
NOAA Technical Memorandum NWS WR-166 

PRELIMINARY ESTIMATES OF WIND POWER POTENTIAL AT THE 
NEVADA TEST SITE 

Salt Lake City, Utah 
July 1981 

u.s .. DEPARTMENT OF I 
COMMERCE 

National Oceanic and 

Atmospheric Administration I National Weather 

Service 



NOAA lhCHN I CAL MEMO RAND!;: •.. 
Nationa.l, Weather Se1·vi ce, Western Re9.i ory. Suh~eries 

:: ... ~~ 
The National Weather Service (NWS) Western Region (WR) Subs~ries'provides ·an infor1;1al meqium for the documentation and quic'k.:disseminati,on nf result•; not 
appropriate, or not yet ready, for form~l publication, . Th·e,·s~des is us.ed to report on work in progress; t.9·descr•ibe.technical prncedurcs.and Pl'Rr.ticr•s, 
or to relate progress to a limited aud,ience. These Technical Memoranda will report· on., investig~tions devoted P.rimarjly to regiona,l. a.nd l,ocal .Problems of 
interest·niainly. to personnel, and hence will not be widely" di'sb'iliuted.' · · · · , · · 

Papers 1 to 25 •a,re in the .former series, ESSA Techn'ical ·Memoranda,. Western Regi on'·Techni ca 1 Memoranda· (WRTM); papers 24 to. 59· are in ,the former· series, 
ESSA Tecliri.ical Memoranda, ,weathe~ Bu~eau Techni¢al Memoranda (WBTM). Beginning with 60, the papers a;e part ~f the se~ie~··. ,NOAA Techn,ical Memorada NWS, 
out-oi"~H'ilt memoranda are not listed;' ' ' . ' . ' ' 

Papers ·2.t'o' ·22, except for 5 (revised edition), are, available from the National ·Weatherse.rvice Western Region, ScientificcServices Division, P. 0. Box 
illBS,'i'~deral Building, 125 South.State Street, Salt LakeCity, Utah 84147. Paper 5 (~evised edition), and all others beginning'with' 25 are available 
f~om the National Technical Information Service, u. s. Department of Commerce, Sills Building, 5285 Port Royal Road, Springfield, Virginia 22151. Prices 
vary for·all paper copy; $3.50 microfiche. Order by act.ession number shown in parentheses, at end of each entry. · · 

ESSA Technical Memoranda (WRTM) 

2 Climatologic~l Precipitation Probabilities, .. , Compiled by Lucianne Miller, Dec~mber 1965; 
3 Western Region Pre- and Post-FP-3 Program,' December 1, 1965,. to February 20, 1966. Edward' D. Diemer, March 1966. 
5 Stotion Desc~ipti ons ,of Local Effects on Syriopti c Weather Patterns. Philip Wi 11 i ams, Jr. ; 'April 1966 (revised November 1967 ,October '1969). ( PB-17BOO) 
8 Iriterpre.ting the RAREP. Herbert P. Benner, May 1966 (revised January 1967). · 
11 Some 'Ele'ctri~al Processes. in: the Atmosp~ere, J. Lat~aJ1l,. June 1966. , . . 
17 A Digitaliied Summary of .Radar Echoes wjthi~ 100 Miles. of Sac,ramento, California .. J. A. Youngberg.and L. B. Overaas, December 1~66. 
21 An Objective :Aid for Forecasting the End of 'East Winds in the Columbia Gorge, July through October. ·D. JohhCoparanis, Aprn 1967. 
22 Derivation (If Radar Horiz.ons in Mountainous Terrain .. Roger G. pappas; April. ·1967., ' . · ·. 

· ' · ' ESSA technical i Memoranda,' W~attie~ Bureau :'Techn·i ca J·· Memoral\da (WBTM) 
' . ' ,, . . . 

25 Verification of,Operation'al Probability of Precipitation Forecasts, April 19ll6'L.Ma~~h 1967. M;·w. Di,ckey, October·l96i. (PB"l76240) 
:26 1\ Stu'dy oi': Winds .in the Lake Mead Recreation Area .. R. P. ,Atigulis, January 1968. (PB-177830) 
28 weather. Ex.tremes. ·· R. J: ·sclimid]i;.,April 1968 (revfsed: Feb,ruar.Y 1981). · · . · · ·. . , 
29 Sm.all-Scale Analysis arid·Predi.ction;.~ Philip Williams, Jr.,:· May 1968: (PB;l78425) . ', . . , · 
30 . Numerical Weather Prediction imd Synoptic Meteorology .. Capt. Thoina.s D: Murphy, U.s.A:F., May 1968.' '(AD-67J365) 
31 PreCi'pitation; Detection··Probabilities by .salt Lake ARTC Radars .. Robert K. Be]'e,sky'; July 1968.:, (PBcl7908M .. 
32 Probability' Forecastif)g--A ·Problem Analysis with~Reference to th~· Portl~nd Fire: Weather District. Haro]d ,S. P.Yer, July 1968. (PB-17~289) 
35 Joint ESSA/FAA; ARTC, Radar Weather. Surveillance program:· Herbert P .. Benner and deVon B. Sm,l.th, December 1968 (revi.sed ·June 197p). AD-681857) 
36 Temperatur.e T:rerids in Sacramenta-·-Another Heat Island.. Anthony .D. Lenti_ni; Feb.ruary. 1969 ., ., (PB-183055) ': 
37· Disposal of Logging Residues without Damage to Air:·Quali.ty. OWen .P. Cramer,·.March 1969. '·.'~(P,8~183057) ':''~>:'ii: 
39 · Upper-Air- Lm·is•'ov,er Northwestern United'.States. A • .L. Jacobson;• April t969. (PB-184296)''.': · : · ·.' · · 
40 Tne.Man-Machine MiX' in Applie'd Weathe'r Forecasting in .the 1970's. L. ·w.· Snellman·,.·Aug~st 1969: (PB-185068) 
42 An~ lysis of the southern California Santa Ana of Janu~ry +5-17, 1~.66. Barry B .. Aronov1tch, August 1969. (PB-1B5670) 
43 Forec~sting Maximum Temperatures at 'Helena, Montana. David E. Olsen; October 1969 .. (PB-185762.) 
44 Estimated Return Periods for. Short-Duration Preci~itation in .Arizona. Paul C. Kangje~er, Octobe~ '1969. (Pii-187763) 
46 Applications of the Net Radiometer to Short-Range Fog and Strat.us Forecasting at Eugene, Oregqn. L. Vee and E. Bates, December 1969. (PB-190476) 
47 Stati.stical Analy~is as a.Flood Routing Tool. 'Robe.rt J. C. 'Burnash,•Decembe~ 1969 ... (PB-,188744). · 

· 48 Tsunami .. Richard P. 'Augulis; February 1970. (PB-190157) ' ' · .,. 
49 Predicting Precipltation Type: Rooert J. C. Burnash and Floyd E. Hug, March '1970'::· '(PB-19D962) 
50 Statistical Report on Aeroallergens (Pollens and Molds) Fort HUachuca, Ari.zona, .. l969: W.ay0e. s,. Johnson, April 1970. (PB-191743) 
St Western Regioh.Sea State.and•'Surf Forecaster:sManu.al ... Gordon.C;. srields::and,Geral'd B: BurdweJ.l, July 1970. (PB-193102)_,, 
52 ,Sacramento we~therRadar Climatology .. R. G.:~Pappas.-and C.' .M. ·Veliquette; :J~l},i970.' (PB-19,3347) : , .· .. :.:: .. , '' ' ·· '·... , 
54. ,A Refinement of ''the Vo~tiC:'ity Field. to DeHne.ate.· Areas :of Signifi:cant Prec;'pitation'.· Barry B.' 1\rqnovitch, August 1970.' . , ' . ' . · 
55. Application of the SSARR.Model to. a 'Basin wi~hout.Disc~arge Recqri:I.:''.·Vail:.Schermerhorn and Dom!l w·, 'Koef1i, August i9ib,. (P.B,-194394)' · 

.. 56i :Areal • Cover~ge iof Precipi tat jon in Northwestern Utah> Pni:l i,P iWii1Ji ams;. Jr::; ari~!· W~)"ner .J.: Heck:; Septemil~·r: 1970:' .. (pB-19,438~) . ·. · : . . .. , , 
. •, 5~ ·Pre limi rary :Report on Agrjcul:tura l,Field Burning ·.Vs •· A~inosph~ri~c'Vis'ibil jty in thEi Will amette"Valle,Y.•'of Oregon:, Ea~]C M. Bates' and David O; Chi 1 tote, 

September. 1~70: ,(PBC194710)· .. ·.' ; > .'.'·<. · ' '.·. ·: .. '• .'.'. · ,... :··.· ... ,, · · ·· ·· ' 
SB {\H·.Pollution•by.~et Aircraft a.t Seattle-Tacoma Airport., Wallace.'R·.• Donaldson·, Octobe~1970 .. (COM-71-00017) 
59 Application of PE Model, Forecast Parameters to Local-Area Forecasting'. Leonard .w. Sne.llman, October :1970. (COM-71-00016) 

. . . . NOAA Technical Memoranda (NWS :wR) 

60 An, Aid. for Forecasting the Minimum Jemperat~re at Medford, ·Or,egon. . Arthur W. Fr.i tz, October 19.70. • (COM-71-00120) 
63 700-mb Warm Air Adve~tion as a forecasting Tool for Montana and Northern Idaho. Norris E. Woer~er; February 1971. (C0M"71-00:i49) 
64,. Wind. and Weathe.r Regimes at Great Falls, Montana. Warren B. Price, ·Ma.rch 1971.' 
66 A PreliminaryReport on Correlation of ARTCC Radar. Echoes.and Precipitation. WilburK. Hall, June 1971 1 (COM-71-00829) 
69 National Weat~er. Se.rvice Support to Soaring Activiti.es. Ellis Burton, Augus(.197L (COM-71-00956) ... : 
71 Western·. Region Synoptic Analys'is-Problemsahd Methods; Philip 'Williams, J,r.,.'February )972 .• (COM~72"l!l433) · 
74 Thunderstorms :and Hail Days Probabilities iri•Nevada. Clarence. M. Sakamoto. Aprill972. (COM-72-10554) · 
75 ·A Study Of the :Low Level Jet 5tr~am' of the San Joaquin Yalley .. ' Ronald A. Willis and Philip Williams, ,Jr., May 1972. (COM-72-10707) 
76 MOnthlY ·Climatological Charts. of, the Behavior o~ Fog and. to\j Stratus at ~os Ange;l~s. International Airport. Donald M. Gaies, July 1972. (COM-72-11140) 
77 A Study .of Radar Echo Distribution in Arizona During July and Augu,st.· Jphn E. Hales, J'r., July 1972;. (COM·72-11136) 
78 Forecasting Precipitation at Bakersfield; California, Using Pressure Gradient Vectors. Earl T. Riddiough; July 1972. (COM-72-11146) 
79 Climate of Stockton, California .. · Robert C. Nelson, July 1972. (COM-72-10920) 
80 Estimation of Number of Days AboVe or Below Selected Temperatu'res. Clarence M. Sakamoto, October 1972, (COM-72-10021) 
81 An Aid for Forecasting Summer Maximum.Temperatures at Seattle, Washington. 'Edgar G, 'Johnson, November 1972. (COM-73-10150) 
82 Flash Flood Fqrecasting and Warning Program in the Western Region. Philip Wil.liams, Jr., Chester L. 'Glenn, and Roland L. Raetz, De~ember 1972, 

(revised March 1978). (COM-73-10251) ····· · · . · · , 
83 A Comparison .of Manual, and Semiautomatic Methods of Digitizing Ana log Wind Records. Glenn E. Rasch, March 1973. (COM-73-10669) 
86 Conditional Probabilities for Sequences of Wet Days at Phoenix, Arizona. Paul C. Kangieser, June 1973. (COM-73-11264) 
87 A Refinement of the Use of K-Values in Forecasting Thunderstorms in Washington and Oregon. Robert .Y. G. Lee, June 1973. (COM-73-11276.) 
89 Objective Forecast. Precipitation over the Western Region of the United States. Jul.i.a N. Paegle,and Larry P. Kierulff, Sept. 1973. (COM-73-11946/3AS) 

· 91 Arizona "Eddy" Tornadoes .. Robert s. Ingram, October ]973. (COM-73-10465) 
92. Smoke Management in the Willamette Valley. Earl M. Bates, May 1974. (COM-74-11277/AS) 
93 An .Operational Evaluation of 500-mb Type Regression Equations. Alexander E. MacDonald, June 1974: (COM-74-11407/AS), 
94 Conditional Probability of Visibility Less than One-Half Mile in Radiation Fog at Fresno, California. John D. Thomas, August 1974. (COM-74-11555/AS) 
96 Map Type Precipitation Probabilities for the Western Region. Glenn E. Rasch and Alexander E. MacDonald, Feb1·uary 1975. (COM-75-10428/AS) 
97 Eastern Pacific Cut-Off Low of April 21-28, 1974. William J. Alder and George R. Miller, January 1976. (PB-250-711/AS) 
98 Study on a Significant Precipitation Episode in Western United States. Jra S. Brenner, April 1976. (COM-75-10719/AS) 
99 A Study of Flash Flood Susceptibility--A Basin in Southern Arizona. Gerald Williams, August 1975. (COM-75-11360/AS) 
102 A Set of Rules for Forecasting Temperatures in Napa and Sonoma Counties. Wesley L. Tuft, October 1975. (PB-246-902/AS) 
103 Application of the Nation a 1 Weather Service Flash-Flood Program in the Western Region. Gerald Wi 11 i ams, January 1976. ( PB-253-053/AS) 
104 Objective Aids· 'for Forecasting Minimum Temperatures at Reno, Nevada, During the Summer Months. Christopher D. Hill, January 1976. (PB-252-866/AS) 
105 Forecasting the Mono Wind .. Charles P. Ruscha, Jr., February 1976. (PB-254-650) 
106 Use of MOS Forecast Parameters in Temperature Forecasting .. John C. Plankinton, Jr., March 1976. (PB-254~649) 
107 Map Types as Aids in'Using MOS PoPs in Western United States. Ira S. Brenner, August 1976. (PB'-259-594) 
108 Other Kinds of Wind Shear. Christopher D. Hill, August 1976 •. (PB-260-437/AS) 
109 Forecasting North Winds in the Upper Sacramento Valley and Adjoining Forests. Christopher E. Fontana,. September 1976. (PB-273-677/AS) 
110 Cool Inflow as a l<eakeni ng lnfl uence on Eastern Pacific Tropi ca 1 Cyclones. Wi 11 i am J. Denney, November 1976. ( PB-264-655/AS) 
112 The MAN/MOS Program. Alexander E. MacDonald, February 1977. (PB-265-941/AS) 
113 Winter Season Minimum Temperature Formula for Bakersfield, California, Using Multiple Regression, Michael J. Oard, February 1977. (PB-273-694/AS) 
114 Tropical Cyclone Kathleen. James R. Fors, February 1977. (PB-273-676/AS) · · 
116 A Study of Wind Gusts on Lake Mead. Bradley Colman, April 1977. (PB-268-847) 
117 The Relative Frequency of Cumulonimbus Clouds at the Nevada Test Site as a Function of K-Value. R. f; Quiring, April 1977. (PB-272-831) 
.118 Moisture Distribution Modification by ·Upward Vertical f1otion. Ira S. Brenner, April 1977. (PB"268·'740) 
119 Relative Frequency of Occurrence of Warm Season Echo Activity as a Function of Stability Indices Computed from the Yucca Flat, Nevada, Rawinsonde. 

Darryl Randerson, June 1977. (PB-271-290/AS) 



NOAA Techni ta:l Memorandum NWS WR..:.l66 

PRELIMINARY ESTIMATES OF WIND POWER POTENTIAL AT THE 
NEVADA TEST SITE 

Howard G. Booth 

National Weather Setvice Nuclear Support Office 
Las Vegas, Nevada 
July 1981 

UNITED STATES I NATIONAL OCEANIC AND I Nat1onal Weat11er 

DEPARTMENT OF COMMERCE . ATMOSPHERIC ADMINiSTRATION Serv;ce 

Malcolm Baldrige, Secretary James P. Walsh. Act1ng Admu11strator · Richard E Halluren. D~rector 



This Technical Memorandum has been 

reviewed and is approved for 

pub! ication by Scientific Services 

Division, Western Region. 

L. W. Snel !man, Chief 
Scientific Services Division 
Western Region Headquarters 
Salt Lake City, Utah 

i i 



CONTENTS 

List of Tables and Figures . 

Editor's Note 

Summary 

References 

iii 

iv 

1 

5 

6 



TABLES AND FIGURES 

Table 1. Average wind power density classes for 
10- and so~meter heights above ground 
level (after Barchet and Elliott, 1979) 
and for 27-meter height of BJY and 
Rainier Mesa wind towers (interpolated) 7 

Table 2. Probability (%),by month, of wind 
(total) persisting above, and below, 
thresholds for up to one week - Las 
Vegas, Nevada . . . . . . . . . . . . 7 

Table 3. Percent of hours and average wind power 
available when speeds are in the low 
range of 1 - 10 mph -- January, July, 
and annual for NTS stations, BJY and 
Rainier Mesa . . . . . . . . . . . . 7 

Figure 1. Daily average wind poer, by month and 
annual, for selected Nevada stations 
and others of interest . . . . . 8 

Figure 2. Average wind speed in miles per hour as 
a function of time of day - Station: BJY 9 

Figure 3. Average wind speed in miles per hour as 
a function of time of day - Station: 
Rainier Mesa (Area 12) . . . . . 9 

Figure 4. The diurnal average wind power availa­
bility profile for NTS stations, BJY 
and Rainier Mesa, for July and January, 
with daily average wind poWer for each 
curve indicated . . . . . . . . . . 10 

Figure 5. Nevada Test Site power demand during 
weekday daytime hours by season . . . 10 

iv 



PRELIMINARY ESTIMATES OF WIND POWER POTENTIAL AT 
THE NEVADA TEST SITE 

Howard G. Booth 
Nuclear Support Office, Las Vegas, Nevada 

[Editor's Note: The approach that Mr. Booth 
has taken in this paper may be a guide to 
others asked to evaluate the wind power 
potential at their stations.] 

The assessment of the potential for useful conversion of wind power to 
electrical power is quite complex because of the many factors involved, 
both of a climatological and an engineering nature. The ultimate assessment 
in an absolute sense is an engineering problem better left to engineers. 
The climatologist's capability is in attempting to describe the available 
wind power for the Nevada Test Site (NTS) and comparing it in a relative 
sense with what is known for other parts of the country so that engineers 
can assess the conversion potential. This discussion, therefore, concen­
trates on climatological aspects of the question. 

Climatological factors of concern are the average magnitude of the wind 
power density (watts/m ) and its spatial and temporal variability. The 
magnitude is obviously of consequence as one factor in assessing the practi­
cality of any wind power conversion machine since sufficient energy must be 
available to make the device rotate fast enough. The spatial variability of 
wind power density is especially important in the siting of wind turbines at 
the NTS because of the large effects of extreme terrain relief in sheltering 
turbines from the wind (as in some valleys or behind hills) or of providing 
opportunities for stronger winds (as through siting turbines in the,stronger 
winds of higher altitudes on mountaintops or where winds must speed up in 
funneling through passes in long ridges). Temporal variability is important 
because it determines how much of the time useful wind power is available. 
This steadiness of the wind speed is important in determining if on-line 
base-load generation (where storage of electrical energy for bridging gaps 
in wind power availability is difficult) or remote-site low-power generation 
(where battery storage is possible) is the more practical application of 
wind power conversion. The timing of the peaks in wind power availability 
is important for base-load generation because of the advantage which is 
realized when these coincide with the times of peak energy demand. The 
variability of the wind speed in space and time is amplified in wind power 
computations because wind power varies as the cube of wind speed. Thus, a 
doubling of the wind speed will increase the available wind power by a fac­
tor of eight. In terms of temporal variability this fact can result in 
extremely large peaks and valleys in the wind power availability curve, even 
for modest changes in wind speed. 

A great deal of wind data is available for the NTS but very little of this 
has been analyzed for wind power. Until studies utilizing these data are 
available, we are forced to look at such studies as have been published, 
largely DOE-sponsored and concerned with regional and national characteristics 
of wind energy availability. These provide a basis for looking at the poten­
tial for wind power conversion in the general region of the NTS in comparison 
with other parts of the country. We can then look at the few available NTS 



wind power computations and the wind climatology to see how more localized 
factors might influence the potential at the NTS. 

Reed (1975, 1979) and Bray (1980) have shown that, in general, the southwest­
ern United States has low wind power availability, but Bray (1980) has shown 
that on an annual basis both Las Vegas and Ely are somewhat higher in available 
wind power than most. stations in the region. Bray puts both of these stations 
in a moderate wind speed category while Lovelock, Nevada, is ranked as a low 
annual wind speed station that seems more typical of many in the southwest. 
The somewhat higher values for Las Vegas and Ely are perhaps related to local 
valley-mountain influences and, in the case of Ely, an altitude effect. Reed 
(1975) and others point out the extreme variability in wind power availability 
between closely spaced stations, again realted to terrain and altitude influ­
ences. Most stations from which these studies are derived are valley stations, 
since that ·is where most cities are located, so nearby station differences are 
largely a question of valley altitudes above sea level, the orientation of 
valleys relative to the prevailing winds, and the shielding effect of nearby 
mountain ranges. 

·The annual daily average wind power for selected United States cities, includ­
ing three Nevada stations, are plotted to the right of Figure 1 for comparison. 
Lihue, Hawaii, represents a tropical coast station of good exposure to moderately 
strong winds while Dodge City, Ka11sas, is fairly typical of the high wind power 
region embracing the Great Plains and portions of the Rockies. The high annual 
average value for Whitehall, Montana, is an example of rather extreme terrain 
effect coupled with a location close to the normal storm track across the 
northern Rockies. It is located in a river valley that channels strong winds 
either up or down the valley. Highest average wind speeds at this location 
occur with. wind directions having the greatest frequency of occurrence . 

. Annua 1 wind power va 1 ues for the NTS have ·not as yet been computed. But da i 1 y 
~verages for two -NTS stations, .Yucca Valley (BJY) and Rainier Mesa, for the 
months ·of January and July, are available (adapted from Quiring; 1975) and have 
been plotted on Figure 1. These two stations are representative of BJY and the 
higher level, relatively flat, and well-exposed summits of NTS mesas (Rainier 
Mesa). Based on the climatology of wind speeds for these two stations, it 
appears that the shape of monthly power profiles shown in Figure 1 for Las Vegas 
and Ely, a regional characteristic, are followed at NTS stations as well. The 
annual average wind power availability for BJY and Rainier Mesa have, therefore, 
been estimated on an assumed monthly profile and plotted with the annual values 
of the other stations for comparison. Table 1, adapted from Barchetand Elliott 
1979 study of wind power avai1ability for the Pacific Northwest, assigns a class 
number to each of several successively larger wind power intervals. The wind 
power values in the· table are for standard heights above ground level of 33 and 
164 feet (10 and 50 meters). BJY and Rainier (Figure c1) have estimated annual 
power availabilities of roughlY 150 and 275 watts/m2 , respectively, at tower 
heights of 88 feet (27 meters). These estimated power levels have been fitted 
into Barchetand Elliott•s power classes bylinearlyinterpolating for 88 feet 
using the class interval values of the 10- and 50-meter heights of the table. 
This is not very rigorous since the average wind power increase with height is 
a logarithmic or power function rather than being linear, but the rate of 
increase with height is greatly dependent on the very variable atmospheric 
stability of the layer near the ground. From this interpolation, Rainier fits 
1nto the upper end of Wind power Glass 3 and BJY into Class 2. According to 
Barchettand Elliott (1979) Class 4:winds or higher represent high annual wind 
energy potential and any monthly wind power average above 400 watts/m2 can be 
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considered exceptionally high. For comparison, Barchet and Elliott show that 
ridgetop sites in Idaho at 10-meter heights above ground fall into classes 
4-6 on an annual basis, 6-7 for winter, 2-3 in summer, 4-6 in spring, and 
4-6 in the fall. Yet even stations in the lowest wind power class, it is 
pointed out by Barchet and Elliott, may have adequate power potential for some 
users, probably depending somewhat on temporal variability (discussed later). 
~rom this it is concluded that on the basis of average annual wind power avail­
ability alone, the mesa tops above the tree levels would be classified as having 
a fairly high annual average wind energy potential. Long, narrow and steep­
sided ridges oriented more or less normal to the prevailing northwest and south­
west winds would be expected to exhibit even higher wind power availability as 
an annual average. Passes in east-west oriented ridges might also have high 
potential as, for instance, the one immediately north of Topopah Spring in the 
Shoshone Mountains of Area 29. Any such site should, of course, be subjected 
to a period of observation to verify theory. Valley stations like BJY have a 
very moderate potential based on their likely Class 2 category. 

The "steadiness" or temporal variability on various time scales is an impor­
tant part of the wind power evaluation. Barchet and Elliott are inlcuding 
interannual, i.e., year-to-year wind power variability in their series of Wind 
Energy Resource Atlases for the United States, of which only .the Northwest 
Region atlas has, as yet, been published (1979). Average annual wind power 
can vary appreciably from year to year and average storm intensity. Barchet 
et al (1979) shows this to be very true for certain stations in the Northwest 
Region where, for instance, the average annual available wind power for 
Whitehall, Montana, nearly doubled from 1949 to 1950. Similar interannual 
variability has not been demonstrated as yet for NTS stations and it is pro­
bably nowhere as extreme as for Whitehall. 

The seasonal and diurnal variations of wind power availability are quite 
large for many stations. Seasonal changes for a number of stations are shown 
in Figure 1, which generally shows a springtime maximum peaking about April 
and either a summer or fall minimum. A doubling of daily average available 
power between minimum and maximum is not uncommon. The changes are generally 
associated with the weakening of storms and a northward shift in their tracks 
toward summer. Where seasonal changes are small and a station has a good expo­
sure to available winds in all seasons, the available power may change rela­
tively little from month to month. Lihue, Hawaii, a tropical station with good 
exposure to the sea, is a good example. Although its available power on either 
an annual or a monthly basis is not outstanding, its month-to-month steadiness 
has some salutary implications for power generation. By contrast, Whitehall, 
Montana, shows extreme seasonal variability, even though its annual average 
available wind power is high. The daily average wind power peaks in January, 
a reflection of the large influence of river valley channeling during the time 
when storms accompanied by strong winds are typically crossing Montana. 

The average wind power data for BJY and Rainier Mesa, available only for the 
months of January and July, show little difference between these winter and 
summer months (Figure 1). But neither do the curves for Las Vegas and Ely, 
where the April maxima and late summer to midwinter minima express a regional 
characteristic that NTS stations also follow. This is evident from Figures 2 
and 3 (Quiring, 1968) where it can be seen from mental averaging over all hours 
in individual months that the daily average winds by month peak close to April 
for both stations and bottom out at about October for Rainier Mesa and close to 
January for BJY. 
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Da.ily average wind powers at many stations can be misleading if one fails 
to. alsoGon~id~r the cyclical diurnal oscillation of winds and re~ulting 
availabl.e power. The diurnal cycle of wind speeds for NTS stations, BYJ and 
Rainier. Mesa (Figures 2 and 3), may be characteristic of valley and ridgetop 
stations in the southw~$t, but accentuated by BJY by the orientation of Yu.cca 
Valley. The diurnal w.ind cycle results from the daily cycles of solar heating 
.in the .lower atmosphere. Up-valley up-slope winds are typical of valley sta­
tions during daytime hours, ~specially in the summer and when the valley axis 
lies close to. the average upper flow directions and the valley's higher end is 
.in the direction of this flow. Nighttime cooling of a thin. air layer near the 

.·ground on average nights disassoci.ates th·is layer from the general flow. aloft 
and the cold, more .dense air flows slowly downslope, down valley. At ridgetop 
stations the winds more closely agree with the stronger upper free-air wind 
speeds,·especially when measured on high towers above the moderating influence 
of shrubs and trees and above whatever thin, cool layer may form at night 
among the trees. 

Average wind power availability, by hour of the day in July and January, for 
.the two NTS stations is shown in Figure 4 (Quiring, 1975). Qui~ing's original 
plots were based on computations which had followed Reed's method (1975) of 
using se.a-level densi:ty. NTS altitude corrections were obtained from 16 
selected .correction factors computed by Reed (1979) for southwestern stations 
of altitudes. ranging from 200 to 7600 feet .. Linear regression gave correction 
factors of .786 for Rainier Mesa .at 7500 foot altitude and .878 for BJY at 
4100 foot altitude. These corrections were applied to Quiring's data to obtain 
,Figure 4.. The wind power afternoon peaks of the July diurnal curves for both 
towers is pronounced with very low wind power available during the night; on 
the average, at the valley station. The hourly average wind power curves for 
January show the valley and mesa top stations to be out of phase with each 
other, BJY showing an afternoon maximum much depressed from its July counter­
part, but still quite peaked, while Rainier Mesa on the average exhibits its 
,greatest wind power at night. The diurnal power oscillations, as with those 
on a season~l scale, may have significant implications with respect to base-
load conversion, but.not so much so for remote-site low power generation 
where battery storage is possible for bridging gaps in power availability. 

The diurnal profiles of available wind energy are averaged by hour but say 
. nothing of the inter-daily, i.e., the day-:-to-day persistence, of these patterns. 
The diurnal oscillation on any given day may be much suppressed or even reversed 
depending on the large-scale pressure regime affecting a station. Wind power 
averages may be highly weighted toward a few strong wind days while near-calm 
conditions with little available power may be the normal condition. Bray (1980) 

.·does good service irJ providing inter-daily wind power persistence probabilities 
for numbers of, southwestern stations. , Although NTS data are not included, his 
tables are at least indicative. Probabilities (Table 2) are reproduced for Las 
Vegas for greater than ~r equal to (GE) and for less than (LT) the stated wind 
power thresholds for up to the indicated number of days, given that a day of 
such wind power conditions has just occurre.d. Tables are given for each month. 
They show a very high probability for the lowest all-hours wind power category 
to persist for several days. These statistics suggest the infrequency of storms 
accompanied by higher winds, even in wintertime, and the well-known nocturnal 
temperature inversion's tendency to decouple near-surface winds from stronger 
winds aloft. Quiring (1975) produced Table 3 which, while not showing persis­
tence statistics, does show the percent of hours in each of the months January 
and July, and annually, when low wind speeds of 1 - 10 mph can be expected for 
the NTS stations, BJY and Rainier Mesa. The average available power at these 
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low speeds for the same months is shown to be very small, suggesting that useful 
power may not be available from wind turbines over a significant part of the time. 

A final consideration is assessing wind power conversion practicality for 
baseload power is the degree of coincidence between electrical power demand and 
wind power availability. Demand at the NTS during weekday daytime hours is 
shown in Figure 5 (Quiring, 1980) for each of the four seasons. Winter is seen 
to be the month of highest daytime energy demand. Although curves for night­
time demand are not shown, it is clear that demand drops appreciably during the 
night in the winter season as is suggested by the drop-off of the daytime curves 
for other seasons. Wind power availability on the average is seen from Figure 4 
to be lower in the midwinter month of January than it is in the summer month of 
July but not appreciably so. Assuming some drop-off in power demand at night in 
January, it appears that average availability of wind power at Rainier Mesa is 
somewhat out-of-phase with the NTS daytime demand maximum. The peaking of power 
demand in daytime hours during the other season, especially summertime, is more 
in phase with the average afternoon maximum in wind power availability, both at 
BJY and Rainier Mesa. Little wind power is available on the average during 
nighttime hours at the valley station, especially during the summer months, but 
neither is electrical power demand very high at this time of day. 

Other reports are in preparation which should shed more light on the wind 
power potential for the NTS. Sullivan and Mason, Tucson, Arizona, is under 
contract to Holmes and Narver, Inc., to evaluate the wind power potential at 
the NTS in a more definitive manner than attempted here. It should be completed 
by early 1981. Pacific Northwest Laboratory, under contract to Department of 
Energy (DOE), is expected to produce a second volume in a series of 12, this one 
titled Wind Energy Resources Atlas - The Southwest Region, which will examine 
the wind power variability with time and topography in the southwest .. It is 
also scheduled for publication in early 1981. The United States Air Force MX­
Missile Project, if approved, contemplates an ambitious wind and solar insola­
tion measurements and analysis program in valleys and on ridgetops in nearby 
central Nevada. Measurements may start as early as March 1981, but results 
will likely not be available for many months thereafter. It will be managed by 
Pacific Northwest Laboratory, Hanford, Washington. Some NTS wind data will 
assuredly be used in the first two of these studies and probably in the MX study 
as well. 

SUMMARY 

On the basis of the few computations using NTS data, it appears that annual 
average wind power availability at the NTS is somewhat better than at most 
stations in the southwest for which computations are available. Annual average 
wind power availability is estimated to be fairly high on the mesa tops (approach­
ing 300 wats/m2 ) and probably on several other ridgetops and favorably exposed 
mountain passes on the NTS. The percentage of low wind hours is high in all 
seasons with the possible exception of springtime, however, and persistence of 
favorably strong winds for periods of several days at a time is rather low. 
This is especially true at valley stations. There is a pronounced diurnal 
cycle in wind power availability, especially in the summertime, with little night­
time availability on the average at the valley stations. Although no NTS power 
computations have been made for spring or fall months, examination of wind 
climatology at the NTS and seasonal trends of wind power at other southwestern 
stations show springtime months to have the highest average wind power availa­
bility with fall having the lowest. Baseload electrical power requirements 
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would most likely require alternate electrical energy sources to augment .and 
bridge gaps in wind-supplied energy and the cost-effectiveness of this use of 
renewable wind energy would have to be determined. Remote-site.wind power 
conver'sion where battery storage of the produced electrical energy could 
bridge all, gaps in wind power availability may prove more reliable and cost 
effective. Reports are in preparation by other organizations which should 
help to provide moll'e definitive answers to wind power appljcations for the NTS. 

REFERENCES 

1. Barchet, W. R., and D. L. Elliott, 1979: 11 Wind Energy Resource Atlas; The 
Northwest Region 11 .. Pacific Northwest Laboratory, Richland, Washington, 
DOE Contract EY-76-C-06-1830, October. 

2. Bray, Roger E., 1980: 
Summary Report 11 . 

11 Site Insol a.ti on and Wind Power Ch.aracteri sti cs -
Northrop Service, Inc., DOE/CS/20160-01, August. 

3. Bray, Roger E., 1980:· 1'Site Insolation and Wind Power Char,acteristics -
Western Region (South Section)''. Northrop Service, Inc., DOE/CS/20160-
01, August. 

4. Quiring, R. F., 1975: Unpublished wind power computations for the Nevada 
Test Site stations, BJY and Rainier Mesa, Weather Service Nuclear 
Support Office, Las Vegas, Nevada, July. 

5. Quiring, R. F •. , 1980: 11 Progress Report on t:lectrical Power Flow at the 
NTS 11 . Weather Service Nucle.ar Support Office, WSNSO 351-76, February. 

6. Quiri.ng, R. F., 1968: . 11 Climatological Data Nevada Test Site and Nuclear 
Rocket Development Station''. Weather Service Nuclear. Support Offic~, 

.. Las Vegas, Nevada, ERL TM-ARL 7, August. 

7. Reed, Jack w., 1975: 11 Wind Power Ciimatology of the United States 11 . 
Sandia Corp., Albuquerque, New M~xico, SAND74~0348, June. 

8. Reed, Jack W., 1979: 11 Wind Power Climatology of the United States­
Supplement 11

• Sandia Corp., Albuquerque, New Mexico, SAND78-1620, April. 

9. Working Group of the Commission of Aerology: 11 Sites for Wind Power Installa­
tions11. Technical Note No. 63, World Meteorological Organization, WMO­
No. 156.TP.76, about 1964. 

-6-



Table 1. Average wind power density classes for 10- and 50-meter heights above 
ground level (after Barchet and Elliott, 1979) and for 27-meter height of BJY and 
Rainier Mesa wind towers (interpolated). The estimated annual average wind power 
density for Rainier Mesa and BJY stations have been inserted in their appropriate 
classes. 

Wind 
Power 
Class 

1 

2 

3 

4 

5 

6 

7 
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Table 3. Percent of hours and average wind power available when speeds are in 
the low range of 1 - 10 mph -- January, July, and annual for NTS stations, BJY 
and Rainier Mesa. 

January 
July 
Annual 

% of Hours 
(1957 - 1969) 

BJY Rainier Mesa 
56 34 
48 32 
47 34 
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Avera~e Wind-Powe-r 
(watts/m ) (1957 - 1964) 

BJY 
12 
13 
14 

Rainier 
12 
9 

11 

Mesa 

54 ' 39 
47 
54 
62 
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Figure 1. Daily ave:-age wind power, by month and annual, for selected ';e:.•ada 
stations and others of interest. Available point values for 
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