
 

Oral History Interview of 

R. Nolan Clark 

 

 

Interviewed by: Andy Wilkinson 

December 16, 2014 

Amarillo, Texas 

 

 

Part of the: 

Wind Interviews 
 

 

 

 

 

 

 

 

 

 

 



Texas Tech University’s Southwest Collection/Special Collections Library, Oral History Program 

 

 
2 

Copyright and Usage Information: 

An oral history release form was signed by R. Nolan Clark on December 16, 2014. This 

transfers all rights of this interview to the Southwest Collection/Special Collections 

Library, Texas Tech University.  

This oral history transcript is protected by U.S. copyright law. By viewing this document, 

the researcher agrees to abide by the fair use standards of U.S. Copyright Law (1976) and 

its amendments. This interview may be used for educational and other non-commercial 

purposes only. Any reproduction or transmission of this protected item beyond fair use 

requires the written and explicit permission of the Southwest Collection. Please contact 

Southwest Collection Reference staff for further information.   

 

 

Preferred Citation for this Document: 

Clark, R. Nolan Oral History Interview, December 16, 2014. Interview by Andy Wilkinson, 

Online Transcription, Southwest Collection/Special Collections Library. URL of PDF, date 

accessed. 

 

 

 

 

 

The Southwest Collection/Special Collections Library houses almost 6000 oral history interviews 

dating back to the late 1940s. The historians who conduct these interviews seek to uncover the 

personal narratives of individuals living on the South Plains and beyond. These interviews 

should be considered a primary source document that does not implicate the final verified 

narrative of any event. These are recollections dependent upon an individual’s memory and 

experiences. The views expressed in these interviews are those only of the people speaking and 

do not reflect the views of the Southwest Collection or Texas Tech University. 

 

 



Texas Tech University’s Southwest Collection/Special Collections Library, Oral History Program 

 

 
3 

Technical Processing Information: 

 

The Audio/Visual Department of the Southwest Collection is the curator of this ever-growing 

oral history collection and is in the process of digitizing all interviews.  While all of our 

interviews will have an abbreviated abstract available online, we are continually transcribing and 

adding information for each interview. Audio recordings of these interviews can be listened to in 

the Reading Room of the Southwest Collection. Please contact our Reference Staff for policies 

and procedures. Family members may request digitized copies directly from Reference Staff. 

Consult the Southwest Collection website for more information. 

http://swco.ttu.edu/Reference/policies.php 

Recording Notes: 

Original Format: Born Digital Audio 

Digitization Details: N/A 

Audio Metadata: 44.1kHz/ 16bit WAV file 

Further Access Restrictions: N/A 

 

Transcription Notes: 

 Interviewer: Andy Wilkinson 

 Audio Editor: N/A 

 Transcription: Whittney Davis 

  Editor(s): Jason Rhode, Kayci Rush   

  

 

Interview Series Background: 
The roots of the National Wind Institute run almost fifty years deep.  In the spring of 1968, a powerful 

sandstorm blew through Texas Technological College, taking down two light standards at the school’s football 

stadium.  As the relatively-new structures had been designed to withstand such winds, two of the college’s 

engineering professors, Kishor Mehta and James McDonald, thought that the incident bore investigation.  Two 

years later, on May 11, 1970, a massive group of tornados struck the surrounding city of Lubbock, killing 26 

people, injuring over 1,500, and doing over $200 million in damage (in 1970 dollars).  The day after the storm, 

Mehta and McDonald hurried to investigate as much as they could of the wreckage strewn along its path, 

knowing that the evidence of how the storm winds worked would be quickly destroyed during rescue, 

recovery, and clean-up.  They were joined by two other engineers from what was now Texas Tech University, 

Ernest Kiesling and Joe Minor, and by the end of the first day, the group realized the need for focused study on 

wind and wind damage. 

From the beginning, their work was interdisciplinary and soon involved researchers from atmospheric 

science, economics, and social science.  The focus of their work broadened as well, first strictly on wind 

mitigation, then on education, and eventually including wind energy.  Along the way, the organization added 

faculty, students, and degree programs to include the doctoral level.  At the time of this writing, 2014, it is 

among the most highly-regarded wind science and energy programs of any university anywhere. 
The collection includes oral history interviews from most of the key founders and developers of the 

program, along with a substantial number of leaves of documents. 

http://swco.ttu.edu/Reference/policies.php


Texas Tech University’s Southwest Collection/Special Collections Library, Oral History Program 

 

 
4 

Transcript Overview: 
 

This interview features R. Nolan Clark, wind energy pioneer and laboratory director of the 

Bushland USDA Conservation and Production Research Laboratory, who discusses the past, 

present, and possible future of wind research and the wind power industry.  

 

 

Length of Interview: 02:19:35 

 

 

 

Subject             Transcript Page     Time Stamp 

Discusses first project, vertical wind turbine 1978     14  00:19:36  

Ogallala Commons and rural wind turbines      19  00:40:23 

American Wind Energy Association conferences     23  00:54:36  

Testing certifications         28  01:08:24    

The Small Wind Certification Council      29  01:12:44 

Wind-diesel activities at Bushland       32  01:21:44  

The future of wind energy         37  01:37:48 

Discussion of blade and wind-diesel testing      43  01:51:47 

Clark's future plans: wind certification and water issues    45  01:59:59 

Clark's involvement with English as a second language classes   47  02:06:19 

 

 

 

 

 

 

 

 

 

Keywords 

Wind power, wind research, West Texas, water issues, rural life, renewable energy, ESL 

 

 

 

 

 

 

 

 



Texas Tech University’s Southwest Collection/Special Collections Library, Oral History Program 

 

 
5 

Andy Wilkinson (AW): 

And right now I’m going to start by saying that this is the sixteenth, of December, 2014. Andy 

Wilkinson here with Nolan Clark in his very pleasant home on the south side of Amarillo on a 

very crisp morning, and since we’re talking about wind that’s a good thing, because it’s a windy 

day up here. 

 

R. Nolan Clark (NC): 

Not as bad as Sunday. 

 

AW: 

No, we had a lot of wind in Lubbock too, straight out of the west. 

 

NC: 

Forty miles an hour—with a gust, it was sixty.  

 

AW: 

I don’t think it was quite that bad in Lubbock, ours was pretty much a straight wind and wasn’t 

really— 

 

NC: 

Well, ours was too but— 

 

AW: 

—but I don’t think we had those gusts though, that you were talking about. At the start, just 

before we turned the tape on, Mr. Clark showed me a book that he has just brought out called 

Small Wind, and has given me a brochure that I will add to our collection and another book UT 

Press called The Great Texas Wind Rush, from last year, which I am looking forward to looking 

at, but let’s get started with you. What’s your date of birth so I know which Nolan Clark we’re 

talking about a hundred years from now? [Laughs]  

 

NC: 

January 5, 1941.  

 

AW: 

You’re about to have a birthday?  

 

NC: 

Yeah, I’m about to have a birthday. 
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AW: 

And what is the R for?  

 

NC: 

It’s for Ray. 

 

AW: 

And where were you born?  

 

NC: 

In Chico, Texas.  

 

AW: 

C-h-i-c-o?  

 

NC: 

Right.  

 

AW: 

Where is Chico?  

 

NC: 

It’s in Wise County, Decatur is the county seat, and it’s mostly known for the rock crushers.  

 

AW: 

Oh right where those big trucks are always coming— 

 

NC: 

It’s right north of—it’s northwest of Decatur, it’s in the northwest corner of Wise County.  

 

AW: 

Yeah I take 3801 often— 

 

NC: 

Across there— 

 

AW: 

—yeah going into McKinney and that area, and so you’re behind those trucks, or in front of them 

all the time. Did you grow up there?  

                                                           
1 U.S. Route 380, an east–west United States highway. 
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NC: 

No, I actually grew up in Irving.  

 

AW: 

Where did you go to school?  

 

NC: 

I went to Texas Tech. I have a BS in agricultural engineering from Texas Tech, and I have a MS 

in agricultural engineering from Mississippi State. 

 

AW: 

Who had a pretty interesting run this year in football?  

 

NC: 

They did.  

 

AW: 

So, MS, I’m sorry, in agriculture also?  

 

NC: 

Yeah, in agricultural engineering, and then a Ph. D. from Texas A&M.  

 

AW: 

Also in agriculture?  

 

NC: 

In agricultural engineering. 

 

AW: 

What was your interest in agriculture, how did you get interested?  

 

NC: 

Well, my grandfather was a ranch manager, and I spent summers and all with him working on 

the ranch, worked ranching and all— 

 

AW: 

What ranch in— 
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NC: 

It was the Luse Ranch, in Cook County. 

 

AW: 

How do you spell Luse?  

 

NC: 

L-u-s-e. [laughs] Anyway, he was a Dallas oilman and he had three different properties in Cook 

County that my grandfather managed, but I worked with him and was interested in that, but I was 

also interested in the technical part, the engineering part, and after a year at Tech just as a non-

major, I decided that I liked the agricultural engineering and thought about it one day mowing 

the yard, [laughs] and doing something with agricultural engineering, and went and got out my 

catalog to see. And lo and behold, I found a major in agricultural engineering, and transferred 

into that. But as I worked through that curriculum I became interested in water issues, and most 

of my emphasis was on irrigation, and my studies and all, and doing that I took a lot of courses in 

fluid mechanics— 

 

AW: 

Social engineering and—  

 

NC: 

—which leads into the ease of moving into wind energy, because of the strong fluid mechanics 

background that I had. Also, I took courses in meteorology because when you’re dealing with 

crops growing and irrigation, you’re dealing with the meteorological issues, mostly looking at 

micro-meteorology, the lower portion of the atmosphere. So, I actually ended up a minor in 

meteorology on a Ph.D. So, I had this background in meteorology and fluid mechanics, but 

focusing on irrigation.  

  

AW: 

That’s a pretty unusual animal, for the time.  

 

NC: 

Well, it was at the time, but there’s others that have followed in that same path because of the 

issues of irrigation scheduling and managing irrigation systems, especially in the windy areas of 

the Great Plains. So— 

 

AW: 

What year did you graduate with your Bachelor of Science?  
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NC: 

Sixty-four. 

 

AW: 

And your Master’s?  

 

NC: 

Sixty-seven. 

 

AW: 

And your Ph.D.?  

 

NC: 

Seventy—seven zero—and I moved to Bushland and started the first of January, 1971.  

 

AW: 

And Bushland is a USDA—? 

 

NC: 

ARS [Agricultural Research Services] facility, yeah. That’s the job I took out of my Ph.D. and 

worked there almost thirty-nine years.  

 

AW: 

It’s very interesting that one of the major things about the Wind Institute at Tech is the 

combination of meteorology and the engineering sciences; that has really made quite a 

difference.  

 

NC: 

And see, Texas A&M has a meteorology curriculum and course, and so one reason we took that 

is because it was available there, and actually the hydrology courses were taught in meteorology 

rather than in engineering, so it was an interesting twist on things— 

 

AW: 

Yeah, I think the reverse would be at Texas Tech if I’m remembering correctly, hydrology would 

be in civil engineering. How did you get to Mississippi State, just out of curiosity?  

 

NC: 

They paid me to go to school. [Laughs]  
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AW: 

That’s an awfully good reason. [Laughs]  

 

NC: 

At Tech I helped in the Department of Teaching and Surveying, and the water conservation 

classes, and when I was graduating Mississippi State had an opening, they were looking for 

someone to come and teach courses in surveying and water conservation and work on a research 

project on erosion of highway ditches, and this was when the interstate highway system was just 

being built, and they had a government contract to do that, and the professor who had been 

teaching those surveying courses was head of that project and they wanted somebody to—so I 

went to Mississippi State with a BS degree, started teaching a junior level course in surveying as 

a fresh graduate out with a BS degree, which is kind of unusual— 

 

AW: 

Yeah, that would keep you on your toes though. [Laughs]  

 

NC: 

Yeah, it would keep you on your toes. And so, I taught there three years and I could take two 

courses each semester and work on a degree. It was a litter slower path, but I was drawing full-

time salary and working in the school, so that’s—you can’t hardly beat a deal like that, and so I 

did that. I also ended up being the local weather observer for that region, or the city and wrote a 

monthly article on the weather for the newspaper, all this meteorology stuff kind of started early 

not knowing nearly why you do those things, but I did that. I taught surveying, taught two 

courses in surveying, or actually three courses in surveying and a water conservation class, and 

then did this research project on erosion of highway ditches which was a hydrology flow, and 

again all this fluid mechanics stuff, was involved in that. Then went to Texas A&M and got 

involved in an irrigation program. Dr. Ed Hiler was brand new at Texas A&M and he went on to 

be vice chancellor at A&M, a head of all the ag programs, but he was my major professor and we 

did projects in Stephenville on irrigation of peanuts as well as projects in College Station on—

and developed, he and I worked together and developed a stress day index concept for irrigation 

scheduling— 

 

AW: 

Stress? 

 

NC: 

—day index. What you did is you took the climatic stress and modified that by a crop coefficient 

to predict daily water use, or weekly water use of crops. So you would know how much water 

you needed to replenish.  
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AW: 

So peanuts would be different than alfalfa, would be different than cotton?  

 

NC: 

Every crop was different because you had a crop index for that. Well now, there’s irrigation 

scheduling techniques are based on what they call ET, evapotranspiration, but it’s a dry from 

measuring that climate, the humidity, the wind speed, the air temperatures, and solar radiation, 

and you calculate and can predict the crop water use on a daily basis; but what we did was some 

of the foundational work, and this was in the nineteen-seventies, early seventies. We went on 

here at Bushland, I did not do that but one of my—actually the fellow who worked for me at 

College Station when I was a graduate student and he was a master’s student—went on and took 

the same degree program I did, ended up at Bushland. And we built [inaudible] [00:12:03] at 

Bushland, and actually measured that the actual water use, and compared it to the prediction we 

were using from the atmospheric measurements and the crop coefficient, and were able to 

correlate those; and now that’s an international standard for predicting and using crop water use. 

And that same method is used to calculate the crop water use for all the irrigation in the state of 

Texas that we put in the state water plan. So, that early research and the following research that 

has been done at Bushland here all leads into this—a lot of the western states use this and both 

the American Society of Agriculture Engineers and the Civil Engineering Irrigation Division all 

use this method for crop water use predictions, on water use. So that was part of the basis of it. 

Now, this leads in to what I was doing at Bushland, was working with sprinkler irrigation, 

because sprinklers were becoming popular, they were used in the Brownfield and the sandy 

areas, but they were interested in using them on the clay soils that we have basically from 

Plainview north in the Panhandle.  

 

AW: 

Yeah, I remember as a kid growing up in Lubbock County, you know, nobody sprinkled, it was 

all row water ditch until much later.  

 

NC: 

And so, in the early seventies, I was working on wind effects on sprinklers and measuring how 

much water you lost, and the efficiency and everything— 

 

AW: 

And these were sprinklers, not necessarily the drop heads but the old kind that shot up in the air?  

 

NC: 

Bill Lyle at Halfway, was there, and he and I developed the drop system for sprinklers. But what 

I was doing was measuring these wind effects on sprinklers. Well, when they started the wind 

program they had decided that irrigation pumping was a major energy user. Potentially you could 
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use wind power on that, and I was selected to do the wind power work because I was working 

with wind effects on sprinklers.  

 

AW: 

When you said “they”— 

 

NC: 

That was the— 

 

AW: 

Was it USDA? 

 

NC: 

It was the USDA headquarter people in Washington, but to go back and start, and we may want 

to start recording some of this— 

 

AW: 

I am recording—[laughs] 

 

NC: 

Oh, you are recording? Okay. All right, after the oil embargo, in 1973, the U. S. government 

started the wind research program in the National Science Foundation, they had six components 

of that research program. international standard for predicting and using crop water use, were 

challenged to do the wind characteristics. Measure the wind speed, determine where the windy 

areas were that we could potentially use wind power that was their mission. NASA was given the 

task of developing large wind systems for utility generation. Sandia Laboratories was given the 

challenge of working on the vertical axis wind turbine, that technique, and design. The Solar 

Energy Research Institute was established about that time in Golden, Colorado, and they were 

challenged to look at innovative and new concepts, out of the box types of concepts. Rockwell 

International, at Rocky Flats, was given the small machine development program— 

 

AW: 

Small wind machines?  

 

NC: 

—being small wind machines. And then the U. S. Department of Agriculture was given the 

challenge of developing systems for real remote applications. The Agriculture Research Service 

was the group in the Department of Agriculture that was given that assignment. And that was in 

1974, when that program was initiated. The Agriculture Research Service did some studies and 

all, and this is when they determined where the major energy uses were, in agriculture, and in 
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rural areas, and identified irrigation. And so, in 1976 they assigned me to work on wind power 

water pumping activities, and my first response was, “We’ve been pumping water with wind for 

thousands of years so what—and you know every farm has a windmill, so what’s the research 

problem?” [laughs] “What’s the research problem we’re going to work on?” Well, they said, 

“We want to look at irrigation pumping primarily, versus livestock water pumping.” So that 

began to draw a distinction between two things.  

 

AW: 

And a big difference too.  

 

NC: 

And a big difference, power levels, size levels, volume of water, all these issues are totally 

different. 

 

AW: 

Yeah, what you do with water after you get it out of the ground, completely different.  

 

NC: 

So, we started looking around and we said, “Well, if we generate electricity with the wind 

turbine, we know how to pump water with electricity, so that’s not a researchable issue 

particularly.” So, we got to talking and we started talking with Sandia Labs about the vertical 

axis, because you turn the vertical machine, you have got a vertical shaft coming down to ground 

level. Well, if we have this turning shaft at ground level we can just run that right into a gear 

head on an irrigation well, at that time— 

  

AW: 

So don’t even generate the electricity, just use that to pump— 

 

NC: 

Use it mechanically. So, at that time we were still pumping seventy-five, 80 percent of our water 

in the Texas High Plains with natural gas and diesel that used an engine with a gear head on it. 

So the idea was, “We’ll just replace the engine and put a wind turbine on there.” So we started 

looking at the possibility of that and different things and we said, “Well, to make the speed, the 

pump really wants to run at constant speed, so the windmill is going to run at variable speed, so 

how are we going to do this?” So we came up with the concept of putting an engine on one side, 

have a dual drive gearhead with a drive on both sides, put the engine on one side, put the wind 

turbine on the other side with an over-running clutch on the wind turbine side, so the engine can 

run and when the wind turbine tries to run faster than the engine, it’ll pick up the power and 

unload the engine, and you’ll set there and do a fuel-saving mode. And so, we actually— 
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AW: 

So you still used fuel but you used less of it?  

 

NC: 

We’re using less fuel. So, the first project we actually built, we bought a forty kilowatt wind 

turbine out of Canada, the largest vertical axis wind turbine ever installed in the U. S., installed 

that in 1978— 

 

AW: 

Now was that over on Lewis Ranch Road?  

 

NC: 

No, this has always been on I-40, I-40 at Bushland. And what we actually set that up, and in 

1978 we started doing research with that concept. That later became known as a wind-diesel 

because we switched from natural gas to diesel, because when you do that you can actually 

unload a diesel engine, and save more percentage of fuel than you can a natural gas engine 

because of the nature of the engines. When you have a spark ignition, you can still consume 30 

or 40 percent of the fuel if it’s unloaded totally. If you have the compression0type engine like a 

diesel, you can take it down to around 10 percent fuel when you unload it, so we switched to a 

diesel engine there because we could get more fuel savings. Well, so that was the initial project 

that we had at Bushland. Then moving from, at the same time, we challenged the small wind 

group at Rockwell International to develop us a wind turbine in the forty to fifty kilowatt range, 

besides the vertical, or at a twenty-five kilowatt range that we could use on some of the smaller 

irrigation wells. So, they started looking at developing some—and we actually helped them write 

the specifications for new wind machines. Then also in 1979, J. Carter Berkman at Texas had 

developed a twenty-five kilowatt electric generation machine. And so, he wanted a place to test 

that and working with the group at West Texas A&M we installed his machine at Bushland in 

1979, which was an electrical generation machine. So, we went ahead and moved into the 

electrical size, but this was a twenty-five kilowatt, so we could learn about the problems with 

generating electricity and see how we could use that electricity in irrigation pumping. Then in—

so we were operating these machines then in 1982 we got a forty kilowatt machine, out of the by 

then, the DOE [Department of Energy] Research and Development program. See, the wind 

program was moved from National Science Foundation to the old Energy Research and 

Development Agency, ERDA, then that became the Department of Energy, and those transitions 

took place in different presidential combinations, I think during the Carter administration is when 

ERDA was developed, was created, then Reagan became president in 1980 they created the 

Department of Energy later and so, the wind program moved from these different agencies and 

ended up in the Department of Energy. Over the years, after they created the National Wind Test 

Center out of Golden, which is at the old Rocky Flats Plant, the wind characteristics from 

Battelle was moved there, NASA dropped out of the large machine development, and it ended up 
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with Sandia Labs, the National Wind Test Center and USDA Bushland in the DOE wind 

program, and from 1974 until 2010 the U. S. Department of Agriculture at Bushland had a line 

item budget in the DOE wind energy program.  

 

AW: 

Now, let me just clarify something for my own mind, we’re talking this whole time about 

distributed generation? We’re not talking about developing turbines for wind farm? 

 

NC: 

Only NASA and the National Wind Test Center looked at developing turbines for wind farms. 

 

AW: 

The rest of this was looked at— 

 

NC: 

We were focusing on distributive generation systems. Now as it turns out, we ended up prototype 

testing, at Bushland, four of the machines that went in to the California Wind Farms— 

 

AW: 

Those first big farms?  

 

NC: 

—in 1984 through ’86, because see the J. Carter twenty-five was one of those, the Enertech 442 

was actually a project, the UTRC [United Technologies Research Center] Flex-beam Turbine, 

that was actually one of those original contracts with Rockwell International Development was 

another twenty-five kilowatt machine. We prototyped tested it here, and then the vertical axis 

machines that FloWind built, patterned off a machine that Sandia Labs had built, we actually did 

here at Bushland that was installed in 1980. So, of the six major U. S. wind companies that put 

wind machines into California in the mid-eighties, four of those were prototype tested at 

Bushland. And so, that was our impact into that, even though we were focusing on distributive 

generation, they were looking for just machines that worked, and we had prototype tested those 

and proven that they would work and had some reliability.  

 

AW: 

From an engineering point of view, at least to start with, there wouldn’t be much difference in 

the machines. I know now, when you talk to wind farm people, the interest is in, how do we 

think about a machine in the midst of a bunch of other machines, and the changes in the air flow 

caused by the other machines?  

 

                                                           
2 Enertech E44 wind turbine. 
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NC: 

Actually, when they took the individual machines here, and moved them into the California wind 

farms, that became very apparent that they had to do a better job of siting the turbines and 

figuring out how to do the spacing of turbines. And so, there was a lot of modeling work done, 

and we didn’t really do that at Bushland, but it was done by other groups that we were associated 

with. All the time that we worked with DOE, we would have quarterly meetings where all six of 

these groups would come together and we would share and have reports and updates, so I 

became very familiar with the programs of these other groups and what they were doing, 

interesting concepts that you get into. NASA, see, built a machine and put it at Clayton, New 

Mexico.  

  

AW: 

Yeah, I remember driving past that, I had no idea it was NASA’s though.  

 

NC: 

Yeah it was a NASA machine. And so, we were visiting at one of these meetings with the guys 

from NASA, and we said, “Well, what’s going on in Clayton?” “Oh, this and this.” And I said, 

“Well, are you really going to tell me what’s going on or do I have to talk to the crane operator?” 

[Laughs] And he says, “What do you mean?” I said, “Well, we use the same crane operator, we 

know that they were up there last week working on a machine.” And he said, “Oh.” [laughs] So, 

our communication became a lot better, and they ended up, sometimes when they would fly into 

Amarillo, to go up there and work, some of the engineers would come and visit with us and they 

became interested in what we were doing. So we began to improve the communication among 

the different groups, and we always had really good work with Sandia; and then actually Sandia, 

after they put a machine here in 1980, a one hundred kilowatt machine, they had this idea called 

a “low-cost vertical axis,” which the FloWind machines in California were designed after, we 

became their major test facility because we could do a series of tests in Bushland in six months 

that it would take them two years to do in Albuquerque because of the wind resource 

.   

AW: 

Because we had more reliable— 

 

NC: 

We had more reliable wind, we had the different wind spectrums that you need to do what we 

would consider an evaluation test, like a power curve, or whatever kind of test you’re going to 

do, and you need not only winds at this wind speed, you need a variety of wind speeds. And so, 

the Bushland area, this is why Bushland became a pretty significant test site, because we had 

much better test winds than any of the DOE locations. At Boulder, near where the National Wind 

Test Center is, they don’t have—they can hardly do any testing for six months out of the year— 

through the summer time, they just don’t have the wind. In the winter time they get a good 



Texas Tech University’s Southwest Collection/Special Collections Library, Oral History Program 

 

 
17 

spectrum of wind, but they also get winds over a hundred miles an hour coming off the mountain 

valley. So, we’ve called that the “destructive test site” and we’re the performance test site. 

[Laughs] So, there were ways of dealing with the different test sites. And so, when Sandia built 

the five-hundred kilowatt wind turbine, which is the largest vertical axis wind turbine ever built, 

we actually built that and put it here at Bushland because of the testing, and they did an analysis 

of six different potential test sites, and ours was the—of quality of test site, Bushland was the 

best quality of test site.  

 

AW: 

Is it a fair observation that, when you’re looking at distributive versus farm installations, that the 

vertical seems to always be on the distributed, and I don’t think I’ve ever seen a farm— 

 

NC: 

Well, if you go back to California, in the 1980s, we looked at the performance of the machines in 

the early nineties, not quite ten years of operation, but almost. See, there were over five-hundred 

vertical axis machines installed in California, in a wind farm. Most of them were at Altamont 

Pass, out by San Francisco, some at Tehachapi, but on what we call a capacity factor, and that’s 

the percentage of actual production compared to if the turbine run at max speed for 100 percent 

of the time, the vertical axis actually outperformed all of the horizontal axises by about 5 percent, 

and in a wind farm situation there were about ten thousand machines in that database. But, they 

actually had a little higher efficiency, or overall capacity factor, than the other. Now, what 

happened to us as we grew in size, the size of the turbines, as turbines got larger we had 

problems with the verticals because as you start going up in size, you end up with a different 

wind speed at the bottom of the rotor versus the top of the rotor. So in order to get the whole 

turbine rotor up in the freer wind stream, in a more uniformed wind stream, you end up having to 

build this humongous tower base, and the verticals economically just dropped off the picture. So, 

it’s an economic deal when you go to larger machines. Now, if you go back to smaller machines, 

verticals actually come back into play, this is why they’re coming back under this distributed 

generation concept, because you’re looking at smaller machines normally in—so you can get 

back and have that rotor in a uniformed wind speed, but when you get it in a dis-uniformed  wind 

speed, two different speeds, you’ve put a lot of stress on that rotor, and any machine will do that, 

and this is why we’re actually proposing in the small wind systems, that one of the main issues 

that people do that create problems is that they don’t put them on a tall enough tower, because 

they are putting the rotor down in a turbulent boundary layer and it’s being destructive on the 

rotor. So, if all you do is increase the tower, get it up into the smoother wind stream, and you get 

much better performance, and you don’t have near the maintenance issues you had.  

  

AW: 

Mechanically how are they? And the reason I’m asking that is that I interviewed a fellow in 

Colorado who retired from General Dynamics, a very young man, and got interested in wind sort 
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of by accident. After he had retired he wanted to be, and was, a ski instructor up at Aspen, but he 

had a friend in the engineering business in the northeast in a wind farm, all horizontal axis 

machines, and they thought that their down time was excessive. And so this friend invited [a] 

now retired engineer who is a ski instructor to come up and be part of a troubleshooting team. 

And he came away with the notion that a horizontal axis machine was inevitably problematic 

because of the changes in the torque on the shaft, I mean that was his notion. And so he said 

about developing a vertical axis machine, which is instead of the spiral look, it looks like a set of 

cups, but they are wind foils, and it has a— 

 

NC: 

Yeah, he went back to the old drag device that’s low-efficiency. 

 

AW: 

Yeah it works, but it’s low-efficiency, but he could put them on top of a building, and get them 

way up in the air. So the question I’ve got for you is, mechanically, is there a difference in 

reliability of the two different kinds of axis? 

 

NC: 

Not that I can really detect from my experience in operating both of them, it’s the size, and 

where you put it. In other words, if you’re in an area where there’s a lot of trees, you’ve got to be 

twice as high as the trees to the bottom of your rotor to get out of that turbulent flow area, and so 

if you have got a thirty-foot tree the bottom of your rotor needs to be at sixty feet— 

 

AW: 

So that means those of us in town who would like to have one on our roof better think about a 

really tall tower? [Laughs]  

 

NC: 

Yes, and I’ve got pictures of people that have put them either on their roof, or put them out in the 

front yard, and we call it lawn art rather than a working wind turbine because you have to think 

about harvesting. When you think about wind power, the key word is harvest. Now, if you’re 

going to harvest the energy in the wind you don’t want anything to slow that wind down. And so 

why put it behind a tree, or why put it on your house, and there’s been a lot of studies done about 

putting turbines on buildings, roofs of buildings. Well, what you do is, if the wind only blows 

from one direction, all the time, then you can take advantage of that, but typically that’s not the 

case, and so when you put it on a building roof, the wind comes and it’s going to go up over that 

roof, like this. Now, if you’re on the wind side, right here, you can take advantage of this wind 

coming off, but if you’re over here, the wind’s going to go over your turbine and you don’t— 
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AW: 

Or if you’re in the middle— 

 

NC: 

—or if you’re in the middle, you’re going over, see. And so, what we’re seeing is— 

 

AW: 

And then if you’re in the city, somebody’s going to build a building over here, which is going to 

change— 

 

NC: 

But see, if you’re in a city, you start getting all this rolling stuff that the turbines going through. 

And so, this is why we say you get away from that, but get it on a tall enough tower, so that 

you’re above all of this stuff that’s going on near the ground. Because we see reductions of 

thirty, 40 percent, of the wind speed in that turbulent boundary area. Plus, you’re hammering 

your turbine with the turbulence as it changes, the wind speed changes. So, this is one of the 

major myths and things we see that we’re trying to overcome, especially in the distributive wind 

area and the small wind systems.  

 

AW: 

I’m on the board of a group called Ogallala Commons, in fact it started right here in Amarillo— 

 

NC: 

I’m familiar with them. 

 

AW: 

—I remember we had a meeting, maybe it was in Hereford, and there was a company from 

Canada that had a booth and they were showing wind turbines perched right in the ridgeline of 

your roof, and of course everybody was very interested, but what you’re saying is that, that’s not 

going to happen, it’s not going to work very well. [laughs]  

 

NC: 

It happens, but the people are disgruntled with the results, and it’s pretty plain what the issue is 

now, as we’ve looked at that, and so— 

 

AW: 

And they weren’t cheap. They’d have to be very efficient to have made it pay for themselves.  
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NC: 

But I go back to the concept that you have got to think about harvesting. You know, you 

wouldn’t go out with a combine and plug the holes on two of the rows and just push the crop 

down and harvest the other two rows, but that’s kind of the concept that you have when you’re 

putting it in a—so the siting is really critical, and understanding the dynamics of the wind flow 

over the surface of the earth. And so, I think this is where we’ve made some real—as we’ve 

gotten more experience with machines in different environments, this has really become a key 

issue, and this is what they’re finding in siting the wind farms. And as you drive around the state 

of Texas, and you start looking at wind farms, you’ll notice how many of the turbines are on the 

edges of bluffs and all where the wind, it will either accelerate as it goes off the bluff, or it will 

accelerate as it comes up the bluff, and you’ve got the location of wind turbines. So, the siting 

has become a key issue. And that’s partly technology and knowledge based on its own—where 

to locate them and how to arrange them.  

 

AW: 

And it opens up a whole other set of concerns too, when you think about, “If I build my wind 

farm here and I’ve sited everything else, and someone wants to build another wind farm here, 

how does that impact my wind farm, right?”  

 

NC: 

Well, we have pretty well documented that if you go from ten to twelve-rotor diameters down 

wind, there’s very little effect of— 

 

AW: 

Ten to twelve, that close? 

 

NC: 

Yeah, now that’s rotor diameters. So, the bigger the rotor, the further the distance is, you see. But 

if you take a—let’s see, if you take a three-hundred foot rotor, then you’re talking about a good 

mile, or nearly a mile between them see, so that’s—and then there’s also now some requirements 

of property line off-set, and a lot of those are requiring a thousand to fifteen-hundred feet, 

sometimes a quarter of a mile off-set off of a property line, essentially you have very little effect 

on your neighbor’s property.  

 

AW: 

Andy Swift also mentioned that you, if you didn’t help start AWEA [American Wind Energy 

Association], you were one of the first people that was a part of that, does that have a connection 

with these quarterly meetings that you were talking about?  
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NC: 

No, the American Wind Energy Association is actually an association of benefactors and 

interested parties. Started in ’75, or ’74, I can’t remember, I think it was ’75, but it might be ’74. 

We hosted here in Amarillo their annual meeting in 1978 and 1982, so we hosted two of the 

early meetings of that group. I served as program chair, gosh, ’92, somewhere along in there, and 

I instituted a couple of things as program chair at the meeting, that they liked, and they asked me 

to continue doing that, and so from that time until 2004, 2005, I was actually the facilitator and 

kind of the manager of their annual meeting, as a volunteer. Now, as a government employee we 

were forbidden to be on the board of directors or anything of a trade association group, but we 

could volunteer to do things with them, and so I felt like my impact and role with them was to 

help them with their annual meeting. And what we did was put together kind of the format of the 

meeting, the kind of sessions we’d have. We also, in 1982, started the exhibit show when they 

had it here in Amarillo, we had the first exhibit show, which is continuing. And now they have 

almost three-hundred exhibitors at an annual meeting.  

 

AW: 

And huge turn-out.  

 

NC: 

And a huge turn-out, the last meeting was a little smaller than before, but it’s gotten around 

twelve, fourteen-thousand.  

 

AW: 

That’s huge.  

 

NC: 

Huge, and actually when we went from four concurrent sessions to five—no, we went from three 

to four, that was the last year that our group—and I took my crew, and we managed each session, 

and when I say that, we controlled the microphones, the lights, the audio-visual, and we did a 

speakers breakfast. So all the speakers would come in that morning and meet, and we would 

download everything, and we went through all of the—you think about from that time period 

from where we are now, we transitioned from the old over-head transparencies and slides to 

computer-generated programs, to video, to very sophisticated type of presentations. And our 

crew that—I took my technicians and my students and we went to the meeting and we would run 

those sessions and our goal was to—you’ve got three concurrent sessions running and when 

people look at a program they want—“I would like to hear this paper, and this one over here and 

I would like to hear this one.” We tried to make sure they could leave this program, walk into 

this room and get the program they wanted, and walk from here into here and get the program 

they wanted, the time was printed in the program. Or if they were on the exhibit floor and they 

wanted to come in and hear a paper they could come in and hear that paper. And to manage three 
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different sessions like that with speakers, and we used timers and things, and we had a little 

rough going at first, with some of the speakers— 

 

AW: 

I was going to say, the speakers are bound to be the biggest problem. [Laughs]  

 

NC: 

It got to the point that—and it was interesting because the board of directors, the executive 

director of AWEA liked the results of what we did, and so they kept asking us to do that, and for 

an executive secretary of a large organization like that to turn his annual meeting over with ten-

thousand people in attendance to a group of volunteers is kind of unusual. So we felt really good 

about being able to contribute that, but what I think it was that helped us, we were able to make 

that a really [good] meeting that people wanted to come to, wanted to participate in, and it 

became very competitive to get on the program, and so, the whole process. But I set up the 

process for accepting papers, and how they had to do their abstracts, how we screened them, and 

then how they formatted and did their report that they sent in, that we printed at proceedings, 

how they had to do their slides, and everything. We were able to put together a whole two hour 

session all in one PowerPoint program, PowerPoint show, with no transitions, didn’t have to turn 

anything off or anything, just had to flip from one— 

 

AW: 

Well, that’s a big thing for all of us who have sat there for fifteen minutes of a presentation while 

somebody fooled with their PowerPoint.  

 

NC: 

And we had all kinds of problems. You know, I remember one time we were at a meeting in 

Washington, D. C., and they brought a crew in from CNN, the film, and they plugged their lights 

panel into the same panel where our projector was plugged in and blew the circuit. And so, all of 

our slides and everything went off when they turned the light switch on, and so we were having 

to struggle to get all of that back on. And, we were at a hotel one time in California, and I wanted 

to change the light settings in there, and the guy says, “Well, we don’t know how to do that, but 

here’s a screwdriver and a flashlight and the control panel is over there on the wall, see what you 

can do.” So, we had to go over there, and all the knobs were broken off and everything, but you 

had to take a screwdriver and go in there and turn that rheostat3 to change the dimness on the 

lights. And so that’s the way we had to adjust the lights. I mean, every conceivable thing, but I 

learned one thing is, if you demand something, precision from a hotel or facility and they begin 

to see what you do after about the first day, they will bend over backwards to help you get it, and 

do what you want to do, and they become much more responsive to you if you have a set thing 

                                                           
3 A rheostat is an adjustable resistor used in applications that require the adjustment of current or the varying of 
resistance in an electric circuit. 
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that you want and you don’t continually change your mind, if you go in there with a plan. But, 

we did that for like fifteen years, and that meeting went from one-hundred and fifty, two hundred 

people, to over—today—almost twenty- thousand, in that time period. 

 

AW: 

That’s amazing.  

 

NC: 

You know, a lot of struggles and things, and you know, we were at a—and we also helped set up 

the exhibits and things and do things. I remember we had a—when the turbines started getting 

bigger—we had a company bring the hole in the cell, you know the part on the top, and we 

actually had to put cloth up on the door into the exhibit hall and squeeze the fiberglass onto the 

cell to push that thing, and the truck backed it into the building to get it in the building.  

 

AW: 

So how did they get it out?  

 

NC: 

Well, the same way we got it in, we pulled it in, got it on the truck and just padded the walls and 

pulled it out. [Laughter] But, anything just about that happened, we had a speaker on time just 

collapse on the stage, and we were able to get the paramedics—they always laugh at me because 

I ran into the hotel and they called the paramedics, and the hospital happened to be real close, 

they came and got her on a stretcher and out, and we were on time with the next talk. [Laughter]  

 

AW: 

That is an achievement. [Laughter]  

 

NC: 

All that within a twenty minute time period you know— 

 

AW: 

A new standard for the show must go on. [laughs] 

 

NC: 

The show must go on, so, but what it allowed me to do was take our students, our technicians, 

and they participated and got to see all of this technology, all the latest information, visit one on 

one with people, and my technicians actually put a lot of these shows together so they got to 

interact one on one with speakers and things, and so that really helped the knowledge base, the 

technology base of our staff. And what made us interesting is, we were managing this, but we 

knew so much about the technology that we could help them with some of their presentations, 
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and we’d look at a slide and say, “Hey are you sure this is right?” [Laughter] And you could help 

them do that, but we had lots of people come to us and say that they had been to a lot of 

meetings, but that meeting was more professionally run and they got much more information out 

of it, felt their time was well spent at a meeting like that, so that was our input into the— 

 

AW: 

Well I know, I have not had a chance to attend, I’ve wanted to for some time, but it’s always 

been some kind of conflict or another, but I talked to a lot of people, and two impressions I get 

from talking to them, one is it’s the most important meeting in wind anywhere, if you’re going to 

go to a meeting, that’s the meeting to go to. The second thing that struck me is it sounded less 

like a trade meeting than an information sharing meeting, it was almost like a conference where 

people went to exchange information and ideas. Is that accurate?  

 

NC: 

Yeah.  

 

AW: 

You know, other kinds of meetings you go to have a point in mind.  

 

NC: 

There’s of course, and you see, the wind turbine manufacturers do lots of sales on the exhibit 

floor, and have that opportunity. One thing we always did was, that lunch was included in the 

meeting registration, and they served lunch in the exhibit hall. And they had tables set up in 

there—and all the breaks, if you wanted coffee or anything you went into the exhibit hall and 

there was coffee in there, and soft drinks, all the time— 

 

AW: 

That must make the exhibitors really happy.  

 

NC: 

Well, it was made to make the exhibit friendly, see. And, now I think you can just pay to go to 

the exhibit show— 

 

AW: 

And not attend any of the presentations? 

 

NC: 

And not attend the presentations. But it was set up to enhance the exhibit activity, and that was 

one of the things that I was involved with helping get started was the meals in there, instead of 

having all of the people go over here and eat, go in there, and they can have a plate, and they can 
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go sit down, and the exhibitors can all come sit at the table and eat and visit, or whatever, all this 

interchange that goes on, and so that’s, the technical term you know is “networking,” there’s 

networking going on, and so, that’s where you really gained information. We also, since we had 

limited oil presentation, went to a poster session. 

  

AW: 

A poster session?  

 

NC: 

A poster session.  

 

AW: 

Describe that for the— 

 

NC: 

Okay, what it is, we had people that would fix like a three-by-five sheet of paper, and we used to 

use—and you could put your information, your graphs, your pictures, some write up on that on a 

poster and have it, and we had that set up on one afternoon like from three to six in the afternoon. 

Nothing else was going on. Exhibit show was closed, nothing else going on, and the people who 

were doing the posters, they gave them tickets, and this was drink tickets or hors d’oeuvre 

tickets, so if you went and listened to a guy’s presentation, his poster, he’d give you a ticket to go 

get you a drink, and so—but that’s a little incentive to go and hear these people. And so, if you 

did a poster you were only obligated to be there during that time, but the poster was up during 

the whole meeting so people could see it anytime, but there was an actual focused time when 

nothing else was going on, except time to visit the speaker. Well, you’ll find people, there would 

be four or five people around this poster, this person asked this question and they start having 

a—so you’ve got four or five people having a joint-conversation about this subject that’s on the 

poster, and it’s not only the guy who put the poster up there that’s interchanging, but his 

audience is all interchanging, so you’ve got this network of people in all this discussion. So, 

sometimes if you’ve got an issue or something, you found out more information informally right 

there asking questions just in a general discussion than you spend in two hours, or three hours, or 

all day in a—listening to oral presentations.  

 

AW: 

Let me ask you about that poster presentation. Did the person presenting have a schedule of 

when they would be there and do a presentation so you would know at 3:30, I need to be over at 

this poster? Or was it continual? 
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NC: 

No, it was continually during that time. So, if you knew that—and of course, there was contact 

information so you could contact him and make arrangements to meet him later, or whatever, but 

you could find out about and read what he had, but that was always a good opportunity I thought. 

But this expanded the information exchange at a meeting beyond just hearing an oral 

presentation.  

 

AW: 

Yeah, and very few people will participate in a large oral— 

 

NC: 

—group discussion, won’t ask a question if there’s more than ten people there.  

 

AW: 

Right, but if there were four or five standing around it’s very different.  

 

NC: 

It’s a very different dynamic. 

 

AW: 

That’s a great idea, I love it. Did you invent this, or had you seen it somewhere?  

 

NC: 

Well the American Society of Agronomy, and the American Society of Agriculture and 

Engineers, these technical professional organizations like—and Civil Engineering—some of 

those, but the ones I’m more familiar with are Agronomy, and Society of American Agricultural 

Engineers, have these type of program sessions, and they went to that because of so many people 

wanting to present.  

 

AW: 

Well, I just love this. One of my pet peeves is concurrent sessions, because inevitably I want to 

attend two sessions that are at the same time and I can’t do it. But with this sort of thing, you 

have smaller groups, and you can pick and choose. 

 

NC: 

But it’s important not to have that while a lot of other things are going on, so people can focus in 

on just doing that, and I think that was the key idea, and of course, to encourage people to be 

there, we hit up on this idea of using these drink tickets, and each presenter got like ten tickets or 

something like that he could hand out to people, and of course you could buy a drink but you 

could also get one free. So food and things like that always help a program, but the poster session 
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was one thing that we set up and did, and got started. So, those things are continuing in the 

meeting now, and I look back and think, “Well, you know, yeah, that was a good idea.” 

[Laughter] Everything we tried didn’t always work well, but some things—but they have 

continued to do that and the people who are organizing that conference now are some people that 

we actually trained at the very beginning. And of course, in the last five years, or so, there’s been 

a lot of turn-over in that association, both the board of directors and things, and a lot of the big 

companies, and a lot of the big wind farm companies have gotten more into the leadership, and 

it’s not so much the research and technical group, it’s more and more moved to business over the 

last few years, and so, it’s a good meeting. 

 

AW: 

I would think your students would also find value in job prospecting.  

 

NC: 

Oh yeah, and we’ve had, students have talked to people and they have gotten opportunities to 

work with people and so it was always helpful for that. So, that was the involvement with the 

American Wind Energy Association, but that was a contribution that we made from a volunteer 

stand point.  

 

AW: 

You’re retired from USDA, is that right?  

 

NC: 

Right, I’ve been retired five years. 

 

AW: 

Five years, so, 2009?  

 

NC: 

Yeah, I retired July 31, 2009.  

 

AW: 

Have you been active in wind? 

 

NC: 

Yes I’m currently—or course, I spent two years writing this book that I did, but shortly after I 

retired, I actually started in 2011, became a certification commissioner because of the problems 

of a lot of fly-by-night wind turbine manufacturing, especially in the small machine category. 
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AW: 

Now when you say certification commissioner? 

 

NC: 

Let me explain what that is, okay, I’m going to get there. [Laughter] What the industry wanted to 

do—well, first of all, there has been an international standard for small machines, and I served 

on that group and wrote modification two of the International Standard for Small Wind 

Machines—this was the safety standard, the design and safety standard. The American Wind 

Energy Association created a performance and safety standard for small machines, and it was 

adopted in 1999. Then what the industry wanted to do was establish some type of program to test 

the machines to that standard and then certify them that they had met those requirements of the 

standard. So, there was created an organization called the Small Wind Certification Council, and 

they have a board of directors, an executive director, they have a technical director, and then they 

have three certification commissioners that do the actual certification of the machines. There are 

five tests that they have to do to meet certification. There’s a design requirement that they have 

to meet, and they have to share their design information with this commission, and we can look 

at their calculations of how they figured loads and various things on the design. There’s a two-

thousand hour duration test that the machine actually has to run and perform for two-thousand 

hours, and there are a series of wind speeds that they have to operate through over that two-

thousand hour period.  

 

AW: 

Where do you test that? 

 

NC: 

Okay, there’s about four different testing labs, or five different testing labs that have been 

certified now as being requirements in the U.S.. West Texas A&M has one; of course, the 

National Wind Test Center has one. There’s one in Utah. There’s one in Kansas, and there’s one 

in New York, those states. So, those are testing laboratories. To go back to the test, there’s a 

duration test, the design certification, there is a performance test, we actually measure the power 

curve, and they have to have so many hours of operation in every wind speed up to twenty 

meters per second. Then there’s a safety and function test, and this is what happens if it is an 

electro-generation machine, if the power line goes down, what happens to the machine? Does it 

stay together? Can it stop itself? And there’s a series of things that you do that are emergency 

situations that you have to put this prototype machine through, or this production machine 

through and certify that it meets those things. Then there’s an acoustical test to measure how 

much noise there is. So, these are all done by a testing laboratory, reports are written, the 

certification commissioners go through those reports and see if they collected all the right kinds 

of data, and if the instruments they used were certified, and verify that the test reports are correct 

and that the machine met all of those requirements. And then we give it a thumbs-up or a 
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thumbs-down vote on certification. Right now, there’s about twenty certified small machines, 

and we are pretty sure that beginning with the new tax laws coming out for 2014, if you did not 

buy a certified small wind machine, you cannot take the 40 percent tax credit off of your income 

tax if you bought that machine. So, another group that has really pushed certification and have 

actually financed it are a lot of state energy agencies that provide low interest loans, or grants, 

and they have all gone to—if you don’t buy a certified machine, you don’t get any help, any 

money. And so, this is the way of trying to protect the owner that he’s buying a piece of 

equipment that has some basis for it, and it’s similar to the UL4, or certification that you see on 

electric appliances or everything, but this certification is. And as a commissioner we do all that 

work by conference call and e-mail, and so, I’ve been doing that— 

  

AW: 

Because you’re not having to go out and do the test, you’re reviewing the results?  

 

NC: 

We’re reviewing all the results and everything and going through that. They have to come back, 

wind turbine manufacturer has to renew that certification every year, they have to report any 

design changes they have made, they have to report any complaints they have had against their 

equipment during the last year, and they have to say how they handled that complaint and solved 

it, or if there’s been any major issues, failures or anything. They have to report all of that and we 

review that annually and determine whether they are eligible for renewal or certification. So, 

there’s some teeth into this, but— 

 

AW: 

Excuse me just a minute, I need to change the battery here, speaking of energy. [Laughs]  

 

[Pause in recording] 

 

AW: 

All right, let me just say this is Andy Wilkinson, Nolan Clark back after the batteries have been 

changed, and I am looking at a Small Wind Certification Council summary report. Let me just go 

back and make sure I understood what you said earlier. This Small Wind Certification Council is 

independent and a non-profit organization? 

 

NC: 

It’s a totally independent group, of any association or anything, and it’s financed by the cost of 

doing the certification. It’s also supported by a lot of the state energy agencies that provide 

money for this. There are three documents—there’s a label that they can put on their machine 

that gives you the annual energy, the sound level, and the rated power. That’s the label. Then 

                                                           
4 UL (Underwriters Laboratories), an American worldwide safety consulting and certification company.   
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there’s actually a certificate that come with it and it has some of the basic information about the 

technical aspects of the machine on the certificate, and then you can get the summary report, and 

all of these are on the Internet. And so you can go to the Small Wind Certification website and 

pull up these reports. So, if you’re looking to buy a machine, you can actually compare, you can 

do a comparison of these machines and you’ll have some assurance that that machine will 

perform as it says it will here. And what’s interesting now, we’re into this about three years, this 

machine we actually renewed yesterday, and it’s up for the third year, it’s one of the older 

machines that we have had in the certification, and so we know we have got machines that are 

actually making these performances, so it’s not just one machine, we’ve got a fleet of machines 

out there now that are doing that, s this is giving information and providing more information. 

Certification has become a new concept but a really important aspect mainly for small machines. 

Now, the large machines, there’s been a certification program for them, and companies like G. E. 

and things like that had to get an international certification before they could sell them 

internationally.  

 

AW: 

Quickly, what’s the difference between a small turbine and a big turbine?  

 

NC: 

The difference between a small wind turbine and a big one is the output. A small machine is 

actually defined as one that’s based on the rotor diameter; it’s anything less than seventy square 

meters, which turns out to be a machine that will produce about sixty-five kilowatts, as far as 

power. Now, the American Wind Energy Association wants to go to one hundred kilowatts, they 

want a round number, do it on a kilowatt basis rather than on a rotor area. The international 

standard is still based on rotor area because that’s what really determines the size of the machine 

but— 

 

AW: 

The physical size. 

 

NC: 

—but basically we think anything raising one hundred kilowatts or less, or I like to think of it, if 

it’s less than fifteen meters in rotor diameter it’s going to be a small machine. Basically now 

we’re talking about small machines, mid-sized machines, and large machines.  

 

AW: 

So now there are three different categories?  
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NC: 

Three different sizes, and the mid-sizes from one hundred kilowatts to one megawatt, or one 

thousand kilowatts. So, you have got small, which is up to one hundred, medium, which is one 

hundred to a thousand, and large is one thousand and above. Now if you go to the Wind 

Powering America website, and look at wind speed maps, they call them distributed wind, wind 

farm, and off-shore.  

 

AW: 

I guess off-shore, that’s because you don’t have the concentration of a wind farm, or just because 

the fact that it’s out on the water?  

 

NC: 

Because you are over water you don’t have all the turbulence and issues, but basically what 

you’re looking at is distributive winds are measured at a thirty meter height, wind farms are at 

fifty meters, and off-shore are at I think sixty meters. That’s the wind speed maps that you see of 

the U. S. or of the world, is kind of what those are. When we think of the distributive, small 

winds people, you’re looking at a thirty meter height, and that’s about one hundred feet, so that’s 

what you want to do, again were talking about a small machine at your house or something you 

want to think about a one-hundred-foot tower, see— 

 

AW: 

That would affect neighborhoods like this a lot if you had a one-hundred-foot tower.  

[laughs] 

 

NC: 

So, this is why you’re not going to put one on your city lot that’s a hundred by two-hundred, or 

whatever— 

 

AW: 

Well, for one thing you couldn’t get it up and down, could you? I mean, you would have a real 

problem with maintenance.  

 

NC: 

Yeah, and we also recommend that you put it where if the tower falls over, it won’t fall off of 

your property lines, so you have to have a set back at least as tall as your tower, plus the length 

of a blade above it.  

 

AW: 

I would think still though, even with all of that, having a certification program like this would be 

a spur toward individual purchases of machines, because this is all about cost, you know—how 
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long is it going to take to pay this back? And if you have a reasonable assurance, that the 

machine you buy is going to do that, you’re going to be much more interested in acquiring one. 

 

NC: 

Well, you know, we went through a period, and one of the wind powers got a bad rap because we 

actually sold a lot of junk that didn’t work and I’ve actually been a witness on some lawsuits 

where people bought machines that didn’t work. And they brought lawsuit, or city governments 

brought, when machines or things didn’t work, and so there’s been problems with them, and it’s 

because people didn’t test them. And it’s been real interesting, over half of the machines that 

have applied for certification, the reports have never come forward because they haven’t been 

able to complete the duration test, their production machine was still a prototype and they hadn’t 

really done enough testing on it. And so, we continue to see— 

 

AW: 

Yeah, in fact, of my personal acquaintances, who have put up wind at their residences, not a one 

of them still has wind because, again, they were purchasing mostly on anecdotal information 

from someone else. 

   

NC: 

We used to tell people if the company hasn’t sold one hundred machines then, if you buy their 

machine, then plan on joining their research and development team. [Laughs] You know, you’re 

signing up as a volunteer and you’re supporting their research and development.  

 

AW: 

Well worse than that, you’re paying to be part of it. 

 

NC: 

Yeah, you’re paying to be part of that research. So, that was one of the concepts that we did. 

Going back to some of the research at Bushland, I’d like to talk about the wind-diesel activities. 

 

AW: 

Yeah, to me that’s a very interesting idea. Now when you say that, you spell it, like all one 

word? W-i-n-d-i-e—? 

 

NC: 

We usually hyphenate in: wind-diesel.  

 

AW: 

So two d’s with a hyphen? Okay. 
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NC: 

As I mentioned early on when we first started, we did the combination with the mechanical 

linkage with a pump. Well, later, probably sometime in the nineties, it became very apparent to 

try to use wind in the remote villages, islands where they have a small diesel generator but a very 

small electric grid, it might be just a single, like a hotel, or a residence or something like, but it 

could be a small village where there could be a central diesel plant and twenty homes, or 

something like that. The people in Alaska became very interested in it, because the Alaskan 

Electric Co-op has one hundred individual electric grids. So what they are, you have a village, a 

remote village out here, has their own power plant that may service one hundred people, but in 

Alaska they can only bring in diesel fuel in late August, early September, when the rivers thawed 

out and they can get a barge in there. Otherwise, they have to fly diesel fuel in. 

 

AW: 

Well that’s expensive. [Laughter] 

 

NC: 

Which makes it—but they’re spending, and they have all this tremendous diesel storage, so the 

DOE working with the people in Alaska set up a research program to look at wind-diesel. Well, 

Bushland was chosen since we had some experience with wind-diesel, we were involved, and we 

actually designed the electronic control system to match the operation of the wind turbine with 

the diesel engine, and were able to design and do a control system for that. So, we can actually 

turn diesels off, or turn them back on, depending on the amount of wind speed that we have and 

what the load is in the village. And so, I worked with three different villages in Alaska, made 

several trips to Alaska and we worked with the National Wind Test Center, the wind turbine 

manufacturer in Vermont, and built our own little electric grid at Bushland with two wind turbine 

and three diesel engines and generated electricity, and we pumped water with this, we had 

electric heating with it, and we had different loads that we could turn off and on, and by that time 

we could computerize all of this, and so we could actually take a load profile from a village and 

simulate it in our simulator at our facility, and we were able to demonstrate the different ways of 

operating these systems. And so, this became commercialized, the system, you know, we built a 

prototype and proved the concept worked and how to do the software and everything, and when 

it goes into production it always changes, doesn’t look exactly like the prototype, which is 

always good, you can keep improving it. But we do have some manufacturers that are doing this, 

and now there’s over twenty villages in Alaska that are doing this, and they continue to add more 

wind turbines to the system. And we were able to save in the neighborhood of 40 to 60 percent of 

the diesel fuel, so if you had to pay—those villages have to buy diesel fuel. There’s a small 

village up there sometimes [that] would have a five-hundred-thousand dollar diesel bill come due 

in August, to pay. Now, if you cut that by 50 percent, it’s a big difference. 
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AW: 

That’s right; at the bottom line cut, that’s not a hidden, I mean, it comes from right where you 

need it. 

 

NC: 

You just don’t have to buy that much fuel this year, you see. 

 

AW: 

Let me ask this, this is really interesting, I had a nice interview with the head of the South Plains 

Co-op, just as they were getting ready to open, or cut the ribbon on the Antelope Station, near 

Abernathy, where they have, let me see if I remember these numbers right, seventeen thirty-five 

kilowatt generators driven by diesel engines, and they put it specifically on—he told me that it 

was their decision to do that because of the impact that wind was going to have on the grid, and 

the diesel would come online or offline more quickly than other kinds of fossil fuel generators, 

and that by having a whole lot of them, they could bring as much power on, pretty much, as they 

needed. So, if that’s the case why wouldn’t a lot of installations that were these wind-diesel solve 

one of the vexing problems that we have now, which is: you have wind when you don’t want it, 

and you don’t have it when you need it, you could switch back and forth. Is anybody applying 

this technology to deal with that issue?  

 

NC: 

Well, of course South Plains is an example of that, but see, when you have a small grid, the 

dynamics of that grid are so much faster than a bigger grid, if you have a major manufacturer and 

they start their plant up this morning, it’ll have a little impact, a little ripple on the grid that’s the 

size of Lubbock. But if you take a small grid, if somebody turns their electric dryer on, it can 

make an impact on the grid. So, the dynamics are much more critical in a small grid than on a big 

grid when you have this off and on, and the same thing with the wind speeds going up and down, 

it has much more of an effect. But, what you do is, you have—we found that you need different 

stages of diesels—in other words, you need multiple ones because what you do, you have to keep 

one diesel running to keep the excitation and control the frequency of the system— 

  

AW: 

So the frequency of the grid stays the same?  

 

NC: 

The frequency of the grid stays the same, you have to keep one diesel running. But that can be a 

small diesel, it doesn’t have to be a big one, it can be providing only twenty percent of the actual 

load, but it’s there to provide that frequency that you need to control the grid. The wind turbine is 

going to follow that diesel as far as the frequency is concerned. So, what you do is, you take all 

the power from the wind and then you float that diesel in there, and so what you do if you need 
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more diesel power, you have another diesel that you can start, and we found that you can start 

one of those and bring it up to power if you keep it warm, and there’s a way that we can do that, 

if you keep that diesel warm— 

 

AW: 

I used to drive diesel car when I lived in Colorado, I understand that part. [Laughs]  

 

NC: 

—you actually can bring that up and have it online in about forty-five seconds, if it’s warm. 

 

AW: 

That’s amazing, that’s very quick.  

 

NC: 

That’s very quick. Now, we always thought you couldn’t do that, but you had to warm it up is 

the issue, because you wanted to warm it up before you really brought it on full power, but if you 

keep water circulating through it, hot water, and you can take the hot water from the other engine 

that’s running and circulate it through that engine and keep that engine warm, and so you keep 

that secondary engine warm so it’ll start. But, most of the time, we found that you actually don’t 

have to start it that fast. You can start it and bring it up to a little bit of power, then bring it on up 

to full load, and do that. With new electronics that we have, and the computers, we’re able now 

to control that whole system, in a manner that we’re cutting down, and so we’re running like a 

twenty kilowatt diesel over here that’s powering a one-hundred, or two-hundred kilowatt grid 

with wind power, the rest of it is all made up with wind. But as the wind goes down, then you 

can bring on another diesel to balance that out, and basically, three or four diesels of different 

sizes in there, so if you need to bring up—you have one diesel that you can bring up here like, 

and then you can cut that little on off for a while and let this big one run, so you can kind of 

balance those out. But all of that control system, all of that prototype testing, and all was done at 

Bushland. 

 

AW: 

Right. So you would have to look to see, for a particular grid, how many and of what size diesels 

and turbine do I need to make, to tailor it to fit this use.  

 

NC: 

And also, you look at the load history of that area. Now, one significant thing that I remember 

we did at St. Paul Island, off of Alaska, it’s west of Alaska out there, is that their electric grid, 

they didn’t run it twenty-four hours a day, just because of cost of fuel. Well, after we added wind 

power to the system, they could afford to run it twenty-four hours a day, so they all of a sudden 

went to twenty-four hour electricity. Well, this changed a lot of dynamics about the village, of 
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heating and everything, but the other thing it did was, it allowed some of the women to work and 

get Internet access and all, so now, once they got full Internet access and everything, the ladies 

learned AutoCAD5. They contracted with an architect firm in Chicago and now are doing 

AutoCAD for this architect firm in Chicago. So they are gainfully employed, bringing in outside 

money into their island base, so you changed not only the dynamics of the island, but you 

changed the economic base of the island, and this allowed people to continue to live there and 

work and have a reasonable, adequate income, rather than just living on welfare.  

AW: 

Yeah, now that’s really amazing. Now, is it easy to modify that kind of system, because the other 

thing that I would think is that once that dynamic is changed, now you have a different demand 

on the grid too? 

 

NC: 

Well, you always want to double the expected load that we’ve had, because there’s all kind of 

interesting things that have happened. We’ve gone into villages in Mexico, I say we, the industry 

has gone into villages in Mexico, Brazil, areas that had no electricity with this same diesel wind, 

and of course, in those areas they have added solar to the plant, so you’ve got a solar-wind-diesel 

plant together. Well, when they figured the load in this one Mexican village, they didn’t count on 

everybody buying a refrigerator— 

  

AW: 

Because they didn’t have one before? 

 

NC: 

—they didn’t have one before— 

 

AW: 

—didn’t make any sense? 

 

NC: 

—didn’t make any sense. Well, that was the number one thing that everybody bought. And 

somebody said, “Well, why did they buy refrigerators?” And they said, “To keep their beer 

cold.” [Laughs]  And then the Brazilian village, we went in and did a similar thing, but there they 

bought stereos, so they could listen to their music.  

 

AW: 

[Laughs] Seems to make sense to me. 

 

                                                           
5 AutoCAD is a commercial software application for 2D and 3D computer-aided design (CAD) and drafting. 
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NC: 

So, the dynamics of going in to the third world countries with these concepts is a little different 

because you have to figure on some expansion of that. Now, Mexico has ten thousand villages 

that are not connected to the electric grid, for example. About a third of the world population do 

not have electricity. Twenty-five percent do not have a safe water supply, so water purification is 

another issue, and of course if you get electricity to a place, you can do water purification.  

 

AW: 

Yeah, we have that plant down at Seminole that we’re using wind— 

 

NC: 

That’s a desal[ination].  

 

AW: 

Right, but I mean the same kind of concept. Oh, this is really interesting.  

 

NC: 

I actually wrote the project for desal water with wind— 

 

AW: 

Were you working with Ken Rainwater? Or was it before that?  

 

NC: 

This was fifteen years before that. Back when we were looking at applications of wind power, 

that was one of the projects I wrote was a desal project with wind, thinking of it for the water 

shortage areas of the world.  

 

AW: 

Well, like us. [Laughs] 

 

NC: 

You know, fifteen or twenty years later then—I know Ken real well, and so, doing that. 

 

AW: 

Just some general questions—what is the future of wind energy? 

 

NC: 

Well, wind energy is here to stay, it’s a proven technology— 
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AW: 

Is it going to become a greater part of the energy? 

 

NC: 

I don’t know where we’re going to max out, see we can see the effect of almost two years now of 

transmission availability, it’s had, or actually maybe just a year, 2013, yeah, a year’s worth. We 

have almost doubled the number of wind plants in the Panhandle, upper area. The Sweetwater 

area hasn’t grown a lot, but this area, between here and Lubbock, all this area has grown because 

of transmission. Once they string the other side of the tower, you may not know this, but 

transmission lines, they put in they only put cabling on one side, on half of it, thinking that in ten 

years they will come back and do the other half. Well, they’re going to max out this next year, so 

that’s going to happen pretty soon. I had an interesting conversation last night with a fellow— 

that the wind farm that’s supposed to go in on their place did not apply early enough, so they’re 

going to have to wait until that line is added and energized before they are going to get their 

wind farm. We’re going to continue to see, but we’re going to hit kind of a road block on 

transmission for this area. And see, at times the Southwestern Public Service phase of Xcel, 

which is the Texas Panhandle area, sometimes at night we hit about 70 percent wind power on 

the grid, when the demand is low. Xcel’s continued to add wind power, we think that we can 

approach 100 percent, it’s pretty hard to totally cut off a coal-powered steam plant,— 

 

AW: 

Yeah, you don’t just start those up and down like a diesel. 

 

NC: 

This is the problem that the Co-op at Abernathy is avoiding, see, but then the future of small 

wind is just going to determine what the price of electricity is. There’s a lot of people interested, 

but electricity is kind of stabilized right now, price wise— 

 

AW: 

Well, natural gas is cheap, for one thing. 

 

NC: 

—And so, we see the emphasis on small wind is just kind of—it’s been a really hard year for the 

manufacturers of small wind, because there hasn’t been that growth pattern because of the price 

of energy—but, we see a little spike in natural gas, we’re going to continue to see these things. 

It’s a technology that is here to stay. It’s going to be a contributing factor. It’s not going to take 

over the whole concept, it’s part of the mix. We’ve got to have this mix to survive.  
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AW: 

During one of these interviews I had one of the Norwegians tell me that the United States was 

probably—well, one of the best countries suited for wind in the world because we have so many 

time zones. Meaning that you have wind and solar that are available at different times in 

different parts of the U. S. and loads are different in different parts of the U. S., and our only 

problem is being able to match. And then I interviewed Philip Harris, Phil Harris, over at Tres 

Amigas, about that switch that they’re still supposed to be building in Clovis, and his description 

of that seemed really interesting to me, the notion that if you could find a safe way to move 

power from one of the major grids to another, that you would see an increased demand for wind 

beyond what— 

 

NC: 

There’s three major grids in the U. S. There’s a western grid, an eastern grid and ERCOT6 

[Electric Reliability Council of Texas], and ERCOT is the Texas system. ERCOT is ninety 

degrees out from the eastern phase, the western grid is one-hundred and eighty degrees out of the 

sine wave, to bring any of those together, one of those has to totally stop and restart, it isn’t 

going to happen. 

 

AW: 

Now, his description of the switch was, it would take power in from one grid at that phase and 

change the phase to send it out into the other.  

 

NC: 

Yeah, well see there’s a switch at Roswell, two-hundred megawatts, at Roswell, so they can 

transfer two-hundred megawatts across, and that’s hardly any power compared to what we 

generate and use. But what that is, you go from AC to DC to AC link, there’s a switch at 

Oklaunion7 between the eastern grid southwest power pool, which is our local group in the 

eastern grid, between it and ERCOT, and it’s also two-hundred megawatts. And Xcel built one 

up by Lima in Colorado, they have a switch between the southwest power pool and the western 

grid up there. The line runs north out of Amarillo to connect the southwest system here with their 

Colorado power, which is also an Xcel company. But, a two-hundred megawatt switch costs 

about two-hundred-million dollars, or— 

 

AW: 

And that’s hardly any amount of power relative to— 

 

 

                                                           
6 Electric Reliability Council of Texas (ERCOT); manages the flow of electric power to 24 million Texas customers, 90 
percent of the state's electric load. 
7 Oklaunion Power Station is a coal-fired power station owned and operated by American Electric Power near 
Vernon, Texas. 
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NC: 

—and hardly any amount of power, so, these switches are—to switch any significant amount of 

power is not going to happen. Power moves easier north and south than it does east and west in 

the US.  

 

AW: 

Because of the grids? 

 

NC: 

Because of these boundaries you have.  

 

AW: 

So are we more likely to see dedicated lines like the— 

 

NC: 

Like the CREZ8 [Competitive Renewable Energy Zone] line, see.  

 

AW: 

Well and there’s one group of Texas people that are looking to build between Texas and Florida 

that would not, I guess it’s independent of the grid— 

 

NC: 

That’s a DC line they are looking at, but it would be independent of the grid, but the CREZ line, 

the new transmission lines up here, are a seller-only line, you can sell power and put it on the 

line, but you can’t take anything off of it, because it’s at a different phase than the line that we 

have in your house.  

 

AW: 

So how do you get the power to your house from the CREZ line? 

 

NC: 

You don’t.  

 

AW: 

It has to go into the grid somewhere though.  

 

 

 

                                                           
8 Competitive Renewable Energy Zone, government incentive to increase renewable energy in the state of Texas. 
Specifically, a CREZ is a geographic area where wind generation facilities will be constructed. 
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NC: 

See, if you put power on the CREZ transmission line, the only place you can take it off is once 

you get into ERCOT’s system, that’s an ERCOT line, so it’s at the ERCOT phase. Here people, 

when they build a wind farm and they put power on to that grid, they have to put it through a 

special sub-station that’s not connected to anything locally, and so it totally operates in a 

different system. But see, right now, there’s almost five cents a kilowatt hour difference in the 

price between electricity on the Xcel system or the Southwest Public Services system than on the 

ERCOT system.  

 

AW: 

Which one is cheaper?  

 

NC: 

We are. So, if I’m putting power into the grid I’m assured almost a four cent differential of 

putting it into the CREZ line versus putting it into the Xcel line. So, you know what they’re 

doing. [Laughs] But that’s what—because of that marketing process, that’s what I call it. 

Transmission line is marketing because you can market that and put that into that line. 

 

AW: 

Do you think there will be any impact on distributive generation from security issues? I mean, 

one of the things that also strikes me when I listen to people talk about a grid, is that as a rather 

naive observer I think, boy we’re in trouble here if some terrorist group or some—and it seems to 

like it would be a whole lot smarter if Amarillo had its own grid, Lubbock had its own grid, you 

know— 

 

NC: 

It may be and all, but the think you need to think about distributed generation is the difference 

between distributed generation and the wind farm system is where the meter is located. Now 

what we say is, if I’m on the load side of the meter that’s what distributed generation is.  

 

AW: 

Meaning? 

 

NC: 

Meaning is that if I put a wind turbine here at my house, and hook it up to my house, I’m on the 

load side of the meter, I’m going to use it first and any excess I send back. Now if you look at the 

wind machines that are at the cotton oil mill in Lubbock, they’re on their side of the meter, so 

they’re generating the power and using it, then it goes through the meter before it goes to the 

grid. To me that’s what we talk about distributed generation, in other words, it’s done on the load 
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side of the meter. But if the grid goes down, you’re still dead in the water because you don’t 

have any way to excite that wind turbine, and operate that wind turbine without the grid.  

 

AW: 

Really?  

 

NC: 

Right, you have to do a different type of generation system in the wind turbine to be able to 

operate independent. Now, what you can do, and we’ve seen this in a couple of places, is if you 

have a switch to cut off the grid, and add a stand-by generator, fire your generator up, it will 

excite the wind turbine, and you use that generator to control frequency, it goes back to this 

wind-diesel concept, so you’re using a small generator to operate your— 

 

AW: 

Does a battery, a storage device, will it substitute for the diesel?  

 

NC: 

Yes.  

 

AW: 

So, hypothetically if you had a battery that was— 

 

NC: 

Humongous. [Laughs] 

 

AW: 

Yeah, big enough, you could use it to have the same effect? So you can’t just have the one, you 

have to have to two parts of the system? 

 

NC: 

Yeah, you see, the types of generators that we use in the machines require something to provide 

the excitation and that’s the frequency control. So, you have to have that frequency control from 

that. 

 

AW: 

Very interesting. Now I’m putting in my notes, and tell me if this is wrong, the excitation is 

essentially the same thing as frequency control? 

 

NC: 

Right. 
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AW: 

I should have paid a lot more attention in physics in high school. [Laughs] 

 

NC: 

Well, we weren’t thinking about these things when we took physics. [Laughs] 

 

AW: 

Not in high school. [Laughs] Well, what should have I asked you about that I didn’t ask? Well, 

one thing I could ask you is, what’s the future hold for Nolan Clark?  

 

NC: 

Okay, let me tell you one other thing that we did at Bushland. After  DOE decided not to 

continue the vertical axis program, which was around 2000, ’98 actually, Sandia Laboratories 

started moving into blade, wind turbine blade design and blade health, you know, maintaining a 

safe blade. At that time we took down the vertical axis machines that we had and installed three 

identically wind machines, and fitted those with some special rotors and instrumentation and 

actually measured a lot of anemometry, and measured the inflow. You know, most of the time 

we used one anemometer out here, but we had a series of anemometers at eight different 

compass points on that circle, around that perimeter, plus one in the middle, and were able to 

measure the wind speed, track the wind speed around at the same rate that the rotor was turning. 

And to try to figure out the loading, match the inflow to the loading, figure out the dynamics of 

the loading on this wind turbine blade, so we could do a better design. That led us to going—and 

then we incorporated new materials—and started going to the—anyways, the new graphite-fiber 

materials.  

 

AW: 

Right, they have a longer molecule, or something? 

 

NC: 

Anyway, we did a lot of blade testing with Sandia Labs, and that was when the USDA decided 

not to continue the wind program anymore, that’s what moved to, that blade testing component 

stuff is what moved to Texas Tech at their Wind Test Center, but we did a lot of the initial work 

here from 1998 to 2011, ’10 when it was closed down.  

 

AW: 

Well, blade testing, I had the impression that blade testing was more about efficiency than about 

failure, is it both? 
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NC: 

Well, yes, but that was some of the things that we did there. Throughout the time period we did a 

lot of blade airfoil shape testing. At Bushland we were one of the first ones to identify that a dirty 

blade effected performance, and they started seeing it in California after we had documented it, 

and then they set up a way to wash the blades. Well, we went in and worked with people and 

changed the airfoil shape to— 

 

AW: 

So they didn’t get dirty? 

 

NC: 

Well, it gets dirty but it doesn’t effect it as much, anyway, we changed the effect of dirty blades, 

not that it doesn’t get—you can’t prevent it from getting dirty because what you have, you have a 

batch of insects fly through, and you just splatter that thing you know, and you’ll get oil and grit 

on it and things, the dirty blade. But that changed the airfoil design and we worked, when we 

built the last vertical axis, we actually demonstrated all new airfoil shapes that were less sensitive 

to blades. So that impacts the efficiency, when you start looking at that, and the blade testing 

work, we always said we had more fun than anybody else because when they built a new blade 

set they made seven blades, and we’re talking about for those seven blades sometimes to be a 

million bucks, for a set of seven blades. Two of them went to the National Wind Test Center to 

do fatigue testing, they put them on a machine and flexed them until they broke. Sandia Labs 

took them and did a metal test, they would see how they would vibrate and see if there were any 

natural frequencies or anything, and do some testing like that. But we got to put them on a wind 

turbine and actually run them, and see how they performed, and evaluate performance, and plus 

all the structural integrity of those, and then we would verify the bending moments, what they 

were doing is they were actually bending them in the lab, but we would actually see if that was 

the same bending moment that actually occurred at different wind speeds and that sort of thing in 

the field. So, the three labs worked together but each had a different component, two went to 

Sandia, two went to NREL [National Renewable Energy Laboratory], and we got three at 

Bushland to put on a wind turbine and run different designs and all. So that’s what we were 

doing, that was the last major effort that we had that impacted and of course, after I retired and 

all, they decided they wanted to put their money in biofuel, USDA [United States Department 

of Agriculture] did not continue the program, so that was their choice.  

 

AW: 

Seems like the wind-diesel work seems like one of the most interesting things I’ve come across.  

 

NC: 

That was really interesting. We also—early on I said we didn’t work much for the livestock—we 

went back and worked and generated electricity with a small wind turbine and developed  a 
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mechanism, a controller to put that electricity directly into a pump. We didn’t have to have a 

grid, so we did off-grid water pumping technique. And the only problem is, we can’t compete 

with solar on that technique. We actually did solar water pumping too, but we can’t compete 

with it because of just the cost of the tower and wind machine. 

 

AW: 

Well, and plus my ranching pals, you know, the same complaint would be that they have with an 

air motor, is that the hottest time of the year, they have the least amount of wind. So they’re 

hauling water any way it goes, as opposed to solar, which pretty well takes care of that. 

 

NC: 

Well, the solar unit, the only difficulty with a solar unit is it has some pretty severe limitations on 

pumping depth, if you’re over one-hundred and fifty feet you’ve got some problems with solar. 

The deepest well that we ever used wind power on was five-hundred feet, we could lift water 

five-hundred feet.  

 

AW: 

That’s a pretty deep well. 

 

NC: 

That was in Morocco. And now if you want to make a real friend, you take a teenage boy that 

has to walk two miles twice a day and carry water on his back for the house, and you put a well 

in his village and provide water in the front yard, you’ve made a real friend for life. 

 

AW: 

Yeah, I would think so. Well, what are you looking to do?  

 

NC: 

Well, I’m going to continue with the wind certification probably another three to four years, 

maybe five. You know, I’m going to be seventy-four this year so I’m thinking about eighty I 

might kind of wind down a little bit. But, I’m continuing with that, that keeps me kind of abreast 

with new technologies and things, but that’s kind of—limit my activity to that certification. I 

don’t plan on climbing any more towers or—[Laughter]—doing things like that. I know of two 

or three new programs, you know, more on the junior college technical level, that are going to 

use this as a textbook for their classes and so, I’m hoping that that goes well. The real emphasis 

I’ve put in there is on siting, and how to select a machine using certified machines, and kind of 

an update, and it has enough information in it so that people can learn about, you know, if they 

want to know about a machine, educate them enough to go out and make a wise decision on that. 

And so I emphasize the planning and building of a site and how if they follow my guidelines it 

will be successful instead of the failures that we see so many people—but that’s kind of my 
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thing. And, of course, I’m heavily involved in water issues, I hadn’t talked about that, but I’m a 

member of the Panhandle Water Planning group, that develops the state water plan, I’ve been a 

member of that group since ’97, and am heavily involved in doing water planning and water 

conservation issues for the Panhandle and South Plains, well, South Plains has a different water 

planning group than we have but we work very close together and— 

 

AW: 

Are we going to see more acceptance of reclamation? Re-use? 

 

NC: 

I think so. 

 

AW: 

It almost seems like a requirement. 

 

NC: 

You know, most people don’t realize here, in the city of Amarillo, re-uses just about 90 percent 

of their sewage effluent.  

 

AW: 

And what are they doing with it? 

 

NC: 

Xcel uses a big portion of it to for cooling tower water. See we’ve got two big—we have a coal 

plant and a gas fired plant here, they use a good bit of that water. Lake Tanglewood takes a lot of 

it to keep their lake full. 

 

AW: 

So that’s probably treated almost to the point of drinking isn’t it? Cut the nitrates out?  

 

NC: 

Yeah, and there’s a proposal here to actually build a drinking water, standard treatment plant so 

that the effluent coming out of the treatment plant would be drinking-water quality. 

 

AW: 

Yeah, a friend of mine in Lubbock said that he could take everything out of it except the idea 

though, that’s the hard part. [Laughs] 

 

NC: 

Well that’s true, that’s true, that’s the hard part.  
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AW: 

That takes care of drinking but what about agriculture?  

 

NC: 

Agriculture has a real problem because we don’t concentrate enough water over a very big area 

to meet agricultures need. What we’re proposing, and we just worked on this at the end of 

October, first part of November, we have ten conservation strategies that we’re proposing for 

irrigation. And one of these is to try to change it from using corn. See, in this area, about, well 90 

percent of the water, 80 percent of the water is used for irrigation in the upper, we have upper 

twenty-one counties that are part of the Panhandle Water Planning. Of that amount of water 

that’s used for irrigation, about 75 percent of that is used for corn, and so if we can get some of 

the producers to switch to cotton or grain sorghum, we could save a bunch of water in a hurry. 

We are seeing some new corn hybrids coming out that are going to save us about 25 percent on 

water.  

  

AW: 

The corn has a, genetically, is going to have a limit, it’s still going to be a pretty water-intensive 

crop versus cotton, which in fact, at Tech and other places, they’re working to reengineer it back 

to the way it was when it came over from Egypt so that it’s a desert plant again. Now, of course, 

yields drop, but if inputs drop then you’re talking about dollars and cents still coming out on the 

working— 

 

NC: 

But, you know, doing some irrigation scheduling there’s some land management things, tillage 

operations that conserve water.  

 

AW: 

And what about changing to crops completely? 

 

NC: 

Well, yeah, that’s a change in crops. The dairy industry is allowing us to go to a shorter season 

corn that we’re doing for silage9, and that’s saving a 10 percent—you know, you start knocking 

10 percent here, and 10 percent there, you start adding it up. And so, if we can make a little, if 

we can make a 10 percent impact in the irrigation water, we’ve provided enough water for all the 

other uses in the area. So, this has been a major focus of our group. So, I’m pretty heavily 

involved in that activity as well. Then the third thing I’m involved in is, my wife and I, teach 

English as a second language, for internationals. We’ve been doing this, we do this through our 

church— 

                                                           
9 Silage is fermented, high-moisture stored fodder which can be fed to ruminants or used as biofuel feedstock for 
anaerobic digesters.  
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AW: 

You do it here?  

 

NC: 

—we do it here in Amarillo.  

 

AW: 

Is there a particular group that you work with, a particular other language?  

 

NC: 

Depends on what year you’re talking about.  

 

AW: 

[Laughs] Okay, so it doesn’t matter to you?  

 

NC: 

We,, right now we have three-hundred and three students— 

 

AW: 

That’s a lot of students. [Laughs] That’s a lot of students for anything.  

 

NC: 

Twenty-eight different countries, eighteen different languages— 

 

AW: 

So you must have a program that is somewhat independent of the original language of the 

student?  

 

NC: 

Right. We totally use an English-based, in other words, we do everything in English. I don’t 

speak any other languages, my wife doesn’t speak any other languages, but this is a program 

that—we’ve actually, this is our nineteenth year to be doing this. And we limit enrollment, we 

took enrollment, we started, we register the students the last week in August, start the first of 

September, and the last week in September we closed our enrollment at 303. We teach classes on 

Wednesday because that’s when we have child care available for us. We have a morning class, 

9:30 to 11:30, and we have an evening class, 6:30 to 8:30, and we have about one-hundred and 

forty in the morning group, and the balance of them are at night—night’s a little heavier—but 

see, we have so many people that work shift work at the meat packing plants and different things 

around town that we offer that morning class for them. People that work at Wal-Mart, that work 

at night, can come to our class, and so—before, we’ve been fairly heavy on Hispanic, but this 
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year our Burmese population is almost equal to the Hispanic population; and see, J. B. S. Swift at 

Cactus brought in a bunch of Burmese, because they lost a bunch of their others, because of 

illegal issues.  

 

AW: 

We were doing interviews with the residents of the town when that occurred, and all of a sudden 

all the people we were interviewing were gone, and so was a great little restaurant there. 

 

NC: 

Yeah, a little Mexican—yeah really good. So we do that, and that keeps us during the school 

year and for six-years we went to London for two weeks, and taught English over there with the 

refugees from India in an area of London that’s predominantly Indian.  

 

AW: 

What part of London?  

 

NC: 

It’s out by Heathrow Airport in that northwest, or western area. The burrow is Southall and 

Hounslow, if you’re familiar with London.  

 

AW: 

Well, not that familiar. I’m a musician and I used to travel over there to perform and one of the 

things I learned very quickly was that a guy from Texas could find something good to eat if he 

went to an Indian restaurant, as opposed to a British restaurant. [Laughs]  

 

NC: 

Well what is interesting, well through the training program that the Southern Baptist offer for 

ESL literacy training, I got well acquainted with a missionary that was in London, and she was 

working with this group, and she asked us to come over and do a two week, at the end of their 

year every year, do a two week training program and kind of summarize the year and everything. 

And so, a group of our ladies did that, and the men started going and prayer-walking in the 

community, doing some things, doing some street evangelism, and we did that for six years. But 

this last year we didn’t have that opportunity because the missionaries were home on state side 

for their furlough, but the interesting part of India over there is that after the war—World War II 

especially—they were so short on workers that they offered all these incentive packages to 

people from their Commonwealth, and they had a big influx of India come in and work as 

workers. So they’ve had this big Indian community and they have still, now they have these 

pockets around London, and part of London, of all these international people and they, a lot of 

them don’t know the British English or anything. 
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AW: 

Which is kind of interesting because in India, a substantial number of Indians speak English 

because of the long history of— 

 

NC: 

But a lot of them speak other things too. But this last year we didn’t go, on the east step, by the 

old Amarillo Airport out there; there’s an area called Eastridge, and it’s the most diverse 

elementary school in the state of Texas. They have almost thirty different languages in first 

through sixth grade. 

 

AW: 

And that’s before you get to Highland Park? 

 

NC: 

Yeah, it’s before you get to highland Park, it’s right north of Amarillo Boulevard right before 

you get to the airport and everything, it’s back this side of the industrial area, but there’s a 

section in there, it’s between the highway that goes to Fritch and Borger, and Amarillo, the 

highway going to Pampa, there’s a section in there, it’s called Eastridge. So, we went out there 

and we worked with a group of Burmese this summer. We went twice a week at night and had 

about forty students every night, and worked then with English, but just a different group of—

[door opens], hello, this is my wife Ann. 

 

AW: 

Andy Wilkinson, Texas Tech. 

 

Ann Clark (AC): 

Nice to meet you. 

 

AW: 

Nice to meet you. 

 

AC: 

Are we recording? [Laughs] 

 

AW: 

We are, but we’re very casual about it. [Laughs] That’s not a problem. 

 

AC: 

I’ll leave y’all and let you continue. 
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AW: 

Well, I think we’re about wrapped up. 

 

NC: 

We were talking about ESL. 

 

AW: 

That’s very interesting. 

 

NC: 

But that keeps us going and busy and all. Out of that, our church now has meeting in our 

building, we have Korean group, we have an Amharic group from the mid-east, we have a group 

from the Congo, and a Chinese group, and our Hispanic mission has a Burmese church meeting 

in it. So, that’s—and Sunday night we had an international Christmas celebration, and had all 

these groups come together, and the east group sang Christmas songs in their own language, and 

we sang some together in English, and just found a little bit about what each of these groups are 

doing—and had dinner together.  

 

AW: 

I think that would be terrific, you know, one of the nice things about being at the university is we 

have a lot of different students from a lot of different cultures, and when we have around-the-

building at any holiday, they will bring in dishes and customs and discuss things about how they 

worship this holiday. It’s really terrific. 

 

NC: 

We have a group of Chinese that come to our house every other week for Bible study and a time 

of fellowship and sharing. We’re called “Grandmother” and “Grandfather” from a lot of different 

languages. [Laughter] Which is not all bad.  

 

AW: 

When we enter this do you want us to call it the “R. Nolan Clark?” 

 

NC: 

Please.  

 

AW: 

And I saw that, is that a C.V., or a resume? 
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NC: 

That’s a biographical sketch I use when people, when I give a presentation and they want 

something to introduce me, I fixed that up— 

 

AW: 

Good, I’m hoping that’s a copy you can— 

 

NC: 

It’s a copy I’m going to give you. 

 

AW: 

Great.  

 

NC: 

I’ve got a more detailed C.V. disk. 

 

AW: 

I wouldn’t mind having—you can send that to me electronically if you want. 

 

NC: 

I can go and print it off right quick. 

 

AW: 

That would be great. Thank you, I really appreciate that. I made two copies of this so I can leave 

you with one, and it essentially says that we want to be able to share this with scholarly 

researchers, which may include putting it on the web for people to listen to from other countries. 

We don’t always do that, in fact, we don’t do much of that at the moment, but we think we 

would like to, we know we would like to do it. And it also says if there is any intellectual 

property that is in this interview, that still belongs to you, if you had discussed a secret new wind 

technology that the state of Texas is not going to get that from you. 

 

NC: 

Well, a lot of the information is actually still recorded in—what we talked about—is recorded in 

this book too. 

 

AW: 

One of the first things I’m going to do when I get back is get a— 
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NC: 

I think Coy Harris has this book at the wind, I think he has both of these at the Wind Test Center. 

I know he has one in the library there because I gave it to him. [Laughter]  

 

AW: 

I just want one copy of this, one copy is for you to keep, so you know what it was that you 

signed. And I’m going to say right now before I shut this off, thank you very much, I really 

enjoyed this, it’s been a great visit. 

 

NC: 

Good, I hope it’s been worth your time. 

 

AW: 

Well worth it, thanks. 

 

End of Recording 

 


