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1. SUMMARY

The air quality monitoring program at Dulles Airport was carried
out in response to the Secretary of Transportation's order of Fekruary 4,
1976 to monitor both pollutant emissions and noise levels of the
Concorde aircraft during its initial 16-month trial period. The air
quality aspects of the monitoring program are described in this report.
The principal objective of the measurement program at Dulles was to
identify the influence of Concorde operations on the air quality in
populated areas both on and off the airport property. While the more
conventional background measurements could be easily performed, there
was no known case where the vertical and along wind profile of the
emission plume from a single aircraft had been measured. A mobile
monitoring program was therefore initiated to determine if the emission
plume of a taxiing or taking off aircraft could be detected. Special
instruments were required to measure the dispersion of the aircraft
plumes which is nonsteady state in nature. A long term measurement
program was then begun.

Concorde effects on pollution at the airport itself were determined
by operating monitoring stations very close to the aircraft taxi and
takeoff paths. The data have been analyzed in detail to provide infor-
mation on jet plume rise, actual atmospheric dispersion parameters, and
vertical and horizontal '"profiles' of exhaust-plume pollutant concen-
trations for individual aircraft in actual service. Analysis of these
measurements has succeeded in identifying the contribution of specific
aircraft types to hourly-average pollution levels on the airport pro-
perty. Pollution estimates previously given in the FEIS were compared
with measurements by rerunning the diffusion model originally used in
the FEIS, but with earlier assumptions of plume rise and atmospheric
dispersion rates adjusted to refléct measured values. The measurement
data show that the pollutant dispersion for single Concordes (as well as
for several other aircraft) is greater than previously ;stimated; con-
centrations are thus lower. Pollutant concentrations attributable to
single Concordes were diluted to less than background levels within
2,000 ft of the aircraft movement path and, therefore, could not measur-

ably influence air quality at the airport terminal or at Sterling Park

(the closest community monitored).




In the community, measured values of ambient air pollution data

were statistically analyzed along with data obtained at Dulles and other
regional locations to determine the possible influence of aircraft

emissions on nearby Sterling Park. Analysis of all these data show:

Emissions from aircraft activities on the airport property
could not be detected at Sterling Park, even when the winds

were blowing toward Sterling Park from the airport.

Concorde emissions at Dulles dilute to background levels

within 2,000 ft of the aircraft.

Actual Concorde operations were less polluting than had been

indicated in the Final Environmental Impact Statement (FEIS).

The small area of Concorde influence predicted with the com-
putational method used in the FEIS becomes even smaller when
the analysis is improved by incorporating data obtained from

this monitoring program.

Based on engine emission rates listed in the FEIS, Concorde CO
emissions for the taxi mode are expected to be up to three
times higher than B707 emissions, but actual measurements near

the taxiway show nearly equal CO impact from both aircraft.

Engine emission rate measurements alone may not reflect air-
craft environmental impact. Factors contributing to this
difference between published engine emission rates and
measured air quality concentration include airplane engine
geometry, engine exhaust temperature and wake dynamics. The
Concorde is considerably different from other aircraft in

these respects.

The most direct measure of aircraft emissions impact is the
actual ambient air quality change measured at nearby receptors.
Thus, the ambient air measurements obtained in the current
program are an important supplement to engine emission
measurements made in the environment of the engine test stand.

1-2




DOCUMENTATION SUMMARY

(Concorde Monitoring)

This report provides data and analyses relating to the following

publications:

i 1) Concorde Monitoring Monthly Report DOT -FAA
f ’ Dulles International Airport - May 1976

2) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - June 1976

3) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - July 1976

4) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - August 1976

S5) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - September 1976

6) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - October 1976

7y Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - November 1976

8) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - December 1976

9) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - January 1977

10) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - February 1977

11) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - March 1977

i ! 12) Concorde Monitoring Monthly Report DOT-FAA
Dulles International Airport - April 1977

, 13) Concorde Monitoring Monthly Report DOT-FAA
‘ ‘ ' Dulles International Airport - May 1977

14) Concorde Monitoring Six Months Summary Report DOT-FAA
Dulles International Airport - May-November 1976

15) Concorde Monitoring Summary Report DOT-FAA
Dulles International Airport - May 1976-May 1977

16) H. Segal, Monitoring Concorde Emissions,
Journal of the Air Pollution Control Association -
July 1977

i
i
i
i
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2. INTRODUCTION

The air quality monitoring program at Dulles Airport was carried
out in response to the Secrctary of Transportation's order of February 4,
1976, to monitor both pollutant emissions and noise levels associated
with Concorde aircraft at that facility. This report describes the
scope of the air quality monitoring program at Dulles airport, the data
base that has been derived from that program, the measurement results,
comparisons of ambient concentrations with those predicted from pub-
lished emission indices and model estimates of areas of influence of
Concorde operations based on these results. Also discussed are a number
of preliminary refinements for prediction models that have been developed
from the current measurements. Finally, the results are compared with
the previous analysis of the impact of Concorde operations presented in

the original Concorde FEIS.
2.1 Objectives

The objectives of the Dulles Airport air quality monitoring program

were:

° determine the effect of Concorde emissions on air quality and,
in particular, on the air quality at populated locations at

and near Dulles Airport;

° compare measurements of ambient air concentrations with esti-

mates based upon published emission rates;

(] analyze local turbulence, buoyant plume rise, and other

factors affecting the plume dispersion;

. define the expected area of influence of Concorde operations
and
o compare the air quality predictions in the Concorde FEIS with

those of improved models based on measurements at Dulles.

'“"""'“'“”"""“""""""“"-"'-'Hl!n-!l--ln-u-!!




2.2 Approach

A two-phase program was used to determine the effect of Concorde
emissions on populated areas at and near the Dulles Airport. The first
phase was concerned with establishing the impact of the airport (and
Concorde) emissions on the surrounding vicinity. The second phase was
designed to detect the emissions from individual aircraft before they
were diluted sufficiently to become lost in the ambient background. Air
quality measurements at two main populated areas, namely, the airport
itself and the Sterling Park Community were given highest priority. The
locations of the principal long-term monitoring sites at the airport are
shown in Figure 2-1 and Table 2-1, and the proximity to Dulles of
Sterling Park and other regional monitoring sites is illustrated in
Figure 2-2.

The impact of the airport (and Concorde) emissions on the air
quality at Sterling Park was determined by measuring the pollution
background upwind and downwind of the airport as well as other regional
stations. Hourly average measurements were considered adequate for
comparisons of ambient concentrations between regional monitors off the
airport property and a central reference monitor at the airport. How-
ever, preliminary measurements at Dulles showed that, to obtain the
sensitivity and selectivity necessary to separate emissions from single
aircraft from the background, measurement locations had to be close to
the source operations and the measurements themselves had to be recorded
with high speed recorders. The impact of Concorde emissions on the
airport itself was determined by measuring the change in pollutant
concentrations caused by emissions from a single aircraft as it started,
taxied and took off. The distance from the taxiing aircraft sourcc at
which these emissions blend into the background outlines the 'area of

influence'" of Concorde emissions (conceptually indicated in Figure 2-1).




712070 A

12
Takeoff Grouping 13 .
19
14 ]
7

Runway

19R
L 8e

Terminal

Start/Idle Grouping 15 < /5‘-' e
/:5§i- <..III|NII

16
%,
o,
6‘,&0
: 27T
201 © 28TT
21T 29TT
22T 30TT
2T 3117
32TT

Taxi Grouping (north wind)

0 4000 8000

feet

26

)

Trailer Park

o
Hig?wa y 28

Sterling Park
Herndon

Concorde Influence
(conceptual)

it ~ ;
|

‘ "l - Grouping
8 \

= =SS} / J.

(south wind)
24 10

X

5

@ Sully Plantation

&

Greenbriar

Figure 2-1

2-3

Air Monitoring Sites - Dulles Airport




CHARACTERISTICS OF MONITORING SITES

Approximate Operational
Site # | Location Measurement Function Status
1 Sterling Park Co, NO & NO,, Monitor air quality change June-Sept (1976)
total HC, par- in the community during
ticles, ozone Concorde operation
methane, WD/WS#*
2 2000 ft north CO, NOy, WD/WS* Measure takeoff emissions as | May-Aug (1976)
& 125 ft east precursor to defining loca-
of the east tions for 3-station takeoff
runway** grouping. Background station
3 1100 ft north NOx Measure takeoff emissions May-Aug (1976)
& 1000 ft east as precursor to defining
of the e.-t locations for 3-station
runway takeoff grouping.
4 Taxi Grouping - | CO, WD/WS* Trace emission propagation May-Sept (1976)
480 ft north during taxi (single event)
of the jet
ramp taxiway &
200 ft.east of
the mobile
lounge ramp
5 Taxi Grouping - | CO Same as 4 May-Sept (1976)
190 ft.north of
the jet ramp
taxiwvay & 200
ft.east of the
mobile lounge
ramp
6 South edge of Co, NO & NO2, Monitoring pollution back- May-Sept (1976)
the main ramp; total HC, par- ground of the airport
on the south ticles, ozone
access road WD/WS*
7 Northwest of Vertical temp. Measure inversion base Continuous
‘airport (NOAA-
owned)
8 West of the WD/WS* Monitor wind speed and Continuous
west runway (no recorder) direction
(NOAA-owned)
9 3000 ft. south WD/WS* Monitor wind speed and Continuous
of Site 6 direction
(NOAA=owned)
10 Taxi Grouping - | CO Same as 4 June-July (1976)

midway between
Sites 4 & 5

*WD/WS-Wind dirgection/Wind speed

**All dimensions are measured from centerline of ramp, runway or taxiway

unless otherwise needed.
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TABLE 2-1 (Continued)
Approximate Operational
Site #| Location Measurement Function Status
11 Taxi Grouping - | CO Same as 4 July-Sept (1976)

13

14

15
16
17

18

19

20T

21T

22T

Site 4

fTakeoff Group-
ling - 185 ft.
,east & 140 ft.

14

Site 13

SRR SRS———

200 fc.north of

Takeoff Group-
ing - 285 ft
east and 100
ft.north of

north of Site

Takeoff Grouping
450 ft.east of

the east runway
& 1040 ft.south
of its north end

Start/idle
Grouping - north
of the west & of
the jet ramp
taxiway

South of the
east runway

North of the
west runway

South edge of
main ramp 1700
fti** yest of
Runway 19L,
56~ft.elevation
on tower

41-ft. elevation
on tower

26-ft. elevation
on tower

——— e — e gt

€O, NO & NO,,
total HC, ozone,
WD/WS*

CO, NOy

CO, NOy

CO, WD/WS*,
(at one site)

NOx

NOx

Trace emission propagation
during takeoff (single event)

Same as 12

_Same as 12

Trace emission propagation
during engine start/idle
(single event)

Monitor takeoff emissions

Monitor landing emissions

Air intake position (tower)

Same as 20T

Same as 20T

2-5

Oct 76-May 1976

Sept 76-May 1976

Sept 76-May 1976

Spot check

Spot check

Spot check

November (1976)

November (1976)

November (1976)




__TABLE

2-1 (Continued)

Site #

Approximate
Location

Measurement

Function

Operational
Status

23T

24

25

26

27T

28TT

29TT

30TT

31TT

32TT

14-ft.elevation
on tower

South edge of
main ramp **
1665 ftx*x
west of Runway
19L

1665 ft*x**x yest
of Runway 19L
164 ft south

bf site 24

1700 ft*** yest

‘of Runway 19L

164 ft.south of
Site 25

Same as 20T
80-ft. ele-
vation on
tower

164 ft.south
of 20T. 80-ft.
elevation on
tover

Same as 28TT
56 £t.ele-
vation on
tower

41-ft.
elevation on
tower

26-ft.ele-
vation on
tover

14 ft.ele-
vation on
tower

CO, WS/WD*

Same

Same

Same

Same

Same

Same

Same

as 20T

Tower measurements

Tower measurements

Air intake position
(Surface)

as 20T

as 20T

as 20T

as 20T

as 207

as 20T

November (1976)

November (1976)

November (1976)

November (1976)

Feb-March (1977)

Feb-April (1977)

Feb-April (1977)

Feb- April (1977)

Feb-April (1977)

Feb-April (1977)

*%%215 tt. south of south jet ramp centerline
#ikkSouth end centerline
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3. MONITORING PROGRAM

The air quality monitoring program at Dulles had a number of impact
assessment goals that required a variety of measurement approaches.
Different techniaues were required to measure the influence of Concorde
cmissions on local and regional air quality. A measurement program to
develop a comprehensive air quality data base containing both regional

and local (single event) data was initiated.
3.1 Regional Measurements

To assess regional effects of Dulles operations, the initial phase
of the measurement program employed conventional air quality monitoring
stations located at a point approximately 200 ft south of the jet taxi
ramp, as welllas in the community of Sterling Park three miles to the
NNE of the airport. At these two stations all of the major pollutants
associated with aircraft emissions were measured: carbon monoxide (CO),
total hydrocarbons (THC), nitric oxide (NO), nitrogen dioxide (NOZ)’
photochemical oxidant measured as ozone (03) and total suspended parti-
culates (TSP). Regional monitoring stations (Figure 2-2) at Bethesda,
Maryland (the National Institute of Health) and at Lewinsville, Massey
and Seven Corners, Virginia provided comparable hourly data logs for

these pollutants for the May to September 1976 period. An additional

station was temporarily set up as a takeoff monitor near the airport
property boundary to measure CO, NOx (NO and N02) and wind speed and
direction. The other regional stations shown in Figure 2-2 collected
only TSP data (Table 3~1), and were therefore not of principal interest

in the current analysis studies.
3.2 Single Event Measurements

Between May 1976 and July 1977, the air quality monitoring systems
recorded the pollution background on and off the airport and emissions

from aircraft single events during engine start/idle, taxi and takeoff. '3

Major emphasis was placed upon monitoring the jet exhaust emissions from

a taxiing or taking off aircraft. Carbon monoxide was the tracer
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pollutant measured during start/idle and taxi operations, while NOx was
the tracer measured during takeoff. Different ''tracers'' were selected
for the taxi and takeoff modes because CO is predominant during taxi and
NOx is predominant during takeoff (Segal, 1973). A list of the moni-
toring sites is given in Table 2-1. The locations of these sites are
shown in Figure 2-1 and a detailed discussion of the instrumentation,
site selection, calibration procedures and sensitivities is given in
Section 4.

A major consideration for monitoring site selection was the traffic
pattern at the airport. Most commercial aircraft do not operate in the
vicinity of the terminal, but rather position themselves at the jet
ramp, which is located 2,300 ft south of the terminal. Airplanes move
around this ramp in a clockwise direction. For south-wind operations,
which are predominant during the summer months, the airplanes usually
proceed from the ramp to takeoff runway 19-left (Figure 2-1), which
ensures the shortest possible taxi distance. For north-wind operation,
airplanes proceed from the ramp to runway 1l-left. Considering this
traffic pattern, the most effective location for taxi monitoring during
the summer months is at the turf area just off the northeastern edge of
the taxi ramp. Monitoring started at two locations (4 and 5). A third

location was added, first at site 10 and then moved to site 11 to pro-

vide three points in a line normal to the taxiway to aid in determining
plume dispersion rates (Figure 3-1). As the predominant wind shifted to
the north in the winter months, the three taxi monitoring stations were
moved to the other side of the taxi ramp. Measurements to record the
vertical pollution profile were also performed at this location. Power
for all taxi monitoring was provided by an FAA 15KW diesel electric

generator.
3.2.1 Taxi Measurements

Three sets of taxiing mode emission measurements were recorded
during the program. The first set was recorded at sites 4, 5 and 11
from May to September 1976. The second set of taxi mode measurements

incorporated tower-mounted CO sensors (Figure 3-2), allowing the ver-

tical distribution of the jet plume to be examined for the first time.

3-3
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These single-tower tests were performed between November 1 and 15, 1976
using a 58 ft tower at 215 ft from the taxiway centerline with four
vertical pollution intake positions (14, 26, 41 and 56 ft).

To refine plume rise estimates and determine rate of rise, a
second tower was added at the original 379 ft (115 m) distance of the
second downwind sensor. The two-tower tests were started on February 20,
1977 for a five-week time period. The height of the first 58 ft tower
was increased to 82 ft, so that each 82 ft tower had five intake posi-
tions. Each sampling port on both towers had its own sampling pump,
which transmitted the air sample via an identical length sampling line
to a separate Ecolyzer (CO monitor). Figures 3-3 and 3-4 show the
geometry of the two tower installation. Characteristic CO pulse
measurements from this array are illustrated in Figure 3-4.

Observations were made on the days when northerly winds transported
emissions over the monitoring locations. Aircraft type, time of passage
and mode of operation were recorded by the observer in a data log. The
use of high speed chart recorders for wind speed and direction allowed

wind turbulenceé intensity parameters o, and ou/u to be derived for the

6
tower tests. It was expected that this added information would improve
the accuracy of dispersion rate estimates and would help determine the
relative importance of ambient turbulence and jet wake turbulence as

dispersion mechanisms.
3.2.2 Takeoff Measurements

Takeoff emissions were measured at sites 12, 13 and 14 from
November 1976 to April 1977. Measurements were taken at the three
downwind locations (Figure 3-5).

Locations of these monitoring sites were determined through
analysis of precursor measurements taken at sites 2 and 3. Sites 12, 13
and 14 are approximately 1,000 ft south of the north end of the runway.
This location was éelected because plume concentrations could be
measured effectively and electrical power was available. Characteristic

traces of NOx measurement versus time are shown in Figure 3-6.

3-5
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Figure 3-2

Pollution Monitoring Tower
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3.2.3 Other Landing and Takeoff (LTO) Cycle Modes

Concentrations associated with approach and climb out phases of the
LTO cycle were not analyzed because of the small data base and the
uncertainties associated with jet exhaust plume rise and wake downwash

during flight. Monitoring for queuing was initially planned but then

cancelled because queuing did not occur at the time of Concorde departure.




AIR QUALITY MEASUREMENT METHODS

This section identifies the pollution measurement instrumentation
and calibration methods used in the Dulles air quality monitoring programs.
Limits of precision, sensitivity and accuracy for each pollutant measured

are also identified.
4.1 Instrumentation and Site Selection

Instrument selection was influenced by the unique nature of the
aircraft pollution source. Many non-aircraft sources are relatively
continuous in nature and may be sampled over long averaging times. The
emission plume from a moving aircraft, however, is a nonsteady-state
puff and each sensor must respond to a wide concentration excursion as
the plume passes over the downwind monitoring station. This event which
usually takes less than two minutes, requires continuously recording
instruments and high-speed chart recorders for precise documentation.
This type of equipment was used to record the short-duration passage of
the Concorde emission plume.

Six instrumented trailers plus mobile pollution monitoring equip-
ment were moved at different times at the 32 sites shown in Figure 2-1.
Monitoring equipment at these sites measured the following operational

modes and weather parameters:

Purpose of Monitor Site Number
Background 1,6
Takeoff (precursor) 2,3
Takeoff 12,13,14 ‘
Engine Start/Idle 15,16,17
Climb out 18 |
Approach 19
Taxi (surface) 4,5,10,11,24,25,26
Taxi (plume rise--single tower) 207,217,227 ,235T

Taxi (plume rise--double tower)

Metcorological data (wind speed
and direction)

27T,20T,21T, 22T, 23T, 28TT, 29TT,
20TT, 31TT, 32TT

7,8,9,6,10,12,24




Site seclection considerations were:

° probable success in detecting an event;

@ freedom from spurious emissions;

° frequency at which aircraft passed the monitoring sites;
. available power;

° wind direction and

® noninterference with other airport operations.

Sensor equipment for background and single event monitoring are

listed in Table 4-1.
4.2 Analysis of Instrument Calibration and Response Times

Response of the CO instrumentation to pulses of constant concen-
trations, but of varying duration, was analyzed to quantify the depen-
dence of system output on different concentration values. Strip charts
examined were from 1 March, 2 Merch, and 26 April with calibration gas
concentrations of 7.6, 18.0 and 7.6 ppm, respectively. No systematic
variation of response characteristics with concentration of calibration
gases was noted. The correction factors discussed below were derived
for modeling instantaneous peak concentrations and pulse durations.

An independent calibration system was designed to insure that the
monitoring instrumentation would record the true concentration of the
gas sample during the short time it takes the emission plume to pass
over the monitoring station. Calibration gas was released in pulses of
five different durations from 10 to 60 seconds to simulate expected
variations in emission plume passagce times. Equal lengths of air
sampling tubing were used to insure uniform instrument response.

Figurc 4-1 illustrates the fraction of full scale response obtained
for input CO pulses of varying duration (in seconds) during a typical
calibration sequence. It is apparent that the modeling of instantaneous
concentrations for comparison with measurements must incorporate correc-
tions for the CO monitor's response time. Such corrections would not be
very significant at the sensor distances if the source emissions were
stecady for more than one minute. Comparison tests with THC sensor
indicated that its response time was about one-half the period required

for the CO measurement system.

4-2




Pollutant

Carbon monoxide
Nitric oxide/nitrogen dioxide
Total suspended particulates

1 Total hydrocarbons
Nonmethane hydrocarbons

Ozone

Wind speed and direction

Temperature

i k2 At i AN L

TABLE 4-1

SENSOR EQUIPMENT

Instrument and Manufacturer

Intertech Co. - URAS2 - NDIR
Energetic Sciences, Inc., Ecolyzer 2600E

Thermo Electron Co. 14B Analyzer
Monitor Labs Inc., 8500 Calibrator

BGI-IIA Hi Volume Sampler
BGI-HCII Standard Calibrator

Beckman Instruments Inc. - Model 400
Beckman Instruments Inc. - Model 6800

McMillan Electronics Co. - 1100 Analy:zer,
1020 Ozone Generator

Climet Instruments Co.-011-1

Wind Speed Transmitter, 012-10

Wind Direction Transmitter, 060-10
Transmitter

Climet Instrument Co. - 015-3
Temperature Sensor, 060-10 Translator
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In Figure 4-2 the average recorded CO pulse full width at half !
maximum peak hcight (FWHM) is plotted against input pulse duration.
There is a linear response for longer pulses while for shorter pulses

(<20 sec) the output pulse is artificially broadened by the instrument.

Extrapolation of the lower end of the "actual' response curve, indicates
a minimum discernible output pulse width of approximately 15 sec.

An examination of the product of peak heights and durations has
shown that, to a first approximation, dose is conserved by the system.
The widening of the FWHM at short pulse inputs is primarily a consequence
of slowed response to the amplitude of the incoming CO concentration
pulse.

To describe what is observed mathematically, the response function

adopted is:

S(T)

S [1 - exp (-P/Pr)] r =< Fp

=B | onp (-Fp/rr)] exp [-(T - rp)/rf] for T > T

S(r) 1is percent full scale response at time I' (sec)

S
max
is full scale response
max
Fr is rise time constant (sec)
Ff is decay time constant (sec)
Fp is pulse duration (sec)

Plotted in Figure 4-1 is the percent full scale response as a function

of time in seconds for pulses of 10, 15, 20, 30, 40 and 60 seconds. The
rise and decay response times were adopted from measured strip charts

and the average values of Fr = Ff = 12.0 sec were used. Peak heights
and FWHM were compared with those plotted from the calibration strip charts.
The analysis using the adopted functional form of correction factor con-
firmed that dose was adequately conserved. Additionally, since the
measured pulses reach their maximum at time Fp’ the measured peak height

and the true maximum are related by:
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S(measured peak)
1-exp (-Fp/rr)

S(true max) =

Thus, measured peak height responses are representative of the true
cvent only for pulse durations longer than the instrument's rise time
constant (12 sec). For example a 40 sec event yields a response of
approximately 90%.

The previous discussion has dealt with the modification of square
wave inputs by the instrumental system. A modified formulation is
rcquired to correct peak heights for input signals (responses to con-

centrations) which have a Gaussian distribution:

2
o (o /2% )
Xg = Xy VT2 [XJ i g

T

1 0x
[1 + erf '—7'—£—*— - —? ]
=G
X
where

P theoretical peak concentration
R = measured peak concentration
O™ plume width along wind

T = response time of instrument

t = travel time with respect to sensor

An adequately precise approximation to this expression (solved for
the expected measured concentration) has been found to be:
e

T )P

where

c
n
(=]
~
o]
o
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Ft = theoretical pulse duration (full width of half peak height)

found from:

Ft + tIn2/[1 + b(rt/T)p]

tm
p = 1.4
b = 0.0912
where
r is measured pulse width based upon the theoretical response.

tm
4.3 Limits of Precision, Sensitivity and Accuracy

The precision of an instrument is a measure of reproducibility of
its results (sometimes expressed as the complement, the variability
of response to a known concentration). An understanding of the measure-
ment system capabilities requires information concerning its precision,
its sensitivity and its accuracy. The most critical of these quantities
is usually the precision. Precision usually improves at concentrations
well above an instruments limit of sensitivity. Instrument sensitivity
refers to the minimum threshold concentration value for a measurable
response to be noted and is dependent upon precision at the lowest end
of the instrument response scale. In contrast, accuracy is a quantity
describing the mean instrument response to a known calibration concentra-
tion and is therefore: a measure of the signal-to-noise ratio of the
instrument under a constant input signal at intermediate or higher scale
deflections.

The precision of the difference between measurements on two instru-
ments must take into account systematic errors in calibration as well as
the rms sum of the errors in each measurement due to instrument noise or
recorder chart errors. The precision of an instrument's measurement,
or even that of the difference between two instrument measurements,
may be characterized by a smaller error figure than the absolute accuracy
of either instrument. The absolute accuracy must include the accuracy
of the calibration standard. Only the relative accuracy contributes to
the precision of a difference measurement. Careful adjustment of all

instruments to the same standard minimizes the contribution of the

4-8
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relative accuracy to overall uncertainties in the experiments at Dulles.
The total uncertainty in both single instrument measurements and in
dif“erence measurements is dominated in these tests by the limits of
chart recorder precision.

For both the CO and THC sensors sensitivity and accuracy are 0.5%
and *1.0% of full scale, respectively. However, the sensitivity in
the total measurement system is reduced by the strip chart recorders
which limit the sensitivity to 1.0% of the chart scale. These figures
yield sensitivities of 0.1 and 0.25 ppm for THC and CO, respectively,
while corresponding accuracies are *0.2 and *0.50 ppm.

It should be noted that these are conservative estimates and
represent instrumental characteristics only. Since additional infor-
mation is available in assessing strip chart traces (such as the time of
an event), it is possible to extract higher degrees of sensitivity from
the trace noise level by effectively using this correlative data. It is
cstimated that this factor increases the effective sensitivity of each
instrument to approximately 0.5% full scale. This point is illustrated
by Table 4-2.




TABLE -2

|
|
|
|

MONITORING TNSTRUMENT SENSTTIVITY AND ACCURACY

Instrument Alone (ppm)
Sensitivity Accuracy
co 0.25 0.50 |
THC 0.10 0.20 {
NO_ 0.005 0.01 I
0 : 0.005 0.01
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