only visual indicator to reliably check
the receiver auto-timer system.

PATH DIAL The path dial is used to input the line-of-sight distance
between the transmitter and the receiver into the computer.
The distance is measured during installation with a laser
range finder and is expressed in kilometers. The path
distance dial should always be set to the distance marked
on the receiver computer settings sticker. An incorrect
distance setting will not affect the raw readings, but will
result in the calculation of erroneous extinction values.
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CAL

HAND-HELD RADIOS
PRECAUTION

~ A _calibration number is calculated for each lamp. Since

all Tamps are slightly different, a new calibration number
must be dialed in for each replacement lamp. The CAL number
represents the raw reading which would be obtained if the
atmosphere had a theoretical 100% transmission. The CAL
number should not be changed, unless directed by field
service technicians.

The receiver computer circuitry, especially the

internal auto timer, can be adversely affected by

strong radio signals. Do not transmit on a hand-held
radio within 10 feet of the computer. Avoid aiming the
antenna at, or over, the computer. Strong radio signals
may reset the timer circuit, resulting in an incorrect,
out-of-synch system timing. '

8.3.2 Receiver Telescope

FLIP MIRROR
KNOB

EYEPIECE

OBJECTIVE LENS
THUMBSCREW

The flip mirror knob is used to change the position of

an internal mirror. When the knob is in the fully
"clockwise" or "view" position, the image is directed to
the eyepiece. When the knob is in the fully "counter-
clockwise" or "run" position, the image is directed towards
the photo-detector.

IMPORTANT - -during alignment, the knob must be turned
fully "clockwise” against the stop to the "view” position.
If the knob is not positioned fully against the stop,
incorrect alignment could occur. Once alignment is
completed, the knob must be turned fully "counter-
clockwise” to the "run" position. No readings will be
taken if the flip mirror is Teft in the "view" position.

The eyepiece is used to check and re-position instrument
alignment. As with the transmitter, an image of the scene -
with the view transposed left to right will be visible when
the flip mirror knob is rotated fully clockwise. Reticule
markings are super-imposed on the scene for use in alignment.
The %ransmitter light should be within the small inner
circle.

The objective lens thumbscrew holds the objective lens
assembly in place. The focus is set correctly during
installation. Sometimes image degradation due to turbulence
is mistaken as incorrect” focus. Qo not adjust the focus.
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OBJECTIVE LENS The objective lens assembly on instruments with serial
ASSEMBLY numbers 001-004 have aperture rings glued or taped in
place over the end to allow a known amount of Tight
collection by the telescope. These rings should always
be firmly fixed in place. Later units have aperture rings
built into the lens assembly.

OBJECTIVE LENS The receiver telescope is equipped with an expensive
: objective Tens. The delicate, coated surface of this
lens can be easily damaged or marked by incorrect
cleaning. Field operators should avoid physically
touching the lens; periodic cleaning of the surface
with photo-quality canned air is sufficient under normal
circumstances.

TELESCOPE TUBE The objective lens is held in place and the detector is
shielded from stray light by a thick-walled telescope
tube. A light-trapping baffle, mounted inside the
tube, further protects the detector from stray light.

PHOTOMETER HEAD  The photometer head contains the photodiode detector,
detector signal pre-amplification circuitry, filter,
and the flip mirror. The photometer head must be
securely attached to the telescope with the two Allen
screws provided for this purpose.

8.4 Terminal Strip and Wiring Descriptions

A terminal strip is used as an interface between the transmissometer
and the data loggers. It provides an excellent place to trouble-shoot the
system. A wiring diagram of the terminal strip board is shown in Figure 8-3.

TERMINAL STRIPS Two terminal strips are mounted on the board. The
vertical strip connects the transmissometer to the data
loggers. The horizontal strip is used to provide 12vDC
power to the strip chart (when needed) or to other
equipment.

TRANSMISSOMETER ~ Transmissometer signals exit the receiver computer at

SIGNALS the port marked "output" and enter the left side of the
vertically-mounted terminal strip. The signals are
differential--each signal has its own ground.

DCP INPUT The signal cable to the DCP exits the right side of the

SIGNALS vertical terminal strip and enters the Handar 540A DCP
_ at the port marked either "TRANS INPUT," or "TELE #1."
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STRIP CHART
INPUT SIGNALS

CONNECTOR PIN-
ouTS

RECONNECTING
WIRES

The signal cable to the strip chart exits the right

side of the vertical terminal strip where it shares
terminal positions with the DCP wiring. The signals
enter the back of the strip chart with labeled banana
Jacks. The 12VDC power supply to the strip chart shares
this cable and also enters the strip chart with labeled
banana jacks.

A description of the signal cabling and connectors can
be found in Appendix 6.

Cables are fixed to the terminal strip board with strain
reliefs so it is unlikely that a signal wire will come
loose from the terminal strip. If a wire does detach,
strip the wire’s jacket back 3/8 inch, double the wire
back on itself, insert into the screw hole, and tighten
to clamp down on the wire. Do not avertighten as the
wire strands will break. Refer to the wiring diagram

to verify correct wire placement, and document this
repair on the Log Sheet.

8.5 Strip Chart Component Descriptions

Refer to Figure 8-4 for the location of the strip chart controls and

connections described below:

CHART PAPER
MAGAZINE

CHART PENS

PEN LIFTERS

The entire chart paper magazine removes for easy paper
installation, as described on pages 2-8 through 2-10 of
the manufacturer’s instrument manual. Blank paper is
stored at the back of the magazine, while paper with
recorded data folds into a storage area at the front.

Chart recorder pens slip into holders, as described on
pages 2-10 of the manufacturer’s manual. It is )
important that the pens be pushed all the way into the
mounts. Note that the pen positions, as they mark on the
chart paper, are offset slightly. This is important to
keep in mind when lTooking at the strip chart data.

Pen lifters 1ift the pens off the chart paper to prohibit
recording or to make installation of new pens easier.

IMPORTANT - -pen 1ifters should be in the fully "down"
position for routine operation. '
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EVENT MARKERS

RANGE SWITCHES

ZERO CONTROL
KNOB

ZERO RECORD
BUTTON

POWER ON/OFF
SWITCH

CHART START/STOP
SWITCH

CHART SPEED
SELECTOR

Event markers are momentary-on push buttons that, when
depressed, make a "tick" mark on the strip chart trace.
These tick marks are used to accurately record events

such as field operator servicing visits. Tick marks on
the trace should always have a time and date written

next to them. When making tick marks, depress the event
markers 4 or 5 times rapidly to make a good positive mark.

Range switches should be set to the values listed on the
strip chart settings sticker. ‘For most locations, CHA
should be set to the 1-volt position and CH-B.to the 50-.
volt position. The 50-volt setting is a combination of the
10-volt push-button and the zero control knob pulled out to
the X5 position.

The zero control knob serves two functions: 1) it
positions the pens to the correct zero position on the
chart paper (The zero position can only be adjusted when
the zero/record button is in the zero position.), and 2)
it expands the range settings by a factor of five; for
example, a range switch setting of 10 becomes 50 volts
full scale when the zero control knob is pulled out.

The zero/record button adjusts the pens to their correct
Zero position when used in conjunction with the zero control
knob.

IMPORTANT--the button must be in its record position
for routine operation.

The power on/off switch controls the supply of power to
the recorder regardless of the power supply used.

This switch stops movement of the chart paper. It does
not inhibit the pens from changing position as input
voltages change. With the slow chart speed used in the
transmissometer monitoring system, it is possible to
write strip chart documentation on the "moving" chart
paper. This switch should never need to be used.

IMPORTANT--no data will be recorded when the switch is in
the "stop" pesition.

The speed at which the chart paper passes the recording pens
is selected by these switches. The speed is determined by a
combination of the setting chosen from the upper six switches,
and the setting of the lower switch. These switches should
remain in the positions listed on the strip chart settings
sticker. For routine monitoring, the button marked "1"

should be depressed and the bottom button should be in the
“up” or "cm/hr" position.
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CH-A INPUT

CH-B INPUT

CAL/REC SWITCH

FUSE

EXTERNAL BATTERY
CONNECTOR

POWER SOURCE
SELECTOR

POWER SAVE
SWITCH

The analog voltage representing the transmissometer
extinction signal inputs the strip chart recorder at CH-A
on the back panel. The banana jacks on the strip chart
cable are labeled: the CH-A positive lead connects to the
plug marked "+," and the negative lead connects to "-."

The analog voltage, representing toggle state (on or off),
inputs the strip chart recorder at CH-B on the back panel.

The CAL/REC (calibrate/record) switch puts the recorder in
either the "test” or "operate" mode. If the switch is
placed in the "CAL" position, an internally-generated 50-
millivolt voltage is sent to the channel. This known
reference voltage is used to check or verify correct
recorder operation. For routine monitoring, the switch
should remain in the "record" position.

IMPORTANT--no data is recorded when the switch is in the
"CAL" position. ' ,

The fuse contained within the fuse holder is used only
when the recorder is operated from AC power. Spare fuses
are supplied with the servicing equipment.

If DC battery power is used to operate the strip chart
recorder, the power jacks connect at the position labeled
"EXT battery" on the back panel. Care must be taken to
observe correct polarity.

The power source switch selector position must match the
type of power supplied. When battery power is used, the
switch must be set to 12V, not 24V. When the AC power is
used, the switch must be set to "AC line."

The power save switch reduces power consumption when only
one channel of data (CHA) is to be collected. If the pen
on Channel B fails to respond to signals or changes in
control switch settings, check the position of the switch.
This switch must remain in the "off™ position.

8.6. DCP Component Descriptions

Refer to Figure 8-5 for the location of the components listed below:

ON/OFF SWITCH

The main system on/off power switch is located next to
the fuse holder near the hinge. Do not turn this switch
"off" unless directed by ARS.

IMPORTANT-~if power is turned "off," the internal program
will be destroyed and the unit will require re-programming.
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FUSES

- BATTERY

DESICCANT
INDICATOR

BOX CLOSURES

SUPPORT CARD

CPU CARD

MET CARD

Three fuses mounted in holders next to the on/off switch
protect the internal battery, an external battery (if
used), and the program set power-output circuitry.

IMPORTANT--removal of internal battery fuse will wipe out
the program and will require a site visit or replacement DCP.

The orange, 12VDC, 20-amp-hour gel-cell battery secured
in place at the end of the box powers the DCP.” Do not
attempt to measure the battery voltage unless instructed
by ARS. Shorting the positive battery terminal to the
holder with the test lead could cause damage to the
circuitry or wipe out the program.

The desiccant indicator affixed to the battery holder
monitors the effectiveness of the desiccant. When the
desiccant is in good shape or "active," the color of the
circle matches that of the rectangle--both should be blue.
When the desiccant is spent, the circle color will be
pink. It is best to check the indicator immediately upon
opening the DCP door as the color will change in approxi-
mately two minutes.

A11 box closure clamps must be tightened to assure a good
fit. Do not overtighten the clamps.

The support card contains the battery charging circuitry,
system power supply, timer, and analog-to-digital converter.

This card is always located in card slot number 9. Card

slot number 1 is located closest to the battery.

The CPU card contains the microprocessor, memory, and
system firmware (operating system). This card is always
placed in slot number 8 between the aluminum plates which
act to shield it from interference.

The meteorological sensor card provides signal conditioning
for sensor inputs. It is here the transmissometer extinc-
tion analog signal is converted to a format that is usable
by the computer. For use in our system, this card is always
placed in slot #6. Two multi-color ribbon connectors

bring sensor signals from the input panel to the met cards.
Most DCPs have two pairs of ribbon cables--some may have
three pairs. The pair marked "telephotometer #1" or
"transmissometer,” should be used with the shorter of the two
cables connected td the left met card cable input (battery at
top). The black conductor is on the left on both cables.
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GOES TRANSMITTER The GOES transmitter circuit board located on the inside

PRIMARY CHANNEL
SWITCHES

SECONDARY CHANNEL
SWITCHES

GRAY RIBBON
CONNECTOR

of the door enables the DCP to transmit data at precise
user-selected frequencies to the satellite. The transmitter
has the ability to broadcast at 265 frequencies between
401.701 and 402.0985 MHZ in 1.5 KHZ steps. The 10-watt
transmitter power output is +40 dBm.

There are six, square, red dial switches located in the
upper right corner (battery at top) of the GOES radio
transmitter circuit board. The top three switches, labeled
“CHAN 1", are used to set the primary radio freguency at
which the DCP will transmit.  These switches should always
be set to the channel noted on the DCP sticker. When the
primary channel switches are set to 900, transmissions from
the DCP are hardware inhibited. This function is used to
field disable a DCP for shipping, or to ship a new DCP from
ARS to the field (described in detail in Section 7.2).

The secondary broadcast channel (CHAN 2) is not used in the
transmissometer monitoring network. These switches should
remain set to "000." The secondary channel is used in some
monitoring networks to broadcast random transmissions

when an emergency, such as a flood, occurs.

The gray ribbon cable connecting the GOES radio to the

CPU card should pever be unplugged. The computer relies on
clock signals generated by an oscillator on the GOES radio
board for its operation. -

IMPORTANT--disconnecting the gray ribbon cable will
destroy the internal program requiring a site visit by ARS

- technicians or a replacement DCP.

8.7 DCP Antenna Component Descriptions

The antenna used with the Handar 540A DCP is a Cross-Yégi type with a

gain of 10dB. The antenna has a half-power beam width of 47°, which means

that critical alignment is not necessary. Refer to Figure 8-6 for location

of the components

ANTENNA
ALIGNMENT

ALIGNMENT CHECKS

discussed.

The correct antenna alignment is documented on a DCP
sticker (Figure 8-7) located on the door of the DCP
enclosure. Antenna azimuth is expressed in degrees true;
elevation angle is given in degrees from horizontal.

Antenna alignment, as well as physical checks of the

antenna, cable, and connectors, should be made period-
ically using procedures described in Section 7.6.
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BASE PLATE
VERSION #1

BASE PLATE
VERSION #2

DRAIN HOLES

COAXIAL CABLE
CONNECTOR

DRIVER ELEMENTS

REFLECTOR
ELEMENTS

DIRECTIONAL
ELEMENTS

The base plate used in many installations is chrome plated
and adjustable in both the horizontal and vertical
directions. The plate is usually mounted to the shelter
w;th lag bolts or wood screws. The antenna bar screws to
this base.

Another type of base plate in use is designed for post
mounting. With this type of mount, antenna alignment is
a combination of the vertical component, adjusted with
two bolts at the base of the antenna rod, and the
rotational component adjusted with the two large Allen
screws which clamp to the post.

At the base of the antenna bar, on all but the oldest
units, are two holes which allow water that enters the bar

to drain. These holes should remain uncovered and should

be positioned towards the ground."

The coax cable from the DCP enters the antenna at this
connector. The connector should be oriented towards the
bottom of the bar if possible and should be screwed in
tightly to avoid moisture penetrating the seal and
degrading the signal.

The driver elements, lTocated in the second position from
the bottom on both antenna models, are the elements that
do all the work. For the transmissions to be strong enough
to reach the satellite reliably, all four elements must be
in good shape, and securely fastened in their holders.

These antenna elements function almost like a mirror
behind a 1ight bulb, increasing the signal strength.

These antenna elements further increase the output
power, as well as make the signal more directional.

8.8 Air Temperature/Relative Humidity Sensor Description

Ambient air temperature and relative humidity are monitored with a

Handar Model 435A sensor. This sensor combines both measurements within

one unit and is controlled by, and directly connected to, the DCP. The

temperature sensor measures temperature with a thermistor, an electronic

component whose resistance changes proportionally with temperature change.

The relative humidity sensor measures humidity with a humicap, a device

whose capacitance changes as its surface absorbs moisture.

77




SENSOR HOLDER

SAMPLING
FREQUENCY

The sensor is mounted in a white, parallel plate shield
that acts to dissipate heat and to protect the sensor.
The design assures that heat from the shield is not
conducted to the sensor causing errant, high readings.

Air temperature (°F) and relative humidity (0-100%)
measurements are taken once per hour at the same time
other measurements are made. Under routine monitoring
procedures, all sensors are scanned at 30 minutes past
each hour.

8.9 Solar Power System Component Descriptions

At some locations the receiver; transmitter, or both stations are

powered from a solar system with the following components: solar panels,

regulators, storage batteries, and interconnection cabling. The number of

solar panels is based on the estimated hours of sunlight available.

Transmitter stations will require at least two panels approximately 1.5’x 3/

in size. Most receiver stations can operafe from one such panel.

SOLAR PANELS

'SOLAR PANEL
OUTPUT

REGULATORS

Solar panels produce electric current when illuminated

with sunlight. Panels should be oriented towards true
south, and are inclined to angles that are most efficient
for winter operation (latitude plus 15 degrees). A coating
of dust or dirt on the glass surface will reduce collecting
efficiency; procedures to clean the panels are described

in Section 7.4.

The solar panels used in the transmissometer systems
produce approximately 18 volts when fully illuminated-
With the panel/regulator system connected to a battery, it
may be difficult to measure panel voltage output directly.
Procedures to trouble-shoot solar panel power systems are
described in Section 8.6.

Electrical current produced by the solar panels is used to
charge the storage batteries. A regulator prevents over-

charging of the batteries during extended periods of sunny
weather. Older systems have separate regulators housed in
small, metal enclosures within the shelter. Newer systems
have regulators mounted in the junction boxes on the back

of the panels.
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B.10 AC Line Power System Component Descriptions

At some locations the receiver, transmitter, or both stations operate

from an AC Tine power. As all instrumentation and data collection equip-

ment have the capability of operating from DC power, AC power is used to -

charge batteries from which the instruments operate. An.AC power system is

comprised of the following components: a surge prbtector{ automatic battery -

charger, and a deep-cycle storage battery. Because the AC charging system

can charge the battery, unlike a solar system affected by weather, only one

storage battery is required at each station.

RECEIVER SHELTERS Receiver shelters configured for AC power distribution

TRANSMITTER
SHELTERS

POWER USAGE

SURGE PROTECTORS

“have at least two separate lines--each protected by its

own breaker; most shelters have three breakers. The extra
capacity was added during shelter construction so that

the shelter could accommodate additional equipment, if
needed, at a later date.

Transmitter shelters which are AC powered usually do not
have more than two breakers as the shelter’s small size
prohibits the addition of more instrumentation.:

The transmitter alone requires 2.7 amps at 12.6 volts DC
while in the “on" or "transmit” mode and 10 MA in the
*wait” mode (9.6 watts/hour). The receiver, DCP, and
strip chart recorder combined consume approximately 1.7
amps at 12.6 volts (21.4 watts/hour).

Two versions of Northern Technologies’ surge protectors
protect instruments from potentially-damaging power surges.
One model has two system warning lights, the other has
three 1ights. The 1ights indicate the surge operating
condition of the protector, as described below:

Green The surge protector is in good operating condition.
Light

Yellow The surge protector has sustained partial damage
Light as the result of a power surge, but is still
capable of providing protection.

Red The surge protector has sustained a massive power
Light surge and is no longer capable of providing
protectian.

If the red 1ight on either model surge protector is 1lit,
call ARS for a replacement unit.
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BATTERY CHARGERS Standard automobile-type, automatic trickle-chargers
charge batteries in both the transmitter and the recejver
shelters, Automatic chargers monitor the battery voltage
and discontinue charging when a fully-charged state is
reached to prevent damage from over charging. Replace
these units with chargers that are automatic only.

CHARGER NOISE Battery chargers at the receiver stations have an easy
life so their meter needles will almost always be at zero
due to the low power requirements of the instrumentation.
On the other hand, chargers used at the transmitter will
have to output at least 2.5 amps while the transmitter is
running; this may cause the chargers to buzz. When a
battery is fully charged, the charger can be heard to turn
on and off approximately every two seconds--this is normal.

SURGES Most surges of a magnitude large enough to damage
instrumentation come from lightning striking near or on
power lines. Fluctuations in frequency or noise on the
line due to nearby machinery have no effect on the system
as the battery acts to minimize or negate these problems.

8.11 Storage Batteries System Description

Deep-cycle‘storage batteries at most locations power equipment at

both receiver and transmitter stations with both solar or AC line power

supplies. Deep-cycle batteries with their larger plate mass are needed at

the transmitter station. The equipment used at the receiver station does
not have the large cyclic power requirements of the receiver; therefore,
traditional lead-acid batteries are sufficient. Maintenance-free batteries
are not used because of the difficulty in assessing their state of charge.

This means that distilled water will need to be added to the batteries

periodically, usually only during ARS field technician site visits.

BATTERY NOISE During periods of full sunlight, batteries may produce
bubbling sounds. This is normal, and does not indicate
the regulator is malfunctioning. Newer solar panel
regulators charge the battery very slightly even when the
batteries are fully charged, as this has been found to
circulate electrolyte within the cells and avoid
stratification of the acid electrolyte. Charging of the

batteries can be heard most easily for a period after the
transmitter turns off.
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EXPLOSIVE GASES

LOW BATTERY
FLUID LEVEL

BATTERY CHECKS

INTERCONNECT
WIRING

The bubbling heard when traditional lead-acid batteries
are charging is the production of hydrogen gas. If the
batteries are charged in a confined space, hydrogen and
oxygen gas may accumulate in proportions that may be
explosive. Transmissometer shelters should "breathe"
enough to avoid the accumulation of gasses during the
fall, winter, and spring. Vents are provided in each
shelter for removal during the summer as a precaution, as
well as to vent hot air. In any case, it is wise to
avoid smoking around lead-acid batteries, and to be aware
of the dangers associated with them. -

A sudden drop in the level of battery fluid indicates a
possible problem with the battery or regulator. In most
cases, batteries should go for a full year without adding
fluid. Batteries in areas of high temperature and Tow
humidity may need filling at a siightly more frequent
interval. Only distilled water should be added to the
battery.” This has been supplied to only a few locations
where freezing of the water is not a problem.

A hydrometer has been suppiied to all locations to check
the charge of storage batteries. This need only be done
under the direction of ARS technicians.

A1l power wiring used to interconnect solar panels,
batteries, and terminal strips should be Tabeled at the
connectors. As a general rule with black and white
conductors, the black will be positive. With red and
black conductors, the red will be positive. On lamp

cord, the marked wire (usually by grooves) will be
positive. As with all electrical or electronic conductors,
it is important to verify correct polarity before
connecting to power; if unsure, call ARS for direction.

8.12 Support Equipment Descriptions

This section describes some of the equipment used in support of the

transmissometer monitoring system.

WINDOW GLASS

SPARE GLASS

The glass panes used in transmissometer shelters are
special high-quality, polished, flat stock with accurately
known, light transmittance properties. The transmittance
at 550 nm (green) is etched on a corner of the glass.

IMPORTANT--do_not replace the supplied panes with glass
of a lesser quality--instrument readings will be affected.

At least one pane of spare glass should be stored in each
shelter. Notify ARS if spare glass is not supplied.
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WINDOW FRAMES

MOUNTING POSTS

RECEIVER
ADJUSTMENT BASE

TRANSMITTER
ADJUSTMENT
BASE

SERVICING
SUPPLIES

RECEIVER STATION
TOOL KIT

SPARE SHELTER
KEYS

RECEIVER
SHIPPING CASE

A1l but the earliest shelters are outfitted with standard
window frames: 6"x 6" glass (before framing) is used in
transmitter shelters, and 12"x 12" glass (before framing)
is used in receiver shelters. The window frame permits the
removal of glass pane from inside the shelter both for
operator convenience and more thorough cleanings. A wooden
strip and locking screw retains the pane in place. The
frame is also equipped with a second slot that allows for
the addition of an aluminum vandal plate.

Mounting posts used for both the transmitter and receiver
telescopes are made of large diameter steel pipes. To
further increase the mass, the post is filled with fine
sand. The extra mass makes the post less likely to move
the telescope as the post is heated and cooled. The posts
enter the shelter without touching the floor to further
isolate the instrument from movement due to shelter
vibration.

The alti-azimuth base.used with the more alignment-
sensitive receiver telescope is supplied by Optec, Inc.,

. the transmissometer manufacturer. It allows for easy, fine

adjustment while minimizing mis-alignment problems due to
base thermal expansion and contraction.

The alti-azimuth base ﬁsed with the transmitter was
supplied by ARS. This low-cost base provides adequate
adjustment capabilities.

A Tist of the servicing supplies that should be stocked
in each shelter is included in Appendix I. Notify ARS
when supplies run low.

Tools needed to service instruments and equipment have

. been provided. They should remain in the receiver

shelter,

Spare shelter keys are kept at ARS for each location. A
key has been hidden close to shelters in most locations.
Call ARS for information regarding spare keys.

Cases for shipping transmissometer components have been
supplied to all monitoring locations. The wooden receiver
computer case has dimensions of 15"x 21"x 18". The wooden
receiver telescope case has dimensions of 12"x 28"x 12"
(detector head must be removed for shipping). The trans-
mitter, control box and cable, and receiver detector head
are shipped in a gray, suitcase-style case. The original
strip chart box has been left at each site for shipping.
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LAMP CASES

CALIBRATION
TRIPODS

A small 9°x 12"x 5" black case has been supplied to hold
replacement transmitter lamps, as well as spent lamps
awaiting post-calibration. Cleaning supplies for the lamps
are also included in the case.

Tripods for use in instrument calibration have been
stored at some monitoring locations. The tripods used
with the receiver telescope are large, Celestron (mfg.)
astronomy telescopes. Small Bogen tripods are used with
the transmitter and may also be stored at some locations.
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APPENDIX A

Transmissometer Measurements

The Optec, Inc., LPV-2 transmissometer measures the ability of the
atmosphere to transmit light. Light from the transmitter is collected,
measured, and compared to a pre-determined, user-entered calibration
number to determine the transmission coefficient. ~The calibration number
represents the reading in counts which would be measured if the atmosphere
between the transmitter and receiver allowed 100% 1light transmission. )
With the calibration number dialed-in on the computer front panel, the
percent transmission (T(%)) is calculated by the receiver computer as
follows:

T(%) = Iransmitter Measurement (Counts)

Calibration Number (Counts)

Transmission measurements are site specific because the measurement
is a function of the distance between the transmissometer transmitter and
receiver. Two related values--extinction coefficient and visual range--
are distance-independent and can also be calculated and output by the
computer when the distance between the transmitter and receiver is user-
entered on the front panel. These two terms allow intercomparison of
visual air quality measurements from site-to-site.

The extinction coefficient, a measure of 1ight loss p?r unit
distance, is expressed in units of inverse kilometers (km**). The
receiver computer calculated the extinction (bayt) as foilows:

Bayt (km™1) = -LN T(%) / 100)
ext Distance (km)

As the air gets dirtier, the transmission of light through the
atmosphere decreases and the extinction increases. The ability of the
transmissometer to measure high extinction (low light transmittance), is
limited by the instrument’s ability to lock-on to the transmitter’s chopped
1ight signal. Depending on the path distance and the transmitter light
output, the transmissometer can measure down to a 4% transmission level.

On the other end of the scale (clean air--low extinction), the lowest
measurable extinction is limited by the atmosphere rather than by the
instrument. The lowest extinction measurements occur under Rayleigh
atmospheric conditions (the theoretically clearest, possible atmosphere).
i;_? Rayleigh atmosphere, extinction measurements should not go below 0.010

The extinction coefficient is a useful term, but one that may be
difficult to relate to our common experience. Extinction can, however be
easily converted to visual range. Visual range can be defined as the
distance at which a large, black object on the horizon just disappears
from view. If a contrast difference of 2% between the object and its




background is used to define "just disappears from view," the visual
range (V,.) can be calculated as follows:

Velkm) = _3.912
bext (km™)

The relationship between extinction and visual range is illustrated in
Figure A-1. -

Visual range should be thought of more as a measure of atmospheric
clarity than as an absolute distance. Keep in mind that the calculated
visual range is based on a transmission measurement of the air between
the receiver and transmitter.

The value shown on the receiver computer display (Al switch on
position B) is the extinction coefficient in units of inverse kilometers.
The receiver computer Al switch can be moved to the C position to display
the raw reading in counts, or to the V. position to display the visual
range in kilometers. After viewing the display, the Al switch should
always be returned to the B position.
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APPENDIX B

. Transmissometer Data Examples

The transmissometer receiver computer outputs readings to both the
strip chart recorder and the telemetered data collection platform (DCP).
Figure B-1 below identifies information recorded on a strip chart.
Figure B-2 displays an example of plots made weekly at ARS to track the

operation of the transmissometer system. : )

Extinction sngnal . Toggle signal
DCP Transmission Channel A, black pen Channel B, red pen
interf
interference (every 3 hrs.) _ Toggle off
Bext reading = 0.040 (8.8 on scale)
| .l- bl % { | v A
0. /h LN mi [ 1T _~Toggle on
m?)\‘/::r'ne:n N 1\ IH [ } i 1] /(9.8 on scale)
| = A i dl «
CHA Zero q - =
(0.0 on Scale) | * \L“ ‘ } I "
- T NI ] 1] .
-|m 10 IHR ] 'Wkt !M iLH (4 '3 gl Lo o
c JEIE EREIEEEEID T INEEE YNNEE YO I TN 0
[+ }] N EEREE FERER BE: P Illr .Al. R IR By g
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L VI I T ! 'y ) | : |
é . | "' ,. ; . Ii xl . L] (1T [ ]
- - ' I ‘ 1§ ] ]
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Figure B-1. Example of Strip Chart Data.
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APPENDIX C
List of Related Reading Material

Malm, W.C., 1983, Introduction to Visibjlity, Mational Park Service, Air
and Water Quality Division, Air Research Branch, June.

Malm, W.C., 1986, Co mngrjson of Atmggpne:ig Extinction Measurements Made by
a Transmi Nephelom Teleradiometer, with

Natural and Art1f1g]gl Black Targets, APCA International Speciality
Conference Proceedings (pgs. 763-782), Grand Teton National Park, WY.

National Environmental Satellite, Data, and Information Service National
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NOAA--S/T 83/98
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APPENDIX D

Satellite System Information

Use of the geostationary orbiting earth satellite
(GOES) is free to government agencies. The operation
of the satellite system and the authorization to use
the system is directed by the National Environmental
Satellite, Data, and Information Service (NESDIS) which
is a branch of the National Oceanic and Atmospheric
Administration (NOAA).

Each DCP is assigned (by NESDIS) a one-minute time slot
every three hours at a specified time to broadcast its
data. In addition, the broadcast must be made at a
defined frequency. Every DCP is also identified with a
un;que platform "address,” an 8-position, alpha-numeric
code.

The data collected in the field must travel quite a
distance before it arrives in Fort Collins, Colorado.
Data is transmitted approximately 23,500 miles up to
the satellite, 23,500 miles down to Wallops Island, 140
miles to Camp Springs, Maryland, and 1,500 miles to
Fort Collins, Colorado, for a total of approximately
48,640 miles per data transmission.

The GOES west satellite, used by locations west of the
Mississippi, is located at a longitude of 135° west,
directly over the equator. The GOES east satellite,
used by Eastern locations, is located at a latitude of
759 west, almost directly above Ecuador.

The relay of data from DCPs to the downlink facility is-
a minor portion of the satellite’s job. The primary
function is to provide weather-related data and images
to aid in forecasting. Each satellite is capable of
utilizing 233 frequencies for a total capacity of over
12,000 DCPs per hour. Data transmission rate is 100
baud (bits per second). The majority of the DCPs in
use throughout the United States help support early

warning flood ‘'monitoring systems.

D-1



APPENDIX E

Example of a Completed
Transmitter Station

Log Sheet
A Resource
{ZSpeciaists. Inc. Location mu_
TRANSMISSOMETER OPERATOR LOG SHEET '
TRANSMITTER STATION

Date _/20/2%  Time _3:YS AM _ Operators) — Touu Sweyu
Sheiter Temp. (*F) Max 33 Min 41 Currem 20 _____ ___

Describe Weather & Haze Conditons: 2 o o 7] Wt
MAEE (PROZANLY DUl TO CowTEoMtd) Tulds .APP0% § Mets 7o rasT)

ALIGNMENT Mark initial location of light source with a ¢ +*, Align and/or comment as needed.

Imitial Commants
@ Avomwmtinr CHIERIO AFTTR Subd ¢ uamst

ROUTINE PROCEDURES

Y& NO

[m| Alignment corrected

a ' Windaw dean ypon arriving

= O Wwindow cleaned (if no. comment)

G [0 Solarpaneisdeaned

d Gf LampLED “on”; if yes, call ARS (This check is only valid during lamp “on” time.)
] g 0 Lampchanged (To be doas only on specified dates or upon direction from ARS.) Newlsmp # 29

a = Time reset (upon direction of ARS only)
SPECIAL PROCEDURES
Lamp No. inUse: A, Comments: fane %23 Rtmound (amP 9249 jusracti

Timing Check: Transmiter 0N/®n MR:MIN:SEC): _10316:13

COMMENTS/SUPPUES NEEDED teniAL ) IQE L

Enciote the onginal of this Log Sheet and send wo:

Alr Resource Specialists, Inc., 1901 Sharp Point Dr., Suite E, Fort Collins, CO 30525, 303/434.794)



APPENDIX F

Example of a c°m91eted
Receiver Station

Log Sheet
Alr Azsource
gSpecislisrs. inc. Location _Foar Cecerard C sokAde
TRANSMISSOMETER OPERATOR LOG SHEET
RECEIVER STATION
Date Z/ZQ/%R  Time [O:SS AM  Operatorts) _Joux Seciru
Sheiter Temp. (P Max 3.5 Min Y2 Curree 23 ___
Describe Weather & Haze Conditons: .10 7 T _Sieav JELE Sy t
FARE (PRMEASLY Dut YO COomvRoretd Suidw APPROX. [0 MisTS TO £437.)

READINGS

Before Align.: Time __10: T5 AR Reading . 2.090 . Toggle ON/OFF _ O .. . . ..

After Align.: Time Lt LS A Reading 0:096  Toggie ONIOFF _QEE_

Time Check: Transmitter Ligmt ONOFF QN Time (HR:MIN:SEC) LLIQQ: I8
Receiver Toggle Che. ONVOFF Q% Time (HR:MIN:SEC) L1212 "96

COMPUTER SETTINGS GAIN 150 AL 429 DIST -2 ke,
AM-C@W A2-50.€0 INT-1.@30.60  Cyeie—4H,2H, {H)20M, 6

ALIGNMENT Mark initial location of light source with & * +7. Allgn and/ar commant as needed.

Initial Comunents
ROUTINE PROCEDURES
YES NO Y& . NO
& [ Alignmentcorrected m] " OVlight“on” (ifyes, call ARS)
O & Windowciean upon arriving &~ O Stipchartmarked
E [0 Windowdesned (ifno, comment) E O OwnrpiperOX
B O Solarpanalscieaned O & CunpesOk

SPECIAL PROCEDURES (Qum&aﬂvmnimﬁmmm
[ O Computerresat
a O Timaresst

COMMENTS/SUPPLIES NEEDED _Rx0 Ptu wad Quu owr - RIPtACY) Yoy Afas
NuastAow) roMTROCLD Julnd 1o ABLIA Oupiye AAST | LEL1X

Enclose the oniginal of this Log Sheet and send t:

Air Resource Spedalists, Inc., 1901 Sharp Point Dr., Suite £, Fort Collins, CO 80525, 303/484-7941
o3/88

F-1



APPENDIX G

Transmissometer System
Cable and Connector Description

Mel

Wire Wire lnput Pwr Full Dcep
Function Input Card P :
Color jor P - Ad
Co Pin # Pin # ddrs Addrs Scale CH #
Bext ' -
1 Signal Yellow Yellow G 12-8 6 s 1000 1
Raw Reading/
2 Stdev. Signal | White White 8 12-14 [ 8 500 3
foggle
3 Siggngal Orange Orange C n-12 9 8 001 2
Bexr
4 Cround Green Green [} ns
: Raw Reading/
5 Std. Grm.lm:ig Black Black K 12-10
6 coegle Brown Brown X j2-10
» Nut l'JSNl ——— — — —
8 Not Used — — — —
DCP
9 Shield Bare Bare M Chassis/
Grd.
Comments:

1. Rec Output Cable - 6 ft. DCP Input Cable - 8 ft.; A1
determines Pin 1 output; A2 determines Pin 2 output.

2. Receiver outputs double ended; Handir DCP has

common ground.,

1. DCP input pins not listed above
Wire Color - Wires Not Used

A - Blue, N-19, (5.8)
D - Grey, 116, (D,B}
E - Red, J1-15, (A.B)

F - Purples, 2-9, (F,B)
H « Not used

Leave extra wire at terminal strip end - do not trim.
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Receiver computer

Output Connector

(O10]0)

®OO

01010

Pin No. Function Wire Color
1 A1 Switchable to: Yellow
Raw Reading, Bexor Ve
2 A2 Switchable to: ' White
Raw Reading, Std. Deviation '
3 Toggle Switch Orange
4 A1 Ground Green
5 A1 Ground Black
6 Toggle Ground o Brown
7 Not Used :
8 Not Used
9 Bare
Power Connector
®
® @
@
Pin No. Function Wire Color

1 Not Used .
2 + 12 Voit DC Black (Ribbed)
3 -12Volt DC Black
4 Not Used



~ APPENDIX H

Transmissometer Servicing Supply List
Transmitter and Receiver Stations

Receiver Station

WO~ U & WM -
L] - L] - - . L] L

[o—ryy—y
—_0.
.

PN bt bt bk et Pt e o et
WO~~~ B WM
. - L) - L] - - L) L] »

~n N
N
. .

3-ring binder

Log Sheets

ARS mailing labels
Pens

Kimwipes

Isopropyl alcohol
Compressed air
Window cleaner

Paper towels

Broom

Dust pan

Signal mirror
Flashlight

Max/min thermometer
Digital clock

Strip chart pens--black
Strip chart pens--red
Strip chart paper
Spare fuses--5 amp
Spare fuses--1 amp
Spare fuses--0.5 amp
Receiver station tool kit

H-1
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= O 00N WU & Wh =
S e 8 s s s s »

itter Statio

3-ring binder
Log Sheets

"Pens

Signal mirror
Flashlight

Max/min thermometer
Kimwipes

Isopropyl alcohol
Canned air

Window c¢leaner
Paper towels

Wisk broom
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1.0 INTRODUCTION

The IMPROVE Committee directed Air Resource Specialists, Inc. (ARS)
to install 8mm time-lapse and 35mm color-slide camera systems at Voyageurs
and Petrified Forest National Parks to access the possible visual air
wality impact in class I areas by plumes from 1qcal_sour¢es. ARS personnel
traveled to Petrified Forest National Park with W. Malm, of the National- |
Park Service, to select and install the monitoring systems. W. Malm
traveled to Voyageurs to select the monitoring site; the equipment was
supplied and shipped by ARS. National Park Service personnel installed the
camera systems after phone conversations with ARS staff.

The IMPROVE Committee also directed ARS to provide an 8mm time-Tapse
system for installation at Moosehorn National Wilderness. Bud Rolofson, of .
the Fish and Wildlife Service, traveled to Moosehorn Wilderness to site the
8mm time-lapse system. The system was shipped to Moosehorn and installed bv
Fish and Wildlife personnel. No systematic, 35mm color-slide photography was
initiated at the Moosehorn site.

The following sections describe the collected data from each site.



2.0 PETRIFIED FOREST NATIONAL PARK

The combined 8mm time-lapse and 35mm color-slide system began
operation on March 13, 1987. The system was installed with the 8mm and 35mm
cameras viewing the same sight path. The view was southeast overlooking the
- Tength of the Park toward Blue Mesa. The system operated at this 1ocatjon
until July 31, 1987. Figure 2-1 is a photograph of the monitoring view.

During this time period, no visible plumes were recorded by either the
8mm time-lapse or 35mm slide systems. The IMPROVE Committee directed ARS to
move the monitoring systems to another Tocation in the Park looking southwest
outside of the Park boundaries toward the Cholla Generating Station (a coal-
fired power plant Tocated approximately 40 km from the Park boundaries).

The power plant is to the right of the center-of-view, Tocated just over the
horizon and not directly visible in the photographic record. Figure 2-2 is
a photograph of the new monitoring vista.

The system operated until March 1, 1988. During this monitoring period,
no visible plumes were recorded entering National Park areas. Occasional
discoloration onvthe horizon was visible, but not readily identifiable or
traceable to any specific source. Figure 2-3 is an example of this distant,
| elevated layer of haze. Thus, the IMPROVE Committee decided to discontinue
any further special photographic monitoring at Petrified Forest and directed

- ARS to remove the equipment which was accomplished in early April 1988.




Figure 2-1. Petrified Forest National Park - Initial Monitoring View
Southeast Toward Blue Mesa.



Figure 2-2. Petrified Forest National Park - Second Monitoring View
Southwest Toward Cholla Power Plant.



Figure 2-3. Petrified Forest National Park - View of Layered Haze on
the Distant Horizon.



3.0 VOYAGEURS NATIONAL PARK

The 8mm time-lapse system began operation on October 24, 1986, viewing
north across Kabetogama Lake. The-nearest sources were approximately 30 km
west-northwest of the vista. The 35mm camera was sited by Park personnel to
view east through the Park to a more distant horizon feature. The neQ vista
‘has a more appropriate target for microdensitometry visual aif quality
analysis. . Figure 3-1 is a photograph of this monitoring view.

The systems were in operation until April 1988. During this period,
no distinct, easily-identifiable plumes were visible in either the 8mm time-
Japse or 35mm slide data. The IMPROVE Committee directed ARS to have Park

personnel discontinue operation of the camera systems as of April 20, 1988.




Figure 3-1. Voyageurs National Park - 35mm Camera View.




4.0 MOOSEHORN NATIONAL WILDERNESS
An 8mm time-lapse camera system has been in operation at Moosehorn
Wilderness. Due to difficult winter access, the camera was relocated.

The two locations are detailed below:

Location 1 o
October 5, 1987 -  November 15, 1987
Camera Location Magurrewock Mountain
Vista Photographed Woodland Georgia Pacific Mill
Azimuth 264 degrees
Location 2

Novemberlls, 1987 - February 14, 1988

Camera lLocation Clearcut End of McConvet Road

Vista Photographed Woodland Georgia Pacific Mill

Azimuth 292 degrees
The 8mm time-lapse has éhown a visible plume being emitted from the

pulp mill nearly every day. The majority of the time, the plume appears to
cross over the Wilderness boundary. Since no 35mm photography is available,
the time-lapse film has been transferred to video tape which accompanies this
report. The camera continues in operation and film is being processed and

archived by ARS.




5.0 CONCLUSIONS

Photographic monitoring at Petrified Forest and Voyageurs National
Parks for a period of one year has not been able to discern any identifiable
plumes entering class I areas. The photographic record has been archived
and the special monitoring discontinued as of April 1988 at both Parks.

Time-lapse monitoring of emissions from a pu1p1m111.10cated near
Moosehorn Wilderness has identified many cases of visible plumes entering
the class I area. The 8mm time-lapse from October 5, 1987, to February 14,
1988, has been transferred to video tape_for distribution with this report.

Photographic monitoring with the 8mm time-lapse camera continues.
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TRANSMISSOMETER DATA COLLECTION AND PROCESSING

DAILY PROCEDURES

1.

Every day the ground station at Wallops Island, Virginia, is inter-
rogated via modem for the data transmitted by the Data Collection
Platforms (DCPs). The communications package used is CROSSTALK. A
program called WALLOPS.EXE (or WALLOPS2.EXE) configures CROSSTALK and
initiates the call. The user is prompted for the name of a local file
in which to store the pulled data, and for the start date and time of
the data desired. The data pulled from the ground station are tagged -
with the date and time received from the DCPs in GMT (Greenwich Mean
Time). These date and time tags are translated to standard local date
and time on a site-by-site basis when the data are appended to the

raw file. The output of step 1 is the Wallops data file.

The Wallops data file may contain information not pertaining to the data
desired. This information may concern solar eclipses, expected OCP
messages not received, DCP transmitting at wrong time, as well as non-
ASCII characters. The operator examines the Wallops data file for
errors, making corrections as necessary. The file is then stripped of
its header and message information, with the output going to the
stripped Wallops data file; the program STRIP.EXE does this.

The program saves the header and message information in a message

file for printing and archiving. The operator keeps a written record
of the performance of each site, noting bad readings, weather incidents,
and operator problems.

The data in the stripped Wallops data file are now to be appended to the
raw transmissometer files using the program APPEND T.EXE. There is

a raw transmissometer file for each site. and each is named as the 4-
character site code followed by _T. For example, the Grand Canyon file
is called GRCA_T. The APPEND T.EXE program reads the stripped Wallops
data file, translates the GMT date and time to the standard date and time
local to the site being processed, and adds the data to (or overwrites
the data in) the raw transmissometer file for the site being processed.
The program keeps strict track of where it is adding or changing data.
The program will not allow data to be changed at the wrong record. The
program will add missing (coded 8) hourly records as necessary when’
adding data past the end of the file. The program will code all data
that are added to, or changed in the file as 0. The raw transmissometer
file must always start on a seasonal boundary. The raw data are plotted
bi-weekly and posted for review by field personnel.




SEASONAL PROCEDURES

1.

At the end of a season all written documentation is analyzed to
determine dates and times when the instrument was down or when the

data were bad due to operator error. This information is included in a
special code file for each site. For example, the code file for Grand
Canyon is GRCA_C. The documentation is also examined for details
concerning lamp changes and periods when the lamp was off. This
information is included in a special lamp file for each site. For
example, the lamp file for Grand Canyon is GRCA_L. The valid codes in
the code file are as follows: ' ‘

0 Good data (default)

1 Operator error:
Flip Mirror
Alignment
ete.

2 ) Instrument down

8 ' Data acquisition error

Did not get data from Wallops Island

When the code file has been updated, the program ACODE_T.EXE is used to
update the codes in the raw transmissometer file according to those
listed in the code file. ACODE _T.EXE must be run for each site. The
raw transmissometer files are now the coded transmissometer files.

The coded transmissometer files may contain one-hour duration spikes of
bad data caused by the sun or other factors. This is not to be confused
with a weather episode which would normally last more than one hour.

If their amplitude is at least 15 times that of their neighbors, these
spikes will be coded bad data (code 2) when the program SINGLE_T.EXE is
run. SINGLE_T must be run for each site. The coded transmissometer
files are now the filtered transmissometer files.

The filtered transmissometer files must start on a seasonal boundary
for the averaging and seasonal plotting programs to operate correctly.
The program TFILL_T.EXE must be run for each site. TFILL_T.EXE fills
the filtered transmissometer files to the nearest seasonal boundary
specified by the operator with missing data.

The data in each filtered transmissometer file are next averaged to
create a new file called the average transmissometer file using the
program AVG_T.EXE. The average transmissometer file for Grand Canyon
is GRCA_6. AVG_T.EXE must be run for each site. AVG_T.EXE calculates
6-hour averages as follows: -

times 1-5
6-11
12-17
18-23
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The program keeps track of the number of hourly readings that was
used to calculate each average. This number may be used later as
a validity code for the averaging process.

The average B.y¢, average relative humidity, average temperature,
average SVR, ana the number of points used in the average are written
to the average transmissometer file at times 5, 11, 17 and 23.

The average transmissometer file now undergoes the lamp drift correction
process. The Bgyt values are corrected for a lamp drift of 2% per 500
hours of lamp-on time. The dates and times and status of the lamp (ON
or OFF) must have been listed in the lamp file for each site. The lamp
file for Grand Canyon is GRCA L. The program LAMP_T.EXE uses this lamp
file to apply the correction to the Byyt values in the average trans-
missometer file. The result is the corrected average transmissometer
file. This file also contains the lamp numbers that were included in
?h?11amp file. The algorithm used to make the lamp correction is as
ollows: '

Let x1 = 16 number of minutes per hour the lamp is on.
Let x2 = 60 number of minutes in an hour.
Let x3 = 500 number of lamp-on hours for a 2% drift.

Then,

x3 ' -

yl = ------ = 1875 number of actual hours for a 2% drift.
x1
X2
yl

Y2 = ceenes = 312.5 number of 6-hour averages for a 2%

6 drift.

Let N be the number of 6-hour averages since the last lamp change.
Then,
N
y3 =1+ 0.02(--~-)
y2

1 1
L R b )In(---~) the factor to be added to
path distance y3 the Nth 6-hour average

Bext'




6. The data in the corrected average transmissometer file may now be
plotted on a seasonal basis using TSUM_T.EXE, the transmissometer
seasonal summary program. This program uses information stored in a
special site data file TSITE.CON to determine 1f the site 1s an Eastern
or Western site. Eastern and Western sites are plotted on different
scales. The program allows linear or logarithmic scales on the y-axes,
while a linear scale is used on the x-axes. The cumulative frequency
calculations use the count method, ignoring data that falls below the
threshold for a particular site. This threshold is specified in
TSITE.CON for each site. The threshold for Western sites is typically.
SVR = 13 km, while for Eastern sites it is SVR = 2 km. The program
allows the operator to choose the minimum number of points used in the
averaging process as a cutoff level. The default is 3. That is, any
average whose value was calculated using fewer than 3 points will be
ignored in the cumulative frequency and data recovery calculations.

‘Trandata.Clol)




TRANSMISSOMETER INSTALLATION DATES

SITE DATE
GRCA 12-18-86
CANY - 12-19-86
PEFO o 04-17-87
ACAD 11-12-87
ROMO 12-01-87
BADL 01-14-88
SHEN - | . 03-09-88
- PINN 03-23-88
SAGO | NOT APPLICABLE
VOYA | 06-18-88
BRID - 07-19-88
YOSE 09-01-88
CRLA 09-01-88
MEVE - 09-14-88
BAND 10-05-88
GUMO 12-01-88
BIBE 12-01-88
GLAC 01-20-89
CHIR 02-17-89
TONT | 04-19-89

{TranData.Coi)



TRANSMISSOMETER QUALITY ASSURANCE NOTES

A transmissometer quality assurance (QA) program is currently under
development. The purpose of the QA program is to assure that all
transmissometer data are of known and sufficient quality to meet the
| monitoring objectives of the IMPROVE program. Tranemissometer data
quality--its accuracy, precision, complieteness, representativeness and
comparability--will be assured by implementing a system of principles,
practices, methods, guidelines, and procedures that are app]fcab]e to the
monitoring program and its individual components.

Development of the overall QA prograﬁ is underway. 'Standard operating
procedures and field operator manuals have been developed, published, and
distributed to each of the sites, the IMPROVE Committee and other visibility
scientists. These documents contain information on:

System design; ,
Installation considerations;
Operational characteristics;

Field operator procedures; and
Calibration of the transmissometer systems.

S O 000

Current work is focusing on formalizing the procedures developed during
the past eighteen months to handle routine and emergency maintenance of the
transmissometers and related system components in a swift, cost-effective
manner. A draft maintenance procedures manual is in preparation. These
procedures will then be implemented and tested in the routine operation of
the transmissometer ﬁetwork started in March 1989.

Procedures to verify the precision and accuracy of the transmissometer
and transmissometer data collection systems will be formulated through a

comprehensive instrument and systems testing experiment currently underway at




the test site in Fort Collins, Colorado. The major areas to be thoroughly

investigated include:

1. Calibration Procedures

Determination of optimum calibration path distance
Evaluation of electronic receiver sensitivity
Evaluation of calibration aperture size

Beam intensity reduction with neutral density filters
Consistency of lamp calibration between changes - )

2. Instrument Performance Tests

Transmitter beam - uniformity of illumination
Transmitter beam - stability of intensity
Transmitter - effects of temperature on operation
Receiver detector - uniformity of response
Receiver - effects of temperature on operation

3. System Performance Tests

- Window cleanliness and aging
- Telescope alignment

Data retrieval

Distance measurements

Gain adjustments

4, Operational Improvement Tests

Effect of heated windows

Effect of distorted windows

- Evaluation of flip mirror position indicator
Evaluation of standard deviation measurements
Evaluation of window cleaning techniques
Evaluation of various window/hood designs.

5. Data Analysis and Reporting Procedures Tests

These tests will provide the remaining information necessary to complete
the QA program documents. A completed, verified, and operational QA program

will be in place by December 1989.

(TransQA.Not)
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1.0 INTRODUCTION

The IMPROVE and National Park Service (NPS) IMPROVE PROTOCOL visibility
monitoring networks consist of a combined 37 sites. Tabla l-1 lists these
sites by network., Monthly Progress Reports have been issued since March
1987 discussing detailed design, installation, development, and operation of
these networks. The.following sections present summaries of the current and
projected status of the optical monitoring program. The major emphasis will
be placed on the transmissometer systems. Monthly Progress Reports contain
up-to-date information on the history of the installation, testing, develop-
ment and operation of all the optical monitoring equipment at each site; they
should be referred to for specific questions pertaining to any particular
monitoring location. .




TABLE 1-1

NATIONAL VISIBILITY MONITORING NETWORKS

WO~ U LN
= s e = s 3 s &

IMPROVE

ACADIA ‘NATIONAL PARK

BIG BEND NATIONAL PARK

BRYCE CANYON NATIONAL PARK -
BRIDGER WILDERNESS
CANYONLANDS NATIONAL PARK
CHIRICAHUA NATIONAL MONUMENT
CRATER LAKE NATIONAL PARK
DENALI NATIONAL PARK

GLACIER NATIONAL PARK

GRAND CANYON NATIONAL PARK
GREAT SMOKY MOUNTAINS NATIONAL PARK
JARBIDGE WILDERNESS

MESA VERDE NATIONAL PARK
MOUNT RAINIER NATIONAL PARK
ROCKY MOUNTAIN NATIONAL PARK
SAN GORGONIO WILDERNESS
SHENANDOAH NATIONAL PARK
TONTO NATIONAL MONUMENT
WEMINUCHE WILDERNESS

YOSEMITE NATIONAL PARK

NPS IMPROVE PROTOCOL

ARCHES NATIONAL PARK

BADLANDS NATIONAL PARK

BANDELIER NATIONAL MONUMENT

GREAT SAND DUNES NATIONAL MONUMENT
GUADALUPE MOUNTAINS NATIONAL PARK
HALEAKALA NATIONAL PARK

HAWAIT VOLCANOES NATIONAL PARK
ISLE ROYAL NATIONAL PARK

LASSEN VOLCANIC- NATIONAL PARK
NATIONAL CAPITAL REGION-CENTRAL
PETRIFIED FOREST NATIONAL PARK
PINNACLES NATIONAL MONUMENT

POINT REYES NATIONAL SEASHORE
REDWOOD NATIONAL PARK

VIRGIN ISLANDS NATIONAL PARK
VOYAGEURS NATIONAL PARK
YELLOWSTONE NATIONAL PARK



2.0 PHOTOGRAPHIC SYSTEMS

Eventually all 37 sites will have automatic 35mm camera systems.
Photographs are taken three times daily at 0900, 1200. and 1500 hours. At
monitoring locations where transmissometers are not installed and appropriate
horizon target features exist, Kodachrome 25 slides are scanned with a micro-
densitometer to estimate Standard Visual Range (SVR). At sites with trans-
missometers, the photographic monitoring is designed to document the effect
of changing visual air quality on a specific scenic vista within the class I
area. : '

Photographic Monitoring has not yet bequn at three locations:

Denali National Park (DENA)
National Capital Region-Central (NACC)
Virgin Islands National Park (VIIS)

DENA has had a camera at_the Park for the past two years, but has
operated the system unsuccessfully. The NACC camera will be installed
during the second week of December 1988. Installation of the VIIS system
is on indefinite hold as directed by the National Park Service.

Photographic data from the networks have been collected and analyzed
on a regular basis from the beginning of the project. Some locations
conduct monitoring only during the summer and fall seasons due to severe
winter weather, ' :

Standard operational, quality assurance, and data processing procedures
have been in effect for the entire project period. Photographic-derived SVR
data are released through the National Park Service as Seasonal Summary
Reports. The data are archived in the National Park Service optical
menitoring database. Detailed site discussions of the photographic
monitoring program are available in the Monthly, Progress Reports, quarterly
Seasonal Summary Reports, and the Photographic Systems Standard Operating
Procedures Manual.




3.0 NEPHELOMETER SYSTEMS

Two locations--Great Smoky Mountains and Mount Rainier Nationa)
Parks--will use nephelometers to monitor atmospheric scattering. Measure-
ments from the EPA Eastern Fine Particle Network nephelometer iocated at
Look Rock, Great Smoky Mountains, will be collected for inclusion into the
optical monitoring database. A nephelometer will be installed at Mount
Rainier in late 1989. This nephelometer is currently being used in a
special study, and will not be available for installation until then.




4.0 TRANSMISSOMETER SYSTEMS

Table 4-1 1ists the twenty-two locations that have been chosen to
receive transmissometers (14 IMPROVE and 8 NPS IMPROVE Protocol). The
distribution of the transmissometer systems within the networks was
designed to achieve geographic, meteorological, and visual air quality
diversity. The first two years of this program have been devoted to:

0o Deploying the transmissometers;

o Testing the operation of the systems under widely varying
real-world conditions;

o Developing and implementing standard operating procedures; and
o Designing standard data editing and reporting protocols.

The goal is to have an operational network of transmissometers by
March 1, 1989. The network would then collect high quality atmospheric
extinction data for the final year of the contract._

4,1 Deployment

The primary effort has been to deploy the transmissomeéter systems
as -quickly as possible during the first two years of the program. To
accomplish this, installation of the systems was given the highest priority
at the expense of allowing equipment to fail and not be immediately repaired.
This resulted in occasional inoperative systems for extended periods of time.

Table 4-1 lists the deployment dates of the eighteen units installed
as of December 1, 1988. Two more systems will be installed by February
1989. Due to major fires this year in Yellowstone National Park, the ,
instrument will not be installed until Summer 1989. The Hawaii transmis-
someter will not be installed until further review of the ability of the
%ransmissometer to operate over the 35 km path length available at .this

ocation.

4.2 Operational Status

Table 4-1 lists the projected dates for routine operation of each
transmissometer. These dates are considered to be the time of final system
configuration for regular data collection. Many of the instruments have
been installed in harsh and quite unique environments resulting in major
advances in our understanding of the operational characteristics of the
transmissometer systems. Return trips to these sites for re-configuration,
re-calibration, re-furbishing, and operator re-training are in progress.
Ten sites will be considered fully operational as of December 1, 1988.
Eight sites will be visited between December 1, 1988, and March 1, 1989, to
bring them to fully operational status. Two transmissometers will be
installed during February 1989. This will result in a network of twenty
operational transmissometare starting March 1. 1089,
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TRANSMISSOMETER NETWORK DESCRIPTION

LOCATION

Acadia
Badlands
Bandelijer

Big Bend
Bridger
Canyonlands
Chiricahua
Crater Lake
Glacier

Grand Canyon
Guadalupe
Hawaii Volcanoes
Mesa Verde
Petrified Forest
Pinnacles
Rocky Mountain
San Gorgonio
Shenandoah
Tonto
Voyageurs
Yellowstone
Yosemite

TABLE 4-1

NETWORK

IMPROVE
PROTOCOL
PROTOCOL
IMPROVE
IMPROVE
IMPROVE
IMPROVE

-IMPROVE

IMPROVE
IMPROVE
PROTOCOL
PROTOCOL
IMPROVE
PROTOCOL
PROTOCOL
IMPROVE
IMPROVE
IMPROVE
IMPROVE
PROTOCOL
PROTOCOL
IMPROVE

L))

INSTALLATION DATE

11/14/87
01/15/88
10/07/88
12/01/88 .
07/22/88
12/20/86
Feb-89
09/02/88
02/05/88
12/20/86
11/18/88
- 1989
09/16/88
04/18/87
03/25/88
12/02/87
04/29/87
03/04/88
Feb-89
06/17/88
1989
08/19/88

OPERATIONAL DATE

03/01/89
12/01/88
12/01/88 .
12/01/88
12/01/88
01/01/87
03/01/89
03/01/89
03/01/89
09/01/87
12/01/88
1989
12/01/88
'09/01/87
12/01/88
03/01/89
03/01/89
03/01/89
03/01/89
03/01/89
1989
12/01/88



As documented in the Monthly Progress Reports, much has been learned
about the failure modes and operational characteristics of the transmis-
someters. Procedures are being developed to quickly handle instrument
malfunctions in the operational network. Data collected from the date of
installation to the assigned operational date will be processed and included
in the optical monitoring database. These data will be flagged as collected
during the testing period of the instrumentation. The data collection _
efficiency during these interim periods will be lower than after the systems
reach operational status.

In general, systems installed in the Southwest have been and are
expected to continue operating with a higher data collection efficiency
than in the North and East.

4.3 Standard Operating Procedures

Standard operating procedures and field operator manuals have been
developed, published, and distributed to each of the sites, the IMPROVE
Committee and other visibility scientists. These documents contain
information on:

System design;

Installation considerations:

Operational characteristics;

Field operator procedures; and

Calibration of the transmissometer systems.

0. 0000

Current work is focusing on formalizing the procedures developed during
the past eighteen months to handle routine and emergency maintenance of the
transmissometers and related system components in a swift, cost-effestive
manner. A draft maintenance procedures manual is in preparation and expected
to be distributed to the IMPROVE Committee by January 15, 1989, for review.
These procedures will then be implemented in the routine operation of the
transmissometer network by March 1989.

4.4 Data Reporting

The transmissometer calculates and reports average atmospheric
extinction over the path length of the instrument. The data are recovered
daily from satellite data collection platforms. Along with extinction,
ambient temperature and relative humidity are also monitored. The data
represent one ten-minute average value for each hour. The measurement
interval begins three minutes after the hour. After collection and editing
(only removing times when the monitoring equipment was malfunctioning), the
data are reduced to six-hour average values. The time periods of the four
daily six-hour average values are:

- 0000 to 0500 hours
- 0600 to 1100 hours
- 1200 to 1700 hours
- 1800 tz 2200 hours

GO R




The number of valid ten-minute averages in each six-hour average is
recorded and kept in a database.

Data editing consists of removing measurements when the system was
known to be inoperative or delivering questionable data due to non-standard
operational parameters noted by on-site operators on the Log Sheets. These
conditions include optical misalignment, unknown window transmission due to
exceptionally dirty, broken, or missing window glass, or questionable data
logging and transmission. _ , _

The data will be released in quarterly Seasonal Summary Reports.
Figure 4-1 is an example of the Fall 1988 seasonal summary for Grand
Canyon National Park. The report contains data collected from September
1, 1988, through November 22, 1988. The final version of this report will
contain data for the entire season. The Appendix A contains draft Seasonal
Summary Reports for all transmissometer data collected at the Grand Canyon
from December 1986 to November 1988.

The top graph is a time line of all the collected sif-hour average
values. The dashed line at an SVR of 13 km (b xt=0.3 km™) represents an
optical depth of the transmissometer sight patﬁ of approximately 2. When
the optical depth reaches this value, the error in measured ?xtinction
becomes relatively large. When baxt is greater than 0.3 km™*, the time
line becomes dashed indicating an increased uncertainty in the measurement.

The next graph presents a time line of six-hour average relative
humidity measurements. This allows rapid determination of the effect of
increasing relative humidity on measured Dayt- Long perieds of relative
humidity near 100% can be seen in the repor%s in the Appendix A. This
usually results in corresponding periods of high bgyt. This probably is
associated with prescipitation events. This assump%ion can only be verified
by reviewing simultaneous photographic data.

The bottom plot is a rank-ordered cumulative frequency plot of six-.
hour average extinction values. The 10% to 90% values are ?1otted in
10% increments. A1l extinction values greater than 0.3 km™" are placed into
one bin at this level. The 10%, 50%, and 90% values are listed to the
right of the plot.

The 1isting at the bottom contains data recovery statistics for the
season.

A datapase will be developed to contain all Dayt, ambient temperature,
and relative humidity six-hour average values. The number of 10-minute
values in each six-hour average will be Tisted. All raw data will be kept
in ASCII files by site.
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Figure 4-1.

Grand Canyon National Park Transmissometer Data Summary.
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4.5 TRANSMISSOMETER TESTING

A comprehensive examination and testing program for the transmissometer
system is planned to begin in January 1989. The tests will take place at
Ft. Collins, Colorado. Four major areas will be investigated:

1.

The
detailed

Calibration Procedures .

- Determination of optimum calibration path distance
Evaluation of electronic receiver sensitivity
Evaiuation of calibration aperture size

Beam intensity reduction with neutral density filters
Consistency of lamp calibration between changes

Instrument Performance Tests

- Transmitter beam - uniformity of illumination
Transmitter beam - stability of intensity
Transmitter - effects of temperature on operation
- Receiver detector - uniformity of response

- Receiver - effects of temperature on operation

System Performance Tests

- Window cleanliness and aging
- Telescope alignment

Data retrieval

- Distance measurements

- Gain adjustments

L)

Operational Improvement Tests

- Effect of heated windows

- Effect of distorted windows

Evaluation of flip mirror position indicator
Evaluation of standard deviation measurements
Evaluation of window cleaning techniques
Evaluation of various window/hood designs.

above is only a brief outline of this intensive test program. A
test plan is in preparation and will be distributed in early

January 1989. The goal of the test program is to create a quality assurance
and performance standards document for the transmissometer system.

10




APPENDIX A

DRAFT SEASONAL SUMMARY REPORTS FOR
GRAND CANYON NATIONAL PARK
DECEMBER 1986 THROUGH NOVEMBER 1988

A-1
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1.0 INTRODUCTION

This Monthly Technical Progress Report summarizes the technical aspects
of the Visibility Monitoring and Data Analysis Program (NPS Contract CX-0001-
7-0010) performed during February 1989, and outlines project-related major
milestones and schedules for March and April 1989.

.This contract was awarded to Air Resource Specialists, Inc. (ARS)
in March 1987, and work on the contract effectively began on April 1, 1987.
This is the twenty-second in a series of Monthly Technical Progress Reports.
Separate monthly financial reports are submitted directly to the Contracting
Officer and his representatives.

The Visibility Monitoring and Data Analysis Program supports the
National Park Service (NPS) and other cooperating agencies in: deploying,
operating, and maintaining four visibility monitaring networks; reducing,
anaiyzing, and reporting the results of collected view and electro-optical
monitoring data; and supporting the capabilities of the entire program
through enhancing instrumentation, monitoring, and analysis techniques.

The Four monitoring networks are:

0 IMPROVE Network (Interagency Monitoring of Protected Visual
Environments). The IMPROVE program is sponsored by the National
Park Service, Forest Service, Fish and Wildlife Service, Bureau
of Land Management, and Environmental Protection Agency. Each
agency participates on the IMPROVE technical steering committee
which has the overall responsibility for the program. At the
direction of the committee, the NPS administers the operational
monitoring aspects of the program. The IMPRQVE monitoring
network will consist of 20 monitoring sites. FEach site will
ultimately be configured to monitor the optical properties and
aerosol constituents of the atmosphere through the use of
Cameras, transmissometers, and fine particulate monitors.

0 Non-IMPROVE to be Operated According to IMPROVE Protocol
Sites. In May 1985, the Subcommittee on National Parks and
Recreation conducted oversight hearings on air pollution effects
on units of the National Park System. As a result of the

hearings, Congress appropriated additional funds to conduct air
quality monitoring in 17 areas where no monitoring was being
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conducted. Monitoring will consist of a full complement of
visibility, ambient gasses, particulate and meteorological
instruments. Visibility-related monitoring at each site will
ultimately include measurements of the optical properties and
aerosol constituents of the atmosphere through the use of
cameras, transmissometers and fine particulate monitors.

0 SCENES Network (Subregional Cooperative Electric Utility Industry,
National Park Service, Department of Defense, and Environmental .
Protection Agency Visibility Study). The objective of SCENES
is to gather data that will provide a better understanding of air
pollution source-receptor and cause-effect relationships. The
network has been designed to establish the relative contributions
that specific local sources have on air quality and visibility
degradation in the lower Colorade River Basin. Four NPS units are
included in the SCENES network. Two of these sites, Bryce Canyon
and Grand Canyon, are also IMPROVE sites. The NPS is responsible
for optical visibility monitoring at all SCENES’ sites. Monitoring
could include cameras, teleradiometers, transmissometers, particu-
late monitors and other experimental instrumentation, depending on
the objectives and design of SCENES intensive monitoring experiments.

0 Auxiliary Monitoring Network. Visibility monitoring will be
performed throughout the 48 NPS class ! areas and sites salected
by cooperating agencies to further identify visibility conditions
in regions of special interest, in areas where data are sparse,
or in areas with existing long-term records. Optical monitoring
will be performed with automatic cameras. ]

Figure 1-1 is a map of all current visibility monitoring sites supported

by this contract effors.

This Progress Report details the work performed during the past month,
and presents schedules and milestones for the next two months. General
operational procedures and protocols common to the networks are discussed in
Section 2.0. Network specific details are presented in Sections 3.0 through

©.0. Other contract support tasks are summarized in Section 7.0, and contract

administration details are presented in Section 8.0.
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SITE NAMES AND FOUR LETTER SITE ABBREVIATIONS BY NETWORK
NON-IMPRQVE SITES TO BE

TMPROVE SITES (@) QPERATED ACCORDING TO AUXILIARY NPS SITES (HN)
IMPROVE AROTOCOL (9r) )
SUTE ABRY. SITE MAME SITE ABRV. SITE NAME SITE ABRV. SITE NAME
L. ACAC  ACADIA NP 1. ARCH ARCHES NP 1. BURI _ BUFFALO NR
2. BIBE BIG BEND NP 2, BADL BADLANDS NP 2. CACA  CARLSBAD CAVERNS NP
3. BRCN  BRYCE CANYON NP ~ 3. BAND BANDELIER NM. 3. CARE CAPITOL REEF NP
4. BRID BRIDGER W 4. GRSA  GREAT SAND DUNES NM 4, CAMO  CAPULIN VOCANO NM
9. CANY  CANYONLANDS NP 5. GUMO  GUADALUPE MOUNTAINS NP 5. CHCU CHACO CULTURE NMP
“A. CHIR CHIRICAHUA NM ‘. HALE  HALEAKALA NP §. COLM  COLORADD NM
“o7. CRLA  CRATER LAKE ¥p 7. HAVO HAWAII VOLCANOES NP 7. CRMO  CRATERS OF THE MOON NM
=3. JENA DENALI NP 3. [ISRO  [SLE R0YALE nP 8. DEVA  DEATH VALLEY NM
3. GLAT  GLACIER NP 9. LAVO  LASSEN VOLCANIC NP 3. OINO DINOSAUR NM
- 10, GRCT  GRAND CANYQN NP * 10. NACA  NATIONAL CAPITAL 10. GRTE  GRAND TETONS NP
.11, GRSM  GREAT SMOKY MOUNTAINS NP REGION 11. GRBA  GREAT BASIN NP
v 12. JARB  JARBIDGE W 11. PEFQ  PETRIFIED FOREST NP 12. JOTR  JOSHUA TREE NM
13. MEVE  MESA VERDE NP 12. PINN  PINNACLES NM 13. LABE  LAVA BEDS NM
s214. MORA  MOUNT RAINIER NP 13. PORE - POINT. REYES NS 14. MOQOS  MOOSEHORN NWR
15. ROMM  RQCKY MOUNTAIN NP 14, REDW  REDWOOD NP 15. NOCA  NORTH CASCADES NP
Y16. SAGD  SAN GORGONIO ¥ 15. VIIS  VIRGIN I[SLANDS NP 16. QLYA  OLYMPIC NP
_17. SHEN  SHENANDOAH NP 16. VOYA  VQYAGEURS NP 17. SAGU  SAGUARQ NM
* 18. TONT TONTO NM 17. YELL  YELLOWSTONE NP 18. THRO  THEQDORE ROOSEVELT NP
19. WEM]  WEMINUCHE W 19. WICA  WIND CAVE NP
20. YOSW  YOSEMITE NP 21, ZION ZION NP
N§TUORK KEV
- NP - National Park
SCENES SITES (D) NM - Natfonal Monument AUXILIARY BLM SITES (O)
S5ITE ABRY. STTF NAME NR - National River SITE ABRV. SITE NAME
1. BRCN  BRYCE CANYON NP ** NRA - National Recreation Area 1. CRAI CRAIG
2. GLCA  GLEN CANYON NRA NHP - National Histaric Park 2. GRRI  GREEN RIVER RA
3. GRCT  GRAND CANYON NP ** NWR - National Wildlife Refuge 3. BLCA  BLACKX CANYON NM
4. LAME  LAKE MEAD NRA RA - Resource Area 4. KEMM  KEMMERER

W =~ Wilderness

* Also a SCENES site
** Also an IMPROVE site

Figure 1-1. IMPROVE, IMPROVE Protocol, SCENES, NPS Auxiliary, and BLM
Auxiliary Monitoring Sites Supported through the Visibility
Monitoring and Data Analysis Program.



2.0 OPTItAL MONITORING NETWORKS: PROCEDURES AND PROTOCOLS

This section summarizes important actions related to general opera-
tional procedures and protocols common to all networks; it emphasizes
instrumentation, operations, quality assurance, and reporting. Site-by-
site discussions are presented in sections devoted to the individual

monitoring networks.
2.1 Photographic Monitoring

2.1.1 Network Operations

The photographic network operated normally during the past month.

2.1.2 Monitoring Equipment and Procedure;

The availability of simple, rugged, reliable camera systems is
decreasing. To satisfy the "high-tech” consumer market, camera
manufacturers are producing fully-automatic, electronic, auto-focus,
auto-everything systems. Though these systems are great for the average
ohotographer, they are not well-suited to the remote menitoring demands
of the visibility network. At present, only two currenf]y available camera
systems have been identified that are suitéd to these remote monitoring
" demands--the Contax 167 and Cannon EQS. The Contax is a tried and proven
system. The Cannon, bperated in a manual mode with a modified lens, meets
_specifications, but has not been field tested. ARS and its suppliers are
constantly monitoring the available equipment; and we are monitoring
advances in technology such as video or CCD imaging systems.

The data backs on both the Contax and Cannon are unable to place a
clearly visible date and time on Kodachrome 25. These data backs are

designed to work with film speeds faster than Kodachrome 25. In




discussions with the COTR, ARS has suggested that the move be made to

Kodachrome 64 film so that replacement cameras with new data backs can

be effectively used. In making this decision, a variety of films were

considered and Kodachrome 64 is judged to be an excellent, fine-grain

product by all professional evaluations. In addition, by staying with a

Kodachrome film, purchasing and quality-assured processing procedures remain

unchanged. Quantitative analysis of the film wifh_the slide scanner will

require 3 change in the exposure curve in the system software. -
ARS is currently conducting a side-by-side comparison of Kodachrome

25 and 64._ These photographs will be scanned to verify the comparability

of guantitative results. If all tests are successful, a final recommendation

will be made to change the network to Kodachrome 64 beginning with the Summer

- 1989 season.

2.1.3 Data Analysis and Reporting ‘
The Fall 1988 Seasonal Report was delivered to the COTR on February 16.
As directed, only éTides from IMPROVE and IMPROVE Protocol sites without
transmissometers have been qualitatively coded for visual air quality charac-
teristics and quantitatively analyzed for standard visual range (SVR).. A1l
other slides from the photographic network are only reviewed, numbered, and

archived. Data collection statistics are recorded for ajl photographic

monitaring locations.
2.2 Transmissometer Monitoring

2.2.1 Network Operations

In total, 22 transmissometer locations are planned. Sixteen trans-

missometer systems were operational as of February 28, 1989. These sites

2



are listed in Table 2-1. The six remaining transmissometer monitoring
stations were not operational due to reasons beyond our control. An update
on each of these sites is provided below:

SAN GORGONIO - This system was fully installed and capable of
operating on 4/27/88. Due to Forest Service operator
assignment problems, there has been virtually no data from this
system. In early February, ARS requested that site personnel
return the transmissometer system until the Forest Service
decides if and how it will service the site. The Forest
Service is expected to make its site servicing decisions in
March.

TONTO - ARS selected a transmissometer site in August 1988. Approval
for installation of this system was received from the Forest
Service in Tate February. Installation of the transmissometer
system is scheduled for late March 1989.

HAWAII - The installdtion has been postponed by the COTR pending
further review of technical, theoretical, and cost considerations.

CRATER LAKE - A system was fully installed and capable of operating
on 9/1/88. Severe weather has made sarvicing of the receiver
station and a site re-configuration visit impossible. ARS will
request return of the system in March .for servicing. An ARS
technician will install a calibrated system for summer monitoring
when weather conditions permit a site visit.

VOYAGEURS - A system was fully installed and capable of operating on
5/16/88. An operator was not assigned to servicz the site
during most of the summer and fall. Severe weather has made
servicing and a site re-configuration visit impossible. ARS
will request return of the transmissometer system in early
March. The system will be serviced, calibrated, and installed
by an ARS technician when conditions permit a site visit.

YELLOWSTONE - Severe forest fires in the Park forced postponement of
site selection and installation. Shelters and support equipment
for this site have been prepared. A site selection visit will he
made as soon as weather conditions permit. The installation will
be performed as early in the summer as possible.




Table 2-1

Operational Transmissometer Network
by March 1, 1989

LOCATION NETWORK

1. Acadia National Park IMPROVE
2. Badlands National. Park PROTOCOL
3. Bandelier National Monument . PROTOCOL
4. Big Bend National Park IMPROVE
5. Bridger Wilderness ©° 'IMPROVE
6. Canyonlands National Park IMPROVE
7. Chiricahua National Monument IMPROVE
8. Glacier National Park IMPROVE
3. Grand Canyon National Park IMPROVE
10. Guadalupe National Park PROTOCOL
11. Mesa Verde National Park - IMPROVE
12. Petrified Forest National Park PROTOCOL
13. Pinnacles National Monument PROTOCOL
14. Rocky Mountain National Park IMPROVE
15. Shenandoah National Park IMPROVE

16. Yosemite National Park IMPROVE

A report Qill be issued in March 1989 summarizing all data collected
at these si%teen sites from their initial installation date through March
1, 1989. These data will be included in the transmissometer database.
Operational data collection and reporting will begin on March 1, 1989, and
will be reportéd quarterly starting with the'Spring 1989 Seasonal Summary

Report.

2.2.2 Data Analysis and Reporting

Transmissometers calculate and report average atmospheric axtinction
over the path length of the instrument. Data are recovered daily from
satellite data collection platforms. Along with extinction, ambient
temperature and relative humidity are also monitored. The data represent
one ten-minute average value for each hour. The measurement interval begins

three minutes after the hour. After collection and editing (only removing

~i



times when the monitoring equipment was malfunctioning), the data are reduced
to six-hour average values. The time periods of the four daily six-hour

average values are:

0000 to 0559 hrs
0600 to 1159 hrs
1200 to 1759 hrs
1800 to 2359 hrs

LR S N
[ T T ]

The number of valid ten-minute averages in each six-hour average is
recorded and kept in the database. '

‘Data editing consists of removing measurements when the system was
known to be inoperative or delivering questionable data due to non-
standard operational parameters noted by on-site operators on the Log
Sheets. -These conditions iﬁc]ude optical misalignment, unknown window
transmission due to exceptionally dirty, broken, or missing window glass,
or questionable data logging and transmission.

The data will be released in quarterly Seasonal Summary Reports.
Figure 2-1 is a draft example of the Fall 1988 seasonal summary for
Grand Canyon National Park. The report contains data collected from
September 1, 1988, through November 30, 1988. Comments on the argan-
ization and data presentation of the report ére being collected and
‘will be incorporated into the final version.

The top graph is a time line of all the collected six-hour average
values. The dashed line at an SVR of 13 km (bay=0.3 km'l) represants an
optical depth of the transmissometer sight path of approximately 2 at the
Grand Canyon. When the optical depth reaches this value, the error in
measured extinction becomes relatively large. When baxt 1s greater than
0.3 km'l, the time line becomes dashed indicating an increased uncertainty

in the measurement.
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The next graph presents a time line of six-hour average relative
humidity measurements. This allows rapid determination of the effect of
increa#ing relative humidity on measured bg,,¢. Long periods of relative
humidity near 100% can be seen in Figure 2-1. This usually results in
corresponding periods of high bgyy, and is probably associated with
precipitation events. This assumption can only be verified by reviewing .
simultaneous photographic data. |

The bottom plot is a rank-ordered cumulative frequency plot of six-
hour average extinction values. The 10% to 90% values are plotted in 10%
increments. A1l extinction values greater than 0.3 are placed into one
bin at this level. The 10%, 50%, and 90% values are listed to the right
of the plot.

The Tisting at the bottom contains data recovery statistics for the
~season. |

A database will be deve]opéd to contain all Baxt. ambient temperature,
and relative humidity six-hour average values. The number of 10-minute
values in each six-hour average will be listed. All raw data will be kept

in ASCIT files by site.

2.2.3 Transmissometer Testing

Test shelters were installed at Christman Field on January 23, 1989;
however, savere February weather prevented the installation of power., The
following test station related actions were taken:

1. Instrument mounting posts and window/hood assemblies were
installed.

2. Steps for shelter access were constructed and installed.

3. Meteorological sensors and support hardware were ordered.

i0




4, Procedures for the first tests to be conducted were
written. The first test will be the Lamp Stability of
Intensity test.

Before any transmissometer tast is conducted, a detailed test plan will
be written. The test plan will include:

1. A brief narrative summary of the test describing objectives,
procedures, instruments and support equipment, and test duration.

2. A schedule summarizing major test tasks, such as preparation,
servicing intervals, and special checks. This will be made
only for long-term tests.

3. Detailed step-by-step procedures for preparation of test
instruments and equipment, servicing and special checks.

4. A1l Log Sheets to be used by servicing personnel.

5. A description of data collection formats.

-Test plans will be reviewed prior to testing. Long-term tests, such as
the transmitter lamp stability of inténsity will start in.March. Short-term

tests that can be run concurrently will start in April.

2.2.4 Transmissometer‘Procurement
A1l ordered Optec- LPV-2 transmissometers have been received. The

location of each transmissometer is shown below:




Serial No.

001
002
003
004
00%
006
007
008
009
0l0
0l1
012
013
014
015
016
- 017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032

Location

ARS, Ft. Collins

Shenandoah National Park
Petrified Forest National Park
Canyonlands National Park
Pinnacles National Park
Acadia National Park

Grand Canyon National Park
ARS, Ft. Collins

Rocky Mountain National Park
Glacier National Park

San Gorgonio Wilderness. Area
Voyageurs National Park
Bridger Wilderness Area

ARS, Ft. Collins

Crater Lake National Park
Mesa Verde National Park
NPS, on loan to NOAA

NPS, on Toan to NOAA
Bandelier National Monument

~ Badlands National Park

Guadalupe Mountains National Park
Non-NPS unit

Non-NPS unit

Big Bend National Park
Chiricahua National Monument
Yosemite National Park

ARS, Ft. Collins

ARS, Ft. Collins

ARS, Ft. Collins

ARS, Ft. Collins

ARS, Ft. Collins

ARS, Ft. Collins

2.3 Nephelometer Monitoring

Two locations--Great Smoky Mountains and Mount Rainier National

Parks--will use nephelometers to monitor atmospheric scattering.

Measurements from the nephelometer located at Look Rock, Great Smoky

Mountains, will be collected for inclusion into the optical monitoring

database. A nephelometer will be installed at Mount Rainier in late 1989.

This nephelometer is currently being used to support transmissometer tests;

it will not be available for installation until after completion of that

program.

12




2.4 NPS IMPROVE Computer System and Data Processing

2.4.1 Database Development
The NPS Visibility Database System is operational and complete. All
data through the Fall 1988 season are included, and all access programs
are fully operational. The preparation of written documentation has begun.
An important component of the Database System is the Daily Average
Database. The Daily Average Database is éomp]ete and will be the product
that will be delivered to service general data requests. The database
includes SVR daily averages, site history records, site and target
spécifications, and seasonal results records. A first draft of the
documentation for this dataﬁase, including the menu-driven data access

and retrieval software instructions, was completed and is under review.

2.4.2 Computer Network Operations
The computer network and slide scanner system operated normally during

the past month.




3.0 IMPROVE NETWORK
This section summarizes the status and schedule of the IMPROVE

monitoring network.

3.1 Site Status
Table 3-1 summarizes the equipment status of all IMPROVE sites as of
February 28, 1989. The following subsections describe the Site;specific,

operational status of transmissometer and camera installations.

3.1.1 Transmissometer Site Status

ACADIA - The system operated well during February. The aperator
left the f1ip mirror in the wrong position on 2/1, but
corrected the probiem on 2/2 resulting in minimal data Toss.

BIG BEND - The system operated well during February. The operator
changed lamps on 2/7, and dialed in a new calibration number.
High winds caused periodic ground blizzards resulting in a few
erratic readings.

CANYONLANDS - The system operated well during February. An annual
site visit is planned for March.

CHIRICAHUA - The system was installed on 2/13-17 and operated well
for the remainder of February.

CRATER LAKE - The system has operated erratically. Due to winter
snowfall, no site operator inspection has taken place since
October 20, 1988,

GLACIER - A newly-calibrated instrument was installed on 1/21 and
site operators were trained. The system operated well during
February. Local weather conditions, such as fog from the
lake, have caused scatter in the readings and have interfered
with the operator’s ability to verify instrument alignment. An
alignment aid (light with timer) will be sent to the Park in
early March.

GRAND CANYON - The system operated well during February. An annual
site visit is planned for March.

GREAT SMOKY MOUNTAINS - Two nephelometers are currently operating
side-by-side at the Park. The NPS is operating one system and
the EPA is operating the other. ARS is investigating how to
best obtain the collected data for use by the IMPROVE Program.

14



Table 3-1

Network Status
IMPROVE Monitoring Sites
as of February 28, 1989

:;:s_ Site Name (Aszge;;;m) Transmissometer Comments
1 ACAD Acadia Nmtional Park 1 1 Trans. operational 11/14/87.
2 B1BE Big Bend National Park 1 1 Trans. operatiaonal 12/2/88.
3 BRID- Bridger Wilderness 1 1- Trans. operational 7/22/88.
4 BRCA™ Bryce Canyon National Park 2 - _
5 CANY Canyonlands National Park 1 1 Trans. operational 12;20135.
§ CHIR Chiricahua National 1 ) Trans. operational 2/1/8%.
Monument
7 CRLA Crater Lake National Park 1 1 Trans. operational 9/2/88.
8 DENA Denali National Park 1 Camera systam removed far wintar,
9 GLAC Glacier Natiomal Park 1 1 Trans. operational 2/5/88.
10 GRCA* Grand Canyon National Park 1 1 Trans. operational 12/20/86.
11  GRSM Great Smoky Mountains 1
National Park.
12 JARB Jarbidge Wilderness 1
13 MEVE Mesa Verde National Park 1 1 Trans. operaticnal 9/16/88.
14  MORA Mount Rainier National Park 1
15  ROMM Rgckz Mountain Natienal 1 1 Trans. operatignal l1/25/87.
ar
16 3AGD 3an Gorgania Wilderness i 1 Trans. gperational 4/29/88.
17  SHEM Shenandoah National Park 1 1 Trans. operational 3/4/88.
18  TONT Tonto Natigmal Menument o
19 WEMI Weminuche Wildarness 1
20 YOSV Yosemite National Park 1 1 Trans. operational 8/19/88.

*Also SCENES Sites

—_
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MESA YERDE - The system cogeratadg well during February. Cue te
the locatioen of the receiver sneiter {on top of a water tank),
tlight aligoment adjustments are often necessary. An anpual

tite visit is plannegd Fopr March.
MOUNT RAINIER - A nephelometer will be instalied in Tate 1989,

ROCKY MOUMTAIN - A newly-cilibrated instrument and a new antenna
with cable were installed on 1/26 and an operator was frained.

The system aperated well during February.

SAN GORGONIQ - Errabic readings continue to be received Frem the system.

Powar, alignment, or a combination of problems are 3uspected.

51{te opaerator suppart is complicated by the Fact that different
gperators service the transmiblter and receiver. A visit ta the
site was planned For January 310, but was canceled by the Forost
service. Om 1730, AR5 requested that the gperator return the
instrument tg ARS for servicing. It took one manth for tha
operater Lo Find time o pacxage the instrument for snipment.

On 3/1, the operitor informed ARS Lhat the system was reagy for

shipment

The Farest Service i3 reviewing it abf11t3 ta suppart the sgite.

A decision gn whather ar nof they wil® be interested inm groviding
continuing support is 2xpectiea within a montn. -Unless further
directian fs received, ARS is consigering the site down until the
Forest Service r&aches a degision.

SHEMAMOOAH - The swstem aperated well during the first week of
February. Erratic readings warz receiveq from 2/7-16: over-
¥oitige resats are believed to 78 the cause of syitem <iming
drift reguiting in :he arratic readings. The cperator rosar
tha timing on 2/1&; the system uperated well for the remainger
f February,

TONTO -~ The system will be inssailed in late Marsn 1089

YOSEMITE - An annua) visit Lo the site was made on 1/30 to 2/2.  The
instrument was replaced with a newly cabibrated unit. Support
gquioment was idjusted and yooraded. and dperitors were re-tra‘ned.
The :ysiem operated ~eil for tha first Jart af “egruarv. Aftor
a storm on 2/8, the readings bacame erratic and d4fa not veturn t3
aermai.  Tne reasen for the arratic readings s unknown; solutiaons
For the problem are oeing studied. Tha site is baing watched
ctlosely.



3.1.2 Camera Site Status
A1l camera systems operated normally except for the following site-
specific events:

BRYCE CANYON - Film changes were occasionally late during February
due to site inaccessibility (heavy ;now).

NAVAJO - 35mm camera: A roll of film containing photos taken from
1/24-28 was lost at the site. Otherwise, the system has
continued to operate smoothly. ' ;

NAVAJO - 8mm camera: The 2X neutral density filter now attached to
the camera is providing improved exposures.

CRATER LAKE - No photos were taken between 12/24 and 1/3 due to a

very Tate film change. Very few valid photos were taken from
1/3-17 because snow and ice covered the enclosure window.

GRAND CANYON - TRUMBULL 35mm camera: A replacement camera was sent
on 1/27 in response to continuing overexposure problems. The
camera was installed by Park personnel on 2/17. No film has
been raceived to verify if exposures have improved.

NAVAJO AND TRUMBULL 8mm cameras: Both movie cameras continue
to operate well, :

JARBIDGE - Most photos taken from 1/3-24 are invalid because snow
and ice covered the enclosure window.

3.2 IMPROVE Schedules and Miles:tones

3.2.1 Field Service Schedule (March and April 1989)

The following IMPROVE sites will be visited during the next two
months to perform annual transmissometer system servicing. The acfual
visitation dates will depend on instrument availability, weather,
'operator schedules, and the ability to calibrate replacement systems.

Canyonlands National Park
Grand Canyon National Park

San Gorgonio may or may not be visited depending on the pending Forest

Service decision whether to continue site support.

e |




A transmissometer installation visit is planned for:
Tonto National Monument
An automatic camera installation visit is scheduled for:

Bryce Canyon National Park

3.2.2 Task Schedules (March and April 1989)
The following IMPROVE-specific milestones ﬁi]l be.met:

0 Review of day-to-day patterns, trends, and variations in trans-
missometer data (weekly meetings).

o Continue coordinating, scheduling, contacting parks, and procuring
supplies for the remainder of the transmissometer installations.
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4.0 NON-IMPROVE SITES TO BE OPERATED ACCORDING T0 IMPROVE PROTOCOLS
Tﬁis section summarizes the status and schedules of the non-IMPROVE

sites to be operated according to [MPROVE Protocols.

4.1 Site Status
Table 4-1 summarizes the equipment status of all sites as of February
28, 1989. The following subsections describe the site-sbecific operational

status of transmissometer and camera installations.

4.1.1 Transmissometer Site Status
BADLANDS - The system operated well during February.

BANCELIER - The'system operated well during February. The operator
changed Tamps and dialed in a new calibration number on 2/2.

GUADALUPE - The system operated well for the first part of February.
The operator left the transmitter flip mirror in the wrong position
from 2/7-8, and then left the receiver flip mirror in the wrong
position from 2/8-14. This resulted in data loss for a one-week -
period. The system operated well-for the remainder of February.
- HAWAIT VOLCANOES - If approved, system installation will occur in
late 1989. _

PETRIFIED FOREST - The system operated well during February. An
annual site visit is planned for March.

PINNACLES - The system operated well during February. Wet weather
and ground settling are suspected to be causing intermittent
alignment problems. A site visit to install a new receiver:
mounting pier may be necessary.

VOYAGZURS - Erratic readings were recaived during February. Power
problems and system timing are suspected causes. A site visit
will be scheduled as soon as weather permits.

YELLOWSTONE - Installation is scheduled for Summer 1989.
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Table 4-1

Network Status

Non-IMPRQOVE to be Operated Under [MPROVE Protocol Sites
as of February 28, 1989

s Cameras
Aite Site Name Auto | Auts | Transmissometer Comments
brv, 35mm gm
1 ARCH Arches National Park 1
2 BADL Badlands National Park 1 1 System operational as of
: 1/15/88. .
k] BANO Bandelier National Monument 1 1 System operational as of
10/7/88.

4 GRSA Great Sand Ounes National 1
Monument

) GUMNO Guada lupe Mountains 1 1 System operational as of
National Park 11/18/88.

8 HALE Haleakala Natignal Park 1

7 HAVQ Hawaii Volcanoes National 1
Park

8 ISRO Isle Royale National Park 1

9 LAVO Lassen Voicanic National 1
Park

13 NACA National Capital Region 1 Installed on 12/5/88.

11 PEFQ Petrified Forest National 1 1 Trans. operational 4/17/87.
Park

12 PINN Pinnacles National 1 1 Trans. operational 3/25/88.
Manument

i3 PQRE Point Reyes Natignal 1
Seashore

14 REDW Redwood Natiamal Park 1 ‘

15 VIIS Virgin Islands Nationa]
Park

16 VOYA Yoyageurs National Park 1 1 Trans. cperational 7/13/88.

17 YELL Yellowstone National Park 1




4.1.2 Camera Site Status
A1l camera systems operated normally except for the following site-
specific events:

ARCHES - The new site operator failed to load the film properly for
two consecutive periods. No photos were taken from 1/9 to 1/30.

BANDELIER - A repaired camera system was installed on 2/2. No photos
have been taken since 11/15 due to a combination of operator
errors, equipment malfunctions, and delayed communication from the
Park to ARS concerning problems. The system appears to have worked
properly from 2/2 to 2/24, although film is not yet back from
processing.

HALEAKALA - No photos were taken from 1/12-23 because the film was
incorrectly loaded.

HAWAII VOLCANOES - A request for ah alignment adjustment was sent
to this site on 1/23. The adjustment was made on 2/10 and will
include more of the mountain range in the view.

YELLOWSTONE - Continhal overexposures prompted a replacement camera

to be sent on 2/1. It was installed on 2/13, but to date, na
processed film is available to check if exposures have improved.

4.2 Schedules and Milestones

4.2.1 Field Servica Schedules

The following NPS IMPROVE Protocol sites will be visited during the
next two months to perform annual transmissdﬁeter system servicing. The
actual visitation dates will depend on instrument availability, weather,
operator schedules, and the ability to calibrate replacement systems.

Petrified Forest National Park
Pinnacles National Monument

A visit to Voyageurs National Park will be made as soon as weather permits.

[t may not be practical to visit the site before late spring.

4.2.2 Task Schedules

Major task schedules parallel the IMPROVE schedules presented
,in Section 3.2.2,
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5.0 AUXILIARY MONITORING SITES
This section summarizes the status and schedules of all Auxiliary

monitoring sites.

5.1 Site Status

Table 5-1 summarizes the equipment status of all sites as of February
28, 1989. During February the following camera-related site-specific
events occurred:
NPS SITES

CARLSBAD CAVERNS - After repeated attempts to resolve problems with
the Park staff, ARS sent a memorandum to the COTR regarding
this site on 1/23. To date, no film has been received from the
site and no one at the Park has responded to ARS’ phone
messages. ARS will not take any further action with the Park
until directed to do so by the COTR.

DEATH VALLEY - The camera system was not serviced from 12/31/88 to
1/20/89 due to a lack of personnel. Film has been received for
1/21 to 2/13, but is not back from processing. -

GRAND TETON - No photographs were taken from 12/14/88 - 1/13/89 due
to a lack of personnel.

WIND CAVE - No photographs were taken from 1/20 to 2/9. A blank roil
of film was followed by a roll that did not advance past the
documentation photo. The operator has been instructed to follow
?r%uble-shooting procedures and to review instructions for loading

i1m. '

BLM SITES

CRAIG - No photographs were taken from 1/21 to 1/29. Extremely low
temperatures at this site made operation of the system impassibie.

FOREST SERVICE SITES

Forest Service visibility monitoring will no longer be administered
through the NPS contract office. The Forest Service has awarded a
separate contract to support their monitoring efforts.

-
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Network Status

Table 5-1

Auxiliary Monitoring Sites
as of February 28, 1989

site Site Name Cameras (g;:e::;e Comments
Abrv. (Auto 35mm) lapse)
NPS
1 BURI Buffalo National River 1
2 CACA Carlsbad Caverns National Park 1
3 CARE Capital Reef National Park 1
4 - CAMO Capulin Volcano National Mon. 1
§ CHCu Chaco Culture National Historie 1
Park
6 COLM Colorado National Monument 1
7 CRMO Craters of the Moon National 1 1
Monument
4 DEVA Death Valley National Monument 1
9 OINO Dinogsaur National Honumeﬁ: 1
10 EVER Everglades National Park 1
11  GRTE Grand Teton National Park l
12 JOTR Joshua Tree National Monument 1
13 LABE Lava Beds Mational Monument 1
14 LECA Lehman Caves National Monument 1
15 MO0S Moosehorn National Wild. Refuge 1
18 NOCA North Cascades National Park l
17 OLYF Olympic National Park 1
18 SAGU Saguaro National Monument 1
18 THRO Theodore Roosevelt National Park 1
20 WICA Wind Cave National Park 1
21 ZION Zion National Park - 1l
ILM-
i CRAL Craig 1
2 BLCA BTlack Canyon af the Gunnisan 1
National Monument
3 GRRI Green River Resource Area 1l Sita name changed from Big Sandy
+ xemM Kemmerer | to Green River Res. Ares (GRRI!).




5.2 Schedules and Milestones

5.2.1 Task Schedules
Major task schedules para11e1 the IMPROVE schedule presented in
Section 3.2.2.




6.0 SCENES SITES
This section summarizes the status and schedules specific to the

SCENES monitoring sites.

6.1 Site Status

Table 6-1 summarizes the equipment status of all sites as of February
28, 1989. Note that Grand and Bryce Canyons are also IMPROVE sites; they-
are discussed in Section 3.0. The following site-specific events occurred
in February:

LAKE MEAD - Only 65 photographs out of a possible 160 were taken from
11/14/88 to 1/4/§S-due to the following:

11/14 - 11/30 alarms turned off
12/11 - 12/15 1late film change
12/27 - 01/04 late film change

The exposed film for the period 11/14 - 1/4 was not received at
ARS until 1/18 and was not back from processing until 1/31.
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Table 6-1

Network Status
SCENES Monitoring Network
as of February 28, 1989

Site mar Trans=| Tela=
Ab Site Name Auto | Auto | misso-{ ragio- Comments
Tv. 3Smm_{ 8mm meter | meter
1 BRCN* 8ryce Canyon National Park 2 1= )
2 GLCA Glen Canyon Natignal 1 {**
Recreation Area
3 GRCT* Grand Canyon National Park 1 1 1
4 LAME Lake Mead National 1
Recreation Area

" Also an [MPROVE Monitoring Sitm
"*Special winter photography program (see Section 7.2)
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7.0 OTHER CONTRACT SUPPORT

This section summarizes additional support provided within the contract.

1.1 Data/Equipment Reguests
Persons or grganizations requasting data submit their requast in

writing to the COTR. ARS respaonds to each requast approved by the COTH.

The following requests were serviced during February.

[ngdividya: dgency Reguest

0. Morse NPE, Oenver At the regquest of 0. Morse, dupii-
cate slides of Yosemite--Telegrach
Hill--From the s1idg spectrum
archive ware sent to J. Goigsmitn
{HPS-AlK, Western Regien) an 2/28.

M. Scruggs NFS, Denver A variety of cumulative frequency
ana;yses for Lime af day ana
compined seasons were performed
an Yoyageurs data. Tne data
analysas were daliversd to
M. Scruggs on 2722,

The “oilowing standard procequre “or slide requests «i'1 be Foi owed.
If a park of ather interested parties call ARS to request representative
ranges af «isibility canditions, the zaller will be referred to Dee Morse
{NP5-Denvar). [ata or other cpecial requests will be referrad to the TOTR.

ARS will fill no request unless it 15 approved by the COTR.

7.2 Wipter Fhobograpnic Monitoring at Grand, Bryce, and 5len Canyons.
Intensive phategraphic monitoring will be conducted from November
1988 through March 15, 1989 at Grand, Eryce, and Glen Canyeons ta enhance
the winter visibility database for these Colgrado Plateau sites. Slides
Wwill be taken % times 2 day, and Bom time-lapse photagraphy will he taken

from sunrise to sunset. The fallowing views will be documented.



Grand cCanyon Mavaja Mountain
Mt. Trumbuyll

Bryc# Canyon Navajo Mountain
Glen Canyan Ravale Mauntiin
The @quipment was installad in Nowvember and continues to operate.
Site-specific details For Grand Canyon and Bryce Canyan are provided in

Sectton 3.1.2, and for Glen Lanyon in Sactiaon 6.].



8.0 CONTRACT ADMINISTRATION

The NPS notified ARS of its intentions to exercise the contract

option for Year 3. ARS will prepare a Work Plan and Cost Proposal by

March 10, 1989.
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Appendix H

Monitoring for Reasonably Attributable Impact
of Local Sources at
Voyageurs National Park
Petrified Forest National Park and
Moosehorn Wilderness




MONITORING FOR REASONABLY ATTRIBUTABLE IMPACT
OF LOCAL SOURCES AT

VOYAGEURS NATIONAL PARK
PETRIFIED FOREST NATIONAL PARK AND
MOOSEHORN WILDERNESS

Submitted to

Marc Pitchford
U.s. EPA -
Environmental Monitoring Systems Lab
P.0. Box 15017
944 East Harmon
Las Vegas, Nevada 89114

Prepared by
AIR RESOURCE SPECIALISTS, INC.

May 5, 1988
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1.0 INTRODUCTION

The IMPROVE Committee directed Air Resource Specialists, Inc. (ARS)
to install 8mm time-Tapse and 35mm color-slide camera systems at Voyageurs
and Petrified Forest National Parks to access the possible visual air
quality impact in class I areas by plumes from local sources. ARS personne)
traveled to Petrified Forest National Park wfth W. Malm, of the National -
Park Service, to select and install the monitoring systems. W. Malm
traveled to Voyageurs to select the monitoring site; the equipment was
supplied and shipped by ARS. National Park Service personnel installed the
camera systems after phone-cunversationS with ARS staff.

The IMPROVE Committee also directed ARS to provide an 8mm time-lapse
system for installation at Moosehorn Natjona] Wilderness. Bud Rolofson, of
the Fish and Wildlife Service, traveled fo Moosehorn Wilderness to site the
8mm time-lapse system. The system was shipped to Moosehorn and installed by
Fish and Wildlife personnel. No systematic, 35mm color-siide photography was
initiated at the Moosehorn site.

The following sections describe the collected data from each site.



2.0 PETRIFIED FOREST NATIONAL PARK

The combined 8mm time-lapse and 35mm color-slide system began
operation on March 13, 1987. The system was installed with the 8mm and 35mm
cameras viewing the same sight path. The view was southeast overlooking the
length of the Park toward Blue Mesa. The system operated at this Tocation
until July 31, 1987, Figure 2-1 is a photograph of_the mbnitorﬁng view,

During this time period, no visible plumes were recorded by either the
8mm time-lapse or 35mm s]fde system#. The IMPROVE Committee directed ARS to
move the monitoring systems to another location in the Park looking southwest
outside of the Park boundariéé toward the Cholla Generating Station (a coal-
fired power plant located approximately 40 km from the Park boundaries).
The power plant is to the right of the center-of-view, located just over the
horizon and not directly visible in the hhotographic record. Figure 2-2 is
a photograph of the new monitoring vista. |

The system operated until March 1, 1988. During this mon{toring periad,
no visible plumes were recorded entering National Park areas. - Occasional
discoloration on the horizon'was visible, but not readily identifiable or
traceable to any specific source. Figure 2-3 }s an example of this d{sfaﬁt{
elevated layer of haze. Thus, the IMPROVE Committee decidéd to discontinue
any further special photographic monitoring at Petrified Forest aﬁd directed

- ARS to remove the equipment which was accomplished in early April 1988.




Figure 2-1. Petrified Forest National Park - Initial Monitoring View
Southeast Toward Blue Mesa.




-

Figure 2-2. Petrified Forest National Park - Second Monitoring View
Southwest Toward Cholla Power Plant.




Figure 2-3. Petrified Forest National Park - View of Layered Haze on
the Distant Horizon.




3.0 VOYAGEURS NATIONAL PARK

The 8mm time-lapse system began operation on October 24, 1986, viewing
north across Kabetogama Lake. The nearest sources were approximately 30 km
west-northwest of the vista. The 35mm camera was sited by Park personnel to
view east through the Park to a more distant horizon feature The new vista

has a more appropriate target for microdensitometry v1sua1 air quality

.ana1y51s. Figure 3-1 is a photograph of this monitoring view.

The systems were in operation ﬁnti] April 1988. During this period,
no distinct, easily-identifiable plumes were visib]é in either the 8mm time-
lapse or 35mm slide data. - The IMPROVEVCommittee directed ARS to have Park

personnel discontinue operation of the camera syétems as of April 20, 1988.




Figure 3-1, Voyageurs National Park - 35mm Camera View.




4.0 MOOSEHORN NATIONAL WILDERNESS
An 8mm time-lapse camera system has been in operation at Moosehorn
Wilderness. Due to difficult winter access, the camera was relocated.
. The two Tocations are detailed below:
Location_1
October 5, 1987 -  November: 15, 1987
Camera Location Magurrewock Mountain

Vista Photographed Woodland Georgia Pacific Mill
Azimuth 264 degrees

Location 2
November 16, 1987 - February 14, 1988
Camera Location Clearcut End of McConvet Road
Vista Photographed Woodland Georgia Pacific Mill
Azimuth 292 degrees
The 8mm time-lapse has shown a visible plume being emitted from the
pulp mill nearly every day. The majority of the time, the plume appean to
Cross over the w11derness boundary. Since no 35mm photography is available,
the time-lapse film has been transferred to video tape which accompanies this
report. The camera continues iﬁ‘opé;ation and film is being processed and

archived by ARS.




5.0 CONCLUSIONS

Photographic mon1tor1ng at Petrified Forest and Voyageurs National
Parks for a period of one year has not been ab]e to discern any identifiable
plumes entering class I areas. The photographic record has been archived
and the special monitoring discontinued as of April 1988‘at both Parks.

Time-lapse monitoring of eﬁissions from a pulp mill lbcated near -
Moosehorn Wilderness has identified many cases of visible plumes entering
the class I area. The 8mm time-lapse from October 5, 1987, to February 14,
1988, has been transferred to video tape for distribution with this report

Photographic monitoring with the 8mm time-lapse camera contlnues
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