Regional Wind Energy Assessment
Progress Report

June 1988- May 1989 Receive k- ft"

APR 1 7 1990

i NuUI

COVEH

DOCUMENT 18 UNUM1ITFR
01STRSBUTION OF THIS

Bonneville

POWER ADMINISTRATION October 1989



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



OREGON STATE UNIVERSITY
DEPARTMENT OF MECHANICAL ENGINEERING
ENERGY RESOURCES RESEARCH LABORATORY

REPORT NO. BPA 89-33

REGIONAL WIND ENERGY ASSESSMENT
PROGRESS REPORT:
JUNE 1988 - MAY 1989

FINAL REPORT

Prepared by

J.E. Wade, R.W. Baker, and S.N. Walker

Submitted to the
Bonneville Power Administration

Division of Resource Management
Portland, Oregon

Contract No. DEAI79-86BP63406

OCTOBER 1989



YA s

NOTICE

THIS PUBLICATION WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY THE UNITED
STATES GOVERNMENT, DEPARTMENT OF ENERGY, BONNEVILLE POWER ADMINISTRATION.
NEITHER THE UNITED STATES NOR THE UNITED STATES DEPARTMENT OF ENERGY, NOR ANY
OF THEIR EMPLOYEES, NOR ANY OF THEIR CONTRACTORS, SUBCONTRACTORS, OR THEIR
EMPLOYEES MAKE ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUME ANY LEGAL LIABILITY
OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, USEFULNESS, OR RELIABILITY
OF THE RESEARCH DATA, AND CONCLUSIONS REPORTED HEREIN, OR OF ANY INFORMATION,
APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT
INFRINGE PRIVATELY OWNED RIGHTS. FOR THESE REASONS AND FOR THE REASON THAT
THE VIEWS, OPINIONS, AND CONCLUSIONS CONTAINED IN THIS MATERIAL ARE THOSE OF
THE CONTRACTOR.



DOE/BP/63406—12

DE90 009439

OREGON STATE UNIVERSITY
DEPARTMENT OF MECHANICAL ENGINEERING
WIND RESOURCES RESEARCH LABORATORY

REPORT NO. BPA 89-33 OCTOBER 1989

REGIONAL WIND ENERGY ASSESSMENT
PROGRESS REPORT:

JUNE 1988 - MAY 1989

FINAL REPORT

Prepared by

J.E. Wade, R.W. Baker, and S.N. Walker

Submitted to the

Bonneville Power Administration
Division of Resource Management
Portland, Oregon

Contract No. DEAI79-86BP63406

MASTER

»r THIS oocimcm is UN>""*
51STKIBU1ION Of THIS



ACKNOWLEDGEMENTS

This research was funded under Bonneville Power Administration contract
DEAI79-86BP63406. We would like to acknowledge the substantial contributions
of Nicholas Butler, electrical engineer and Contract Officer from BPA's
Division of Resource Management. Max Holder, BPA instrument craftsman,
deserves credit for keeping the equipment m#thSeL field operating and cali-
brated. We are also indebted to Laurie Dockendorf for her word processing
support and Linda Hubbard, who provided the administrative support.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989



REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989



EXECUTIVE SUMMARY

The purpose of this report is to discuss the status of Bonneville Power
Administrations wind monitoring program and the data collected from June 1988
through May 1989. The wind monitoring program has been on-going since 1976.
The annual summary of this data provides BPA with a periodic status report on
both the equipment and wind resource being measured.

There were nine active sites this year. Three sites were instrumented at
more than one level. One site, Hampton Butte, apparently failed in November
of 1988 and was removed in May of 1989. The data recovery rate for all nine
sites over their entire period of record was 82%.

For each site, data are summarized for this past year in the body of the
report. The statistics used to characterize the wind resource include: mean
wind speed; peak gust; available energy; Weibull parameters; available energy;
data recovery rate; and estimated turbine energy output for eight selected
wind turbines. The appendices include summarized data for the entire period
of record at these sites. These summaries provide the most important wind
speed statistics required by potential wind developers.

A climatological analysis discussed the wind during the past year so that
the representativeness of this period could be established. The winds during
the past year were about average or slightly stronger than average at most
sites except in the Columbia River Gorge. In the past, dry years have been
associated with weaker winds. This past year (June 1988 through May 1989)
June, August through November, and February were the extremely dry months.

The Columbia Gorge sites had weaker winds during those months. The early
spring drought reduced the coastal winds. In general, the worst drought
occurred in the Fall when winds in the Pacific Northwest are typically weak.

The report also examines long-term variations in wind over the region.
Among the conclusions are that there is considerable evidence that winds
measured over the past twelve years in this region may about 10% weaker than
the previous two to three decades. The results also suggest that energy

estimates based on the last decade of wind measurements could be significantly

REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989 n



conservative. We found that estimates of past wind speeds that assume a
Weibull distribution will provide energy estimates 10 to 25% lower than actual
at many sites. This was particularly true in the Columbia River Gorge.
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1. INTRODUCTION

This report is a summary of wind statistics collected for the period June
1988 through May 1989. The data were gathered at nine locations throughout
the Pacific Northwest as part of Bonneville Power Administration's Regional
Wind Energy Assessment Program (Wind REAP) that has been continuing since
1976. The data collection sites are shown in Figure 1-1 and the status of the
equipment is listed in Table 1-1. Hampton Butte equipment apparently failed
in November 1988 and was removed in May of 1989. A propeller blade had come
off the anemometer. No speeds above 20 mph were recorded after November 1988.
A major equipment failure occurred at Cape Blanco in November of 1988. The
data logger failed and was not replaced until January of 1989. The 80 ft
speed and direction sensor was destroyed at Browning Depot in January.
However, Browning has a redundant speed sensor at 80 ft so only direction data
was lost. April data was lost at Browning due to a data logger failure.
Miscellaneous data logger tape recorder problems were encountered at Goodnoe
Hills, Kennewick, Upper Pyle and Pequop Summit. In some cases the person
changing the tape failed to ensure the tape-record button was engaged. This
resulted in losses of up to a month of data. In the case of Upper Pyle and
Pequop these sites have had intermittent tape quality problems that may be
related to sporadic magnetic interference. Kittitas, Pequop Summit and Upper
Pyle anemometers were removed in the summer of 1989. Five anemometers will
remain in service indefinitely. The permanent sites are: Cape Blanco;
Browning; Kennewick; Goodnoe Hills; and Seven Mile Hill. However, this is the
last annual report on winds collected at these sites.

The main objectives in this report are to:

. Summarize data collected during the past year.

. Document the status of each site any equipment problems and
quality assurance.

. Discuss the relationship of this year's winds to those of
previous years in the Pacific Northwest.

. Present analyses of wind characteristics at each site that will
provide potential developers with necessary information to
assess the quality and quantity of the wind resource.
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(£> BPA Sites © National Weather Service

Goodngg Hills
19%;—

Portland Seven Mile
il

1 % Upper Pyle

(J) Hampton Dune

Figure 1-1. Map showing locations of Wind REAP sites and National Weather
Service sites used in this report (see Table 1-1 for site names).
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MAP
ID
NAME

CBMwW
HMBT
SM50
SM150
UPPY

GH50
GH150
KENN
KITT

PQSM

BD40
BD80

Table 1-1.

UPDATE STATUS REPORT - 1989

SITE NAME

OREGON

Cape Blanco MW
Hampton Butte

Seven Mile Hill 50
Seven Mile Hill 150
Upper Pyle

WASHINGTON
Goodnoe Hills 50'
Goodnoe Hills 195
Kennewick
Kittitas

NEVADA
Pequop Summit

MONTANA
Browning Depot 40'
Browning Depot 80'

PERIOD OF

Oct.
Oct.
Oct.
Oct.
Mar.

May
May

Jun.
Mar.

Apr.

Oct.
Oct.

1976
1983
1978
1978
1984

1980
1980
1976
1980

1976

1985
1985

RECORD

Present
Nov. 1988
Present
Present
May 1989

Present
Present
Present
July 1989

May 1989

Present
Present
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Pacific Northwest wind energy site status.

PRESENT STATUS

ACTIVE

> >

> < X<

> >

INACTIVE



Examine the long-term variation of the annual wind speeds at
each of the nine sites.

Section 2 is a climatological discussion of the wind climate of the past
year in the Pacific Northwest. The Wind REAP sites winds are compared with
previous years and with the departures from "normal" of climate at the several
nearby National Weather Service locations shown in Figure 1-1. In this report
the term "normal" will refer to the National Weather Service definition, which
is the previous 30-year period before this decade. The "normal" period is
1941-1970. In 1990 the normal period will advance to 1951-1980.

Section 3 is a discussion of wind characteristics and the status of data
collection. There is a discussion and analysis of interannual variation of
wind speed at each site. Supporting information presented in the appendices
include analysis of all the data collected at each site.

Section 4 is an examination of the degree the past 12 years of wind data
represent the true climatological mean. Surface and upper air wind data
throughout the region are examined back to the late 1940s.

Section 5 is an analysis of the uncertainties in long-term energy predic-
tions using actual and theoretical wind speed distributions. Also examined is
the error between actual energy available at a wind energy site and that
estimated using a theoretical wind speed distribution.

4 REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989



2. CLIMATOLOGICAL ANALYSIS

The climatological analysis has two purposes: 1) to determine the extent
the winds during the past year deviated from winds in prior years, and 2) to
evaluate the degree that the past year is typical. The value of this exercise
is that it puts into chronological perspective the winds measured at the Wind
REAP sites during the past year. In addition any significant trends in the
wind caused by anemometer malfunction or changes in surface roughness are
readily identified.

The approach used in this analysis is to calculate departures from the
mean at four widely dispersed wind energy survey sites in the Pacific North-
west. These sites have in common a long record of wind measurement. To
amplify the analysis we also examine departures from "normal" (1941-1970 mean)
for eight National Weather Service (NWS) sites scattered throughout BPA's

service territory.

2.1 Results

Table 2-1 presents mean wind speeds for the period June 1988 through May
1989 and departures from the long-term mean. Only months with above 80% data
recovery are included. BPA and NWS site departures from the mean are also
graphically presented in Figures 2-1 through 2-3. Figure 2-1 displays a bar
graph of departure from the long-term mean of the winds at four Pacific
Northwest wind survey sites. The winds were most often below the mean.
Goodnoe Hills and Pequop Summit both had below average winds for the period
June 1988 - May 1989. Goodnoe's winds were only slightly below average but
Pequop's were much below average.

The winds at Pequop were adjusted by a factor of 1.29 for the period June
1986 through May 1987. The anemometer was replaced in May of 1987 and the
correction was discontinued. Last year's winds were about average. This
year, wind speeds were much below average. The anemometer was replaced with a
newly calibrated anemometer in July of 1988. In May of 1989 the Pequop
anemometer was removed and found to read 1 mph low at all speeds checked. The
problem with correcting the data in this situation is: Where does one start?
Was the degradation linear over time, or did it occur suddenly? In this case

REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989 5



Table 2-1. Mean speeds for the period June 1988 - May 1989 and the departures
from the mean. The mean period for the National Weather Service
data is 1941-1970.

WIND SPEEDS
STATION JUN JUL AUG SEP oCT NOV DEC JAN FEB MAR APR MAY ANNUAL
ASTORIA 41-70 8.3 8.5 8.0 7.5 7.5 8.8 9.3 9.4 8.9 8.9 8.7 8.5 8.5
(NWS) 88-89 9.7 10.7 9.6 9.1 8.1 10.3 8.6 9.3 9.8 10.0 9.1 8.1 9.4

% DEP 16.9 25.9 20.0 21.3 8.0 170 ( 7.5) ( 1.1) 101 12.4 46 ( 4.7) 9.9

EUGENE 41-70 7.4 8.0 7.5 7.4 6.5 7.4 7.9 8.1 8.0 8.6 7.7 7.4 7.7
(NWS) 88-89 6.7 8.6 8.5 7.4 6.4 10.2 8.6 9.0 6.9 9.0 8.2 6.9 8.0
% DEP ( 9.5) 7.5 13.3 .0 ( 15) 37.8 8.9 111 (13.8) 4.7 6.5 ( 6.8) 4.9

PORTLAND 41-70 6.9 7.4 7.0 6.4 6.1 8.7 9.8 9.8 8.8 8.2 7.3 6.9 7.8
(NWS) 88-89 7.4 8.0 7.7 6.8 6.0 9.7 9.1 9.1 8.3 12.1 10.2 8.2 8.6

% DEP 7.2 8.1 10.0 6.3 (16) 115 (71) ( 7.D ( 5.7) 476 39.7 18.8 10.0

PENDLETON 4170 105 95 9.1 89 8.1 79 84 85 9.0 100 106 102 9.2
(NWS) 88-89 9.4 103 102 110 7.5 115 80 106 7.2 96 92 96 95
% DEP (10.5) 84 121 236 ( 7.4) 456 ( 4.8) 247 (20.0) ( 4.0) (13.2) ( 59) 3.1

ELKO 41-70 6.7 6.2 6.0 5.5 5.2 5.1 5.1 54 5.9 6.7 7.2 6.9 6.0

(NWS) 88-89 7.5 6.2 6.1 5.5 4.5 5.7 5.1 3.6 4.5 7.0 6.5 6.6 5.7
% DEP 11.9 .0 1.7 .0 (13.5) 118 .0 (33.3) (23.7) 45 (9.7) ( 43) ( 4.3)

BOISE 41-70 9.1 8.5 8.2 8.3 8.5 8.5 8.4 8.3 9.2 10.2 10.2 9.6 8.9

(NWS) 88-89 8.7 7.7 7.2 7.4 6.2 8.9 6.4 71 5.8 9.4 8.4 9.0 7.7

% DEP ( 4.4) 9.4) (12.2) (10.8) (27..1) 4.7 (23..8) (14..5) (37-.0) (7.8) (17.6) ( 6-.3) (13..8)

POCATELLO 41-70  10.3 9.2 9.0 9.1 92 102 102 112 109 116 118 106 10.3
(NWS) 88-89 104  10.2 9.8 83 75 82 114 109 108 87 115 113 9.9
% DEP 1.0  10.9 89 ( 8.8) (185) (19.6) 118 ( 2-7) ( .9) (25.0) ( 2.5) 6.6 ( 3.5)
GREAT FALLS 41-70 112 102 103 114 133 146 156 152 145 131 129 115 1238
(NWS) 88-89  10.9 9.7 104 116 1141 132 154 186 110 111 116 115 122
% DEP ( 2.7) ( 4.9) 1.0 1.8 (16.5) ( 9.6) ( 1-3) 224 (24.1) (15.3) (10.1) 0 ( 5.0)

CAPE BLANCO 76-86 18.5 20.0 16.2 16.7 17.4 20.4 20.0 20.5 241 20.5 18.0 17.7 19.2

88-89 175 233 216 217 183 18.1 183 159 193

% DEP ( 5.4) 16.5 33.3 299 5.2 (24.9) 17 (10.2) 9

GOODNOE HILLS 80-86 17.1 167 16.0 143 129 127 111 132 134 142 166 177 147
195' 8889 160 173 153 143 112 165 116 162 100 126 15.8  14.3

% DEP ( 6.4) 3.6 ( 4.4) 0 (13.1) 299 45 227 (25.4) (11.3) ( 4.8) ( 2.7)

KENNEWICK 76-86 160 152 139 137 143 176 153 144 158 167 166 1658 155
88-89 16.0 154 139 132 137 256 150 237 15.8 144 167

% DEP 0 1.3 0 (36) (42) 455 ( 2.0) 646 ( 4.8) (14.3) 7.4

PEQUOP SUMMIT 76-86 157 142 134 131 136 159 183 164 17.7 183 170 164 157
88-89 10.7 9.4 106 9.0 12.6 121 107

% DEP (24.6) (29.9) (19.1) (33.8) (28.8) (26.2) (31.6)

IMPORTANT NOTES:

VALUES IN PARENTHESES REPRESENT NEGATIVE PERCENT DEPARTURES FROM NORMAL. AN ADJUSTMENT FACTOR OF 1.31 HAS BEEN
APPLIED TO THE PENDLETON WIND DATA TO ACCOUNT FOR UNEXPLAINED LOW WIND SPEEDS. THE KENNEWICK ANEMOMETER DURING
9/87-5/89 IS 20 FT LOWER THAN IT WAS DURING 1976- 9/87 MONTH.

6 REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989



WIND SPEED DEPARTURES
FROM 1976-1986 MEAN

t o CAPE BLANCO .3 GOODNOE
O Ld KENNEWICK areeQquor

60
40

20
Pl

20 kU

-40

-«0
JUN JUL AUQ SEP OCT NOV DEC JAN FEB MAR APR MAY
MONTH

Figure 2-1. Wind speed departures from "mean" at four BPA wind sites for
1987-1988 data.

WIND SPEED DEPARTURES
FROM 1941-71 MEAN

o ASTORIA o EUGENE o PORTLAND PENDLETON

JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
MONTH

Figure 2-2. Wind speed departures from "normal" at four Oregon NWS sites for
1987-1988 data.
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WIND SPEED DEPARTURES
FROM 1941-71 MEAN

3 BOISE S POCATELLO 3 GREAT FALLS

JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
MONTH

Figure 2-3. Wind speed departures from "normal" at four Regional NWS sites
for 1987-1988 data.

the data has not been adjusted and a caution is attached to warn the user that
some error is present in the data.

Among the National Weather Service sites, Elko, Boise and Pocatello all
had below normal winds this past year. Boise's winds were significantly below
normal. February was the month with the biggest negative departure of the
winds. February was also extremely cold throughout the region. Only Astoria
had above normal winds in February. Cold air pooled over the region particu-
larly during the first week of the month. November had extraordinarily strong
winds with few exceptions in this region. The month was wet and colder than
normal. October was one of the driest Octobers in Pacific Northwest history.

October had weaker than average winds at most locations in the region.
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3. WIND SITE DATA SUMMARY

Wind data have been collected at high wind sites throughout the BPA area
since 1976. In this section we will examine the statistics at each active
wind energy survey site during the period 1 June 1988 through 31 May 1989.

This report presents all the most important wind statistics in tables for
each site for the entire period of record in the appendices. The statistics
summarized include: monthly mean speeds, number of observations since the site
was instrumented, wind rose, speed and energy distributions and diurnal wind
speed variations for each month. Overall data recovery for the nine sites
active this year over their entire period of record was 84%.

A summary table in this section presents information on anemometer
height, data recovery rate, peak hourly average wind speed, peak gust and time
of occurrence, energy statistics, and the Weibull fit shape and scale parame-
ters. The energy statistics are supplied for each site include estimated
available energy, power density and estimated gross annual energy output for
eight selected wind turbines at that site.

NOTE: These gross annual energy estimates should not be confused with
the energy that could be produced at a site. The net power produced at a
site would include losses because of turbine down time, array effects,
electrical line losses, blade fouling, performance penalties, turbulence

effects or any other factor that may alter machine performance.
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3.1 Browning Depot

At the Browning Depot the mean wind speed averaged 16.4 mph at the 80 ft
level for the 1988-89 period. Data recovery was 93% for the year. A maximum
gust of 86 mph was measured in January (see Table 3-1). The shear coefficient
between the 50 and 80 ft levels was 0.12. The CR-21 recorder failed in late
March and was replaced in the beginning of May, 1989. The 80 ft level sensor
was destroyed at the end of January 1989. A redundant speed sensor at 80 ft
was used to complete the wind speedrecord through May of 1989.

Appendix A presents summarized statistics for Browning from October 1985
through May 1989. Data recovery over the entire period of record was 93%. A
time series of monthly mean wind speeds at 80 ft is shown in Figure 3-1. The
solid curve is three month running mean of the monthly data. The time series
suggests lower wind speeds recently at Browning.

BROWNING DEPOT 80 FT
PERIOD 10/85 - 5/89

YEAR

Figure 3-1. A Time Series of Wind Speeds at the 80 ft Level at the Browning
Depot in Montana. The Solid Curve is a Three Month Running
Means.
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Table 3-1.

BROWNING DEPOT

Annual Summary Statistics for Browning Depot.

Data Period: Jun. 1988 - May 1989 Site Elevation: 4500 ft
Wind Statistics
Anemometer Level: 40 ft Data Recovery Rate: 78.3%
Average Speed: 15.2 mph Power Density: 367 W/M**2
Available Energy: 3219 KWh/M**2 % Time (Speed 12 .0-60.0): 58.6%
Maximum (1 hr Avg.): 63.5 mph Maximum Gust: 85.5 mph
Date: 1/30 - 900 Date: 1/30 - 900
Shape Factor: 1.81 Scale Factor: 17.0 mph
Standard Deviation of Hourly Wind Speeds: 8.78
Anemometer Level: 80 ft Data Recovery Rate: 78.4%
Average Speed: 16.4 mph Power Density 469 W/M**2
Available Energy: 4105 KWh/M**2 % Time (Speed 12.0-60.0): 64.5%
Maximum (1 hr Avg.): 70.4 mph Maximum Gust: 70.4 mph
Date: 1/30 - 1200 Date: 1/30 - 1200
Shape Factor: 1.81 Scale Factor: 18.5 mph
Standard Deviation of Hourly Wind Speeds: 9.52
Alpha Value (40 ft-80 ft): 0.118

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy*: 163076 kWh 337978 kWh 203463 kWh 608486 kWh
Capacity Factor™: 0.282 0.129 0.232 0.278
Efficiency Factor®™ : 0.202 0.267 0.240 0.222
Alpha Factor Used: 0.118 0.118 0.118 0.118
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy*: 963888 kWh 1590482 kWh 801104 kWh 696137 kWh
Capacity Factor™: 0.245 0.284 0. 277 0.256
Efficiency Factor**: 0.217 0.228 0.229 0.216
Alpha Factor Used: 0.118 0.118 0. 118 0.118

*Assuming 100% availability
**Estimated monthly energy,

kWh/(Available energy,

kWh/M**2)(Swept area, M**2)
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3.2 Cape Blanco

The anemometer sites at Cape Blanco was installed in October of 1976.
The Cape Blanco site experienced poor data recovery (61%) this year due to
numerous problems with the data logger and modem. A telephone modem has been
used to retrieve the data since January 1988. Before January of 1988 data
were collected only on cassette tape and strip charts prior to 1986. Statis-
tical data for the microwave site are given in Table 3-2. The strongest

hourly wind measured was 90 mph in November of 1988. The gust that accompany-

ing gust was 110.5 mph.

The mean speed was 19.1 mph, which is close to average. Summarized
statistics for Cape Blanco, since 1976, are presented in Appendix B. Data
recovery over the entire period of record was 83%. Figure 3-2 presents a
time series of monthly wind speeds. The wind speeds over the last four to
five years are stronger than the winds experienced in the 70's and early 80's.

CAPE BLANCO 50 FT
PERIOD 10/76 - 5/89

M MOS0 med>

1977 1978 1979 1980 1981 1982 1983 1981 1985 1986 1987 1988 1989
YEAR

Figure 3-2. A Time Series of Monthly Wind Speeds at Cape Blanco at 50 ft.
The solid line is a three month running mean.
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Table 3-2. Annual Summary Statistics for Cape Blanco Microwave.
CAPE BLANCO M/W
Data Period: Jun. 1988 - May 1989 Site Elevation: 217 ft

Wind Statistics

Anemometer Level: 50 ft Data Recovery Rate: 61.1%
Average Speed: 19.1 mph Power Density: 816 W/M**2
Available Energy: 7145 KWh/M**2 % Time (Speed 12.0-60.0): 70.5%
Maximum (1 hr Avg.): 89.8 mph Maximum Gust: 110.5 mph
Date: 11/2 - 1200 Date: 11/2 - 1200
Shape Factor: 1.80 Scale Factor: 21.5 mph
Standard Deviation of Hourly Wind Speeds: 11.13

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type: NORDTANK 65 KW FLO-190 300 KW USWF 56 100 KW MITSUBISHI 250 KW
Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy*: 259169 kWh 630965 kWh 339732 kWh 891061 kWh
Capacity Factor™: 0.448 0.240 0.388 0.407
Efficiency Factor**: 0.180 0.254 0.208 0.202
Alpha Factor Used: 0.000 0.000 0.000 0.000
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy*: 1433116 kWh 2339266 kWh 1280568 kWh 1016892 kWh
Capacity Factor*: 0.364 0.417 0. 443 0.374
Efficiency Factor**: 0.208 0.223 0.211 0.203
Alpha Factor Used: 0.000 0.000 0. 000 0.000

*Assuming 100% availability
**Estimated monthly energy, kWh/(Available energy, kWh/M**2)(Swept area, M**2)
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3.3 Goodnoe Hills

Wind data have been collected at the BPA tower since May of 1980. During
the past year data recovery was 90% at this location. The site statistics are
presented in Table 3-3. A peak gust of 70 mph was measured at the 195 ft
level of Goodnoe Hills tower in January of 1989. The mean speed measured at
the site was 10.3 mph at the 50 ft level and 14.3 mph at the 195 ft level.

The mean shear level is 0.24 which has increased from 0.21 in earlier studies
(see BPA Report 85-19). The increase in shear may be attributed to an
increase in roughness around the tower or a variation in the frequency of
certain wind directions associated with high shear.

Wind statistics for Goodnoe Hills since the installation of the anemome-
ter are presented in Appendix C. Owverall data recovery for the entire
collection period was 91%. Figure 3-3 presents a time series of monthly wind
speeds for this site since 1980.

GOODNOE HILLS 195 FT
PERIOD 5/80 - 5/89

1982 1983 1984 1985 1986 1987
YEAR

Figure 3-3. A Time Series of Monthly Mean Speeds at Goodnoe Hills 195 ft.
The solid curve is a three-month running mean.
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Table 3-3.

Data Period: Jun.

Anemometer Level:
Average Speed:
Available Energy:
Maximum (1 hr Avg.):
Date:

Shape Factor:
Standard Deviation of

Anemometer Level:
Average Speed:
Available Energy:
Maximum (1 hr Avg.):
Date:

Shape Factor:
Standard Deviation of

Annual Summary Statistics for Goodnoe

GOODNOE HILLS TOWER

Alpha Value (50 ft-195 ft):

Hills.

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:

Hub Height:

Swept Area:

Est. Total Energy™*:
Capacity Factor™:
Efficiency Factor™:
Alpha Factor Used:

Turbine Type:

Hub Height:

Swept Area:

Est. Total Energy™*:
Capacity Factor™:
Efficiency Factor**:
Alpha Factor Used:

1988 - May 1989 Site Elevation: 2540 ft
Wind Statistics

50 ft Data Recovery Rate: 89.7%
10.3 mph Power Density: 133 WIM**2
1164 KWh/M**2 % Time (Speed 12.0-60.0): 38.7%
43.4 mph Maximum Gust: 64.1 mph
1/16 - 2000 Date: 1/16 - 2100
1.62 Scale Factor: 11.5 mph
Hourly Wind Speeds: 6.63
195 ft Data Recovery Rate: 89.8%
14.3 mph Power Density 346 W/M**2
3027 KWh/M**2 % Time (Speed 12 .0-60.0): 54.8%
56.0 mph Maximum Gust: 70.2 mph
1/16 - 1700 Date: 1/16 - 1700
1.62 Scale Factor: 15.9 mph
Hourly Wind Speeds: 9.13

0.238

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

75 ft 57 ft 60 ft 100 ft

201 M**2 347 M**2 229 M**2 618 M**2
91263 kWh 135879 kWh 92008 kWh 358448 kWh
0.158 0.052 0.105 0.164
0.297 0.312 0.309 0.309
0.238 0.238 0.238 0.238
BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
110 ft 120 FT 80 FT 110 FT

965 M**2 1471 M**2 851 M**2 701 M**2
597637 kWh 964980 kWh 434230 kWh 406551 kWh
0.152 0.172 0. 150 0.150
0.308 0.307 0. 319 0.289
0.238 0.238 0. 238 0.238

*Assuming 100% availability
**Estimated monthly energy,

kWh/(Available energy,

kKWh/M**2)(Swept area, M**2)
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3.4 Hampton Butte

Data recovery at Hampton Butte was 98% this year, but the anemometer
failed in late November. The mean wind speed for this incomplete year of wind
data was 12.3 mph. The site experienced no gusts above 75 mph (see
Table 3.4).

Wind statistics for this site are also presented in Appendix D. Data
recovery for the entire period of record was 72%. Earlier much data were lost
in the winter months because of inaccessibility problems. The installation of
a data logger greatly improved data recovery over a strip chart recorder.
Figure 3-4 shows a time series of wind data for Hampton Butte since the
anemometer was installed in October of 1983.

HAMPTON BUTTE 30 FT
PERIOD 10/83 - 11/88

YEAR

Figure 3-4. A Time Series of Monthly Mean Speeds at Hampton Butte. The solid
line is a three month running mean.
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Table 3-4. Annual Summary Statistics for Hampton Butte.

Data Period: Jun.

HAMPTON BUTTE

1988 - May 1989 Site Elevation: 6343 ft

Wind Statistics

Anemometer Level: 30 ft Data Recovery Rate: 98.1%
Average Speed: 12.3 mph Power Density: 164 W/M**2
Available Energy: 719 KWh/M**2 % Time (Speed 12.0-60.0): 48.8%
Maximum (1 hr Avg.): 43.6 mph Maximum Gust: 57.0 mph
Date: 11/22 - 1400 Date: 11/22 - 1700
Shape Factor: 1.95 Scale Factor: 13.9 mph
Standard Deviation of Hourly Wind Speeds: 6.63

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:
Hub Height:
Swept Area:

Est. Total Energy*:

Capacity Factor™:

Efficiency Factor*:

Alpha Factor Used:

Turbine Type:
Hub Height:
Swept Area:

Est. Total Energy*:

Capacity Factor*:

Efficiency Factor**:

Alpha Factor Used:

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

75 ft 57 ft 60 ft 100 ft

201 M**2 347 M**2 229 M**2 618 M**2
52965 kWh 93639 kWh 61073 kWh 189695 kWh
0.183 0.071 0.139 0.173
0.278 0.310 0.301 0.298
0.100 0.100 0.100 0.100
BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
110 ft 120 FT 80 FT 110 FT

965 M**2 1471 M**2 851 M**2 701 M**2
303953 kWh 478360 kWh 251382 kWh 209214 kWh
0.154 0.170 0. 173 0.154
0.297 0.298 0. 306 0.281
0.100 0.100 0. 100 0.100

*Assuming 100% availability
**Estimated monthly energy, kWh/(Available energy, kWh/M**2)(Swept area, M**2)
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3.5 Kennewick

Data recovery was 79% at Kennewick 80 ft level this year. Problems in
changing the cassette recorder tapes for CR-21 data logger resulted in lost
data in February and March. The mean speed measured was 16.8 mph at 80 ft and
the available energy was 6,710 kWh/m? for the period (see Table 3-5).

Appendix E presents additional data summaries for this site. Kennewick has

had 80% data recovery over the entire record of measurements.

Figure 3-5 presents a time series of monthly wind speeds at the Kennewick
site since the anemometer was installed in June of 1976. The anemometer was
lowered from 105 ft to 80 ft in September of 1987. The speeds at 80 ft are
about 5% weaker for the prevailing wind directions based on a comparison of
the winds at both levels during an overlapping period of measurement from July
1987 through September 1987.

KENNEWICK 100 FT
PERIOD 6/76 - 5/89

30

25
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NO 2282 = a
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YEAR
RNEmETER MOVED TO 80 FT 9/87

Figure 3-5. A Time Series of Monthly Mean Speeds at the Kennewick Site. The
smooth line is the three-month running mean.
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Table 3-5.

KENNEWICK M/W

Annual Summary Statistics for Kennewick 80 ft level.

Data Period: Jun. 1988 - May 1989 Site Elevation: 2200 ft
Wind Statistics

Anemometer Level: 80 ft Data Recovery Rate: 78.9%

Average Speed: 16.8 mph Power Density: 766 WIM**2

Available Energy: 6710 KWh/M** 2 % Time (Speed 12 .0-60.0): 52.5%

Maximum (1 hr Avg.): 70.0 mph Maximum Gust: 81.4 mph

Date: 1/18 - 0000 Date: 1/18 - 0000

Shape Factor: 1.35 Scale Factor: 18.3 mph

Standard Deviation of Hourly Wind Speeds: 12.71

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy*: 182734 kWh 486765 kWh 225256 kWh 664923 kWh
Capacity Factor*: 0.316 0.185 0.257 0.304
Efficiency Factor** 0.136 0.216 0.151 0.157
Alpha Factor Used: 0.030 0.030 0.030 0.030
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy*: 1072041 kWh 1687475 kWh 901745 kWh 761859 kWh
Capacity Factor*: 0.272 0.301 0.312 0.281
Efficiency Factor™ : 0.161 0.165 0. 158 0.157
Alpha Factor Used: 0.030 0.030 0.030 0.030

*Assuming 100% availability
**Estimated monthly energy,

20

kWh/(Available energy,

kWh/M**2)(Swept area, M**2)

REGIONAL WIND ENERGY ASSESSMENT PROGRESS REPORT: JUNE 1988 - MAY 1989



3.6 Kittitas Microwave

Data recovery at Kittitas was 84% during the past year and the measured
mean annual wind speed was 12.9 mph. The winds this year were average for

this site. Statistics for the site are presented in Table 3-6 and in

Appendix F. Kittitas data recovery over the entire period of record was 93%.

A time series of wind speeds is presented for this site for the period
March 1980 through May 1989. The anemometer was removed from August 1983
through December 1985.

KITTITAS M/W 110 FT
PERIOD 3/80 - 5/89

1982 1983 1984 1985 1986 1987
YEAR

fIOWCTER REMOVED 7/83 - 9/85

Figure 3-6. A Time Series of Monthly Mean Speeds at Kittitas Microwave. The

solid curve is the three-month running mean.
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Table 3-6. Annual Summary Statistics for Kittitas Microwave.
KITTITAS MW
Data Period: Jun. 1988 - May 1989 Site Elevation: 2660 ft

Wind Statistics

Anemometer Level: 110 ft Data Recovery Rate: 84.2%
Average Speed: 12.9 mph Power Density: 305 WIM**2
Available Energy: 2668 KWh/M**2 % Time (Speed 12.0-60.0): 44.2%
Maximum (1 hr Avg.): 56.8 mph Maximum Gust: 67.8 mph
Date: 117 - 400 Date: 117 - 500
Shape Factor: 1.47 Scale Factor: 14.2 mph
Standard Deviation of Hourly Wind Speeds' 9.00

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type: NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW
Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy™: 108857 kWh 218298 kWh 135488 kWh 404891 kWh
Capacity Factor™: 0.188 0.083 0.155 0.185
Efficiency Factor™: 0.228 0.287 0.266 0.253
Alpha Factor Used: 0.100 0.100 0.100 0.100
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy™: 641294 kWh 1023273 kWh 530078 kWh 461010 kWh
Capacity Factor™: 0.163 0.183 0. 183 0.170
Efficiency Factor™: 0.249 0.254 0. 257 0.247
Alpha Factor Used: 0.100 0.100 0. 100 0.100

*Assuming 100% availability
**Estimated monthly energy, kWh/(Available energy, kWh/M**2)(Swept area, M**2)
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3.7 Pequop Summit

The Pequop Summit site had poor data recovery during the period (69%).
The data tape recording system was the source of most of the problem. Several
tapes were extremely difficult to read. Data recovery for the entire period
of record was 72%. The statistics are presented in Table 3-7. The mean speed
this past year was 11.7 mph compared to a long-term average of 15.2 mph.
Summary statistics are in Appendix G. A time series of monthly mean speeds is

presented in Figure 3-7.

When the anemometer was removed at this site in May of 1989 it calibrated
out at 1 mph low at all speeds measured. The data over the past three months
and perhaps earlier is thus suspect. The anemometer was calibrated prior to

being installed in July of 1988.

PEQUOP SUMMIT 30 FT
PERIOD 4/76 - 5/89

=0 aoqy

Figure 3-7. A Time Series of Monthly Mean Speeds at Pequop Summit. The solid
line is the three-month running mean.
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Table 3-7. Annual Summary Statistics for Pequop Summit.
PEQUOP SUMMIT
Data Period: Jun. 1988 - May 1989 Site Elevation: 7538 ft

Wind Statistics

Anemometer Level: 30 ft Data Recovery Rate: 69.3%
Average Speed: 11.7 mph Power Density: 217 WIM**2
Available Energy: 1897 KWh/M**2 % Time (Speed 12.0-60.0): 40.0%
Maximum (1 hr Avg.): 55.9 mph Maximum Gust: 150.5 mph
Date: 5/18 - 1700 Date: 1/16 - 1400
Shape Factor: 1.40 Scale Factor: 12.9 mph
Standard Deviation of Hourly Wind Speeds* 8.58

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type: NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW
Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy*: 86598 kWh 180445 kWh 114080 kWh 317026 kWh
Capacity Factor™: 0.150 0.069 0.130 0.145
Efficiency Factor**: 0.209 0.259 0.247 0.243
Alpha Factor Used: 0.030 0.030 0.030 0.030
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy*: 484126 kWh 772104 kWh 421054 kWh 354096 kWh
Capacity Factor™*: 0.123 0.138 0. 146 0.130
Efficiency Factor**: 0.235 0.244 0.239 0.237
Alpha Factor Used: 0.030 0.030 0. 030 0.030

+¢Assuming 100% availability
s+¢Estimated monthly energy, kWh/(Available energy, kWh/M**2)(Swept area, M**2)
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3.8 Seven Mile Hill Tower

Data have been collected at Seven Mile Hill, near The Dalles, Oregon,
since 1978. The tower has two anemometer levels 50 and 150 ft. The 1988-89
statistics are presented in Table 3-8 and summarized for the entire period of
record are presented in Appendix H. The data recovery for this past year was
92% and 90% over the entire period of record. The mean speed averaged 13.8
mph at 50 ft and 15.3 at 150 ft this year compared to a long-term average of
14.7 and 16.6 mph respectively. A time series of monthly mean speeds for the
150 ft level is shown in Figure 3-8.

This site exhibits decreasing wind speeds over the last 2.5 years as did
Goodnoe Hills. The reason for this decease is unknown.

SEVEN MILE HILL 150 ET
PERIOD 10/78 - 5/89

NOSE=ER v ch

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
YEAR

Figure 3-8. A Time Series of Monthly Mean Speeds at Seven Mile Hill 150 ft
level. The solid line is the three-month running mean.
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Table 3-8.

Annual Summary Statistics for Seven Mile Hill Tower.

SEVEN MILE HILL TOWER

Data Period: Jun. 1988 - May 1989 Site Elevation: 1880 ft
Wind Statistics
Anemometer Level: 50 ft Data Recovery Rate: 92.1%
Average Speed: 13.8 mph Power Density: 350 WIM**2
Available Energy: 3065 KWh/M**2 % Time (Speed 12.0-60.0): 51.2%
Maximum (1 hr Avg.): 47.5 mph Maximum Gust: 63.0 mph
Date: 7/31 - 1300 Date: 8/29 - 1800
Shape Factor: 1.51 Scale Factor: 15.3 mph
Standard Deviation of Hourly Wind Speeds: 9.41
Anemometer Level: 150 ft Data Recovery Rate: 92.1%
Average Speed: 15.3 mph Power Density 448 W/M**2
Available Energy: 3926 KWh/M**2 % Time (Speed 12.0-60.0): 56.9%
Maximum (1 hr Avg.): 55.6 mph Maximum Gust: 75.6 mph
Date: 12/13 - 100 Date: 12/13 - 100
Shape Factor: 1.59 Scale Factor: 17.1 mph
Standard Deviation of Hourly Wind Speeds: 9.97
Alpha Value (50 ft-150 ft): 0.095

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

Hub Height: 75 ft 57 ft 60 ft 100 ft
Swept Area: 201 M**2 347 M**2 229 M**2 618 M**2
Est. Total Energy*: 157906 kWh 323650 kWh 201791 kWh 575030 kWh
Capacity Factor*: 0.273 0.123 0.230 0.263
Efficiency Factor**: 0.244 0.313 0.292 0.266
Alpha Factor Used: 0.095 0.095 0.095 0.095
Turbine Type: BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
Hub Height: 110 ft 120 FT 80 FT 110 FT
Swept Area: 965 M**2 1471 M**2 851 M**2 701 M**2
Est. Total Energy*: 917323 kWh 1513806 kWh 779326 kWh 660041 kWh
Capacity Factor*: 0.233 0.270 0. 270 0.243
Efficiency Factor**: 0.265 0.279 0. 279 0.262
Alpha Factor Used: 0.095 0.095 0. 095 0.095

*Assuming 100% availability

**Estimated monthly energy,

26

kWh/(Available energy,

kWh/M**2)(Swept area, M**2)
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3.9 Upper Pyle Canyon

Upper Pyle Canyon has had a data recovery rate of 71% during this past

year. The low data recovery problems are because of tape recorders problems

that may be related to cold temperatures or magnetic interference..

The data
recovery over the entire record is 66%.

The wind speed and energy statistics
are presented in Table 3-9 and in Appendix |I. The mean speed at this site was

15.6 mph. The long-term mean is 14.1 mph for the period March 1984 through
May 1989. Figure 3-9 shows the monthly wind speed variation at Upper Pyle.
'YLE 50 FT
PERIOD 3/84 - 5/89
1987
YEAR
Figure 3-9.

A Time Series of Monthly Mean Speeds at Upper Pyle Canyon at the
50 ft level. The solid line is the three month running mean.
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Table 3-9. Annual Summary Statistics for Upper Pyle Canyon.

Data Period: Jun.

UPPER PYLE CANYON

1988 - May 1989 Site Elevation: 3660 ft

Wind Statistics

Anemometer Level: 50 ft Data Recovery Rate: 71.2%
Average Speed: 15.6 mph Power Density: 419 W/M**2
Available Energy: 3670 KWh/M**2 % Time (Speed 12.0-60.0): 61.2%
Maximum (1 hr Avg.): 57.1 mph Maximum Gust: 70.7 mph
Date: 113 - 100 Date: 113 - 300
Shape Factor: 1.75 Scale Factor: 17.5 mph
Standard Deviation of Hourly Wind Speeds: 9.34

Estimated Turbine Energy Output (Normalized to period of record)

Turbine Type:
Hub Height:
Swept Area:

Est. Total Energy*:

Capacity Factor™:

Efficiency Factor**:

Alpha Factor Used:

Turbine Type:
Hub Height:
Swept Area:

Est. Total Energy*:

Capacity Factor™:

Efficiency Factor*:

Alpha Factor Used:

NORDTANK 65 KW FLO-190 300 KW USWP 56 100 KW MITSUBISHI 250 KW

75 ft 57 ft 60 ft 100 ft

201 M**2 347 M**2 229 M**2 618 M**2
170688 kWh 365025 kWh 213324 kWh 628369 kWh
0.295 0.139 0.244 0.287
0.205 0.276 0.240 0.225
0.100 0.100 0.100 0.100
BONUS 450 KW WESTINGHOUSE 640 KW HOWDEN 330 KW HOLEC 310 KW
110 ft 120 FT 80 FT 110 FT

965 M**2 1471 M**2 851 M*2 701 M**2
1002784 kWh 1638924 kWh 841442 kWh 719940 kWh
0.254 0.292 0. 291 0.265

0.223 0.233 0.234 0.221

0.100 0.100 0. 100 0.100

*Assuming 100% availability
**Estimated monthly energy, kWh/(Available energy, kWh/M**2)(Swept area, M**2)
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4.0 LONG-TERM REGIONAL WIND VARIATION

4.1 Introduction

A widely accepted assumption among meteorologists and engineers in the
wind energy assessment field is that there is little or no trend in annual
wind speed data. However, the prospect of changing climate may render this
assumption invalid. There has been little discussion in the scientific
literature on wind climate and any expected impacts of global warming on local
and regional wind strength and wind energy availability. This paper will
examine the importance of wind climate change on wind energy availability and
the need to consider climate change in the projections of the potential supply
of wind energy.

A general approach used in wind prospecting is to measure wind character-
istics on a site for at least one year. The assumption is that "on average,
the climatic mean will be within $10% of a single annual wind speed observa-
tion with about 90% uncertainty” (see Justus et al., 1979). This assumption
was also verified in earlier work by Corotis (1977). The validity of this
approach to wind resource characterization should be re-evaluated because of
the possibility of changes in global and regional circulation patterns as the
result of the "greenhouse effect.”

Several recent papers have noted long-term deceasing trends in wind
climate (see Alpert and Mandel, 1986; Palutikof et al., 1986; and Wade et al.,
1986). Palutikof et al. (1986) found that in long record of winds at South-
port, U.K., there was a 60% change in average wind power potential within a
period of twenty years. They related the apparent trends in wind speeds to
large-scale changes in atmospheric circulation. While Palutikof et al. (1986)
found the changes in wind speed at Southport were gradual, they sited evidence
that step jumps from a high wind speed decade to a low wind speed decade have
occurred (Palutikof et al., 1986).

Wade et al. (1986) noted that the mean wind speed measured during the
period 1976-83 were 16% weaker than the estimated 35-year mean at a site on
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the Southern Oregon Coast. A 16% variation in wind speed could correspond to

as much as a 50% variation in available wind energy.

In Israel, Alpert and Mandel (1986) described a systematic variation in
diurnal variation of wind at three meteorological stations. They found a
deceasing trend in diurnal wind variation over the past three decades. They
note that the change in the wind speed characteristics suggest a change in
mesoscale climate induced by agricultural development and settlement.
Increasing irrigation in the 1960's led to increased soil moisture and changes
in the albedo (absorption/reflection of sun's energy) and surface roughness
due to more vegetation. These may have caused the decreased diurnal wind
variation (a reverse desertification).

Wade et al. (1987) described upper level wind variations over the entire
Pacific Northwest. They noted a consistent trend of below average wind speeds
at all the Pacific Northwest upper air sites which were weaker from the period
1976 through 1982. These observations confirmed the earlier findings of
Redmond (1985) (see also Wade et al., 1986) for western Oregon. The analysis
in this paper will update the earlier investigations with data collected
through 1987 for the entire Northwest.

4.2 Objectives

The objectives of this study were:

. to determine if the winds measured during the period 1976-87
represent the winds measured over a longer scale of time such
as the life of a wind energy plant (20 to 30 years).

. to determine if longer climatic records of related climate
variables (ie. surface and upper air wind data) can be used to
infer wind climate history.

4.3 Method

The approach used in this study was to first examine surface wind
climate data at long-term National Weather Service locations (see Figure 4-1).

These sites were examined to determine if winds measured the 12-year period
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(Y)BPA Wind @> Upper Air and. Surface Sites
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(T) Kennewick:
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®©) Boise

(J) Pequop Summi;

Figure 4-1. Wind data site locations in the Pacific Northwest.

1976-87 represent the mean for the entire period of record. Since the height
that winds were measured has varied over the last 40 to 50 years, sites where
the wind measurement height and location have varied little were used to
determine the long-term wind history. The climate records were truncated in
the late fifties to eliminate earlier data when anemometer heights varied
widely. Many of the wind energy sites are at high elevations and poorly
correlated with wind data collected at airport and urban locations. In
response to this concern, upper air data were also examined for wind speed
trends over the last thirty years. Use of upper air data avoids the problem
of accounting for changes in instrument height and exposure. Upper air wind
variations were examined at the seven Pacific Northwest upper air observing

locations (see Figure 4-1).

The upper wind levels examined were for 850 mb (about 5000 ft above sea
level), 700 mb (near 10,000 ft above sea level), and 500 mb (about 35,000 ft
above sea level). Upper air data have been collected via balloon soundings
twice a day for the past 40 years. The three levels above the surface are
sufficiently high enough to avoid being influenced by local terrain irregular-
ities and surface roughness.
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To test for trends in the surface and upper air data, the means for the
period 1976-87 were compared to means for the entire record prior to 1976. At
most locations upper air data collection began in the late 1940's. The period
1976-87 represents the period over which wind data have been collected by
Oregon State University for Bonneville Power Administration's Wind Resource

Energy Assessment Program (Wind REAP).

A statistical model was developed to reconstruct a record for the winds
before 1976 for three wind energy sites with data since 1976. The model was
developed on data collected from 1976-1987 (dependent data set). At least
four years from the recent wind record were excluded from the dependent data
set to validate the model used to reconstruct the past wind record.

Monthly time series of wind data have a strong seasonal signal. To
remove this seasonal signal, departures from the mean monthly speed were
determined for both the predictor and predictand sites. The departures from
the mean were next tested for evidence of any autocorrelation. No significant
autocorrelation was noted (the first-order autocorrelation coefficients were
less than .1). Regression relationships were developed between predictor and
predictand departures from the mean monthly wind speed. The ratio of mean
monthly wind speeds for both predictor and predictand site was computed and
the standard deviation of the monthly departures from the mean too. Predic-
tions of the mean monthly annual wind speed before 1976 and the interannual
variation of wind speed were made using the relationship below and data for
the predictor location before 1976. The predicted mean monthly wind speed for
each month at the predictand location Vmest is given by:

Vmest = WVVref c/NNref+i™~nref) u)

where m and b are the slope and intercept respectively of the regression
relationship between the departures from the monthly means in the dependent
data set for the predictor and predictand location; V'ref is the monthly
departure from normal for the predictor location; aV' is the standard devia-
tion of the monthly departure from the mean in the dependent data set for the
predictand site; c?V'ef is the standard deviation of the monthly departure from
the mean in the dependent data set for the predictor site; mr is the ratio of
the predictand to the predictor monthly mean speed for the month being pre-
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dieted; Vmref is monthly mean speed for the predictor site for independent data
set.

Annual mean speeds estimates for the predictand site were determined from
the average of the predicted monthly mean speeds. The percent difference
between the winds before 1976 and the winds from 1976 on was calculated to
determine how representative the measurement period was compared to the past.
As in the comparison above of surface and upper air data, the reference period
is the winds before 1976.

The energy in the wind is given by the equation:

where E is the Kinetic energy in the wind, p is the air density, A is the area
swept by the turbine blades and V is the wind speed. Although energy is
sensitive to changes in temperature and pressure in the density term, the most
significant fact deduced from expression 1 is that wind energy is related to
the cube of the wind speed. A 10% decrease in wind speed would result in over
30% less available energy.

To estimate the implication of long-term variations in wind speed to
energy output it is necessary to determine the relationship of annual mean
wind speed was to the distribution of wind speeds. The estimated distribution
and the performance curve of the wind turbine can be used to predict the gross
annual energy output for the selected wind turbine. Without a measured wind
speed distribution, a commonly used fitted probability distribution is the
Weibull, which is given by:

p(V) = (k/c) (V/c)k 1 exp[-(V/c)K] (3)

where V is a wind speed; c¢ is the scale factor and is related to the mean

value of the wind speed Vavg by:

) cr(i+i/k) (4)

avg
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where r is the gamma function and k is the shape factor, which is related to
the variance (a2) of Vavg by:

al = e2[r(1=2/k) - (r(+V/K)2] . 5)

Three turbine performance curves were used to estimate annual energy output
for a given wind speed. The three wind turbines rated at 100, 100 and 250 kW
were used to determine the energy implications of variations in wind speeds
over time. The two 100 kW turbines had different cut-in, rated and cut-out
speeds. The difference between gross annual energy output before 1976 and
since 1976 were calculated for each turbine and the differences were averaged

to measure the likely difference in available energy.

4.4 Results

4.41 Wind Variations Since 1976 at Wind Energy Survey Sites

The variation of wind speed over the past twelve years is shown in Figure
4-2 for three sites with the longest records. Figure 4-2, an annual wind
speed time series, reflects the wide variety of wind regimes within the
region. Kennewick is in the Horse Heaven Hills at 2200 ft. The strongest
winds occur in the spring and early summer and are from the south. Cape
Blanco is located on the southern Oregon coast at 217 ft above sea level. The
prevailing winds are from the north in the summer and from the south in the
winter months. Spring and fall are transition seasons between the thermally
driven coastal winds of the Summer and storm-driven winter winds. Pequop
Summit is in northeast Nevada at 7538 ft elevation. Pequop's strongest winds
occur in the winter and spring months and are predominantly from the
west-northwest. The station history for each Wind REAP is resented in
Table 4-1.

There is no consistent regional trend evident since 1976 in the annual
wind speeds for the four Wind REAP sites with long data records. On a season-
al basis, years such as 1977 and 1981 were characteristically weak wind
winters and 1982 and 1983 had generally stronger winter winds at most loca-
tions in the region. The summer season winds are less coherent, but 1978 and
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MEAN ANNUAL WIND SPEED
1976 - 1987

BPfl WIND REAP SITES

—— KENNEWICK CRPE BLANCO PEOUOP SUM.
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YEAR

Figure 4-2. Wind variations at long-term wind data sites in the Pacific
Northwest.

Table 4-1. Anemometer History for Wind Data Sites.

Elevation = Anemometer Height

Site Name (ft/m) (ft/m) Period
Cape Blanco 217/66 50/15 8/10/76-Present
Kennewick MW  2200/660 105/32 6/23/76-Present
Pequop Summit  7538/2261 30/9 4/27/76-4/16/89
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1986 were weak wind summers at the four locations suggesting some regional
response to changing circulation patterns.

44.2 Long-term Trends in Wind Speed in the Pacific Northwest

Seven long-term Pacific Northwest National Weather Service sites were
examined for trends and annual wind speed variation at surface anemometer
height (see Table 4-2). These locations were chosen because of they had few
significant changes in anemometer height over a relatively long period. Five

of the seven sites show a recent decrease in mean annual wind speed.

Surface wind data from the seven upper air sites are presented in
Figure 4-3 and Table 4-3. These surface observations, taken twice a day, show
evidence of a decrease in wind speeds from 1976-1987. Data are presented as
departures from the mean before 1976. The solid line is the mean of the
annual departures for the seven sites. Table 4-3 presents the percent depar-
tures from the mean for the 1976-87 period from the previous record. The
discrepancies between the data in Tables 4-2 and 4-3 is partly because of
differences in the length of the record and partly because the data in
Table 4-3 represents only two observations a day at 0000 GMT and 1200 GMT.
The means for the twice a day observations were consistently 2% lower than the

means for 24 observations a day for the same time period.

The data in Tables 4-2 and 4-3 suggest that there have been weaker winds
during the last 12 years than experienced previously. Since surface anemome-
ter height at some of the stations has changed, some of the decrease may be
due to better exposure of the anemometers before 1976. "Heat island effects"
and increases in local roughness may also be accounting for some of the recent
wind speed deceases evident in Tables 4-2 and 4-3. While it is possible to
adjust wind data for changes in height, there is no assurance the adjustment
will be correct. Changes in local exposure because of vegetation and build-
ings adds additional uncertainty that cannot be completely accounted for in
the adjustments.
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Table 4-2. The mean surface wind speed, standard deviation, and percent
change from the period before 1976.

Period
Mean before 1976
Std Dev before 1976
Mean 1976-1987
Std Dev 1976-1987

Percent Change

Sea-Tac: Moved 2800

Sea-Tac Pocatel1lo Portland Great Falls Boise Salem Medford

WA ID OR MT ID OR OR
60-87 60-87 63-87 59-87 58-87 60-87 60-87
8.5 10.0 8.1 11.9 85 7.2 4.7
9 .6 5 1.3 7 4 1.1
8.3 9.7 8.1 11.9 83 6.5 4.9
2 3 5 4 2 4 2
-2 -3 0 0 -21 -10 -4

ft SW of previous site from 1/1/60 to 12/2/69

Pocatello: Began recording at 20 ft 8/6/60

Portland: From 4/62

to 3/73 at 25 ft thereafter 20 ft

Great Falls: 23 ft from 8/59 to 11/64 22 ft thereafter
Boise: 20 ft from 8/58

Salem: 20 ft from 2/59

Medford: 20 ft from 5/59

SURFRCE WIND SPEED
VRRIRTIONS

DEPARTURES ERDM MEAN PRIOR TO 1976

o SPK x GUI  » HMC * GRR o SLE ® MFD

Figure 4-3. Surface wind variations at seven National Weather Service sites
in the Pacific Northwest. The solid line is mean departure.
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Table 4-3. The percent departure of the mean surface wind speed for the
period 1976-87 from the previous record for seven upper air
sites in the Pacific Northwest. The departure from the period
1966-1975 is given to show how the seven sites compared for the
same periods of record.

Before 1976 1966-1975
Location Period of Record Percent Departure Percent Departure

Boise, ID 1960-1987 -13.5% 16%
Spokane, WA 1948-1987 -1% 12%
Quillayute, WA 1966-1987 21% 21%
Winnemucca, NV 1956-1987 -T% 4%
Great Falls, MT 1948-1987 -14% 12%
Salem, OR 1956-1987 -14% 13%
Medford, OR 1948-1987 -4% 4%
Mean for Region -10.6% 1.7%

The winds aloft provide wind speed measurements over time at constant
height and pressure levels. Figure 4-4 shows the annual wind speeds for the
seven National Weather Service upper air sites at the 850 millibar level.
Figure 4-4 shows the same trend noticed in the surface data at all seven
sites. This was evident at other pressure levels (see Figures 4-5 and 4-6).
Annual wind speed variation was examined at the surface, 850 mb, 700 mb, and
500 mb. Table 4-4 gives the percent departures for the wind speeds for the
1976-87 period from the 1948-75 mean. At two upper air sites, Medford and
Spokane, the strongest decrease in wind speeds recently was at 850 mb level.

At the 850 mb level the decrease in wind speed over the period 1976-87
was similar at all seven upper air sites in the Pacific Northwest (see Table
4-5). Five out of the last 12 years have had regional mean 850 mb wind speeds
two standard deviations less than the mean for the previous record. Since
many of the best potential wind energy development sites are at high eleva-
tions, the results below are of considerable interest. We would expect sites
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Figure 4-4.

Figure 4-5.

850 MB WIND SPEED
VARIBTIONS

DEPARTURES FROM MEAN PRIOR TO 1976

* BOI SP/ x Oul v me <+ GRP « SLE ¢ MED

Annual variation of wind speed at the 850 mb level at seven
Pacific Northwest locations. The winds are given as departures
in mph from the mean before 1976.

SPOKRNE RNNURL WINDS

AT VARIOUS LEVELS

850 MB ——700 re 500 re

(ARRREREE BERNREN

1950 1955 1960 1965 1970 1975 1980 1985
YERR

The annual variation of wind speed at Spokane, WA at four levels.
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AT VARIOUS LEVELS

-e-850 MB -**-700 = 500 re
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1950 1955 1960 1965 1970 1975 1980 1985
YEAR

Figure 4-6. Annual wind speed variation at Medford, OR at four levels.

Table 4-4. The percent departure in wind speeds for the period 1976-87 from
the mean for the period 1948-75.

Height Spokane  Medford
Surface 1 4
850 mb 13 11
(5000 ft)

700 mb 7 7
(10,000 ft)

500 mb 3 2
(35,000 ft)
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Table 4-5. The percent departure increase in wind speeds for the period
1976-87 from the previous record at the 850 mb level at seven
upper air sites in the Pacific Northwest.

Before 1976 1966 - 1975
Site Percent Departure Percent Departure
Quillayute, WA -10% -10%
Spokane, WA -11% -13%
Boise, ID 1% 1%
Great Falls, MT 1% -9%
Salem, OR -9% -11%
Medford, OR -11% -9%
Winnemucca, NV -11% -11%

that are on well exposed ridgetops would be closely related to the winds
measured in the free-air around 5,000 ft (1,500 m) above sea level.

The winter season showed the most evidence of recent weaker winds at all
Pacific Northwest upper air sites. The season with the least evidence of
weaker winds aloft recently is the summer season. Figures 4.7 and 4.8 show

the long-term wind variation two upper air sites on a seasonal basis.

4.4.3 Reconstructing Wind Energy Potential Before 1976

Previously (Wade et al., 1986) had reconstructed a long-term history of
the winds at the Cape Blanco wind survey site using data from nearby Coast
Guard and North Bend FAA wind data. In the previous analysis a simple ratio
of the annual mean wind speeds to was used predict the interannual variation
before 1976. For this analysis we used the approach described in the method-
ology and only North Bend Airport data. Even though the closer Cape Blanco
Coast Guard wind record was available for 1953-79, the data was of poor
quality, varied in a number of observations, and had a less robust correlation
to the Cape Blanco wind energy site. The period 1976-81 was used as the
dependent data set and the predictions were verified on data for the period
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Figure 4-7.

Figure 4-8.

42

BOISE SERSONRL 850 MB WINDS

DEPARTURES ERDM 1960-1975 MEAN

WINTER SPRING SUMMER

1960 1965 1970 1975 1980 1985
YEAR

The seasonal variation of wind speed departures at Boise,ID.
The departures are from the mean before 1976.

SRLEM SERSONRL 850 MB WINDS

DEPARTURES PROM 1957-1975 MEAN

WINTER SPRING SUMMER

A R T O O O O

1955 1960 1965 1970 1975 1980 1985
YERR

The seasonal variation of wind speed departures at Salem, OR.
The departures are from the mean before 1976.
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1982-87. Figure 4-9 shows a comparison of actual and predicted wind speeds
at Cape Blanco for the period 1982-87 and the reconstructed annual wind speed
record before 1976. The root mean square error of the prediction for 1982-87
was less than .5 m/s. Table 4-6 presents the statistics for the reconstruc-
tion of Cape Blanco winds before 1976. The wind speeds appear to be about
6.5% weaker recently at Cape Blanco than in the prior record of reconstructed
winds from 1950-75. The period 1976 through 1981 had winds that were about
12% weaker than the estimated speeds for the period 1950-75.

The energy output for the most recent period at Cape Blanco is also lower
by 6% which is similar to the wind speed deficit (see Table 4-6). Much of the
stronger winds during the reconstructed period at Cape Blanco would have been
outside the range used by the three wind turbines. Even though there was
significant differences in their performance curves there was less than 3%
difference in the amount of energy decrease noted since 1976 for the three
turbines.

For Kennewick, winds were also estimated before 1976. The data used to
reconstruct the Kennewick winds prior to 1976 were the 850 mb winds at
Spokane. Table 4-6 presents the correlation between the predictor and
predictand and the prediction error. Figure 4-10 shows the reconstructed
winds compared to the measured winds. The data in Table 4-6 suggests that the
wind speeds at Kennewick were stronger before 1976 by about 11% (5%). The
gross energy output of the three selected turbines would be 14% lower than
what we estimate would have been available before 1976.

At Pequop Summit the wind speeds were estimated to be 14% stronger before
1976 than from 1976 through 1987. An average of 19% more energy would have
been available for the three wind turbines used in the investigation. The
predictor site was the Winnemucca 850 mb winds. Table 4-6 presents the
correlation between the predictor and predictand and the prediction error.
Figure 4-11 shows a reconstruction of Pequop Summit winds for the period
1948-75 and a comparison of measured and predicted winds for the period
1976-87.
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CRPE BLRNCO WIND RECORD
RECONSTRUCTION
PROM NORTH BEND WINDS

- CAPE BLANCO EST. -B-CAPE BLANCO ACT. NORTH BEND

1950 1955 1960 1965 1970 1975 1980 1985
YETTR

Figure 4-9. A Reconstruction of the Winds at Cape Blanco before 1976. The
predicted wind speeds at Cape Blanco are compared to measured
speeds from 1976-87 (solid line).
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Table 4-6a. Statistics used in determining wind and energy availability
before and after 1976 in the Pacific Northwest.

Site Name Vm

mph

Cape Blanco 17.7
North Bend 7.6

Dependent Period 1976-81
Verification Period 1982-1987

Kennewick 15.2
Spokane 850 mb 14.4
Dependent Period 1976-81
Verification Period 1982-1987

Pequop Summit 14.9
Winnemucca 850 mb 94
Dependent Period 1982-87
Verification Period 1976-81

Regression Statistics

Slope Constant

32 2.72 46

STDm  Rm
mph
3.8
1.3
3.5 1.08
3.7
14 1.8
2.5

73 -.02

.75 .26

Regression Verification

R

SE  Vpred Vact RMSE

mph

mph  mph

.68 2.56 20.0 202

.66 2.48 15.6

41

1.9 16.0

156 4

15.0 7

Vm is the mean monthly speed; STDm is the standard duration of monthly speeds; Rm is
the ratio of departures from normal of monthly speeds; R is the correlation coeffi-
cient; SE is the standard error of the estimate; Vpred is the predicted mean annual
speed; Vact is the measure mean annual speed for the verification data set; and RMSE

is the root mean square error.

Table 4-6b. Comparison of Estimates of Winds Before 1976 to Those Measured

Since 1976.

V for 1976-87 V for 1950-76

mph
Cape Blanco 18.7
North Bend 7.9
Kennewick 15.4
Spokane 850 mb 14.6
Pequop Summit 15.4
Winnemucca 850 mb 94

mph

20.0
8.7

17.3
16.7

17.9
10.6

Difference
-6.5% *4.2
-9.2%
-11% + 4.9
-13%
-14% +4.5
-11%
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KENNEWICK M/W WINDS

100 FT LEVEL (33m)

x PREDICTED OBSERVED

FTTER 9/87 WEMCTETER AT 80 FT
BRSEO ON 1976-81 DfITR

Figure 4-10. A reconstruction of the winds at Kennewick before 1976. The
predicted wind speeds at Kennewick are compared to measured
speeds from 1976-87 (solid line).

PEQUOP SUMMIT WINDS

30 FT LEVEL (10m)

x PREDICTED -s- OBSERVED

Figure 4-11. A reconstruction of the winds at Pequop Summit before 1976. The
predicted wind speeds at Pequop Summit are compared to measured
speeds from 1976-87 (solid line).
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4.5 Summary

In wind energy assessment a "rule of thumb" is that, with a 90% confi-
dence level, the winds measured for a year will be within +10% of the long-
term mean. An objective of the analyses in this section was to examine the
adequacy of a 12-year wind record measured over the period 1976 through 1987.
To determine the degree to which the winds were representative of an even
longer mean, we compared winds measured at National Weather Service surface
and upper air sites during the period 1976-87 to winds measured for at least
two decades before that period. The results indicated that the winds during
the recent period are about 10% weaker than those measured during the past.
The results suggest that even a 12-year mean wind speed may not be within +10%
of the long-term mean (see Table 4-6b). The reason the winds are weaker is
not examined in this study, but there are a number of possible explanations.

A weakening of the jet stream due to greater warming recently at high lati-
tudes relative to the amount of warming at low latitudes could be one cause of
weaker winds. Another possibility may be the anomalous behavior of the
pressure patterns in the tropical Pacific associated with EI Nino. The
pressure patterns in the tropical Pacific Ocean are known to exert influence
on circulation patterns elsewhere. The anomalous behavior in the tropical
Pacific began in 1976 and continued through 1987.

A second objective of this investigation was to try to estimate the wind
speeds before 1976 at three long-term wind energy sites. The wind records
were reconstructed using correlations between measured winds at those sites
and nearby long-term upper air or surface wind data available from the
National Climatic Data Center. The reconstructed winds before 1976 were 6 to
14% stronger than those measured after 1976. The energy implications of these
results vary from site to site. For Cape Blanco, a strong wind site, the
decrease in energy is nearly equal to the decrease in wind speed. At
Kennewick and Pequop Summit the decrease in available energy was about 30 to
40%.

These results suggest that climate trends may affect assumptions about
the interannual variation of wind speed. Even a decade or more of winds may

not be adequate to estimate the mean wind speed within +10%. A prudent
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approach may be to examine climatological data at surface and upper air sites
to determine if the winds in the region are representative of the longer
record of winds. The results also suggest that climate change could signifi-
cantly influence the amount of wind energy available. Changes in weather
circulation patterns may result in stronger or weaker winds than expected. In
the Pacific Northwest, many sites with winter wind resources depend on strong
wind flow aloft. Any weakening of the jet stream or displacement of its
position would have important implications for wind energy planning.
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5. UNCERTAINTIES IN LONG-TERM ENERGY PREDICTIONS USING
ACTUAL AND THEORETICAL WIND SPEED DISTRIBUTIONS

5.1 Introduction

Several years of hourly wind data have been collected at many windy sites
in the Pacific Northwest. The wind data collected from three of the BPA wind
monitoring locations (Cape Blanco, Seven Mile Hill, and Kennewick) will be
discussed in this section. The data recovery rates over the 10- to 12-year
data period have varied from 90% at Seven Mile Hill to 83% at Cape Blanco.
Data have been analyzed through the year 1988 and all three sites are still in
operation.

The long and mostly continuous data base at these three sites provides an
opportunity to inspect the interannual as well as interseasonal variations in
the mean speed, speed frequency distributions, and theoretical turbine energy
production. The latter is computed by converting wind speed to power output
using a turbine power curve and then analyzing the yearly or seasonal varia-
tions in the estimated turbine energy production. The power curve for a 250
kW machine was used to estimate energy production. The cut-in speed is 9 mph,
the rated speed is 29 mph, and the cut-out speed is 54 mph.

Along with discussing the year-to-year variations in the mean annual
speed (energy) and seasonal speeds (energy), the paper also addresses the
relationship of changes in the mean annual wind speed to the changes in the
estimated turbine energy production and a comparison of the turbine energy
production using the actual and theoretical Weibull speed distributions.

5.2 Year-to-Year Variations in Mean Annual Wind Speed and Energy

At most wind energy sites or potential developments, a long period of
continuous wind data on the order of 10 to 20 years duration or greater are
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not available. However, information on the interannual and interseasonal
variations in the strength of the wind is needed to predict likely turbine
production variations (i.e., revenue variations). Work done previously by
Corotis [1] and others on long periods of data from National Weather Service
(NWS) locations has indicated relatively small variations in the mean annual
wind speed. Corotis' research indicates that there is 90% confidence that the
mean annual wind speed from a single year will be within +10% of the true
long-term mean speed. This assumption has been used by the wind industry.
Unfortunately, the correlation between the wind speeds at NWS locations and
high wind sites is poor so there is still a high degree of uncertainty in
estimating interannual variations without a long period of site data to
inspect. Although the 10 to 12 years of wind data collected at the three BPA
sites does not represent a climatological long record (preferably 20 to 30
years), it does give an opportunity to investigate at the high wind sites
interannual variations in wind speed and turbine energy production and discuss

some of the reasons for the variations.

The yearly mean speeds and estimated turbine energy production at the
three sites show different patterns with Cape Blanco having the largest
variations and Kennewick the smallest. The annual statistics are listed in
Table 5-1. For the 12 years of record, the mean speed at Kennewick was
15.6 mph and the maximum and minimum values were within +10% of this mean
speed. However, the highest turbine energy year was 19% above the 12-year

mean value and the lowest energy year was 26% below the mean value.

For Seven Mile Hill, the highest mean speed year was only 10% above the
long-term mean but the lowest speed year was 14% lower than the mean. Only
one of the 10 years of record fell outside 10% of the 10-year mean speed.
With respect to turbine energy, the highest year was 17% above the mean and
the lowest year 23% below the mean. At Cape Blanco, the largest variations
occurred. The highest wind year at 22 mph exceeded the 12-year mean speed of
19.3 mph by 16% and the lowest wind year at 15 mph was 22% lower than the
mean. The energy differences were +23% and -31%. The mean annual wind speeds
for nine of the 12 years were outside the bounds of +10% of the 12-year mean.
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Table 5-1. Annual statistics for the three sites.

Seven Mile
Hill Kennewick  Cape Blanco
Wind Speed (mph):
Mean 16.8 156.7 19.3
Standard Deviation 1.3 0.7 2.0
High 18.4 16.8 224
(+10%) (+7%) (+16%)
Low 14.3 14.1 15.0
(-14%) (-9%) (-22%)
Years of Data 10 12 12
Estimated Turbine Energy (MWH):
Mean 691.4 592.5 778.7
Standard Deviation 82.3 74.8 103.2
High 811.6 707.2 960.2
(+17%) (+19%) (+23%)
Low 532.0 438.6 538.3
(-23%) (-26%) (-31%)

Using the 10 to 12 years of data, an analysis was done to determine the
long-term mean speed using the Student's T distribution statistics. For a 90%
confidence limit the true mean speed lies between 15.2 and 15.9 mph at
Kennewick, 15.9 and 17.5 mph at Seven Mile Hill, and 18.1 and 20.2 mph at Cape

B1anco.

Large-scale synoptic weather patterns (fronts) and smaller meso-scale
pressure patterns govern the strength of the wind at two of the three loca-
tions. The strong winds at the third location, Seven Mile Hill, are con-
trolled by the meso-scale spring and summer Columbia River Gorge west flow and
are not driven by fall and winter storms. The meso-scale flow pattern that
sets up in the spring and summer over the Pacific Northwest creates persistent

north winds along the coast and west winds through the Columbia River Gorge
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that extend eastward to Kennewick. In contrast, the fall and winter strong
winds are driven by large-scale fronts and strong winds aloft. With the jet
stream aligned west southwest over the central Oregon coast, the winds at Cape
Blanco persist at 30 mph or greater for days at a time. As the jet stream
shifts to the north or south, the surface wind speeds can change dramatically.
The winter winds at Kennewick, although not as strong as those at Cape Blanco,
are also governed by storm movement. In years when storms have been frequent
and winter wind speeds have been high at the Cape, the mean annual wind speeds
has been high. In contrast, a winter with few storms relates to a year with
lower than normal mean annual wind speed.

The annual turbine energy production at the sites is directly related to
the shape of the site wind speed frequency distribution. The annual wind
speed distributions for the three sites shown in Figure 5-1 indicate that each
distribution has a different shape. The Kennewick distribution displays a
definite single frequency peak at about 10.1 mph and the frequency drops off
steadily for winds above 15.0 mph. In contrast, the distribution at Seven
Mile Hill and Cape Blanco have a much broader shape and there are two relative
frequency maximums at Seven Mile Hill (7.8 mph and 20.2 mph). At Cape Blanco
there is a high frequency of winds above 40 mph.

Year-to-year variations in the wind speed frequency distributions at
Seven Mile Hill are shown in Figure 5-2 for 1987, the lowest wind year, and
1985, one of the highest wind years recorded at the site. In 1987 the
estimated energy production was 532 MWH (v = 14.3 mph) and in 1985 it was 769
MWH (v = 17.9 mph). Both distributions have a relatively similar shape (bi-
modal maximum) but there was a much higher frequency of wind speeds above
25 mph in 1985 than in 1987.

Further analysis of wind speed versus energy production reveals that each
site has a different relationship. Curves plotting mean annual wind speed and
energy production are shown in Figure 5-3. A linear fit approximation was
made to the data points. The most scatter in the data was at Kennewick and
the least at Seven Mile Hill. The slope of the Kennewick curve indicates
about a 25% change in the energy production with a 10% change in mean annual
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Figure 5-1.

LiJ

Figure 5-2.

SPEED EREQUENCY DISTRIBUTION

Speed frequency distributions (all data) for the three sites.

SPEED FREQUENCY DISTRIBUTIONS

SEVENMILE HILL
150 FT LEVEL

Interannual variations in the wind speed frequency distributions
at Seven Mile Hill
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RNNURL MERN SPEED VS ENERGY PRODUCTION

SEVENMILE HILL CEPE BLRNCO

14 17 20 23
MERN RNNURL WIND SPEED (MPH)

Figure 5-3. Mean annual wind speed versus estimated gross annual turbine
energy production.

wind speed. At Seven Mile Hill there is about a 20% change in energy with a
10% change in mean speed, and at Cape Blanco there is only about a 13% change
in energy for a 10% change in the mean speed. These variations are caused by
the shape of the speed frequency distributions for a given turbine power
curve. From cut-in to rated speed, the power curve varies with the cube of
the wind speed (i.e., a 10% speed increase results in a 33% change in power
output). In contrast, at speeds at rated power and above (29-54 mph) there is
no power increase with speed increase. Thus, at a higher wind speed site the
incremental change in energy with change in mean annual speed is less than at
a lower wind speed site. This relationship is graphically depicted in

Figure 5-4. At low mean annual wind speed sites the energy/speed relationship
approaches 33%. And at the high speed sites the energy changes could be the
same as the percent change in the wind speed. And if there were frequency
wind speeds above cut-out, there could actually be less increase in energy
with a given increase in mean annual speed (note the dotted curves). In this
case a turbine with a higher cut-out speed should be considered. Thus, in
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MEAN ANNUAL SPEED INCREASE VS ENERGY

(7. INCRERSE IN ENERGY FOR fl 107. INCREASE IN SPEED)

o KENNEWICK X SEVENMILE V CFPE BLfINCO

MEAN RNNURL WIND SPEED (MPH)

Figure 5-4. Turbine energy increase versus a 10% increase in mean annual wind
speed.

evaluating the nergy production potential of sites with different wind speed
frequency distributions some consideration should be given to selecting a
machine whose performance curve best fits the distribution (i.e. tailor the
machine for the site wind characteristics).

5.3 Interannual Variation in Seasonal Wind Speed and Energy

It is not uncommon for high wind areas to display distinct seasonal
patterns in wind speed and direction. Two of the three California wind farm
development areas, Altamont Pass and San Gorgonio Pass, have the strongest
winds during the spring and summer months, an ideal match to load demand and
on-peak/off-peak buyback rates. The Tehachapi area displays good spring and
summer winds as well as frequent strong flow during the winter due to its

higher elevation in the Tehachapi Mountains and its exposure to storm winds.
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Of the three Northwest sites, only Seven Mile Hill displays a definite
seasonal wind cycle as 70% of the estimated annual turbine energy is generated
during the spring and summer months. The mean wind speed during the summer is
22.9 mph compared to 11.7 mph during the winter. On a yearly basis, winter
winds at Seven Mile Hill, as well as at the two other locations, were the most
variable. At Seven Mile this variability did not significantly impact the
annual energy production since the strong wind season was in the spring and
summer. However, at Kennewick and Cape Blanco the winter production is a
significant contributor to the annual production. Also, at the latter two
sites the energy production is distributed about evenly over the four seasons,
although the seasonal mean speeds are not as uniform.

During the power producing spring and summer months at Seven Mile Hill
the highest seasonal speed was 19% above the mean speed and the lowest was 15%
below the mean value. With respect to turbine energy, the maximum value

exceeded the mean by 30% and the minimum value was 22% lower than the mean.

At Kennewick the spring seasonal mean speed is about 0.9-1.6 mph higher
than during the other seasons although the seasonal energy production values
are about equal. The largest interseasonal variations occur during the winter
as the maximum and minimum values approach t50% of the mean. During the other

three seasons the ranges have been $30% of the mean values.

At Cape Blanco the highest seasonal mean speeds occurs during the winter
(21.5 mph) and the other three seasons average about 18.6 mph. However, from
an energy standpoint each season's contribution is about the same. The
largest seasonal variations in energy have been recorded in the summer (about
+45%). Winter energy variations were about +25% although winter mean speed

variations were about *30%.
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5.4 Comparison of Actual and Weibull Distribution Energy
Estimates

The Weibull distribution has been commonly used to simulate the speed
distribution when only the mean annual speed is known. The shape factor and
scale factor must be estimated. If the shape factor is 2.0, the Weibull
distribution becomes the Rayleigh distribution.

From the hourly data for each year, the annual energy production for a
250 KW machine was calculated using the actual speed frequency distribution
and the Weibull distribution. The Weibull shape and scale factors were
calculated for each year of data. The wind data were applied directly to the
power curve with no adjustment for anemometer height differences to hub height
(i.e., wind shear exponent = 0).

Energy differences (in %) between the Weibull and actual distribution for
each year indicate that for the Seven Mile Hill data the Weibull estimates
were considerably lower during most years (14-30%). At Kennewick the differ-
ences were less and varied between +9% and -18%. The closest agreement was at
Cape Blanco where the annual differences varied from -3 to +6%.

Actual and Weibull speed distributions are shown in Figure 5-5 for
Kennewick and Seven Mile Hill. In 1984 the turbine energy difference at
Kennewick was -13%. As shown in Figure 5-5a, the Weibull distribution
underestimated the frequency of speeds above 25 mph. This underestimation was
even more pronounced at Seven Mile Hill (Figure 5-5b). The resulting turbine
energy estimates were 29% apart, with the Weibull estimate being lower. This
broad bi-modal distribution is difficult to model as opposed to the more
uniform distribution like that at Cape Blanco.
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KENNEWICK

RCTUFL —-WEIBULL

(o] 10 20 30 40 50
WING SPEED (MPH)

(a)

SEVENMILE HILL

fICTURL ——WEIBULL

(o] 10 20 30 40 50
WIND SPEED (MPH)

(b)

Figure 5-5. Actual and Weibull speed frequency distributions for a) Kennewick
1984 and b) Seven Mile Hill.
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5.5 Conclusions

The long record of hourly wind data at the three BPA wind monitoring
sites (Cape Blanco, Seven Mile Hill, and Kennewick) provided an opportunity to
investigate interannual and interseasonal variations in mean wind speed, the
wind speed distribution, and, most importantly, the potential turbine energy
production. Significant findings include: 0

. At Seven Mile Hill and Kennewick sites the mean annual wind
speeds were within 10% of the long period mean 90% of the time.
This is in agreement with Corotis' findings. At Cape Blanco
only three of the 12 years fell within the $10% bound.

However, the annual maximum and minimum turbine energy values
were typically 15 to 25% above or below the long period mean at
all of the sites.

. Weibull distribution annual energy estimates were generally 10
to 25% lower than actual distribution estimates at Seven Mile
Hill and Kennewick sites. At Cape Blanco there was fairly good
agreement. The Weibull distribution consistently underesti-
mated the frequency of speeds above 25 mph at the other two
sites.

. Cape Blanco and Kennewick did not show definite seasonal cycles
in energy production. However, at Seven Mile Hill 70% of the
energy is produced during the spring and summer. The maximum
and minimum seasonal energy values typically varied by 25 to
50% from the mean seasonal energy value.

. For sites with high mean annual wind speeds the % change in
energy for a given turbine with a change in the mean annual
wind speed from year to year is considerably less than at a
lower wind speed site. At Cape Blanco (v = 19.3 mph) a 10%
change in mean speed results in about a 13% change in turbine
energy. In contrast, at Kennewick (v = 15.7 mph) a 10% change
in mean speed results in about a 25% change in energy. This
results is dependent on the choice of machine (i.e. power curve

characteristics). If a machine was tailored to a given site's
speed frequency distribution then these results would not
apply.
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APPENDIX A

BROWNING DEPOT
SUMMARY STATISTICS
OCTOBER 1985 - MAY 1989



SIfIION - BRGUNING OEPOI

HONIHiy UIHD SPEEDS (I1PH)

DRIB PERIOD Of RECORD -

1985
i 0BS
1986
8 0BS
1987
8 0BS
1988
8 0BS
1989
8 0BS

RUG
S0

JRN

0.0
0
22.2
750
231
739
19.5
702
229
719

21.9
1.7

FEB

0.0
0
12.9
668
15.9
665
18.1
629
0.0

15.6
2.6

10/1985 *
HRR  RPR
00 00
0 0
178 117
671 658
1.2 154
650 715
171 00
729 0
208 121
55 666
165 112
27 16

SIRIION - 8ROUNING OEPOI 80’
MONTHLY UIND SPEEDS 01PH)

DRTfi PERIOD Of RECORD -

1985
8 0BS
1986
8 0BS
1987
8 0BS
1988
8 0BS
1989
8 0BS

RUG
SO

JRN

0.0
0
21.3
738
21.5
737
20.2
702
21.2
718

233
2.1

FEB

0.0
0
13.7
667
171
667
18.8
629
0.0

16.6
2.6

10/1985 -

MR

0.0
0
19.0
696
15.2
676
17.8
729
0.0
0

171
2.0

RPR

0.0
0
15.6
655
16.5
715
0.0

0.0

16.1
0.7

5/1989

MY

0.0
0
11.5
688
13.3
M
13.9
352
13.3
1

12.9
1.0

5/1989

My

0.0

12.2
686
111
AN
11.8
352
0.0

13.6
11

JUN

0.0
0
1.2
661
12.9
720
12.2
591
0.0

121
0.9

JON

0.0

12.3
665
11.0
720
131
591
0.0

13.2
0.9

JuL

0.0
0
12.7
21
10.9
m
12.3
121
0.0
0

10.3
1.0

JuL

0.0
0
11.0
"7
1.7
711
12.9
121
0.0
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1.1

RUG

0.0
0
9.6
730
9.7
368
11.9
M
0.0

10.5
1.3

RUG

0.0
0
10.5
731
11.2
m
12.8
m
0.0

11.5
1.2

SEP

0.0
0
11.0
688
11.8
720
13.7
L
0.0

12.2
1.1

SEP

0.0

11.9
690
13.2
720
1.7
712
0.0

13.3
11

0ct

20.5
61
13.2
733
13.7
2
12.8
m
0.0

131
3.7

ocl

22.2

1.7
737
15.0
712
13.6
il
0.0

11.6
3.9

NOU

13.1
719
201
720
18.2
710
18.8
720
0.0

17.6
29

NOU

13.3
720
21.6
720
19.2
710
20.1
720
0.0

18.5
3.6

DEC

22.3
706
21.2
696
19.0
713
19.0
m
0.0

20.3
1.6

DEC

22.3
706
22.8
693
201
713
201
m
0.0

211
1.3

8 0BS

1189

8367

8260

7090

2181

27390

8 0BS

1190

8395

8662

7091

718

26356

RUG

17.93

11.87

15.07

15.61

16.38

15.11

RUG

17.96

16.10

16.02

16.52

21.22

16.51

S0

11.32

9.32

8.61

8.69

10.29

9.19

S0

11.36

9.91

8.90

9.03

13.10

9.66



SIRIION - BROUNING OEPOI REDUNORMI 80’

fONJHLY UINO SPEEDS (IIPH)

Dfllfl PERIOD Of RECORD-+

JRN
1989 25.7
#0BS 719
RUG 25.7

S0 0.0

FEB

0.0
0.0

1/1989 - 5/1989

NRR

22.8
56

228
0.0

RPR

13.8
665

13.8
0.0

fifly

19.7
799

19.7
0.0

JON

0.0
0.0

JuL

11.9
0.0

RUG

0.0
0.0

SEP

0.0
0.0

0Cl

0.0
0.0

NOU

0.0
0.0

OEC

0.0
0.0

t 0BS

2189

2189

RUG

18.26

18.26

S0

11.37

11.37



SIHTIOH - BROUHHG BEPOF IB’
DItRHBL UIMB SPEEDS (liPH)
DIlIB PERIBO BE RECBRB - 1D/1985 - 5/1989

JON
FEB
IMHR
OPR
I1fivV
JoB
JuL
006
SEP
ocl

NOU
OEC

RUG
PO

BB Zfifl IBB Sfifi BAD 7fifl BAD 900 Ifififl 1Ififl 1200 HOB

21.0 20.0 20.7 21.1 21.1 22.122.6 22.5 22.3 22.1 23.023.5 23.1
15.7 159 156 155153 15.0 11.9 152 156 16.2 17.116.6 17.1
11.8 11.9 16.2 16.9 16.7 17.0 17.0 17.1 17.7 18.0 18518.8 17.9
13.1 13.1 12.2 12.6 12.613.315.1 15.6 16.0 16.2 16.1 16.1 16.1
10,8 10.6 10.6 11.1 11.1 11.7 12.6 13.2 13.6 11,2 11.915.2 157
111 11.2 111 11.0 10.5 11.5 121 125 12.6 12.7 13.113.5 11.0
9.9 10.0 10.1 10.310.2 10.7 11.5 12.2 12.3 129 13.911.2 11.9
95 91 91 91 89 86 93 101101 11.5 12.212.7 12.7
11 111 111 110111 11.511.912.9 136 13.6 11.011.313.9
129 13.3 13.2 13.113.0 13.013.1 13.1 13.8 11.5 11.915.7 15.9
172171 176 17.317.117.1 17.217.618.1  18.1 18.618.9 19.0
19.9 20.0 20.1 19.720.5 20.820.7 20.9 21.321.7 21.622.1 22.0

11.5 11.5 11.6 11.6 11.6 11.9 15.1 15.8 16.1 16.1 16.9 17.3 17.3

HOB 1500 1600 17B0 1800 1900 2000 2100 2200 2500 2100

231221215216 221218 221
16.8 15911.8 11.8 152151 11.8
17.8 16.715.9 157 15.115.1 16.0
16.1 16.0 15.511.3 12.6 11.812.2
1565152151 111 131122 12.2
11.111.211.213.0 11.911.1 108
11.7 15115.013.6 123 11.1 10.5
13.0 13.013.1 11.9 10.110.2 10.0
11.0 13.613.2 12.511.6 11.1 111
15.6 11.6 13.2 12.6 12.212.7 121
19.3 183176 176 17.116.916.5
211205199191 19.219.5 193

17.2 16.6 16.1 15.5 11.9 11.6 11.5

22.0 21.520.8 211
15.2 11.9 151 15.0
15.3 15.7 151 15.8
12.2 13.3 13.713.3
11.7 116 11.511.1
10.6 11.1 10.8 10.8
101 9.8 9.8 97
95 93 93 95
10.5 11.111.011.1
12.0 11.812.1 12.8
16.7 17.117.216.9
19.3 19.719.1 19.0

11.2 111 1.3 111

RUG SPO

21.9
15.6
16.5
11.2
12.9
121
11.9
10.5
12.2
13.1
17.6
203

15.1



SIRIION - BROUNING OEPOI 10’
UINO ROSE FOR OLE Oflifi - 25715 OfISERURIIONS
0010 PERIOD OF RECORD - 10/1905 - 5/1909

SPEED CRIEGORIESOIPH)

0 10 13 16 19 22 25 28 31 31 37 10 13 16 19 5 HERN
10 10 10 10 10 10 10 T 10 10 10 10 10 10 10 10 >  TOBL SPEED
01R 0 13 16 19 22 25 28 3 31 3 10 13 16 19 52 55 55 * (IffH)

N 23 07 03 01 00 00 00 00 00 00 00 00 00 00 00 00 00 31 83
NNE 16 03 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 19 69
NE 13 02 041 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 15 7.0
ENE 11 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 16 6.1
E 19 02 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 21 63

ESE 15 01 02 00 00 00 00 00 00 00 00 00 00 00 00 00 00 21 82
SE 16 0.8 03 01 00 00 00 00 00 00 00 0.0 00 00 00 00 00 28 92
SSE 13 01 02 01 00 00 00 00 00 00 00 00 00 00 00 00 00 19 85
S 23 05 02 00 00 00 00 00 00 00 00 00 00 00 00 00 00 30 77
Ssu 20 10 11 09 06 05 03 01 01 00 00 00 00 00 00 00 00 7.0 111
U 33 29 13 19 38 33 25 21 11 09 05 03 02 01 01 00 01 307 200
usu 16 27 29 30 25 20 16 10 08 06 01 02 02 01 00 00 01 227 181
I 10 11 13 13 10 07 05 03 01 01 00 00 00 00 00 00 00 105 11.0
UNu 15 03 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 21 76
N 11 05 05 03 02 01 00 00 00 00 00 00 00 00 00 00 00 31 111
HHU 11 09 06 01 02 01 01 00 00 00 00 00 00 00 00 00 00 36 118
COIN 0.0

10IRI

X J33 128126 112 85 67 50 36 25 15 10 05 01 01 01 01 01 1000 152

NOIE: HERN SPEED OF THE TOIBL IN 0 UINO ROSE IWV DIFFER FROfi IHE SPEED FREOOENCy DISTRIBDIION FOR 0 GIOEN
PERIOD DOE 10 DOIR SELECTION. SPEED FREOOENCY DISTRIBUTIONS REWIRE ONLY H UINO SPEED OBSERURTION BE
PRESENI.  UINO ROSES, ON IHE OTHER HHNO, REQUIRE BOTH SPEED BHD DIRECTION BE PRESENT FOR EHCH OBSERURTION.



SIRIIOH  RkOL'HIHt OEPOI 10’

UIHD SPEED FREOUENCV DISIRIOUTIOIl UIIH HORHOLIZEO AUfIILRBLE EHERGY
ORIR PERIOD OF RECORD - 10/1985 - 5/1989

NORHRLIZHIIOH PERIOD - ORE VERR

RUERfIGE UIHD SPEED FOR PERIOD: 15.1 OPR

NORIIRLIZEO RURILRBEE EHERGV:  3110.8 KUH/IM/YFRR

101 RE HOURS OBSERUEQ: 27390

HORHLIZEO NORBHLIZED
SPO  HOURS/ RUfIIL. ENERGY SPO  HOURS/ RURIL. ENERGY
MPH PERIOD RELFRED CUfHRS CUIRELFREO  KUH/f**2/YEfiR iffH PERIOD RELFREQ CUfHRS CUIRELFREQ ~ KUH/fM2/YERR
0 0 0.00 27390 100.00 0.8 16 2 0.08 116 0.12 313
T 181 0.67 27390 100.00 0.0 17 8 0.03 95 0.35 12.7
2 589 215 27206 99.33 0.1 18 13 8.05 87 0.32 22.0
3 8G6 3.16 26617 97.18 0.1 19 8 0.03 U 0.27 11.1
1 1082 3.95 25751 91.02 1.1 50 7 0.03 66 0.21 13.1
5 1161 1.21 21669 90.07 22 51 8 0.03 59 0.22 16.2
6 1111 1.18 23508 85.83 3.8 52 1 0.81 51 0.19 8.6
7 1003 3.99 22361 81.65 5.7 53 8 0.03 17 0.17 18.2
0 1082 395 21271 77.66 8.5 51 6 0.02 39 0.1 11.5
9 1081 3.% 20189 73.71 12.1 55 1 0.01 33 0.12 10.2
10 1199 1.38 19105 69.75 18.1 56 5 0.82 29 8.11 13.1
11 11 117 17906 65.37 23.2 57 7 0.03 21 0.09 19.8
12 1115 1.18 16765 61.21 30.3 58 1 0.01 17 0.06 11.9
13 1119 1.19 15620 57.03 38.6 59 1 0.01 13 0.05 12.6
1 1165 1.25 1171 52.83 18.9 60 3 0.01 9 0.03 9.9
15 1128 1.12 13306 18.58 58.3 61 3 0.01 6 0.02 18.1
16 121 1.09 12178 11.16 70.3 62 1 0.00 3 0.01 3.6
17 1010 3.80 11057 10.37 78.2 63 0 0.00 2 0.01 0.0
18 1028 3.75 10017 36.57 91.8 61 2 0.01 2 0.01 8.0
19 910 3.13 8989 32.82 98.7
20 81 3.07 8019 29.39 103.0
21 782 2.86 7208 26.32 110.9
22 693 2.53 6126 23.16 113.0
23 673 2.16 5733 28.93 1251
21 620 2.26 5060 18.17 131.2
25 513 1.98 1110 16.21 129.9
26 192 1.80 3897 11.23 1321
27 13 1.58 3105 12.13 130.8
28 129 1.57 2971 10.85 11.2
29 315 1.26 2512 9.28 128.8
30 312 1.11 2197 8.02 129.0
3212 0.99 1885 6.88 121.0
32 266 0.97 1613 5.89 1331
33 197 0.72 1317 1.92 108.1
31210 0.77 1158 1.20 126.1
35 150 0.55 910 3.13 98.5
6 113 0.1 790 2.88 80.7
37 132 0.18 677 217 102.1
3B 88 8.32 515 1.99 73.9
39 80 0.29 157 1.67 72.6
10 56 0.20 377 1.38 51.9
11 50 0.18 32 117 52.8
12 52 0.19 271 0.99 59.0
13 35 0.13 219 0.80 12.6
" 13 0.16 181 0.67 56.1

15 25 0.09 1M 0.51 31.9



APPENDIX B

CAPE BLANCO MICROWAVE
SUMMARY STATISTICS
OCTOBER 1976 - MAY 1989



SIfIION - CAPE BLANCO 50’
MONTHLY UIND SPEEDS (MPH)

DAllfl PERIOD OF RECORD -

1975
S 0BS
1977
| 0BS
1978
i 0BS
1979
s OBS
1900
| 0BS
1981
s OBS
1982
s OBS
1985
s 0BS
1981
s OBS
1985
s OBS
1985
1 0BS
1987
# 0BS
1988
| 0BS
1989
1 0BS

floG
80

JIN

10.1

17
26.9
1
271

21.1

695
17.5
191

20.6

FEB

20.2

671
21.6
661
26.6
672
17.8
693
15.5
667
286
361
321
670
26.5
516
231
511
253
672
292
106
16.0
677
18.1
DJI

5.1

10/1975 - 5/1989

MAR

18.1

11.0

86

20.2

58

APR

176

12.1

670
21.6
612
16,5
715
20.5
79
179

20.1

709
22.8
30
178
629
18.3
602

17.9
36

MAY

13.5
693

22.0

230

21.1

13.2
586

12.6

18.1
731
19.5

20.1

JON

22.3
691
15.3
720
18.1
719
11.6
79
13.6

18.2
700
1741
635

22.0

21.0

108
1941
696
231
Al
17.5
720

0.0

18.5
3.1

16.6
3.0

16.9
2.7

251

11.1

17.3
39

NOD

15.9
3
26.7
623
19.0
708
16.3
698
16.8
689
17.3
301
21.6
177
30.1
718
258
178
156.5
720

0.0

238
296

11.8

36

0.0

20.6

85

20.6

55

Il 0BS

199

8118

6677

AUG

11.18

19.61

19.67

18.12

16.38

11.53

20.21

21.11

21.62

18.13

19.85

22.60

19.81

1713

19.0?

80

11.01

12.77

12.71

12.67

10.65

9.99

13.18

15.12

11.02

12.53

13.57

11.91

1.91

11.79

13.08



SIRIION - CRPE BUNCO 50°
DIURNRL UIND SPEEOS (MPH)

ORTH PERIOD OF RECORD -

MON

JRN
FEB
MRR
RPR
MAY
JUN
JOE
RUG
SEP
ocl
NOU
0EC

SPO

100 200

19.9 19.8
229 230
19.1 18.8
16.8 16.5
15.9 159
16.8 17.0
18.8 18.8
154 15.2
15.9 15.7
16.4 16.5
20.2 20.1
19.6 19.5

300 100 500

19.7 19.519.2
233229223
18.6 18.7 18.6
16.1 15.7 15.4
15.7 15.6 15.2
16.8 16.8 16.7
18.4 18.117.8

10/1976 - 5/1989

600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400

19.3 19.4 19.3 19.8 20.2 21.0 22.0 22.2 221 22.322.3 21.921.4 20.9 20.7 20.3 20.2 20.5 20.2
222 219 226 224 22.4 23.0 234 23.8 23.723.7236 23.2225 22.2 22. 1220 22.3 225
18.0 17.9 18.419.4 20.6 21.6 22.3 22.0 221 22122 0 22.222.0 21.4 20.8 19.9 19.2 19.2 194
155 15.7 16.6 17.4 18.8 19.6 20.0 20.3 20.2 20220 0 19.4 19.0 19.0 18.3 17.8 17.4 172 16.8
149 153 16.2 17.3 184 19.0 19.5 19.2 19.3 19319 3 19.219.1 18.9 184 17.5 16.7 16.5 159
16.2 16.8 17.4 185 19.5 19.8 20.0 20.1 19.920420 5 20.319.9 19.7 194 18.8 18.0 17.3 17.2
17.7 17.8 182195 20.6 21.3 21.2 211 21.621.922 1 222 220 21.8 21.6 20.7 19.7 19.3 19.0

15.1 15.0 14.8 14.7 147 151 16.2 17.3 182 18.3 18.1 18.0 181 18.1 18.2 18.3 18.1 17.7 16.9 16.4 15.7 154

15.615.5 15,5
16.716.7 16.6
19.519.5 19.3
19.619.7 19.9

15.5 16.3 154 16.0 16.9 18.018.6 18.718.7 18.8 186185181 18.1 17.4 16.7 16.5 16.1 15.9
16.4 15.8 15.6 16.0 17.1 179185 189 18.7 189 186184 181 17.9 17.3 16.9 16.9 16.6 16.7
191 19.519.8 20.2 20.3 21.322.2 223220 219216215211 20.7 204 20.2 20.5 20.3 20.4
19.7 20.019.9 199 203 21221.7 223224 22021.721.421.0 20.8 20.7 20.7 20.2 20.1 19.9

18.1 18.0 17.9 17.8 176 17.4 17.5 17.8 18.5 19.4 20.1 20.6 20.7 20.7 20.8 20.7 20.5 20.2 19.9 19.5 19.0 18.6 18.4 18

RUG SPO

20.6
228
20.2
17.9
174
185
20.1
16.6
16.9
173
20.6
20.6

191



SIIION - CAPE BLANCO 50
UIND ROSE FOR ALL BflIA - BbSH OBSERUAIIIONS
DfIIA FERIOO OF RECORD - 10/1976 - 5/1969

SPEED CATEGORIES MPH)

0 10 13 b 19 2 25 B 3 N T 0 B %K 9 5 MEAN

070 10 1 07 7 7 10 7 1 1% 10 0 10 1 TOTAL  SPEED
DR D 13 16 19 % B YN 0 ©B o 9 m 5 5« (MPA)
n 31 17 19 27 29 21 15 oec 09 0.2 01 00 00 00 00 00 192 189

NNE JA YT TE 340 27 30 47 14 Ob 03 01 00 00 00 00 00 00 217 182
NE 19 09 oe 06 os 09 02 01 01 Oj 00 00 00 00 00 00 00 S5 138
ENE 12 02 02 01 00 00 00 00 00 00 00 00 00 0B 00 00 oa 17 79

E 15 02 02 01 01 00 00 00 00 00 00 09 00 00 00 00 0.0 21 Tk
ESE i4P? 01 00 00 00 00 00 00 00 00 00 oa 00 00 00 00 19 75
& 1.7 03 02 Oi 00 00 eo 00 00 00 00 00 00 00 00 00 00 iy 7.7
SSE 26 ii 09 Ob 09 05 03 02 02 01 01 01 00 00 00 00 o1 70 1841
§ 3 iS 1h 17 18 12 17 1b 15 '7 11 11 10 09 07 Ob 21 298 288

Ssu 13 as 05 09 09 09 03 03 05 02 02 o1 | o1 01 ji0 o1 br 208
su 07 02 02 02 (2 02 o1 Ol 00 00 00 00 00 00 00 00 00 21 165
yen o1 01 01 o1 o1 01 00 00 00 00 00 00 00 90 00 00 0. 09 133
u 06 01 01 00 0G 00 00 00 00 90 oa 00 00 00 00 00 00 1.0 102
LHU 06 01 Oi 00 00 00 00 00 0.0 0.0 00 OU WN 0. 00 oa 0.0 09 99
NU 05 01 01 o1 00 00 00 00 00 00 00 00 00 00 00 00 0.0 09 102
NNU 1.0 03 03 02 o1 o1 (00 00 00 00 00 00 00 00 00 0.0 0.0 11.9

TOTAL ,
ij.5 3.4 UM 96 9b Sb ot ) i8 i5 10 08 07 1000 195

NOTE: MEAN SPEED OF THE TOTL IN A UINO ROSE MAY DIFFER FROM IHE SPEED FREOOENCY DISTRIBUTION FOR A GIOEN
FERIOO DOE 10 Dflifi SELECTION. SPEED FREOOENCY DISTRIBUTIONS REQUIRE ONLY A UIND SPEED OBSERURTION BE
PRESENT. UIND ROSES, ON THE OTHER HAND, REQUIRE BOTH SPEED AND DIRECTION BE PRESENT FOP EACH OBSERUHIION



STHlIOH - COPE BLANCO 50’

UIND SPEED FREQUENCY DISIRIBUIION UIIH NORMALIZED AUAILABLE ENERGY
DAIA PERIOD OF RECORD - 10/1976 - 5/1969

NORMALIZATION PERIOD - ONE YEAR

AUERAGE UIND SPEED FOR PERIOD: 19.1 MPA

NORMALIZED AUAILABLE ENERGY:  9272.7 KUHIM™2/YEAR

IDIAL HOURS OBSERUEC: 9MH

NORMALIZED

SPO  HOURS/ AUAIL. ENERGY SPO
MPH PERIOD RELFREQ CUMARS CUMRELFREQ ~ KUHM**2/YEAR MPH
0 590 0.65 91919 100.00 0.0 96
1 1375 150 90829 99.35 0.0 97
2 207 227 89999 97.85 0.1 98
3 292 265 07378 95.58 0.3 9
9 2586 263 89952 92.93 0.9 50
5 2172 3.03 82366 90.10 1.8 51
6 2809 3.07 79599 87.07 3.2 52
7 2959 329 76785 89.00 53 53
8 2958 329 73826 80.76 7.9 59
9 2015 3.19 70868 77.52 141 55
10 2808 307 67953 79.39 19.6 56
113066 335 65195 71.26 213 57
122980 326 62079 67.91 268 58
IS 2616 319 59099 69.65 339 59
19 2B89 315 56183 61.96 91.2 60
15 2896 317 53299 58.31 50.9 61
16 2929 320 50903 55.19 62.5 62
17202 320 97979 51.93 79.8 63
18 2819 3.08 99553 98.79 85.7 69
19 2909 318 91739 95.65 109.0 65
20 2889 315 38825 92.97 120.2 66
212783 3.09 35991 39.32 139.3 67
22 219 297 33158 36.27 150.9 68
23 2599 289 30939 33.30 169.8 69
29 2537 278 278%0 30.95 182.8 10
25 2282 2.50 25303 27.68 185.8 n
26 2202 291 23021 2518 201.7 n
21 2025 222 20819 2,17 207.7 73
28 1829 200 18799 20.56 208.7 79
29 1570 172 16970 18.56 199.5 75
30 1905 1.59 15900 16.85 197.7 76
311210 132 1399 15.31 187.8 m
32 1100 120 12785 13.99 187.8 8
33 993 1.03 11685 12.78 176.6 19
39 867 095 10792 1.75 177.6 80
3B 782 0.86 9675 10.80 179.7 81
3% 673 0.79 9093 9.95 163.6 82
37 606 0.66 8920 9.21 160.0 83
38 569 0.62 7819 8.55 161.3 89
39 505 0.55 7250 793 156.1 85
90 993 0.59 6795 7.38 169.9 86
91 982 0.99 6252 6.89 162.3 87
92 93 0.98 5800 6.39 167.9 88
9 3% 0.39 5365 5.87 1975 89
99 3BS 0.92 5009 5.98 170.9 90
9% 320 0.35 9629 5.06 152.0 o1

HOURS/

PERIOD RELFREQ CUMHRS CUMRELFREQ

31
319
280
295
21
2
237
206
189
181
168
199
"7
136
132
123
108
9%
102
80
18
63
59
51
12
39
18
32

e = o o o> © wo

0.36
0.31
0.31

0.27
0.26
0.25
0.26
0.23
0.21

0.20
0.18
0.16
0.16
0.15
0.19
0.13
0.12
0.11

0.11

0.09
0.09
0.07
0.06
0.06
0.05
0.01
0.05
0.01
0.02
0.03
0.02
0.01

0.02
0.01

0.02
0.01

0.02
0.01

0.01

0.00
0.01

0.01

0.00
0.00
0.00
0.00

1301
3973
3659
3379
3131
2893
2669
2132
2226
2037
1856
1688
1539
1392
1256
121
1001
893
97
695
615
537
17
115
361
322
283
235
203
182
151
135
122
105
93
9
70
55
15
38
3%
26

1.7

1.35
9.00
3.70
3.13
3.16
2.92
2.66
2.1
223
2.03
1.85
1.68
1.52
1.3?
1.23
1.10
0.98
0.87
0.76
0.67
0.59
0.52
0.15
0.90
0.35
0.31

0.26
0.22
0.20
0.17
0.15
0.13
0.11

0.10
0.09
0.08
0.06
0.05
0.09
0.01

0.03
0.02
0.02
0.02
0.01

NORMALIZED
AUAIL. ENERGY
KUHIM*2/YEAR

167.9
169.9
161.9
150.2
157.0
151.8
173.7
159.8
155.1
156.9
153.7
113.8
119.5
115.6
118.6
115.5
13141
125.1
139.3
11.5
116.9
98.7
96.7
87.3
75.1
72.7
93.1
61.9
1.3
61.6
13.5
309
12.0
30.8
37.1
219
13.1
29.8
216
9.6
29.8
20.6
10.7
11.0
3.8
3.9



APPENDIX C

GOODNOE HILLS
SUMMARY STATISTICS
MAY 1980 - MAY 1989



SIfIION - GOODNOE HILLS 50
HONIHLV UINO SPEEOS (HPH)

Offfl PERIOD Of RECORD -

1980
1088
1981
S 0BS
1962
It 08S
1988
1 0BS
1989
i 0BS
1985
# 0BS
198b
it 0BS
198?
9 0BS
1988
9 065
1989
it 0BS

HUG
8D

JIN

11.0

5.1
523
11.2
730
7.0
790
9.9
707
13.0
708

10.9
3.0

FEB

0.0

9.3
665
12.5
671
8.2
659
9.2

11.9
639
9.9
670

10.9
671
9.6
659

8.1

671

9.8
1.9

5/1980 - 5/1989

MAR

1.5
736
12.9
906
9.2
793
10.9
728

10.6

793

10.0

729

11.0

799
10.6
799
10.3
792

10.6

0.9

SIfIlION - GOODNOE HILLS 195
MONIHLY UINO SPEEDS (ftPH)

Dfllfl PERIOD OF RECORD -

1980
« 0BS
1981
« 085
1982
tt 08S
1983
1 0BS
1984
It 0BS
1985
& 0BS

1986

tt 0BS
1987
tl 0BS
1988
tt 088
1989
<<0€s

JIN

0.0

10.9
520
19.7

14.5
729
14.5
743
6.7
499
149
694

8.2

686

1.5
708
16.2
708

FEB

1.7

14.1
558

10.0

671

APR

19.2
719
12.9
89
8.9
703
19.2
m
139
GSb

13.0

10.9
696

11.0

135
85

1.9

MAY

19.6
569
13.8
792
12.8
739
9.5
709
13.5
659
13.5
961
19.2
738

10.8

9
10.6
799
13.0
567

12.5
1.7

51980 - 571989

fifiR

14.9
738
15.7
6JS
14.8
707
16.3
743
13.9
743
13.2
e
12.1
733
16.5
744

12.6

742

APR

19.5

178
00J
16.9

15.0
(LU
16.7
d%

85

MAY

19.2
565
17.4
742
16.7
™
17.3
697
19.7
744
176
461
17.2
738
16.5
43
16.0
744
15.8
56?

JON
13.5
720
15.5

10.B

10.8

12.9

1.8

JOH

17.7
720
18.6

688

JUL

129
738
136
959
115
791
136
1s
11.2
739
119
79

12.8

799

11.8

793

11.8

738

0.0

6.9
0.9

JuL

16.9
™
17.2
456
14.9
i
16.7
724
It..}
744
16.0
7i2
i7H
744
17.2
nd2
17.3
738

0.0

0

HUG

13.5
793

12.1

587
11.1
739
1.7
702
13.0
739
13.3
790
11.2
799
9.1
736
10.3
799
0.0

"7
1.9

AUG

175
743
15.5
540
14.7
735
14.4
707
19.8
740
17.8
744
14.6
744
13.2
738
16.3
744

0.0

0

11.2

12.8

SEP
15.5
659
13.9

12.9

ocl

9.0
735
9.9
ijb
9.2
71

10.6

559
10.2
790
1.9
390
6.8
799
9.2
596
71
799

0.0

9.1
15

ocl

708
12.1
742
11.9

1.9
659
15.8
706
16.1
77
9,0
501
10.4

11.2

744
0.9

NOU

9.3
709
9.8
709

706
12.8
626
135
156
153
105
1.3
720
8.6
251
10.9

10.5
23

NOU

1.9
710
12.3
718
15
70?
15.0
700

12.8

716
i}
9.3
124
10.5
251
i. 1
709
0.0

0EC

9.2
660
10.9
73
9.5
689

8.6

696
11.0
629
3.5
651
6.5
595
8.9
639
9.0
732

0.0

23

OEC

"7
714
14.4
3
12.3
699
10.1
702
13.9

734
tL

73
c )
10.b
b39
1l b
743
0.0

7960

7091

85i6

811

8613

2173

71962

i 0BS

5560

7926

8307

8280

8603

295

nqq:

7731

8623

2173

HUG

1.7

11.67

11.21

10.63

11.65

10.90

10.95

9.90

10.02

113

10.93

AUG

16.23

14.75

14.55

12.97

14.14

Ib.bV

80

6.36

6.41

6.53

5.71

6.64

b .65

6.87

6.54

6.61

6.94

6.54

50

8.39

il C7

"5

9.00

9.06

9.38

“35



SIRIION - GOODNOE HILLS 195°
DIURNRL UIND SPEEDS (MPH)
DRTR PERIOD OF RECORD - 5/1960 - 5/1989

MON 100 200 300 100 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 1700 1800 1900 2000 2100 2200 2300 2100 RUG SPO

RN 13.8 136 13.313.2 13.1 13.113.1 131 13.2 12.6 125 126 12.1 123 129 13.3 13.6 11.0 13.9 11.0 11.2 11.013.7 135 133
FEB 133 136 13.713.3 13.1 13.613.7 13.0 122 11.8 11.7 12.0 12.3 129 13.0 13.3 13.5 13.7 13.7 13.5 13.3 13.113.0 13.0 13.1
MRR ~ 15.1 15.0 11.915.0 11.7 11.211.0 12.7 123 12.1 12.3 13.0 13.5 13.8 11.3 11.3 11.5152 16.0 15.7 15.1 161152 150 113
RRR 176 17.5 17.517.1 16.7 1569118 13.8 13.5 136 11.1 11.9 158 16.1 16.7 17.5 17.6 18.1 19.0 18.6 18.2 18.0 179 18.0 16.6
MAY  19.5 19.0 18.8 18.1 17.5 16.311.7 13.8 13.1 13.513.9 11.5 152 16.1 16.6 17.1 18.0 19.0 19.8 20.5 20.3 20.2 20.1 19.7 173
JON  19.3 18.9 18.317.9 17.0 15513.7 129 12.7 128132 11.0 116 152162 17.2 182 18.7 19.6 20.5 20.7 20.2 202 19.6 17.0
JuL  19.0 183 17.917.5 17.1 151135 125 121 121127 13.5 11.1 152 16.3 17.1 18.118.9 19.9 20.7 20.7 20.2 19.6 191 168
HIG 17.6 17.5 17.0 16.6 16.1 151 13.212.0 11.1 11.3 11.9 129 13,5 11.3 153 16.5 17.3 18.3 19.1 19.9 19.1 189 183 176 159
SEP 150 11.6 11.011.0 138 13.813.0 11.7 111 11.1 11.8 12.1 13.0 11.1 11.8 152 155 16.6 17.1 16.8 16.1 16.1 157 151 113
0Cl 129 13.0 129126 125 125121 11.2 10.1 10.3 106 11.0 11.5 12.0 125 129 13.313.8 13.8 13.6 13.1 13213.2 132 121
NOU  13.0 13.0 13.1 133 13.6 13.212.8 121 122 12.3 12.3 12.1 12.7 12.7 13.0 13.2 13.6 13.7 13.5 13.7 136 13.6 13.5 132 131
OEC 113 11.2 11.311.7 117 118115 11.2 10.8 10.2 100 10.3 10.5 10.9 10.9 11.0 11.3 111 11.1 113 11.0 11.011.0 11.3 111

—

RUG
SP0 157 155 153 151 11.8 11.313.1 125 121 12.0 123 128 13.3 13.8 11.1 119 15.1 16.0 16.5 16.7 16.5 16.2 16.0 158 117



SIfIION - GOODNOE HILLS 195°
UIND ROSE FOR ALL Ofiifl - 71061 OBSERUfIIONS
Dfllfl PERIOD OF RECORD - 5/1980 - 5/1989

SPEED CFIEGORIES(fIPH)

0 10 1B 16 19 Y 25 @ 31 3 37 10 13 16 19 5 MEAN
M T 0 0 70 TO TO 70 TO 70 TO T0 T0 T0 70 710 >  TOTAL SPEED
OR 0 13 16 19 2 2 28 ¥ 3 ;¥ 10 13 16 19 5 5 5 X (MPH)

N 06 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 08 6.6
NNE 06 02 02 02 01 01 00 00 00 00 00 0.0 00 00 00 00 00 1.1 123
NE 09 05 05 03 02 01 01 00 00 00 00 00 00 00 00 00 00 27 122
ENE 1.7 10 09 05 03 01 00 00 00 0.0 00 00 00 00 00 00 00 16 113
E 11 11 08 03 01 00 00 00 00 00 0.0 0.0 00 00 00 00 0.0 69 88
ESE 32 05 01 00 00 00 00 00 00 00 00 00 0.0 00 00 00 00 38 6.6
SE 26 05 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 33 68
SSE 27 03 01 00 00 00 00 0.0 00 00 00 00 0.0 00 00 00 0.0 31 6.2
§ 32 03 01 01 00 00 00 00 00 0.0 00 00 00 00 00 00 00 39 6.9
SSU 16 03 02 02 01 01 00 00 00 00 00 0.0 0.0 00 00 00 00 27 97
U 22 09 OB 06 01 03 02 01 01 0.0 00 00 00 00 OB 0.0 00 55 1241
Usu 23 13 15 15 13 10 05 03 02 01 00 00 0.0 0.0 00 00 0.0 99 157
U 31 23 33 18 59 57 15 27 15 07 03 01 01 00 00 00 00 350 2041
UNU 18 12 11 11 17 16 11 10 05 03 01 00 00 00 00 00 00 125 192
NU 11 03 02 01 01 00 00 00 00 00 00 00 00 00 00 00 00 19 98
NNU 01 01 00 00 00 00 00 00 00 00 00 00 0.0 00 00 00 0.0 05 66
CALM 1.6

TOIL

s 33.8 11.1 109 102 103 90 67 11 23 11 05 02 01 0.0 00 00 00 1000 119

NOTE; MEAN SPEED OF IHE IOIAL IN fl UINO ROSE MAY DIFFER FROM IHE SPEED FREQUENCY OISIRIBUTION FOR A GIUEN
PERIOD OUE 10 Dflifi SELECTION. SPEED FREQUENCY DISTRIBUTIONS REQUIRE ONLY fi UIND SPEED OBSERURTION BE
PRESENI. UIND ROSES, ON THE OTHER HAND, REQUIRE BOTH SPEED AND DIRECTION BE PRESENT FOR EACH OBSERURTION.



SIflION - GOODHUE HILLS 195’

HIHO SPEED FREQUENCY OISIRIBUIIOH UIIH NORifiLIZEO HOfiILHOLE ENERGY
Ofilfl PERIOD OF RECORD -  5/1980 - 5/1909

NORfLIZATION PERIOD - ONE YEHR

HUERHGE WHO SPEED FOR PERIOD: H.? fPH

NORfIiLIZEO fIUfILABLE ENERGY:  3092.9 RUH/f1«2/YEfR

IflifiL HOURS OBSERGED: 73353

NORMRLIZEQ

S0 HOURS) HIfIL ENERGY  $PO
NPH PERIOD RELFREQ CUMHRS CUWRELFREQ KUHWIYEHR  fPH
0 1252 171 7383 10000 00 %
M6 239 72001 9829 00 o7
7 1962 267 0% 9595 01 %
3 291 306 6803 5328 09 %
9 26% 359 66182 9022 1.0 50
5 2052 902 6396 8663 00 51
6 3299 950 60509 8261 93 5
7 M9 928 5705 7841 65 53
B 3020 913 50150 7383 93 59
9 3030 913 51125 6970 135 55
10 2829 386 9095 6557 171 56
o267 365 9566 6171 216 57
12 2505 359 92589 58.0b 272 58
13 2552 398 39959 595 390 59
19 2505 397 31992 51.09 923 60
15 2000 327 3897 9757 9.1 61
16 2081 336 32095 9930 61 6/
17 9% 332 30019 9092 726 63
1§ 2991 333 27578 3760 86.3 b9
19 257 351 25137 39.27 1074 65
0 0% 332 251 3076 1181 6
21 209 328 2016 2755 1350 67
2 25 342 IR 2916 1975 b8
23 2189 258 15037 21.09 161.1 69
0 091 278 133 1807 1710 70
2% 1 298 M2 1528 1725

% 1630 222 %Y 1280 1737

7 193 195 760 1058 1710

B 1183 161 6328 863 1579

9 1020 139 515 701 150.8

0 80 12 915 562 1937

373 100 297 393 1329

2 55 072 2519 393 109.3

33 %0 065  19%9 271 1096

9 3% 099 1509 206 86.0

3% 288 039 1156 157 799

% 200 029 860 147 599

¥ O3 021 650 069 97.0

% M9 016 %7 066 379

% 9 012 B 052 327

0 73 010 22 090 283

9 9 006 28 030 171

® 5 007 158 029 25

B 29 009 18 017 19.0

9 11 001 9 013 57

9% 19 0.03 88 0.12 105

HOURS/

PERIOD RELFRI

13

o

e = — T B I — T —

0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
a.00
0.00
0.00
0.00

CUHHRS  CUMRELFREQ

69
56
96
9
3

ul
LL

w ©© oo

1
1
1
1

. w©o N

RO R o © o o1 o O

N

0.09
0.08
0.06
0.06
0.05
0.03
0.03
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

NORffLIZEO
fiOHIL. ENERGY
KUHM"2IYERR

7.1
63
39
93
6.1

9.0
39
00
98
10
32
L.L
1.2
00
13
00
19
00
16
17
00
00
00
20
2.1



APPENDIX D

HAMPTON BUTTE
SUMMARY STATISTICS
OCTOBER 1983 - NOVEMBER 1988



SIfillON - HtIPION BUHE 30’
fONIHLY UINO SPEEDS (fIPO)

Dfffl PERIOD OF RECORD -

1983
It DBS
1981
It DBS
1988
Il 08S
1988
Il 0BS
1987
I Ofis
1988
Il 0BS

BUG
S0

JON

0.0
0
16.2
672
0.0
0
0.0
0
17.2
683
16.2
712

16.5
0.6

FEB

0.0
0
19.5
693
0.0
0
0.0
0
17.0
658
1.0
696

16.8
2.7

10/1903 - 11/1988

nfiR

0.0
0
17.3
651
0.0

APR

0.0
0
0.0
0
16.3
191
1.9
167
0.0
0
16.1
720

15.7
0.8

IifiY

0.0
0
17.7
282
1.1
697
1.9
607
1.2
290
1.3
m

1.8
15

JON

0.0
0
15.3
700
12.1
693
12.8
191
11.2
720
12.7
720

12.9
1.5

JuL
0.0
0
13.0

10.5

BUG

0.0
0
13.0

13.2
678
1.8
695
1.5

1"
721

12.2
0.8

SEP

0.0
0
13.7

13.5
583
12.3
650
10.2
A
13.5
700

12.6
15

ocl

16.7

18.1
15?
18.0
598
12.5
598
10.3

10.3
721

13.0
3.8

NOU

212
600
0.0

1.9
531
17.6
685
1.8

12.9
697

16.2
3.2

DEC

1.3
163
0.0

19.7
256
1.3
652
18.7

16.5
29

9 0BS

1203

5217

1899

5681

7352

7952

32367

BOG

18.01

15.59

11.15

11.00

1M1

13.81

11.12

80

10.18

8.39

7.59

6.97

8.05

7.68

7.92



STAIION - HffPTON OUIIE 30
DIURNAL UINO SPEEDS (HPH)
DATA PERIOD OF RECORD - 10/1303 - 11/1900

(ON 100 200 300 100 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 1700 1800 1900 2000 2100 2200 2300 2100 AOG SPD

JAN 169 16.116.2 16.1 16.3 16.2 16.5 16.3 15.9 16.0 15.7 16.1 16.9 16.5 16.6 16.8 16.7 17.0 17.3 17.1 17.0 16.5 16.1 16.7 165
FEB 176 17.717.3 171 171 172 16.6 16.2 15.7 16.0 15.6 159 16.3 16.1 16.1 16.1 16.1 16.9 171 17.6 176 17.7 171 172 1638
MAR 176 17.217.3 17.1 16.8 16.515.9 15.6 16.0 16.2 16.9 17.9 18.5 19.1 19.5 19.7 19.1 19.1 19.5 19.3 19.1 185 17.9 176 179
APR 118 116 11.0 11.1 11.0 13.6 136 13.1 111 11.8 16.2 16.1 17.0 16.8 17.2 17.9 17.2 16.3 16.8 17.1 16.5 16.5 16.5 157 157
MAY  11.0 13.513.2 132 13.0 12.3 11.9 11.3 122 13.0 13.7 11.2 15.0 15.6 159 16.5 16.6 17.2 18.1 18.9 17.8 16.7 155 118 11.8
JON 123 119 113111 111102 9.6 9.310.0 10.7 115 12.313.1 13.3 11.0 11.315.0 16.1 17.0 169 16.5 153 13.9 127 129
Jor 128 121 116111 107 99 86 76 7.7 87 9910711.5 11.9 127 13.311.9 16.0 17.7 185 17.6 16.0 116 13.7 125
BUG 11.9 113 107101 98 91 87 76 79 89 99 108112 12.0 123 13.111.2 158 17.9 187 17.1 1568 111 133 122
SEP 126 121 121119 117112 106 99 91 9.8 109 11.611.9 126 131 132136 150 162 16.7 15.1 11.7 13.7 131 126
oCl 131 13.113.3 133 133 13.312.8 121 11.3 11.2 11.7 121 125 125 125 126 13.1 135 13.8 11.2 11.5 112 111 11.0 130
NOD  16.1 159158 15.9 15.9 16.2 16.0 16.0 15.6 15.8 16.0 16.2 16.7 16.7 16.5 16.2 16.3 16.1 17.0 16.6 16.3 16.5 16.1 158  16.2
DEC  16.8 16.0 159 15.7 15.1 15.9 15.8 16.0 15.7 15.8 16.2 16.6 16.8 16.0 16.5 17.0 16.8 16.9 17.1 17.1 17.7 175 17.2 169 165

AUG
SO 11.3 11.013.6 13.5 13.3 13.0 12.5 12.0 12.1 12.5 13.2 13.8 11.3 115

—

9.9 151 155162 17.1 17.1 169 16.1 153 118 111



SIIION - HAAIPION SUITE
UINO ROSE FOR fill Dfilfi - 31553 OBSERUOLONS
Ofllfi PERIOD OF RECORD - 10/1983 - 11/1988

SPEED COIEGORIES(fIPH)

0 10 13 16 19 22 25 28 3 3 3r 9% 13 16 19 5 MEAN
70 710 70 T T T T0 T0 70 T0 TO 70 TO T0O T0 10 »>= TOTAL SPEED
OR 0 1B 16 19 2 25 28 3 3 3y 10 13 16 19 5 5 5 7 (MPH)

N 28 12 12 13 10 01 02 01 00 00 00 00 00 00 00 0.0 0.0 83 133
NNE 21 07 06 05 01 02 01 01 00 00 00 00 00 00 00 00 0.0 18 121
NE 30 01 03 02 01 01 00 00 00 00 00 00 00 00 00 00 0.0 1.0 79
ENE 20 01 02 01 01 01 00 00 00 00 00 00 00 00 0.0 00 00 28 87
E lb 05 01 01 02 01 01 01 00 00 00 00 0.0 00 00 00 0.0 35 17
ESE 11 06 05 05 01 02 01 01 00 00 00 00 00 00 00 00 00 35 135
SE 13 06 05 01 02 02 01 01 01 00 00 00 00 00 00 00 0.0 35 135
SSE 16 09 07 05 03 03 02 01 01 00 01 00 00 00 00 00 00 1.9 139
5 27 11 16 12 09 06 05 01 03 02 01 01 00 00 00 00 00 101 16.0
SsU 20 09 10 10 07 05 01 03 01 01 01 0.0 00 00 00 00 0.0 72 158
U 18 08 10 09 06 05 03 03 01 01 00 00 00 00 00 00 0.0 6.1 155
usu cz 1112 12 1.0 08 01 02 01 00 00 00 00 00 00 00 0.0 81 155
U 31 16 15 11 08 07 01 02 02 01 01 00 0.0 00 00 00 00 99 116
UNU 16 11 12 11 10 08 05 02 01 01 00 00 0.0 00 00 00 00 79 169
NU 12 10 11 13 12 08 05 02 01 00 0.0 00 00 0.0 00 00 00 71167
NNU 13 08 10 11 11 07 03 01 00 0.0 00 0.0 00 00 00 00 00 66 159
CfiLH 0.8

TOIfiL

’ 32.111.0 11.0 129 101 70 12 25 13 07 05 02 01 01 00 00 00 1000 111

NOIE: TON SPEED OF IHE TOIRL IN 8 UINO ROSE MAY DIFFER FROM THE SPEED FREOUENCY DISTRIBUTION FOR fi BIUEN
PERIOD OUE TO DfiTfl SELECTION. SPEED FREOUENCY DISTRIBUTIONS REQUIRE ONLY 8 UINO SPEED OBSERURTION BE
PRESENT. UINO ROSES, ON THE OTHER HAND, REQUIRE BOTH SPEED 8ND DIRECTION BE PRESENT FOR EACH OBSERUATION.



SIfION - HfIIPION BUTTE 30’

UINO SPEED FREQUENCY DISTRIBUTION UITH NORMALIZED fIUfllifIBLE ENERGY
DfiTfl PERIOD OF RECORD - 10/1963 - 11/1988

NORMALIZATION PERIOD - ONE YEAR

RUERAGE UINO SPEED TOR PERIOD: H.T MPH

NORMALIZED AUAILABLE ENERGY:  2396.9 RUfiM**2/YEAR

TOTAL HOURS OGSERUED: 32367

NORMALIZED
SPO HOURS/ AUAIL. ENERGY SPD
MPH PERIOD RELFREO CUMHRS CUMRELFREQ ~ KUHM*2IYEfR MPH
0 298 0.77 32367 100.00 0.0 96
1 363 112 32119 99.23 0.0 97
2 591 1.67 31756 98.11 0.1 98
379 231 15 96.99 0.2 99
9 969 299 30966 99.13 0.8 50
5 1198 3.70 29997 91.13 1.8 51
6 1389 928 28299 87.93 37 52
7 1956 950 26915 83.16 6.1 53
8 1926 991 25959 78.66 8.9 5
9 1397 932 29033 79.25 125 55
10 1535 9.79 22636 69.99 18.8 56
111508 9.65 21101 65.19 295 5?
121515 9.68 19596 60.59 32.1
13 1526 9.71 18081 55.86 911
19 1518 9.69 16555 51.15 51.0
15 1502 9.69 15037 96.96 62.1
16 1585 9.80 13535 91.82 78.0
171389 929 11980 37.01 83.6
18 1912 9.36 10591 32.72 100.9
19 1153 3.56 9179 28.36 96.9
20 175 3.63 8026 29.80 1151
21 1018 3.15 6851 2117 115.5
2 959 2.96 5833 18.02 1251
23 787 2.93 9879 15.06 17.3
29 705 218 9087 12.63 119.9
25 629 1.93 3382 10.95 119.9
2 978 1.98 2758 8.52 102.9
21 389 1.19 2280 7.09 92.6
28 337 1.09 1896 5.86 90.6
29 M 0.90 1559 9.82 86.9
30 230 0.71 1268 3.92 76.1
3190 0.59 1038 321 69.3
2 160 0.99 898 2.62 69.2
33107 0.33 688 213 1741
39 8 0.26 581 1.80 10.9
¥ 70 0.22 996 1.53 36.8
% 70 0.22 926 1.32 10.0
35 0.18 356 1.10 36.6
B %6 0.17 297 0.92 37,6
¥ % 0.19 291 0.79 32.7
90 9 0.13 19 0.61 32.1
9 3 0.11 155 0.98 28.7
92 18 0.06 121 0.37 16.3
8 118 0.06 103 0.32 175
9 15 0.05 85 0.26 15.7
9% 13 0.09 70 0.22 19.5

HOURS/

PERIOD RELFREO CUMHRS ~ CUMRELFREQ

0.09
0.09
0.03
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.01

57
15
33
29

0.18
0.11
0.10
0.07
0.05
0.09
0.03
0.02
0.02
0.01
0.01
0.01

NORMALIZED
AUfilL. ENERGY
KUHM»*2/YEAR

1.3
15.3
12.2
10.1
6.1
1.9
52
3.6
3.9
0.0
22
1.5



APPENDIX E

KENNEWICK MICROWAVE
SUMMARY STATISTICS
JUNE 1976 - MAY 1989



SIfIION - KENNEUICK 80’
nONIHLY UIND SPEEDS (MPN)
Dfllfl PERIOD OF RECORD - 9/1987 - 5/1989

JiN FEB VAR APR MAY

1987 0.0 0.0 0.0 0.0 0.0
# 08BS 0 0 0 0 0
1988 170 185 178 195 1841
# 0BS 83 898 799 720 739
1989 237 0.0 00 IS8 199
i 085 728 0 0 808 598

AUG 230 185 178 1561 185
80 9.7 0.0 0.0 0.9 2.8

SIflION - KENNEUICK 100’
(1ONIHLY UINO SPEEDS (MPH)
Dfllfl PERIOD OF RECORD -  8/1978 - 9/1987

JAN FEB MR ARR MAY

1976 0.0 0.0 0.0 0.0 0.0
1088 n 0 0 0 0
1977 82 207 237 159 219
It 0BS 695 SIS 799 8 389
1978 112 199 199 189 172
It 0BS  S65 671 799 70 700
1979 80 189 118 131 157
It 0BS 563 993 799 706 793
1980 129 117 196 168  16.0
it S 689 693 799 705 930
1981 6.7 98 108 153 0.0
1 0BS 999 693 702 519 0
1982 298 208 209 199 1941
8 085 532 699 638 715 690
1983 229 173 163 109 152
8 085 79 637 . 127 716 708
1989  18.0 1563 17.0 177 180
8 DBS 729 669 799 720 663
1985 53 197 162 208 185
8 0BS 162 671 737 1 799
1986 0.0 0.0 00 126 166
8 0BS 0 0 0 29 699
1987 166 168 187 178 171
8 0BS 729 669 793 720 799

flue 199 158 167 166 168
80 6.8 3.6 9.0 3.1 22

JN

0.0
0
18.0
720
0.0
0

16.0
0.0

JN

15.9
180
19.5
582
17.2
672
17.3
686
151
718
216
630
13.9

17.9
709
16.0

15.6
720
13.9
699
19.9
720

16.0
22

JuL

0.0
0
15.9
799
0.0
0

19.0
0.0

JuL

0.0

15.6
799
19.9
738
221
682
141
699
16.7
793
13.5
790
16.7
626
1.3
790
12.5
799
16.9
670
16.6
799

15.2
3.3

AUG

0.0

13.9
799
0.0

13.9
0.0

AUG

15.9
980
15.5
799
1.5
221
18.1
709
12.8

13.2
699
10.9
697
19.0
637
19.6
556
19.5
799
12.8
685
1.6
729

13.9
2.1

SEP

10.8
708
132
651
0.0
0

12.0
1.7

SEP

13.2
633
135
720
15.8
9
13.5
390
0.0

13.0
696
1.2
693
19.2
699
15.6
699
138
A

698
1.9
697

13.7
1.7

ocl

8.9
799
13.7
720
0.0
0

1.2
39

Qcl

13.5
735
15.2
739
12.9
739
15.2

10.7
399
15.2
792
12.3
79
12.2
698
17.9
695
19.5
661
1.5
799
0.0

19.3
2.7

211
6.9

NOU

12.9
720
218
720
19.8
991
10.9
556
19.5
719
17.5
720
1341
700
229

205
689
18.5
A
21.0
720
0.0

17.6
9.0

DEC

295
217
15.0
730
0.0

17.2
6.7

DEC

13.2

19.9
735
17.9
792
19.1
691
13.2

16.3
3.1

tt 085

2389

8010

1889

12278

i 0BS

3058

7990

7088

7530

6993

7226

8206

8229

8335

721

5935

6995

89251

AUG

13.19

16.53

18.93

16.18

AUG

13.76

17.05

15.65

1591

19.18

19.35

15.90

16.03

16.37

15.88

15.12

16.79

16.59

80

11.20

11.92

19.03

12.29

80

9.73

12.15

10.72

10.99

10.29

9.85

177

11.53

11.62

10.93

10.72

10.98

11.01



SIfIlION - MUICK 80’
DIURNAL UINO SPEEDS 01PH)
Dfllfl PERIOD Of RECORD -  9/1987 - 5/1989

HON 100 200 300 ‘0O 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 1700 1800 1900 2000 2100 2200 2300 2100 BUG SPD

JON  26.3 26.125.7 26.1 25.7 21.9 21.2 21.1 232 21.2 21.5 21.321.2 20.3 19.7 19.5 20.521.5 21.2 21.3 22.2 23221.0 251 23.0
FEB  17.8 19.018.5 18.2 18.8 18.9 19.1 18.8 18.5 18.3 18.5 19.219.8 20.0 18.8 185 18.218.3 18.1 17.7 178 17.017.8 178 185
MAR  18.1 18.819.0 18.7 19.6 18.7 17.6 17.7 17.8 176 18.6 18.117.7 17.2 16.7 159 15.316.3 16.9 17.2 17.1 182182 181 178
AR 151 155155 153 11.7 156 153 11.9 11.3 152 16.3 16.115.9 156 156 11.6 11.7 116 11.5 11.5 11.3 11.7 116 11.7 151
MAY 177 16.117.2 17.2 16,5 17.1 16.1 16.1 15.1 15.1 153 15.115.6 11.5 11.6 155 16.516.3 16.9 17.6 17.1 18.118.3 183 165
JUN 156 15.815.8 159 15.3 15.0 15.1 15.1 15.7 15.7 16.0 16.316.1 16.5 16.3 16.8 16.1 16.1 16.1 16.5 15.9 16.1 16.8 16.1  16.0
JuL 16.3 16.2 15.1 15.8 16.3 16.1 15.6 158 16.2 158 152 11.511.0 13.7 11.3 152 15511.9 152 11.1 151 153 156 16.1 15.1
AUG 129 125132 11.2 153 152 13.8 13.8 11.2 13.7 13.7 139139 11.0 11.1 13.8 11.0 139 11.2 11.3 11.8 11.7 132 133 139
SEP 111 11.811.9 121 129 13.3 136 13.1 131 11.9 117 1M151.B 117 122 122 11.7 111 11.3 11.0 11.7 111113 109 120
0Cl 106 11.3 11.7 12.2 12.1 12.5 125 12.6 122 11.8 11.9 11.1 11.011.1 10.8 10.9 10.6 10.2 10.3 10.0 9.8 10.3 10.7 10.9 112
NOU 211 20.8 21.1 21.1 20.8 21.1 21.0 20.5 20.1 20.2 20.6 21.121.5 21.1 21.2 20.5 20.920.8 21.2 21.8 22.1 223222 21.7 211
DEC 179 17.917.3 16.8 16.8 17.7 18.2 17.3 17.5 16.6 16.1 16.3158 155 155 16.3 17.217.5 16.7 18.3 182 18.1 183 181 172

UG
SPD 16.1 16.516.5 16.7 16.7 16.9 16.7 16.5 16.2 158 16.0 16.016.0 15.7 15.6 15.6 15.7 15.7 15.8 159 16.1 16.3 16.1 16,5 16.2

SIfION - KENNEUICK 80’
UINO ROSE FOR ALL Dfilfl - 12278 OBSERUOIIONS
Dflifl PERIOD OF RECORD - 9/1987 - 5/1989

SPEED CfIEGORIES(MPH)

0 10 13 16 19 2 2 28 3 3 ¥ 10 13 16 19 5 MEAN
0 10 10 10 10 110 110 10 10 1 10 10 10 10 10 10 > IOHL SPEED
OR 0 13 16 19 2 2 28 31 3 3y 10 13 16 19 52 5 5 X (MPH)

N 71 21 07 03 02 01 00 00 00 00 0.0 00 00 00 00 00 00 109 81
NNE 67 16 09 05 03 03 03 01 01 01 01 00 00 00 00 00 00 111 105
NE 27 05 02 01 01 01 00 00 00 00 00 00 00 00 00 00 0.0 37 79
ENE 18 02 02 01 00 0.0 00 00 00 0.0 00 0.0 00 00 00 0.0 0.0 23 72
E 1.3 01 01 00 00 00 00 00 00 00 00 00 00 0.0 00 00 00 16 68
ESE 06 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00 0.7 641
SE 06 01 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 0.0 08 65
SSE 07 01 01 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00 1.0 88
§ 20 09 06 07 06 01 01 02 01 02 01 00 00 00 00 0.0 0.0 62 153
SSU 35 18 22 23 23 26 22 21 18 11 11 08 05 02 01 02 02 251 231
U 26 12 11 11 11 16 13 16 16 11 12 08 07 05 03 02 03 191 258
Usu 13 01 01 02 02 02 02 01 01 01 01 00 00 00 0.0 00 00 33 1541
U 15 02 02 00 01 01 00 00 00 00 00 00 00 00 00 0.0 00 21 82
UNU 10 02 01 01 01 00 00 00 00 00 00 00 00 00 0.0 00 00 11 78
NU 17 05 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 21 76
NNU 38 13 08 03 01 0.0 00 00 0.0 0.0 00 00 0.0 00 00 00 00 63 93
CALM 1.5

[OHflL

x 107 13 79 62 51 53 11 15 37 31 21 17 13 07 01 01 05 1000 162

NOIE: MEAN SPEED OF INE IOIfIL IN A UINO ROSE MAY DIFFER FROM [HE SPEED FREQUENCY OISIRIBUIION FOR fI GIUEN

PERIOD OUE 10 Dflifi SELECION. SPEED FREQUENCY DISIRIBUIIONS REQUIRE ONLY fi UINO SPEED OBSERUfIION 8E
PRESENIL.  UIND ROSES, ON 1HE OIHER HAND, REQUIRE BOIN SPEED AND DIRECIION BE PRESENI FOR EACH OBSERUAIION.



SIflION - KENNEUICK 00’

UINO SPEED FREQUENCY OISIRIBUIION UIIH NORMALIZED fIUfillftBLE ENERGY
Dflifl PERIOD OF RECORD -  9/198? - 5/1989

NORMSLIZAIION PERIOD - ONE YEAR

RUERAIGE UINO SPEED FOR PERIOD: I1b.2 MPN

NORMALIZED ftUfILIBLE ENERGY:  5975.? KUHM**2/YEAR

IOIfiL HOURS OOSERUED: 12278

NORMALIZED
D HOURS/ AUFIL. ENERGY $P0
MPH PERIOD RELFREO CUMHRS CUMRELFREO  KUHM*2/YEAR MPH
0 18 147 12218 100.00 0.0 16
{218 226 12097 9853 0.0 17
2 316 28 11819 96.26 0.1 18
31 362 73 93.11 0.1 19
1 516 120 11029 89.83 1.2 50
5 512 166 10513 85.62 2.6 51
¢ 620 505 9911 80.97 1.9 52
765 500 93 75.92 7.8 53
§ 626 510  869% 70.83 17 51
9 5% 137 8070 65.73 113 55
10 511 111 753 61.36 19.8 56
177 38 6993 56.96 232 57
2130 350 6516 53.07 27.2 58
13382 311 6086 19.57 30.7 59
11 317 28 5101 16.16 31.8 60
15 301 218 5357 13.63 375 1
b 277 226 5083 11.15 115 62
1 m  22 AT 38.90 189 63
18 251 201 1501 36.68 536 61
19 218 178 1253 31.61 51.7 65
0 22 181 1035 32.86 66.1 66
2210 171 3809 31.02 71.2 67
2207 169 359 29.31 80.6 68
2 2 196 3392 27.63 107.3 69
207 169 3151 25.66 101.7 70
2% 1% 160 2911 23.98 112.0
% 180 117 2718 22.38 115.7
7 185 151 2568 20.92 133.2
£ M 110 2383 19.41 138.1
9 176 143 21 18.01 157.0
0 191 156 2035 16.57 188.7
oM 112 181 15.02 189.7
2119 121 1670 13.60 1786
3 157 128 152 12.39 206.1
3151 123 1361 1141 2174
B 131 109 1213 9.88 2102
% 110 090 1079 8.79 187.8
37 1M 093 969 7.89 2113
B’ M3 092 855 6.96 2269
39 81 068 712 6.01 182.3
0 8 065 658 5.36 187.3
o7 057 578 17 176.5
12 61 052 508 L11 1735
1370 057 11 362 203.6
5 0418 37 3.05 183.9

15 17 0.38 315 2.57 166.7

HOURS/

PERIOD RELFREO CUMHRS ~ CUMRELFREQ

3
3
i
25
2
6
1
9

S o

1
1
1
1
1
1

& oo w

oS O W O w o —

- o — w

0.25
0.27
0.22
0.20
0.18
0.13
0.1
0.15
0.12
0.08
0.11
0.07
0.03
0.06
0.05
0.02
0.01
0.02
0.00
0.00
0.02
0.02
0.01
0.00
0.01

268
237
201

2.18
1.93
1.66
1.11
1.21
1.06
0.93
0.81
0.66
0.51
0.16
0.35
0.29
0.25
0.20
0.15
0.12
0.08
0.06
0.06
0.06
0.01
0.02
0.01
0.01

NORMALIZED
AUSIL. ENERGY
KUHIM*2/YEAR

110.1
125.1
109.2
107.6
100.6
7
72.0
103.5
86.1
60.9
83.5
51.2
28.6
52.6
171
219
13.6
271
0.0
0.0
21.0
33.0
1.5
0.0
12.5



APPENDIX F

KITTITAS MICROWAVE
SUMMARY STATISTICS
MARCH 1980 - MAY 1989



SIfIION - KHIMIS MU 110
MONIHLY UINO SPEEDS (MPH)

Dfllfl PERIOD OF RECORD -

1980
it oes
1981
t oes
1982
i 0BS
1983
It OBS
1983
Il 0BS
1988
Il 0BS
1988
1 0BS
198?
1 0BS
1988
Il 0BS

i 0BS

AUG
80

JIN

0.0
0
9.9
697
16.1
233
M.5
A
0.0

0.0

12.3
733
75
733
9.1

13.7
391

1.8
3.1

FEB

0.0
0
11.6
651
12.9
658
1.3
666
0.0

0.0

1.9
671
10.8
672
12.0
696
12.7
672

1.9
0.8

3/1980 - /1909

MR

16.3
156
13.3
731
138
731
12.8
733
0.0

0.0

13.3
731
1.2
733
13.9
733
13.8
737

133
1.3

APR

13.6

1741
733
16.3
708
125

16.5
720
13.8

12.9
720
151
663

13.7
1.8

MY

133
665
15.0
733
16.3
738
15.6
733
0.0

0.0

13.8
733
13.2
726
135
730
16.3
367

15.0
11

JUN

15
625
173
656
12.3

16.8
682
0.0

0.0

13.6
720
12.2
720
15.3
S3
0.0
0

13.0
2.3

JuL

12.0
393
151
733
138
731
15.9
3N
0.0

0.0

13.7
733
13.9
733
18.6
393
0.0

9.9
20

AUG

13.6
586
141
733
12.8
733
0.0

0.0
0.0
1.3
733
12.0
13.5

733
0.0

12.7
1.5

13.0
2.1

oc

10.0
709
1.9
733
10.6
687
0.0

0.0

0.0

8.6
63
9.6
389
1.3
733
0.0

10.8
1.2

NOU

10.1

1.2
720
10.6
715
0.0
0
0.0

0.0

1.3
720
9.9
720

13.2

0.0
0

1.2
1.6

0EC

9.7
695
12.8
739
10.8
718
0.0
0
0.0

6.5
366
6.2
728
8.3
733
10.2
555
0.0
0

9.3
23

Il oes

5987

8630

8621

3692

366

8000

8356

7626

2931

55319

BUG

12.53

13.27

13.39

13.12

0.00

6.50

12.53

11.19

1321

13.22

12.85

80

8.38

9.00

8.63

8.69

0.00

6.55

8.38

8.63

9.81

9.86

8.95



STAION - KITTITAS filU
DIURNAL UIND SPEEDS (MPH)
Dfllfl PERIOD OF RECORD -  3/1980 - 5/1989

MON 100 200 300 900 500 600 700 800 900 1000 1100 12001300 1900 15001600 1700 18001900 2000 2100 2200 2300 2900 AUG SPO

JN- 119 121115 115 11.9 109 11.2 108 112116 11.6 11.8123 127 133129123 12111.711.5 119 113116 11.7 118
FEB 113 11.711.9 111 11.0 115116 11.7 11.312.0 129 12813.013.9 136132 123 118115 11.9 119 11.2 111 108 119
MR 123 121 121 12.0 11.7 11.8 11.7 12.1 13.0 13.8 13.9 19.0 19.6 15.0 155 16.9 16.1 19.9 13.7 13.9 132 126 126 125 139
AR 13.2 129 12.9 128 12.3 11.912.0 13.9 19.7 153 155 15.7 16.0 16.2 16.7 176 18.117.9 16.3 153 152 19.7 19.313.7 197
MAY  13.6 13.1 13.0 12.6 12.0 11.712.8 19.1 19.9 19.0 19.2 19.6 152 16.0 17.0 18.0 18.818.9 17.7 16.5 15.8 159 151193 15.0
JUN- 135 12.8 12.2 121 11.3 109 11.6 12.5 125 122 12.9 126 13.0 13.8 152 165 17.9 182 17.8 16.7 156 19.9 19.719.2 190
Jub 19.9 191 13.3 125 11.7 11.7 126 13.3 139 13.1 132 13.5 19.9 15.0 16.6 17.9 19.220.3 196 18.0 17.1 166 16.0 155 151
fuc  12.8 121 11.5 1.0 109 9.8 9.9 10.2 10.8 10.6 105 10.8 11.3 12.6 13.9 153 16.917.5 16.2 19.8 19.5 19.2 13.813.2 127
SEP 122 119 11.5 11.211.0 106 10.3 11.6 128 131 13.1 13.9 192 19.7 152 15.7 15.8 19.8 13.9 13.3 139 128 127 129 13.0
ocT 95 97 95 93 92 92 93 9.6 103 109 11.3 11.9 125 131128 128 11.811.0 11.0 115 11.511.0 103 99 108
NOU - 10.6 109 10.3 10.110.3 10.6 10.7 10.9 10.2 11.1 11.9 125 126 129 13.0 129 121 112 11.0 108 11.0 111 108108 112
OEC 98 98 97 92 92 97 96 97 95 93 90 96 96 95 97 93 93 88 89 89 86 88 96 96 93

flue
SPO 122 12.0 11.7 11.9 11.1 11.0 11.2 11.7 12.2 129 12.6 12.9 13.3 13.8 19.5 15.0 152 19.9 19.2 13.6 13.3 13.012.8 125  12.8



SIfllON - KIIITAS MU
UINO ROSE FOR fill Dfilfi - ~092 OBSERUITIONS
DAllfl PERIOD OF RECORD - 6/1980 - 5/1989

SPEED CffEGORIES(PH)

0 10 13 16 19 2 2 28 3 3 33§ 10 13 16 19 5 MEAN
0 10 10 T 10 10 10 10 1 10 10 10 T 10 10 10 > TOIfiL SPEED
OR 0 13 16 19 2 2 28 3 3 ¥ 10 13 16 19 5 5 5 7 (MPH)

N 11 01 03 03 02 02 02 01 01 01 00 00 00 00 00 00 00 33 138
NNE 06 01 01 01 01 01 00 01 00 00 00 00 0.0 00 00 00 00 1.3 133
NE 0S 01 02 02 02 01 01 00 00 00 00 00 00 00 00 00 00 1.5 137
ENE 10 08 08 07 06 01 03 01 01 00 00 00 00 0.0 0.0 00 00 51 155
E 13 25 17 00 05 03 02 01 01 00 00 00 00 00 00 00 00 105 117
ESE 38 12 01 01 00 0.0 00 0.0 00 00 00 00 0.0 00 00 00 00 56 82
SE 17 01 02 01 01 00 00 00 00 00 00 00 0.0 00 00 00 00 21 83
SSE 12 03 02 01 00 0.0 00 0.0 00 00 00 00 00 00 00 0.0 00 18 85
§ 16 03 01 00 00 00 00 00 00 00 00 0.0 00 00 00 00 0.0 2.1 6.9
SSU 08 01 01 0.0 0.0 00 00 0.0 0.0 00 00 0.0 0.0 00 00 00 0.0 1.1 7.2
U 09 02 02 02 01 01 01 01 01 00 00 00 00 00 00 00 00 20 127
usy 19 01 02 02 01 01 01 00 00 0.0 00 00 00 00 00 00 00 32 99
U 90 32 20 13 08 01 02 01 01 01 00 00 00 00 00 00 00 171 101
UNU 89 36 31 32 26 22 15 11 09 06 03 02 01 01 00 00 00 288 157
NU 30 09 07 08 11 10 10 09 08 05 01 02 01 01 00 00 00 111 1941
NNU 11 02 01 01 00 00 00 00 00 00 00 00 0.0 00 00 00 00 15 83
cum 1.1
|OIfiL

13.0 11.8 106 83 65 51 37 27 22 11 08 01 02 01 00 0.0 00 1000 131

NOIE: fON SPEED OF IHE I0TRL IN fi UNO ROSE MfY DIFFER FROM IHE SPEED FREOUENCY OISIRIBUIION FOR fl GIUEN
PERIOD OUE TO Dfifl SELECIION. SPEED FREQUENCY DISIRIBUIIONS REQUIRE ONLY fl UIND SPEED OBSERUfIION BE
PRESENI. UIND ROSES, ON THE OIHER HAND, REQUIRE BOTH SPEED AND DIRECIION BE PRESENI FOR EACH OBSERUAIION.



SIfilON - KIJIIfiS rtiu 110

UINO SPEED FREQUENCY DISTRIBUTION UIIH NORMALIZED fiUfiLABLE ENERGY
Oflifi PERIOD Of RECORD -  G/1S60 - 5/1989

NORMSLIZAIION PERIOD - ONE YEAR

RUERAIGE UINO SPEED FOR PERIOD: 12.8 MPH

NORMALIZED AUAILABLE ENERGY:  2621.6 KUHM™2/YEfR

TOTAL HOURS OOSERUED: 53779

NORMALIZED

SPO  HOURS/ AUAIL. ENERGY SPO

MPH PERIOD RELFREO CUMHRS CUMRELFREQ ~ KUHM*»2/YEAR MPH
0 850 1.58 53779 100.00 0.0 16
1 1366 251 52929 98.12 0.0 1?
2 1810 312 51563 95.88 0.1 18
3 2185 1.06 19723 92.16 0.5 19
1 239% 115 17538 88.10 1.3 50
5 2806 522 15113 83.91 29 51
6 3016 566 12337 78.72 5.1 52
T 3010 565 39291 73.06 8.6 53
e 3 579 36251 67.11 1341 51
9 2922 513 33137 61.62 17.6 56
10 2811 528 30215 56.18 231 56
n 2551 1.75 27371 50.90 28.0 57
122385 113 21820 16.15 31.0 58
13 2057 382 22135 11.72 372 59
111880 350 20378 37.89 12.5 60
15 1693 315 18198 31.10 171 61
16 1581 291 16805 31.25 53.1 62
171529 281 15221 28.31 61.9 63
18 1335 218 1369 2517 61.1 61
19 1253 233 12360 22.98 70.8 65
20 127 210 11107 20.65 7.3 66
211031 1.92 9980 18.56 78.7 67
221007 1.87 8919 16.61 88.3 68
23 882 1.61 7912 1n.77 88.1 69
21 801 1.50 7060 1313 916 70
cu 128 1.35 6256 11.63 93.7

26 656 1.22 5528 10.28 95.0

27 588 1.09 1872 9.06 95.1

28 513 1.01 1281 797 98.2

29 1M 0.88 3 6.96 91.6

30 159 0.85 3270 6.08 102.1

a0 10 0.75 2811 5.23 99.2

32 388 0.72 2107 1.18 101.8

KANR VI 0.61 2019 3.75 96.8

31 251 0.17 1692 3.15 82.3

3B 253 0.17 1138 2.67 89.1

¥ 215 0.16 1185 2.20 91.2

37 192 0.36 910 1.75 80.1

38 158 0.29 718 1.39 71.1

¥ 112 0.21 590 1.10 51.7

10 102 0.19 178 0.89 53.8

LX) 0.15 376 0.70 1741

12 62 0.12 293 0.51 378

13 50 0.09 231 0.13 328

"M 0.06 181 0.31 218

15 30 006 150 0.28 7S

HOURS/

PERIOD RELFREO CUMHRS CUMRELFREQ

i

o — o w ©

—_— o o o 0 o . o — o TVw = NN = N~

0.05
0.03
0.03
0.03
0.02
0.02
0.01

0.00
0.01

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

120
93
76
59
1
35
26
2
19
13

1

—~ s . = = RO R W W O o o —

0.22
0.17
0.11
0.11
0.08
0.07
0.05
0.01
0.01
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NORMALIZED
AUAIL. ENERGY
KUHIM*2/YEAR

217
11.5
15.5
1.5
9.3
9.8
7.0
1.2
7.8
2.7
29
1.5
3.2
1.7
3.6
0.0
20
0.0
22
0.0
0.0
0.0
0.0
0.0
2.8



APPENDIX G

PEQUOP SUMMIT
SUMMARY STATISTICS
APRIL 1976 - MAY 1989



SIIIDN - PEQUOP SUmiT 30’
MONHLY UIHO SPEEDS (HPH)

Dfllfl PERIOD OF RECORD -

1976
1 0BS
1977
» 0BS
1970
# 0BS
1979
i 0BS
1980
it OBS
1981
It 0BS
1982
It 0BS
1983
it OBS
1981
1 0BS
1985
# 0BS
1986
It 0BS
1987
| 0BS
1988
1 0BS
1989
1 0BS

HUG
D

JiN

0.0
0
17.9
™
15.0
561
H.3
714
19.3
743
12.3
700
252
158
283
258
20.2
149
14.6
737
13.9
739
0.0
0
17.3
596
12.4
370

16.2
5.0

FEB

0.0
0
19.0
631
15.1
672
16.9
519
15.4
694
17.0
666
16.2
513
18.5
636
20.0
448
17.9
605
213
653
0.0
0
16.0
672
12.6
543

17.1
24

V1976 - 5/1989

iBR

0.0
0
23.0
738
13.2
744
121
560
20.6
743
21.9
369
0.0
0
215
732
18.0
155
18.8
718
16.0
742
0.0
0
20.8
386
15.4
373

18.3
3.7

8PR

101
74
15.2

15.9

247
155
204
529
18.0
701
18.9
m
0.0

16.6
720
15.5
LAl

16.9
35

HRY

14.9
718
14.6
743
17.0
404
13.4
743
12.4
738
16.7
743
0.0
0
19.8
70
18.2
690
16.8
663
16.2
739
0.0
0
17.6
44
1241
685

15.7
24

JUN

18.8

13.8
720
14.6

14.2
478
13.9
79
18.3
720
16.9
157
13.0
213
174
434
141
505
"7
710
14.0
356
1.1
421
0.0

14.8
24

JOE

13.3
205
13.8
493
"7
™
0.0

1341
44
14.5
44
12.6
740
181
733
10.6
640
1241
565
12.7
703
14.6
693
10.7
744
0.0

101
20

800

12.5
576
16.4
182
13.0
743
0.0

14.6
734
1241
743
12.8
742
141
742
13.2
422
14.5
452
9.7
719
13.5
694
9.4
744
0.0

12.4
20

SEP

1.2
718
9.8
351

126
576
0.0

1341
720
1.8

135
607
13.9
720
138
79
18
709
9.0
21
11.6
702
10.6

0.0
0

1241

ocl

13.5

1.3
666
15
562
15.1
A
0.0

10.9
576
9.0
m
0.0

0

12.7

18 / 21

NOU

1.5
720
0.0

12.5
719
17.2
"t
14.9
715
14.1
720
225
34
17.6
720
15.8

20.2
715
0.0

0.0

17.3

307
0.0

16.0
3.0

DEC

13.6

220
365
15.5
735
14.5
366
204
743
220
738
239
33
19.6
363
16.6
739
0.0

19.5

602

0.0

0.0

18.1
35

7690

5100

8206

8330

3689

6676

5711

7830

5993

3623

6799

2392

82786

BOG

14.09

16.11

11.03

15.14

15.01

15.57

15.98

17.35

16.23

16.27

11.70

13.96

13.73-

13.38

16.23

D

8.85

10.08

8.63

9.85

9.42

10.15

10.71

11.13

11.21

10.59

10.41

10.30

10.71

10.14

10.21



SIIION - PEQUOP sumil 30°
HIND ROSE FOR DLL Dfilfi -

DRIfi PERIOD OF RECORD - V1976 - 5/1969

DR

N
NNE

NE
ENE

E
ESE

SE
SSE

$
ssU

U
Usu

U
UN)

N
NNU
CilLl
I0IRL

X

10
10

1.3
0.8
0.8
0.9
1.9
1.7
3.0
9.2
9.9
22
1.8
1.5
36
29
1.7
0.7

0.8
0.5
0.3
0.2
0.9
0.9
1.0
1.5
1.3
0.6
0.6
0.7
1.7
1.9
1.9
0.5

0.9
0.5
0.2
0.1
0.3
0.2
0.6
0.9
0.7
0.9
0.6
0.7
1.6
1.9
1.7
0.6

39.0 13.8 11.6

0.7
0.3
0.1
0.1
0.1
0.1
0.3
0.5
0.9
0.3
0.5
0.6
1.2
1.8
1.9
0.6

9.6

0.5
0.2
0.1
0.1
0.1
0.1
0.2
0.3
0.2
0.2
0.9
0.5
0B
1.7
1.9
0.5

76

0.3
0.1
0.1

0.0
0.0
0.0
0.1

0.1
0.1

0.1

0.2
0.9
0.6
1.6
1.7
0.9

5.9

0.2
0.1

0.1

0.0
0.0
0.0
0.0
0.0
0.1

0.1

0.2
0.3
0.9
1.9
1.3
0.3

9.6

7799 OBSERUAIIONS

0.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.2
0.9
1.2
141

0.3

3.6

SPEED CRIEGORIESOIPH)

0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.2
0.3
0.9
0.9
0.2

2.8

3
10
37

0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.2
0.7
0.6
0.2

2.0

3
10
90

0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.6
0.9
0.1

1.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.9
0.3
0.1

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.2
0.1

0.7

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.1

0.0

0.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1

0.1

0.1

0.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.0

0.2

):
55

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.0
0.1

0.3

TOTAL

v
h

53
25
1.7
1.6
29
25
53
7.6
73
38
9.6
52
1.2
17.7
15.3
9.8
0.7

100.0

MEAN
SPEED
(MPH;

15.6
1341
12.5
12.7
9.5
8.9
9.8
9.9
9.3
10.1
13.0
15.7
15.0
20.7
219
21.0

15.9

NOTE: MEAN SPEED OF THE TOTAL IN A UINO ROSE MAY DIFFER FROM THE SPEED FREQUENCY DISTRIBUTION FOR A GIUEN

PERIOD DUE TO DATA SELECTION. SPEED FREQUENCY DISTRIBUTIONS REQUIRE ONLY A UINO SPEED OBSERUATION BE
PRESENT. UINO ROSES, ON THE OTHER HAND, REQUIRE BOTH SPEED AND DIRECTION BE PRESENT FOR EACH OBSERUATION.



SIIION - PEQUOP suntlll 30
DIURNAL UINO SPEEDS (MPH)
Ofllfi PERIOD OF RECORD -  1/1976 - 5/1989

MON 100 200 300 100 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 1700 1800 1900 2000 2100 2200 2300 2100 flUG SPO

JSiN 167 16.3 159 16.2 16.1 16.1 15.7 155 15.516.0 16.5 16.9 16.9 169 16.7 16.1 16.3 16.1 158 16.3 16.1 159 16.1 166 16.2
FEB 165 16.3 16.3 16.1 16.5 16.5 158 16.0 16.7 16.9 17.9 189 19.2 19.2 18.518.6 18.0 17.6 17.5 16.116.9 16.1 16.1 16.2 171
MR 17.0 17.0 16.9 16.9 16.6 16.516.7 17.6 18.218.9 20.3 20.5 20.7 21.0 21.220.5 19.5 18.5 18.0 18.0 17.6 17.1 17.1 170 183
APR 156 15.1 11.8 11.7 19.2 13.9 11.1 156 16.7 17.5 18.2 189 19.2 19.9 20.1 20.1 19.1 18.0 17.1 16.8 16.1 16.3 16.1 158 169
MAY  11.0 13.8 13.6 13.6 13.1 13.213.8 15.0 15.816.8 17.1 17.7 18.5 16.6 18.7 18.7 18.8 17.8 16.0 152 11.9 11.5 111 139 157
JUN 136 136 132 123 118 11.111.3 123 13.111.2 152 15.6 16.1 16.8 17.7 18.1 18.7 18.2 17.1 159152 119 116 111 118
Juo 119 112105 101 95 92 87 96 108121 132 11.1 151163 17.317.6 17.5 16.8 157 11.7 11.3 136 13.1 123 132
fué 108 105 103 99 95 87 89 9.1 107122 133 11.3 152 157 165 16.7 16.1 11.9 13.6 13.0121 1.9 11.2 10.7 121
SEP 109 105 10.1 10.2 10.3 10.2 10.1 10.8 11.6 12.1 13.1 11.2 11.9155 16.0 16.0 155 11.0 13.1 12.6 12.2 11.7 11.3 10.7 121
ocT 116 11.6 11.1 11.8 11.6 11.2 10.7 11.0 12.0 12.8 8119 151 152 11.0 13.2 129 127 122 120 116 11.5 127
NOU 152 151 151 152 151 15.1 157 156 16.1 16.5 169 17.1 17.517.1 17.3 16.6 16.1 15.5 152 15.1 158 16.1 156 156 16.0
DEC 18.0 18.0 17.8 18.1 18.1 18.217.3 17.0 17.317.5 182 19.3 19.6 19.5 19.1 19.3 188 19.1 18.8 19.118.7 18.3 18.0 180 181

AUG
SPD 112 139 13.7 13.6 13.1 13.2 13.1 13.6 11.1 15.2

—

6.0 16.7 17.3 17.6 17.8 17.8 17.1 16.6 159 151 151 11.8 115 11.2 152



SIflION - PEOUOP SUMMIT 30’

UINO SPEED FREQUENCY DISJRIBUIION UITH NORMALIZED AUfILABLE ENERGY
Oflifl PERIOD OF RECORD -  4/1976 - 5/1989

NORMALIZATION PERIOD - ONE YEAR

AUERAGE UINO SPEED FOR PERIOD: 15.2 MPH

NORMALIZED AUfILABLE ENERGY:  3646.3 KUHIM™2/YEAR

TOTAL HOURS OBSERUEB: 82786

NORMALIZED NORMALIZED
SPD HOURS/ AUAIL. ENERGY SPD  HOURS/ AUAIL. ENERGY
MPH PERIOD RELFREO CUMHRS CUMRELFREQ ~ KUHM*™2/YEAR MPH PERIOD RELFREQO CUMHRS CUMRELFREQ  KUH/MW/YEAR

0 640 0.77 82786 100.00 0.0 46 148 0.18 1000 1.21 66.5
11147 1.39 82146 99.23 0.0 a2 0.15 852 1.03 58.5
! 1663 201 80999 97.84 0.1 48 %8 0.12 730 0.88 50.0
3 2238 270 79336 95.83 0.3 49 103 0.12 632 0.76 55.9
42950 356 77098 93.13 0.9 5% 69 0.08 529 0.64 398
5 3463 418 74148 89.57 20 5 T4 0.09 460 0.56 45.3
6 3953 477 70685 85.38 3.9 5 5% 0.07 386 0.47 36.3
7 467 503 66732 80.61 6.6 5 66 0.08 330 0.40 454
8 4201 5.07 62565 75.57 9.9 5 3 0.04 264 0.32 254
9 4282 517 58364 70.50 144 5% # 0.05 229 0.28 315

10 4079 493 54082 65.33 18.8 5 22 0.03 188 0.23 17.8

1373 451 50003 60.40 229 5 % 0.04 166 0.20 29.1

12 3553 429 46212 55.89 283 5 24 0.03 132 0.16 216

133385 409 42119 51.60 343 5 18 0.02 108 0.13 171

143099 374 39334 47.51 393 60 4 0.03 90 0.11 239

15 3070 371 36235 43.77 4738 61 17 0.02 66 0.08 17.8

16 2843 343 33165 40.06 53.8 62 M 0.01 49 0.06 121

172538 3.07 30322 36.63 57.6 63 8 0.01 38 0.05 9.2

18 2503 302 27784 33.56 67.4 64 6 0.01 30 0.04 7.3

19 2296 277 25281 30.54 2.1 65 3 0.00 24 0.03 3.8

20 2025 245 22985 21.76 748 66 3 0.00 2 0.03 4.0

21890 228 20960 25.32 80.8 67 4 0.00 18 0.02 5.6

2 1763 213 19070 23.04 86.7 68 3 0.00 14 0.02 44

23 1609 1.94 17307 20.91 90.4 69 2 0.00 1 0.01 3.0

24 1452 1.75 15698 18.96 92.7 70 0 0.00 9 0.01 0.0

25 1386 167 14246 17.21 100.0 n 2 0.00 9 0.01 33

26 1247 1.51 12860 16.53 101.2 72 1 0.00 7 0.01 1.7

21 113 134 11613 14.03 101.1 73 2 0.00 b 0.01 36

28 1085 1.27 10500 12.68 106.9 74 0 0.00 4 0.00 0.0

29 989 1.19 9445 11.41 113 75 1 0.00 4 0.00 1.9

30 883 1.07 8456 10.21 1101 76 1 0.00 3 0.00 20

3 887 1.07 7573 9.15 122.0 i 2 0.00 2 0.00 42

2 78 0.95 6686 8.08 118.9

33 674 0.81 5900 713 118

34 625 0.75 5226 6.31 113.4

3% 561 0.68 4601 5.56 11.0

36 467 0.56 4040 4.88 100.6

37 44 0.52 3573 4.32 101.5

38 404 0.49 3139 3.79 102.3

39 349 0.42 2735 3.30 95.6

40 297 0.36 2386 2.88 87.7

41 263 0.32 2089 2.52 83.7

2 23 0.28 1826 2.21 793

43 205 0.25 1594 1.93 75.2

44 198 0.24 1389 1.68 779

4519 0.23 1191 1.44 80.3



APPENDIX H

SEVEN MILE HILL 50 AND 150 FT LEVEL
SUMMARY STATISTICS
OCTOBER 1978 - MAY 1989



SIELIION - SEUEN MILE HILL 50'

MONIHLY UINO SPEEDS (MPH)
0fllf]l PERIOD OE RECORD - 10/1978 - 5/1989

1978
tt 0BS
1979
« O0BS
1980
S 0BS
1981
S 0BS
1982
1 0BS
1983
$ 0BS
IfBI
t 0BS
1985
» 08S
1986
6 0BS
1987
8 0BS
1988
8 088
1989
8 0BS

flue
S

JiN

0.0

8.7
692
0.0

1.2
L]l
15.2
697
10.7
735
0.0
0
0.0
0
0.0
0
8.9
306
8.0
793
12.5
799

10.9
26

0.0
0
11.6

1.3
661
8.5
669
0.0

0.0

0.0

8.9
672
1.9
667
10.1
662

10.2
1.3

0.0
0
13.2
739
19.2
639
19.5
739
13.2
516
1.2
792
0.0

0.0

0.0

1241
799
13.9
729
10.9
799

13.9
26

APR

0.0

18.2

16.7
976
15.3
720
16.3

12.5
716

15.9
1.6

215

219
739
0.0

0.0

17.9
799
17.5
799
15.9
732
18.2
799

19.6
25

JON

0.0
0
218
201
219
720
19.8

20.0
716
20.9
720
0.0

0.0

19.8
720
17.6
720
18.6
720
0.0
0

19.8
1.9

JuL

0.0
0
23.0
793
218
792
208
793
20.6
732
20.6
793
0.0

0.0

211
369
213
739
20.0
91
0.0

8.0
0.9

flue

0.0
0
216
792
226
799
19.8
736
19.5
799
222

19.9
20

13.6
720
15.3
A
19.9
189
0.0
0

15.0
11

0C

1"M.7
28
13.1
737
121
737
11.9
792
10.0
793
0.0

0.0
0
0.0

8.1

10.8

10.9
1.6

10.5
720
8.8
709
9.8
709
0.0

0

9.2
1.7

DEC

19.8
9
13.0
669
7.3
790
1.3
737
"7
701

10.2
3.6

1 0BS

1799

7890

7209

8578

8363

5501

763

5586

8296

8099

3610

65599

HUG

12.26

15.85

16.85

19.91

15.15

16.17

0.00

9.97

19.69

13.76

13.89

12.88

19.77

80

9.38

10.92

10.22

9.61

9.58

10.26

0.00

3.89

10.06

10.90

10.98

7.99

10.08



SIIION - SEOEN MILE HILL IS0’

MONTHLY UIND SPEEDS (ItPH)

Dflie PERIOD or RECORD -

1978
9 0BS
1979
» 0BS
1980
1 0BS
1981
§ 0BS
1982
# 0BS
1983
It 0BS
1981
It 0BS
1985
t 0BS

1986
Il 0BS
198?
Il 0BS
1988
Il 0BS
1989
Il 0BS

HUG
80

JiN

0.0
0
10.3
616
1.1
21
13.2
710
17.7
712
1.2
Al
13.7
710
9.6
603

0.0
0
7.8
517
10.2

13-

15.8
Ll

12.3
3.0

FEB

0.0

9.6
652
10.3
693
10.7
666
12.9
661
9.0
655
"7
692
15.2
666

0.0

9.0
672
13.6
667
12.3
662

1.1
2.1

10/1978 - 5/1989

"7
29

8PR

0.0

237

175

15.9
720
18.0
716
"7

17.2
3.2

MfY

0.0

225
168
26.6

231
3
217

235
m
18.9
730
237

18.1
B
18.2

17.0
732
19.9

218
32

JON

0.0

212

22.1
2.1

08
12

225
28

16.0
1
16.1
189
0.0

171
1.8

ocl

15.1
651
11.6
650
13.7
m
13.6

13.5
22

12.7

13.3
699

1.3
720
1.3
709
"7
709
0.0

"7
1.3

DEC

16.7

11.5

183
1.2
738
10.9

118
8.1

i 0BS

2109

6027

8732

8717

8660

8670

8709

8011

1501

8505

8019

3610

81306

BUG

11.59

16.50

17.93

1717

17.39

16.89

17.16

18.21

11.75

11.59

15.63

11.18

16.59

80

10.13

1.31

11.95

11.29

1.11

11.70

11.20

11.23

10.96

10.81

10.72

8.83

11.21



SIATIGN - SEUEN MILE HILL
DIURHHL UINO SPEEDS (MPH)
DFT8 PERIOD OF RECORD - 10/1978 - 5/1989

MON 100 200 300 100 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 17001800 1900 2000 2100 2200 2300 2100 HUG SPD

JN 121 122124 121 117 115111 112 111 11.511.6 11.8 11.9 126 135 13.8 13.1129 126 12.8 126 12.8 123122 123
FEB  11.111.210.9 10.8 10.910.810.8 10.5 10.3 10.2 10.8 11.2 11.7 122 12.112.913.1 12.812.6 121 11.5 11.3 11.0 112 111
MAR  11.113.8 13.1 13.1 13.3 132128 126 12.1 127 136 11.2 151 16.2 16.8 17.0 169169 16.6 159 157 156 151 11.8 117
AR 172173 17.0 16.6 16.3 15.6 11.7 13.9 11.1 11.7 15.1 16.5 17.6 18.1 19.1 20.0 19.919.5 19.3 185 18.0 179179 171 172
MAY  22.822.3 21.9 21.1 20.6 19.6 18.6 18.0 18.2 18.1 186 19.5 20.9 21.9 231 21.2 25.021.9 21.6 216 21.1 23.723.3 233 218
JON 237233 228 221 215 20.1 18.8 17.7 17.5 18.0 18.6 19.8 21.0 22.121.0 251 25.9 26.1 26.1 25.5 21.8 21.321.0 238 221
JUL 263219 21.3 23.7 23.0 21.9 20.1 18.8 18.5 18.819.2 19.9 211 225213 256 26.827.7 27.6 27.6 26.7 26.2 259 25.1  23.6
HG  23.823.1 23.1 23.0 22.7 21.7 20.3 18.6 18.0 18.0 18.5 19.2 20.2 21.7 231 21.5 25.126.2 26,6 25.9 25.0 21.221.0 235 225
SEP 17.216.7 16.5 16.2 158 15.3 11.6 13.9 13.1 13.8 15.0 16.2 17.1 18.6 19.5 20.2 21.0 21.3 21.0 20.2 19.1 183178 172 171
oCl  13.6 13.3 13.0 129 125 12.1 11.1 10.8 10.1 10.511.1 12.1 13.0 13.9 116 15.3 159 16.2 16.0 15.1 150 151 116 138 135
NOU o 115111 112 11.2 111 11.0 11.0 10.7 10.7 11.2 11.1 11.7 121 12.7 13.0 129 127125 122 121 11.7 15113 115 117
DEC 112 11.3 11.1 111 111 11.8 11.712.0 11.7 11.3 11.6 12.0 12.5 12.6 127 121 122 122 122 123 122 119 111 112 118

AUG
SP0  16.816.7 16.1 16.1 15.8 153 11.6 11.0 13.8 11.0 11.6 153 16.2 17.1 18.0 18.6 18.919.0 18.8 18.1 18.0 17.6 173 170 16.6



STATION - SEUEN MILE HILL ISO’
UINO ROSE FOR ALL DATA - 80239 OOSERUATIONS
DATA PERIOD OF RECORD - 10/1978 - 5/1989

SPEED CATEGORIES(MPH)

0 10 13 16 19 2 25 28 3 34 31 40 43 46 49 52 MEAN
M 10 T 10 0 7 10 T0 70 70 TO0 T0 70 T0 70 70 >  TOTAL SPEED
DIR 0 13 16 19 2 25 28 3N 34 3 40 43 46 49 52 5 5 7 (MPH)

N 06 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 06 46
NNE 03 00 0.0 0.0 00 00 00 00 00 00 0.0 00 00 00 00 0.0 00 03 55
HE 03 00 0.0 00 00 00 00 00 00 00 00 00 00 00 0.0 0.0 00 04 47
ENE 10 02 01 01 00 00 00 0.0 0.0 0.0 0.0 00 00 00 00 00 00 15 76
E 61 22 13 07 03 01 00 00 00 00 00 00 00 00 0.0 00 00 107 9.1
ESE 65 19 12 06 03 01 00 0.0 00 00 00 00 00 00 00 00 00 107 89
SE 39 05 02 01 01 00 00 00 00 00 00 00 00 00 0.0 0.0 00 43 67
SSE 16 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 1.7 46
§ 09 00 0.0 0.0 00 00 00 00 00 00 00 00 00 00 0.0 00 00 10 43
ssu 05 00 00 00 00 00 00 00 00 00 00 00 0.0 00 00 00 00 05 49
su 04 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 05 53
usu 05 01 00 00 00 00 00 00 00 00 00 00 0.0 00 00 0.0 00 08 86
u 17 06 06 07 06 06 06 04 03 02 01 01 0.0 0.0 00 00 0.0 6.8 181
UNU 35 27 34 42 48 52 50 46 38 28 18 10 05 03 01 00 00 379 272
N 23 11 11 13 13 12 12 11 08 06 04 03 01 01 00 00 00 130 208
NNU 12 01 01 01 01 01 01 00 0.0 0.0 00 00 00 0.0 00 0.0 0.0 18 92
CALM 1.8
TOTAL
/ 325 96 82 78 76 74 70 63 50 37 24 14 07 04 02 01 00 1000 170

NOTE: MEAN SPEED OF THE TOTAL IN A UIND ROSE MAY DIFFER FROM THE SPEED FREQUENCY DISTRIBUTION FOR A GIUEH
PERIOD DUE TO DATA SELECTION. SPEED FREQUENCY DISTRIBUTIONS REQUIRE ONLY A UIND SPEED OBSERUATION BE
PRESENT. UIND ROSES, ON THE OTHER HAND, REQUIRE BOTH SPEED AND DIRECTION BE PRESENT FOR EACH OBSERUATION.



SIfION - SEUEN MILE NILE SO’

UINO SPEED FREQUENCY DISIRIOUTION UIIH NORMALIZED fIUfILfIBLE ENERGY
Dflifl PERIOD OF RECORD - 10/1976 - 5/1989

NORMALIZATION PERIOD - ONE YEAR

AUERAGE UINO SPEED FOR PERIOD: 16.6 MPH

NORMALIZED AUAILAELE ENERGY:  5221.1 KUHIM*2/YEAR

TOTAL HOURS OBSERUED: 61306

NORMALIZED

SPD  HOURS/ AUAIL. ENERGY $PO
MPH PERIOD RELFREQ CUMHRS CUMRELFREQ  KUHIM*2YEAR MPH
0 1653 196 81306  100.00 0.0 16
{2505 297 82653 98.01 0.0 17
2 2811 331 80118 95.07 0.1 18
J 2072 353 7733 91.73 0.1 19
13081 365 71362 88.20 1.1 50
5 3115 373 71281 81.55 21 51
§ 3197 379 68136 80.82 37 52
7307 369 61939 77.03 57 53
§ 2071 352 61832 7331 8.2 5
9 30200 358 58861 69.82 118 55
10 2032 3148 55811 66.21 15.8 5
11 2629 312 52909 62.76 18.8 57
12 2571 305 50280 59.61 239 58
13 2385  2.83 17706 56.59 28.2 59
11 2311 278 15321 53.76 316 60
15 2139 251 12980 50.98 38.8 61
16 2163 257 10811 18.11 17.7 62
17 213 251 38678 15.88 55.8

18 2111 251 36565 13.37 67.2

19 2091 218 31121 10.83 773

0 2010 212 32330 38.35 87.8

A 2086 211 30290 35.93 102.1

2 2081 217 28231 33.19 119.1

23 191 233 26150 31.02 1285

N 2073 216 21186 28.69 151.2

25 1935 230 22113 26.23 162.6

% 1890 221 20178 2393 178.7

27 1819 219 18288 21.69 195.8

28 1790 212 16139 19.50 2111

29 1760 209 11619 17.38 230.9

30 1609 191 12889 15.29 233.7

31510 179 11280 13.38 212.0

2 1319 156 9770 1159 2325

331230 116 8151 10.02 237.8

3 113 131 12 8.57 239.1

35 1001 119 6090 7.22 2316

% 928 110 5086 6.03 2329

37 M 0.88 1158 1.93 201.9

38 651 078 317 1.05 193.1

39 57 063 2163 3.28 168.2

0 19 059 2236 265 170.8

11 386 016 1710 2.06 113.1

12 26 031 1351 161 1.0

13 217 026 1068 1.27 9238

11 189 022 851 1.01 86.6

15 18 018 662 0.79 72.6

HOURS/

PERIOD RELFREQ CUMHRS CUMRELFREQ

128
99
n
61

S, s O W —
o

reS— ol — W — &

R

0.15
0.12
0.09
0.08
0.06
0.01
0.02
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

511
386
287
208
11
%
bt
10
27
1
1

6
1
7
5
f
3
3
2

0.61
0.16
0.31
0.25
0.12
0.11
0.07
0.05
0.03
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00

NORMALIZED
AUAIL. ENERGY
KUHIM2/YEAR
67.0
55.3
17.0
105
329
213
15.9
10.1
9.3
15
38
20
10
11
0.0
12
26



APPENDIX |

UPPER PYLE CANYON
SUMMARY STATISTICS
MARCH 1984 - MAY 1989



SIfIIION - UPPER PYLE SO'
MONIHLY UINO SPEEDS (£IPH)
MIIf]l PERIOD O RECORD -  3/1984 - 5/1989

JIN rEB MR APR MAY JUN JuL HUG SEP ocl NOU OEC « 0BS AUG 50

1981 00 00 M1 152 141 18 109 131 114 119 169 126 495 13.01 750
Il 0BS 0 0 39 21 2% M M3 7R 78 MO TN 737
1985 11 133 00 00 00 00 131 123 10 122 00 99 %91 1182 7.03
I 0BS 714 538 0 0 0 0 27 78 697 492 0 25
1986 190 135 125 169 158 83 152 136 121 117 140 128 6916 1396  9.25
108 711 672 698 337 209 69 545 T 70 T 720 TH
1987 167 131 159 143 96 19 00 00 110 113 155 190 5706 1478  9.78
#oes 1 62 Tt 70 M0 165 0 0 3 M 78 738
1988 153 115 149 146 130 00 190 161 135 120 168  16.1 583 1195  8.73
I 0BS 715 302 651 720 289 0 186 635 2 663 715 739
1989 172 118 182 114 16 00 00 00 00 00 00 00 3079 1576 9.80
I OBS 165 540 721 70 630 0 0 0 0 0 0 0

AUG 158 134 150 117 10 123 98 138 115 118 158 116 30183 1107 888
80 3.0 12 27 11 2.1 33 3.1 17 11 03 11 35

SIflION - UPPER PYLE SO’
DIURNAL UIND SPEEDS (MPH)
Dfllfl PERIOD OF RECORD -  3/1981 - 5/1989

MON 100 200 300 100 500 600 700 800 900 1000 1100 1200 1300 1100 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 AUG SPD

JIN 15.0 151 14.7 148 15.0 149 148 15.116.2 16.7 17.3 17.618.0 176 17.1 16.7159 159 153 11.9 11.6 15.0 153 148 158
fEB  11.9 122 125 12.112.7 13.1 13.0 128131 144 151 16.216.2 16.0 158 11.813.9 132 13.0 126 121 11.8 11.5 113  13.
MR 121 125 121 129127 124 122131152 17.3 191 19.119.2 18.7 187 18.217.6 16.1 11.914.3 135 128 127 125 150
RPR 122 11.7 11.5 11.7 11.3 11.3 12.0 13.9155 17518.0 18.318.0 176 18.0 18.217.6 16.6 15.5 146 13.8 13.1 124 121 117
MAY  11.6 10.6 10.0 10.0 10.7 10.6 11.6 13.011.4 16.516.7 16.917.7 18.0 18.0 17.817.9 17.5 149129 123 121126 121 11.0
JUN- 101 9.8 102 11.0 12.3 127 13.111.0 14.113.9 132 13.5 14.112.8 12.8 142 15.112.8 112 11.3 11.3 102 103 99 123
JuL 135 13.7 12.8 132139 11.0 150 15715.0 11.9 11.1 133131 11.0 155 17.219.2 19.0 17.0 157 152 112139 136 119
fluG  13.3 129 131 123 11.6 108 11.7 125133 13.6 13.6 13.013.4 141 151 16.217.0 169 158 154 116 11.813.9 131 138
SEP 99 10.0 10.0 98 9.3 89 88101109 121133 11.213.1 139 135 13.113.1 125 121122 120 11.0 103 101 115
ocl 98 96 91 91 91 92 92 99112 132119 1569161 16.1 16.1 151133 122 114 10.7 105 105103 99 11 .8
NOU- 111 111 115 151152 15.0 147 155162 17.3 184 19.319.3 186 179 163151 11.1 11.6 11.8 11.8 11.5145 146 158
DEC  11.2 147 11.0 11.511.3 11.5 146 151152 157 16.1 16.716.8 16.2 156 14.913.8 13.3 134 132 13.0 13.1 138 139 11.6

AUG
SPO 125 125 123 12.4 12.1 12.3 12.1 133 142 151 16.2 16.6 16.7 16.5 16.1 16.1 15.6 11.8 11.1 13.6 13.2 13.0 128 125 111



STRIION - UPPER PYLE 50’
UIND ROSE TOR fill 0010 - 29082 OBSERUOIIONS
)Ilfl PERIOD O RECORD - 3/1989 - 5/1989

SPEED CfIEGORIES(MPH)

0 13 % 19 2 25 2 3 39 37 9 9B % 9 5 MEAN
0 0 70 70 70 T J 1 1 1 1 71 10 71 710 710 >  TOTAL SPEED
OR 0 13 16 19 2 25 28 31 39 37 90 9 9% 9 5 5 55 X (MPH)

N b0 91 99 96 33 20 09 06 05 03 02 01 01 01 00 00 00 276 158
NNE 62 21 21 15 10 07 o5 09 02 01 00 00 00 00 00 00 00 150 129
NE 1.0 06 06 o5 03 02 01 00 00 00 00 00 00 00 00 00 00 33 132
ENE 06 03 02 02 01 00 00 00 00 00 00 00 00 00 00 00 00 15 111
E 07 09 03 02 00 00 00 00 00 00 00 00 00 00 00 00 00 16 109
ESE 09 01 02 01 00 01 00 01 00 00 00 00 00 00 00 00 00 11 193
SE 10 03 03 09 05 07 07 06 05 05 09 02 01 00 00 00 00 61 239
SSE 18 08 08 09 08 08 07 07 06 09 03 02 01 01 00 00 00 88 202
$ 96 19 16 11 05 03 02 01 01 00 00 00 00 00 00 00 00 106 117
ssU 39 12 07 03 01 01 00 00 00 00 00 00 00 00 00 00 00 62 89
sU 30 07 03 01 01 01 01 00 00 00 00 00 00 00 00 00 00 99 92
Usu 09 01 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 13 81
U 08 02 02 01 00 00 00 00 00 00 00 00 00 00 00 00 00 19 91
UNU 06 02 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 11 96
N 09 03 02 02 02 01 01 00 00 00 00 00 00 00 00 00 00 21 125
NNU 13 11 11 10 07 09 03 02 01 00 00 00 00 00 00 00 00 62 153
CfiLH 18

T0I0L

x 35bH313713 78 55 37 28 21 19 09 05 03 02 01 00 00 1000 192

NOIE: MEAN SPEED OF 1HE IOIOL IN O UINO ROSE MAY DIFFER FROM THE SPEED FREQUENCY DISTRIBUTION FOR A GIUEN
PERIOD DUE 10 0010 SELECTION. SPEED FREQUENCY DISTRIBUTIONS REQUIRE ONLY ft UINO SPEED OBSERUATION BE
PRESENT. UINO ROSES, ON INE OTHER HAND, REQUIRE BOTH SPEED AND DIRECTION BE PRESENT FOR EACH OBSERUATION.



STRIION - UPPER PYLE SO’

UINO SPEED FREQUENCY DISTRIBUTION UITH NORMALIZED RURILRBLE ENERGY
DATA PERIOD OF RECORD -  3/1901 - 5/1989

NORMALIZATION PERIOD - ONE YEAR

AUERAGE UINO SPEED FOR PERIOD: H.I MPH

NORMALIZED AUAILABLE ENERGY:  2903.1 KUHIM™2/YEAR

TOTAL HOURS OBSERUED: 30183

NORMALIZED

PO HOURS/ AUAIL. ENERGY $P0

MPH PERIOD RELFREO CUMHRS CUMRELFREQ  FUHIM™2/YEAR MPH

0 528 175 30183 180.00 0.0 16

1 635 210 20655 98.25 0.0 17

2 765 253 29020 96.15 0.1 18

3918 311 28255 93.61 0.1 19
1051 318 27307 90.17 1.0 50

5 1157 383 26256 86.99 2.1 51

6 1137 377 25099 83.16 35 52

7 1208 1.00 23962 79.39 59 53

§ 1339 111 22151 75.39 9.8 51

9 1132 171 21115 70.95 119 55

10 1151 182 19983 66.21 207 56

1 126 172 18529 61.39 27.0 57

2 17 189 17103 56.66 36.1 58

13 117 179 1562 51.77 15.3 59

H 108 166 11179 16.98 55.0 60

15 1381 159 12771 12.31 66.5 1

b 1279 121 11382 37.73 716 62

17 132 375 10108 33.19 792 63

18 1067 351 8976 29.71 88.7 61

19 97 307 7909 26.20 90.6 65

0 83 276 6982 2313 91.9 66

A 701 232 6119 20.37 925 67

2 673 223 5118 18.05 102.1 68

23 591 196 1775 15.82 102.1 69

N 502 166 1181 13.86 98.9 70

%5 12 137 3682 12.20 917 71

% 101 133 3200 10.83 100.1 7

a0 33 110 2869 9.51 93.1 73

8 290 096 2537 8.11 9.7

29 289 096 217 7.11 100.1

30 25 088 1958 6.19 101.9

81 077 1693 561 98.0

R 23 07 1162 1.81 101.1

33 186 062 1239 110 95.2

3151 050 1083 3.19 81.6

%129 013 902 2.99 788

% 111 018 773 2.56 957

32 100 033 629 2.08 722

B 9% 032 529 1.75 76.6

39 8 027 131 113 70.1

10 s 0.21 318 1.15 58.1

1 5 020 281 0.91 57.9

1 1 0.11 225 075 13.3

13 7 012 181 0.61 119

[ 0.08 17 0.19 29.1

15 19+ 006 123 0.11 217

HOURS/

PERIOD RELFREQ CUMHRS CUMRELFREQ

2
15
19
1

P O O o O o OO DD D S o W S — w1 RO—y S D

0.08
0.05
0.06
0.05
0.02
0.02
0.01
0.02
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

101
80
65
16
3

[N}
(331

—,—e . - s . s . L e A PO W W W S S — O o

0.31
0.27
0.22
0.15
0.10
0.08
0.0
0.05
0.01
0.03
0.03
0.02
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

NORMALIZED
AUAIL. ENERGY
KUHIM™2/YEAR

333
2.2
299
25.1
10.7
132
10
10.6
22
0.0
75
7.9
28
0.0
0.0
32
3.4





