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1  .0 INTRODUCTION 

I n  recen t  years  a  number o f  u n c e r t a i n t i e s  have had a  l a r g e  impact on 

e l e c t r i c i t y  genera t ion  p lann ing .  The c h i e f  u n c e r t a i n t i e s  have been: 1  ) t he  

a b i l i t y  t o  c o n s t r u c t  and l i c e n s e  base l oad  p lan ts ,  and 2) t h e  a b i l i t y  t o  

es t imate  f u e l  c o s t  esca la t i ons .  The t ime delays due t o  ( 1  ) and the  economic 

impacts o f  ( 2 )  have l e d  t o  i nc reas ing  i n t e r e s t  i n  a l t e r n a t i v e  sources o f  

e l e c t r i c a l  energy, such as so l  a r - e l e c t r i c .  Over t h e  pas t  f i v e  years the  

U.S. Department o f  Energy (DOE) has funded programs f o r  t he  development o f  

l a r g e  wind tu rb ines .  These programs a r e  demonstrat ing t h e  techn ica l  

f e a s i b i l  i ty o f  u t i l i t y  sca le  genera t ion  o f  e l e c t r i c i t y  through wind energy 

convers ion systems (WECS) . Recent s tud ies  (U .S. DOE Sol a r  Working Group) 

have i n d i c a t e d  t h a t  o f  the  s o l  a r - e l  e c t r i c  op t ions ,  wind t u r b i n e  sys tems 

a r e  t h e  c l o s e s t  t o  economic v i a b i l i t y .  

1.1 Ob jec t i ve  

This r e p o r t  summarizes work on a  p r o j e c t  performed under c o n t r a c t  t o  t h e  

Alaska Power A d m i n i s t r a t i o n  (APA). The o b j e c t i v e  o f  t h i s  research was t o  

make a  p r e l i m i n a r y  assessment o f  t he  wind energy p o t e n t i a l  f o r  i n te rconnec t i on  

w i t h  t h e  Cook I n l e t  area e l e c t r i c  power t ransmiss ion  and d i s t r i b u t i o n  systems, 

t o  i d e n t i f y  t he  most 1  i k e l y  candidate reg ions  (25  - 100 square m i l e s  each) f o r  

energy p o t e n t i a l ,  and t o  recommend a  mon i to r i ng  program s u f f i c i e n t  t o  q u a n t i f y  

t he  p o t e n t i  a1 . 



The primary area of consideration follows the existing transmission 

systems: the eastern shores of Cook In le t  from Kenai to Homer, eas t  from 
Kenai to  Seward, north and west from Seward through Turnagain Arm past 

Anchorage and into the Matanuska - Sustina Valley regions around Palmer, and 

west t o    el uga.a However, to  understand the behavior of the winds in  t h i s  
region, t e r r a in  u p  through Broad Pass, u p  the Matanuska Valley to  Tahneta 

Pass, and down to  the southern t i p  of the Kenai Peninsula also were studied. 
These peripheral areas were incorporated in to  the study because 3f the 

possible fu ture  interconnections between Anchorage and Fairbanks and between 

Anchorage and Gl ennal 1 en, and because of the i n t e r t i  e between Homer and 

Sel dovi a.  

What a re  the s i t e s  tha t  appear to  have su f f i c i en t  potential to  ju s t i fy  

a monitoring program? That i s  the central  question th i s  study addressed. 

The answer to  t h i s  question depends on many screening factors  not related to  

the magnitude of the wind resource, such as:  

a match between time of occurrence of wind power and load 

0 access to adequate transmission and d is t r ibut ion  systems 

hazards a t  t h a t  s i t e  
environmental considerations of s i t e  
pub1 i c  acceptance of wind turbines a t  the s i  t e  

safety and securi ty  

These items were not t reated rigorously i n  t h i s  project.  Instead they 
were t reated as assumptions tha t  influenced the selection of s i t e s .  For 
example, we assumed t h a t  nearness of exis t ing transmission l ines  to  a candidate 
s i t e  i s  a desirable  a t t r i b u t e .  However, we also recognized tha t  deeper study 
i s  required to  judge the capabi l i ty  of exis t ing l ines  to  handle the output 

of a c lus t e r  of wind turbines.  Therefore the prime concern i s  simply to  

ident i fy locations tha t  have some minimum average wind energy. This i s  the 

ante required before other fac tors  even become germane. 

a ~ p p e n d i x  A contains maps covering the study area.  



1.2 Method 

Execution of t h i s  project consisted of three phases: 

H 

Wid 

. .- 
W 

k d  

- "  

II J 

prel imi nary data anal ysi  s 

s i t e  inspection 
a moni to r i  ng program recommendati ons 

In the preliminary investigation phase a l l  data from Cook In le t  region 
tha t  a re  contained in the Pacific Northwest ~ a b o r a t o r ~ ~  (PNL) wind energy 

b data base were examined. These data were screened fo r  wind power potential 

a t  the data s ta t ions .  Next, the climatology of the winds in the area were 
studied. This was done through searching the l i t e r a t u r e  on the large scale  
(1 o 3  km) weather patterns,  by examining the wind speed and wind direct ion 

frequency dis t r ibut ions a t  each data s t a t ion ,  and by interpreting both the 

large scale  weather patterns and the local wind charac ter i s t ics  in terms of 

the interaction between the te r ra in  features and the a i r  flow. Topographical 
maps (1 :250,000 sca le)  were then examined to  se l ec t  regions where the t e r r a in  

i s  expected to  enhance ambient winds, thereby causing a re la t ive  maximum in 
wind energy potent ial .  The screening factors  l i s t e d  previously were applied 

to  1 imit the number of potential s i t e s .  Section 3 discusses the preliminary 
analysis phase and i t s  resu l t s .  

The purpose of the s i t e  inspection phase i s  to examine firsthand the 
s i t e s  ident i f ied by the preliminary data analysis phase and to  seek out new 

information or  new s i t e s  over1 ooked in  the prel iminary analysis phase. 

a~~~ i s  operated fo r  DOE by Battel l e .  PNL provides management and technical 
support f o r  the Wind Characteristics Program Element (WCPE) of the Federal 
Wi nd Energy Program. 

b ~ s  part  of the work of the WCPE, w ind  energy a t lases  a re  being produced f o r  
the enti  r e  U.S. and i t s  t e r r i t o r i e s .  The a t lases  a re  products of regional 
resource assessments being performed by subcontractors of PNL. The w i n d  
energy data base consists of weather s t a t ion  data,  stored a t  the National 
Climatic Center (NCC), tha t  have been processed by PNL into summarized form 
and stored on microfiche. PNL suppl ied the subcontractors with these data. 
They will combine these data with local data not archived a t  NCC t o  produce 
the regional resource assessments. The A1 as kan resource assessment i s  
schedul ed for  compl etion in FY 81 . For fur ther  studies of t h i s  nature the 
wind energy a t lases  would be referred to  as the source of preliminary information. 



Indicators of wind power potential t ha t  were developed by DOE through the 
1 eadershi p of PNL were used during s i t e  vi s i  t s  . These i  ncl ude topographical , 
ecological, geomorphological, and social and cultural  indicators .  The s i t e  

inspection phase i s  discussed in Section 4. 

Finally,  Section 5 proposes options fo r  programs designed to co l l ec t  

su f f i c i en t  information to  e i the r  prove that  the wind resource i s  economical ly 

viable,  o r  to  demonstrate tha t  wind energy i s  not a  viable energy a1 ternat ive 

in the Cook In1 e t  region. The options a re  presented so tha t  the APA may 

choose a  course tha t  f i t s  programmatic constraints .  



2.0 RESULTS AND CONCLUSIONS 

A t  t h i s  time there i s  no conclusive evidence tha t  large scale genera- 

t ion of e lec t r ica l  energy by megawatt scale wind turbines i s  a s igni f icant  

viable energy option in the Cook In le t  area. This conclusion i s  based on 

the c r i te r ion  tha t  a s i t e  must have a minimum annual average w i n d  speed a t  

10 meters ( m )  of 6.5 mlsec. A t  the present time there a re  no s i t e s  where 

i t  can be concluded tha t  t h i s  c r i t e r ion  has been met. Consequently i t  i s  

premature t o  consider embarking on large scale ,  high intensi ty  wind pros- 
pecting programs a t  t h i s  time. However, there a re  indirect  indications of 

potential wind resource areas. The quantity and quality of the wind resource 

a t  those s i t e s  should be determined through simple measurement programs 
before decisions a re  made on the future course of wind energy prospecting 
in the Cook In le t  area. 

The above cr i te r ion  i s  based on the energy production charac ter i s t ics  

of the MOD-2 wind turbine. The MOD-2 i s  the most advanced wind turbine 
designed by DOE so f a r .  Though i t  i s  considered as an intermediate design 

in a se r i e s  tha t  should culminate in a cost-effective wind turbine, i t  i s  

expected to  be cost-effective in some markets r igh t  now i f  i t  were in fu l l  

production. A t  a s i t e  with an annual mean wind speed of 6.5 m/sec a t  10 m 
the MOD-2 would produce about 10 gwh of e lec t r ica l  energy per turbine. 
This would r e su l t  in a cost  of energy near 3$/ kwh ($1 977), based on the 

projected cost of the one hundredth turbine produced (signifying fu l l  pro- 
duction s t a tus  as apposed t o  custom production) in a c lus te r  of 25 turbines 
s i t ed  on a reasonably accessible and workable parcel of land (25 turbines 
could require about 8 square miles of land) ,  and a fixed charge r a t e  of 18%. 
Federal and municipal u t i l i t i e s  may be able to  lower energy costs through 
less  expensive capital  than a t  the 18% ra te .  

Existing wind data s ta t ions  tend to  be located in sheltered locations 

so i t  i s  not surprising tha t  a viable wind  resource does not e x i s t  a t  those 

s i t e s .  Regions of potentially enhanced winds located between exis t ing data 

s ta t ions were ident i f ied by studying large scale  weather patterns and 



interpreting t h e i r  interaction w i t h  topographical features .  Twenty-one 
candidates were established. 

Of the twenty-one candidates, s ix  regions were selected f o r  recommen- 
dation as measurement locations i n  the f i r s t  year of a wind  measurement 
program. The s i x  s i t e s  a re  judged t o  have su f f i c i en t  wind energy potential 
t o  warrant measurements, o r  are  judged to  be useful locations fo r  gathering 
data t o  enhance our understanding of regional patterns of the wind resource. 
The s ix  regions are:  

the h i l l s  north of Homer 
Portage Creek Valley - Turnagain A r m  
Bird Point - Turnagain Arm 
Cantwell - Summit - Broad Pass area 
Anchor Point - northwest of Homer . Tahneta Pass - c res t  of Glennallen Highway 

The quantity and qua1 i ty  of the wind resource will have to  be evaluated 
through measurements. 

The most invi t ing wind resource region i s  on the bald h i l l s  north of 
Homer. These hi 11 s are  exposed t o  the prevailing northerly winter winds 
and the summer southerly winds, as well as occasional winds  from the south- 
west across lower Cook In le t ,  and strong southeasterly winds crossing the 
Kenai Mountains. The gentle h i l l s  probably do not enhance the undisturbed 
winds upstream of them, b u t  probably do reduce the a,mbient turbulent inten- 
s i t y  of the flow. The principal advantage of these h i l l s  i s  t h e i r  elevation 
above the surrounding plains into regions of higher wind speeds. These hil ls 

could support s igni f icant  c lus te rs  of megawatt scale  wind turbines.  The 
hi1 1 s nearest  Homer have road, transmission, and substation access, b u t  a re  
also s i t e s  of radio and microwave transmission equipment. Wind turbines 
are  known t o  in t e r f e re  with electromagnetic radiation transmission and 
reception. Hi l l s  fa r ther  to  the northeast currently have no access. 

Several s i t e s  i n  Turnagain Arm probably have an adequate average 

quantity of wind energy. Land ava i l ab i l i t y ,  turbulence due to  the closeness 
of canyon walls, ic ing,  and a proven earthquake potential a re  possible 



problems. Mid-si zed w i n d  turbines ( 1  00-600 kw) and vert i  cal axis wind 

turbines may be most pract ical .  

Large wind turbine c lus te rs  could be s i ted  in the Broad Pass- Denali 

Highway area,  i f  a good resource can be found. The wind resource a t  Summit 

almost qual i f ies .  The wind patterns a re  complex i n  t ha t  area so location 

of the most consistently enhanced s i t e s  will be d i f f i c u l t .  Some types of 

numerical models of a i r  flow over te r ra in  would work well there. Wind data 
from several locations within the area will be required t o  drive the models. 

The bluffs north of Anchor Point near Homer are  also potential resource 

areas. Exact locations of the most windy s i t e s  cannot yet  be determined. 

A prospecting program consisting of spot measurements i s  probably the logi- 

cal place to  begin locating and evaluating tha t  par t icular  resource. 

Three options, o r  suggestions, are  proposed f o r  measurement programs 

tha t  the APA might choose to  embark upon. The f i r s t  option assumes tha t  
early operational experience with a medium scale  and a large scale wind 

turbine i s  desired. This option suggests tha t  time ser ies  measurements be 
made a t  two s i t e s  with two-minute sample intervals  and a t  two heights. An 

existing tower could be used a t  the proposed large wind turbine s i t e  near 
Homer. 

A second option assumes tha t  rapid exploitation of pract ical ly  avai l -  

able wind energy i s  the principal goal. More than one year of measurements 

would be required to  carry t h i s  program to completion. The exact measure- 
ment s t rategy would change as some s i t e s  are  eliminated and others are  moved 
in to  serious consideration. Suggestions are  made f o r  measurements to  be 
made a t  four s i t e s  f o r  the f i r s t  year of such a program. F i r s t  year measure- 
ments could consis t  of (depending on the s i t e )  time ser ies  measurements 

recorded on magnetic tape casset tes  or s t r i p  charts ,  o r  simple odometer 

measurements of average wind speed. 

The th i rd  option assumes tha t  a slower b u t  broader wind prospecting 

program f o r  resource evaluation i s  the goal. The f i r s t  year of t h i s  program 

would rely primarily on odometer measurements of average wind speed a t  s i t e s  
spanning the en t i r e  region. Follow-up measurements would become more sophis- 
t ica ted  i f  the measured wind resource j u s t i f i e s  th i s .  





3.0 PRELIMINARY DATA ANALYSIS 

The principal objectives of the prel imi nary data analysis are:  

o determine i f  existing data s ta t ions indicate a viable wind resource 
e determine flow mechanisms responsibl e for  the w i n d  cl imatology 

identify areas where the topography local ly  enhances the wind speed. 

We must f i r s t  consider what magnitude of resource must be located in a wind 

prospecting program f o r  a s i t e  to be considered economically viabl e. 

Minimum Requirements of the Wind Resource 

I t  i s  not simple to  determine with cer tainty tha t  a given wind resource 

i s  economical ly  viabl e.  Generic planning model s have been developed to analyze 

the value of energy produced by a c lus te r  of WECS (JBF Scient i f ic  Corp. ,  1979 
and Marsh 1979). These models a r e  straightforward modifications to existing 

u t i l  i  ty planning procedures b u t  modified to account fo r  the stochastic nature 

of wind. Those studies clear ly demonstrated tha t  the temporal charac ter i s t ics  

of the wind resource a re  c r i t i c a l  to the computation of the value of wind 

energy. In th i s  project load matching i s  a consideration ( i . e . ,  a good load 
match i s  a desirable a t t r i b u t e  as described in section 1 . I )  but i s  not an 

overriding concern! 

Whereas the value of energy i s  maximized by appropriate load matching, 

the cost  of wind energy i s  minimized by selecting s i t e s  tha t  maximize energy 

capture and minimize capital  investment, and operations and maintenance (O&M) 

costs .  Energy capture increases ( t o  a point) as s i t e  mean wind speed 
increases. Capital investment increases the more remote a s i t e  i s ,  and 08M 
costs a re  l ike ly  to be higher a t  harsh s i t e s  where excessive turbulence, 
icing, o r  s a l t  spray occur frequently. We therefore attempt to locate  s i t e s  
that  are  reasonably accessible and show the grea tes t  promise of having the most 

a ~ n  a project of th i s  nature i t  i s  not d i f f i c u l t  to compare load dis t r ibut ion 
with wind variations on a seasonal basis.  However i t  i s  not safe  'to assume 
tha t  the diurnal variations in wind speed measured a t  a standard height of 
ld meters are  in phase with the diurnal variations in e l e c t r i c  power produced 
by a large wind turbine (Hiester and Pennell , 1980). 



wind i n  t h e  v i c i n i t y  y e t  a re  l i k e l y  t o  be f r e e  o f  hazards. 

A l o o k  a t  t h e  s t a t u s  o f  wind t u r b i n e  development programs c l a r i f i e s  

what magnitude resource we a r e  l o o k i n g  f o r .  F igure  3.1 shows the  power 

ou tpu t  as a  f u n c t i o n  o f  t h e  wind speed a t  30 f e e t a  f o r  t h r e e  wind t u r b i n e s  

developed i n  t h e  DOE Wind Energy program. Four MOD-OA wind t u r b i n e s  have been 

b u i l t ;  a t  Clayton, NM, the  MOD-OA has demonstrated t h a t  a  l a r g e  wind t u r b i n e  

can operate i n  an i s o l a t e d  d i e s e l  powered u t i l i t y .  A t  Culebra, Puerto Rico, 

the  second MOD-OA i s  be ing  t e s t e d  i n  a  remote environment. A t  B lock  I s land ,  

R I ,  t he  t h i r d  MOD-OA i s  demonstrat ing the  use o f  h igh  pene t ra t i ons  o f  wind 

generated e l e c t r i c i t y .  The f o u r t h  MOD-OA i s  t o  begin o p e r a t i o n  i n  1980 on 

Oahu, H I ,  where the  a b i l  i t y  o f  w ind  t u r b i n e s  t o  produce i n  s t rong,  s teady 

resources w i l l  be demonstrated. The MOD-1 a t  Boone, NC i s  demonstrat ing the  

techn ica l  f e a s i b i l i t y  o f  very  l a r g e  wind t u r b i n e s .  The f i r s t  t h r e e  MOD-2 

wind t u r b i n e s  t o  be erec ted  w i l l  be i n s t a l l e d  a t  Goodnoe H i l l s ,  WAY where 

t h e  use o f  wind t u r b i n e s  i n  a  c l u s t e r  w i l l  be s tud ied  i n  a  system 

dominated by h y d r o e l e c t r i c  genera t ion .  Though intended as an i n te rmed ia te  

design i n  a  development c y c l e  progress ing  toward c o s t  e f f e c t i v e  wind t u r b i n e s ,  

t h e  MOD-2 i s  expected t o  be c o s t  e f f e c t i v e  i n  some c u r r e n t  markets. 

A rough es t ima te  o f  t h e  annual energy ou tpu t  o f  a  wind t u r b i n e  i s  

ob ta ined by computing t h e  i n t e g r a l  o f  t h e  product  o f  t he  wind speed frequency 

d i s t r i b u t i o n  and t h e  power ou tpu t  curve, and mu1 t i p l y i n g  the  r e s u l t  by 8760 

hours/year .  For annual mean wind speeds exceeding 4 m/sec, i t  i s  s u f f i c i e n t ,  

a ~ h i s  uses a  commonly assumed d i s t r i b u t i o n  o f  wind s?eed w i t h  h e i g h t  where 
t h e  r a t i o  o f  wind speeds a t  two h e i g h t s  i s  equal t o  t he  r a t i o  o f  t h e  two v ., 
h e i g h t s  r a i s e d  t o  t h e  117 power. This  i s  s t r i c t l y  f o r  convenience and 
pe rspec t i ve  s i n c e  most wind data i s  gathered near t he  30 f o o t  l e v e l .  However, 
use o f  t h e  power law f r e q u e n t l y  leads t o  gross e r r o r s .  For proper  eva lua t i on ,  
t h e  w ind  resource must be assessed a t  he igh ts  comparable t o  the  h e i g h t  o f  t he  I 

wind t u r b i n e .  The 117 power law w i l l  be used i n  t h i s  r e p o r t  s i nce  we a r e  
o n l y  addressing the  possi  b i  1  i ti es o f  1  o c a t i  ng a  v i a b l e  w ind  resource.  - 

b ~ h e  c h a r a c t e r i s t i c s  o f  o t h e r  U.S. Government sponsored, p r i v a t e l y  developed 
and f o r e i g n  l a r g e  wind t u r b i n e s  a r e  descr ibed i n  "Large Wind Turb ine  Design 
C h a r a c t e r i s t i c s  and R&D Requirements ," DOE Pub1 i c a t i o n  CONF-7904111 . 
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3.1 Ppwer Output  as a Func t ion  of Wind Speed a t  30 Feet f o r  Three 
W l  nd Turblnes Developed by DOE (Thomas and Robbins, 1979) 



f o r  t h i s  procedure, t o  est imate t h e  wind speed frequency d i s t r i b u t i o n  w i t h  

a Rayleigh d i s t r i b u t i o n  ( C l i f f ,  1977). The Rayleigh d i s t r i b u t i o n  i s  s imply 

an a n a l y t i c a l  probabi  1 i t y  d i s t r i b u t i o n  (such as t h e  Gaussion d i s t r i b u t i o n  

o r  b e l l  curve)  t h a t  has been e m p i r i c a l l y  found t o  descr ibe  t h e  p r o b a b i l i t y  

o f  observ ing a g iven wind speed. The Rayleigh d i s t r i b u t i o n  i s :  

where : 

p ( v )  = frequency d i s t r i b u t i o n  o f  wind speed 

v = wind speed - 
V = long-term average wind speed 

Other more compl icated d i s t r i b u t i o n s  may be used, bu t  t h e  p r i n c i p a l  advan- 

tage o f  t he  Rayle igh d i s t r i b u t i o n  i s  t h a t  i t  depends o n l y  upon one parameter, 

t h e  mean wind speed, which i s  f r e q u e n t l y  t h e  o n l y  i n f o r m a t i o n  a v a i l a b l e  

f rom e x i s t i n g  data  s t a t i o n s .  F igure  3.2 shows the  annual energy ou tpu t  

o f  t he  MOD-OA, MOD-1, and t h e  MOD-2 as a f u n c t i o n  o f  annual average wind 

speed a t  30 feet ,  assuming a Rayleigh d i s t r i b u t i o n  and 90% a v a i l a b i l i t y  o f  

t he  wind t u r b i n e .  

DOE computes t h e  cos t  o f  energy from these wind t u r b i n e s  as: 

COE = I C  ' FCR + LF ' AOM 
AE P 

where : 

COE = c o s t  of energy i n  $/kwh 

FCR = f i x e d  charge r a t e  

AOM = annual opera t ions  and maintenance cos ts  

LF = a l e v e l i z i n g  f a c t o r  t o  account f o r  i n f l a t i o n  o f  O&M costs  
d u r i n g  t h e  l i f e  o f  t h e  system 

AEP = a n t i c i p a t e d  annual energy product ion  o f  t h e  system. 

F igure  3.3 shows the  c o s t  o f  energy ( $  1977) f o r  t h e  t h r e e  wind t u r b i n e s  

as a func t ion  of t h e  s i t e  annual mean wind speed. The computat ion o f  COE 

assumes a f i x e d  charge r a t e  o f  18% t y p i c a l  o f  i n v e s t o r  owned u t i l i t i e s .  
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3.2 Approximate Annual Energy Output as a Func t ion  o f  Annual Mean 
Wind S ~ e e d  a t  30 Feet  (Thomas and Robbins. 19791 



SECOND UNIT COST 

3 . 3  Cost o f  Energy (1977) as a Func t ion  o f  Annual Mean Wind Speed 
a t  30 Feet  (Thomas and Robbins. 1979) 



Although t h e  f i x e d  charge r a t e  f o r  Federal o r  mun ic ipa l  u t i l i t i e s  i s  sub- 

s t a n t i a l l y  lower than f o r  i n v e s t o r  owned u t i l i t i e s ,  i t  i s  assumed t h a t  i f  

wind technology does n o t  s a t i s f y  t he  broader market, mass p roduc t i on  w i l l  

n o t  begin. The nex t  advanced l a r g e  wind t u r b i n e  t o  be developed by DOE, 

the  MOD-5, i s  expected t o  shave about 0.5$/kWh o f f  o f  t he  MOD-2 mature 

product  curve o f  F igure  3.3. Note t h a t  t he  f l a t  appearance o f  t h e  MOD-2 

mature product  curve i s  an i l l u s i o n  o f  scale.  There i s  a v a r i a t i o n  o f  n e a r l y  

a f a c t o r  o f  two i n  t h e  c o s t  o f  energy between 12 and 18 mph s i t e s  and t h e  

c o s t  o f  energy r i s e s  sha rp l y  a t  wind speeds below 12 mph. 

The c u r r e n t  average power cos ts  i n  t he  Cook I n l e t  area systems a r e  

l e s s  than 2$/kWh. Average power cos ts  a re  expected t o  increase t o  about 

5-7$/kWh by 1990 (Upper Sus i tna  R ive r  P r o j e c t  Power Market Analyses, APA, 

1979, Appendix A, page 86) .  I t  i s  ev iden t  f rom F igure  3.3 t h a t  wind energy 

i s  n o t  compe t i t i ve  a t  t he  present  t ime  except i n  very  h igh  wind reg ions  and 

f o r  reduced c o s t  o f  c a p i t a l .  However, t h i s  s i t u a t i o n  may change as wind 

technology improves and as the  c u r r e n t  modes o f  genera t ion  by combustion 

t u r b i n e s  f i r e d  by low-cost  o i l  and gas changes. 

For our  purposes we w i l l  cons ider  an annual average wind speed o f  
2 5 mlsec ( ~ 1 1  mph) o r  average power o f  150 watts/m a t  a he igh t  o f  10 m 

( ~ 3 0  f e e t )  above ground as a minimum th resho ld  f o r  cons idera t ion .  A wind 
2 resource o f  6.5 m/sec (14.5 mph) o r  average power o f  325 watts/m w i  11 be 

regarded as a good resource.  

3.2 Wind Resource C h a r a c t e r i s t i c s  a t  E x i s t i n g  Data S t a t i o n s  

Wind data  from the PNL wind energy da ta  base and wind data ob ta ined 

through the  coopera t ion  o f  t he  A r t i c  Environmental I n fo rma t ion  and Data 

Center (AEIDC) were screened f o r  w i  nd energy p o t e n t i a l  . The s t a t i o n s  f rom 

the  PNL da ta  base inc luded:  

e Anchorage/ E l  mendorf 

e Anchorage/ I n t e r n a t i o n a l  

AnchorageIMerri 11 F i e l d  

0 Homer 



Kenai . I1 iamna . North Dutch Island (Prince Will iam Sound) . Skwenta . Summit . Tal keetna 

Data provided by AEIDC included the following s ta t ions :  

Palmer 
Seward . Portage . Tyonek 

Figure 3.4 shows wind speed frequency dis t r ibut ions and f i t t e d  Rayleigh m 

distr ibut ions f o r  the PNL supplied data.  A t  the head of each p lo t  i s :  

the s t a t ion  name 

dates between which data were collected 
s t a t ion  ident i f ica t ion  number 
the height of the anemometer above ground (m) 

a l e t t e r  designating anemometer placement ( G  f o r  ground mounted, R - 
fo r  roof t o p )  

Q average wind speed (m/sec) 
Im 

average w i  nd power density (watts/m2) 
v r i  

Based on the c r i t e r i a  s e t  i n  the preceeding sect ion,  no s t a t ion  represents 
-.R 

a good wind energy resource ( i  .e . ,  26.5 m/sec average wind speed o r  > 325 
t.", 

watts/m2 a t  lorn). Summit and North Dutch Island are  the only s t a t ions  
ZII. 

indicating a wind resource worth considering (>5m/sec average wind speed o r  

>I50 watts/m2 a t  1 Om). 
r*. 

A t  Summit the mean wind speed i s  5.1 m/sec and the average power density 

i s  169 watts/m2. A t  North Dutch Island the mean wind speed i s  l e s s  (4.5 mlsec), 
.a 

but the average power density i s  substant ial ly  greater  (241 watts/m2) . Since 

the power in the wind i s  porportional to  the cube of the wind speed, average 
wi nd power densi ty i s  very sensi t i  ve t o  re1 a t i  vely infrequent occurrences 

of high winds. High winds occur more frequently on North Dutch Island than 
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3.4  Wind Speed Frequency Distributions for Cook In1 e t  Area 



a t  Summit as Figure 3.4 shows, however, the wind speed duration curves shown 

i n  Figure 3.5 i l l u s t r a t e  t h i s  more c lear ly .  The e f fec t  on the wind power i s  

demonstrated by the comparison between wind power duration curves a t  Summit 

and North Dutch Island shown i n  Figure 3.6. 

The greater  average wind power density a t  North Dutch Island does not 

necessarily indicate tha t  North Dutch Island has a more usable wind resource. 

As the wind speed exceeds the rated wind speed of a wind turbine,  excess 

wind power must be dumped ( fo r  example, by blade pitch control o r  aerody- 

namic s t a l l  ) in order t o  keep the e lec t r ica l  power a t  the rated output. 

Therefore, s igni f icant  amounts of wind power frcm wind speeds beyond the 

rated wind speed are  not used. Of course, a l l  wind power i s  l o s t  from a 
wind speed above the cut-out wind speed. 

We have made some preliminary estimates fo r  the energy production 

charac ter i s t ics  a t  Summit  and North Dutch Island f o r  a MOD-2 wind turbine.  

These estimates are  obtained by integrating the product of the wind speed 
frequency d is t r ib tu ions  shown in Figure 3.4 with a power output curve f o r  

the MOD-2.a A t  Summit we estimate an annual energy production of 5.5 GWh/ 

year a t  an average power output of 625 KW fo r  a plant fac tor  of 0.25. The 

windspeeds would be i n  the operating range of a MOD-2 about 55% of the time 

b u t  only a t  the rated power 7% of the time. On the other hand, the winds 

on North Dutch Island would only be in the operating region of the MOD-2 

about 38% of the time. Again, only 7% of the winds are  in the range fo r  
producing the rated power output. In to t a l  only 3.5 GWh/year of energy 
would be produced per MOD-2 a t  North Dutch Island a t  an average power output 
of l e s s  than 400 KW f o r  a plant fac tor  of about 0.16. 

The Cook In le t  loads peak i n  the winter and in the daytime. Seasonal 
load matching charac ter i s t ics  of the wind resource can be judged from the 
d is t r ibut ion  of monthly average wind power and speed plotted in Figure 3 . 7 .  

Wind power peaks in the wintertime a t  Summit and North Dutch Island b u t  i s  

reasonably constant fo r  most other s ta t ions .  Diurnal variation i n  wind 

a A 1/7 power law variation of wind speed with height has been assumed; 
t h i s  i s  one of the la rges t  uncertainties in these rough estimates. 
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3 . 7  I',lonthly Average Wind Power and Speed 



power near t h e  su r face  i s  small a t  most s t a t i o n s  as F igure  3.8 shows. O f  

course, one does n o t  expect much d i u r n a l  v a r i a t i o n  i n  summer o r  w i n t e r  a t  

h igh  l a t i t u d e s .  

The wind speed frequency d i s t r i b u t i o n s  f o r  the  data supp l i ed  by the  

AEIDC a r e  t a b u l a t e d  i n  Table 3.1 us ing  t h e  o r i g i n a l  u n i t s  o f  speed. Also 

shown a r e  anemometer he igh ts  i f  they  a re  known o r  es t imates  i f  t h e  informa- 

t i o n  was n o t  supp l i ed  by AEIDC. The l e n g t h  o f  reco rd  i s  l i s t e d  as i s  t h e  

nominal number o f  observa t ions  p e r  day t h a t  were t o  have been c o l l e c t e d .  

A comparison o f  t h e  average number o f  observat ions per  day w i t h  t h e  scheduled 

number i n d i c a t e s  t h a t  s i g n i f i c a n t  da ta  gaps e x i s t  i n  t h e  record .  I f  these 

data gaps a r e  n o t  randomly d i s t r i b u t e d  throughout  t h e  year,  t h e  da ta  w i l l  be 

b iased toward t h e  wind c h a r a c t e r i s t i c s  o f  the  season o f  g r e a t e s t  da ta  c o l l e c -  

t i o n .  An es t ima te  o f  t he  mean wind speed i n  m/sec was made by we igh t i ng  

t h e  median wind speed i n  each c lass  by t h e  percentage o f  wind speeds t h a t  

occurred i n  t h a t  c lass .  Th is  i s  n o t  a  good assumption f o r  very  broad speed 

c lasses b u t  Table 3.1 shows t h a t  f o r  a l l  s t a t i o n s  t h e  es t imated mean wind 

speed i s  w e l l  below t h e  th resho ld  o f  cons ide ra t i on .  

We conclude t h a t ,  f o r  u t i l i t y  sca le  e x p l o i t a t i o n  o f  wind energy, t h e r e  

i s  no economical ly  v i a b l e  wind resource a t  t he  l o c a t i o n s  o f  the  da ta  s t a -  

t i o n s  used i n  t h i s  p r e l i m i n a r y  ana lys i s .  The wind data f rom Summit suggest 

t h a t  i t  may be p o s s i b l e  t o  l o c a t e  a  v i a b l e  u t i l i t y  sca le  resource  i n  t h e  

v i c i n i t y  o f  Summit i f  reg ions  o f  t e r r a i n  enhanced winds e x i s t . a  The l ow  

average wind speeds a t  most h i s t o r i c a l  da ta  s t a t i o n s  i s  n o t  s u r p r i s i n g  s ince  

people tended t o  seek s h e l t e r e d  p laces t o  l i v e  and, u n t i l  t h e  r e c e n t  surge 

o f  i n t e r e s t  i n  w ind  energy e x p l o i t a t i o n ,  most anemometers were n o t  s i t e d  

w i t h  t h e  i n t e n t i o n  of e v a l u a t i n g  the  wind resources. 

Wind Pa t te rns  and Cl imato logy 

The n e x t  s tep  i n  t he  wind prospect ing  process i s  t o  determine i f  t h e r e  

a re  reg ions  o f  enhanced winds l o c a t e d  between o r  around t h e  e x i s t i n g  da ta  

s t a t i o n s .  A number o f  techniques a r e  a v a i l a b l e  t o  do t h i s  i n t e r p o l a t i o n  

asmall  sca le  l o c a l  genera t ion  o f  e l e c t r i c i t y  by r e s i d e n t s  i n  t h e  Summit- 
Cantwel l  r eg ion  i s  worthy o f  cons ide ra t i on  as a supplement t o  d i e s e l  
generated power. 



D I U R N A L  WIND S P E E D  BY SEASON 
-WINTER * - - - S P R I N G  ORDINATE - M/SEC 
O- 4 SUMMER - -%AUTUMN ABSCISSA - HOUR 

IUAYNA AK Q I y / W  
26MO Z-OdRV- b P - I S 1  

K) ................................................ " ....... 

, ...... i ...... i ...... i ..... , i  ....... i.... .. i ...... i.. . . ': . . . . . . . . . .  
8 ...... i ...... i ...... i ....... i ...... l...... i ...... 4. ...... : . . . . . .  . . .  . , 

.... ....... . . , . . . . .  . . . .  * ...... + ...... + ...... ' .....- i ...... <...& ....... 
: : : : : : : :  . . . . . . . .  . . . . . . . .  

0 " " " "  

0 3 8 o I Z I 5 u n 2 4  

3.8 Dur ina l  V a r i a t i o n  o f  Wind Speed by Season 



TABLE 3.1. Wind Speed Frequency D i s t r i b u t i o n s  Obtained f rom AEIDC 

PALMER (7177 - 6/79) 

Anemometer h e i g h t  5.5m 

Schedul ed 5 obslday 

Est imated mean w ind  speed 3.6m/sec 

Speed ( kno ts )  CALM 1-3 4- 6 7-10 11-16 17-21 22 

Percent  17 10 32 2 0 13 6 2 

SEWARD (1 2/30 - 4/41 ) 

Anemometer h e i g h t  5-10n (Es t imated)  

Schedul ed 2-13 obs/day Average 1.3 obs/day 

Est imated mean w ind  speed 3.1 m/sec 

Speed (mph) CALM 4-15 16-21 32-47 4 7 

Percent  3 8 5 2 9 1 * 

PORTAGE (10-35 - 4/41) 

Anemometer h e i g h t  5-10m (Es t imated)  

Scheduled 1-2 obs/day Average 0.87 obs/day 

Est imated mean w ind  speed 2.5 m/sec 

Speed (mph) CALM 4-15 16-31 

Percent  4 8 48 4 

TYONEK (6140 - 4/41) 

Anemometer h e i g h t  5-10111 (Est imated)  

Scheduled 2 obs/day 

Est imated mean w ind  speed 2.7 m/sec 

Speed (mph) CALM 4-15 16-31 32-47 

Percent  3 9 6 0 1 * 

*Less than 1/2% 



or extrapolation (Hiester and Pennel 1 , 1980). Numerical models provide an 
objective method fo r  estimating the e f fec ts  of te r ra in  on airflow and fo r  
data interpolation. The accuracy achieved in numerical model solutions 

depends on the accuracy and density of the input data and on the amount 

of realism in the mathematical relationships tha t  make u p  the model. Flow 

over te r ra in  may also be simulated by placing a scaled representation of 

the te r ra in  in a sui tably designed wind tunnel. This approach can yield 

useful r e su l t s  only i f  the modeled region i s  no more than a few tens of 

kilometers i n  s ize ,  and the portion of the atmosphere to  be studied i s  the 

lowest few hundred meters. 

Historically,  wind machines have been s i ted  by applying topographical 
indicators which are  empirical guidelines describing the general e f fec ts  of 
te r ra in  or surface obstacles on the wind. Currently, topographical indicators 

are  being used extensively in the DOE regional resource assessments (Wendell, 

1979). Topographical guidelines are  based on a physical understanding of 

how topography af fec ts  flow and on experience gained through observation. 
An understanding of these guidelines i s  a lso invaluable in interpret ing the 

resu l t s  of numerical and physical modeling studies and measurements. 

A number of topographical features are  recognized as indicators of 

h i g h  wind energy potent ial .  One group includes gaps, passes, and gorges 

in areas of frequent strong pressure gradients. These strong pressure 
gradients occur when large temperature gradients form across a mountain- 

barr ier .  For example, coastal mountains separate a nearly uniform tempera- 

ture  marine a i r  mass from continental a i r  masses. The inland a i r  can 
become hot in summer or  daytime, or cold in winter or  a t  night, thereby 
causing seasonal and diurnal fluctuations in the pressure gradient across 
passes. Pressure gradients a l so  form across mountain ranges when strong 
winds, as from a storm, blow up against the mountain barrier.  I f  the flow 

has insuff ic ient  kinetic energy t o  cross the potential energy barr ier  t ha t  

the mountains represent, the gaps, passes, and gorges a re  the r e l i e f  points 

f o r  the winds driven by the storm. 

Long valleys extending paral le l  t o  prevailing wind directions a re  

often good wind energy regions also.  The wind stream i s  channelled by the 



valley wall s .  A t  narrow points along a broad valley, mass conservation 

causes winds to  accelerate through the constr ic t ion.  In the opposite way 

the r ive r  of a i r  spreads out and slows down where the valley widens. 

Ridges and mountains a re  ususally enhanced wind resource areas. Over 

small scale  h i l l s  and ridges ( l e s s  than 300 m high),  the a i r  accelerates 

over the c re s t .  This i s  a lso due t o  mass conservation; a stream of a i r  
i s  ver t ica l ly  compressed as i t  flows over the h i l l  and so must move f a s t e r  

i n  the constricted region. This i s  not necessarily so f o r  the flow over 

large scale  mountains. The winds a t  summit elevation of a high mountain 

may actual ly  slow down near the summit because of the drag tha t  the moun- 

ta in  exerts  on the flow. However., mountains and ridges a re  s t i l l  usually 

good resource areas because they are  l i k e  t a l l  towers which intercept  the 

flow a t  higher levels  where winds a re  usually stronger. 

Some features  tha t  indicate low wind energy potential a re  basins and 
valleys tha t  are  perpendicular to  the prevailing wind. These features  can 
be low wind areas because the flow spreads out over them, opposite to  the 

e f f ec t  of flow acceleration over ridges,  or because they co l l ec t  cold, heavy 
a i r  which stagnates a t  potential energy minima. 

We began the appl ication of topographical i ndicators by examining 

large scale  flow patterns and the synoptic climatology. A synoptic 
cl imatology regards patterns of weather (wind, clouds, prec ip i ta t ion ,  e t c .  ) 

as an imp1 i c i t  function of the s t a t i c  surface pressure d is t r ibut ion  (Barry 
and Perry, 1973). There a re  a t  1 eas t  three s tudies  of the synoptic 
climatology tha t  cover the Alaskan region (Sorkina, 1963; Putnins, 1966; 
and Over1 and and Hies t e r ,  1980) . 

Overland and Hies t e r  synthesized elements of Sorkina's and Putni ns ' 
works to produce a s e t  of charac ter i s t ic  surface pressure d is t r ibut ion  

patterns with emphasis on the de ta i l  in the Northeast Gulf of Alaska and 
Cook In le t .  Six pattern types were derived and fur ther  divided into 13 

subtypes. The s i x  basic types a re  shown in Figure 3.9 and t h e i r  frequency 
of occurrence i s  shown in Table 3.2. The importance of these patterns to  
t h i s  study i s  t ha t  the l ines  of constant pressure approxiniately describe 



3.9  Sea Level  Atmospheric Pressure D i s t r i b u t i o n s  i n  M i l  1 i b a r s  f o r  
S i x  Bas i s  T v ~ e s  o f  Group o f  1 3  Subt.ypes Der ived  by Over land 
and H i e s t e r  f o r  C h a r a c t e r i z i n g  t he  Synop t i c  C l ima to logy  o f  t h e  
G i ~ l f  n f  Alaska 



TABLE 3.2. Percent Occurrence of Each Weather Type During Each Season 

Year 12 3 3 8 18 12 17 

Winter 16 32 16 7 3 26 

Spri ng 11 3 6 7 18 10 18 

Summer 6 3 2 3 2 5 2 7 7 

Fa1 1 15 32 7 22 7 17 

streamlines of the large scale  wind patterns.  Winds blow roughly paral le l  

t o  the l ines  of constant pressure with low pressure to  the l e f t  as  one 
looks downwind. Signif icant  departures form th i s  approximation occur due 

to  the drag of the e a r t h ' s  surface, which causes a component of the wind 

t o  be directed toward low pressure, or  due to  rapidly changing pressure 
o r  movement of these pat terns ,  which causes a component of the w i n d  t o  be 
directed toward the most rapid drop in pressure. 

When we consider these large scale  patterns along w i t h  the large sca le  

topographical features in the Cook In le t  - Railbelt  area we can understand 

a great  deal about the more local ized wind systems. For example, Dale 

(1956) described the local winds known as the Matanuska winds and the Kni k 

winds in his paper on the climate of the Matanuska Valley. The Matanuska 

winds a re  cold, turbulent,  and f a i r l y  high speed winds tha t  blow down the 

Matanuska Valley causing wind damage and so i l  erosion near Palmer. The 

Kni k wind, which i s  warmer, gent ler ,  and more frequent than the Matanuska 

wind, blows down from the Kni k Glacier. Dale examined the large scale  



weather patterns associated with each wind system and found preferred 
locations fo r  low and h i g h  pressure centers associated with each wind 
system. 

Dale found that  the most frequently occurring Matanuska winds were 
associated with patterns describable by Type 1 or Type 6 patterns of 
Figure 3.9. The Matanuska wind i s  sometimes a narrow stream tha t  only 

influences the northern part  of the valley west of Palmer. This i s  asso- 
ciated with subtypes of Type 1 with the low center to  e i ther  the west or  
eas t  (low center fo r  subtypes of Type 1 are marked with an X in Figure 3.9) 

and w i t h  a large polar high influencing most of North Alaska. A t  other 
times the Matanuska wind influences the en t i r e  valley from the L i t t l e  
Susitna River to  Eklutna. These cases are  related to  the subtype of Type 1 
w i t h  low centers to  the eas t  and small high pressure centers scattered 
about in the northwest. 

In a l l  cases the Matanuska winds r e su l t  from strong winds blowing u p  

against  the mountains separating the Copper River Valley from the Matanuska 
Val ley.  The winds a re  channel led by the upper Matanuska Val1 ey as described 
in the above discussion of topographical indicators . The Matanus ka wi nds 

are cold because the cold a i r  collected in the Copper River Basin i s  the 

a i r  tha t  i s  moved through Tahneta Pass a t  the head of the Matanuska Valley. 

The cold, heavy a i r  accel erates  down the val 1 ey and resul t s  in turbulent 

winds a t  Palmer. 

The Kni k winds a re  re1 ated to  Type 2 patterns o r  i t s  subtype which has 

a high pressure ridge in  the eastern Gul f  of Alaska, or  the western subtype 
of Type 1 storms, i f  the low pressure center i s  somewhat elongated in the 
north-south direct ion.  The Knik winds a re  therefore also an example of 

strong winds being channel led by a vall ey. The Kni k winds a re  warm because 

the a i r  moving through the pass above Kni k Glacier i s  warmer maritime a i r .  

Since t h i s  a i r  i s  warmer there i s  less  acceleration down the valley due 
to  gravity than i n  the case of Matanuska winds; fo r  t h i s  reason the Knik 

winds are also less  turbulent and generally of lower velocity. 



K n i k  winds occur about 50 days per yea r ,  throughout the  year ,  whereas 

the  Matanuska winds only occur about 30 days per yea r ,  p r inc ipa l ly  i n  the  

winter  (Dale, 1956). These frequencies a r e  re f lec ted  in  Table 3.2 by the  

prevalence of Type 2 pat terns  throughout the  year  and the l e s s e r  numbers 

of Types 1 and 6 which occur infrequently i n  the  summer. The Knik and 

Matanuska winds do not occur f requent ly  enough t o  make the  Palmer area an 

usable wind energy resource,  as was discussed in  Section 3.2. 

The pat terns  of Figure 3.9, the  frequencies of Table 3.2,  and the  

topographical ind ica tors  were applied t o  the  r e s t  of the study area t o  

i n t e r p r e t  the  local  wind climatology. In the  region from Anchorage t o  the 

southern t i p  of the  Kenai Peninsula the niajor topographical fea tu res  of 

i n t e r e s t  a r e  the  Kenai Mountains and the  val ley formed by the  Cook I n l e t  

es tuary.  During winter we would expect northerly (from the  north) winds 

in Cook In1 e t  due t o  the  Type 1 and Type 6 l a rge  s ca l e  c i r cu l a t i ons .  

However, Type 2 and Type 3, which represent flow perpendicular t o  the  

Kenai Mountains and across Cook I n l e t ,  account f o r  hal f  of the wintertime 

pa t te rns .  Topographical ind ica tors  would imply high winds i n  t he  low 

spots  of the  Kenai Mountains, Kennedy entrance to  Cook I n l e t ,  and perhaps, 

analogous t o  the  Kni k winds , in Turnagai n A r m .  Because of these  winds 

which blow perpendicular t o  Cook In1 e t ,  the  topographical ind ica tors  would 

not suggest strong winds in  Cook I n l e t  under Type 2 o r  Type 3 flows. 

However, any a i r  t h a t  comes in to  the  Anchorage region,  whether i t  comes 

from t h e  Matanuska, K n i k ,  Susitna River drainages o r  Turnagain Arm, wi l l  

e x i t  through Cook I n l e t ,  the  only s i g n i f i c a n t  e x i t  ava i lab le .  The 

individual  local  winds draining i n to  the  Cook I n l e t  basin,  such as  the 

Knik o r  Matanuska winds, occur sequent ia l ly ,  r a ther  than simultaneously. 

Therefore, the re  may be a f a i r l y  continuous stream of a i r  ava i l ab l e  from 
several sources i n  sequence t o  supply drainage flow to  lower Cook I n l e t .  

In summer, Type 4 ,  Type 5, and Type 2 ( a  subtype of Type 2 which i s  

a low center  over the  Aleutians crowding in to  the high pressure r idge of 

Type 5) dominate the  region.  The local  winds a r e  the re fore  expected t o  

be up Cook I n l e t  and u p  the major valleys draining i n to  Cook I n l e t .  
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Wind d i r e c t i o n  frequency d i s t r i b u t i o n s  and average wind speed versus 

d i r e c t i o n  a re  p l o t t e d  i n  F igure  3.10. A1 though seasonal i n f o r m a t i o n  i s  

n o t  presented i n  t h i s  p l o t  we have examined the  seasonal v a r i a t i o n s  o f  

these d i s t r i b u t i o n s .  The peaks i n  t he  frequency d i s t r i b u t i o n s  f o r  n o r t h e r l y  

f l o w  a t  Anchorage, Homer, Kenai, Skwentna, Summit and Tal keetna a r e  p r i -  

m a r i l y  due t o  w in te r ,  s p r i n g  and f a l l  f lows.  Likewise, t h e  l e s s e r  peaks 

i n  those d i s t r i b u t i o n s  a r e  souther lya  due t o  a  summertime wind. We expect 

winds t o  be s t ronger  i n  Cook I n l e t  i n  w i n t e r  than summer, b u t  t h e  data a t  

Anchorage I n t e r n a t i o n a l ,  Homer and Kenai show h ighe r  wind speeds assoc ia ted  

w i t h  t h e  more s o u t h e r l y  summer winds. This  behavior  r e f l e c t s  t h e  s h e l t e r i n g  

o f  these s t a t i o n s ,  which are  l o c a t e d  on south f a c i n g  shores, from n o r t h e r l y  

winds . 
The topograph ica l  i n d i c a t o r s  suggest t h a t  Turnagain A r m  i s  a  p o t e n t i a l  

wind resource area. It i s  a  narrow f j o r d  t h a t  runs para1 l e l  t o  t h e  l a r g e  

sca le  f l ows  o f  Type 2 and Type 3. A t  t he  eas t  end o f  t he  f j o r d  t h e r e  i s  

a  r e l a t i v e l y  low pass between the  Kenai Mountains and the  Chugach Mountains. 

Therefore, a i r  f rom s t rong  d is turbances i n  t he  G u l f  o f  Alaska w i l l  s p i l l  

over  t h e  pass and i n t o  Turnagain Arm through the  v a l l e y s  o f  Portage Creek, 

P lacer  River ,  and p o s s i b l y  Twentymile River .  The wind d i r e c t i o n  f requencies 

a t  Portage ( n o t  shown) on the  west o f  t h i s  pass and North Dutch I s l a n d  on 

t h e  eas t  con f i rm  t h i s  f l o w  p a t t e r n .  

The f l o w  i n  the  v i c i n i t y  o f  Summit i s  channel led by t h e  v a l l e y s  j u s t  

as a l l  o f  t h e  o the r  s i t e s  considered so f a r .  However, the  wind f i e l d  near 

Summit i s  more complex and more d i f f i c u l t  t o  i n t e r p r e t .  Nor theast  o f  

Summit t he re  i s  a  t h r e e  way j u n c t i o n  o f  v a l l e y s .  Southwest o f  t he  j u n c t i o n  

i s  Summit and Broad Pass. The Nenana River ,  which has i t s  headwaters on 

the  south s i d e  of t h e  c r e s t  o f  t he  Alaska Range conies i n t o  the  j u n c t i o n  

from t h e  eas t  a long the  Denal i  Highway. A t  t he  j unc t i on ,  t he  Nenana R iver  

immediately t u r n s  t o  the  nor th ,  punching through t h e  low p o i n t  o f  t h e  

Alaska Range near  Windy and runs down toward Healy. I t  i s  necessary t o  

a A t  Homer t h e  summertime winds a r e  a c t u a l l y  W S W  which i n d i c a t e s  some o f  
t he  f l o w  a t  Cook I n l e t  moves up Kachemak Bay. 
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understand how t h e  mass f l o w  i s  p a r t i t i o n e d  among these  t h r e e  v a l l e y s  i n  

o r d e r  t o  l o c a t e  p r e f e r r e d  wind resource  reg ions .  I n  p a r t i c u l a r ,  t h r e e  

i tems r e q u i r e  exp lana t i on :  

t h e  p r e v a i l i n g  wind d i r e c t i o n  a t  Summit i s  NNE 

t h e  p r e v a i l i n g  w ind  d i r e c t i o n  a t  Healy i s  SE . t h e  d i r e c t i o n  o f  maximum average wind speed a t  Summit i s  ENE 

I n  w i n t e r t i m e ,  t h e  Alaska Range i s  a  b a r r i e r  t h a t  separates a  c o l d  

a i r  mass t o  t h e  n o r t h  f rom a  no t - so -co ld  a i r  mass t o  t h e  south.  The c o l d  

a i r  i s  dense so t h e  s u r f a c e  p ressu re  on t h e  n o r t h  s i d e  i s  u s u a l l y  h i g h e r  

caus ing p ressure  g r a d i e n t s  across t h e  Alaska Range. Th i s  i s  r e f l e c t e d  

i n  t h e  Type 1, 2, 3, and 6 s y n o p t i c  p a t t e r n s  t h a t  p r e v a i l  i n  w i n t e r .  I t  

appears t h a t ,  when s t r o n g  e a s t e r l y  o r  s o u t h e a s t e r l y  winds occur  ove r  t h e  

Copper R i v e r  Basin,  t h e  f l o w  i s  p a r t i a l l y  b locked  by t h e  Alaska Range 

so t h a t  s t r o n g  winds blow a long  t h e  Dena l i  Highway near  i t s  j u n c t i o n  w i t h  

t h e  Park Highway. When these  winds a r e  n o t  so s t rong ,  f l o w  moving a l ong  

t he  Denal i  Highway may e i t h e r  t u r n  sou th  th rough Broad Pass as l i n e s  o f  

cons tan t  p ressure  f o r  Type 1  storms would i n c i c a t e ,  t u r n  n o r t h  toward Healy  

(caus ing  s o u t h e r l y  winds near  Windy) as winds o f  Type 3 p ress  up a g a i n s t  

t h e  mountains,  o r  perhaps t h e r e  i s  a c t u a l l y  some s p l i t t i n g  o f  t h e  f l o w  

near  t h e  v a l l e y  j u n c t i o n .  N o r t h e r l y  winds would blow th rough t h e  canyon 

a t  Windy as a i r  acce le ra tes  i n  t he  d i r e c t i o n  o f  d ropp ing  p ressure  caused 

by storms o f  Type 1  o r  Type 2 t h a t  a r e  e i t h e r  i n t e n s i f y i n g  o r  moving 

i n t o  t h e  Cook I n l e t  area f r om t h e  southwest.  It i s  a l s o  p o s s i b l e  t h a t  

t h e  p r i m a r y  source of Healy  s o u t h e a s t e r l i e s  i s  w ind  moving down t h e  Yaner t  

Fork  r a t h e r  than  t h e  Nenana R i ve r .  I n  t h i s  case t h e  winds a t  Windy p r i -  

m a r i l y  r e s u l t  f r om a c c e l e r a t i o n s  caused by back and f o r t h  f l u c t u a t i o n s  

o f  t h e  p ressu re  g r a d i e n t  across t h e  Alaska Range. Th i s  i s  c l e a r l y  specu- 

l a t i v e  and f u r t h e r  s tudy  i s  needed t o  adequate ly  determine t h e  w i n t e r  

wind c h a r a c t e r i s t i c s  near  Summit. 



In summer, the prevailing w i n d  direction a t  Summit i s  southwest. 

This i s  consistent with the summer flow types 4 and 5.  The summer wind 

speeds a r e  grea tes t  fo r  flow u p  the valley, and t h i s  i s  consistent with 
the topographical indicators fo r  prevailing winds channelled up  a gently 

sloping valley to  a pass. 

Concl usi ons 

Local w i n d  systems in the Cook In le t  area a re  dominated by blocking 

and channelling ef fec ts  of the major mountains and valley systems. Whenever 

large sca le  wind systems become aligned w i t h  major valleys,  strong winds 

in the valley r e su l t .  With the possible exception of Turnagain Arm, no 
s ingle  valley i s  a1 igned with the large scale  winds enough of the time 

to be considered a productive wind resource. However, most mass entering 
the Cook In le t  area from a l l  valleys must e x i t  through lower Cook In le t .  
Therefore, exposed locations in Cook In le t  may provide a viable and steady 
wind resource. The existing data s ta t ions  in Cook In le t  a re  she1 tered 

from northerly winter winds. The wind f i e l d  near S u m m i t  i s  complex b u t  

enhanced resource areas may ex i s t  nearby. 

3.4 Selection of Candidate S i tes  

The preceeding section determined tha t  the wind cl imatology f o r  the 

accessible areas within the study region consists of winds blowing u p  or 
down each valley. Major elevated features ,  such as the Kenai Mountains, 

o r  Portage Pass, a re  inaccessible;  the only possible exceptions a r e  near 
the southern t i p  of the Kenai Peninsula where winds may cross the lower 
mountains o r  a t  l e a s t  pass around the end of the peninsula through Kennedy 
Entrance. Therefore, specif ic  candidate s i t e s  were selected on the basis 
of topography which coul d enhance wi nds moving through the val 1 ey . 

Topographic maps ( 1  :250,000 sca le ,  see Appendix A )  were scanned fo r  

s i t e s  with one or  more of the following f ive  specif ic  charac ter i s t ics :  

narrow constr ic t ions in the valley 

0 elevated h i l l s  o r  ridges in the valley 



obstacle f r ee  exposure to prevailing winds 

0 outside corner of a t u r n  in the valley 
e steeper slopes fo r  acceleration of descending cold a i r .  

Twenty-one s i t e s  were selected f o r  closer examination during the s i t e  inspection 

phase. These regions are  described below, following a name for  each s i t e  and a 

Figure number fo r  the reference to  the maps found in Appendix A .  

1 .  Swan Lake, A.2. Exposed to  the open f l a t s  of the Kni k River just before 
i t  spreads out into the Matanuska Valley 

2.  Palmer - Wasilla, A . 2 .  This region i s  exposed to both Matanuska and K n i k  
wi nds . 

3. Fishhook Junction, A.2. Fishhook Junction s i t s  on top of large bluffs  tha t  
face u p  the Matanuska River. These bluffs might enhance ordinary weak 
down val 1 ey winds . 

4. Sutton, A.2. The region around Sutton i s  the l a s t  constriction of the 
Matanuska Val 1 ey. Because the Matanuska Val ley i s  curving gently toward 
the south, the core of the Matanuska wind may h u g  the north s ide of the 
valley where there a re  large h i l l s  and b luf fs .  

5. Fish Lake, A.3. The h i l l  jus t  southeast of the lake appears to be 
moderately exposed u p  the va1 ley. 

6. Long Lake, A.3. There a re  well exposed and barren bluffs  above Long Lake. 

7 .  Snout of Matanuska Glacier, A.4. The Matanuska Glacier i s  a large source 
~f cold a i r  t o  be driven down the slope by gravity.  

8. Tahneta Pass, A.4. From the Eureka Roadhouse west to  Sheep Mountain Inn 
the Tahneta Pass narrows. This may amp1 i fy  the eas te r l ies  tha t  blow 
across the Copper River Basin. Jus t  south of the pass proper i s  a large 
open area. 

9 .  Chulitna Pass, A.5. If  there i s  large scale  flow moving along the Susitna 
River between the A1 as ka Range and the Tal keetna Mountains there may be some 
enhancement of winds through t h i s  narrow pass. This may be in Denali S ta te  
Park. 

10. Base of R u t h  Glacier, A.6. The R u t h  Glacier and R u t h  Amphitheater a re  
sources of cold a i r  drainage flows. This may be in Denali S ta te  Park. 

11 . Honolulu, A.7. Across the val 1 ey and northwest of Honol ul u i s  a 1 arge 
elevated bench. This bench has good exposure up  the valley and there 
could be some flow enhancement as a i r  flows onto the bench. Flow might 
be s l igh t ly  stronger on tha t  s ide of the valley due to the ine r t i a  



(centrifugal force) as the flow negotiates the southward turn between 
Colorado and Honol ul u . 
Cantwell, A.8. Northeast of Cantwell i s  a h i l l  exposed to flow coming 
through Windy. East of th i s  h i l l  i s  a gap formed by the h i l l  and the 
Reindeer Hi l l s .  The channelling by th i s  gap could enhance the wind 
resource. 

Windy, A.8. This i s  a narrow point in the Nenana River where i t  cuts 
through a low point in the Alaska Range. I t s  name i s  also suggestive, 
however the narrowness of th i s  gap indicates tha t  the winds there niay be 
very gusty and turbulent.  

Denali - Reindeer, A.8. Any flow streaming along the Denali Highway and 
turning southwest toward Summit will  spread and weaken a f t e r  the narrows 
jus t  south of Reindeer Hil ls  a re  passed. 

Denali - Pyramid, A.8. Pyramid Peak and an unnamed ridge to the south 
form a very narrow constr ic t ion j u s t  west of the broad Monahan Flat .  In 
the middle of t h i s  constriction i s  a well exposed elevated region. 

Anchor Point, A.9. Anchor Point i s  well exposed t o  summertime southerly 
winds and the 1 ess frequent b u t  strong southwesterly winds off of lower 
Cook In1 e t .  A1 though i t s  exposure to northeaster1 ies  blowing down Cook 
In le t  i s  not very good, i t  i s  be t te r  exposed than the towns of Homer or 
Kenai and should therefore reg is te r  a be t te r  wind resource. 

Diamond Ridge, A.9. Diamond Ridge i s  the most convenient and accessible 
of several similar h i l l s  and ridges north of Homer. These h i l l s  a re  t a l l  
enough and isolated enought to  be well exposed to drainage flows down 
Cook In le t .  The h i l l s  a re  well shaped fo r  enhancing winds without causing 
low level turbulence problems. If  the wind resource ex i s t s  these h i l l s  
can support large c lus t e r s  of WECS. 

Chugach - Seldovia, A.lO. The southern t i p  of the Kenai Peninsula i s  
undoubtedly a good wind resource b u t  i t  i s  not very accessible.  Since 
some of Homer's strong southeasterly winds a re  probably due to winds from 
the Gulf of Alaska pushing over the low mountain. south of Seldovia, 
there may be a good wind resource accessible from Sel dovia (e .g . ,  near 
the Kenai Chrome Mine) . 
Bird Point - Sniper 's  Point, A. l l .  These a re  two protrusions extending 
into Turnagain Arm from the opposite shores. Bird Point i s  in Chugach 
Sta te  Park. 

Portage, A.ll .  Portage Creek, Placer River, o r  Twentymile River a re  
the sources of Gulf of A1 aska a i r  entering Turnagain Arm due to  strong 
easter ly winds in Prince Will iam Sound. 

Windy Point, (not  shown). This i s  a smali protrusion west of Sniper 's  
Point t ha t  extends into Turnagain Arm from the south. 



4.0 SITE INSPECTIONS 

During the s i t e  inspection pnase each s i t e  and the intervening t e r r i t o r y  

was v is i ted .  The purpose was to seek new information tha t  was not available 

during the preliminary analysis phase. Primarily, we looked f o r  reasons to 
disqual i fy  a s i  t e  from fur ther  consideration due to local te r ra in  conditions, 

hazards, and accessibil i t y .  However, most of the s i t e s  1 is ted in Section 3.4 

were expected to  be unacceptable simply because they are  not windy enough. For 
example, even though there may be regions of te r ra in  enhancement of wind in 

the Matanuska Valley, the infrequent occurrence of Matanuska winds a t  Palmer 

imp1 ies  strong winds will probably also be infrequent higher i n  the valley. 

Therefore i n  t h i s  wind prospecting e f f o r t ,  we looked fo r  reasons to  continue 

considering a s i t e .  There i s  one wind prospecting tool well suited f o r  t h i s  job. 

The shapes of cer tain species of t rees  are  good indicators of high winds. 

Trees are  par t icular ly useful in regions where large,  local variations in 

wind speed a r e  expected ( a s  in regions of topographical enhancement) o r  in  

regions where wind data a re  sparse. Quantitative relationships between several 

d i f fe rent  indices of permanent t ree  deformation (o r  flaggi n g )  , and annual 
mean wind speed a t  10m were established by Hewson, e t  a1 . , (1979). One 
such index, the Griggs-Putnam Index, i s  i l l u s t r a t ed  i n  Figure 4.1. The 
relationship between th i s  index and mean wind speed for  Douglas Fir  and 

Ponderosa Pine was determined to be 

where G i s  the Griggs-Putnam Index. This predicts annual average wind speed 
to within 220%.  Other species of t rees  are currentiy being cal ibrated.  

Absence of flagged t rees  i s  not necessarily an indication of absence of strong 
winds since strong winds could come from a number of wind direct ions.  
However, where winds a re  constrained to  flow in vall eys, as i s  the case in 
the Cook In le t  area,  t rees  are  l ike ly  to be flagged where there i s  a good 
resource. 

Wind erosion or  deposition of so i l  o r  snow also provides clues to wind 
history.  These eolian processes were also considered during the s i t e  
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inspection phase. One must use these techniques cautiously, however, 

because a very few high wind events can be responsible fo r  most of the wind 

transport  of material (Hi e s t e r  and Pennel 1 , 1980) . 
Finally,  a great  deal of useful information can be obtained from the 

people l iving in the study area. Although the information i s  qua l i ta t ive ,  

some people may be able to s t a t e  with considerable confidence tha t  i t  i s  more 

windy here than there or tha t  when winds here behave th i s  way the winds there 

behave another way. When such comments a re  interpreted by a meteorologist, 

s ignif icant  understanding of the flow in data sparse areas resul t s .  

The s i t e  inspection v i s i t s  were made between April 9 ,  1980 and April 12, 
1980. On the morning of April 9 ,  we vis i ted the AEIDC to discuss the 

preliminary analysis phase and determine i f  other useful data existed. Two 

pieces of information were obtained, one regarding winds near Homer and 

the second regarding po tent i  a1 hazards a1 ong the Kni k River. 

F i r s t ,  we examined some wind data collected on the Diamond M .  Dragon, 

a d r i l l i ng  r ig  located 12 km southwest of Anchor Point. The anemometer 

height i s  approximately 60m. Diamond M .  Dragon data i s  not being summarized 

f o r  inclusion into the DOE Alaskan Wind Resource Assessment b u t  we f e l t  

t ha t  a look a t  those data would shed l igh t  on the wind resource near Homer, 

which i s  sheltered from winter norther l ies ,  and on the winds a t  Anchor Point. 

The winds a t  Diamond M .  Dragon in January of 1979 are  predominantly down 

Cook In le t  and reasonably strong. The wind speed frequency dis t r ibut ion i s  

shown in Table 4.1. The summertime winds a t  Diamond M .  Dragon a re  much 

l igh te r  and more consistent with the winds measured a t  Homer since Homer's 

summer winds approach from over the water to the south. 

There i s  c lear ly a s igni f icant  wintertime wind resource over the open 

water in Cook In le t .  We can make rough estimates fo r  the magnitude of the 

wind resource near Homer ( a t  10m since t h i s  i s  the reference height used 

throughout th i s  paper) i f  we only consider the extra drag on the winds due to 

the fo res t  land. This i s  done by assuming tha t  the winds a t  about 2 km 

above Cook In le t  are  the same speed over land and water, using bulk drag 



TABLE 4.1 

WIND SPEED FREQUENCY DISTRIBUTION FOR DIAMOND M. DRAGON 
DRILLING PLATFORM LOCATED 12  km SOUTHWEST OF ANCHOR POINT 

January 1979 

Anemometer He igh t :  60 m (es t ima ted )  

8 observa t ions  per  day 

Est imated mean wind speed 12.9 m/sec @ 60 m, 10 m/sec @ 10 m 

Speed (knots )  CALM 4-6 7-10 11-16 17-27 28-40 41-47 - 48 m 

Precent  1 4 9 15 28 3 5 5 3 W L  

rll) 



laws tha t  r e l a t e  the winds a t  tha t  level to the winds near the surface and 

the roughness charac ter i s t ics  of the surface (Wegl ey , e t  a1 . , 1980). We then 

estimate 10 m winter winds near Homer (not she1 tered by topography) a re  about 

7 m/sec. When combined with the more representative summertime estimate a t  

Homer of 3.6 m/sec, we obtain an estimate fo r  the annual average of somewhat 

more than 5 m/sec, o r  a  resource to consider by our c r i te r ion  of Section 3.1. 

Some of the h i l l s  near Homer exceed 300 m elevation and therefore intercept  the 

winds a t  a  higher level where wind speeds are  stronger.  This indicates tha t  

there may indeed be a  good wind resource near Homer. 

The second piece of information obtained a t  the AEIDC pertains to  

potential hazards along the Kni k River. We were told tha t  the Kni k Glacier 

sporadically advances in  a  way tha t  a  lake i s  dammed u p  behind a  wall of ice .  

When the wall of ice  breaks down during recession of the g lac ier ,  sudden 

and severe flooding r e su l t s .  We were also told tha t  Knik Glacier i s  

currently advancing. If  t h i s  i s  t rue i t  i s  su f f i c i en t  reason to disqualify 

the f i r s t  s i t e  l i s t e d  in Section 3.4. 

Following the brief stop a t  the AEIDC, each candidate s i t e  was v is i ted  

or  inspected from a distance except s i t e  9 (Chul i tna Pass) and s i t e  18 

(Chugach - Seldovia). Comments pertaining to each s i t e  a re  1 i s ted  below. 

1.  Swan Lake. There i s  no evidence of s ignif icant  t r ee  flagging, supporting 
the evidence presented in  Section 3.3 tha t  Kni k winds are too infrequent to 
be usable. The most windy places are  l ikely to be those where the r iver  
bar i s  upwind; t h i s  const i tutes  a  flood plain hazard. 

Palmer - Wasilla. There i s  no evidence of a  consistently usable wind 
resource. Local people claim t h i s  i s  a  windy area b u t  the basis of 
these claims tends to  be episodes or  wind events. Eol ian deposits of 
sand and soi l  in the valley are  deeper and more extensive near the stream 
of the Matanuska wind. However, eolian deposits are  affected most by a  
very few wind events. A1 so, eol ian deposits indicate regions where the 
wind speed i s  dropping below the necessary thresh01 d to maintain transport  
of s o i l .  

3 .  Fishhook Junction. The vegetation on the bluffs  tha t  face up  the Mata- 
nuska River show some flagging. This flagging i s  due to  the enhancement 
of winds flowing u p  the steep b luf fs .  Within 100 m of the bluff edges 
there i s  no evidence of strong persis tent  winds. The bluff edges must 
be disregarded as potential wind turbine s i t e s  due to probable local 
turbulence caused by the bluffs  and due t o  soi l  conditions; the bluffs  
a re  eroding westward into the highway. 



4 .  Sutton. The town of Sutton i s  she1 tered. Local people spoke of strong 
winds near a microwave relay* on bluffs west of Eska. Those bluffs  a re  
well exposed to winds moving down the Matanuska River Valley and a r e  - 
si tuated on the outside corner of a s l i g h t  t u r n  in the valley. The area 

%.& 

was not accessible a t  the time of the v i s i t  b u t  may be reached with four 
wheel drive l a t e r  in the year. I t  i s  probable tha t  Eska a lso  suffers  from I 

the infrequency of the Matanuska winds, although measurements may disprove 
t h i s .  The poor access ib i l i ty  i s  the most serious problem. ** 

CM 

5. Fish Lake. From the highway, s l i g h t  b u t  insuf f ic ien t  flagging of t rees  
was observed on the h i l l s  northwest and northeast of Castle. One local a 

individual claims tha t  winds a re  stronger near the northern wall of the 
valley due west of Chickaloon. This i s  consistent with the topographical mm 

indicator tha t  the core of the wind stream follows the outside corner a t  -Q 

a turn in the valley. 
-** 

6. Long Lake. The h i l l s  above Long Lake are  well exposed and barren. How- 
ever, they a re  too rugged. This could cause both access and possibly - * 

turbul ence probl ems. 
L)r 

7. Snout of Matanuska Glacier. The wind resource could not be adequately 
judged. There may be good and continuous drainage winds blowing down the 
g lac ier .  However, the s i t e  i s  inaccessible.  r* 

8. Tahneta Pass. There was no evidence of t r ee  flagging. There was some 
sign of d r i f t i ng  and sculptured snow. Based on the topography, the most 
a t t r a c t i v e  area i s  near the Sheep Mountain Inn. The pass i s  wide open to 
the Copper River Basin and would be a good location f o r  an instrument to 
measure mass flow into the Matanuska Val ley. A road cuts across the pass 
region to  a microwave relay located above Knob Lake. 

9 .  Chulitna Pass. This s i t e  was not v is i ted ,  seen, or inquired about. There 
i s  a cabin on Byers Lake with an anemometer a t  10 m (surrounded by 7-8 m 
t r e e s ) .  The owner of t h i s  cabin has a contract with the FAA to  make 
hourly weather reports between 0600 and 1800. The owner claims the 
average wind speed i s  about 10 knots and intends to  e rec t  a small wind 
turbine.  

10. Base of R u t h  Glacier. This has the same problems as the Matanuska Glacier r ~ *  

( s i t e  7 ) .  
I*& 

11 . Honolulu. The bench across the valley from Honolulu could accomodate a 
large group of wind turbines. We could not in te rpre t  from the topography L1 

whether there would be any s igni f icant  enhancement of the winds on t h a t  ..* 
bench. There i s  an anemometer a t  the rai l road s ta t ion  a t  Hurricane. The 
cabin owner was not a t  home so i t  was not determined i f  records a re  being .rr 

made, o r  for  whom. The principal problem i s  access. , he 

LI 

* I t  i s  an unfortunate irony that  most locations tha t  a re  s l igh t ly  elevated and 
have good exposure u p  and down the valleys a re  occupied by microwave relay l inks .  " 



12-1 5. Cantwell, Windy, Denal i Highway. This area was generally f r ee  of 
t rees  and the t rees  that  were there a re  not s ignif icant ly flagged. How- 
ever, i f  strong winds do come from more than one direct ion,  the l ack of 
flagging i s  not a conclusive indicator that  the area i s  not a good wind 
resource region. With no assistance from the vegetation, very 1 i t t l  e 
could be resolved regarding the complexities of th i s  area tha t  were 
discussed i n Section 3.3. Three 1 ocal Cantwell residents,  i ncl udi ng one 
p i l o t  who a1 so operated two 250 kw diesel generators for  the town, 
offered the i r  understanding of the wind f i e l d .  In general , t he i r  comments 
support the hypotheses suggested in Section 3.3. In addition, they indi- 
cated tha t  the winds tended to be stronger a t  Healy than a t  Summit. 
Frequently the winds a t  Healy and Summit are  from opposite direct ions,  
b u t  when th i s  occurs the winds usually are  not strong a t  both places 
simultaneously. The p i lo t  also suggested tha t  winds coming down the 
Yanert Fork are  a s igni f icant  source of winds affecting Healy. There i s  
i n t e re s t  in wind power in the Cantwell area; several residents along the 
Denali Highway were reported to  have small wind turbines ins ta l led .  

16. Anchor Point. The point i s  located within a s t a t e  park. Vegetation j u s t  
above the beach i s  well flagged from the west, indicating strong northerly 
winter winds , good southerly summer winds , and occasional wester1 i es tha t  
blow across lower Cook In le t .  Flagging tha t  close to costal waters can 
be enhanced by sal  t spray so the uncertainty in interpreting the wind 
speeds a t  Anchor Point i s  large.  There i s  an anemometer located r igh t  on 
Anchor Point tha t  was placed there by the Pacific Marine! Environmental 
Laboratory/National Oceanic and Atmospheric Administration ( N O A A )  in 
March 1980. No reduced data i s  y e t  available from th i s  anemometer b u t  
i t  should be obtainable in the near future.  North of Anchor Point a re  
bl uffs which overlook Cook In1 e t .  Trees along the bluff edge a re  moderately 
to completely flagged and some trees  several hundred meters inland show 
s l i g h t  t o  moderate flagging. However, the inland trees a re  not rea l ly  
isolated enough to serve as good samples. We conclude that  because of 
the good access to th i s  region, there may be suf f ic ien t  resource along 
the bluffs north of Anchor point to jus t i fy  making simple measurements. 
This will be discussed fur ther  i s  Section 5.  

Diamond Ridge. There was no s ignif icant  flagging of t rees  on Diamond 
Ridge b u t  th i s  could be due to the exposure of the ridge to  winter 
norther1 i es , summer souther1 i es , strong southeas t e r l  i es tha t  cross the 
low mountains southeast of Homer, or  the westerlies moving across lower 
Cook In le t .  There a re  a number of posit ive a t t r ibu tes  fo r  t h i s  s i t e .  
The ridge i s  well exposed and largely f r ee  of t rees .  There i s  good road 
access to the ridge. A transmission l i n e  runs the length of the ridge 
and connects to a substation on the eas t  end. There a re ,  however, 
negative a t t r ibu tes  to the s i t e .  There a re  s ingle  family residences 
located u p  on what i s  cer tainly the f i n e s t  view p r o ~ e r t y  near Homer. 
There i s  an FM radio transmitter ( K G T L )  and several microwave relays 



( i n c l u d i n g  U.S. A i r  Force) atop Diamond ~ i d ~ e . ~  A1 though we do n o t  endorse 
ass ign ing  s i g n i f i c a n c e  t o  s i l o r t  term measurements, we c o u l d  n o t  h e l p  be ing  
impressed by t h e  s t rong,  y e t  non - tu rbu len t  cha rac te r  o f  t h e  n o r t h e r l y  winds 
b lowing  across Diamond Ridge du r i ng  a  mid-morning and mid-a f te rnoon v i s i t  
on A p r i l  11. A f isherman, who 1  i v e s  a top  the  r i dge ,  owns an anemometer ( n o t  . , 
y e t  r e c o r d i n g ) ,  and i s  reasonably  w e l l  acquainted w i t h  t h e  pub1 i c a t i o n s  o f  
t he  Federal  Wind Enerqy Proqram, c la imed t h e  day was f a i r l v  t y p i c a l .  
The resource  i n  t h e  Diamond Ridge area i s  wo r th  eva lua t i ng .  However, t he  
nega t i ve  a t t r i b u t e s  o f  t h a t  s i t e  may prevent  t h e  s i t i n g  o f  l a r g e  WECS the re .  llWL 

I f  so, t h e r e  a r e  o t h e r  h i l l s  t h a t  may serve  as w e l l .  From the  a i r  above , I- 
Homer a  t ransmiss ion  1  i ne was observed runn ing  t o  t h e  south o f  (we be1 i e v e )  
Lookout Mountain and Ba ld  Mountain. F u r t h e r  t o  t h e  n o r t h  a r e  the  Caribou ,a="- 

H i l l s ,  south o f  Tustamena Lake. The Caribou H i l l s  a r e  t h e  t a l l e s t  on t h e  
Kenai Fore lands.  They a l s o  a re  w i t h o u t  t r e e s  and cover  enough area t o  suppo r t  "" 

a  l a r g e  a r r a y  o f  wind tu rb ines ,  i f  the  resource i s  v a l i d a t e d .  Though they  - 
c u r r e n t l y  appear t o  have no access, t h e  eastward development f r om Highway 1  
may e v e n t u a l l y  1  ead t o  f u r t h e r  c o n s i d e r a t i o n  o f  t he  Caribou H i  11 s  area.  

18. Cugach - Se ldov ia .  Th i s  s i t e  was n o t  v i s i t e d ,  b u t  o n l y  viewed f rom Homer. .I 

It  appears t h a t  t h e r e  may be usab le  t e r r a i n  t h a t  cou ld  c a p i t a l  i z e  on  the  .. 
w i n t e r  winds b low ing  down Cook I n l e t  o r  on t h e  winds coming ove r  t h e  low 
mountains a t  t h e  end o f  t h e  Kenai Peninsula.  There i s  c u r r e n t l y  no access sd 

t o  t h i s  h i g h  ground above Se ldov ia .  
il*uI 

19. B i r d  P o i n t  - S n i p e r ' s  P o i n t .  V i r t u a l l y  every p lace  f rom Rainbow t o  B i r d  
P o i n t  on t h e  n o r t h  s i d e  o f  Turnagain A r m  showed f l agged  t r e e s ,  bo th  
con i f e rous  and deciduous. F igu re  4 .2  shows a  comple te ly  f l a g g e d  t r e e  near  
I n d i a n  Creek. A t  McHugh Creek t h e  .Alaskan Highway Department has a  shed 
on the  shore o f  Turnagain Arm w i t h  an anemometer and a  smal l  w ind  t u r b i n e .  
We d i d  n o t  a t t emp t  t o  recover  any da ta  f rom t h i s  s t a t i o n .  A t  B i r d  P o i n t  
t h e r e  i s  complete f l a g g i n g  o f  sonie t r e e s  and p a r t i a l  th rowing  (see 
F i g u r e  4.1 and F i g u r e  4 .3 ) .  Th is  i n d i c a t e s  t h a t  t h e  annual mean w ind  
speed may exceed 6 m/sec. The p r i n c i p a l  problem w i t h  s i t e s  i n  Turnagain 
A r m  a r e  l i m i t a t i o n s  on the  a v a i l a b l e  l a n d  (assuming t h a t  l a n d  w i t h i n  t h e  
s t a t e  parks c o u l d  be used f o r  wind t u r b i n e s ) .  Even though B i r d  P o i n t  
c o u l d  p o s s i b l y  accomodate one o r  two megawatt s c a l e  wind t u r b i n e s ,  i t  
may make more sense t o  cons ider  medium sca le  (106-600 kw) w ind  t u r b i n e s ,  
such as e i t h e r  t he  h o r i z o n t a l  a x i s  o r  v e r t i c a l  a x i s  vers ions  o f  t h e  MOD-6 
y e t  t o  be developed i n  the  DOE Wind Energy Program. R a i l  road r i gh t -o f -way  
c l  earance may a1 so be a  p r o b l  em. The 1  i m i  t e d  space ava i  1  ab l  e  f o r  - s i t i n g  
w ind  t u r b i n e s  a1 so suggests t h a t  t u r b u l  ence generated by t h e  i n t e r a c t i o n s  
o f  t h e  w ind  w i t h  t h e  canyon w a l l s  c o u l d  be a  hazard. B i r d  P o i n t  j u t s  o u t  
i n t o  t he  f j o r d  f a r  enough t h a t  t u rbu lence  may n o t  be a  problem the re .  
Ul t i m a t e l y  t he  t u r b u l  ence c h a r a c t e r i s t i c s  a t  a  p o t e n t i a l  w ind  t u r b i n e  s i t e  

a ~ a r g e  w ind  t u r b i n e s  i n t e r f e r e  w i t h  e lec t romagnet ic  r a d i a t i o n  i n  c e r t a i n  
c o n f i g u r a t i o n s  o f  t ransmi  t t e r - t u r b i  ne-recei  ve r .  



4.2 Flagged T r e e  n e a r  I n d i a n  Creek, Turnagain  A r m  



must be assessed. Sniper 's  Point was not vis i ted b u t ,  as viewed from 
Bird Point, i t  appears more she1 tered from strong winds blowing down 
Turnagain Arm. The potential earthquake hazard i n  Turnagain Arm i s  
proven. 

20. Portage. From the highway there i s  no biological or  geological evidence 
of persis tent  strong winds i n  e i  ther Twentymil e River Val 1 ey or  Placer 
River Valley. The same i s  t rue a t  the mouth of Portage Creek except fo r  
a highway sign tha t  had recently blown over. Within 6 km of Portage Lake 
were signs of strong and violent  winds. A temporary road sign "Extreme 
Wind Ahead" appeared j u s t  downstream of a region of wind-broken t rees  
(1 ocated between the two westernmost campgrounds shown in Figure A.l l )  . 
About 15 to  20 broken t rees  were observed from the road. This was 
determined to  be wind damage rather  than avalanche damage because the 
broken t rees  were scattered among standing t rees ,  whereas an avalanche 
~ o u l d  cause more thorough damage. Judging from the condition of the 
trunks and stumps the damage was recent, probably in the spring of 1980. 
Had there been an avalanche so recently,  the remnant snow accumulation in  
the avalanche outrun would have been noticeable. This wind damage was 
probably a f a i r l y  ra re  event since there was no observable s imilar  damage 
a t t r ibutable  to previous years ' storms. I t  also i s  not a t t r ibu tab le  to 
the 50 m/sec wind storm tha t  damaged Anchorage i n  the f i r s t  week of 
April, since those winds came from the southwest, whereas the wi nd damage 
near Portage r e f l ec t s  southeasterly winds. Further consultation should 
be sought to  determine the wind speeds necessary to  cause t h i s  wind damage, 
and compared to the 60 to  70 m/sec wind speeds tha t  large wind turbines rLlr 

a re  designed to withstand. The more s igni f icant  hazard to  large wind 
turbines s i t ed  near Portage Lake i s  ic ing.  Some trees  j u s t  down from the 
lake have no bark (and no branches) on the upwind sides of the trunks and II 

stems indicating wind driven ice pa r t i c l e  damage. Furthermore, the s tee l  
flagpole a t  the Portage Glacier v i s i t o r  center was bent in the middle 
30 degrees from vertical  . This probably occurred when i ce  buil t up  on - 
the pole causing increased drag and wind loading. The flagging of the 
t rees  showed par t ia l  throwing (see  Figure 4.1 ) near Portage Lake, decreas- 
ing to  moderate o r  s l i g h t  flagging a t  the boundary of the Chugach S ta t e  
Park Recreation Area. This decrease i n  apparent wind resource i s  more * 
rapid than might be expected since the Portage Creek Valley remains f a i r l y  
narrow throughout. This decrease may j u s t  indicate the downstream increase 
in f o r e s t  cover (which i tsel  f indicates decreasing wind resource) tha t  A 

causes more drag near the surface.  If  t h i s  i s  t rue  there may s t i l l  be 
a usable w i n d  resource in the downstream end of the valley a t  the higher 
levels  seen by large wind turbines.  Another mechanism i s  possible however. u 

When shallow high speed flows descend a steep slope, then reach a level 
surface, kinet ic  energy of the shal low flow can be converted to  potential 
energy of a lower speed, deeper layer .  This i s  the atmospheric analog to  

U the hydraulic j u m p  of f lu id  mechanics. If  hydraulic jumps occur just 
downstream of Portage Lake, then the wind resource f a r the r  downstream i s  
1 i kely to  be weaker throughout a layer seen by larger  WECS and i s  a1 so 
l ike ly  to  be subject to  rapid changes in wind speed and turbulence in tens i ty  - 
as the t rans i t ion  from shooting to tranquil flow moves up or downstream. 



4.3 Flagged T r e e s  on Bi rd  P o i n t ,  Turnaqa in  Arm 



S i m i l a r  w ind  c h a r a c t e r i s t i c s  may be found a t  t he  bases o f  Spencer G l a c i e r  
o r  Skookum G lac ie r ,  a1 though these areas were n o t  v i s i t e d .  C 

Windy P o i n t .  This  s i t e  was n o t  inspected,  b u t  j udg ing  f rom t h e  evidence 
seen i n  t he  r e s t  o f  Turnagain Arm,  a  usab le  resource  probab ly  e x i s t s  i f  
t h e r e  i s  s u f f i c i e n t  l a n d  a v a i l a b l e  and i f  s i t e  t u rbu lence  i s  n o t  t o o  h igh .  I 



RECOMMENDATIONS FOR MEASUREMENT PROGRAMS 

5.1 Instrumentation 

Wind data can serve several functions. Some of these functions are:  

0 to  estimate the gross magnitude of the resource a t  a s i t e  

to  evaluate the quality of the resource a t  a s i t e  
to  quantify the economic value of the resource a t  a s i t e  

e to interpolate wind character is t ics  between s i t e s  

The measurements and instrumentation required to  gather data for  these 
functions a re  discussed elsewhere (Hiester and Pennell, 1980), b u t  we shall  

mention them br ie f ly  here. 

The gross magnitude of the wind resource i s  obtained from the average 

wind speed. This i s  measured most simply and inexpensively with wind-run 

anemometers. A wind-run anemometer i s  an odometer t h a t  measures the distance 

of wind tha t  has passed through an anemometer. This distance i s  divided by 

the time between readings (e .g . ,  one month) to yield an average wind speed 

over tha t  interval . Wind-run anemometers cost  about $50 to  $250. 

Quality of the resource refers  to  the turbulence and change in wind speed 

with height (wind shear) charac ter i s t ics .  Measuring wind shear requires two 

sensors. An estimate of turbulence intensi ty  can be obtained w i t h  one sensor 
i f  time ser ies  are  collected a t  an appropriate sampling r a t e .  

The data requirements f o r  economic assessment of wind  energy are  s t i l l  
somewhat uncertain. This i s  because i t  i s  no t  known absolutely what data 
(number of levels ,  sampling r a t e )  a re  required to predict  wind turbine 
output w i t h  a specified confidence. The r a t e  a t  which wind turbine c lus te r  
power output fluctuations must be known fo r  re1 iabi l  i ty calculations i s  also 
somewhat uncertain a t  the present time. Future operational experience will 
answer these questions. Until t h i s  experience i s  a t  hand, hourly average 

wind speeds near h u b  height a re  assumed t o  be adequate for  the early stages 

o f  s i t e  evaluation. A measurement program should re ta in  the f l e x i b i l i t y  fo r  

increasing the sampl ing r a t e  and possibly the number of sensors per tower 



in l a t e r  stages of s i t e  evaluation a t  s i t e s  were WECS are  1i kely to  be 
ins ta l led .  

To interpolate  wind charac ter i s t ics  between s i t e s ,  numerical models 

are  used. The modes require input tha t  i s  representative of a i r  motions on 

time scales shorter  than the changing weather conditions b u t  longer than the 

turbulence f luctuat ions.  Therefore, synchronous hourly averaged data from 

several locations a re  appropriate. 

There a re  several means of recording time ser ies  data.  These include 

s t r i p  chart  recorders, magnetic tape casse t tes ,  sol id  s t a t e  memory, and 

telemetry through a  storage buffer and ultimately into a  user ' s  computer. 
Raw data may be recorded d i rec t ly  or i t  may be preprocessed (e .g. ,  hourly 

averages and variances computed) by a  microprocessor before storage. There 

i s ,  as y e t ,  no universal agreement on which systems a re  most r e l i ab le  or  

cost e f fec t i  ve i  n harsh environments. 

S t r ip  chart  recording systems cost between $300 and $1 500 per uni t .  

However, t o  t ransfer  data from s t r i p  charts t o  a  computer tape f i l e  can be 

tedious and time consuming. Assume a technician w i t h  a  charge r a t e  of $161 

hour ($8 wage plus $8 overhead) reduces data by reading four samples per 

hour of chart  record every 20 seconds and enters  these data through a  key 
board into a  computer terminal w i t h  an of f - l ine  casset te  tape storage buffer. 
This data t ranscr ipt ion would require about two weeks and $2,000 t o  reduce 
a  year of wind speed and wind direction data. S t r ip  chart  system fa i lu res  

commonly include paper jams, time base e r rors ,  o r  zero-offset (b i a s )  e r rors .  

Magnetic tape systems cost from $500 t h r o u g h  $6,000 per uni t ,  a1 though 
some units can record several levels  of anemometry on one tape. Converting 
casset te  data tapes t o  computer tapes i s  l e s s  labor intensive than processing 

s t r i p  char t s ,  though probably no l e s s  expensive. Assuming the sponsor chooses 

to  subcontract o u t  the data col lect ion and t ranslat ion to  a  subcontractor, 

the fee could be about $4,000 per s i t e  (wind speed and direction measurement 

a t  two leve ls )  per year. Magnetic tape systems may f a i l  in cold weather 

i f  the dtita logger i s  not in a  heated enclosure. Occassionally tapes can 
be very d i f f i c u l t  t o  read i f  the recorder has been jarred or  damaged. 



Solid s t a t e  memory devices are  convenient because they are  less  prone 
to  f a i lu re  i n  cold temperature since they have no moving parts .  However, 

unlike s t r i p  chart  or casset te  systems, i f  a sol id  s t a t e  data logger does 

f a i l  i t  may lose a l l  of the data in storage not ju s t  the data a f t e r  the time 

of f a i lu re .  Solid s t a t e  systems costs are  comparable to  casset te  tape sys- 

tems. Jus t  as casset te  systems need a tape reader/ t ranslater ,  sol id  s t a t e  

systems require a "milker" to  re t r ieve  the data from memory, temporarily 

s tore  i t  on a casse t te ,  then t ransfer  data from the casset te  to  a computer 

tape. 

Telemetered systems tha t  transmit via s a t e l l i t e s  a re  very new. Cost 

estimates will change as the technology becomes more widespread. Cost 

estimates of $6,000 to $12,000 per s i t e  are reasonable. The great advantage 

of these systems for  remote applications i s  t ha t  s i t e  v i s i t s  may be made more 
infrequently. This i s  because system fa i lures  would be detected almost 

immediately so there i s  less  r i sk  or a costly data loss through infrequent 

v i s i t s .  

Towers for  mounting instruments vary widely also.  Simple 10 m tubular 

aluminum or s teel  poles with guy wires and stones piled around the base a re  

the l eas t  expensive option. They can be bought and erected for  $200 to $500 

depending on the s i t e .  Triangular t russ  towers, 10 m high, are  more durable, 

where conditions of heavy icing or l ivestock/wildlife abuse are  expected. These 
towers can be erected for  about $3,000 each. Telephone poles a re  less  expensive 
and shed ice well i f  an auger truck can reach the s i t e .  Taller tr iangular t russ  
towers will cost  between $3,000 and $15,000 t o  purchase and i n s t a l l .  

5.2 Options 

In t h i s  section we present three optional f i r s t  year measurement programs 
that  could be followed, in whole or in par t ,  by the APA or the u t i l i t e s  of 
the Cook In le t  area. These options i l l u s t r a t e  a spectrum of approaches from 
conservative to  aggressive. We wish to  emphasize, however, t ha t  our prelimi- 

nary study does not suggest tha t  the wind resource in the Cook In le t  area i s  
1 i kely to  be of outstanding potent ial .  The more conservative approaches, 
which will provide quant i ta t ive estimates of the magnitudes of the wind 



resource, a re  therefore the most logical .  The aggressive options provide 

a view of the more advanced stages of the wind prospecting s t r a t eg ie s  which 

a re  outlined i n  Appendix B .  The suggested options are:  . - Demonstration - Program ( D P )  

Rapid Investigation of Significant Large 
Wind Turbine Penetration (LWTP) - - - 
Gross Resource Assessment ( G R A )  - - - 

The s i t e s  considered f o r  instrumentation are  those which show the most 

promise fo r  wind energy development or  because data from the s i t e s  would be 

useful as spot or check measurements. The s i t e s  to  be discussed are:  

A - Hil l s  north of Homer 

B - Portage Creek, jus t  west of Chugach State  Park 
Recreation Area 

C - Cantwell Region 
D - Anchor Point 

E - Bird Point 

F - Tahneta Pass 

We present some rough estimates for  costs of the optional programs. 

These estimates a re  only guidelines and they may vary subs tant ia l ly  depending 
on what assumptions a re  made. We assume tha t  the responsibi l i ty  f o r  data 

col lect ion,  reduction, analysis and reporting would belong w i t h  subcontractors 
though not necessarily the same subcontractors fo r  each task. For example, 
local residents could be contracted to  v i s i t  s i t e s ,  change data tapes,  and 

report  malfunctions tha t  they could not handle. An Anchorage based organi- 
zation i s  assumed responsible fo r  managing and executing the data col lect ion 
and qual i ty  assurance programs and fo r  t ransferr ing the data to  computer 

tapes. Using these data,  simple resource assessment computations may be 

performed by anyone who i s  well acquainted w i t h  the wind energy l i t e r a t u r e .  

As more detai led questions on the economic value of the resource come t o  the 

forefront,  consultants experienced in the evaluation of wind, or  other s to-  

chast ic  resources, should be retained. 

Some of the cost  estimates presented vary from s i t e  t o  s i t e .  For example, 

s i t e  v i s i t s  to  change tapes or s t r i p  charts  a re  expected t o  cost  more i f  



remote s i t e s  must be reached than i f  s i t e s  a re  e a s i l y  access ib le  from a l l  

weather roads. S i m i l a r l y ,  management cos ts  a re  h ighes t  f o r  t h e  most complex 

programs. 

DP - The demonstrat ion program o p t i o n  presumes t h a t  i t  i s  d e s i r a b l e  t o  - 
o b t a i n  ac tua l  ope ra t i ng  experience w i t h  a  l a r g e  wind tu rb ine .  The ac tua l  

va lue o r  c o s t  o f  t h e  wind energy produced i s  o f  secondary importance. The 

c r u c i a l  f a c t o r  i s  t h a t  t h e r e  be s u f f i c i e n t  wind t o  operate t h e  machine 

enough t o  ga in  experience and t h a t  r i s k s  t o  the  machine be minimized. I t  

i s  a l s o  impor tan t  t o  c o l l e c t  s u f f i c i e n t  data f o r  eva lua t i on  o f  t h e  wind 

t u r b i n e  performance and i n t e r a c t i o n  w i t h  t h e  network. P u b l i c  v i s i b i l i t y  

may o r  may n o t  be an issue.  Rapid progress i s  important .  

Two s i t e s  cou ld  be used f o r  t h e  DP; the  h i  11 s  n o r t h  o f  Homer ( S i t e  A), 

and B i r d  P o i n t  ( S i t e  E ) .  S i t e  A cou ld  be used f o r  megawatt sca le  wind t u r -  

bines, whereas S i t e  E cou ld  be used f o r  mid-s ized (perhaps v e r t i c a l  a x i s )  

wind tu rb ines .  Ons i te  data c o l l e c t i o n  should c o n s i s t  o f  one yea r  o f  wind 

speed and d i r e c t i o n  t ime  s e r i e s  data sampled a t  l e a s t  as f a s t  as once every 

two minutes. The data should be c o l l e c t e d  a t  l e a s t  a t  two l e v e l s ,  near hub 

h e i g h t  and a t  10 m. With these data an energy p roduc t i on  es t imate  cou ld  be 

made and wind shear can be evaluated. 

A tower would be erec ted  a t  B i r d  Po in t .  I f  insurmountable problems bar  

development on Diamond Ridge above Homer, a  tower would have t o  be erec ted  

on some o t h e r  l e s s  access ib le  s i t e .  However, a  conserva t ive  o p t i o n  e x i s t s .  

The KGTL r a d i o  tower cou ld  be inst rumented f o r  a  yea r  and t h e  data evaluated 

before a  dec i s ion  i s  made t o  i n s t a l l  a  tower a t  some o t h e r  l o c a t i o n .  This  

would, of course, have t o  be nego t i a ted  w i t h  KGTL. When adequately sh ie lded,  

the  sensors should operate p r o p e r l y  on t h a t  tower and t h e  data logger  cou ld  be 

s to red  i n s i d e  t h e  res idence beside t h e  tower. Magnetic casse t te  da ta  loggers  

are p r e f e r r e d  f o r  t h i s  op t i on .  The cos ts  o f  t he  DP o p t i o n  a r e  shown i n  

Table 5.1. 

RLWP - The assumption o f  t h i s  o p t i o n  i s  t h a t  a  ser ious  e f f o r t  i s  t o  be 

made t o  determine what l a r g e  sca le  wind energy p roduc t i on  m igh t  be f e a s i b l e  

i n  t he  very  near f u t u r e .  The RLWP program cou ld  l o o k  a t  f o u r  s i t e s ;  these 

s i t e s  a re  A, B y  C, and E. 



TABLE 5.1. Rough Cost Estimates for Demonstration Program (DP) Option 

ITEM 
Cost 

( $1 000) 

Homer ( Diamond Ri dge) 

Installation of Equipment on KGTL Tower 
Sensors and Cassette Tape Data Logger 
Tape Changing Visits (30/yr x $15) 

Site Visits and Sensor Cali bration (4/yr x $250) 
Data Translation 
Data Analysis 
Reporting 
Management ($500/mo x 12 mo) 

SUB-TOTAL 

Bird Point 
Purchase and Installation of 45 m Tower 
Sensors and Cassette Tape Data Logger 
Tape Changing Visits (30/yr x $60) 

Site Visits and Sensor Calibration (4/yr x $250) 
Data Translation 
Data Analysis 
Reporting 
Management (Insignificant Addition to Above) 

SUBTOTAL 

Summary Report and Recommendations 

GRAND TOTAL 



The s trategy a t  S i t e  A near Homer could be the same as in the DP. A 

l ess  expensive option for  Bird Point (S i t e  E )  would be t o  neglect time ser ies  

and wind direct ion,  and simply use a wind-run anemometer a t  10 t o  20 m.  
The choice t o  i n i t i a l l y  go with less  sophisticated instrumentation a t  Bird 

Point i s  j u s t i f i ed  by the limited space available there f o r  ins ta l l ing  wind 

turbines. 

The Portage Creek s i t e  (S i t e  B )  may have severe and gusty winds. There- 

fore two minute sample interval time ser ies  data are  required, or  perhaps 

hourly averaged data w i t h  sub-hourly variances computed and stored each hour. 

The l e a s t  expensive option f o r  Portage i s  t o  use s t r i p  chart  recorders which 

can yield crude gust information by visual inspection of the trace.  I t  i s  

desirable t o  in s t a l l  a t  l e a s t  a 20 t o  30 m mast a t  Portage. 

There i s  suf f ic ien t  land area near Cantwell and Summit t o  support large 

c lus te rs  of wind turbines i f  enhanced resource areas can be located. We 

suggest tha t  the best way t o  determine i f  such areas e x i s t  i s  to  employ 

numerical models developed fo r  the Federal Wind Energy Program. Suff icient  

data to  drive the simplest of these models could be obtained from a year 

(o r  a t  l eas t  a winter) of synchronous hourly averaged wind data collected 

a t  10 to  20 m from f ive locations. The f ive  locations should include: 

along Denali Pass Highway 

near Sumi t  
in the gap near Windy 

in the Yanert Fork of the Nenana River 
i n  the Nenana River Val ley south of Healy b u t  below 
the Yanert Fork. 

The l a t t e r  two s ta t ions  could be dropped in a pinch, b u t  t h i s  i s  not desirable. 
Winter temperatures must be considered in t h i s  region, especially.  Cassette 

data loggers may not function well so s t r i p  chart  recorders (using pressure 

sensi t ive paper, not ink) o r  sol id  s t a t e  memory loggers are  bet ter  options. 

The costs of both of these options are  estimated in Table 5.2. Two 

options f o r  Cantwell are  included. The f i r s t  was 10 m towers and sol id  s t a t e  
data loggers; the second assumes 10 rn poles and s t r i p  charts a re  used. 



TABLE 5.2. Rough Cost Es t imates  f o r  Rapid I n v e s t i g a t i o n  of  
Large Wind Turbine P e n e t r a t i o n  (RLNP) Option 

I tem 
Cost 

( $1 000) 

Homer ( Diamond R i  dge)  

I n s t a l l a t i o n  o f  Equipment on KGTL Tower 
Sensors  and C a s s e t t e  Tape Data Logger 
Tape Changing V i s i t s  (30 /y r  x $15) 
S i t e  Visits and Sensor  Cal i  b r a t i o n  ( 4 / y r  x $250) 
Data T r a n s l a t i o n  
Data Analys i s  
Report ing 
Management ($500/mo x 12 mo) 

SUB-TOTAL 

Bird Po in t  

Purchase and I n s t a l l a t i o n  o f  20 m Tower 4.0 
Wind-Run Anemometer (1 p l u s  1 s p a r e )  0 .4  
Data Co l l ec t i on  S i t e  V i s i t s  (12  x $60) 0.7 
Data Analys i s  0 .3  
Report ing 0 .3  
Management 0 .3  

SUB-TOTAL 6.0 

Por tage  Creek 

Purchase and I n s t a l l  30 m Tower 
Sensors  and S t r i p  Char t  Data Logger 
S i t e  V i s i t s  (12  x $60) 
Data Reduction t o  Computer Tape 
Data Analys i s  
Report ing 
Management 

SUB-TOTAL 

Cantwell (Using Sol i d  S t a t e  Data Loggers and Towers) 

Purchase and I n s t a l l  5 10  m Towers ( 5  x $3000) 15 .0  
Sensors  and S o l i d  S t a t e  Data Logging System (5x$2500) 12.5 
Data Logger Mi 1 ker ( 1  x $2500) 2.5 
S i t e  V i s i t s  (12 x $250) 3.0 
Data Reduction and Analys i s  (No Computer Modeling) 15.0 
Data Analys i s  



TABLE 5.2. Rough Cost Est imates f o r  Rapid I n v e s t i g a t i o n  o f  
Large Wind Turbine Pene t ra t i on  (RLWP) Option 

(cont inued)  

Cost 
( $1 000 

Cantwell (cont inued)  

Data Ana lys is  f o r  Computer Modeling 
Report ing 
Management 

SUB -TOTAL 

Cantwel l  (Using S t r i p  Charts and Masts) 

Purchase and I n s t a l l  5  10 m Masts ( 5  x $500) 
Sensors and S t r i p  Chart Data Loggers ( 5 )  
S i t e  V i s i t s  (12 x $250) 
Data Reduction t o  Computer Tape 
Data Ana lys is  
Data Ana lys is  f o r  Computer Model i n g  
Report ing 
Management 

SUB-TOTAL 

Anchor P o i n t  

Purchase and I n s t a l l  4 10 m Masts (4  x $500) 
Wind-Run Anemometers ( 4  p l u s  2 spares x $200) 
Data C o l l e c t i o n  S i t e s  V i s i t s  (12 x $60) 
Data Ana lys is  
Report i  ng 
Management 

S UB-TOTAL 

Summary Report and Recommendations 

GRAND TOTAL (Cantwel l  High Opt ion)  

GRAND TOTAL (Cantwel l  Low Opt ion)  



GRA - In the GRA program wind prospecting proceeds a t  a slower pace. 
S i tes  A through F would be considered. Anchor Point, which may have a good 

enough wind resource t o  be considered in the RLWP program, i s  placed here 

because prospecting spot measurements along the coast are probably the most 

e f fec t ive  way of pinning down the enhanced resource areas. Tahneta Pass i s  
incl uded to  insure tha t  the pass and the Matanuska Val 1 ey do not fa1 1 through 

the cracks i f  the conclusions s tated previously in th i s  report  regarding those 

areas a re  wrong. Only three s i t e s  a re  considered near Cantwell; Cantwell, 

Windy, and Denali Pyramid. The Nenana River and Yanert Fork s i t e s  used in 

the RLWP option are  not needed since numerical models a re  not used i n  the GRA. 

Exploration of the h i l l s  north of Homer could extend to a l l  of the major h i l l s  
u p  t o  the Caribou Hil ls .  Exploration near Portage could extend up t o  the 

Placer River, Skookum Creek, and Twentymile River Valley. For these measure- 

ments, wind-run anemometers on 10 m masts would be adequate. The estimated 
costs ofthe GRA option are  l i s t e d  in Table 5.3. 

After a year of data collection the high average wind resource areas 

would be ident i f ied.  More sophisticated measruement programs leading to  wind 

turbine c lus te r  development could begin in the second year,  as needed. 



TABLE 5.3. Rough Cost Estimates for Gross Resource 
Assessment (GRA) Option 

I tem 
Cost 

($1000) 

Anchor Point 

Purchase and Install 4 10 m Masts (4 x $500) 
Wind-Run Anemometers (4 plus 2 spares x $200) 
Data Collection Site Visits (12 x $60) 
Data Analysis 
Reporting 
Management 

SUB-TOTAL 

Tahneta Pass 

Purchase and Instal1 10 m Mast 
Wind-Run Anemometers (1 plus spare x $200) 
Data Collection Site Visits (12 x $60) 
Data Analysis 
Reporti ng 
Management 

SUB-TOTAL 

Hills North of Homer 

Purchase and Install 6 10 rn Masts (6 x $1000) 
Wind-Run Anemometers (6 plus 3 spares x $200) 
Data Collection Site Visits (12 x $250) 
Data Analysis 
Reporting 
Management 

SUB-TOTAL 

Cantwell (Windy, Cantwell , Denal i Pyramid Sites) 
Purchase and Install 3 10 m Masts (3 x $500) 
Wind-Run Anemometers (3 plus 2 spares x $200) 
Data Collection Site Visits (12 x $60) 
Data Analysis 
Reporting 
Management 

SUB-TOTAL 



TABLE 5.3.  Rough Cost Estimates f o r  Gross Resource 
Assessment ( G R A )  Option 

(continued) 

I tem 
Cost 

( $1 000) 

Portage Area 
Purchase and I n s t a l l  6 10 m Masts ( 6  x $1000) 
Wind-Run Anemometers ( 6  plus 3 spares x $200) 
Data Collect ion S i t e  V i s i t s  (12 x $250) 
Data Analysis 
Reporti ng 
Management 

SUB-TOTAL 

Summary Report and Recommendations 

GRAND TOTAL 
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APPENDIX A 

TOPOGRAPHIC MAPS OF THE COOK I N L E T  AREA 





Figure A.1. Cook I n l e t  - Railbel t Area 



Figure A . 2 .  Palmer area  



Figure A.  3. Matanuska River Val ley 



Figure A.4. !,latanuska G l a c i e r ,  Tahneta Pass 



I Figure A.5 Chulitna Pass, Hurricane 



Figure A.6 .  Ruth Glacier 





Figure A .  8. Sumi t, Broad Pass, Cantwell , Hindy 
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SITING TECHNOLOGIES FOR 
LARGE WIND TURBINE CLUSTERS(~) 

T. R. Hiester and W. T. Pennell 
Pacific Northwest Laboratory 

INTRODUCTION 

The objective of the U.S. Federal Wind Energy Program is ". . .to acceler- 
ate the development, commercialization and utilization of reliable and economi- 
cally viable wind energy systems" (ERDA 1977). To achieve this objective, the 
program is organized into several elements. The Wind Characteristics Program 
Element (WCPE), one of these elements, is managed for the U.S. Department of 
Energy (DOE) by Pacific Northwest Laboratory (PNL). PNL has the specific 
responsibility for providing the appropriate information on wind character- 
istics to those involved in: 

energy program planning and energy resource analysis 

selection of sites for wind energy conversion systems (WECS) 
design and performance evaluation of WECS 

day-to-day operations of WECS (Wendel 1 et a1 . 1978). 
Appl ied research and development within the WCPE currently focus on: 

developing effective siting technologies 
defining the wind energy resource 
providing information on wind structure and turbulence to designers 
investigating wind-forecasting techniques that would improve the inte- 

gration of wind turbines with existing electrical networks. 

This paper discusses the first of these activities as applied to large wind 
turbine clusters and describes a possible site-selection strategy for a large 
public utility that is considering the inclusion of WECS into its mix of 
generating equipment. The utility is assumed to be looking for areas where a 

(a) This paper was based on work performed under U.S. Department of Energy 
Contract No. EY-76-C-06-1830. 
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large number of megawatt-scale machines (say, 10 to 50 machines) can be placed 
in reasonable proximity. In this context, the term site refers to the location 
of a WECS cluster. 

The site-selection strategy is conservative, partly because the large- 

scale generation of electricity by wind turbine generators is still a develop- 
ing technology. Wind characteristics at a site will have to be thoroughly 
documented, because the nature of the wind at the site not only governs the 

energy output of the cluster, it also affects the service life of the wind 
equipment and both scheduled and unscheduled maintenance costs. Perhaps with 
experience, the site-selection process can be simp1 ified. Certain steps may be 
found unnecessary, or requirements on the quantity and quality of wind data 

collected at each step may decrease. However, at this stage of wind energy 
development, a conservative approach seems prudent, even though such an 
approach is not cheap. Extensive measurements cost a great deal to make and 
to interpret, but a simple analysis shows that reasonable meteorological 
siting costs should be paid back very quickly through improved machine per- 
formance. 

There are basically two ways to approach WECS siting: by "wind prospect- 
ing" and by wind-potential evaluation at a predetermined site. In wind pros- 
pecting, an area must be screened for high-wind potential before we can proceed 
with the siting steps that the two ways share: evaluating the site and devel- 

oping the site. In the second way, a site has already been determined to be a 
high-wind area, and wind-related information has been gathered on the site, so 
the second way is simply an abridgement of the first. In this paper, we des- 
cribe wind prospecting and discuss site-selection techniques and how they 

apply to the steps in wind prospecting. 

SITE-SELECTION TECHNIQUES 

Numerous techniques can be used to identify WECS sites. The following 

techniques have been examined in the Federal Wind Energy Program. Their 

applicability to the siting steps of wind prospecting is shown in Figure 1. 



FIGURE 1. Applicability of Siting Techniques to  
the Various Steps in Wind Prospecting 
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The accuracy of these simulations depends on the accuracy and density of the 
input data and the amount of realism inherent i n  the mathematical relation- 
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PHYSICAL MODELING 

Flow over terrain may also be modeled by placing a scaled representation 
of the terrain in a suitably designed wind tunnel. This approach can yield 
useful information as long as the horizontal length scale of the modeled 
region measures no more than a few tens of kilometers and the portion of 
the atmosphere to  be studied i s  the lo~vest few hundred meters. Wind tunnels 
are limited in the i r  ab i l i t y  to simulate a l l  aspects of flow over te r ra in ;  

however, they simulate the effects  of small-scale terrain features on nearly 
neutral flow better than currently avai 1 able numerical model s . 
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BIOLOGICAL INDICATORS 

The shapes of certain species of t rees  are  good indicators of high winds. 

Trees are  par t icular ly useful i n  regions where large,  local variations in wind  

speed can be expected or in regions where wind data are sparse (Hewson and 
Wade 1977 ; Putnam 1948) . 

GEOLOGICAL INDICATORS 

The wind produces certain features of the land surface, such as sand 
dunes. These eolian features are  easi ly  detected from s a t e l l i t e  or a i r c r a f t  
photographs. The existence of eolian features,  however, i s  not a guarantee of 
persistently strong winds. Eolian landforms can be caused over a period of 
years by occasional strong winds (Marrs and Koprina 1978). 

TOPOGRAPHICAL INDICATORS 

Empirical guidelines describing the general effects  of te r ra in  or surface 
obstacles on the wind  a re  invaluable in interpreting the resu l t s  of numerical 
and physical modeling studies and measurements. Topographical guidelines are 
e i ther  based on a physical understanding of how such features a f fec t  flow or  
on experience gained through observation. Historically,  these guidelines have 
been applied to  the s i t i ng  of wind  machines without supporting measurements 
(Golding 1955; AWEA 1977). 

SOCIAL AND CULTURAL INDICATORS 

A valuable source of indirect wind  information can be found by examining 
land-use patterns and by questioning people who l ive  or  work i n  areas tha t  
a re  expected to  be windy. Population centers are good indicators of wind:  

We do not expect large population centers to  be in areas with high wind-energy 
potential . Agricultural uses of the land are  also indicators: windy areas 
a re  more l ike ly  to  be used for  grazing than for  row crops. Other indicators 

could be the locations of snow fences along the highways or the locations of 
frequent wind damage to power l ines .  



WIND-PROSPECTING STRATEGY 

The goal of the wind-prospecting strategy outlined here is to identify 
several WECS clusters that could be developed sequential ly. In choosing these 
sites, the issues of land use, accessibility, public acceptance, and proximity 
to existing transmission lines must be considered in addition to wind power 
potential. A proper combination of sites would be one in which the net power 
output best matches the load and generating characteristics of the utility. 
The seasonal and diurnal characteristics of the wind are therefore important, 
since these characteristics determine the seasonal and diurnal characteristics 
of wind-generated power. 

Terrain should be of particular concern in making siting decisions. 
Locating WECS clusters in flat areas could result in lower costs for siting 
evaluations and operation, since wind characteristics tend to be more benign 
over gentle terrain. On the other hand, the more rugged the terrain in and 
around the site, the greater the horizontal variability in the wind resource 
and the greater the likelihood of iarge wind shear and turbulence, which could 
result in higher costs for site evaluation and for machine operation. 

Figure 2 is a flow chart outlining the wind-prospecting strategy that 
leads to the development or rejection of sites. The major steps in this strat- 

egy are best described by considering each one in sequence. 

LARGE-AREA ANALYSIS 

The first step in a large-area analysis is to examine pertinent wind 
resource assessments for the utility's service area and any additional wind- 
related information the utility might have. When land use, power transmission 
corridors and accessibility issues are considered along with the wind resource 
assessments, smaller areas are identified for more detailed study (see Figure 3). 

Resource assessment, as addressed in the WCPE, refers to the large-scale 
analysis (i .e., the United States or a collection of several states) of the 
wind energy resource by estimating the wind power potential of a given area 
and the distribution of the wind energy within that area. If a regional 

assessment is available, the large-scale analysis takes' 1 i ttle time (more 
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FIGURE 2 .  A St ra tegy  f o r  Wind Prospect ing 
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FIGURE 3. Large-Area Analysis Showing Major Power Transmission Lines 
Overlaid on the Annual -Average Wind Power Map. 

FIGURE 4. An Example from the Northwest Regional Assessment Showing 
the  Average Winter Wind Power Flux (w/m2) fo r  the  S ta te  of 
Washington. Shaded areas indicate  mountainous t e r r a in .  



time i s  spent finding high-wind areas tha t  sa t i s fy  the nonmeteoro1ogical s i t e  
c r i t e r i a )  . 

A regional wind-power resource assessment for  the Northwest (Renn6 and 
E l l i o t t  1978) has shown that  s ignif icant ly higher resolution can be obtained 
from existing meteorological data that  were not used i n  e a r l i e r  assessments 
and from responsible use of extrapolation techniques that  can be used to  make 
estimates of the resource in areas where data have not been co1 lected. Fig- 
ure 4 i s  an example from the Northwest Regional Wind Energy Atlas that  shows 
an estimate of wind power density over the s t a t e  of Washington i n  winter. The 
wind resource i n  eleven other regions spanning the United States will be 
analyzed according to  the Northwest assessment prototype. 

MESOSCALE EVALUATION 

If wind power i s  feasible ,  the large-area analysis will have identified 
several a t t r ac t ive  areas w i t h  dimensions on the order of 100 km by 100 km. 

The wind energy potential within one of these areas varies considerably, and 
a single area could contain several potential wind c lus te rs .  The next step 
i s  screening these areas to  identify potential wind clusters  (see Figure 5 ) .  

(Figure 1 shows the techniques tha t  could be used.) For areas without data ,  
a supplemental wind measurement program may be required. 

The amount of wind data required depends upon the te r ra in  and meteorolog- 

ical  complexity of the area. If  the topographical forcing of the flow i s  
strong and the seasonal and diurnal variations in forcing are  large,  data 
spanning a t  l eas t  one year are  required for  an analysis of the flow character- 
i s t i c s  of the region. ( a )  The surface data should come from those key locations 
tha t  provide the most information on  the mass flow through the area: major 
valleys parallel  t o  prevailing flow, major passes, and major ridges perpendi- 

cular t o  the prevailing flow. Numerical models may be used to  a s s i s t  in t h i s  

analysis. Models require input data that  are representative of a time that  i s  

short  compared to  the time scale of the changing forces,  yet  long compared to 
the turbulent motions tha t  are  insignificant to  the total  mass flow. Typical 

( a )  Here an analysis i s  an estimate of the flow a t  a l l  points i n  a given region 
subject t o  the constraints of the physical laws governing the atmosphere. 



em. 

hi* FIGURE 5. Mesoscale Eva1 uation 

data requirements of a f a i r l y  simple numerical model simulation would, there- 
fore ,  be: 

synchronous measurements of one-hour averages of surface wind  speed and 

direction a t  key locations 

vertical  profiles of wind speed and direction. 

Numerical models a s s i s t  in mesoscale wind energy analysis by simulating 

a representative cross section of the climatology. We cannot, of course, 
know a p r i o r i  that  a given day i s  representative; therefore, selection of the 
cases for  simulation can only be done once the season or year of data has been 
col 1 ected and analyzed. 

A rigorous mesoscale analysis that  uses the supplemental wind data 

described above can provide a great deal of information about the en t i re  



regional flow, whether or not anemometers were located in what the analysis 
showed to be high-wind areas. A less rigorous more risky approach may be 
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taken, described more appropriately as mesoscale wind documentation rather 
than mesoscale wind analysis. Here, supplemental data are collected at what 
are presumed to be the windiest locations. The techniques listed in Figure 1 
are used to estimate these locations. Numerical models may be used as a guide- 
line here, too, but one must assume the input climatolo~y. If the model's - 
indications of high wind areas are very sensitive to the input, an analysis 

probably needs to be performed. 

Mesoscal e wind documentation can be obtained with equipment as crude as 
wind-run anemometers. However, information on hourly wind speed and direction p. a* 

as a function of time-of-day is better, because the information can be used to 
compute WECS power output more accurately. This type of data can be obtained 
from simple systems such as mechanical weather stations or from "smart" data 
loggers employing microprocessors to sample and bin the data. 

CANDIDATE SITE SCREENING 

After a number of potential sites for multiple WECS installations have 
been identified through large-area analysis and mesoscale evaluation, the 
sites need to be further screened. This screening is accomplished by site 
visits (see Figure 6). During these visits, the surrounding terrain. is 
examined, and any small-scale terrain features or obstacles that could affect 
wind characteristics at the site are noted. Soil conditions are also examined. 
Site screening is not a time-consuming process and, depending on the number of 
sites, can be completed in a few weeks to months. 

Valuable information on wind characteristics at the site can be obtained 
by measuring the wind profile, using wind-sensing kites or instrumented teth- 

ered balloons, and by examining the vegetation. Profile measurements made 
during site visits would primarily be used to identify obvious potential haz- 
ards, such as flow separation zones and the turbulence and high wind shear 

that accompany them. The measurements cannot provide a meani ngful prof i 1 e 

climatology because they are such a small set of observations. 



FIGUhE 6.  Candidate S i t e  Screening 

CANDIDATE SITE EVALUATION 

Candidate s i t e  evaluations determine more accurately how wind machines 
would perform a t  each of the s i t e s  and ascertain the combination of s i t e s  that  
would resu l t  in power output characteristics best match-ing the needs of the 
u t i l i t y  (see Figure 7 ) .  

A t  th is  stage of the site-selection process, wind  data are needed a t  only 
one level -- as near hub height as possible. In f l a t  te r ra in ,  a single meas- 
urement location will be suf f ic ien t ;  i n  more complex te r ra in ,  measurements a t  
several places may be required. 

Although the length of time data must be collected i s  uncertain a t  pres- 
ent ,  a t  minimum two years of data are needed to establish the optimum mix  of 
WECS clusters from a s e t  of candidate s i t e s .  However, one year of data 
should be enough for  identifying the leading s i t e s  in terms of total  annual 



FIGURE 7 .  Candidate S i t e  Evaluat ion 

energy product ion,  un le s s  t h e  yea r  was c l i m a t o l o g i c a l l y  abnormal. Experience 
w i t h  t h e  17 candida te  s i t e s  i n  D O E ' S  MOD-OA demonstration program showed no 
s i g n i f i c a n t  changes i n  s i t e  ranking by annual energy product ion when a  two-year 
record was used i n s t e a d  of a  one-year record.  

The d a t a  r equ i r ed  dur ing  s i t e  eva lua t ions  a r e  wind speed and d i r e c t i o n .  
Hourly averaged wind speeds have been assumed t o  be adequate  t o  e s t i m a t e  t h e  
power output  of  WECS, s i n c e  a  u t i l i t y ' s  e s t ima te s  of hourly loads may not  be 
p a r t i c u l a r l y  accu ra t e .  ( a )  Wind d i r e c t i o n  measurements a r e  needed t o  determine . 

the p r inc ipa l  wind power d i r e c t i o n s  and t o  gauge wind d i r e c t i o n  v a r i a b i l i t y .  

The v a r i a b i l i t y  i n  wind d i r e c t i o n  could be an important f a c t o r  a f f e c t i n g  WECS 

( a )  More a n a l y s i s  of machine performance of  l a r g e  t u r b i n e s  i s  requi red  before  
we can say  how a c c u r a t e l y  machine performance may be modeled by hourly d a t a .  
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operations, since most machines are designed t o  track changes in wind direction 
to  minimize the degree of off-axis operation. Util i ty-scale machines require 
large motor-driven yawing mechanisms; therefore, a s i t e  where the wind i s  f a i r l y  
steady i s  clearly preferable to  one with large, capricious changes in direction. 

One way of logging wind information i s  to  record time ser ies  of hourly 
averaged wind speed and direction. Standard deviations of wind speed and 
direction defined w i t h  respect to the hourly averages should be recorded to  
provide information on turbulence levels and wind direction variabil i  ty . Data 
could e i ther  be recorded a t  the location of each instrument or transmitted to 
a central recording s tat ion.  Recording the data a t  a central location provides 
obvious advantages in managing the data and i n  maintaining system r e l i a b i l i t y ;  
however, i t  requires large i n i t i a l  expenses. Recording data in a time-series 
format provides the greatest  f l e x i b i l i t y  for  future use of the information. 
The data can be used e i ther  to  produce s t a t i s t i c a l  summaries of wind character- 

i s t i c s ,  such as wind speed probability functions, or  to  model the dynamic 
character is t ics  of a network of wind generators. The disadvantages of a time- 
ser ies  format l i e  i n  the volume of data produced. 

Information on wind character is t ics  a t  candidate s i t e s  can also be logged 
by a smart data logger. Such a device accumulates hourly averages of wind speed 
and direction in bins corresponding to  the time of day and intervals of speed 
and direction. Data are  recorded in a solid s t a t e  memory; thus, data can be 
retrieved more rel iably than when i t  i s  recorded on  mechanically driven tape or 
s t r i p  chart  recorders. The smart data logger can produce histograms of speed, 
direction and the i r  variances as a function of time of day. The principal 
advantage of the smart data logger i s  that  i t  reduces the amount of subsequent 
data processing, although f l ex ib i l i t y  i s  decreased (e .g. ,  the a b i l i t y  to  model 
dynamic character is t ics  of a WECS network i s  l o s t ) .  

The smart data logger also shares several disadvantages with other on-site 
data-logging options. An on-site logger must be serviced on a r i g i d  schedule 

to  prevent loss of data e i ther  through saturation of memory or by r u n n i n g  O u t  

of tape. Large blocks of data can also be l o s t  i f  the instrument malfunctions. 

The only checks on system operation are during the scheduled maintenance v i s i t s .  



SITE DEVELOPMENT 

After data a re  collected a t  the candidate s i t e s  for  one year,  the basic 
character is t ics  of the wind resource a t  each s i t e  will have been established. 
An evaluation of the resource magnitude and i t s  seasonal or diurnal behavior 
a t  each s i t e  may lead to  the selection of a given s i t e  as the primary candi- 
date tha t  best matches the needs of the u t i l i t y .  A few s i t e s  may be elimi- 
nated and some s i t e s  may become secondary candidates where candidate s i t e  
evaluation should continue (see Figure 2 ) .  

A t  the primary candidate s i t e ,  the WECS cluster  development stage begins 
(see Figure 8 ) .  The three main objectives are:  

1.  t o  determine the location for  each machine to be placed in the c lus te r ,  

2 .  to  estimate the power output character is t ics  of the c lus t e r ,  

3. t o  document those wind character is t ics  tha t  a f fec t  WECS operation and 

service 1 i  fe .  

FIGURE 8. Cluster Development 



Determination of machine locations requires detailed measurements, fo l -  
lowed by an analysis of the flow through a section of the atmosphere 100-m deep 
and spanning the horizontal extent of the proposed WECS cluster .  The analysis 

techniques would include subjective analysis, and numerical and physical model- 

ing. I t  i s  possible, though not probable, tha t  the analysis may indicate the 
need for  a longer period of data collection, an even more extensive data col- 
lection network, or both. If so, the s i t e  development cycle would be repeated 
(see Figure 2 ) .  

The second major objective of the WECS s i t e  development stage i s  t o  e s t i -  
mate the power output character is t ics  of the proposed WECS cluster .  Currently, 
insuff ic ient  experience with u t i l i ty -sca le  wind machines ex is t s  fo r  a defini-  
t i ve  statement to  be made on what data a re  needed t o  make th i s  estimate. This 
i s  particularly t rue fo r  very large systems i n  the megawatt range w i t h  rotor 
diameters u p  t o  100 m. However, i n  a conservative approach, wind data col- 
lected should be suff ic ient :  

t o  model time variations i n  power output, both for  individual machines 

and for  the en t i re  c lus te r ;  

* t o  tune control 'systems governing machine start-up and shutdown, since 

behavior i n  the neighborhood of these wind speeds affects  b o t h  net power 
output and service l i f e ;  

to evaluate the e f fec ts  of wind direction changes on the operation of 

yawing mechanisms. 

In addition, frequency of icing conditions information i s  desirable since even 
under 1 ight icing conditions, the personnel hazard (due to  ice throwing by the 
rotor)  may require periods of shutdown. 

The third major objective of t h i s  stage i s  to  document those wind char- 
ac t e r i s t i c s  tha t  a f fec t  WECS operations and service l i f e ,  i . e . ,  extreme wind 
events and turbulence. Techniques that  predict the frequency of occurrence of 
extreme wind events with high precision and confidence have not been developed. 
I t  i s  expected that  i f  and when they are  developed, the input data needed by 

these techniques will not require any measurements beyond those made to  sa t i s fy  
the other two objectives discussed above. Documenting the turbulence character- 
i s t i c s ,  however, requires a more specialized measurement system. 



Measurement Systems - Flat Terrain 
The layout of a wind measuring network for site development will depend on 

whether the goal is merely to map the mean flow field and locate individual 

machines at the locations with highest mean wind speed or whether the goal is 
to model and to evaluate the performance of each machine in an array. For 
clusters of large machines, we assume that the latter goal would be the case. 

The layout of a wind measurement network also depends on terrain complex- 
ity. Flat terrain is obviously the simplest. Choosing the sites for individual 

machines in an array will depend very little on the terrain, since the most 
significant differences in average wind characteristics will be due to surface 
rouqhness changes or to the wake effects of the machines themselves. 

Installation of a central tall tower at the site, as shown in Figure 8, is 

strongly recommended. Significant low-1 eve1 wind shears, for instance, can be 

experienced, even over flat terrain. It is important to document whether these 
shears exceed the design limits of the machines under consideration. Consider- 
ing the capital investment a WECS cluster represents, knowledge of wind character- 

istics across the rotor disk would seem essential. 

The tall tower should be located at the center of the planned WECS array. 
This will enable an assessment to be made of the effects upstream machines may 
have on site wind characteristics as installation of the,array proceeds. 

Even over flat terrain, satellite towers would be required to supplement 
the data from the tall towers. Satellite towers would serve: 

to monitor the flow approaching the WECS array, 
to fine-tune the array layout, 

to model the short time-scale performance characteristics of machines 
.within the array. 

The satellite towers would have to be instrumented at onl,y one level - as close 
to hub height as possible. 

The number and the placement of satellite towers for monitoring approach 
flow conditions is very straightforward. They are set by the prevailing wind 

directions and the placement of the array. 



Unless machines are spaced more than ten rotor diameters apart, wind 
characteristics within an array will be dominated by wake effects from upstream 
units. Eventually, the arrangement of machines within arrays on flat land will 
be set by empirical guidelines. Experience should also indicate how machines 

within the array will perform. Until such experience makes it unnecessary, a 
satellite system within the array is recommended. The satellite system will 
document the horizontal variability of wind characteristics within the array 
more thoroughly than a single tower. Information from the satellite towers 
would be used to document how the installation of machines in the array is 
affecting wind characteristics. These data could be used to model how new 
machines would behave and would be used to fine-tune the array design. 

The arrangement of towers within the array would be set by the array 
design. Over flat land, WECS arrays will be in some sort of geometrical pat- 
tern, probably a diamond lattice as viewed from the prevailing wind direction. 
One or two satellite towers are recommended per row of machines, where a row 
is defined perpendicular to the prevailing wind direction. Staggering the 
towers will result in the best coverage. 

Measurement Systems - Hilly Terrain 
For hi 1 ly areas (i .e., local .re1 ief is greater than 50 to 100 m) , the 

placement of machines within a WECS array will be dominated by the morphology 
of the terrain and the orientation of the principal terrain features to the 
prevail ing wind directions. Again, information will be needed on the vertical 
structure and horizontal variability o f  the wind over the site. In contrast 
to siting in flat terrain, wind measurements will play a more important role in 
documenting the characteristics of the flow over the site and in locating indi- 
vidual machines in the WECS array. 

Physical modeling can play a very important role in planning the layout of 
a WECS array in hilly terrain. Placing a detailed scale model in a suitably 
designed wind tunnel and examining the flow over the mode1 for the predominant 
wind directions provides guidance on the locations for individual WECS in an 
array and on the locations for the wind measuring systems needed to document 

the flow. 



As in the f l a t  te r ra in  case, a centrally located t a l l  tower will be the 
heart of the measurement system. S a t e l l i t e  systems consisting of wind speed 
and direction sensors a t  a single height would be placed according to the 
guidance of physical model ing and experience. The satel  1 i t e  systems would 
probably be more numerous than for  a f l a t  s i t e .  

If the te r ra in  within the s i t e  i s  particularly complex, a single t a l l  

tower may not be adequate for  accurately characterizing the vertical  structure 
of the wind fo r  the en t i r e  array. Again, physical modeling would be helpful 
in determining i f  t h i s  were the case. However, i t  i s  doubtful that  large 
machines would be placed in a s i t e  so complex that  s ignif icant  differences in 
the vertical  s t ructure of the wind would be experienced over a distance equal 

to  the s ize  of a WECS array. 

As data are  collected from the s i t e  measurement system, they should be 
analyzed. Simple numerical models can be used to  create an objectively ana- 
lyzed f i e ld  from a s e t  of distributed point measurements. Analyzed wind f i e lds  
corresponding to  the important wind directions would be compared to  the resul ts  
of physical modeling. These comparisons would determine whether flow over the 
s i t e  was behaving as expected and whether the existing measurement system was 
adequate. 

Data Requirements 

A t  the t a l l  towers, wind speed and direction measurements would be required 
a t  a minimum of three levels:  h u b  height, near the bottom, and the top of the 
rotor  disk. Data sampling ra te  fo r  the t a l l  tower systems would be four times 
the angular speed of the rotor of the machines under consideration. This ra te  
will be adequate to  resolve vertical  wind  gradients and to  evaluate the i r  
e f fec ts .  

Sampling ra tes  fo r  the s a t e l l i t e  towers should be compatible with the 
response character is t ics  of the machines. The principal purposes for  model ing 

the behavior of the individual units a re  t o  simulate machine start-up and 
shut-down operations and to  model short-term fluctuations in power output from 
the array. In order to  do the l a t t e r ,  only wind gust scales greater than the 
distance between machines in the cluster  would need t o  be resolved. Pcwer 

f luc ta t ions ,  due to  smaller gusts, should show l i t t l e  coherence between 
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machines and would have no effect on array output. Given a minimum spacing of 
five rotor diameters, a sampling rate of five per minute would be adequate for 
modeling power output (Pennell et al. 1980). This sampling rate would also be 
compatible with the rate required to simulate machine start-up and shut-down 
procedures. 

The measurement system described above would produce a large amount of 
information, particularly if the data were continuously sampled at the maximum 
rates for both the tall and satellite towers. Data could be recorded on two 
time scales: the basic data set would be time series of hourly averages of 
wind speed, direction, and associated variances at each tower; the second would 
be recorded on a separate system at high sampling rates. 

The basic data set would satisfy most of a utility's needs (assuming 
machine performance can be adequately predicted with hourly d a t a ) ,  since this 
is the finest time scale in current utility planning models (Marsh 1979). 

The second data set would not be needed all the time, since analysis of a 
small number of significant or representative events should provide the infor- 
mation needed. The recording of high sample-rate data could be keyed to wind 
speed ranges or wind directions of interest, or the data could be recorded on 

a continuous loop that would retain two or three days of information. Reten- 
tion of the data for this period would allow sufficient time to retrieve infor- 
mation on significant events. These systems that sample or retain only a 
fraction of the data may prove to be unnecessarily complex, since the costs of 
archiving and processing all of the high sample-rate data are not large when 
compared with the costs of the data measurement system. Retaining all data 
reduces the possibility that crucial information could be lost. 

After sufficient data have been collected and analyzed, individual mach- 
ines can be located and the output of the entire cluster estimated. If the 
cluster meets the utility's needs, installation could begin, assuming a phased 
program. In a phased program, on-site experience could be obtained before a 
complete commitment is made to instal1 all the machines, and modifications 

could be made to another cluster layout as additional data are gathered on 

machine operations and the wind resource. 



A commitment to install machines at a site could be made after two years 
of collecting on-site data (one year in the site evaluation stage and one year 
in site development). However, a reasonable estimate of the interannual 
variability in power output could not be made with so little information. 

Some utilities may want to base a decision on a worst-wind-year-basis. Stat- 
istics representing a poor year might be determined by examining data from 
nearby locations with long-term wind records. However, such an analysis should 
be interpreted with caution. Little evidence exists that indicates that wind 
data can be reliably extrapolated from one location to another, especially in 
regions of complex terrain and with complicated meteorology. Moreover, very 
few locations have anemometers that have been fixed in position and altitude 
for long periods. Changes in wind characteristics, due to changes in anemometer 
location, are frequently greater than the interannual variability. 

CONCLUSION 

Site sel ection for 1 arge wind turbine clusters requires thorough documen- 
tation of the wind characteristics at the site, because of the influence these 
characteristics will have on the economics, operations, and service life of 
the wind turbines. 

The wind prospecting strategy can be used by a utility to determine 
specific locations for each wind turbine in a cluster of 10 to 50 or more 
machines. This strategy consists of five main steps: 

1. large-area analysis. The utility service area is screened for potential 
high-wind-power area with available land in reasonable proximity to 
transmission corridors. 

2. mesoscale evaluation. Potential high-wind areas, identified by the 

large-area analysis, are screened and a number of potential candidate 
sites are identified. 

3. candidate site screening. Visits are made to each potential candidate 

site. Some sites are eliminated during this step because of inaccessi- 
bility, soil or terrain conditions, or if site examination and measure- 
ments indicate excessive and frequent turbulence or wind shear. 



4. candidate s i t e  evaluation. The candidate s i t e  screening steps are 
instrumented and suff ic ient  measurements are  made to  make an economic 
assessment of the wind resource. If the s i t e  appears economically 

viable, the f i f t h  step begins. 

5.  s i t e  development. Specific locations for  each machine are  determined, 
estimates of the cluster  output characteristics are made, and ins ta l -  
l  ation of machines begins. 

The key to  s i t e  selection i s  knowing what and where to measure. Sit ing 

techniques to  be used a t  the various stages of the wind-prospecting strategy 
were discussed. These techniques help determine where to measure. What to  
measure a t  a s i t e  i s  s t i l l  a moot question. We have made suggestions on what 
data are  needed a t  what sampling rates .  These are based on the assumption 
tha t  u n t i l  further experience i n  s i t i ng  large clusters  of wind turbines i s  i n  

hand, thorough documentation of wind character is t ics  affecting machine and 
cluster  o u t p u t  character is t ics ,  operation s t ra teg ies ,  and service l i f e  are 
necessary. 

Many of the recommendations presented here a re  based on theory, since no 
one has suff ic ient  experience t o  speak w i t h  authority on th i s  subject. S t i l l ,  
large u t i l i ty -sca le  machines are  being produced and will have to  be s i ted.  
Experience w i t h  these i n i t i a l  instal la t ions will be c r i t i ca l  i n  evaluating 
current s i t ing  approaches and in defining the crucial character is t ics  of a 
good wind  turbine s i t e .  



REFERENCES 

American Wind Energy Assoc ia t ion .  1977. Survey o f  H i s t o r i c a l  and Current  S i t e  
S e l e c t i o n  Techniques f o r  t h e  Placement of Small Wind Energy Conversion 
Systems. PNL-2220 Wind-9, r e p o r t  t o  P a c i f i c  Northwest Laboratory,  
Richland,  WA ( a v a i l a b l e  from NTIS). 

Energy Research and Development Adminis t ra t ion.  1977. Summary Report,  Federal 
Wind Energy Program, ERDA-77-32, Div is ion  of  S o l a r  Energy, Wind Systems 
Branch, Washington, DC. 

Golding, E .  W .  1955. The Generat ion o f  E l e c t r i c i t y  by Wind Power. John Wiley 
and Sons, New York. 

Hewson, E. W .  and J .  Wade. 1977. Vegetat ion a s  an I n d i c a t o r  of  High Wind 
Ve loc i t  . RL0/2227-T24-7712, a v a i l a b l e  from National Technical In fo r -  -+ mation e r v i c e ,  S p r i n g f i e l d ,  VA. 

Marrs, R .  W .  and S. Koprina. 1978. Regions of t h e  Continental  United S t a t e s  
Suscep t ib l e  t o  Eol ian  Action. RL0/2343-7812, a v a i l a b l e  from National 
Technical Information Se rv i ce ,  S p r i n g f i e l d ,  VA. 

Marsh, W .  D. 1979. Requirement Assessments of  Wind Power P l a n t s  i n  E l e c t r i c  
U t i l i t y  Systems, EPRI ER-978-SY ( t h r e e  volumes). Avai lab le  from EPRI 
Research Center  (RRC) , Palo A1 t o ,  CA 99303. 

Pennel l ,  W .  T., W .  R .  Barchet ,  D .  L .  E l l i o t t ,  L .  L .  Wendell and T.  R .  H e i s t e r .  
1980. "Meteorological Aspects of  Wind Energy: Assessing t h e  Resource 
and S e l e c t i n g  t h e  S i t e s . "  PNL-SA-7895. Journal  of  I n d u s t r i a l  
Aerodynami c s  . 

Putnam, P.  C .  1948. Power from the Wind, Van Nostrand, New York. 

R e n d ,  D. S.  and D. L .  E l l i o t t .  1978. "Overview of  Techniques f o r  Analyzing 
the Wind Energy P o t e n t i a l  Over Large Areas ." DOE/IR/0114-1. In  Proceed- 
i ngs  o f  S o l a r  78 Northwest Conference, J u l y  14-16, 1978, Po r t l and ,  OR.  
Ava i l ab l e  through P a c i f i c  Northwest Energy Assoc i a t i on ,  S e a t t l e ,  WA 99112. 

Wendell, L .  L . ,  J .  R .  Connel l ,  W .  T. Pennel l ,  D .  S. Renn6 and H.  L .  Wegley. 
1978. Annual Report of  t h e  Wind C h a r a c t e r i s t i c s  Program Element f o r  
the Period J u l y  1977 through J u l y  1978. PNL-2545, P a c i f i c  Northwest 
Laboratory,  Richland, WA 99352. 



DISTRIBUTION 

NO. OF 
COP I ES 

O f f s i t e  

A.A. Churm 
DOE Patent  D i v i s i o n  
9800 S. Cass Avenue 
Argonne, I L  60439 

10 F loyd R. Summers 
U.S. Department o f  Energy 
A1 aska Power Admin i s t ra t i on  
P. 0. Box 50 
Juneau, AK 99802 

27 DOE Technical I n fo rma t ion  Center 

DOE Rich1 and Operat ions Off ice 

H. E. Ransom 

21 P a c i f i c  Northwest Laboratory 

T. R. H i e s t e r  (10) 
J. J. Jacobsen ( 3 )  
L. L. Wendell (1 )  
Pub l i sh ing  Coord ina t ion  (2 )  
Technical I n fo rma t ion  ( 5 )  






