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I. Information for Users

A. Introduction

This addendum to Report No. CG-D-11-83, Wind and Wave Summaries for Selected U.S. Coast
Guard Operating Areas, was prepared to provide additional wind and wave information to those
operational program managers who must consider the applications of conventional and advanced
marine vehicles relative to the Coast Guard mission. In addition to the marine summaries, a
section devoted to coastal site wind statistics was included to provide some additional insight
into the feasibility of wind power as an alternate energy source. While locations with even a
considerable length of record may encounter conditions in excess of anything previously recorded,
one should be especially careful in evaluating those with a rather short history. A number of
such summaries have been included (Buoys, Scripps), and those having a period of record of three
years or less have been flagged on the inventory charts (pages vi - viii).

B. Data Discussion I

Data for this volume were obtained from four sources: NOAA Data Buoys; Army Corps of
Engineers; the Nearshore Research Group, Institution of Marine Resources at Scripps Instituticn
of Oceanography; and the National Climatic Data Center's (NCDC) Surface Airways observation
file (coastal sites). These will be referred to as NOAA Buoy, Army Data, Scripps Data, and
Coastal Data, respectively, throughout this document. NOAA Buoy data are in situ measurements
and are documented quite thoroughly in the book, Climatic Summaries for NO_.A Data Buoys (U.S.

Department of Commerce, 1983), and in the report by NOAA/NDBO (1982). Army Data are obtained

from hindcast models and are documented in Resio (1981), U.S. Army (1982), and Brooks and Corson
(to be published). The Scripps coastal wave data collection and analysis program began in 1976
and over the years the network has been added to and the geographical area greatly increased.
Additional documentation can be found in the annual reports, Coastal Data Information Program
Annual Report, published by the Nearshore Research Group under the sponsorship of the South
Pacific Division, U.S. Army Corps of Engineers, and the California Department of Boating and
Waterways. Documentation on the surface observations, Tape Data Family-14 (TDF-14), can be
obtained from the National Climatic Data Center (Federal Building, Asheville, NC 28801). A

statistical analysis of Tape Deck 1440 (TDF-14) by Zengerle and Barchet (1983) is also another
good reference. The summaries based on the airway observations are limited to 3-hourly obser-
vations because, beginning in 1965, digitizing was reduced to the 3-hourly intervals as a cost-

saving measure for most reporting locations. Details relating to each data source are followed
by a more general description of the wind and wave data in the following sections.

v
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Figure 1. NOAA Data Buoy Center (NDBC) and Army Wave Information Study (WIS) data locations for
the Great Lakes and Atlantic Basin. Data are catalogued by buoy station numbers (e.g.,
41003) or by WIS point numbers (phase I or phase II).
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are catalogued by buoy station numbers (e.g., 46010) or by Scripps site number (e.g.,
0302).
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(1) NOAA Buoy Data

Elements summarized from the NOAA Buoys are:

( Significant Wave Height: Data are gathered synoptically on a hourly or 3-hourly
basis over a 20-minute interval; the system accuracy is + 0.5m.

Mean Wave Period: The average period of all waves present during the 20-minute
sampling period; accurate to + one second.

Wind Speed: The average speed during the 8.5-minute sampling period every hour;

accurate to + 1.9 knots or 1OZ, whichever is greater.

Wind Direction: Sampled over 8.5 minutes every hour; accurate to + 10 degrees.

Buoy winds are generally sampled at a height of 5 or 10 meters and studies have shown
that the winds obtained from the 5-meter level do not significantly differ from those at the 10-
meter level (Dobson, 1981, p. 59, Table A-3). Instrument heights above water for buoys were:

Sm: 41003, 45003, 45005, 45006, 45007, 46012, 51001
10.: 46011, 46013, 46014
16.5m: 46010

Anemometer heights can be standardized in the same manner as were those for the coastal stations
in this report (see Coastal Data, pages x and xi).

(2) Army Data (Wave Information Study - WIS)

In response to a requirement for more data in the coastal zone, the U.S. Army produced
hindcasts of wave data for each 3-hourly time from 1956 through 1975. A hindcast is an estimation
of wave conditions based on foregoing winds. Two sources of sea-level pressure data were used to

develop a pressure field which was used in the development of input winds for the Atlantic Ocean
wave hindcast model. These pressure data had to first be converted by means of an analysis ofrpressure gradients into estimates of quasi-geostrophic winds. In addition, synoptic ship reports

were also used in the production of the pressure and viad fields. Other influences considered
in the model were refraction, diffraction, -no-.ling, bottom friction, and wave-wave interaction.
Hurricanes were not modeled by the Army Dau, Intainid in this report; but non-hurricane conditions,S representing the vast majority of the time, were well modeled. Characteristics of the data are as
follows:

7I "
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Significant Wave Height: The root mean square of sea and swell; i.e.,

Hs =(H 
2  + )i1/2

5 sea swell

Wave period: The longer period (of sea or swell) was used to approximate the peak
period. Note that this Is different from the NOAA Buoy data which shows average,
hence usually somewhat shorter, periods.

Wind Data: The winds were estimated based on pressure gradient fields and observed
winds. Speeds and directions were recorded as integer values in knots and degrees,
respectively.

(3) Scripps Data

The instrument locations that were selected from the Scripps file are all in shallow
water (see page vii), resulting in most of the higher energies being filtered out. Many of these
instruments are also located in bays or behind breakwaters where further filtering of the higher
energies takes place. All Instruments are pressure sensors and are mounted near the ocean bottom.

The stations are generally polled at a nominal interval of six hours; however, there
are instances of hourly observations. When duplicates or hourly observations were recorded, the
values within that 6-hour period were averaged to produce one composite observation for that time
frame. These then became the data input for the duration/interval and wave height/period programs.

f (4) Coastal Data

The airways observations archived in Tape Data Family-14 (TDF-14) are mostly taken at
atirports by the National Weather Service, FAA, Air Force, or Navy. Wind speeds were originally
recorded in miles per hour through 1955 and in knots thereafter. However, all observations have
since been converted to knots in the existing digital data set. Beginning January 1, 1964, the wind
directions were observed and coded to tens of degrees in TDF-14. Prior to this date they were ob-
served and recorded in a 16-point code. Since the wind speed/direction tables in this publication
use a 12-point direction, only the data since 1964 were summarized in en effort to prevent any direc-

* tion bias. This will cause a difference In the observation count between these tables (wind speed/
direction) versus the persistence and arrayed data. All of the summaries are based on 3-hourly
observations except for Aguadilla, Puerto Rico, where 2-hourly observations had to be used.

xI
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Period of Record for Coastal Sites

Marquette, Michigan 1/48-11/55 Kahului, Hawaii 12/58-12/82
Milwaukee, Wisconsin 1/48-12/82 Arcata, California 12/49-12/82
Erie, Pennsylvania 1/48-12/82 Astoria, Oregon 4/49-12/82
Portland, Maine 1/48-12/82 Tatoosh Island, Washington 1/48-7/66
Bridgeport, Connecticut 6/47-12/82 Corpus Christi, Texas 7/48-12182
Wallops Island, Virginia 10/66-12/82 Panama City, Florida 1/49-12/70
Myrtle Beach, South Carolina 1/49-11/68 Kodiak, Alaska 11/45-11/72,
Aguadilla, Puerto Rico 3/40-12/70 1/73-12/82
Roosevelt Roads, Puerto Rico 7/47-3/50, Cordova, Alaska 1/45-1/71

7/57-11/72, Yakutat, Alaska 8/48-12/82
1/73-12/79

During the history of a station, the anemometer height and field location may change a
number of times. However, a concerted effort was made in the 1960's to standardize anemometers on
an approximately 20-foot mast located near the runway. Prior to this, the anemometers were generally
located on top the operations building or control tower and, in some cases, were even atop a 60- to
80-foot beacon tower. Anemometers located in the inner city were generally mounted higher than the
surrounding butldings in order to minimize their effects on the air flow. Today, the recorded wind
speed values are generally estimated by the observer visually averaging the values on the direct read-
out dial over a 1-minute period. Any attendant gusts would also be estimated in the same manner.

To produce a more uniform analysis, the wind speeds were standardized to a constant
height- of 10 meters (33 feet) by using the 1/7 power law:

h

V - V (h) 1/7
s a(haa

Vs - wind speed at standardized height
Va - wind speed recorded at anemometer height
hs - standardized height
h height of anemometer

xi
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Although-there is still some error due to the changes of the mast location, much better wind power
estimates can be made with these standardized heights incorporated. This is important because wind
power is proportional to the cube c~f the wind speed and a small increase in wind speed results in a
significant increase in wind power. Also one site can now be more reasonably compared to another.

Further details regarding coastal zone wind energy can be obtained from the reports by
Garstan&, et al., listed in the references.

(5) Wave Data

Wave heights in this report are expressed in terms of significant height, He, and are
considered to be averages of approximately 20 minutes. Significant height is the average height of
the highest one-third of all waves present. it can be related to extreme waves (He) in the seaway
by the relationship

H e=H 9((In N)12) 1/2

where N4 is the number of waves in the record (World Meteorological Organization, 1976). A practical
upper limit is approximately

H e= 1.8 H 8 (Simpson and Riehl, 1981).

Maximum wave heights along the West Coast come mostly from winter storms, while for the
East Coast. hurricanes and extratropical storms both contribute. Hurricane data are poorly repre-
sented in the summaries (not at all in Army data) because hurricanes are such rare events, Signifi-
cant wave heights of l1in (33 ft) are not unusual in hurricanes, and an extreme hurricane may generate
waves of 15-18m (50 to 60 ft) (Simpson and Riehl, 1981).

Wave periods are average zero upcrossing periods (Tz) for MOMA Buoy data and appropriate
peak periods (T ) for both the Army and Scripps data. Tz can be considered an average value, while
T represents t~e period of the waves with the greatest energy. Statistically they are related by
t~e approximation

T =0.75 T
ap

though there may be significant excursions from this.

For further details, the reader may wish to consult James (1966, 1969), Thom (1971), andI Whitemarsh (1934).

xii
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(6) Wind Data

Wind directions are in degrees from true North and indicate the direction from which(the wind is blowing. Wind speeds are in knots and for the coastal stations standardized to a 10-
meter height. Of the 975 locations (mostly from TDF-14) included in the National Wind Data Base
produced by the Pacific Northwest Laboratory as part of its activity in wind resource assessment
for the Department of Energy, some 1,890 changes were noted in anemometer height, location, or
frequency of observations. For the 18 coastal sites summarized in this report, an average of 3.3
height changes of the anemometer took place. The National Wind Data Index (Changery, 1978) gave
considerable insight into identifying those periods when changes took place.

(7) Construction of Duration-Interval Tables

Durations and intervals are presented as cumulative percent frequency values for vari-
ous thresholds. In this calculation, the numerator is the number of times the criterion was met for
the stated duration or less (e.g., the number of events where wind speed was > 10 knots for 18 con-
secutive hours or less). The denominator is the total number of events that met the criterion (e.g.,
the total number of episodes during which the wind speed was > 10 knots). For the interval presen-
tation, an event is considered as a lull between durations (e.g., intervals between > 10-knot events
are occurrences of wind < 10 knots). Note that the cumulative percentage of figures in the body of
the table do not give an indication of the frequency of an event, but only show how long an event is
likely to last once it has begun. The frequency of the event must be used in addition to the fre-
quency of episodes (the numbers in the body of the table) in order to completely understand the sig-
nificance of the duration percentages. Since data are 3-hourly, a single observation is assumed to
be a 3-hour duration.

In the monthly tables, events that are underway at the beginning of a month are assumed
to begin on the first day of the month. Events that carry beyond the end of a month are counted until
they actually end or they continue for the number of days possible for that month (28, 29, 30, or 31),
whichever occurs first.

Data missing for less than or equal to Six hours (two observations) are estimated by
linear interpolation. Values are not estimated when data are missing for more than 6 hours. Note
that in the persistence graphs, 6-hourly instead of 3-hourly observations were used for the Scripps
sites. For these sites, up to two missing observations were still estimated (12 hours instead of 6).

I
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C. Data Format Key and Explanations

The following legends explain how to read the individual data graphs.

WAVE HEIGHT/PERIOD (SECTIONS lI-A, Ill-A-11, and V-A)

Location/Month Identifier

Bars show % frequency of wave heights (about VHighest wave.
44% of waves were 0.8-1.2m). a,42 ft(The highest wave sample was 5.5m).

"- -. Observation total.
- .~.(Summary based on 989 observations).

Frequencj w. ( T tal column shows percentages of wave
obevtosin each period category.

AU13 A 2. 2.- -
Height scale for bars and table (blo) 1..o..gr. I-' 0. 12 I? 2.2 2. 3.2 4.2

Cumulative height percentages (97.5% of- ~~ I,.o. .*S0C . l3 I'3

heigts wre ~m o les). HO0 6~'CIIS. C* A ,a AA .__' 9 '-.*--- (This entry shows 47.9% of all waves

Per od _ _'z -Z~J'i. 3. had periods of 6-7 seconds).

PSIrc870 rrequencces

Wave periods are summarized as % frequencies for each height
Urange. 138. 1% of theO0.B8to 1. 2m waves had periods of 6- S)

Columns total 100%.

Whenshon mansdata less than 0.06% (i.e., rounds to less than
0.1%. Ttal&maynot add to exactly 100% because of rounding.

40 
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WAVE HEIGHT PERSISTENCE (SECTIONS lI-B, Ill-A-2, V-B)

AND WIND SPEED PERSISTENCE (SECTIONS IID, Ill-B-2, IV-B)

Both data sets use the same format.

The plots show percentages of events with a duration above a given threshold. Note the ordinate is inverted with 100% at the bottom.
An event begins with the wave height (or wind speed) rising above the threshold and ends when the value dips to the threshold. A
duration is counted as a single event, regardless of its length. Three sets of thresholds are plotted on this example. To get frequency of
occurrence, refer to the other data summaries.

S 0oSymbols for every 1/2 day of duration.
Computations are based on three-hourly
data for the Buoys and WIS data and six-

- *- •hourly data for the Scripps sites.

.- (About 25% of events with wave height over
1.2m lasted longer than 4 days [longero, ,. ,i .,"than 4.5 days as well I.

Note: Frequency lines can cross r _. -t 5 s e
because the graph shows percent .
of events.

-t. G-t- o t- 9-. - b-Fo d.,.'

.*- ---------. (This one graph of three sets of data plotted
.... ,,. . . as an example was based on 32 events

with waves >1.2m. The longest duration
with waves continually >1.2m was 354
hours).
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WIND SPEED/DIRECTION (SECTIONS II-C, Ill-B-I, IV-A)

Location/Month Identifier

Maximum wind.
Bars show % frequency of wind speeds (This entry indicates the highest wind
(example shows about 30% of winds was 31 knots).
were 6-10 knots). . ,,i005 .. ,

Observation total.
(Summary based on 630 observations).

r,-q~~.c IiTotal column shows percentages of wind

'° I direction by 300 sectors.

Wind speed scale for bars and table (below).-...,.. ,,., "s 0 16 A W

Cumulative wind speed percentages (98.7% C---
N345-0Zt1i 2. .1 . 2 .' A.A I-

of winds were 25 knots or less in this sample). o15-041
045,071

E075 104 6.s 2.2 .1
O cecd 105_134 .. ....... ..

dere )5:65194 s . es .. .30.
Idgosl95 224 . _ , , -- - (This entry shows 12.7% of all winds

22, ., I . were from the 1650 - 194* sector, i.e.,
2_5b- 84 . .. .., . , approximately southerly).
285-314 ,., ,., s.,

I 
3.3 'I.': __ _

315-344 It 1.3 a . . 0 ii

Wind directions in 300 sectors measured from e.cent Freqe8cs

true north are summarized as % frequencies
for each speed range. (example shows 3.3%
of the 6-10 knot winds were from the
3150 - 3440 sector; 2.7% of the winds
were calm).

When shown means data less than 0.05% (i.e., rounds to lessthan
0.1%). Totals may not add to exactly 100% because of rounding.
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WIND PERSISTENCE TABLES (SECTION IV-B)

Total Events: The number of events satisfying
the criterion stated. An event Is an episode which
begins and ends with the wind speed c. ossing a

The percentage of all events that had durations of X Maximum Duration: The maximum duration gien esd.

hours or less. In this example, events of wind speeds of in hours followed by the number of times an

greater than 5 knots lasted for 18 hours or less in 56.7 event of that duration occurred. The total number of observations that met the

percent of the cases. Therefore 43.3 percent of the criterion. This may be more than T because some

events with s threshold of greater than 5 knots lasted observations may have met the criterion, but missing

more than 18 hours. *data either before or after the observation made the
Ox.,! lOl I WOUNSI 00 01w s~oi ON) ,s 60 7..2Shf I 00 01 duration Impossible to

WINO .Ou50tloI o 0v0001 5ufpro l0Su I

INNS N N • IN l ZN ( lb Nb 02NN 00, ION S0. . .70[ . €

O 5.0 00.7 7.0 111 .z 6.1 I.1. 0 0.2 0.5 10.0 00.7 02.3 NO.0 2O0*0 0-02 0N 61 NO.) 25
)10.0 12.6 .0.0. 0. 70.s 81.1 06's 91. NO. @ 07.0 00.0 01.0 00.7 00.0 200. 2200O 7N5 0076 0700 ol. S1 ....

:S*O NN.6 0. " %6.2 . 0.N 0.3 .1 0.0. 0 100.0 1 0.* 0 200.0 200.0 6-02 602 0O.N 1O l202 0. 0.
100.0s 51.9 Noo 0.000 s.! 7.. 02.0 '00.0 200.0 200.0 20o.0 '00.0 I0C.N I00.N 200.0 00-O 270 505 so 1 1 1 .6 0 01

020. NO.02.072.002.700.702.7200. 2000 , 20...0. .. 00. .. 00. 200.0 0-110 "1 N 70 .
'10.o 0.0 N.l N.! 0.0 00.0 2o.0 00.0 200.0 I.0 100.0 200.0 200.0 000o 2 20 1 1006 .5 0..... .... ...~~~~~~~~~~~~~~~% I ... n....... : ...... o .. 'I. , . ..:.. ,o: o:: o: .. : : : o6.. .
10. .0o 0 .0 .0. . 0 . .0 0 0. -o0 "0 0:0 0
060.0 .0 .0 .0 . .0 .o . .0 .0 .0 .0 .0 0-07 0 0 o 0O6 .00

Total Intervals: The number of intervals satisfying the

criterion stated. An interval Is an episode betweenThe total number of 3 hourly observations that were

events which begins and ends with the wind speed I" v nLudedunder Total Episodes

crossing a given threshold. ' . . . . . . . ., , 0500 ( 6'NS 07.07 l,.I60 -0

INS 6 0 20 20 2 0 DO 60 72 N 06 I0S -' It 1 I
S.052.7.0 1 . 0.2 7.0 00.0 0 2 70 0 200.0 500.0 '00 200.0 200.0 30-010 071 2200 7000 6 2. 0

,to o :::o, 1. "':25 ',9.0 o. : ,.* 'ol. 9 ioo tIN o o~ .*ol !l is ""o I.,;, to5
0l0.0 00'. 50.0 00.2 02. .. 2 00.0 N7.I 00.0 00.0 00.0 00.0 '0.0 200.0 00.02| 720 0003 31272507. 2

,25.0 2s. 11.3 0.0. 10.7 . 00.00.0 0.ol 6 . 3 0 2 10
720. .. fl .. .00. 0 0 : 1 00. 0. 00 0 .. 7 . : 1 007 .

0 0 2 . 1. 11 0 0 .0 0.. 160 NON3 010 I6
.09.2 2.2 20 2. 2.2 2.1 . .0 .0 20 20 .0 I. 0 ; 'N
.o.. o .0 . 0,10 . . 20.1 012-02 05 7630 6600 0600 2 0
250.0 :0. :. .0 .0 . .0 .0 20.0.1 0710 1", 70. .1.1' 072-0.0
1 0. .0 0 , .0 .0 .0 200.0 12-110 0 1302 N0 0. 201 0 1

The number of linear interpolations In time performed

to estimate values when missing data were encountered. The total number of individual 3 hourly

See "Construction of Duration-interval Tables" for more observations examined.
The Interval tables show the probability of occurrence details.
of a specified time interval between certain wind

events. In this example 88.0 percent of the intervals The percentage of occurrences ((T*/TO) X 1001 of the

I between events of wind speeds greater then 5 knots criterion. Note that the marginal percent frequencies
last 9 hours or less. This simply refers to periods where "I" for the same threshold in the duration and interval
wind speeds are S 5 knots. Therefore winds of 5 5 knots tables will not always add to exactly 100%. This Is

only occur In 12.0 percent of the occurrences for more caused by missing data, and by events running Into the

than 9 hours, following seasons.
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WIND SPEED DATA ARRAY (SECTIONS, II-E, 111-8-3, IV-C)

Buoy station number. 190C99 9C~OT 09 C

Wind speed in knots. .-- - 0.0

0 ' .9.. ... ...

,% of .9.9 C. ....... 0 C.9.

frequency (5202 ofurrnces a... .09009C.9C 9.9*0

are 2 kts.). 39 1 90 9C .,

:NI

I" AM. .99...I ...C .9 .....900 .9 9 .. . . . 99 9 . 9 . .

Nubr-fosevtin.---

Xvi, 1

10".
WIND 9 SPE DATA9 ARRAYC 9.E9T0IONS.90-E,.C9-B-3, V-C).99L

90 00.900 09 9909 9 .9C9 9 .99CC L C .99 9lOU .99 9U *I+ 9.900l, raO C .99 9 99 9 99 9
BuoyC.0station9999number.000 . ,,009 C. ,.99, ,9.90. 99 C.9999C 9 99 9 99

2 *9...9 C.99 I,, .9C C . .. 9 .C 9. 909 , , ";9CC . ,9 99 '90 99 °0,9 .C90, 09
09 9 .C9 99,f r c~ .99 99.99 99 909 9.C99 .9 .0 .9 99 .9 99 9 .c999 .09 ,C .09 999 .99

09 .9C 9.C*9.99 *9.*9 9 ClC 9 99C 0 9* 0 99 9.90 9.999 9C .099999 .9999

Frequency0930 99ur.ences99...,0.,99.990..0 .C9.099*09.9... ...... 990 99 ..... .... 90 999 ,.,.' ....9,,

99 09 .99* C.900.99 9.*9 9. 9 99 09 9 l 9 .til99999o . T.9C0 9 .9C "9I9 .9 I0 .991099 .90*9l

CC 99.99 9 .999l*0* CCC90i .9999.99 9 .999 .999999 99 +I .9090 9 *t 9 .9C00 99 .9999999 .99C9

9. *9 .0* 9 9.l 99 9 Cl9 . 9999 .it 9911 .99 h 09l .0* 9 9 99 9 .99 C99C .99CC 09
t 

.99999 .I 99999l .9990i
O+ *9 .09o9 .0990 *9 .0009 09 .099 9 099 9 9C 9.99o9. 9 .9909 C .90.9 9 .0999 09 .9909 099 .09C
9Z 99 .099.9 .0909 9 .2iCC *9 *99l0 C .9990.99lC 99 00 99 0 .90CC 4 .99*0 99 .9999 CC .999 999 .099
9l 09.90 *9.999 09 .999999.99CC 99 .69"9 99.999990.90* 19 .99999 .tl IC I 99 .900999 .9909 999 .9099
90 *9 .I999 9 I0~ .909.99 C .099.9C 9 09 .9999 **ri99999* .099I.9 .t999999.990999 .09I999 .9999il
91 *t ,00900 .9* 99.990l 99 .9999 9C ,99 99.999 9 .09 9 .9990 99 .99*9 99 .99999 .999 *•l .999C 999l .9990it

9I 90 .0i0* 9 I 9.fil0 9.9"II 99 .90 90ll .*99I 99 . 9 99 .0990 99 .9099 99 ." 99I 9 .999 * 9*l .099 99I ,9990 C .999

91 09 .yOOCCC.0l*C9 .CCC 99 .0999 *9.09 0 .9999 9 .999l I9..990 9 .99999 .aC9 "t9l .099 09ir .9*0 99* .9

9+ 99 .0909 9 .0111 99 .099 C .'990Z 99 .99 90 .999 99 .9999 99 .9*99 99 .99999 *0C99 9C .9i99 90 .099 099 999

Cmnhy mauid 9 : : + ... ..: 9 o .+ ... ...... ...... .... ....... ... ........ ....... .9 .... ;;......
.9. 099 0 IS9 2 0 9•l .*99T C .ti99 90 ll .99 .9999 C .9*09 99 .09 999I .0909 9I .00999.9990999 .999Cl

Staunar dev2atio of wind !...... :......
9 r.S! I .OO9 T .9CCC, .0090 9 .0999 99 .9999 0I .09CC *.9990 .909 9 999 9.90 999 9 9

Nure of .ob ev ton .. . ,09 .; 9C:..... .9..... .... .... . 90.0. C...... C...... ...... .9.C.9. .999. . 9. 9990.0..
-- 9 9. 9.0p 9 .0p 99).9If 99. 991 I.9l~ 0.9li 90 .9l 9.9il 99.9.• 90. 99•I tl.9fl l

Maxi um wnd m asur dI- .l0l .9*Ill .9ll I .9ll .9*l~l .0II I .9it .9t1 I .ti9 .0I8 I .9ll J1 64

9. ,. .. '... .... ,.. . ,, ,. .. . ... . .. .. .. ; ,.. . .. a ... . ..
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