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SECTION 1

INTRODUCTION

1. SCOPE OF THE REPORT

This technical report describes a wind site survey conducted at the
United States Air Force Academy from May 1977 to September 1980. Funding
for this project was provided by the Air Force Civil and Environmental
tnpineering Development Organization (CEEDO), Air Force Systems Command,
which has been reorganized as a branch of the Air Force Engineering and
Services Center, Tyndall Air Force Base, Florida.

The wind site survey is one of two tasks under the USAF Academy (USAFA)
Wind Energy Conversion System Project. The other task is the design,
fabrication and testing of a small vertical axis wind turbine. This task
will not be described here but is fully reported (l). The presen£
report deals not only with results of the wind site survey of the
USAF Academy,but also presents methodologies for performing similar surveys

at other USAF installations.
2. PROJECT MOTIVATION

The USAF Academy Wind Energy Conversion System Project began in 1977
with the sole task of studying a vertical-axis-type wind turbine. Later
that year it became apparent that some knowledge of wind characteristics
at the selected machine test site was necessary and wind recording instru-
rentation was installed. In mid-1978 a large effort in wind resource
assessment throughout the wind energy community prompted addition of the
sccond project task, that of a wind site survey of the 18,000-acre USAFA
installation. As this survey progressed, it became even more apparent
that procedures developed at USAFA could be applied to similar surveys of
other Air Force bases. Therefore, the wind site survey task was specifically
extended at the beginning of FY 1980 to include the development of method-
ologies to support a uniform USAF-wide approach to wind energy applications.
The foresight of these actions is evidenced by specific wind site surveying
directives included in the Wind Energy Systems Act of 1980 and discussed

in the next section.

F Rt e S 23808 5o <cmbitbmgenoa s o



3,  WIND ENERGY SYSTEMS ACT OF 1980

With the passage of Public Law 96~345 (cited as the "Wind Energy Systems
Act of 1980") on 8 September 1980, procedures guaranteeing rapid and effi~
cient applications of wind energy on Air Force installations became a neces-

No longer was an individual base approach such as that

sity (2).
The Academy survey results

accomplished at the Air Force Academy sufficient.
are surely part of the required data base, yet all bases must now be con-

sidered as a group, with some selection criteria applied.

Table 1 lists extracts from the text of the Wind Energy Systems Act of

1980, along with comments related directly to the present report. It is par~

ticularly appropriate to note the directive nature of Section 11(1)(A) and

These sections very specifically detail DOD responsi-

Section 11(1)(B)(l).
The remain-

bilities with regrad to economical application of wind systems,

der of this report is dedicated to the fulfillment of this particular section.
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SECTION 11

THE USAF ACADEMY WIND SITE SURVEY EXPERIENCE

1. SURVEYING APPROACH

As mentioned in Section 1, the USAFA Wind Energy Conversion System
Protect was first envisioned to involve only the testing and a sample
application of a vertical axis wind turbine. 1In the process of locating
a test site for this machine, it became immediately apparent that little
wis known about wind characteristics at the Air Force Academy. Not only
was such information important for wind machine design, but also for
determining it the Academy's 18,000-acre installation was a viable site
for future wind machine applications. Such a large base with compli-
cated terrain features becomes a real siting challenge, particularly
when funding levels do not permit extensive measuring equipment instal-
lation. Therefore, a general siting philosophy was employed which called
for heavy emphasis on phyvsical prospecting to locate a few potential high
vnergy sites at which fixed instrumentation could be placed for long-term

wind measurements.
2. EXISTING WEATHER DATA, 1978

Collection of weather information available in 1978 and relevant to
tne wind site survev of U3SAFA falls in two cateagories, First, a literature
search was undertaken by Lofgren (3) to determine weather extremes which

rdiant a fect the safe and efficient overation of a wind machine, General

results in the form of comments on these siting extremes are contained

in Appendix C. No weather extremes were identified which would preclude
the operation of a well-designed wind machine at the Air Force Academy.

The second data gathering thrust was directed to the collection of specific
wind characteristics. The most extensive local data base is that collected
at the City of Colorado Springs Municipal Airport. However, this data was
recorded about 20 miles from USAFA and in relatively flat terrain. There-
fore, no attempt was made to extend or use this information for the reasons
mentioned. A second data set was located which represented wind recording
during daylight hours August 1969 to July 1970 at the Air Force Academy

Airfield site. While this data is not as extensive as that from the City




of Colorado Springs Airport, the proximity to the more complex USAFA terrain
made it more useful. The authors were unable to locate the source document
§ from which the USAFA Airfield data was taken yet, nevertheless, believe it to
represent actual results from a survey made to orient the primary runway.

E Figure 1 shows a wind rose based upon the raw percent occurrence versus

wind direction data from the airfield.
{ 3. PHYSICAL SURVEY OF USAFA

§ The wind rose of Figure 1 shows a most definite prevailing wind direc-

1 tion of about 348-153 degrees magnetic. Based upon this fiading and assum-
ing the prevailing direction would be maintained in the general wind field
over USAFA, prospecting was initiated to locate sites where wind speeds
higher than at the airfield might be realized. Concurrently, Meroney, ct al,,

4 (4) reported wind tunnel results of flow over long ridges oriented

verpendicular to the flow direction.. Conclusions centered around dramatic

speed increases found close to ridge crests equalling speeds found at much
higher elevations over flat terrain. Meroney also concluded that optimum
ridge slopes were between 1:2 to l:4, ridge crests should be smooth and
rounded ,and vegetation could produce undesirable turbulence. Also, general
nwuidelines indicate ridges should be about 10 times as long as they are
high to preclude wind flow around the ends of the ridge rather than over

the crest.

Initial visual inspections of the USAFA terrain indicated a number of
long ridge lines oriented approximately perpendicular to the prevailing
wind directions of Figure 1. An example of such a ridge line is shown in
Fipure 2. 1o investigate these ridge lines further, two steps wer> taken.
First, terrain profiles in the prevailing wind direction were produced
using a topographical map and the digitizing capability of a desktop com-

puter. These profiles were then used to produce a three-dimensional ter-

rain model and to measure ridge lines for the favorable characteristics
mentioned earlier. A physical inspection followed, which included qualita-
tive factors and quantitative measurements of slopes and ridge line lengths.
Three primary sites were then selected for fixed instrumentation installa-

y timn., Characteristics of these sites are listed in Table . and locations

! of primary and secondary sites are shown in Figure 3.
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Figure 1. Wind Rose, USAF Academy Airfield,
August 1969-July 1970, Daylight Hours




Figure 2. Typical Extensive East-~West Ridge Lines,
USAF Academy
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4, SELECTION AND PLACEMENT OF INSTRUMENTATION

The first site instrumented was the wind turbine test site located just
east of Fairchild Hall at the Air Force Academy. A Weather Measure Corpora-
tion Remote Recording Skyvane I Wind System, Model W101-DC-DG0O-540, was
installed late in 1977 to support the design, fabrication and testing of
the USAFA Vertical Axis Wind Turbine, The anemometer head was placed on a 4.3-
meter (l4-foot) tower 9.1 meters (30 feet) north of the wind turbine. Wind speed
and direction were continuously recorded on a paper strip chart. The strip
charts were analyzed using the digitizing capability of an HP 9830 desktop
computer. Strip chart data is generally cumbersome and time consuming to
reduce,yet,one cannot fault this method of recording for having too little
information. It is an excellent procedure for learning characteristics of
the wind, yet, is certainly inappropriate for a mature site survey program.

Instrumentation was also installed in 1978 at the three primary instru-

mentation sites described in Section II, 3. Each anemometer was placed

at the top of a 10-meter tower. The towers were installed using portable
foundations and guying systems designed and installed by project personnel.
Recording devices were battery-powered and housed in weatherproof, locked
containers attached to the bottom of the towers. Figures 4 and 5 show
the tower and instrumentation at Site #2.

Table 3 describes the installed instrumentation and output form at
the three primary sites. Site #1 was chosen as the site for more complete
instrumentation. Sites #2 and #3 have simpler devices which allow com-

parison to the Site #1 output.

TABLE 3: PRIMARY SITE INSTRUMENTATION

Site Number Instrumentation Type Output
1 Wind Speed Compilator, Wind velocity in 32 speed
Model A30-131, Natural bins and 8 direction bins.
Power, Inc. Yields wind frequency

distribution vs. direction
over a recording period.

2,3 Wind Data Accumulator, Wind run. Yields average
Model A20-001, Natural wind speed over a recording
Power, Inc. period.

11
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Figure 4.

Site #1, 1G-Meter Tower
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Figure 5.

Site #1, Instrumentation




5. TALA APPLICATIONS
a. TALA Anemometer - Basic Description

As described in an earlier section of this report, the fixed
instrumentation installed to support the USAFA wind site survey task in-
cludes three recording devices on separate l0-meter towers. Each tower is
located on crests of long east-west ridge lines in an attempt to assess
speed increases expected to occur from prevailing north-south winds. It
was recognized early that these towers were probably too low to capture
speedup effects, yet, funding restrictions and envirommental factors pre-
cluded higher towers. Project investigators hoped to either extend tunnel
modeling results (4) and/or locate a simple field measuring device to
extend the 10-meter findings to realistic large wind machine hub~heights
of about 30 meters and coincident with heights where ridge line wind
speedup wight be seen. Extension of the wind tunnel results was found
not feasible due to lack of data for wind directions not perpendicular
to the ridge line crest.

Late in 1978 a new product was marketed called the Tethered
Aerodynamically Lifting Anemometer or TALA system. This hand-held device
is simply a kite connected to a calibrated spring. Tension on the kite
string is read, through appropriate calibrations, as wind speed. The
angle of the string referenced to horizontal,coupled with string length,
leads to flight elevation and the magnetic direction between the operator
and kite gives wind direction. The TALA system,disassembled,and,in its
carrying case,is shown in Figure 6 and as flown in Figure 7.

Advantages of the TALA system fall in four general categories (5):

(1) Economy. A base purchase price of about $1000 is a
fraction of the cost of fixed instrumentation.

(2) Ease of Operation. Setup for a typical flight takes

about 5 minutes. One record with 6 readings to
altitude takes about 30 minutes.

(3) Simplicity. The entire unit, including the carrying
case, weighs only 12 pounds and is small enough for aix~
line carryon. Data recording and flying procedures

require minimal training.

14




Figure 6. TALA and Accessories

Figure 7. TALA in Flight
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(4) Accuracy. Wind tunnel calibrations at NASA Langley

show accuracies within 2 percent (6). Some minor criticisms

have been leveled at the device, but accuracy is con-

sidered to be quite good.
Limitations of the TALA system fall under the general category of opera-
tional restrictions and lead to recommendations on use of this device
discussed later in this section (5).

(1) Flight Altitude. 300 meters is the upper limit of
flight. This is generally well above heights required

for wind turbine applications.

(2) Reeling In. Above wind speeds of about 15 m/s, it is
physically very difficult and time consuming to reel in
the kite from altitude.

(3) Daylight Flight. In the as-supplied condition, TALA

is equipped for daylight operation only,since the
kite must be seen visually to measure the angle of
flight and wind direction. However, a self-contained
lightweight beacon could be attached to the kite for
nighttime flights.

(4) Time/Wind Field Variations. The wind field at a par-
ticular site varies widely with time. If TALA is used

for vertical profiling, for example, time "marches on"
as the kite is flown at increasing and decreasing
altitudes above the site. This procedure takes a

finite amount of time during which the general wind
characteristics may fluctuate widely, leading to lack

of correlation in readings taken at each flight altitude.

b. USAFA Experiences with TALA

The TALA system was purchased early in 1979 for the sole purpose
of vertical wind profiling over the three fixed instrumentation sites.
Since delivery, this device has been flown over all three locationms.

Results of these flights are shown in Appendix A.3. The figures shown

were generated using a desktop computer and software for vertical profiles.
The TALA data recording procedure is detailed in Section IV. 2. A
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definite speed increase at about 30 meters above the ridge line is seen in
many of the tests and is of enough importance to suggest a higher tower with
associated wind recorders should be placed at one of the sites.

As with attempts to extend wind tunnel results to elevations above
10 meters, TALA results could also not be so extended. This is due to the
limited number of TALA flights not encompassing a full range of wind veloci-
ties, directions and flight altitudes. Even with a full data set, time-oi-
Jay, seasonal and yearly wind variations would probably be cause for sus-
picions that correlations to the 1l0-meter fixed instrumentation results
wuere inaccurate.

In iight of the USAFA experience with the TALA system, some
reoommendat ions for its use in the future can be made. First and foremost,
FALA can be considered to be a very good prospecting tool. It should not,
however, be a replacement for fixed instrumentation but can be used very
cftectively to locate sites where such instrumentation should be placed.
secondly, TALA can be employed around obstructions to qualitatively
locate turbulent areas. The operator's manual (0) describes such a
srocedure woere a vertical line with long tapes attached at regular
intervals is flown from the kite. Stable, horizontal taje motion indi-
cates steadv winds, while heavy tape flapping indicates undesirable tur-

butence.
. SURVEYTMNG RESULTS
a. Wind Characteristics

Tables and figures of Appendix A show monthly and annual wind
characteristics for primary instrumentation Site #1 and the wind turbine
test site.  Also shown are a number of records from TALA flights over the
threv primary instrumentation sites. Information contained in these tables
and figures will be uscful for more site-specific acrivities necessary if
and when decisions are made to install wind machines at the USAF Academy.
Economic caleulations shown in the next section are all based upon annual
data reduced for Site #1.

Figure 8 shows approximate monthly and annual average wind speeds
for the three primary sites. Missing data points represent instrument

maintenance periods. Site #1 shows a slightly higher average annual wind

17
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speed than the other two sites with Site #3 below the other two. This
was not unexpected as Site #3 1is less than ideal in terms of ridge line

characteristics.

Figure 9 shows a comparison of wind speed duration curves for a

number of sites. Grandpa's Knob, the location of the famous Smith-Putnam
wind machine, is generally considered to be representative of an excellent
site in terms of wind potential. Amarillo Airport represents a good site.
All of the Academy sites fall below Amarillo in terms of potential. How-
cver, Site #1 exceeds the Academy Airfield in wind speeds above 18 mph.

As expected, the wind turbine test site, selected for convenience, is a

poor site as evidenced by an approximate average annual wind speed (measured

at 14 feet) at 5 mph.

In spite of the implication of Figure 9, the Air Force Academy wind
potential may well be greater than measured in this project. Admittedly,
10-meter instrumentation heights were too low to capture the full impact of
ridge speedup yet did reveal some benefits above 18 mph. TALA records of
Appendix A indicate speedup occurs at heights equal to or greater than
30 meters. This might well boost the category of USAF Academy sites into

the 14 mph region required in early DOE candidate site selections.
b, Economic Analysis

Two machines, the Carter Model 25 and the DOE MOD-2, were economi-
cally evaluated for possible iunstallation at USAFA. Two techniques de-
scribed more completely in Section IV ,4., the Approximate (7) and Air
Jorce Method (8), were used. Tables 4 through 6 present the results
whiere all values are to the nearest $100., Line 7 is used to rank order
“CP projects, Line entry number 9 on each of the tables gives the
vear~to-simple-payback with no salvage value assumed and line entry 10
rives the payback factor. Only the MOD-2 appears feasible with the
Approximate Method but neither of the machines are self-amortizing,using

the Air Force Method.




SIYT Lol 2 games oy
ANYTE ) CEOAIN ) UOT 10 0
paads- iy (o suosaedue)

6 i

R R N I S TR ST RTY v

RN S




TABLE 4: USAFA ECONOMIC ANALYSIS, APPROXIMATE METHOD

I. Annual Fixed Costs as Percent of Initial Cost, i

1
Cost of Money 10 %
Operations and Maintenance 21/2%
12 1/2%
1I. Economic Analysis Parameters
Machine
MOD-2
Carter 25 (2.5 MW)
1. Cost of System
a. System Hardware ($) 14,500 1,545,000
b. Installation ($) 3,000 725,000
c. Utility Grid Connection ($) 2,000 230,000
d. Total System Cost ($) 19,000 2,500,000
e. Cost per Installed kW ($) 780 1,000
2. System Life (Yr) 20 25
3. Baseline Electric Cost
($/kW-Hr., 1981) .025 .025
4, Utility Escalation Rate, iz
(Annual %) 127 12%
5., Annual Output of Machine
(kW=Hr) 31,700 4,913,500
6. Annual Value (AV) of
Conserved Electricity ($) 800 122,800
7. Annual Fixed Cost - Utility
Escalation Rate, (il - iz)(Z) 1/2 1/2

8. Capital Recovery Factor (CRF)
AV 041 .049
CRF = rotal System Cost
9. Years-to-Simple-Payback (Compound

Interest Table using CRF) 26 21
10. Payback Factor (PF)
pF = —Line 9 1.30 .84

System Life




TABLE 5: USAFA ECONOMIC ANALYSIS, AIR FORCE METHOD, MONDFL 25

Costs

1. Total System Costs £19, 500

Benefits

2. Recurring Benefit/Cost Differential Other Than Energy

a. Annual Labor Decrease (+)/Increase (-) § =306 Y
b. Annual Material Decrease (+)/Increase (-) S =100/Yr
¢. Other Annual Decrease (+)/Increase (=) $  =100/Yr
d, Total Costs § =500/Yr
e. 107 Discount Factor (MCP Table) 8.933
f. Discounted Recurring Cost [2d x 2e] $-4,500
3. Recurring Energy Benefit/Costs
a. (1) Annual Energy Decrease (+)/Increase (-) 368 MBTLU/Yr
(2) Cost per MBTU S2,16/ML
(3) Annual Dollar Decrease (+)/Increase (-)
[3a(l) x 3a(2)] 800/Yr
(4) Differential Escalation Rate (l27) Factor $ 21,69 :
(5) Discounted Dollar Decrease (+)/Increase (-) |
[3a(3) x 3a(4)] § 17,400 !
h., Discounted Energy Benefits [3a(5)] S 17,400 i
|
4. Total Benefits [2f + 3b] § 12,000 |
5. Discounted Benefit/Cost Ratio T4 1] S ?
. lotal Annual koer,y Savings [Ja(l)! Jhs AT 0 j
{
7. E/C Ratio [6 & 1/1000] 18 MBTU/S1000 |
1
S. Apnual $ Savings [2d + 3a(3)] (S 0 ‘
9. Payhack Period [(1 - Salvage) @ &} N

3.5

0. PF




TABLY o1 USAFA ECONOMIC ANALYSIS, AIR FORCE METHOD, MOD-2

Costs
1. Total System $2,500,000

Benefits

1<

. Recurring Benefit/Cost Differential Other Than Savings

a. Annual Labor Decrease (+)/Increase (-) $ -37,500/Yr
b. Annual Material Decrease (+)/Increase (~) -12,500/Yr
¢. Other Annual Decrease (+)/Increase (~) -12,500/Yr
d. Total Cost $ -62,500/¥r
¢. 107 Discount Factor (MCP Table) 9,524

f. Discounted Recurring Costs [2d x 2e) $ -595,300

3. Recurring Energy Benefit/Costs

a. Tlype of Fuei-Electricity

(1) Annual Energy Decrease (+)/Increase (-) 57,000 MBTU/Per Yr
(2) Cost per MBTU $2.16/MBTU
(3) Annual Dollar Decrease (+)/Increase (-)
[3a(1) x 3a(2)] $ 123,100/Yr
(4) Differential Escalation Rate (127%) Factor 28.45
(5) Discounted Dollar Decrease (+)/Increase (-)
{3a(3) x 3a(4)) $3,494,800
b. Discounted Energy Benefits [3a(5)] $3,494,800
4. Total Benefits {2f + 3b] $2,899,500
5. Discounted Benefit/Cost Ratio [4 * 1} 1.16
6. Total Annual Energy Savings {3a(l)] 57,000 MBTU/Yr
7. E/JC Ratio [6 : 1/1000} 2.8 MBTU/$1000
8 Annual $ Savings [2d + 3a(3)] $ 60,000
9. Payback Period [(1 - Salvage) + 8] 42¥r
10. PF 1.68
]
! .
| 23
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SECTION III

METHODOLOGIES FOR USAF WIND SITE SURVEYS
1. INTRODUCTION

It is important that an Air Force wind program be organized and
managed such that the energy available in the wind is utilized in the '1
most efficient and economical manner. The purpose of this chapter is to
present three methodologies, each representing a differing lead time to
wind machine installation, which can be used to support thi:. roal. These
1 methodologies link a broad range of topics from resource assessment through
: engineering economics to environmental issues.

It became apparent early in this study that more than one methodologv
was required. An essential methodology is one dealing with the question
‘ of which Air Force base or operating location should receive the first

wind machine installation, the second, and so forth,without regard to

outside influences such as politics or interest or {unding availability

in individual commands. The authors strongly recommend this approach,

presented as Methodology I, while realizing that other factors may cause
bases to be considered on individual merits and outside the constraints
of this methodology. The individual base approach is presentad in

Methodologies IT and TII.
7. ASSUMPTIONS

1t is irnortant that assumptions used in all three methodelegios e
lenrly stated ana understood botore application of the methodolonics
proceeds. To some the assumptions may aprear simplistic and unrealistic.
However, the following of an organized methodeolory is far more important
*han the specific tools used at each step. As the step-specific tools
become nore sophisticated, they will simply replace those in current usc.

Tatle 7 lists cach general assumntion with accompanyving discussicns,
.00 METHODOLOGY 1T - AN CRGANTZED USAF-WIDE APFRCACH

This methodology is a USAF-wide approach resulting in a rank orderiny

.

4.1 bages and locations from hiphest to Towest v notentia® for wind
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resource but includes economics, environmental and institutional factors.
Figures 10 and 11 show flow charts of Methodology I and Tables 8 and 9
describe the individual steps and loops, respectively., It should be noted
that after the overall rank ordering in Step 6, groups of '"N'" bases are
then considered in depth. The magnitude of "N'" depends on the level of
and time scale over which the program and funding proceed. Realistically,

"N" might equal five at program initiation.
4. METHODOLOGY II - THE INDIVIDUAL BASE APPROACH

Methodology II assumes that one specific base or location is being
singled out for consideration outside of and separate from the procedure
of Methodology 1. In addition, Methodology Il assumes that one or more
vears are available for controlled iastrumentation and site selection.
Figure 12 is a flow chart of Methodology II and Table 10 describes each

individual step.
5. METHODOLOGY IIT - THE INDIVIDUAL BASE APPROACH

Methodology LIl is similar to Methodology II except that, for whatever
reason, a decision to fund and install a wind machine at a particular base
is nearly final. Therefore, the l-to 2-year period for instrumentation
does not exist. The goal in this case is to do a rapid and, hopefully,
fficient selection of sites for immediate installation of wind machines.

Figure 13 shows the flow of Methodology III and Table 11 describes the

individual steps.
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TABLE 7: ASSUMPTIONS USED IN METHODOLOGIES 1, II, AND III

Assumgtion

Wind "quantity" is more
important than "quality".

Wind machines selected for

Air Force applications should

be fully tested by other
sovernment agencies,

The travelling site survey
team should be capable of
addressing all complex wind
power issues.

All power generated by a
wind machines Is used

PRI
{ RS

tectrical power is the
sedaadard form of energy
cutput.

The existineg wind data basc
Loooceentalbilos Yor inftiai

calenintions,

Discussion

The quantity of wind, reflected as a
wind frequency distribution, is neces-
sary for predicting wind turbine power
output. Quality of the wind field,
measured by such factors as turbulenco,
will surely affect machine performance
yet is not presently r sured and
available for most loca .ons. As thig
information becomes available and wind
machine manufacturers know how their
product responds to quality factors,
new calculations should be completed,

Selected wind machines should have
completed thorough DOE testing.
Power output curves should be those
generated during such tests,

Environmental and institutional
issues must be fully understood and
the team must be able to competently
deal with such complex topics.
Techniques of physically locating
potential sites must be practiced
and applied.

Quest ions of resale of wind generated
power are not considered. 1007 of s1°
power vroduced by wind machines is used
to replace that normally purchasced at
commove ial rates,

Llectricar power production is e noat

.

cony Snoo D oanputoand ie the :ole
form considered hore. Other apyplications
of wind machines are encouraged, yety carc
should b cnrefeed to identify the
coryect valne af cuerav replaced in

such cases.

The USAF Envirenmenta! Technical Appli-
cacion Center wind information, alone
with avher dats bases, cre naintained

At oar »ooilleble an request throush the
Air Force Enginecring and Services
Center, VWhile this information was not
".“"‘" [T i B :-»“<»“pl1:-\\4 ¥ oa oy ,.’:!‘(_‘ IR TE AR
DY D0Se Gy LU s L tasentoy te st

L T O L I I




—
{ OTART
STEF NUMRBER LOCF MEEEF
Rank Order
1 Lasen

(Natl wind
Crart)

|Calgulate

3 l
|

weitull
Corstante

jfe-rark

Qtdor ramer
"{Uee Step B

Fesulte)

o

Figure 10. Flow Chart, Methodology I,
Steps 1-6

27




STEP NUMEER

8 9 Iigerard vircaried
[RL-AN_ 5 LAY ‘ I t‘!. - ,,

10

112

| instrumers
iR )

T
).r‘!ssgn I
to :

b Bund 1

1

Steps 7-18

APPLY Hepiace ‘1: t




TABLE 8: DESCRIPTION OF FLOW CHART STEPS, METHODOLOGY I

Step Number Description
: 1 Using national maps of wind potential

in watts/square meter at a height of

50 meters, locate bases and rank order

from the base with the highest wind

potential to the lowest. This step i
has the sole purpose of supplying a

; simple (but inaccurate) starting point

for the methodology. ?

Collect wind frequency distribution

bt

information on each base in the order
1 established in Step 1. Most bases,
particularly those with airfields, have

rather extensive data bases maintained

by government agencies. Much of this

data has been reduced to a more useable
form for wind power calculations. The
most important piece of information is

the long term record of wind-speed
occurrences which leads to a wind
frequency distribution. 1If base-specific
information Is not available, then similar

data from a nearby civilian location must

be used but with much lower confidence.




step Number Description

3 At this point, the wind frequency
distribuetion should be described by
a mathematical function. The most
commonly used is the well- known
Weibull discribution, which secems to
best describe an actual wind
frequency distribution. ihils step
is necessary so that t! sctual wind
characteris~ics can be used in
calculations to follow. In addition,
the number of EW-hr/squarc meter is
calculated at this point and cach time

new data is input to Step 2.

I~

Average prescrt-day costs of (ormers o
energy shou!d be collected for cacl vase,
Emphasis should be placed upon the tvpe
cf energv which win'/—-—encrated enevev
will repeace.  Fer exampic. 1 the wind
machine will most Tikelv be of the
clecori- ol penerating tvpe, Dheo Ll
current cest ot commercial clectricity
in N l’:-‘_'_ N . "'i'.'.""."ll "‘.‘\' YRR
cshoald B0 oo teds The rarnesce
this = fe e fngreduce the efrects
ot geeremlon s the nariieet poassihle
Poand i toe netbsdnfopy as this is
maar fmoarrenar facrsar o the oventusl

cffictent arilizarion of wind-centerat oo
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Step Number
5

Description
The present value of power replaced by
wind-generated power is calculated here.
No particular wind machine is selected but
rather all of the energy in the wind is
assumed to be extractable and usable, It
is common knowledge that this is a ridicu-
lous practical assumption, vet, for purposes
of earlv rank ordering it is perfectly
reasonable in that wind machine dependence
is eliminated and all bases are on equal

footing. The specific calculation here is:
2 2
kw-hr/meter”) x ($/kw-hr) = $/meter”

This represents the value to the user of
the power replaced by a wind machine
having a l=sauare meter rotor area if that
machine couldd extract 100 vercent of tie-
energy in that base-specific wind field.
This simple calculation provides an

economic index for comparison.

Using the results of Step 5, all bases

are re-rank ordered from the highest

value of power replaced (S/mz) to the
lowest. Lack of resource or energy cost
information for a particular base should
not inhibit continuation of the methcdolopy
through the steps to follow. Rather, at
some regular interval, Steps 2-6 should

be repeated to include new information

and to add those bases for which necessary
data was not previously available. Addi-
tionally, if a "special situation" is
discovered whereby an attractive wind po-
tential is highly likelv, yet not supported
by the data, a decision to instrument such

a site would be appropriate here.
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s'tep Number

Description
An arbitrary number ("N") of bases can
now be selected for more intense considera-
tion. Realistically, this number mav wel!
be further divided into worldwide geographic
regions or separated by major air commands.
In any case, offsite vreliminary work can
commence. Terrain mapsg, miscion information
and maps of phvsical faci®ities are some of
the tools which might in. -ate if wind -
chines are even possible at a particuvlar
location. Wind machine energy production
can also be estimated for the site. 11 the
location still looks promising, it is time
for a siting team to visit. The specific
tasks of the team are dealt with in
separate section of this report, vet it rust
be said here that the team's rencral Sharter
will be to confirm or refute the 1l
calculations. Perhaps even —ore immortar: .

the team will determine 19 there are o

serious rarrviers to wind machine instal oo

and 1if wmore potential mieht o available

through -arefnl citing thae war predicted
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Step Number
9

10

11

Description
When a base is discarded as described
in Step 8, the next base in the rank
ordering takes its place and the
previously ranked '"N+1" base is moved
to the Nth position. This action
takes place through the exercising of
Loop 2 and insures that "X" bases are
always under serious consideration as

candidate sites.

"N'" locations,

For each of the top
the most suitable wind machine is
selected to match the wind resource.
Necessarily, the subject machines
should be those recommended after

extensive product testing.

Standard techniques of engineering
economics are applied to each base/
machine combination in this step.
The particulars of the economics
should be those presently in use for
such studies and should include re-
quired parameters used in federally
funded projects. The "bottom line"
should be some common measure such
as years-to-simple-~payback by which

the top 'N" bases can be compared.
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Step Number
12

14

Description
A discard based upon results of the Step 1!
economic study iz applied here. In o fash-
ion similar to Loop 2, Loop 3 is exercised
leading to the addition of the "N+1" base
bringing the total number of serious car-
didate sites back to the "N" level. an
example of a base discarded at thie naiae
would be one having a low -verage wind
speed (wind speed distribu [ n skewed!
toward low speeds) but high commercial
power costs (hiuh $/m2) resnltine in a hich
rank order. However, when n existing wind
machine is added to the picture, the result
might be an extremely lone iayvback since
machine might not exist which can extrace
power from such low speed winds. As in
previous discards, this basc would not b
dropped from consideration completelv, It
would continue to reapncar {ov consideritiom
each time Loop 1 is exercised and niipht
eventually be paired with a machine hot

could extract *har site'e eneray,

Based upror tle Lcsalis b o sren |0 =

vomic st e tae top Y L3508 are now

Doweost to hialest pave

vank or lorgd T
back factor Wi
Pavhacw Factar = Yoars—-to-Pavbac s
Servioedantoe b

Pnvirotmers | asso9sments caouls he com-
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Jeened  convonpioacs ot this o oant, Thpe
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Step Number

15

16

17

Description
Following favorable completion of the
Step 14 environmental assessments, site-
specific wind instrumentation is selected
and installed at as many of the "N" bases
as is deemed appropriate. The instrumen-
tation should remain in place for a minimum
period of ! year. During, and in particu-
lar following this collection period, Loop 4
is continually being exercised to update
the economic studies. Care must be taken
to use the most current economic parameters.
There well may be "special situation" bases
not appearing in the top "N" but which
should be instrumented earlyv. An example
might be a base with a marginal resource
from airfield wind records, vet having con-
plex terrain which indicates a strong poten-
tial. Delays associated with waiting for
this base to naturally appear in the
ranking added to the l-vear instrumentation
period could produce a lost oppuitunity.
Therefore, flexibility should be the key

to instrumentation decisions.

After this cycle through Loop 4, a
decision to fund wind machine installation
at one or more of the top "N" bases can

be made.

Funding results in subsequent machine

installation.
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Step Number
18

Description
The methodology may or may not be
complete at this point. If all "™"
bases have received a predetermined
maximum number of wind machines, then
a return to Step 2 would be in order
with the previcusly considered '"\"
bases removed from the rank orderiuc.
If all bases have receive” consideration
and/or machine installaticas to a fooe 0
maximum, then the entire program is com-
plete and the morbdolepy terminntes in

Step 19,

(o4




TABLE 93

Loop Number
1

DISCRIPTION OF FLOW CHART LOOPS, METHODOLOGY I

Description

Loop Number 1 is designed to provide a
continuing update of the rank ordering
done in Step 6. New wind frequency data
and/or unpredictable commercial energy
cost escalations will change the rank
ordering., The Step 6 ordering should
always be based upon the best and most
current data, for it is from this list
that the second "N'", third "N", etc.
bases are chosen. This loop should be

exercised no less frequently than annually.

Both Loops 2 and 3 serve the same
purpose; that of keeping the list of
"N" most promising candidate bases
filled to the level "N' following dis~
cards for re..ons of insurmountable
institutional obstacles or poor eco-~
nomic indicators. These two loops are

exercised any time a base is discarded.

Loop 4 provides a continuing cycle
within the "N" selected bases and
allows for updated economic studies
when wind data from newly installed
instrumentation predicts a power po-
tential differing from that estimated
earlier. This loop would be exercised
after 1 year of wind data collection
at each base. The economic analyses of
Step 11 will be updated to reflect the
most current wind machine performance

models,
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TAbLE 10t DESCRIPTION OF FLOW CHART STEPE, METHODOLOGY II

l Step Number Description
” 1 Collect wind frequency distribution

information on the base. (See Step 2,

Methodology I)

(R

(See Step 3, Methodology I)
3 (See Step 4, Methodology 1)

4 Based upon the expected use of the wind -
generated power and the estimated machine

size and type, pick one or more machines

for consideration, Secure power output
curves for each of the selected machines.

(See Step 10, Methodology 1)

5 Apply standard techniques of engineering

economics. (See Step 11, Methodology 1)

6 A travelling team of siting experts travels
to the base in question. Specific team
tasks are dealt with in a separate section
of this report, yet the most important
task will be to investigate any serious
barriers to wind machine installation
and to determine if more potential

might be available through careful siting

than was predicted by offsite calculations.
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Step Number Description
7 Sites (as determined by the

T

travelling team) with estimated
i potential equal to or greater than
predicted by offsite calculatious,

are instrumented. Instrumentation

periods should equal or exceed one
year. As site-specific data is
obtained, Steps 2~6 are :xcrcised
as required and until economic
conditions become favorable for

wind machine installation.

8 If Steps 2-6 indicate wind machine
installations are viable alternatives,
the base environmental coordinator
initiates an environmental analysis
process. Depending on the extent of
the estimated sociveconomic 1mpacts,
this step may end with an assessment
or be elevated to a higher level, if
an in-depth Environmental Impact

Statement is required.

9 Based upon favorable faindings from
Steps 5, 6, and ¥, a decision is made

to fund the wind machine project.

10 Wind machine(s) instailed.
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TABLE 11:

Step Number
1-5

§=10

DESCRIPTION OF FLOW CHART sSTEPs, METHILOQLOC

Description
(See Steps 1-5, Methodology 1D

Same as Methodolocyll except that
the travelling team dirccis irs
efforts toward the immedi

answers necessary for a i
decision on whether to employ
wind powor. This should be a
comprehensive visit, wel! planned
in advance, so that key base
personnel are present.  Sine
long -term instrumentation will
not be emploved, tear mombers
must determine the optimur site(s)

from limited available dato.

Sites seloected are for wind machines
and not for dastrument tiioa. Ses
lected sive(s) shootd have best

possible potent foi.

(See Steps 4-1u, Mernodology ol




——TEre

6. INTRODUCTION TO EXAMPLES OF METHODOLOGIES I, II, AND III

Examples using Methodologies I, II, and III are presented in this
section. Tables 12, 13, and 14 are keyed to the flow charts and tables

of the previous sections and show results using the three methodologies.

The USAF Academy and Vandenberg AFB are the only bases used in the
examples, since these are the only two locations for which more or less
complete wind site surveying results exist. Due to the limited number
of bases considered, the overall impact of Methodology I is lessened,
yet, it is particularly important to notice the switch in rank ordering
that vccurs from Steps 1 to 6. The better wind resource at the USAF
Academy is overshadowed by the simple economics introduced in Steps
4 and 5 resulting in Vandenberg AFB taking over the number one ranking. |
Vandenberg AFB becomes even more firmly entrenched in the number one

position (Step 13) following the more detailed economics used in Step 11.

The Methodology I1 and III examples are keyed to Vandenberg AFB,
since this base was actually surveyed using these two methodologies.
The examples shown differ only in the recommendations to instrument in
the case of Methodology II and to install a wind machine in Methodology
II:.
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SECTION 1V

SOME WIND SITE SURVEYING TOOLS
1. THE WIND SITE SURVEY TEAM

The wind site survey team described in general terms in Steps 7 and 6,
Methodologies I, II, and I1I, respectively, is a key element of the siting
approach developed in this report. It is absolutely essential that the
three methodologies be supported by individuals highly trained in siting
procedures. The team envisioned here is comprised of three individuals
whose titles and duties are described in Table 15. A typical ansite
inspection is expected to take from 2 to 5 days, depending upon
local base support and the level of geographic and environmental
complications encountered.

A test of this team concept was accomplished between
27-29 July 1980 at Vandenberg AFB by USAFA personnel. Several weeks of
preparation preceded the onsite inspection. Calculations were completed
which theoretically linked specific wind machines to the Vandenberg wind
field and resulted in prediction of power output. Economic studies leading
to vears-to-simple-payback were also completed. With this information in
hand, the siting team traveled to Vandenberg AFB and spent 1 entire day
in meetings with key base personnel and in physical site inspections. The
following day concluded with an out-briefing ending in recommendations for
continued studies and actions by base personnel which would lead to an

organized wind program for that base.
2. TALA VERTICAL PROFILING PROCEDURE

The purpose of vertical profiling is to gain some understanding of the
wind field in the vertical plane over some site of interest. Vertical
profiling with a single TALA system has the major limitation that the wind
field changes with time as the profile is taken and the results represent
one data point in a phenomena changing with time of day, season, etc. In
order to minimize errors associated with this problem, special steps must
be emploved. The general idea is to take enough time at each altitude to
get an accurate time average, vet not so much time that continuity in the
wind field is lost. Convenient and recommended reel counts are 75, 150,
300, 600, 1200 and 2400, which yields a profile from about 20 to 220 meters

above the selected site. Each reading at a specific reel count takes about
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TABLF " 53: WIND SITE SURVEY TEAM COMPOSITION,
RESPONSIBILITIES AND DUTIES

Team Member

Team Chief

Wind Characteristics
Specialist

ITnstitutional/Environmental
I[ssues Specialist

Responsibilities and Duties

Responsible for coordinating the
overall siting procedure.
Supervises the actions of the other
two team members,

Assists the other team nembers as

necessary.

Performs previsit calculations
involving the wind field and
specific wind machines.

Prospects for potential high
energy density sites.

Inspects existing instrumentation;
recommends new recording devices

and their locatinrns.

Performs previsit data gathering
function on possible institutional/
environmental problems.

Performs previsit economic caicu-
lations.

Meets wirh appropriate base personncel
and Jocal community representatives
on the broad range of issues in his
area of responsibility,

Determines which, if any, issues will
require further study er will preclude

wind machine installationas.




five minutes for a total of 30 minutes for the entire profile. Since the
kite is already at the maximum altitude at this point, it is recommended
that a second set of readings be taken at these same altitudes as the
kite is reeled in.

The vertical profiling procedure used at USAFA is listed in Table 16.
Specific information regarding operation of TALA is found in (6). Readings
are spoken into a tape recorder for a one-person operation or can be written
on the form shown in Figure 14 if a second person is involved. The pro-
cevture is designed for profiling over a ridge line where readings include
inclination of the ridge crest at each kite altitude. Over flat terrain,
ril .0 oiest Llleiina lon is simply input as zero., Data is then reduced to

the form of the Appendix A figures using Computer Program KITPLT of

Appeadix B.
3. FIXED INSTRUMENTATION

The TALA system just described has a limitation that wind data cannot
be recorded over long periods of time. In addition, using only one kite
to take a vertical profile introduces uncertainty since the time at each
recording level is different. Nevertheless, TALA is a low cost method
of obtaining an estimate of vertical shear,yet it should not replace
continuous recordings.

Experience gained from the USAFA Wind Site Survey can be used to
determine the specifications of fixed instrumentation for other USAF
locations in support of the three proposed methodologies. While the
equipment installed at the three USAFA sites has performed well, the
data set is not complete and was time consuming to access and reduce.

A set of general specifications for a standard wind recording device
to support the three methodologies is described in Table 17. The thrust
of the specifications is measurement of wind "quantity" (frequency dis-
tribution) rather than '"quality" (turbulence intensity, gustiness, etc.).
"Quantity' measurements are critical for resource assessment but that is
not to say that "quality' measurements are never necessary. Once a base
is selected as a candidate for a machine installation, 'quality'" measure-
ments will be a necessary input to the selection of a particular machine.
Such measurements are outside the scope of this report. The listed speci-

fications are ambitious and require storage of large data sets. However,
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10.

11.

12.

15.

16.

TABLE 16: TALA VERTICAL PROFILING PROCEDNURE

Assemble reel and handle.
Calibrate measuring tube as described in the owner's manual.

Remove barometer and thermometer from carrving case and place
in a sheltered location. Record temperature and pressure

altitude.
Read fixed instrumentation if flying over such a site.

Launch kite to the first reel count and directly over the

selected site.

Record start time of the test.

Record inclination of the ridgecrest,

Record inclination to the kite and wind direction.

Record wind speed 10 times with each reading spaced by

15 seconds.

Repeat steps 8 and 9 one more time for a total of 20 wind

speed readings.
Record inclination to the kite and wind direction.
Increase reel count for the vext set of readires.

Return to step 7 and repeat steps 7-12 until the profile

is complete.

Reel in the kite, again repeating steps 7-12 but now at

decreasing reel counts.

Take final reading of fixed instrumentation it applicable.

Reduce data on a desktop computer or niot bv hand.
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| ]
; TABLE 17: PROPOSED WIND RECORDER SPECIFICATIONS
y

1. Wind speed sampled at 10 meters and 30 meters

on a 30-meter tower.
2. Sampled wind speed placed in 1 wph bins at
1 ~second intervals.

3. Sampling grouped as a frequency distribution
, covering a 1-hour period resulting in
1 24 distributions for each of the two recora ng

levels.

e

4. 48 frequency distributions read to memory
monthly.

5. As much data reduction as possible should be
carried on internal to the recorder provided
the character of the raw data is not destroyed
or becomes dependent on a specific wind machine.

6. Capable of self-contained, unattended operation
in severe climatic environments for periods
exceeding 1 menth,

T




they can always be relaxed at some future date, provided convincing arguments
% are made which support reduction in data necessary to perform the proposed

methodologies.
4. ECONOMIC ANALYSIS
4. Introduction

It is essential that wind power be shown to be economically competi-
tive with other forms of energy. There is no one currently accepted method
of evaluating the economics of a wind machine installation. Recent economic
studies have ranged from a very basic approach to elaborate methods of life
cycle costing which employ statistical analysis. The major differences
appear to be in the assumptions made and the number of variables which are
included in the analysis. For our methodologies, some simplifying assump-

tions were made and two contrasting analysis techniques were used.

b. General Assumptions

The following assumptions were applied to both economic analysis
methods:

(1) All costs are in 1980 dollars.

(2) Depruciation, insurance and overhead are not siginificant
and will not be considered.

(3) No federal or state tax credits are applicable.

(4) System life is the duration specified by the
manufacturer.

(5) Discount rate (cost of money) is 1Gpercent,

(6) All power produced will be used onsite with no
sell=-back to a utility company.

(7) Operations and maintenance costs are fixed and
represent a total annual cost of 2 1/2 percent of initial
system cost.

(8) Computer program documented in Section IV,6 and

listed in Appendix B are used to estimate wind
machine energy production.
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c. Approximate Method

This analysis method (7) considers the total annual fixed costs
(discount rate = 10%, operations and maintenance = 2 1/2%) as a percentage
of the system's initial cost. The annual value (AV) is the amount of
power produced by a wind machine multiplied by the current cost of conven-
tional power. A capital recovery factor (CRF) is used to determine vears-
to-simple-payback. The CRF is computed as: CRF = ég__w_:‘h,

Total System Cost
The interest rate for the CRF is taken as the difference of the annual fixe!
casts, expressed as percent of system cost, and the utility escalation rate
which for the present analyses becomes 1/2%, The payback period is found bv
using a conventional compound interest for 1/2% and is equal to "n" (numbe:
of vears) under the CRF factor. For comparing alternative machines with
ditfferent system lives, a payback factor (PF) can be used where,

PF = years~to-simple-payback
system life

and the machine with the lowest PF is the most economically attractive.
Although this technique is very simple, it seems to be appropriate

when dealing with unproven variables such as machine life, maintenance cosis,

utility escalation, and general inflation. Some large utilities use a

simitar approach of computing an equivalent levelized annual cost when

werating in an uncertain environment. Table 4 illustrates this method

in comparing two machines for potential installation at the United States

Tovree Acade SV .

d. Air Force Method

This analvsis methed (8) is for a proicct which falls under

“ne knergy Conservation Investment Program (ECIP) of the Military Counstro. -~

tion Program (MCP). Although it was intended primarily for retrofit proi-
s invelving alternate fuel sources, it is the method whicn woulld prelabls
aod as justification for possible funding.
There are several Jdifferences frem the approegimate method. Ui
aintenance costs (labor and material) must be estimated.  As expresscd

sooowae maciniae reliabil ity arg maintensare coquirer o P

feon fmey o o wind machine dastaldlatiae oo tvpioal Toae toaani




work force can only be guessed. Next, a utility escalation rate is used to
compute the bunefit/cost ratio, but is not used to calculate the payback
period. This results in much longer payback periods which tend to exceed
the system life and make wind machines appear economically noncompetitive,
A final major difference is that this method requires computation of an
cnergy/cost ratio which must exceed a specified value (20 for FY 81) in
order to be approved. This is often difficult to achieve with a new wind
machine installacion. Tables 5 and 6 illustrate this method for the same
wind machines considered with the Approximate Method.

The two methods presented are almost extremes. The Approximate
Methed can be considered optimistic and the Air Force method extremely
conservative. As such, the true payback period is probably bracketed wien

using the two methods.
5. INSTITUTIONAL ISSUES
a. Introduction

Along with the review of technical wind characteristic data, many
R other issues must be addressed before a wind machine is installed. This
section discusses some of the common nontechnical areas which should be
cvaluated during a base survev. Table 18 lists these primary institutional

issues.

TABLE 1t: INSTITUTIONAL ISSUES INVOLVED IN WIND MACHINE SITING

Matural socioeconomic Other
Floral/Fauna Visual Impact Electromagnetic Interference
Noise Public Concern Airfield Clear Zones
Historical Sites Zoning FAA Coordination

Safety Utility Interface

b. Environmental Impact

The National Environmental Policy Act of 1969 requires that, before
any federal action is taken which could affect the natural or socioceconomic
cavironment, the action's impact must be fully assessed. In the Air Force,

environmental assessment ranges from a brief informal review to an extensive
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ipact statement., In every case, a proposed action's environmental
assessment ends with either a negative determination at some level of
teview or progresses until a Final Environmental Impact Statement is
published at the Congressional level,

At a specific Air Force base, the environmental review begins
with the Base Envirommental Planner preparing an environmental assessment
(EA) according to AFR 19-1 and AFR 19-2. In most cases, the EA is then
reviewed at major air command level where it is given a negative determi-
nation or elevated to a Candidate Environmental Impact Ste ment.

The Base Ynvironmental Planner should also initiate action for A-85
clearinghouse coordination so that other agencies surrounding the base are
aware of the proposed wind machine installation and have the opportunity
to comment.,

If a proposed 1natallation is of large scope, such as a wind farm.
or if environmental impact is cvident, the usc of the Environmental Techni-
cal Information System (#T1S) may assist greatly in the assessment procoes .
The ETIS computerized svstem, along with the site-specific inputs, can

produce a complete assessment in a short period of time,
¢. Discussion of Some Important Institutional Issues
(1) Noise

Some of the cariicr DOF larpe wind machines expericoc. s ood
prehlems.  Current research indicates that noise is not a problem for sl

1 .

cariiines and advanced technology will hopefullsy Climinate thie ropl.

vooe machine s as well,
(2) Electromrgnetic Interterence

Most of the research thus far has bHeen Jdirected at TV inter-

{erence. It is known that the upper UHF chanvels are particuisrly suscepti=-

coowiad mochine-induced interferences  Recoardis i. continuing in ord oot

Tanncta an ofher freguencies mmd teapesissionr mpadoess Vo hanoo
el imporiont Lo gwcertain peacin e DororTorone s L ith o ooar, microwar

telemetty and other communication and data transuission systems.  The Dow

1 trorapuctic Compatibility Analvsis Center, locatod in Arnapelis,




Marvland, is the DOD center for problems pertaining to electromagnetic
interference.  They are working to evaluate electromagnetic interference

caused by wind machines.
(3) Airfield Clear Zones

The Base Siting specialist must carefully check a proposed
wind machine site to insure that Clear Zone criteria are met. This is
more of g concern for large wind machines with hub heights greater than

e L (oordination with local FAA officials will also be necessary.
Any local zoning restrictions, as with government leased land, must also

be considered.
(4) VFlora/Fauna

Impacts on vegetation and animal life must be assessed. Of
particular concern is the presence of endangered species which could

restrict wind machine siting.
(5) Historical Sites

The Historic Preservation Act of 1966 protects historic sites
trom modification. Though not a problem for most bases, Vandenberg AFB,
for example, has over 400 reported archaeological sites which cannot be
disturbed. This factor, as with endangered species, can further limit

wind machine siting on federal installations.
(6) Utility Interface

If a wind machine (or machines) is to be tied into the
existing utility grid, a formal agreement with the supplying utility
coapany must be obtained. Ttems such as connection charge, back-feed
protection, and sell-back rate structure must be resolved. 1t should be
noted that poor site selection could result in power more costly than from
conventional sources, 1f the demand rate increases and a low sell-back rate
results from the grid connection. Such an instance might be a facility
requiring backup power 24 hours per day and operational for only 8 hours
with much of tihe wind power fed into the utility network. The end use of

the wind machine installation is, therefore, a most important decision.
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(7) Public Concern

Most of the reaction to wind machines has been positive. Peop!
recognize the need for alternatives to fossil fuels and in general voice
no objection to wind machines,with the possible exception of noise. Safety
is also of primary concern in any energy-producing process and product
testing actively underway by Rocky Flats, DOE, and other agencies will

hopefully address this question.
6., DESKTOP COMPUTER PROGRAMS
2. Introduction

The desktop computer programs described in this section are designed

to support the methodologies of Section I1I11. Programs are described here o

program listings and sample outputs are shown in Appendix B. All programs
are written in BASIC language and listings shown are peculiar to the HP 85
desktop computer. Similar programs are available for the HP 9830, HP 9831,
HP 9835 and can be easily adapted to the HP System 45. Users should have

~he appropriate computer manuals at hand when running these programs.
h. PROGRAM "CKETAC"

I'ne Weibull distribution is frequently used to model actual wind
speed frequency distributions. Use of such a medel allows a lengthy datas
set to e described by two parameters, ¢ and k, where ¢ Is called the
<oale Tactor and k the shape factor. A probability density function,
n(V), can be defined as the probability per unit speed interval at

RS IR

[P | '
LA i i T f L.
p(Viav = (k/e)(V/o) DN — (oY e
The cumudative probability function or wind speed duration curve is
ol
\Y

, X k
p(VeV ) = [Tp(V)dV = 1 - exp(-(V /o))" ).
: o 3
Paealues of o oand koare estimated using au cclual it Sveed distribu-
tion summary, in this case one provided oy the USAT Enviroumental Technical

Aaplications Center (ETACY, and a best least - ooaares it procedure deseribod
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;

;

!

f . .

Y manually or read from tape. If input manually, the program will allow the

0 operator to store the data to preclude having to reinput the data if more

? calculations are needed later. The program requires a number of occurrences
k

for cach wind speed measured in knots. It computes average wind speed and
the Weibull constants, ¢ and k, starting at 1 knot and continuing to

45 knots or the highest velocity for which an cccurrence has been
observed. The operator has the option of changing these limits to get

a better fit of the distribution to the actual data. Video displays

and hardcopies of percent time at speed and percent time above speed

are produced,along with correlation coefficients.

i Input: IF INPUT MANUALLY -

Data location (where data was collected)

Period of data (when it was collected)

Number of occurrences for velocities from 0 to 45 kts

Name of data storage file (if required)

TF INPUT FROM TAPE -

The name of the data file

IF¥ ¢ AND k ARE KNOWN
¢ (mph), k
Vutput:
Average wind speed
¢ (mph), k

Mean, standard deviation and correlation coefficients i
for Weibull curve fit :

Hardcopy:

Tables of speeds, number of occurrences, percent
time at and above speed

Average wind speed (mph and knots)
Wind specd range for Weibull fit

Mean, standard deviation and correlation coefficients
for Weibull curve fit

Graphs of percent time at and above speed
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«. PROGRAM "CKCOMP"
This program computes the Weibull parameters, ¢ and k, as described

from Program "“CKETAC'", using occurrences from a wind speed compilator.
The compilator supplies data from eight different wind directions in
3. 2-mile per hour increments from O to 64 miles per hour. The
program computes ¢ and k from 15 to 63 mph or the highest speed for which
an occurrence has been observed. Graphs with the actual data points and
with the curve defined by the Weibull constants are plotted to help the
operator to decide on the quality of the fit. It is possible to compute
¢ and k for limits other than 15 to 63 mph by inputing dif, rent limits

when cued by the program.

Input: IF INPUT MANUALLY -
Data location
Period of data

Number of occurrences for eight directions and 2 mph
increments

Name of data storage file (if required)

IF INPUT FROM TAPE -

The name of the data file

IF ¢ AND k ARE KNOWN -
¢ (mph), k

Jutput:
Same as "CKETAC"

Eardeopv:

Same as "CKETAC": EXCEPT the units on the wind speeds
netween which ¢ and k are computed will be miles per hour




T

d. PROGRAM "WEIPOW"

This program computes the total power density, in watts per square
meter, available in a wind speed distribution described by Weibull para-
meters ¢ and k. The power density calculated is not that expected from a
wind machine,but rather that available in the wind if 100% could be ex-
tracted. The Weibull probability is calculated for each wind speed,
multiplied by that wind speed cubed, and then converted to the proper

units and summed.

Input:

Weibull constants, ¢ (mph), k

Qutput:

Power in the wind (watts per square meter)

Hardcopy:

¢, k, and power

e. PROGRAM '"CHGHT"
This program extrapolates Weibull parameters, ¢ and kl, from one

height, ) to a second height, Zy- The Weibull parameters, c, and ky, at
height z, can be estimated by the following empirical relations suggested

by Justus, et al, (9).

c, = ¢ (zq/zl)n
k7 = k1[1—0.0881n(21/10)]/[1—0.0881n(22/10)]
where n = {0.37 - 0.0881nc1]/(1-0.0881n(21/10)]

These relationships are thought applicable for z, < 100 meters in relatively

2
tlat terrain and over a fairly wide range of surface roughnesses.

Input:
Weibull constants, c¢ (m/sec), k
Height at which ¢ and k were computed (meters)

Height for which new values of ¢ and k are desired (meters)
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Output:

Weibull constants for new height
Hardcopy:

Original ¢ and k

Original height

New ¢ and k

New height

f. PROGRAM "WINDEL"

This program models a wind machine operating in a specific wind
regime described by Weibull parameters ¢ and k. If the wind speed
probability distribution p(V) is known and the output power of a wind
machine as a function of wind speed is given by P(V), then the average

output power of the machine in this wind regime is

P(V)p(V)dV.

o
]
C*— 8

The model used here for the output power of a wind machine as a function

of wind speed is shown in Figure 15. Mathematically, this function is:

0 V<V,
2 - 1
P +BV+CV y \Y
peny = P oV <vev
P V< VeV
r r - 0
0 v > Vn

where V is the wind speed at the hub height of the wind machine. Pr is
its rated power and A, B and C are coefficients determined internally
t the program as described by Justus, et al, (9). Vi is the cut-~in
wind speed of the wind machine, Vr is the speed at which the machine

reaches rated power and V0 is the cut-out or shutdown speed of the machine.

e annual energy output of the machine is then

E = 8760 x P




12poK IndiInQ 12M04 2UTYOEK PuIlM Gl 2andrg

(ydw) A ‘poads purM IySIdH qnH :

X T
A A '

65

" G e eES P TED ey S e amm ES = v




A ¢ mmon measure of wind machine performance at a specific site is the
capacity factor, Cf, which is the ratio of the actual average power

output to the rated power of the wind machine.

Cf = P/Pr

Another common measure of wind machine perfo-mance is called the recovery

tactor, R This factor is a ratio of the annual energy output of the

T
wind machine to the total energy that was available in the wind,

oo

R, = B/ [(1/208 V))p(vyav
o

where AS is the swept area of the wind machine rotor and p is the air

density.

Input:
Cut-in wind speed, Vi’ (mph)
Rated wind speed, Vr, (mph)
Cut-out wind speed, VO, (mph)
Number of 1 mph intervals, cut-in speed to rated speed
Wind turbine rated power (kW)
Wind turbine rotor diameter (feet)
Site elevation above sea level (feet)
Weibull constants ¢ and k (¢ in mph)
Number of hours considered (usually 8760 for one year)

Commercial electric costs ($/kW-hr)
Output:

wind turbine swept area (ftz)
Average wind epeed (mph)
Average power output (ki)
Capacity factor, CF
Energy output, [ (kW-hr for the period cof time considered)
Recovery factor, Rf
Dollars per square meter (value of the commercial power
replaced by power produced from one square meter of wind
turbine area)

Hardcony:

Same as Input and output




g. PROGRAM "WINDE2"

This program performs the same function as WINDEl except here the
wind machine power output curve, P(V), is described by a polynomial of
degree n. Some wind machines display a power output which cannot be
modeled as shown in Figure 15. WINDE2 uses Simpson's Rule to numerically
integrate the product of wind frequency distribution (described by Weibull

parameters ¢ and k) and the wind machine power output curve, P(V), where

2 n
P(V) = a + alv + a2V oo anV .

The user must independently generate the coefficients aj ... a, for a best
fit of the actual power output curve. Many routines, such as least squares

fit, are readily available for this purpose.

Input:
Cut-in wind speed (mph)
Cut-out wind speed (mph)
Weibull constants, ¢ and k (¢ in mph)
Wind turbine rated power (kW)
Wind turbine rotor diameter (feet)
Site elevation above sea level (feet)
Number of hours considered (usually 8700 for 1 year)

Number of polynomial coefficients to describe wind curbine
power curve, n + 1

Values of polynomial coefficients, a ... a

Integration steps (even number - cut-out speed minus
cut-in wind speed)

Commercial electric costs ($/kW-hr)

Output:
Average wind speed (mph)
Energy output (kW-hr)

Capacity factor, Cf
f

Dollars per square meter (value of the commercial power
replaced by power produced from one square meter of
wind turbine area)

Recovery factor, R

Hardcopy:

Same input and output




SECTION V
CONCLUSIONS AND RECOMMENDATIONS
1. CONCLUSIONS
a. USAFA Wind Site Survey

Results of the wind site survey of the USAF Academy indicate a
moderate wind potential with indications of more potential, perhaps even
that of a "good" site, at elevations above 30 meters on ridge line sites
#1 and #2. However, economic analyses using the Site #1 . sults showed
long payback periods primarily due to low present costs of electrical power.
Based upon these results, wind machine installations at USAFA are not
currently cost effective. However, better definition of ridge speedup

erffects, coupled with future unforeseen commercial power cost escalation,

] could well drive the Air Force Academy to a more competitive position.
In addition, and perhaps of more importance, wind site survey techniques
developed at USAFA can be applied to similar surveys at other Air Force

bases.
b. Wind Site Survev Methodologies for USAF Bases

Tests of the three methodologies presented in this report indicate
thev can be successfullv used to support USAF inputs to the federal appli-
cations study required in the Wind Energy Systems Act of 1980. However,
the Adir Force Method of economic analysis does not adequately support the
mothodologies Jue to omission of utility escalation rates when calculating

vears—to-simple-pavback,
2. RECOMMLNDATIONS
A, USAFA Wind Site Survey

To produce a more complete set of wind characteristics for USAFA,

one or two 30-meter towers cquipped with instrumentation suggested in

7 Sootien TV, 3. should be installed at ridee line sites. As this information
Lecemes avaiiable, and/or commercial power costs escalate at a higher rate

than assumed in this report, new economic calculations should be completed.

e —— e - e ey




T Y

b. Wind Site Survey Methodologies for USAF Bases
Methodology I should be applied to a rank ordering of all USAF bases
in support of the federal applications study. Methodologies II and III
should also be used where appropriate. The economic analysis referred to
in this report as the Air Force Method should be revised to more adequately
support funding for wind machine installations anticipated under the direct

federal procurement provisions of the Wind Energy Systems Act of 1980.
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APPENDIX A

USAFA WIND SITE SURVEY RESULTS TABLES AND FIGURES

1. USAFA WIND TURBINE TEST SITE

Tables A-1 through A~5 and Figures A-1 through A-24 show tabulated
annual and seasonal wind characteristics for the USAF Academy Wind Turbine
Test Site (USAFA WECS Site). Tables A-1 through A-5 show wind speed versus
direction where each column represents occurrences in the 2 mph increment
below that speed. Figures A-15 through A-24 show wind direction variations
for time of day. All tables and figures were produced from strip chart data

reduced using the digitizing capabilities of an HP-9830 desktop computer.

Missing time periods represent downtime on the WECS Site wind data recorder.

2. USAFA COMPILATOR SITE

Tables A-6 through A-10 and Figures A-25 through A~39 show tabulated
annual and seasonal wind characteristics for Site #1, called the USAFA
Compilator Site. Tables A-6 through A-10 list wind speed occurrences at
1- -second intervals for 32 2 mph speed bins versus eight magnetic wind
directions. Included on the figures are Weibull coefficients for curve
fits to the percent time above speed data. The reliability of data shown
for summer and fall 1979 is questionable. During this period, the wind
direction head malfunctioned due to a manufacturing defect later corrected

by the supplier.
3.  TALA FLIGHT RECORDS

Figures A-40 through A-51 show vertical wind speed and direction pro-
files from {lights of the TALA anemometer above Sites #1, #2, and #3.
Site #1 is referred to on the figures as the Compilator Site,while Sites
#.) and #3 are referred to as the North and South Accumulators, respectively.
Data points for 10 meters are those taken from fixed instrumentation at

those sites.
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Figure A-40. TALA Record No. 1, Site #1
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Figure A-41. TALA Record No. 2, Site #1
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Figure A-42. TALA Record No. 3, Site #1
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APPENDIX C
USAFA SITING EXTREMES SUMMARY
1. INTRODUCTION

Many hazards exist which may have a direct impact on the siting of
wind turbines. This Appendix deals with 15 potential hazards as out-
lined by Battelle Northwest Laboratory in their "Draft Handbook for
Siting Large Wind Emergy Conversion Systems" (10). Each hazard is listed
individually and the local extremes for the Air Force Academy considered
with respect to impacts on wind machine siting. Many of these extremes
will be of wore concern to the turbine designer than to the site surveyor,
vet they should still be addressed. Specific references from which these

eitremes were summarized are contained in (3).
2. SOLAR RADIATION

Sunshine, in addition to being the driving force behind the wind, may
cause material deterioration. Ultraviolet deterioration of polymers, for
viample, could have a detrimental effect on machine life and maintenance
costs., The Alr Force Academy receives a good deal of solar radiation due
to its dry climate and high altitude. The average number of hours of sun-

shine per year is 3000.

TABLE C-1: USAFA SOLAR RADIATION

Period Hours of Sunshine
(Representative Month) Month Langleys/day

Winter (Jan) 200 - 220 200 - 250
Spring (Apr) 240 - 260 500 - 550
Summer (Jul) 320 - 360 600 - 650
Fail (Oct) 240 - 280 300 - 400
Annual 250 400

.'
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3. EXTREME TEMPERATURES
2 Temperature extremes may affect the performance of machine parts and

lubricants and also the material properties of its components. The depth

aafo

of frost penetration 1s also a consideration for proper foundation design.
1 The temperature extremes for USAFA are 100°F (38°C) and -32°F (-35°C).

The frost line may extend to 30 inches within this area.

TABLE C~2: USAFA TEMPERATURE EXTREMES

(Reg;eseii;izg Month) Monthly Mean Maximum Monthly Mean Minimum
Winter (Jan) 41.0°F 16.1°F
Spring (Apr) 59.2°F 33.1°F
Summer (Jul) 84.4°F 57.0°F
Fall (Oct) 64.2°F 36.8°F
Annual 61.4°F 35. 4°F

4, BLOWING DUST

Dust can cause damage to a wind machine if it is not sealed or main-
tained properly. Dust may penetrate the machine housing to cause excessive
wear on moving parts. At the Academy, the frequency of dust is not large,
but occasional wind storms may actually sand blast the machine. Painted

surfaces should be impact resistant to minimize this damage.

TABLE C-3: USAFA DUST LFVELS

Period % of Dusty Hours
(Representative Month) (visibility > 7 miles)
Winter (Jan) 0.1 - 0.5
Spring (Apr) .025 - 1.0
Summer (Jul) 0.0 - 0.2 '
Fall (Oct) .005 - 0.4
Annual 0.2 - 1.0
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5. SNOWFALL

Snowfall's greatest detriment is to limit the access to the more remote
locations for servicing of a wind machine. Snow could also accumulate inside
the machine housing and cause damage to electrical components. At the
Academy the annual snowfall is 40 inches with whiteout or blizzard con-
ditions not uncommon during periods of snowfall. There would be approxi-
mately 10 days per year when snowfall could prevent normal traffic from

reaching the more remote locations.

6. ICING

The accumulation of ice on the rotor blades, tower or power lines could
lead to damage and/or loss of power. Glaze ice is the most damaging type
and is caused by freezing of rain on the colder surface of the machine.
Rime ice is formed by the condensation of water vapor which has been super
cooled and, when it collects on a structure, is much less dense and, therefore,
less damaging than glaze ice. The Academy would be subject to glaze ice

in excess of 1/4 inch, no more than a. average of once per year.
/. TURBULENCE

Turbulence and wind gusts are rapid rluctuations in the wind direction
or speed. The turbulence around a wind turbine will, in general,reduce its
efficiency, complicate the contro! syster,and may induce fatigue in the
blades., At the Academy turbulence can be severe, especially during thunder-
»torms, The site selected must be one at which turbulence levels are low
and/or the machine has been designed with these turbulence levels in mind.
Turbulence levels have not been measured in the present study but must be

reco-ded prior to machine installation at USAFA or any other location.
8. LEXTREME WINDS

Knowledge of extreme winds is necessary for wind machine design. For
example, most wind machines have an upper limit or cut-out speed above
which the blades are feathered or the machine is braked to a stop to avoid
overstressing the machine. Colorado Springs reports the fastest mile
(the increase of the time required for 1 mile of wind to pass a recording
station) of 60 mph. Because the Academy is located against the foothills,

the local winds will certainly exceed those in Colorado Springs, especially
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during the chinook winds of late winter and early spring. Peak wind

speeds recorded at the Academy are 90 mph.
9. HEAVY RAINS

Excessive moisture can lead to electrical circuit damage and/or corro-
sion. Rainfall at the Academy averages only 15 inches per year and the
relative humidity is low so problems with excessive moisture should not

exist,
10. THUNDERSTORMS

Thunderstorms are local violent storms caused by the rise of warm
moist air and usually occur in the summer. Thunderstorms can result in
severe winds, gusts, turbulence, heavy rain, hail, lightning and/or tor-
nadoes. Although each of these results is considered separately, the
combined effects during thunderstorms may be great. Colorado foothills
along the front range of the Rocky Mountains are subject to almost
daily thunderstorms during the summer and the Academy could expect to
experience 70 thunderstorm days per year. Most of these storms will

occur around 1500-1600 hours and are usually 1/2 houxr in duration.
11. LIGHTNING

Electrical storms can destroy a wind turbine if it is not properly
grounded and protected. Damage can be reduced, but never eliminated, by
the proper design of the control system and electrical grounding. Light-
ning is usually associated with thunderstorms and the Academy is in a high
thunderstorm frequency area. Damage due to lightning is evident on many
ridge lines where trees have been scarred or burned from strikes, Instru-
mentation towers assoclated with the present project have not suffered
lightning damage but static electricity in the vicinity of thunderstorms

caused occasional problems.
12. HAIL

Hail can damage the blades and structure of a wind turbine by causing
dents, chips and surface abrasion. The Academy is in an area of frequent
hail, 12 times per year greater than 19 mm (0.75 in}, and some consideration
for hail protection must be considered in wind machine design. Maximum

recorded hail size for the Colorado Springs area is 75 mm (2.95 in).
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13, TORNADOES

Tornadoes are local, high speed (200-300 mph) circular funnels which
can destroy any wind machine in its path. It is not practical to design
a machine to withstand such extreme loads, but probability of tornado
occurrence must be considered. In the Academy area, funnel clouds are
not iuncommon during the summer months but infrequently touch ground
Ltevel., The probability of occurrence is approximately two every 10

yedars,
14, FLOODS

Flood protection is greatest in a flood plain of a valley,but since
the prime sites at the Academy are on ridge lines,there is no consideration

of flood protection required,
15. EARTHQUAKES

Wind machines are highly susceptible to earthquakes and structural
integrity should be assured by the manufacturer, Structural designs
can be modified to reduce earthquake damage in high risk areas. Colorado
is in Zone 1 earthquake risk and can expect earthquakes resulting in

only minor damage.
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