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THE 1977 NRL AIR QUALITY DATA

INTRODUCTION

This report is the third in a continuing series of
annual summaries of the air quality data measured at the
NRL air monitoring station (1,2). The present review
includes data for the calendar year 1377. The variables
measured were ozone (03), sulfur dioxide (SO:), nitrogen
dioxide (NO2), total hydrocarbons (THC), methane (CHu),
carbon monoxide (CO), wind speed, and wind direction. For
ease of presentation, only the difference between THC and
CHy will be reported, i.e., the non-methane hydrocarbons
(RHC), for a given time-averaging period.

In this report only the main features of the air
quality data will be presented. In a future report a more
comprehensive and detailed analysis will be given, and will
include several years data.

BACKGROUND

The current air monitoring program became operational
during January 1975 for the continuous measurement of
pollutants, gases, and meteorological conditions of interest.
At the present time, the NRL air monitoring station is
located in Building 207, Room 409. A schematic diagram of
the NRL air monitoring station is shown in Fig. 1. Details
of the air monitoring station, the instruments in use, and
the computer program for analyzing the air quality data
have been discussed in previous publications (1,2,3,4).

GENERAL INFORMATION

The physical location of the Laboratory, and the air
monitoring station lies in the southwest quadrant of the
District of Columbia (Washington, D. C.). In close
proximity to the Laboratory are also portions of Maryland
(Prince George's County) and Virginia (city of Alexandria,
Arlington County). Specifically, the Laboratory is bounded
on the north by Bolling Air Force Base, east by Route 295,
south by the D.C. Sewage Treatment Plant, and west by the

Note: Manuscript submitted March 20, 1978.
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Potomac River. Inspection of Fig. 2, a radial and
directional map of NRL and vicinity, clarifies the
geography.

The immediate area surrounding the Laboratory may
be considered as part of the urban complex including
commercial, light industry, and residential facilities.
It is assumed that the air quality data obtained within
this area is biased with respect to man-made emissions
and mostly from combustion sources (stationary-mobile,
area-line-point, ground level-elevated, and continuous-
intermittent). It is not clear how or how much non-
combustion and natural emission sources contribute to
the pollutant measurements currently being made at the
NRL air monitoring station. However, it should be kept
clear that the concentration measurement of a pollutant,
within a given time-averaging period (5-minutes, l-hour,
24-hour, etc.), is the total concentration present in the
atmosphere from combustion, non-combustion, and background
sources., Furthermore, at the time of measurement some
part of the pollutant concentrations are '"fresh" (local)
and part are "aged" (long distance transport).

Emission sources include fuel combustion, industrial
processes, transportation, solid waste disposal, solvent
evaporation losses, biological oxidation, microbial action,
and vegetation. Some of these sources may preferentially
emit one predominant pollutant in greater amounts than the
other pollutants. For example, most fuel combustion
sources emit all the classes of pollutants (carbon, nitrogen,
and sulfur oxide gases, hydrocabons, and particulates),
but whereas coal burning emits copious quantities of sulfur
gases, fuel o0il burning does not. In another example,
motor vehicle exhaust emissions are the predominant source
of carbon monoxide, while for other combustion sources
carbon monoxide emissions are less predominant.

AIR QUALITY DATA AND RESULTS

Valid Hourly Observations

Table 1 1lists the valid hourly observations for
each variable measured at the NRL air monitoring station
during each month of the calendar year 1977. It would
have been preferable if at least 75% of the total hours
in the year had been available but because of excessive




downtimes of the instruments this was not the case. It
will be noted particularly, that during the months of
August and September the instruments were inoperative.
This was due to a major overhaul of the instruments and
computer system during these months. However, from the
remaining observations available it is possible to
extract meaningful information as the following sections
in the report will show.

Meteorological Data

Table 2 lists the percent of time in which each
wind direction occurred for each month during 1977. It
is clear that emissions from each wind direction contribute
to the concentration of the pollutant being measured. It
is further evident, however, that some wind directions are
more predominant than others and consequently emission
sources from these wind directions will bias the final
results. For example, easterly wind directions occur the
least amount of time, and therefore emissions from these
directions (mostly D.C. and parts of Maryland, and motor
vehicle exhaust emissions from Route 295) will have the
least influence on the concentrations of pollutants being
measured. On the other hand, it will also be noted that
the westerly wind directions predominate at NRL. Conse-
quently, emissions from these wind directions will bias
the air quality data.

The prevailing wind direction during 1977 was
NNW. The only local nearby emission sources from that
direction is the Washington National Airport facility.
It is not yet clear if emissions from this area are
significant with respect to the NRL air quality data.
Further inspection of the last column in Table 2 reveals
that the second predominant wind direction was calm;
occurring 12.9%2 of the time. This wind direction indi-
cates that local emission sources from any wind direction
will bias the air quality data and perhaps lead to
abnormally high pollutant concentrations.

Table 3 lists the average prevailing wind

direction during each hour for each month during 1977.

The wind directions that occurred most of the time include
NNW and calm. The wind directions that occurred the least
amount of time are E, ESE, SE, and WSW. It should be kept
in mind, however, that the atmosphere is a dynamic system
and that wind from a given direction is not generally
sustained for long periods of time. Consequently,
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pollutant plumes tend to meander or swirl before reaching
the air sampling probe. As a result, it is possible that
emissions from one wind direction will be included with
those emissions from the predominating wind direction
occurring at that time; one may think of this as a sort
of entrapment, or entrainment.

Table 4 lists the percent of occurrence that a
given wind speed group occurred during each month of the
year in which data were available. In decreasing order
the occurrence of wind speed groups are, in general:

3.9 = 7.4 mph, O = 3.4 mphy, 7.5 — 12.4 mph, 12.5 = 18.4
mph, and 18.5 mph and over. From this list it may be
concluded that wind speeds are, on the average, rather

low most of the time. Therefore, a poorly mixed atmosphere
with respect to pollutants is more likely than a well-mixed
atmosphere. This point is further brought out in Table 5
where the average wind speed is listed for each wind
direction of each month during the year.

Pollutant Concentration Data

Table 6 lists the monthly average pollutant
concentration that occurred during 1977. Also included
are the yearly averages for each pollutant, and were
calculated and based on the number of valid observations
for each month. The yearly average may be questionable
here due to the lack of data for the months of August and
September. However, it is felt that the yearly averages
are, at least, representative of the actual values.

Monthly and yearly times may be considered as
long sampling periods in which wide fluctuations in con-
centrations are minimized or damped. Even so, some
pollutants show wide differences in their monthly averages.
03, for example, ranges from a low monthly average of 0.007
ppmv to a high monthly average of 0.040 ppmv. This is
clearly a seasonal effect and indicates that 03 formation
is higher in the warmer months than the colder months. O3,
it will be recalled, is more likely to be formed when one
of the prerequisites for oxidant formation is high ambient
temperatures. Monthly SO; average concentrations are not
so clearcut with respect to season because peak loads of
this source varies with demand; increased fuel consumption
during cold periods in the winter and increased power
requirements for air conditioning during hot weather. NOj
monthly average concentrations, on the other hand, vary




considerably over the year with a low of 0.018 ppmv during
January and a high of 0.116 ppmv during June. The reasons
for this seasonal effect are not yet clear. RHC monthly
average concentrations also vary widely with a low of 0.04
ppmv during November and a high of 1.06 ppmv during June.

In fact it will be noted that low RHC concentrations
occurred during October, November, and December. It would
appear as if RHC, the non-methane hydrocarbons, emissions
were either effectively scavenged during this period of
three months or were well-diluted in the ambient atmosphere.
CO monthly average concentcations have a very pronounced
seasonal character as shown by the data of this pollutant

in the table. According to the concentration data, CO
concentrations are higher in the cooler months and lower

in the warmer months. This is a characteristic pattern

for CO and shows up from year to year. It would be
interesting to know why this trend with CO occurs especially
since motor vehicle exhaust emissions are considered to be
the major source of CO emissions, and road traffic density
does not vary that much from month to month.

To get a more realistic picture of pollutant
concentration fluctuations over shorter time-averaging
periods the air quality data of Table 7 are of interest.
In this table the maximum concentrations that occurred in
each month for different time-averaging periods are listed.
For any pollutant and within a given time-averaging period
the data shows that wide concentration fluctuations can
occur from month to month, This is shown by the highest
and lowest values for each pollutant and for each time-
averaging period. Some of these concentrations are rather
high, especially for the 5-minute time-averaging period,
and it is fortunate that these concentrations are not
sustained for longer periods of time. Normally, though,
except under the most abnormal conditions, pollutant con-
centrations decrease with sampling time. For example the
24-hour maximum concentration is lower than the l-hour
maximum concentration, and the l-hour maximum concentration
is lower than the 5-minute maximum concentration. This
pattern is always the case with pollutant concentrations
and, as a result, pollutant concentrations tend, in most
cases, to be approximately log-normally distributed. 1In
this type of distribution there are a few high concentra-
tions and a large number of low concentrations, i.e., most
pollutant concentrations tend to be below the average
concentration for a given time-averaging period. In some




extreme cases about 85% of the concentration values were
found to be below the average concentration. In any case
wide concentration fluctuations are due to variations in
emission sources (number, type, location, strength, peak
periods, etc.) and to meteorological conditions (air
temperature, cloud cover, sunlight, relative humidity,
pressure, turbulence, etc.).

If it is assumed that the same emission sources
are available on a day-to-day basis with no significant
change in output then it may be concluded that variations
in meteorological conditions are more effective in causing
pollutant concentration fluctuations than emission sources.
Furthermore, the efficacy of scavenging mechanisms for
pollutants depends on meteorological conditions.

A further analysis of the maximum concentration
data is shown in Table 8 for O3, SO, NO2, RHC, and CO.
This table lists, for each month, the hourly maximum con-
centration, the hour of the day in which it occurred, the
day of the week, the wind speed, and the wind direction.

Some general conclusions that can be drawn from
the data listed in Table 8(a) through 8(e), are that high
hourly maximum concentrations can occur during any day of
the week, and that westerly and calm wind directions are
predominant. Sunday, it will be noted, appears quite
frequently and suggests that emissions of the type emitted
in the metro D.C. area do not fluctuate from day to day,
even on weekends. The predominantly westerly influence
indicates that emission sources from the Virginia sector
(see Fig. 2) are predominant.

Specifically, Table 8(a) indicates that 03 is
highest in the afternoon hours and this is reasonable
since 03 formation is most likely at those times. Also,
there is no correlation between high hourly 03 concen-
trations and wind speed.

For S0, Table 8(b) reveals no significant
relationships except that high concentrations occur from
the westerly direction almost all of the time. This is
well known at NRL because of the close proximity of a
coal-fired electric power plant which lies west of the
Laboratory.

For NO,, it is clear from Table 8(c) that high
concentrations occur at low wind speed, and that the




favorable time of day is around 9:00 a.m. (0900 hours) and
at 7:00 p.m. (1900 hours).

High hourly RHC concentrations, Table 8(d),
occurred mostly at calm conditions and at low winds; and
some rather high concentrations from the easterly directions.

For CO, according to Table 8(e), high hourly
concentrations occurred; (1) in two time periods, one in
the morning and one in the late afternoon; (2) at low wind
speeds; and (3) either at calm conditions or from an
easterly direction. For this pollutant, and others, an
easterly direction may be correlated with motor vehicle
exahust emissions from Route 295 (see Fig. 2).

Table 8(a) through 8(e) lists the highest maximum
concentrations that occurred during each month for a given
pollutant during the year. However, it is of interest to
find out if the highest concentration during the day occurred
at any preferable time. Therefore, Table 9 was constructed
to show this trend for each pollutant. This type of approach
is worthwhile because it allows pollutant concentrations
to be characterized with respect to patterns and trends on
a day to day basis. From Table 9 the data establish that
high O3 concentrations are clustered within a narrow time
frame, i.e., from 11:00 a.m. (1100 hours) to 5:00 p.m.
(1700 hours) and peaking at around 2:00 p.m. (1400 hours).
For SO2 though, there is no apparent clustering of high
hourly concentrations within a gziven time period. This in
itself is revealing because it indicates high SO; concen-
trations can be spread out throughout the whole day. NOj
is different from O3 and SO, in that the maximum concen-
trations occur in two time periods during the day; one
between 0600 - 1000 hours (6:00 a.m. - 10:00 a.m.) and the
other between 1800 - 0100 hours (6:00 p.m. - 1:00 a.m.).
High NO2 concentrations, it will be noted, do not normally
occur between 1100 - 1600 hours (11:00 a.m. - 4:00 p.m.).
For high RHC concentrations it is difficult to come to any
conclusions although a case can be made that motor vehicle
exhaust emissions are not necessarily a predominant source
of this pollutant in this area. Otherwise high RHC con-
centrations would have been better correlated with the
morning and evening rush hour traffic period (6:00 a.m. -
9:00 a.m. and 3:30 p.m. - 6:30 p.m.). Inspection of the
RHC data indicates that this is not the case. High CO con-
centrations, like NO;, appear to have two peak periods




during the day: the peak periods are from 0700 - 0900 hours

(7:00 a.m. - 9:00 a.m.) corresponding to the morning rush
hour traffic period and from 1800 - 0100 hours (6:00 p.m. -
1:00 a.m.). The late evening peak period does not correlate

well with the evening rnzh hour traffic period at all. Any
explanation that might be offered at this time about the
late evening peak period for high CO concentrations is not
yet satisfactory.

Air Quality Standards

Air quality data generated at NRL can be usefully
compared to the federal and D.C. ambient air quality

standards issued for this purpose. By this means one can
ascertain the air quality at the Laboratory by noting if
the standards have been exceeded. For example, Table 10

lists the federal pollutant standards and the number of
time these have been exceeded at NRL during 1977. Table 11
lists the D.C. pollutant standards and the number of times
these were exceeded by the NRL data. From both Tables 10
and 11 it is found that the ambient air at NRL had some
serious air pollution problems at certain times of the year.
Although by no means excessive, as compared to other air
quality data from local jurisdictions, the fact that the
standards have been exceeded so many times is worrisome.

At the same time this does not mean that the facilities

at NRL generated those pollutants which were excessive.
What the data do reveal is that more effecitve air pol-
lution control systems are needed for those sources which
emit copious quantities of pollutants inr ~ atmosphere.

Table 12 lists the Air Quality Index (AQI) criteria
for Metropolitan Washington and the number of times the NRL
air quality data were exceeded. Comparing Table 12 with
Tables 10 and 11 reveals that the AQI criteria are less
severe than the federal and D.C. standards. Therefore,
from the list in Table 12 it is seen that only 03 exceeded
the AQI cirteria and that only during the alert stage. ,
Based on past analysis of the NRL data it does not seem |
likely that the S5z, NO2, and CO AQI values will be exceeded
at NRL. It would have to be under abnormal conditions
(meteorological), than heretofore encountered, before this
can occur. For example, a prolonged drought, a prolonged
stagnating high pressure system, a sustained temperature
inversion period, and calm or low winds, are some of the
prerequisites necessary to create abnormally high
concentrations of one or more pollutants.




MISCELLANEOUS REMARKS

There are a few remarks worth mentioning at this time
that do not fit into the general scheme o/ this report.
The purpose of this section is to augment our existing
knowledge about the NRL air quality data based on several
years knowledge with the air monitoring program. For
example:

(a) O3 and SO, concentrations are high when the
relative humidity of the atmosphere is low;

(b) high NO; concentrations are independent of the
relative humidity of the atmosphere;

(¢) high THC, CH4, RHC, and CO may occur at high
relative humidity of the atmosphere;

(d) with respect to the NRL air monitoring site some
pollutants are more well-mixed in the atmosphere (NO3)
than some other pollutants (SO, RHC);

(e) daily surface-based temperature inversions are
a common occurrence;

(f) high O3 concentrations do not occur with high
SO02 concentrations;

(g) pollutants are transported through the atmosphere
as clouds or puffs;

(h) generally all of the pollutants measured at the
NRL site are not present in high concentrations at the
same time;

(i) for a given pollutant different emission sources
may predominate at different times of the day;

(j) odor from the D.C. Sewage Treatment Plant does
not necessarily imply high pollutant concentrations;

(k) SOz in the NRL atmosphere tarnishes exposed
copper and nickel specimens in short periods of time;

(1) with the exception of the heating plant, there
are no other major emission sources at the Laboratory; and




| (m) rain or snowfall are not 100% effective scavenging
mechanisms.

Most of the above items will be discussed more fully
in future reports.

FUTURE PLANS

To improve the effectiveness of an air monitoring
program it becomes necessary from time to time to expand
the analytical capability of the station; limited of course
by budget restraints and manpower requirements. Conse-
quently, it is proposed to expand the present air monitoring
program to include air temperature and relative humidity
sensors, a NO/NO_ and a CO, detector, expand the data
acquisition systgm to accommodate and include the added
sensors and detectors, and include some type of particulate

matter monitor. In addition, a commercial type smoke
detector is presently being converted to use as a smog
detector.

In addition, the concept of the relative measure of
variability of pollutant concentrations in air will be
developed more fully for use as a routine method of
analysis of air quality data (6).

SUMMARY

This report is the third in a continuing series of
annual summaries of the air quality data measured at the
NRL air monitoring station. Data reported are for ozone
(03), sulfur dioxide (S0.), nitrogen dioxide (NO;), non-
methane hydrocarbons (RHC), carbon monoxide (CO), wind
speed, and wind direction. Variations in emission sources,
meteorological conditions, and scavenging mechanisms are
considered as the causes of the wide concentration
fluctuations during any given time-averaging period for
any given pollutant. A detailed discussion is presented
on wind speeds and wind directions and their effect on
pollutant concentrations. Consideration is also given to
the maximum concentrations occurring each month during 1977
for the 5-minute, l-hour, and 24-hour time-averaging periods,
and the corresponding relationship with time of day, day of
week, wind speed, and wind direction. Finally, some char- a
acteristic trends of pollutant behavior peculiar to the |
NRL air monitoring site are pointed out and discussed. |

10




REFERENCES

Stamulis, Aristides, "The 1975 Yearly Summary of the NRL
Air Quality Data", NRL Memorandum Report 3351, August
1976.

Stamulis, A., "The 1976 NRL Air Quality Data", NRL
Memorandum Report 3652, November 1977.

Stamulis, A., ‘Taylor, R. €., and Pilatt, V. R., MThe
NRL Air Monitoring Station", NRL Memorandum Report
2699, December 1973.

Stamulis, Aristides, "The NRL Atmosphere: Trends in
Air Quality", NRL Memorandum Report 2902, October 1974.

Stamulis, A., Flournoy, R. L., and Jones, Lynn K.,
"Ambient Air Quality Data Management at NRL", NRL
Memorandum Report 3261, April 1976.

Stamulis, A., "The Characterization of Pollutant

Concentrations by a Relative Measure of Variability",
NRL Memorandum Report 3659, December 1977.

11

— - .............._...._............-—.-—-‘




sinoy

09.8 uUo posEqy

8° 7L ¢'t9 0°¢€9 L°89 8°99 1°L9 |[#22uU31andd50 %

08¢t9 YESS STSS £109 58S SLBS 1e30]

L9 19 19 966 619 cL9 234

69 9¢9 9¢9 889 169 £e9 AON

<59 0s9 1¢e9 59 0s9 %29 320

- - - - - - dag

- - - ~ - - 3ny

L9 Y99 %99 £evs v8¢ €82 imnr

SeEY VA4S YLE AR ey ey unpg

8LS LS LS 119 L8 1LS Kew

8L9 €LS €LS (L9 SL9 8.9 ady

SeL 6TS 6TS 0L 869 (XA ysaeR

%S9 SES SES €S9 609 VAR qa4

£C9 i%¢ ive 1¢9 £Z9 te9 uerp

UOFIOIATP ¥ 00 ony ¢ON tos to YiuoR
paads pujim

SNOLLVAYHSHO ATTUNOH aJTVA

U d74VL

12



S'8 2T e0T | L°L - "Ju 6°v 8°8 L°0T | 9°8 9°ST| 0°S /o 4 MN
£ e Faed el ey - =1 gt les {zew | vty | atx e et MNM
St Sz 0°2 T ¢ = o S’z 9°7 A Bl 4 8°1 '8 0°8T1 M
L' g £°2 8°'¢ £°C = - St 8y v°2 S°¢ £°7 0y 6°L MSM
8°6 6 T § L LS = bl T'0T |L°ST |6°9 8°2T| L6 8°2T| L°¢E MS
S 6°8 S*S 9°9 2 = S°0T |S*9 6°S 0°9 6L 2 IT) L¥ MSS
£°8 €L 9 0°8 = = S IT | S*9 S°8 v°L £€°0T| 6°0T| 9°S S
(A v € o'y L = = S°8 6°7 9°¢ (A4 9°'9 £ L°Z gss
9°'1 $°% L Gl 2 = 1°¢ 6°0 0°T 8°1 9°0 8°0 z°0 3s
0°T YTk &L 9°2 < = £°T 2°0 £°0 S°T 1°0 S0 S0 gsd
£ 9T 8y &Y = = 0°'T L°0 S0 0°T T°0 20 1°2 k|
&< L' 6L v = < £°T v'o S0 2°7 £°0 S0 6°1 INgT
'y 6° v L°0T | T°0T - - v'e 6°0 8°7 T°¢ £°0 ST (2" aN
6°S S°8 S PL L E 2L - 3 9°8 0°¢ S°¢ 2°7 LA 0°2 £°T INN
9°S 6°0T | L2 L°L - - 9°0T (0¥ St 9°9 vy v 2 £°1 N
LL6T Butang| "oaq AON 120 dag 8ny e unp Aen xdy e qaj uep uotrldaxI(Qg
ERITERS TRk Ts) PUIM
$

LL6T INIUNA

HLNOW HOVY Y04 NOILDZYIA ANIM J0 IONIYINIDO LNADUId
2 374Vl

13




MNN | MNN | MNN - - ass 2 2 o) 2 O | MNM £2
MN | dNN | MNN - - 1ss o) ) o) S | MNN | MNM (&4
MNN | 3NN | MNN - - 4SS | MNN o) o MN | MNN | MNM 12
MNN [ MNN | MNN - - MSS, N 2 2 MN D | MNM 02
MNN [ MNN | MNN - - S| MNN 2 2 D | 9SS | MNM 61
MNN [ INT | MNN - - S MS ol D | MNN | MNM | MNM 8T
MNN | MNN | MNN - - MNN MS o) MN | MNN | MNM | MNM L1
MS | MNN | MNN - - MNN [ MNN o) o) MS MS | MNM 9T
MS | MNN | MNN - - MNN MS D | MNN | MNN | MNM | MNM ST
MNN MS | MNN - - MNN MN o} ) MN | MSS M vl
MS | INN | MNN - - MNN M D | MNN o M | MNM €T
MSS | dNT | MNN - - MNN | MNN 2 <) MN | MNM | MNM (uoou) 71
MNN MN | MNN - - MNN | MNN o] D | MNN | MNM | MNM 11
MNN | 9NF an - - MNN | MNN D | MNN J- | MNN | MNM 01
MNN MN aN - - MS | MNN ol DO | MNN | MNM | MNM 60
MNN aN | 3NN - - ANN | MNN 2 MS | MNN 2 | 80
S| ANN | 3NN - - MNN | MNN 2 ol 4] o 2 L0
MSS | 3NN | INN - - 4NN 2 o} 2 ) D | MNM 90
MNN aN aN - - NN ol 2 o} 2 S | MNM S0
MN aN anN - - INN [ MNN ) 2 2 S M 0
MNN | MNN | MNN - - aNN 3 o] D ] 2 M €0
S AN | MNN - - MS < 2 o) <) D | MNM 20
MNN | INN S - - MNN | MNN 3 < o J | MNM 10
INN| MNN | dSS - - MNN 2 ol 2 S MS | MNM (3y3rupru) 00
RE| AON 120 dag 3ny npe unp Aew | ady IeW | qo4g uep 3y Sutuutrlag

JINOH

AVA 40 ¥NOH NIAID Y04 NOILDIYIA

£ 2749vVL

UNIM ONITIVAZUd

14




8°2 1 L* T = = 0 A T°% 0 0y 9 ¥ 0°S 13A0 - S°BT
9°'TT| S°8 T°01 = e v°e 0°L 6°S 6°1 S'0T}|-6°€T| 9°6 p°8T - S°Z1
v TIg| 8°2Y P62 = = 'Sz} S°TZ] S°TI| Tl £°8T] 191 E°¥E A 4 S e
L°0S w.HL 8°SS = e T°89| Z2°62| 0°¢Z| 8°¢E| L°9F| £°¢€E| S'1f ¥ Lys 8%
PE ¥ty 6°2 = - 8°2 8°T¢| S°SS| Z°Ly| S°0g| 0°2Z| 9°¢27 v'g -0
29(Q AON 190 dag Sny e unp Aep xdy Iep qag uep (ydu)

i dnoay peadg pury

SdNOYD dIIdS ANIM J0 FONIUUNODOO0 40 INIFOY¥dAd

v 474VL

15




€°TLT|(*#°0T| 8°0T = = L-d 0°0T| 0°21) L°9 8°0T | 0°2T| 0°9 MNN
€°ZT| 9°0T| S°'0OT - = £°9 S°9 0°0T| ¥°9 9°TT | v°0T | 6°S MN
'L vl '8 = = £°L 1°L 0°L vl 6°L T°¢ET| 9°11 MNM
'S £°9 S°S » = v°9 0°S £°L 9°$ £°9 L°TT| 0°6 M
3 6° v 9°S T'9 = = 9°9 LY £°9 0°9 T°9 8'9 £°8 SMS
6°L 0°L 0°L = . '8 9°9 9'S 0 L 6°S B '8 MS
= 2’9 | 0°9 » o T°9 9V 9°'S ¢ 6% 8°v s MSS
L°S 0°9 LS < = 9°9 £y 0°S 5T 'S L'y £ S
LY 6° v 9°S - - 6°S L'g U2 S°'¢ L8 S°S 1°'¢ 3ss
9°9 $ S 1°9 = = 8°L (AR 6°¢T| O°F £ P £°S '8 gs
£°9 6°9 6°S = = v°9 9°1 6°LT] £°¢ 6°2 6°L £ P 483 -
¢ L 69 0°L = < s b S 9°9Z| 6°¢ L'y | 8°2 LS q ™
£°9 19 19 = = gl 9°9 v'S 8°¢ £ L £°¢ £ P IN3T
0°L z'9 0°L & = 8°9 £°Z 6'¢ '€ 0°y 9°8 9°S aN
0°L £°S 6°9 = = 1°9 $°5 9°S S°¥ £°¢ v'9 8°S INN
0°8 S L"8 = - v°9 | 59 £°6 v°9 18 9L L9 N
LT AON 190 dag 3ny e unp e xdy Iep Qa4 uep UOTI29XT(J PUTIM
(ydu) .
peadg puty 28eraay y

LL6T ONIMNA NOILOFYIA QANIM NIAIO ¥3Id QIIIS ANIM TIVYIAV
S JT4vVl

Exmvall biiates:

e




£e° T $T°0 8S0°0 vZ0°0 #10°0 a8exaAy
: A1xeax

NoLH 90°0 190°0 NNo.o. Z10°0 22a
4 gl v0'0 820°0 S10°0 £I0°0 AON
LAG 80°0 SL0°0 ST10°0 8T10°0 3120
Sl e B ik e dag

-- -- -- -- -- 3ny

S6°0 L0°0 8L0°0 £20°10 ov0°0 e
86°0 90" T 91T°0 0zZ0°0 0Z0°0 ung
g0 20 Ly0°0 0Z0°0 mﬁo.o Aep
£9°0 0v¥°0 IS0°0 £20°0 £10°0 ady
&L°% vz'o 6L0°0 £20°0 Z10°0 1epW
€03 8v°0 SS0°0 620°0 0T0°0 qag
26°1 82°0 8T10°0 2s0°0 L00°0 uer
02 IHY ZON t0s 0 YIuon

LL6T INI¥NA SINVINTTOd 40 Awdd NI SNOILVYINIONOD FOVHIAV ATHINOW

9 d9T9VL

17




8v°0(52°2 |0S°b 0L°0|28°0|b¥ 2 0v0°0| 1£0°0|920°0 | L€0°0|0L0°0|98L°0 | 910°0{920°0|0c0° 0 uwuhnﬂ
'8 2LivL L2 lEv (88 v (68°vL | LL2°0|6¥2°C{/BY°0 | 6L0°0{0LE'0 !¥EB°0 | 980°0(L¥L°0|652°0 umw“wup
69°E[LbeL|Lb bl 0b°0{28°1|80°S 160°0{€LL°0{2LL°0 | $€0°0{1B0°0{261°0 { 820°0{SSO°O|LEL"O 3¢
L2°1{€6°y [L0°L oL'o|e8 0|vv°e 650°0{€££0°0/9.£0°0 | L€0°0{9LG"0|212°0 -- 1250°0{550°0 AON
98°L|9L°S |96°L | €2°0|9€"2(SLLL | LOL°O|BLL"O|LEL'O | ¥€0°0[0L0°0981°0 | SE0°0(Z90°0|€L0°0 320
-- -] - L -- -- - -- -- -- -- -- -- -- das
-- -- -- — | -- -- -- - - -- -- -- - -- -- bny
90°2(98°E (b2°S 6L°0|SL L (25wl | £SL0(Sb2 0{/8%°0 | 9€0°01901°0 I562°0 | 980°0|L¥L 0(652°0 Lne
00°2|bE"b |02°G le*v (88 v[oL £l | L12°0|6v2°0{692°0 | ¥¥0°0/061°0 J60S°0 | ££0°0|680°0|260°0 unp
8v°0(62°¢ 05°Y 90" L|9L L |OL°E SL0°0|8BLL°OfbEL"O | $50°0|L8L°0 {(Sb°0 | LEO'0|8L0°0|LBO'0O Key
EETLISY'E [€9°Y v£°0]02°2]68" %l | 260°0|9vL°0|8SL°0 | €¥0°0|661°0 y€8°0 | €£20°0|Ev0"0|vv0 0 4dy
Lb"8(6L°6 |VL°L2 €5°0|l2°€(09°L cLLov8L ogtLle’o | 2v0°0)|912°0 j2Ly°0 | 910°0(920°0|0€0°0 Jey
08°€|€0°L |be'8 90" LiSL Z(8L"OL | LOL 0|/8L°0(86L°0 | 6%0°0|802°0 {¢l¥°0 | 020°0{LEQ"0|LSO"0 qa4
v0°€ |21 |s0°8 b0 EL°L68°S 0v0°0|1£0°0|10L°0 | 6£0°0|OLE"0 [£09°0 | 610°0}LE0°0|96L°0 uep
4-p2 (U= uLw-§  U-p2 Y- ULW-G | JY-§2| Ju-(jutl-G | JY-pZ| JY-| [uLu-G | JY-pZ| Jy-| juiu-G Yjuow

0) My ZoN 205 £0

LL61 30 HINOW HOV3 ¥0J SIIWY3AV-3IWIL INIY3IJJIQ LV Awdd NI SINVINTIOH 30 SNOILVYINIONOD WAWIXWW
L 318Vl

18

i
E




tos (a)
M 8 PaM 00L0 I80°0 223a
S S any 0001 9.0°0 AON
M 14 Uon 0022 T 0L0°0 120
- - - =i - dag
- - - o -- Sny
INN 14 PoM 0060 901°0 e
M 9 ung 0021 061°0 unp
M b anyy 0022 L8T°0 Key
M L anyy, 0001 661°0 ady
M L PaM 0091 91Z°0 1en
M ST Ty 00¢T 80Z°0 qa4
M [ A ung 00ST 01£°0 uep
uorildaatQg (ydur) S EET] Leq (Awdd) YIuon
PUIM paadg putpm Jo Aeq JO Inoy ., *2u0)
‘o ()

MS b1 1eg 00€T S€0°0 J2¢
MS 11 Pam 00gY 250°0 AON
MSM 6 1es 00ST L90°0 120
- - = .o -= dag
. < = s i Sny
gss 9 anj, 00TT LYT°0 mr
9 0 1eg 0000 680°0 unp
2, 0 ang, 0091 8L0°0 Aep
MN 8 ang 00vT £v0°0 1dy
J 0 ang 0091 920°0 Iepw
MS 11 PaM 00¥T 1¢€0°0 qe4q
M 8 inyj 00T1T LE0°0 uefr
uotidallqQ (yduw) b EETT Leq (Awdd) YIuon

PUTIN —vooaw PUTIM Jo Aeq 3O anoy *2u0) Igl

LL6T 40 HINOW HOVI ONIYNA INVINTIOd HOVI ¥O0d
(NOILDAYIA ONIM ‘a93dS ANIM ‘XTIM 40 AVA ‘AVA J0 ¥NOH) SNOILIANOD

ONIGNOJSTUN0D ANV Awdd NI SNOILVYLNAINOD ATUNOH WNWIXVRW

8 I74VL

19




omy (p)

INN 01 PaM 000T 81 J22q
ANN < ang 00vT Z8°0 AON
MNN 6 PaM 00ST 9¢ "2 120
= & ~ e s dag
- - - o .- gny
as3 S uopw 0060 SL°1 mr
2 0 uow 00£0 88 ¢V unp
2 0 PaM 0022 91°1 Kep
o) 0 ang 00%0 02°2 ady
4, 0 ung 0010 12°¢ 1eR
J 0 1eg 00S0 S1°2 qa4
J 0 ung 0020 5123 uerp
uotrldaII( (ydu) b EET Keq (Audd) YIUuoR
PUTIM poacds purty Jo Aeq JOo anoy *2uo0)
toN (2) b4
M 8 T14 00ST 0LT"0 J22q
INN S any 0061 £L0°0 AON
MNM 14 PamM 0060 811" 0 120
% - - e .- dag
- = - = e 3ny
MNN 8 nyy 0061 SvZ°0 e
INN 8 UOW 0061 6¥2°0 unp
M Z ainyy 0012 8TIT 0 Kew
o) 0 ang 0060 9%1°0 1dy A
J 0 Ty 0080 P81 0 lew
9 0 T4 0060 LBTO0 q24
o) 0 ung 0060 1L0°0 uepr
uot1d9xI(Q (yduw) b EETT] Aeq (Awdd) YIuow ;
PUTM paadg putm Jo Aeq 3O anoy *2u0) i
(penuriuo)y) g F1AVL

S B A 5" 5




e i o o

00 (?)
INN 0r PaM 000T IS ARAS o22qa
INN S PaM 0002 €6° v AON
3s 8 ang, 0080 9L°S 120
- - - -- -- dag
- - - -- ~e 8ny
MS 8 UOW 00gZ S8°¢ me :
J 0 Uop 00£0 ve v unp
3 0 PoM 0060 S22 ey
J 0 UoW 00,0 Sb°g 1dy
MNN S ung 00€2 6L°6 1epW
2, 0 T1g 0060 £0°L qayg
9 0 ung 00€0 AN uep
uo112211(Q (ydu) XooM Leq (Awudd) Yyjuopw
PUTIM psadg puriy 3o Aeq JO0 Inoy *2u0)

(penutiuo)) § I74VL




9WTI] TEBDO] UO pISe(qy
82 ¥ L2 12 g (rw:d 1) 00g£2
8 91 91 21 z 0022
% 8 & 6 < 0012
b A 91 < g 0002
LT 81 v 9 1 0061
11 01 €1 ¢ S 0081
9 9 9 S 97 00LT
9 L 9 A o¢ 009T
0 9 Z S 7 | g 00ST .
i : 4 1 11 1L 00%T
Z b Z ST St 00ST
1 v v A 75 (uoou) 00271
z L Z 0T LT 00TT
S L 01 £T b 0001
8 Z1 A 81 1 0060 o
0¢ VAT 0T ¢T 0 0080 o
4% 11 91 6 0 00L0
0 8 8 L 1 0090
T S S 11 z 00S0
¥ L € A 9 00t0
z L 9 8 ¥ 00£0
S 0T 6 €T ¢ 0020
€ 6 S 8 01 0010
22 LT 1€ ST 0T (3y3tuptuw) 0000
00 JHY 0N 20S €0 1y Butuutrdeg Inoy

«4dNOH NIAID V NI dI¥dNdI0
NOILVYLNIONOD WAWIXVW ATYNOH FIHL SINIL 40 YITWNN

6 9T4dVL




‘w'e § -

‘W' 9 gy

ueduw DTILUWYITIE TENUUE

papaadxa «("u'e 6) 500 TON
98 «x(1Y-€) vz'0 ALaepuodss pue Arewrid OHY
19 (1y-1) 80°0 »umv:ouow pue Axewtxd t0
auou (1y-1) s¢
0z (x1y-8) 6 Liepuodas pue Axewtxd 0)
auou (xy-¢) 0s°o0 Axepuodas
(24-¥2) v1°0
auou «(uee) €00 Axewtxd tos
a3aa3dxXT SIWIL J0 YIIWNAN SAQYVANVLS INVINTT0d

LL6T ONI¥NA TYN LV @I0I3DXT SIWIL 40 YIIWNN
aNy Audd NI SQUVANVLS ALITYND IV LNIIEGWY TVNOILVN

0T T4Vl




‘w'e g

‘W'B § gy

ueaw DT3AWYITIE [EBNUUE

PEDEER) &) xx (WE2) S0°0
Axepuodas pue Axewtxd ZON
98 v (1Y-€) ¥2°0
Axepuodas pue Axeutxd JHY
v (1y-1) 800
Axepuodas pue Axewtrad t0
T (1y-1) €L2°0
suou (1y-¥z) 980°0
popa9dxe (wee) 0200
A1epuodas
suou (xy-1) €227 0
suou (x1y-v2) 601°0
suou «(ue®) 62070
Axeutad Ios
a3q930X3 SIWIL 40 YIAWNN SAQYVANVLS INV.INTT0d

LL6T ONI¥NA TN LV d3aIIOXdT SIWIL 40 YIIWNN
aNV Awudd NI SQYVANVLS ALITVAD YIV VIEWNTOD 40 LIOIWLISIA

24




*SUIT] §£7 PIPIIIXT gy

‘uofrilels 3uriojrTuow Ire YN 9yl 1e
po1ojtuou sjueingrod asoyy Ajuo sopn[dout aiqey 4

(AN
9°1
S8°1
0Ss°0

[(A/A) wdd]
93e3g Aduaduaoug

06
£ §
ov°1
0v°0

[(A/A) wdd)
93e31g Sutuxey

09
09°0
0L°0

¥»x01°0

[(A/A) wdd)
a3e1g 1191V

0d
TON
t0S
‘0

» (SHOVYIAV YNOH-INO) VINALIWD XIANI ALITVAD HIV
SLNIWNYIAQD 40 TIINNOD NOLINIHSVM NVIITOdOYLIW

21 319VL

25




|

uonels Juuojuowt xe JYN — T Sy

uoTIdAITP
pPuUTA

w33 elg
uotriysinboy
ele( b
IIlIllIllIll% 4 b 4
12332wIT0p 1232wl 704
Teardiq Teardrg
E _!._av.-ouoz uuvuoo:_J la3pioday
(00 ‘"nd ‘omMy)
ydea3ojewoayy [ | 12zAteue 19zAteue | ||aazAreue
seo ZoN ‘o tos paads
: — - Y “ putm
wayshs < walisfs LERE V€ < walsks <
asneyxs o3 | isneyxa o3 asneyxa o3 Iasneyxa o3
’
w3leks
UMSHZ%U AIMOoT Y
03

A

proituem Suyydues

11e Juarque

26

* |
3 |




T—

ity

vicini

2 — Radial and directional map of NRL and vi

27




