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Re:

SD Aeronautics Commission Meeting – 3/17/2022

Greetings:
Michael Bollweg, through his attorney James Malters, requests to be
included on the South Dakota Aeronautics Commission agenda of March 17,
2022.
The purpose of this request is to be heard on the issue of the board
taking some stance on the building of large wind turbines in western Hyde
and eastern Hughes County near his property.
The PUC of South Dakota will be holding hearings concerning the
permitting of a large wind farm, North Bend by ENGIE. This project will
include up to 78 wind turbine towers that will be approximately 600 feet high.
There are arguments in submission papers for those hearings that since the
FAA does not object or take a position concerning the permitting of this
project that there are no legitimate aviation concerns. It is Petitioner’s opinion
that the FAA only looks at these projects as it affects airports and instrument
approaches.
Petitioner believes that the South Dakota Aeronautics Commission has
a broader mandate and should take a position of concern. Although the
proposed project does not directly affect existing airports and instrument
approaches, it does affect aerial spraying safety and Petitioner’s ability to
spray his fields. In support of this position is the following:
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Specialist Certified by the
Minnesota State Bar
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* Also admitted in South
Dakota and Iowa

April 28, 2021

1. Comments by Petitioner Bollweg addressing his concerns and
the foundation for his beliefs.
2. The reports by Professor Cody Christensen of South Dakota
State University concerning how wind turbines affect agricultural
spraying safety and his proposal for minimum set backs for
turbines from fields being sprayed.
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3. The recommendations of the South Dakota Aviation Association
(SDAA) and the National Agricultural Aviation Association CEO
Andrew Moore (NAAA) including their studies of the distances
needed to turn around from fields being sprayed and proposed
safety margins.
4. Petitioner, living in a rural area also has concerns of how these
wind farms affect access to safe use of emergency helicopters
for providing emergency care.

5. There are currently two existing industrial wind farms in
neighboring Hyde County which include 119 turbines. North
Bend is proposing up to an additional 78. Couple these
numbers with additional current proposals in Hughes, Hyde and
Sully Counties adding even more wind farms, will in essence
eliminate special VFR flights by filling in the airspace that could
be used by South Dakota’s general aviation community. The
cumulative effects are of great concern. South Dakota prides
itself as “Great Faces and Great Places.”
6. One of the ways that general aviation meets the challenges of
the distances is use of general aviation aircraft. Petitioner is
requesting that the South Dakota Aeronautics Commission send
a comment to the South Dakota PUC indicating that safety
concerns with regard to aviation and the construction are valid
concerns that the board requests that they take into account.
Further, pursuant to S.D. Codified Laws § 49-41B-17, the
parties to a proceeding under this chapter, unless otherwise
provided, include:
(3) Each municipality, county and governmental
agency in the area where the facility is proposed
to be sited, if timely application therefore is made
as determined by the commission pursuant to rule.
The South Dakota Aeronautics Commission has the right to advise the
PUC as to their position that the proposed project does increase the risk to
agricultural applicators, medivac helicopters, and general aviation pilots and
aircraft.
Sincerely yours,
/s James E. Malters
JAMES E. MALTERS
For the Firm
JEM/as
Enclosures
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BEFORE THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF SOUTH DAKOTA

IN THE MATTER OF THE APPLICATION BY NORTH BEND WIND
PROJECT, LLC FOR A PERMIT TO CONSTRUCT AND OPERATE THE
NORTH BEND WIND PROJECT IN HYDE COUNTY AND HUGHES
COUNTY, SOUTH DAKOTA

SD PUC DOCKET EL21-018

PRE-FILED TESTIMONY OF DR. CODY CHRISTENSEN
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Q.

State your name.

A.

My name is Dr. Cody Christensen.

Q.

State your employer.

A.

South Dakota State University.

Q.

State your specific job at South Dakota State University.

A.

I am the program coordinator for aviation at South Dakota State University. I am the only
tenured professor at South Dakota State University in that capacity. My job involves
teaching pilots, service, and research related to aviation education. My resume is attached
as Exhibit A.

Q.

Explain the range of duties you perform.

A.

My job includes preparing future commercial pilots to be able to safely handle many types
of airplanes, including airline aircraft. Safety, complying with federal aviation regulations,
and airplane operating limits is essential to these occupations. There is little room for error
in handling airplanes.

Q.

On whose behalf was this testimony prepared.

A.

This testimony was prepared on behalf of Michael Bollweg, Judi Bollweg, Bollweg Family,
LLLP, and Tumbleweed Lodge.

Q.

What were you asked to do.

A.

I was asked to review and render a professional opinion concerning agricultural flight
operations around wind turbines, specifically around T112N, Ro74W section 10 and 11 in
Hughes County, South Dakota.

Q.

What did you conclude.
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There are three main considerations when addressing the pilot perspective of operations
around obstacles. The three factors include margin of safety, operation of aircraft, and
aircraft performance factors associations with the flight.
•

The first main consideration when evaluating an operating area, whether that be a
field to spray or a ground-based maneuver designated by the Federal Aviation
Administration (FAA) for training such as an Eight on Pylon, is the margin of safety.
The margin of safety when obstacles are present in a field decreases options in the
event of an emergency such as a powerplant failure or stall/spin situation. From
personal experience I know that operating directly behind or in between wind
turbines creates considerable turbulence that can lead to loss of control events- a
leading cause of aircraft accidents in the United States. Additionally, flying with
known obstacles increases workload because the operator must evaluate the proper
course of action with little to no room for error. The margin of safety decreases as
the height and number of obstacles increases.

•

It should be noted that the calculations in the pilot’s operating handbook assume
standard conditions of 29.92 barometric pressure setting, 59° and sea level. Higher
temperatures and altitudes diminish performance. Harrold, South Dakota, is just
under 2,000 feet above sea level.

•

The second consideration when operating around obstacles that are unavoidable is
that of pilot training and pilot response. Professional agricultural pilots knowingly
take considerable, calculated risks related to obstacles other pilots do not take. They
are responsible for flying between 3-12 feet above the ground, making multiple low
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passes, multiple takeoff and landings, and operating at the max capacity of the
aircraft. Doing this operation on a zero wind, cool day, with no elevation or obstacles
take precision and professional skills few possess. Adding additional obstacles that
decrease the margin of safety and decrease the reaction time a pilot has to deal with
unforeseen situations such as mechanical issues, bird strikes, wire strikes, wind
changes, and product issues decreases the safety of the operation.
•

The final major concern when operating around obstacles is the aircraft performance,
including climb rate, turn radius, and environmental conditions. The climb rate of a
standard Air Tractor 502, a common midlevel agricultural application aircraft, is 664
feet per minute and a typical working speed of 135mph. Every second the airplane
is traveling approximately 198 feet per second while on target. At the end of a field
the pilot would turn off the spray and begin a climb, followed shortly by a climbing
turn usually away from the spray pass to complete a course reversal to realign for the
next spray pass. In a normal situation with no obstacles, ending the spray and the
initial climb out might all occur within five to eight seconds, resulting in a straightline distance of almost ¼ mile. The turnaround for ag operators, generally considered
a 45° downwind turn, followed by a 225-course reversal to come back on target
requires a 30-45° turn to do a back-to-back turn. The time of the course reversal is
approximately 25 seconds, resulting in close to one mile of total distance traveled per
swath. Assuming a 30° bank, the calculated turn radius of an aircraft going 135mph
is 2,119 feet and the diameter of the turn is 0.8 miles. It should be noted that for an
Air Tractor 502, it is close to one mile to make a turn, but for an Air Tractor 802,
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currently the largest single engine commercially used ag application airplane, that
distance increases to 1.82 miles to complete a turn.
•

As early discussed, an Air Tractor 502 climb rate is 664 feet per minute or
approximately 11 feet per second (fps) climb rate. Considering at the end of the field,
an applicator pulls up into a climb, it would take 18 seconds (200ft/ 11fps) to clear
a 200 feet obstacle located at the end of a field. Using a working speed of 135MPH
or 198fps the aircraft would travel forward 3,564ft (198fps*18 sec to climb) to clear
a 200ft obstacle. If a 600-foot obstacle was considered, it would take 54 seconds to
outclimb the obstacle and would travel forward over two miles (198fps *54sec=
10,800ft). Even assuming the pilot slowed to 111mph (best rate of climb at max
weight) the distance covered is still 1.6 miles (162fps *54 sec). This assumes the
pilot adds max power, performs a perfect climb, the airplane performs perfect, and
the field conditions were conducive to a climb (sea level, standard atmosphere, low
humidity, calm or head winds prevailing). Anything less than perfect conditions
would decrease the climb rate.

•

The other option would be instead of pulling up to climb over an obstacle to fly
around it, below it, or through the blade arc or guy-wire, all of which are not prudent
options, especially considering any abnormal operations. Additionally, the
turbulence created by the wind turbines would have a direct and immediate impact
on the pilot operating downwind of the turbine.

•

In reviewing the plat map of 112N, R 074W, section 10 and 11 in Hughes County,
SD I am most concerned about the placement of towers 8, 9, 14, &15 within the
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sections and any towers that are adjacent such as #20-22 as they are well within a
normal margin of safety for a typical pilot to safety spray that area. Based on the map
and field layout, an east/west swath pattern would prevail and the presence of wind
turbines or any obstacle at the end of those fields, especially on two sides, would be
detrimental to safety. In my opinion, I would advise against a pilot maneuvering in
the field presented with obstacles in the placement suggested.
Q.

Did the PUC ask you any follow up questions.

A.

The staff of the PUC asked me certain follow up questions.
•

First, they asked where I obtained my calculations and numbers for aircraft
performance. That reply is attached and dated 11/3/21. Those numbers were taken
off the specifications for the airplanes that are spraying the Bollweg fields currently.
Those are hard numbers from which deviations are illegal and dangerous. My
calculations are conservative, and are minimum clearance distances for safe
operations. There may be pilots that deviate from these calculations. That does not
mean that they are safe operations and the thin margins of safety may eventually
catch up with them; mistakes in aviation are unforgiving.

•

The PUC asked if I maintain that a pilot cannot safely fly around a turbine that is
shut down and not moving as ordered for the Crowned Ridge Wind II Project, and
I do not maintain that. If the wind towers were not in operation, it would substantial
decrease the turbulence created by the wind turbines. As long as the distance from
the field to the obstacle can be maintained, pilots could safety operate around a wind
turbine.
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The PUC asked me to explain how flying around a wind turbine that is shut down is
different than flying around stationary obstacles, such as a power line, grain bin,
house, trees, or cell tower. My response to them was that as a professional pilot and
flight instructor, I do not see a major difference between obstacles when height and
circumference are adequately considered. I would not try to outmaneuver an obstacle
without proper setback clearances for any stationary obstacles such as a wind
turbine, powerline, grain bin, house, trees, or cell tower. The height and size of the
obstacle must be taken into consideration when operating an aircraft in the vicinity
of known obstacles. I would recommend if a 100 ft grain bin was located within the
area of operation, it would be considered much like a 100-foot shut down wind
turbine would be except that a wind turbine can rotate so the orientation of the blades
in relation to the aircraft turn would have to be taken into consideration. An operator
could fly closer to a 100 ft grain bin because the climb required to clear a 100ft bin
is less than a taller obstacle. A 600-foot-tall grain bin with the same circumference
as a 600-foot- tall wind turbine would be treated with equal caution. I have yet to
encounter a 600-foot-tall grain bin so the best description would be trying to operate
in downtown Manhattan with 60 story buildings on multiple sides. It would be
possible to operate around them, but the distance between the building (wind
turbine/grain bin/obstacle) would need to be sufficiently away to allow for a proper
turn. The margin of error decreases and safety margins virtually disappear. If the
PUC request was to evaluate a new tower that was 600ft tall with known guy wires,
I would treat it the same as a 600-foot wind turbine using the height and
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circumference of the obstacle. The tower along with the guywires constitute an
obstacle that is not able to be flow through. Yes, it is possible to fly under, over, or
through guy wires but the margin of safety decreases with each pass. Flying under
or through stopped wind turbine blades is much like guy wires. As a professional
pilot I would not fly under shut down wind turbine blades, nor would I teach that
maneuver to any student.
•

Finally, the PUC asked me if I was aware of any governmental entity that has
ordered a similar setback for wind turbines from a property line to facilitate aerial
spraying. I am not aware of any governmental entity that has ordered a similar
setback for wind turbines from property line to facilitate aerial spraying. My job was
to evaluate the threats to safety to agricultural spray aircraft posed by the turbines.
That analysis had to do with the hard science of physics as it applied to aircraft and
pilot performance. No political considerations were evaluated. Governmental
agencies sometimes take other factors into consideration.
1/7/2022 | 10:08 PST

Dated this ____ of ______________, 2022.
___________________________________
DR. CODY CHRISTENSEN
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CODY CHRISTENSEN

Cody.Christensen@sdstate.edu
Ph: 605-688-4983

143 Wagner Hall Box 2275A Brookings, SD 57007

EDUCATION
• University of South Dakota (USD)
Vermillion, SD
May 2013
o Doctorate of Education; Educational Administration; Adult and Higher Education
•

South Dakota State University (SDSU)
Brookings, SD
o Masters of Education; Curriculum and Instruction

December 2006

•

South Dakota State University (SDSU)
Brookings, SD
o Bachelor of Science in Education; Career and Technical Education

May 2005

AVIATION LICENSES AND CERTIFICATIONS
• FAA Airline Transport Pilot Certificate (AMEL)
o Type Rating: Beechcraft 1900D
• FAA Commercial Pilot Certificate (ASEL)
• Medical: Second Class- no restrictions

•
•

FCC Restricted Radiotelephone Operator Permit
FAA Gold Seal Instructor ratings
o CFI, CFII, MEI, IGI

AVIATION EXPERIENCE
Associate Professor/Program Coordinator -South Dakota State University
Brookings, SD 01/09-Present
• Oversee Aviation Program including five full time staff and 15 part time staff
• Teach multiple aviation related courses in accordance with FAA regulations
• Publish articles and conduct peer reviewed research
• Secure grants and funding to continue supporting aviation program mission
• Oversee Aviation Accreditation Board International specialized accreditation
• Coordinate, secure funding, and organize summer aviation ACE (Aerospace Career and Education) Camp for
high school aged students
• Progress check instructor and CFI instructor
Captain- Great Lakes Airlines
Cheyenne, WY
01/07- 12/08
• Act as Pilot in Command of a 19 seat Beechcraft 1900 airliner
• Ultimately responsible for the safe and efficient operation of the aircraft and crew
• Utilize Crew Resource Management techniques to create a positive cockpit environment
• Supervise fueling, baggage handling, deicing procedures to ensure compliance with company policies
• Effectively communicate with ground, flight and support staff to ensure a safe, on time flight
Ground Instructor- Great Lakes Airlines
Cheyenne, WY
05/08-12/08
• Instruct captains/first officers in aircraft systems, emergency procedures, company policies and procedures
• Qualify former pilots who were rehired to the company
• Conducted emergency drills including evaluation, fire detection and prevention, and hijacking
• Advised pilots on proper procedures during emergency operations

Dr. Cody Christensen
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PEER REVIEWED ARTICLES
Leonard, A., Christensen, C., & Hendricks, J. (2020). Needs Based Assessment of Agricultural Pilots in the Upper
Midwest. International Journal of Aviation, Aeronautics, and Aerospace, 7(1).
https://doi.org/10.15394/ijaaa.2020.1434
Smith, M.; Smith, G., Bjerke, E., Christensen, C., Carney, T., Craig, P., and Niemczyk, M. (2017). Pilot Source
Study 2015: A Comparison of Performance at Part 121 Regional Airlines Between Pilots Hired Before the
U.S. Congress Passed Public Law 111-216 and Pilots Hired After the Law’s Effective Date. Journal of
Aviation Technology and Engineering: Vol. 6: Iss. 2, Article 4.
Adjekum, D. K., Walala, M., Keller, J., Christensen, C., DeMik, R. J., Young, J. P., & Northam, G. (2016). An
Analysis of the Effects of Demographic Variables and Perceptions on the Safety Reporting Behavior in
Collegiate Flight Programs. International Journal of Aviation Sciences: Vol. 1. Iss.2. Available at:
https://www.ijas.us/images/V1Issue2/AdjekumEtAl2016.pdf
Smith, G., Bjerke, E., Smith, M., Christensen, C., Carney, T., Craig, P., and Niemczyk, M. (2016). Pilot Source
Study 2015: An Analysis of FAR Part 121 Pilots Hired after Public Law 111-216—Their Backgrounds and
Subsequent Successes in US Regional Airline Training and Operating Experience," Journal of Aviation
Technology and Engineering: Vol. 6: Iss. 1, Article 9. Available at: http://dx.doi.org/10.7771/21596670.1140
Adjekum, D. K., Keller, J., Walala, M., Christensen, C., DeMik, R. J., Young, J. P., & Northam, G. J. (2016). An
Examination of the Relationships between Safety Culture Perceptions and Safety Reporting Behavior among
Non-Flight Collegiate Aviation Majors. International Journal of Aviation, Aeronautics, and Aerospace,
3(3). http://dx.doi.org/10.15394/ijaaa.2016.1134
Bjerke, Elizabeth; Smith, Guy; Smith, MaryJo; Christensen, Cody; Carney, Thomas; Craig, Paul; and Niemczyk,
Mary (2016). Pilot Source Study 2015: US Regional Airline Pilot Hiring Background Characteristic Changes
Consequent to Public Law 111-216 and the FAA First Officer Qualifications Rule. Journal of Aviation
Technology and Engineering: Vol. 5: Iss. 2, Article 1. Available at: http://dx.doi.org/10.7771/21596670.1133
Adjekum, D. K., Keller, J., Walala, M., Young, J. P., Christensen, C., & DeMik, R. J. (2015). Cross-Sectional
Assessment of Safety Culture Perceptions and Safety Behavior in Collegiate Aviation Programs in the
United States. International Journal of Aviation, Aeronautics, and Aerospace, 2(4).
http://dx.doi.org/10.15394/ijaaa.2015.1074
Christensen, C. & Card, K. A. (2014). Specialized Aviation Flight Accreditation Under Public Law 111-216
Aviation Program Administrators’ Perceptions. Collegiate Aviation Review.32 (2).
Christensen, C. & Dunn, B. (2011) Fleet characteristics of collegiate aviation flight programs. Collegiate Aviation
Review, 29 (2), 13-20
MAGAZINE ARTICLE (EDITOR REVIEWED)
Christensen, C. (2011) The art of professionalism. CFI to CFI. 2(1).

Dr. Cody Christensen
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PRESENTATIONS
Christensen, C. The Status of Aviation Education in South Dakota. (2018). South Dakota Pilots Association in
Brookings, SD.
Christensen, C. The status of aviation education in South Dakota. (2018). South Dakota Airports Conference in
Deadwood, SD.
Christensen, C., Aviation Education Flight Simulator, (2017). South Dakota Airports Conference in Mitchell, SD.
Christensen, C. & Leonard, A. (2016). Millennials in Aviation. University Aviation Association Conference in
Omaha, NE.
Christensen, C., Carney, T., Niemczyk, M. (2016) Pilot Source Study. University Aviation Association International
Conference in Omaha, NE.
Christensen, C. (2016) Pilot Source Study Updates and Aviation in South Dakota. South Dakota Aeronautics
Commission Meeting. Deadwood, SD.
Smith, G., Bjerke, E., Smith, M., Christensen, C., Carney, T., Craig, P., & Niemczyk, M. (2016). Pilot Source Study
2015: US Regional Airline Pilot Hiring Background Characteristic Changes Consequent to Public Law 111216 and the FAA First Officer Qualifications Rule. Aviation Accreditation Board International ConferenceTown Hall meeting in Atlanta, GA.
Dow, A., Christensen, C., & Marshall, S. (2015). Reaching New Heights in Recruitment for Smaller Aviation
Programs. University Aviation Association Conference in Snowbird, UT.
Christensen, C. & Leonard, A. (2014). Benefits of Early Alerts on Flight Training. University Aviation Association
Conference in Daytona Beach, FL.
Christensen, C. (2014). Specialized Aviation Flight Accreditation Under Public Law 111-216 Aviation Program
Administrators’ Perceptions. University Aviation Association Conference in Daytona Beach, FL.
Christensen, C. (2014). FAA Airspace Review. Presented at the East River Aviation Symposium. Brookings, SD.
Christensen, C. & Leonard, A. (2013). Integrating a Mobile Training Lab into an Aviation Curriculum. Presentation
at the International University Aviation Association Conference, San Juan, PR.
Christensen, C. (2013). Influence of military service on student success in an aviation program. Abstract
presentation at the International University Aviation Association Conference, San Juan, PR.
Christensen, C. & Leonard, A. (2012). Integrating Aviation Concepts into Curriculum. Presentation at the SD STEM
Initiative, Sioux Falls, SD.
Christensen, C. (2011). Implications of Public Law 111-216 and outcomes based accreditation on specialized
aviation accreditation. Presentation at the International University Aviation Association Conference,
Indianapolis, IN.
Christensen, C. (2011). South Dakota Aviation Safety Initiative. South Dakota Aeronautics Commission. Pierre, SD.
Dr. Cody Christensen
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Christensen, C. and Dunn, B. (2011). Fleet characteristics of collegiate aviation flight programs. Presentation at the
International University Aviation Association Conference. Indianapolis, IN.
Christensen, C. (2011). Perfecting the preflight. FAA national safety-stand down event. Brookings, SD.
Christensen, C., Hovland, W., Kelm, W., Hoogerhyde, S., Leonard, A., & Kwasniewski, G. (2011) Setting Personal
Minimums. Federal Aviation Administration Safety Seminar. Brookings, SD.
Christensen, C. (2011). Energizing PowerPoint’s using Prezi’s in the classroom and conference environments.
Faculty Showcase presented by the Teaching Learning Center. Brookings, SD
CONFERENCE PUBLISHED ABSTRACT (COMMITTEE CHAIR REVIEWED):
Christensen, C. & Leonard, A. (2015). Needs Based Assessment of Agricultural Pilots in the Upper Midwest.
University Aviation Association Conference in Snowbird, UT.
Christensen, C. & Leonard, A. (2013). Integrating a Mobile Training Lab into an Aviation Curriculum. Conference
proceedings at the International University Aviation Association Conference, San Juan, PR.
Christensen, C. (2013) Influence of military service on student success in an aviation program. Abstract conference
proceedings at the International University Aviation Association Conference. San Juan, PR.
Christensen, C. (2011). Implications of Public Law 111-216 and outcomes based accreditation on specialized
aviation accreditation. University Aviation Association Conference, Indianapolis, IN.
DISSERTATION
Christensen, C. (2013). Aviation program administrators’ perceptions of specialized aviation accreditation under
public law 111-216. (Doctoral dissertation), University of South Dakota, Vermillion, SD.
GRANTS:
Increasing the Aviation Workforce in South Dakota. $159,083. Federal Aviation Administration (not funded)
SDSU Mobile Simulator. $11,000. South Dakota Space Grant Consortium. 2016-2018
Aerospace Career and Education Camp. $5,000. South Dakota Aeronautics Commission. 2016. (PI: Christensen, C.)
South Dakota Aviation Symposium. $2,500. South Dakota Space Grant Consortium. 2016 (Co-PI: Christensen, C. &
Funk, C.)
SDSU Mobile Aviation Simulator. $75,000. South Dakota Aeronautics Commission. 2016. (PI: Christensen, C)
SDSU Mobile Aviation Simulator. $42,000. Brookings School District. 2016. (PI: Christensen, C)
Aerospace Career and Education Camp. $5,000. South Dakota Aeronautics Commission. 2015. (PI: Christensen, C)
Scholarly Travel Grant. $1,000. SDSU Office of Academic Affairs and Department of Consumer Sciences. 2013.
(PI: Christensen, C)
Dr. Cody Christensen
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Aerospace Career and Education Camp. $5,000. South Dakota Aeronautics Commission. 2014. (PI: Dalsted, K. &
Co-PI: Christensen, C)
Accreditation Self-Study Funding. $6,400. SDSU Office of Academic Affairs, 2012. (Co-PI: Christensen, C, Co-PI:
Leonard, A., Co-PI: Boulware, J.).
Increasing Aviation Activity in South Dakota. $2,500. South Dakota Space Grant Consortium. 2011-2012. (PI:
Christensen, C)
Assessment and development plan for aviation program accreditation. $5,400. SDSU Office of Academic Affairs,
2011 (PI: Christensen, C & Co-PI: Leonard. A.).
Online course redevelopment for Advanced Flight Principles. $1,500. College of EHS Academic Excellence funds,
2011. (PI: Christensen, C)
Capital utilization among aviation flight programs. $1,000. College of EHS Academic Excellence funds. 2011 (PI:
C. Christensen, C. & Co-PI: Dunn, B).
Female mentor in the SDSU Aviation program. $2,400 SDSU Foundation-Women in Giving, 2009-2011. (PI:
Christensen, C)

MEMBERSHIPS & AFFILIATIONS
•
•
•
•

FAASTeam safety counselor (2010-current)
o 2016 SD FAASTeam Rep of the Year
SDSU Flying Jacks-Advisor (2012-current)
University Aviation Association (2009-current)
Alpha Eta Rho Aviation Fraternity-Advisor (20092012)

Dr. Cody Christensen

•
•
•
•

Aircraft Owners and Pilots Association (2001current
Brookings County Youth Mentor (2012-2016)
South Dakota Pilots Association (2009-current)
Women in Aviation member (2011-current)
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09/02/2021

James Malters
727 Oxford St.
Worthington, MN 56187
Mr. Malters,
My name is Dr. Cody Christensen, I serve in a professional capacity as the only tenured
aviation faculty member in South Dakota wherein my role at South Dakota State University, I
am tasked with teaching, service, and research related to aviation education. My primary role
within the university is teaching new pilots, commercial pilots, and advanced systems in
aviation operations. I have been a licensed pilot for over twenty years, a FAA Goal Seal flight
instructor for 15 years, and hold certificates in both single and multiengine aircraft including an
Air Transport Pilot (ATP) certificate. I am answering your questions as a former airline captain
for a small regional airline operating into and out of the Midwest, including South Dakota and
the area depicted in Hughes County.
This letter is in request to addressing agricultural flight operations around wind turbines,
specifically around T112N, R074W section 10, and 11 in Hughes County, SD. Three main
considerations must be factored when addressing the pilot perspective of operations around
obstacles. Those three factors include margin of safety, operation of aircraft, and aircraft
performance factors associated with the flight.
The first main consideration when evaluating an operating area, whether that be a field to
spray or a ground-based maneuver designated by the Federal Aviation Administration (FAA)
for training such as an Eight on Pylon, is the margin of safety. The margin of safety when
obstacles are present in a field decreases options in the event of an emergency such as a
powerplant failure or stall/spin situation. From personal experience I know that operating
directly behind or in between wind turbines creates considerable turbulence that can lead to
loss of control events- a leading cause of aircraft accidents in the United States. Additionally,
flying with known obstacles increases workload because the pilot must evaluate the proper
course of action with little to no room for error. The margin of safety decreases as the height
and number of obstacles increases.
The second consideration when operating around obstacles that are unavoidable is that of
operation of aircraft including pilot training and pilot response. Professional agricultural pilots
knowingly take considerable, calculated risks related to obstacles other pilots do not take.
They are responsible for flying between 3-12 feet above the ground, making multiple low
passes, multiple takeoff and landings, and operating to the max capacity of the aircraft. Doing
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this operation on a zero wind, cool day, with no elevation or obstacles take precision and
professional skills few possess. Adding additional obstacles that decrease the margin of safety
and decrease the reaction time a pilot has to react to unforeseen situations such as
mechanical issues, bird strikes, wire strikes, wind changes, and product issues decreases the
safety of the operation.
The final major concern when operating around obstacles is the aircraft performance, including
climb rate, turn radius, and environmental conditions. The climb rate of a standard Air Tractor
502, a common midlevel agricultural application aircraft, is 664 feet per minute and a typical
working speed of 135mph. Every second the airplane is traveling approximately 198 feet per
second while on target. At the end of a field the pilot would turn off the spray and begin a
climb, followed shortly by a climbing turn usually away from the spray pass to complete a
course reversal to realign for the next spray pass. In a normal situation with no obstacles,
ending the spray and the initial climb out might all occur within five to eight seconds, resulting
in a straight-line distance of almost ¼ mile. The turnaround for ag operators, generally
considered a 45° downwind turn, followed by a 225-course reversal to come back on target
requires a 30-45° turn to do a back-to-back turn. The time of the course reversal is
approximately 25 seconds, resulting in close to one mile of total distance traveled per swath.
Assuming a 30° bank, the calculated turn radius of an aircraft going 135mph is 2,119 feet and
the diameter of the turn is 0.8 miles. It should be noted that for an Air Tractor 502, it is close to
one mile to make a turn, but for an Air Tractor 802, currently the largest single engine
commercially used ag application airplane, that distance increases to 1.82 miles to complete a
turn.
As early discussed, an Air Tractor 502 climb rate is 664 feet per minute or approximately 11
feet per second (fps) climb rate. Considering at the end of the field, an applicator pulls up into
a climb, it would take 18 seconds (200ft/ 11fps) to clear a 200 feet obstacle located at the end
of a field. Using a working speed of 135MPH or 198fps the aircraft would travel forward 3,564ft
(198fps*18 sec to climb) to clear a 200ft obstacle. If a 600-foot obstacle was considered, it
would take 54 seconds to outclimb the obstacle and would travel forward over two miles
(198fps *54sec= 10,800ft). Even assuming the pilot slowed to 111mph (best rate of climb at
max weight) the distance covered is still 1.6 miles (162fps *54 sec). This assumes the pilot
adds max power, performs a perfect climb, the airplane performs perfect, and the field
conditions were conducive to a climb (sea level, standard atmosphere, low humidity, calm or
head winds prevailing). Anything less than perfect conditions would decrease the climb rate
and make the field in question non flyable.
The other option would be instead of pulling up to climb over an obstacle to fly around it, below
it, or through the blade arc or guy-wire, all of which are not prudent options, especially
considering any abnormal operations. Additionally, the turbulence created by the wind turbines
would have a direct and immediate impact on the pilot operating downwind of the turbine.
In reviewing the plat map of 112N, R 074W, section 10 and 11 in Hughes County, SD I am
most concerned about the placement of towers 8, 9, 14, &15 within the sections and any
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towers that are adjacent such as #20-22 as they are well within a normal margin of safety for a
typical pilot to safety spray that area. Based on the map and field layout, an east/west swath
pattern would prevail and the presence of wind turbines or any obstacle at the end of those
fields, especially on two sides, would be detrimental to safety. In my opinion, I would advise
against a pilot maneuvering in the field presented with obstacles in the placement suggested.

Respectfully,

Cody Christensen, Ed.D
Airline Transport Pilot
FAA Gold seal flight instructor
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11/03/2021

James Malters
727 Oxford St.
Worthington, MN 56187
Mr. Malters,
In regards to the follow up question asked by the SD Public Utilities commission:
“In order to accommodate a safe turn radius at the end of a field for an agricultural
application aircraft, what is Mr. Christensen recommending as an appropriate setback
for a wind turbine from the property line to safely spray that field. Please explain and
provide supporting calculations.”
I recommend a setback for a wind turbine no less than 0.8 miles from the end of field.
The calculations used to support the 0.8-mile setback include:
A straight out or teardrop/lightbulb pattern leaving the field including a climb, a 180° turn back
on target = 3,595ft lateral distance from end of field.
Four seconds to climb and space for lateral distance = 792ft
Then 180° turn = 2,803ft radius
Lateral distance (792ft) +turn (2,803ft) = 3,595ft lateral distance from end of field = 0.68 miles
*15% margin of error = 0.782 mile, rounded up to 0.8-mile minimum setback from obstacles,
such as wind turbines.
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Calculation:
-Assuming no obstacles, at the end of field, approximately four seconds to climb (135MPH=
198fps*4 sec) = 792ft
-A radius turn is equal to the velocity squared (V2) divided by 11.26 times the tangent of the
bank angle as described in the Pilot Handbook of Aeronautical Knowledge (2016):
R=

__________V2 _______
11.26 × tangent of bank angle

V= 135mph

Air Tractor 502 working speed Air Tractor AT-502
FAA Approved Flight Manual. (1987).

Tangent bank angle = 30°
______18,225_______
11.26 × 0.57735

= 2,803ft radius

Based on the standard Air Tractor 502 (smaller size compared to Air Tractor 802), a setback of
0.8 miles is required with minimal margin of error. This would not take into consideration a
faster working speed, non-standard atmospheric days, tailwinds, or pilot error outside of a
marginal 15% addition to the calculation. Additionally, this calculation does not add any safety
distance margin for the turbulence (which can be considerable) coming off the blades of the
turbines.
Based on the provided calculation, I recommend a setback for a wind turbine no less
than 0.8 miles from the end of field.

Respectfully,

Cody Christensen, Ed.D.
Airline Transport Pilot
FAA Gold seal flight instructor
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January 4, 2022

James Malters
727 Oxford St.
Worthington, MN 56187
Mr. Malters,

In regards to the STAFF’S FOURTH SET OF DATA REQUESTS TO MR. MICHAEL BOLLWEG
EL21-018:
(a)
Does Dr. Christenson maintain that a pilot cannot safely fly around a turbine that is shut down and
not moving as ordered for the Crowned Ridge Wind II Project?
No.
If the wind towers were not in operation, it would substantial decrease the turbulence created by
the wind turbines. As long as the distance from the field to the obstacle can be maintained, pilots
could safety operate around a wind turbine.
(b)
Please explain how flying around a wind turbine that is shut down is different than flying around
other stationary obstacles, such as a power line, grain bin, house, trees, or cell tower.
As a professional pilot and flight instructor, I do not see a major difference between obstacles
when height and circumference are adequately considered. I would not try to outmaneuver an
obstacle without proper setback clearances for any stationary obstacles such as a wind turbine,
powerline, grain bin, house, trees, or cell tower. The height and size of the obstacle must be taken
into consideration when operating an aircraft in the vicinity of known obstacles.
I would recommend if a 100 ft grain bin was located within the area of operation, it would be
considered much like a 100-foot shut down wind turbine would be except that a wind turbine can
rotate so the orientation of the blades in relation to the aircraft turn would have to be taken into
consideration. An operator could fly closer to a 100 ft grain bin because the climb required to
clear a 100ft bin is less than a taller obstacle.
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A 600-foot-tall grain bin with the same circumference as a 600-foot- tall wind turbine would be
treated with equal caution. I have yet to encounter a 600-foot-tall grain bin so the best description
would be trying to operate in downtown Manhattan with 60 story buildings on multiple sides. It
would be possible to operate around them, but the distance between the building (wind
turbine/grain bin/obstacle) would need to be sufficiently away to allow for a proper turn. The
margin of error decreases and safety margins virtually disappear.
If the PUC request was to evaluate a new tower that was 600ft tall with known guy wires, I would
treat it the same as a 600-foot wind turbine using the height and circumference of the obstacle.
The tower along with the guywires constitute an obstacle that is not able to be flow through. Yes,
it is possible to fly under, over, or through guy wires but the margin of safety decreases with each
pass. Flying under or through stopped wind turbine blades is much like guy wires.
As a professional pilot I would not fly under shut down wind turbine blades, nor would I teach that
maneuver to any student.
4-3) Refer to the response to staff data request 2-4. Mr. Christensen recommend a setback for a wind
turbine no less than 0.8 miles from the end of the field. Is Mr. Christensen aware of any governmental
entity that has ordered a similar setback for wind turbines from a property line to facilitate aerial spraying?
If so, please provide supporting documentation.
I am not aware of any governmental entity that has ordered a similar setback for wind turbines
from property line to facilitate aerial spraying. My job was to evaluate the threats to safety to
agricultural spray aircraft posed by the turbines. That analysis had to do with the hard science
of physics as it applied to aircraft and pilot performance. No political considerations were
evaluated. Governmental agencies sometimes take other factors into consideration.

Respectfully,

Cody Christensen, Ed.D.
Airline Transport Pilot
FAA Gold seal flight instructor
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July 30, 2020
South Dakota Public Utilities Commission
Capitol Building, 1st Floor
500 E. Capitol Ave
Pierre, SD 57501-5070
Phone (605) 773-3201
Dear Chairman Hanson, Vice Chairman Nelson, Commissioner Fiegen, and Utility Analyst
Thurber:
The National Agricultural Aviation Association (NAAA) would like to bring to your attention
our concern with towers erected without considering the safety of aerial applications made to
South Dakota’s cropland. These could be utility towers, wind-energy towers, or other, similar
structures.
In terms of background about the aerial application industry, it is responsible for treating over
127 million acres of U.S. cropland either by seeding, fertilizing, or applying plant protecting
pesticides. The NAAA represents over 1,600 members in in the field of aerial application, which
consists mostly of small business owners and pilots licensed as commercial applicators that use
aircraft to enhance the production of food, fiber and bio-fuel; protect forestry; protect waterways
and ranchland from invasive species; and provide services to agencies and homeowner groups
for the control of mosquitoes and other health-threatening pests. Within agriculture and other
pest control situations, aerial application is a vitally important method for applying pesticides,
for it permits large areas to be covered rapidly—by far the fastest application method of crop
inputs—when it matters most. It takes advantage, more than any other form of application, of the
often too-brief periods of acceptable weather for spraying and allows timely treatment of pests
while they are in critical developmental stages, often over terrain that is too wet or otherwise
inaccessible for ground applications. It also treats above the crop canopy, thereby not disrupting
the crop and damaging it, nor compacting the soil.
Although the average aerial application company is comprised of but six employees and two
aircraft, as an industry these businesses, as earlier stated, treat nearly 127 million acres of U.S.
cropland each season, which is about 28% of all cropland used for crop production in the U.S.—
this doesn’t include the substantial amount of aerial applications that are made to pasture and
rangeland. Aerial pest control for managers of forests, rangeland, waterways and public health
also add to these many millions of acres treated annually. While there are alternatives to making
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aerial applications of pesticides, these options have several disadvantages compared to aerial
application. In addition to the speed and timeliness advantage aerial application has over ground
application, there is also a yield difference. Driving a ground sprayer through a standing crop
results in a significant yield loss. Research from Purdue University found that yield loss from
ground sprayer wheel tracks varied from 1.3% to 4.9% depending on boom width. While this
study was conducted in soybeans, similar results could be expected in other crops as well.
Research summarized by the University of Minnesota describes how soil compaction from
ground rigs can negatively affect crop yields due to nitrogen loss, reduced potassium availability,
inhibition of root respiration due to reduced soil aeration, decreased water infiltration and
storage, and decreased root growth. Aerial application offers the only means of applying a crop
protection product when the ground is wet and when time is crucial during a pest outbreak. A
study on the application efficacy of fungicides on corn applied by ground, aerial, and
chemigation applications (attached with these comments) further demonstrates that aerial
application exceeds ground and chemigation application methods in terms of yield response. The
success of aerial application using manned aircraft has resulted in an industry that will celebrate
100 years in 2021. Throughout its 100-year history, the industry has constantly improved itself
through the use of research and technology. Aerial applicators constantly strive to incorporate the
latest technology that can improve accuracy, including GPS guidance, flow control for variable
and constant rate applications, and on-board weather monitoring equipment. Electronic valves
that will allow flow to be controlled on individual nozzles is currently being evaluated for use on
agricultural aircraft.
Regarding towers, they can be extremely difficult for aerial applicators to see, as their work is
conducted while flying at over 100 mph just 10 feet off the ground. From 2008 – 2018, there
were 22 agricultural aviation accidents from collisions with METs, communication towers,
towers supporting powerlines and wind turbines resulting in nine fatalities. For all general
aviation, there have been 40 tower related accidents and incidents resulting in 36 fatalities over
the same 11-year period. As such, NAAA has developed the following information on safe
distances towers should be located from cropland. It has come to NAAA’s attention that a wind
farm sponsor in South Dakota has proposed a setback of a mere 500 feet, which is far too short a
distance for making safe aerial applications in a field adjacent to a wind turbine or tower location
site with a fixed-wing aircraft.
NAAA has calculated a safe distance using aircraft speed and average turn time to estimate the
total distance required to make a safe turn via a fixed-wing ag aircraft. An AT-802A with a
working speed of 145 mph was used as the example aircraft. The working speed was taken from
the midpoint between 130 and 160 mph as denoted on Air Tractor’s specifications page for the
AT-802A: https://airtractor.com/aircraft/at-802a/. An agricultural turn time of 45 seconds was
used; this information was gleamed from operators’ experience and used in comments made to
EPA on several pesticide re-registrations. A speed of 145 mph is equal to 213 feet per second; 45
seconds to turn multiplied by 213 feet per second is equal to 9,585 feet or 1.82 miles needed to
make the turn.
The second method NAAA used to provide evidence on the distance required to make a turn
while conducting an aerial application was via GPS as-applied aerial application maps and
Google Earth. Google Earth was used to measure the distance into the field that two turns
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required. The first was one of the shorter turns from the application from when the aircraft was
lighter. This turn pushed 2,273 feet or 0.43 miles into the adjacent field. The second was from a
longer turn made when the aircraft was fully loaded. This turn penetrated 9,147 feet or 1.73
miles into the adjacent field.

A Google Earth map showing an application made by an AT-802A. Green represents the flight path spray on, while
red represent the flight path with spray off. The yellow line is the ruler tool used to measure the total length into the
field a longer turn required: 9,147 feet (1.73 miles).

NAAA hopes that you the South Dakota Public Utilities Commissions finds the above
information helpful and takes into account the dangers wind turbines and other obstacles
represent to the safety of agricultural aviators in South Dakota where agriculture is such an
integral part of the economy.
Thank you for the opportunity to share this information.
Most sincerely,

Andrew D. Moore
Chief Executive Officer
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South Dakota Aviation Association
October 12, 2017
Dear Hughes County Commissioners,
The South Dakota Aviation Association would like to express our opinion on the issue of
setbacks for the wind turbines to be placed on the proposed wind farms in Hughes County,
SD.
As Aerial Applicators, our industry depends on air space. Our number one concern for
our membership, and any pilot, is safety. Wind turbines, even when properly lit, are an
obvious safety risk to everyone in our industry, but even greater are the MET towers and
transmission lines that come along with these wind farms. MET towers sneak in under
the lighting rules and are extremely hard to see. Transmission lines needed to take the
power away are very prominent, earth tones in color and additional threat.
In addition, those who place wind turbines on their property are limiting the use of spray
planes on their own farmland, but also their neighbors use. Aerial Applicators need 1 mile
or more to turn around safely. A 500 foot setback is not enough for a loaded airplane. If a
neighbor’s property would be surrounded on one or more sides by wind turbines, the odds
of hiring an Aerial Applicator would be extremely difficult.
Unfortunately, our Association knows first hand what happens when airplanes and wind
turbines collide. We ask that you please consider the safety of not only our pilots, but all
pilots when making your decisions this evening. Please see the attached images of what
wind turbines, MET towers and transmission lines look like through our view.
Thank you for your time,
The South Dakota Aviation Association Board of Directors
SOUTH DAKOTA AVIATION ASSOCIATION
30977 165TH STREET
GETTYSBURG SD 57442
www.sdagaviation.com
Sdaviation@gmail.com
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Drone measures effect of wind turbines on farmland
By Patrick C. Miller | September 27, 2017



Using a small UAS to collect data, researchers have found that wind turbines can have an impact on the farmland beneath them.
PHOTO: U.S. DEPARTMENT OF ENERGY

Embry-Riddle Aeronautics University used a small unmanned aircraft system (UAS) to study the effects of wind turbines on farmland
beneath them and found that they can impact soil, crops and livestock.
Farmers can earn extra income by allowing wind turbines to be placed in their fields. Based on data collected from the UAS,
researchers discovered that depending on weather conditions, the spinning blades can positively or negatively impact crop yields.
For example, a wind turbine might inhibit crop disease during wet weather or it could speed moisture loss during a drought.
Kevin Adkins, an assistant professor of aeronautical science and director of Embry-Riddle’s Gaetz Aerospace Institute in St. Lucie
County, Florida, flew a drone into wind turbine wakes to measure differences in relative humidity levels. He and his colleague
Adrian Sescu of Mississippi State University published their research findings in the International Journal of Green Energy.
They found that below the hub of a single spinning wind turbine, relative humidity can decrease by as much as 3 percent downwind
while humidity increases above the hub. The researchers concluded that this impact is magnified within a broader turbine array.
“This occurs as drier air is mixed downward and moister air is mixed upward,” they wrote.
The research was conducted at two Midwestern wind farms. An instrument-equipped quadcopter was flown into two different windturbine wakes where it hovered at key points to collect upstream and downstream data. The hub of one turbine was 305 feet above
a field of winter wheat. The second turbine had a hub height of 262 feet. Baseline meteorological conditions were assessed.
The quadcopter was equipped with GPS and a suite of instruments to capture temperature and relative humidity levels. Following a
prescribed flight path over a four-day period, it made a series of sweeps through the wind turbines’ wake zone.
After analyzing the data, Adkins and Sescu found that the descending blades were delivering drier air downward, while the
ascending blades were displacing moister air upward—away from the surface of crop fields. They believe this could have significant
implications for crops, soil and livestock.
“For farmers, reduced relative humidity over fields could have an impact on their crop productivity,” Adkins said. “It’s my hope that
farmers will take this new information and utilize it, leveraging their specialized knowledge.”
Most prior investigations of wind-turbine impacts on near-surface meteorology have been based on computer modeling, Adkins said.
“The implementation of the unmanned aerial system provides proof of concept for a platform that can also be used for the
measurement of other atmospheric parameters with high spatial resolution,” the researchers wrote.
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