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I.  BACKGROUND AND INTRODUCTION

1.1. These findings and rulings address all outstanding issues with respect to Contention

Utah K/Confederated Tribes B (Inadequate Consideration of Credible Accidents), concerning the

application filed on June 20, 1997, by Private Fuel Storage, L.L.C. (“PFS” or “Applicant”), for a

license under 10 C.F.R. Part 72 to possess spent fuel and other radioactive materials associated

with spent fuel storage in an independent spent fuel storage installation (“ISFSI”), which PFS

proposes to construct and operate on the Skull Valley Goshute Indian Reservation in Skull Valley,

Utah.

1.2. Notice of the Nuclear Regulatory Commission (“NRC”)’s receipt and consideration

of the PFS ISFSI license application was published in the Federal Register on July 31, 1997.

62 Fed. Reg. 41,099 (1997).  If granted, the license would authorize PFS to store up to 40,000

metric tons uranium (MTUs) of spent nuclear fuel in dry cask storage systems at its proposed

ISFSI.  The Notice advised the Applicant and any person whose interest may be affected by the

proceeding of their right to request a hearing by filing such a request and a petition for leave to
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1  The five initial petitions were filed by: (1) the State of Utah (“State”); (2) Ohngo Gaudadeh
Devia (“OGD”); (3) Castle Rock Land and Livestock, L.C., Skull Valley Company, Ltd. (collectively,
“Castle Rock”), and Ensign Ranches of Utah, L.C.; (4) the Confederated Tribes of the Goshute
Reservation (“Confederated Tribes”) and David Pete; and (5) the Skull Valley Band of Goshute
Indians (“Skull Valley Band”).

2  The Licensing Board was reconstituted twice during the course of the proceeding.  See
62 Fed. Reg. 52,364 (1997) and 66 Fed. Reg. 67,335 (2001).

3  The Licensing Board granted the petitions of the State of Utah, Castle Rock, OGD, the
Confederated Tribes, and the Skull Valley Band; the petitions of David Pete and Ensign Ranches
of Utah, L.C. were denied.  See LBP-98-7, 47 NRC at 147.  Castle Rock later withdrew from the
proceeding.  See Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation),
LBP-99-6, 49 NRC 114 (1999). 

The Licensing Board granted the late-filed petition of the Southern Utah Wilderness
Alliance.  See Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation),
LBP-99-3, 49 NRC 40 (1999), aff’d, CLI-99-10, 49 NRC 318 (1999).  The late-filed petitions of
Scientists for Secure Waste Storage and William D. Peterson were denied.  See PFS, LBP-98-7,
47 NRC at 147; PFS, LBP-00-23, 52 NRC 114 (2000).

intervene.  In response to the Notice, five petitions for leave to intervene were timely filed by

various parties and entities, including the State of Utah.1  

1.3. On September 15, 1997, the Atomic Safety and Licensing Board was established

to rule on petitions for hearing and for leave to intervene and to preside over any adjudicatory

proceeding that might be held in connection with the ISFSI application.  62 Fed. Reg. 49,263

(1997).2  The petitioners timely filed a total of approximately 100 contentions which they sought to

litigate in this proceeding.

1.4. On April 22, 1998, the Licensing Board issued its “Memorandum and Order (Rulings

on Standing, Contentions, Rule Waiver Petition, and Procedural/Administrative Matters),” in which

the Board determined, among other things, that the State of Utah and four other petitioners had

demonstrated their standing to intervene in this matter,3 and that many of their contentions, in

whole or in part, satisfied the Commission’s requirements for admission as contested issues in this

proceeding.  Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation), LBP-98-7,

47 NRC 142, 169-72, 183-238, 251-58 (1998). 
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4  See Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installation),
LBP-99-6, 49 NRC 114, 120-21 (1999).

5  See “Notice of Evidentiary Hearing and of Opportunity to Make Limited Appearance
Statements,” 67 Fed. Reg. 10,448 (March 7, 2002).

1.5. In its ruling, the Licensing Board combined certain of the intervenors’ admitted

contentions with other contentions that raised similar issues.  Among these were three contentions

that addressed PFS’ consideration of credible accidents: Contentions Utah K, Confederated

Tribes B, and Castle Rock 6.  Upon consolidation of these contentions, the combined contention

was initially designated as “Contention Utah K/Castle Rock6/Confederated Tribes B.”  Id. at 190-91,

253.  The contention was redesignated as “Contention Utah K/Confederated Tribes B” following

the Castle Rock intervenors’ withdrawal from the proceeding.4

1.6. Evidentiary hearings with respect to this contention were held in Salt Lake City,

Utah, on April 9-14 and May 13-15, 2002 and in Rockville, MD on July 1-3, 2002, in accordance

with a notice of hearing published in the Federal Register.5  Many witnesses appeared on behalf

of PFS, the Staff, and the State of Utah, as summarized below.  In addition, limited appearance

statements were received from many members of the public, in special sessions held in Salt Lake

City on April 8, 2002 and in Tooele, Utah on April 26, 2002.

1.7. These proposed findings of fact and conclusions of law present the Licensing

Board’s findings of fact with respect to the evidence presented at the 2002 hearings concerning

Contention Utah K/Confederated Tribes B, and the Board’s conclusions of law with respect thereto.

II.    FINDINGS OF FACT

A. Background

2.1. As admitted by the Licensing Board, Contention Utah K/Confederated Tribes B

asserted:
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6 See “Applicant’s Motion for Partial Summary Disposition of Utah Contention K and
Confederated Tribes Contention B,” dated June 7, 1999.

7  See “Applicant’s Motion for Summary Disposition of Contention Utah B,” dated June 11,
1999.

Utah K/Confederated Tribes B - - Inadequate Consideration of
Credible Accidents.

The Applicant has inadequately considered credible accidents
caused by external events and facilities affecting the ISFSI and the
intermodal transfer site, including the cumulative effects of the
nearby hazardous waste and military testing facilities in the vicinity
and the effects of wildfires.

PFS, LBP-98-7, 47 NRC at 253.

2.2. The Licensing Board, in admitting the contention, limited the scope of the contention

to the impacts on the PFS facility resulting from accidents involving materials or activities at or

emanating from: 1) the Tekoi Rocket Engine Test Facility (Tekoi); 2) the Salt Lake City International

Airport (SLCIA); 3) Dugway Proving Ground (DPG), including Michael Army Airfield (MAAF); 4) Hill

Air Force Base (Hill AFB); and 5) the Utah Test and Training Range (UTTR).   The contention as

initially admitted also included issues pertaining to wildfires in Skull Valley and the impacts on the

Applicant’s proposed intermodal transfer point (ITP) resulting from activities at the above-specified

facilities and from hazardous materials in transit.  PFS, LBP-98-7, 47 NRC at 190.

2.3. On June 7, 1999, the Applicant filed a motion for partial summary disposition with

respect to the impact of the above-specified facilities on the PFS facility and with respect to the

impact of wildfires in Skull Valley on the PFS facility.6  The Applicant’s June 7, 1999, motion did not

seek summary disposition with respect to ITP-related matters; however, on June 11, 1999, the

Applicant requested summary disposition with respect to Contention Utah B, which pertained to the

ITP generally.7  

2.4. On August 30, 1999, the Licensing Board issued a decision in LBP-99-35, in which

it granted summary disposition with respect to impacts associated with Tekoi, certain of the
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activities at DPG, and wildfires - - finding that there are no genuine issues of any material facts with

respect to these matters.  PFS, LBP-99-35, 50 NRC at 200-01.  The Licensing Board denied

summary disposition with respect to SLCIA, the firing of conventional ground weapons at DPG, and

cruise missile testing on the UTTR.  Id.  The Licensing Board deferred its ruling with respect to

issues related to military aircraft flights, pending a Staff position on military aircraft crashes.

Specifically, the deferred issues pertained to: 1) aircraft flights into and out of DPG’s MAAF;

2) aircraft flying to and from Hill AFB over the UTTR; 3) the firing of air-delivered munitions on the

UTTR; and 4) the cumulative impacts of aircraft accidents.  Id. 

2.5. Also on August 30, 1999, the Licensing Board issued its decision in LBP-99-34, in

which it granted the Applicant’s motion for summary disposition regarding Contention Utah B,

(License Needed for Intermodal Transfer Facility).  PFS, LBP-99-34, 50 NRC 168 (1999).  On

September 20, 1999, the Licensing Board determined, among other things, that its decision with

respect to Utah Contention B was dispositive of all matters admitted in Contention Utah

K/Confederated Tribes B that related to impacts on the ITP and dismissed those matters from the

contention.  PFS, LBP-99-39, 50 NRC 232, 236-37 (1999).  The Licensing Board revised the

contention to state:

CONTENTION: The Applicant has inadequately considered credible
accidents caused by external events and facilities affecting the
ISFSI, including the cumulative effects of military testing facilities in
the vicinity.

Id. at 240.

2.6. On September 29, 2000, the Staff issued its “Safety Evaluation Report Concerning

the Private Fuel Storage Facility.”  Therein, in Chapter 15, the Staff set forth its evaluation of the

Applicant’s accident analysis.  Chapter 15 included, among other things, an evaluation of:

accidents caused by offsite explosion hazards; accidents associated with activities conducted at

DPG; accidents associated with cruise missile testing at the UTTR; and aircraft crash hazards,
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8  The Staff subsequently issued Supplement No. 1 to the SER on November 13, 2001 to
address the Applicant’s revised aircraft crash hazard analysis and Supplement No. 2 to the SER
on December 21, 2001 to address seismic design matters.  The Staff issued a consolidated SER,
incorporating the revised text from Supplements No. 1 and 2 into the original SER.  See Staff
Exh. C, “Consolidated Safety Evaluation Report Concerning the Private Fuel Storage Facility,”
dated March 2002. 

including commercial and military aircraft hazards.  With respect to these matters, the Staff

concluded that there is reasonable assurance that activities conducted at DPG, cruise missile

testing at the UTTR, and civilian and military aircraft flights in the vicinity of the facility would not

pose a hazard to the facility.  See Staff Exh. C (SER), at 15-99, 15-102, and 15-121.8  

2.7. On December 30, 2000, following issuance of the Staff’s Safety Evaluation Report,

PFS filed a second motion seeking summary disposition with respect to all of the remaining issues

pertaining to the contention.  On May 31, 2001, the Licensing Board issued its decision in

LBP-01-19, in which it granted in part and denied in part the Applicant’s motion for summary

disposition.  PFS, LBP-01-19, 53 NRC 416 (2001).  Specifically, the Licensing Board granted

summary disposition with respect to the following issues: 1) the hazard posed by ground-launched

munitions from DPG; 2) cruise missile testing on the UTTR; 3) the scope of aviation activity in Skull

Valley that should be analyzed in determining flight crash impacts to the facility; 4) UTTR air-to-

ground attack training, air-refueling training activities, and air-delivered weapons use; 5) civilian

aircraft flying on airways J-56 and V-257, including aircraft flying to and from SLCIA; and 6) general

aviation in Skull Valley.  Id. at 455-56.  The Licensing Board denied summary disposition with

respect to the remaining matters in the contention.

2.8. In its decision, the Licensing Board determined that the appropriate probability

standard to apply to a Part 72 facility in defining what constitutes a credible aircraft accident is 10-6

per year.  Id. at 429-30.  The Licensing Board referred its ruling regarding the regulatory standard

to the Commission for its consideration pursuant to 10 C.F.R. § 2.730(f).  Id. at 456.  The
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Commission affirmed the Board’s referred ruling.  Private Fuel Storage, L.L.C. (Independent Spent

Fuel Storage Installation), CLI-01-22, 54 NRC 255 (2001).

2.9. As a consequence of the Licensing Board’s decision in LBP-01-19, the following

issues were left to be resolved at an evidentiary hearing: 1) the hazard posed to the facility from

F-16s transiting Skull Valley, including jettisoned ordnance; 2) air-to-air combat training on the

UTTR; 3) aircraft flying on the MRR; 4) aircraft flying to and from MAAF on IR-420; and 5) the

cumulative hazard to the PFS facility from aircraft accidents and ordnance.  PFS, LBP-01-19,

53 NRC at 455-56.

B. Applicable Legal Standards

2.10. The Commission has established siting evaluation factors for evaluating site

characteristics that may directly affect the safety of an ISFSI.  Proposed sites for an ISFSI must

be examined, among other things, with respect to the frequency and severity of external

man-induced events that could affect the safe operation of the ISFSI, and the existence of

man-made facilities and activities that might endanger the proposed facility or affect the facility

design, as set forth in 10 C.F.R. Part 72, Subpart E, Sections 72.90, 72.94, and 72.98.

2.11. The regulations further provide that design basis external events must be

determined with respect to each proposed ISFSI site and design.  10 C.F.R. § 72.90(c).  Design

bases are defined, in 10 C.F.R. § 72.3, in pertinent part, as follows:

§ 72.3 Definitions

Design bases means that information that identifies the specific
functions to be performed by a structure, system, or component of
a facility or of a spent fuel storage cask and the specific values or
ranges of values chosen for controlling parameters as reference
bounds for design.  These values may be restraints derived from
generally accepted state-of-the-art practices for achieving functional
goals or requirements derived from analysis (based on calculation
or experiments) of the effects of a postulated event under which a
structure, system, or component must meet its functional goals.  The
values for controlling parameters for external events include - - 
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* * *

(2) Estimates of severe external man-induced events to be
used for deriving design bases that will be based on analysis of
human activity in the region, taking into account the site
characteristics and the risks associated with the event.

2.12. In accordance with 10 C.F.R. § 72.24, an application for an ISFSI under Part 72

must include a Safety Analysis Report describing the proposed ISFSI, which must contain, among

other things, “a description and safety assessment of the site on which the ISFSI . . . is to be

located, with appropriate attention to the design bases for external events,” as well as information

concerning the design of the ISFSI, including identification of the design criteria, design bases, and

“the relation of the design bases to the design criteria.”  Further, the design and performance of

structures, systems and components important to safety (SSCs) must be analyzed for those events

that are considered to be within the design bases for the facility, including consideration of “the

adequacy of structures, systems, and components provided for the prevention of accidents and the

mitigation of the consequences of accidents, including . . . manmade phenomena and events.”

10 C.F.R. § 72.24.

2.13. The Commission has established general design criteria for an ISFSI, as set forth

in 10 C.F.R. Part 72, Subpart F.  Pursuant to 10 C.F.R. § 72.120(a), an application to store spent

fuel in an ISFSI “must include the design criteria for the proposed storage installation,” which

“establish the design, fabrication, construction, testing, maintenance and performance

requirements for structures, systems, and components important to safety as defined in § 72.3.”

Minimum requirements for an ISFSI’s design criteria include, among other things, “protection

against environmental conditions and natural phenomena,” whereby SSCs must be designed to

accommodate the effects of, and to be compatible with site characteristics and environmental

conditions associated with normal operation, maintenance, and testing of the ISFSI . . . and to



- 9 -

withstand postulated accidents.”  10 C.F.R. § 72.122(b)(1).  Events that do not constitute credible

accidents need not be included within the design bases of the facility.

2.14. The Commission specifically approved the use of a 10-6 annual probability of

occurrence standard for design basis accidents for away-from-reactor ISFSIs.  See Private Fuel

Storage, L.L.C. (Independent Spent Storage Installation), CLI-01-22, 54 NRC 255, 263 (2001).

C. Testimony Presented

2.15. In accordance with the Licensing Board’s scheduling orders, prefiled written

testimony concerning Contention Utah K/Confederated Tribes B was submitted by the Applicant,

the State of Utah and the NRC Staff.  The Applicant’s witnesses appeared first, followed by the

Staff’s witnesses, with the State’s witnesses testifying last.

2.16. The Applicant prefiled three sets of testimony, which consisted of the testimony of

a total of five witnesses.  The witnesses presented in the Applicant’s first set of prefiled testimony

were: 1) James L. Cole, Jr., a retired U.S. Air Force Brigadier General, who assisted the Applicant

with the assessment of the aircraft crash hazard to the PFS facility, and whose primary focus

pertained to overall aviation safety, general Air Force issues, and certain F-16 operations;

2) Wayne O. Jefferson, Jr., a retired U.S. Air Force Major General, who assisted the Applicant with

the quantitative calculations and modeling PFS performed concerning the probability that a

crashing aircraft would impact the facility as well as with the review of relevant F-16 accident

reports; and 3) Ronald E. Fly, a retired U.S. Air Force Colonel, who assisted the Applicant in its

assessment of the risk to the facility posed by aircraft crashes and ordnance impacts, and whose

primary focus was F-16 operations, F-16 emergency procedures, and flight operations in and

around the UTTR.  “Testimony of James L. Cole, Jr., Wayne O. Jefferson, Jr., and Ronald E. Fly
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9  Except for the prefiled testimony of the State’s witness, Dr. Resnikoff, the parties’ prefiled
testimony with respect to Contention Utah K/Confederated Tribes B was not bound into the hearing
transcript.  The parties have informed the Licensing Board of the need to have the prefiled
testimony formally bound into the hearing transcript.  See “Joint Report on Status of Utah
Contention K Exhibits and Other Open Items from Hearing Concerning Utah Contention K,” dated
August 21, 2002 at 4.  The prefiled testimony that was omitted from the transcript is cited herein
by reference to the transcript page numbers as “Post Tr. x.”

on Aircraft Crash Hazards at the PFSF - Contention Utah K/Confederated Tribes B” (hereinafter

referred to as “Cole/Jefferson/Fly”), Post Tr. x, at 1-7.9

2.17. Applicant witness James Cole retired from the Air Force in 1994 with the rank of

Brigadier General.  Over his career, he accumulated 6,500 total flying hours in seven different

types of aircraft, with 3,000 flying hours in heavy jet aircraft.  Gen. Cole served as Chief of Safety

of the U. S. Air Force from 1991 to 1994 and directed the entire Air Force safety program.  He was

responsible for accident prevention and investigation in all aspects of ground and air operations

and personally reviewed and approved every Air Force Accident Safety Investigation report for all

types of aircraft.  Gen. Cole was also commander of the 89th Airlift Wing, where he directed air

transportation for the President of the United States and other senior government officials and

foreign dignitaries.  He has served as a pilot flight commander, chief pilot, assistant operations

officer, operations officer  and squadron commander of a C-141 heavy jet transport squadron.

Gen. Cole flew airdrop missions, special operations low level missions, night vision goggle

missions, including clandestine approaches to airfields and blackout landings.  He has also served

in senior positions on the Air Staff and Joint Staff in the Pentagon and was on the faculty of the

U.S. Air Force Academy.  Cole/Jefferson/Fly Post Tr. x, at 1-2; Cole Qualifications at 1-2.  The

Licensing Board finds Gen. Cole to be well qualified as an expert witness on the subjects of military

aircraft operations and aviation safety.

2.18. Applicant witness Wayne Jefferson retired from the Air Force in 1989 with the rank

of Major General.  He served in the Air Force for over 30 years and has accumulated 4,450 flying
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hours in 9 different types of aircraft.  Gen. Jefferson has served as a B-52 wing commander with

the Strategic Air Command and has held other positions of responsibility with the Strategic Air

Command.  For example, in 1983-84, he was Assistant Deputy Chief of Staff for Operations,

overseeing the entire scope of the Strategic Air Command’s  worldwide bomber, tanker, missile and

reconnaissance operations, including training range development and flight operations.  He has

served in senior positions on the Air Staff and Joint Staff in the Pentagon and was on the faculty

of the U.S. Air Force Academy and National War College.  Since retiring from the Air Force, Gen.

Jefferson has been a consultant in management, management training and quantitative

probabilistic analysis.  He holds a master’s degree in operations research from Stanford University

and a master’s degree in business administration from Auburn University.  Cole/Jefferson/Fly Post

Tr. x, at 4-5; Jefferson Qualifications at 1.  The Licensing Board finds Gen. Jefferson to be well

qualified as an expert witness on the subjects of U.S. Air Force aircraft operations and weapons

testing and training operations.

2.19. Applicant witness Ronald Fly retired from the Air Force in 1998 with the rank of

Colonel.  He served in the Air Force for 24 years as an F-16 pilot, instructor, fighter squadron

commander, operations group commander, and wing commander.  Col. Fly has approximately

1,200 flying hours in the F-16 as a pilot and instructor.  Col. Fly served as Commander of the 388th

Fighter Wing at Hill AFB from 1997-1998 and has flown F-16s on the UTTR and through Skull

Valley.  He was also Commander of the UTTR when the range was transferred to the 388th Fighter

Wing in 1997.  Col. Fly routinely reviewed accident reports as a pilot and has experience in

strategic planning, operational analysis, international affairs, space operations, and logistical

support.  He is specifically knowledgeable about the operations of military and civilian aircraft that

fly in and around Skull Valley, Utah, including military aircraft that fly from Hill AFB and on the

UTTR.  Cole/Jefferson/Fly Post Tr. x, at 6; Fly Qualifications at 1-2. The Licensing Board finds Col.
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Fly to be well qualified as an expert witness on the subjects of U.S. Air Force F-16 aircraft

operations and training operations, including operations at Hill AFB.

2.20. The Applicant also presented the prefiled testimony of two other individuals.  These

were: 1) Stephen A. Vigeant, a Certified Consulting Meteorologist employed as a Lead

Environmental Scientist by Stone & Webster, Inc., who obtained and evaluated information

regarding the weather in the region of the PFS facility to support an analysis of the impact of

weather on aviation activities in the region; and 2) Jeffrey R. Johns, a Licensing Engineer employed

by Stone & Webster, Inc., who was responsible for the preparation of the Applicant’s Safety

Analysis Report pertaining to accident analyses and radiation protection for the proposed facility.

“Testimony of Stephen A. Vigeant on Aircraft Crash Hazards at the PFSF - Contention

Utah K/Confederated Tribes B” (hereinafter referred to as “Vigeant”), Post Tr. x, at 1-2.  “Testimony

of Jeffrey Johns on Aircraft Crash Hazards at the PFSF - Contention Utah K/Confederated Tribes

B” (hereinafter referred to as “Johns”), Post Tr. x, at 1-2.  By stipulation of the parties, Mr. Johns’

testimony was accepted into evidence without cross-examination.  Tr. 3204-07.

2.21. Applicant witness Stephen Vigeant received a Bachelor of Science degree from

Lowell Technological Institute in meteorology and a Master’s degree in meteorology from

Pennsylvania State University.  Vigeant Post Tr. x, at 1; Vigeant Qualifications at 2.  Mr. Vigeant

has been involved in meteorological aspects of nuclear power plant licensing, environmental impact

assessment and licensing for more than 25 years.  He has provided consulting services in the

areas of climatological analyses, meteorological monitoring, meteorological field studies, and

design basis meteorological investigations.  Vigeant Qualifications at 1.  The Licensing Board finds

Mr. Vigeant to be well qualified as an expert witness on the subject of meteorology.

2.22. Applicant witness Jeffrey Johns received a Bachelor of Science degree from

Stanford University in Biological Sciences.  Johns Qualifications at 2.  Mr. Johns has 26 years of

experience in the nuclear power industry and 10 years of experience with the licensing of ISFSIs.
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Johns Post Tr. x, at 1; Johns Qualifications at 1.  He has experience in accident analyses for

ISFSIs and was responsible for determining the event classification of accidents assessed in the

Safety Analysis Report for the Fort St. Vrain ISFSI.  Qualifications at 1-2.  As a Licensing Engineer

for the  PFS project, Mr. Johns is familiar with the shielding design provisions of the HI-STORM 100

storage system, confinement design provisions of the canister, and the protection afforded the

canister by the HI-STORM 100 storage overpack from postulated events such as tornado-driven

missiles and explosions.  Johns Post Tr. x, at 1.  The Licensing Board finds Mr. Johns to be well

qualified as an expert witness on the subject of the susceptibility of the PFS facility design to

overpressure produced by an explosion.  

2.23. In addition, the Applicant presented one witness, Michael Cosby, who appeared

individually by telephone regarding his experience as a pilot who ejected from an F-16.  Tr. 3977-

4043.  Michael Cosby is an active-duty Colonel in the U.S. Air Force and is presently stationed with

the 177th Fighter Wing in Atlantic City, New Jersey.  Col. Cosby is the operations group commander

for the Fighter Wing and has been in that position for three years.  Tr. 3985.  He has over 2,500

flight hours in the F-16, with a total of 8,900 flight hours in various aircraft.  Tr. 3986. Col. Cosby

has been an F-16 pilot during his entire career in the Air Force and has served as a functional

check flight pilot, a four-ship flight lead, and an instructor pilot.  Tr. 3982, 3984, 3985.  He flew 78

combat missions during Desert Storm and flew over 308 combat sorties during Operation Northern

Watch and Operation Southern Watch.  Tr. 3984.  Col. Cosby ejected from an F-16 on April 21,

1993.  The Licensing Board finds Col. Cosby to be well qualified as an expert witness in the area

of F-16 operations, including ejection.

2.24. The Staff presented a panel of two witnesses concerning this contention.  These

were: 1) Kazimieras M. Campe, a Senior Reactor Engineer in the Probabilistic Safety Assessment

Branch, Division of System Safety and Analysis, NRC Office of Nuclear Reactor Regulation, who

reviewed the Applicant’s Safety Analysis Report (SAR) pertaining to external hazards and
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participated in the Staff’s preparation of the SER; and 2) Amitava Ghosh, a Principal Engineer at

the Center for Nuclear Waste Regulatory Analyses, a Federally-funded research and development

center, which is a division of Southwest Research Institute, in San Antonio, Texas, who also

reviewed the Applicant’s SAR pertaining to external hazards and participated in the preparation of

the Staff’s SER.  “NRC Staff Testimony of Kazimieras M. Campe and Amitava Ghosh Concerning

Contention Utah K/Confederated Tribes B (Inadequate Consideration of Credible Accidents)”

(hereinafter referred to as “Campe/Ghosh”), Post Tr. x, at 1-3.  See Staff Exh. C (SER).  

2.25. Staff witness Kazimieras Campe received Bachelor of Science and Master of

Science degrees in Mechanical Engineering from the University of Connecticut, and a Ph.D. in

Nuclear Engineering from Purdue University.  He has 30 years’ experience in the NRC (and AEC)

assessing the risk posed by external man-made hazards with respect to nuclear facilities.

Campe/Ghosh Post Tr. x, at 1.  He has reviewed aircraft crash hazards for nearly all of the nuclear

power plants in the country.  Tr. 4090, 4122.  Dr. Campe was the principal contributor for

Section 3.5.1.6, “Aircraft Hazards,” of the NRC’s Standard Review Plan, NUREG-0800, which is

utilized by the Staff in evaluating aircraft crash hazards at nuclear power reactors and other

facilities; and he currently conducts safety reviews of risks posed to nuclear facilities by external

man-made hazards, such as aircraft activity as well as other modes of transportation (e.g.,

railroads, highways, navigable waterways, and pipelines).  Campe/Ghosh Post Tr. x, at 1-2; Campe

Qualifications at 1-2.  The Licensing Board finds Dr. Campe to be well qualified as an expert

witness on the subject of the assessment of risk associated with aircraft activity.

2.26. Staff witness Amitava Ghosh has over 20 years of experience in conducting both

academic and industrial research, consulting, and teaching in mining, geological, and geotechnical

engineering.  Dr. Ghosh has experience with respect to probabilistic risk assessments and the

design of surface and subsurface facilities.  He received a Bachelor of Technology degree in

Mining Engineering from the Indian Institute of Technology, and a Master of Science and a Ph.D.
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in Mining Engineering from the University of Arizona.  Dr. Ghosh is currently the technical lead for

preclosure activities of the proposed high-level nuclear waste repository at Yucca Mountain and

is currently involved with probabilistic risk assessment, identification of hazards and initiating

events, and repository design.  Campe/Ghosh Post Tr. x, at 2; Ghosh Qualifications at 1.  The

Licensing Board finds Dr. Ghosh to be well qualified as an expert witness on the subject of the

assessment of risk and the identification and analysis of hazards posed to nuclear waste facilities.

2.27. In support of its contention, the State presented the prefiled testimony of two

witnesses.  These were: 1) Hugh Horstman, a retired U.S. Air Force Lieutenant Colonel, who has

been assisting the State with respect to this contention since 2000; and 2) Marvin Resnikoff, a

Senior Associate at Radioactive Waste Management Associates in New York, who performed

calculations on behalf of the State regarding the probability and consequences of aircraft crashes

at the Applicant’s proposed facility.  “State of Utah’s Prefiled Testimony of Lieutenant Colonel Hugh

Horstman (U.S.A.F. Retired) Regarding Contention Utah K/Confederated Tribes B” (hereinafter

referred to as “Horstman”), Post Tr. x, at 1.  “State of Utah’s Prefiled Testimony of Dr. Marvin

Resnikoff Regarding Contention Utah K/Confederated Tribes B” (hereinafter referred to as

“Resnikoff”), Post Tr. 8698, at 1.  

2.28. State witness Hugh Horstman retired from the Air Force in 1999 with the rank of

Lieutenant Colonel.  He served in the Air Force for more than 20 years as a pilot with over 2,500

hours as a pilot and over 1,000 hours as a navigator.  Lt. Col. Horstman has over 1,800 hours flying

F-16 and F-111 fighters.  Horstman Post Tr. x, at 1.  From October 1997 through June 1999, he

served as Deputy Commander of the 388th Operations Group, Hill AFB, where he commanded the

F-16 Operations Group.  The Operations Group was responsible for the administration of all 388th

Fighter Wing flying activity, including sorties flown in the UTTR.  While stationed at Hill AFB,

Lt. Col. Horstman flew over 150 training missions in the UTTR and is familiar with UTTR land and

air space, including the Military Operating Areas (MOAs).  He flew training missions as an instructor
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10  The Licensing Board, in ruling on motions in limine with respect to this contention,
excluded the State’s and the Applicant’s testimony regarding the consequences of impacts on the
proposed facility.  Tr. 3008.

pilot, flight lead, and mission commander.  Horstman Post Tr. x, at 1; Horstman Qualifications

at 1-2.  The Licensing Board finds Lt. Col. Horstman to be well qualified as an expert witness on

the subject of F-16 aircraft operations and training operations, including operations at Hill AFB.

2.29. State witness Marvin Resnikoff holds a Bachelor of Arts degree in Physics/Math and

a Master’s degree and Ph.D. in Physics from the University of Michigan.  Resnikoff Qualifications

at 1.  Dr. Resnikoff has researched radioactive waste issues for the past 27 years and has worked

on transportation issues, including cask safety for the States of Utah, Nevada, Idaho, New York,

New Mexico and Alaska.  Resnikoff Post Tr. 8698, at 2.  His experience includes the technical

review and analysis of dry cask storage designs, including proposed ISFSIs at various reactor sites

and at the proposed PFS facility.  He has conducted transportation risk assessments for the State

of Nevada and has employed various computer codes and formulas to estimate the amount of

radioactivity released and the health and economic consequences of a severe accident.  Resnikoff

Post Tr. 8698, at 3.  Dr. Resnikoff testified regarding calculations he performed pertaining to the

probability and consequences of aircraft crash impacts, including ordnance impacts, on the

proposed facility.10

2.30. With respect to Dr. Resnikoff’s expertise in the field of probability and statistics,

Dr. Resnikoff has not had formal training in statistics, although he considers himself a self-taught

statistician and has applied elementary statistics in past assignments.  Tr. 8817.  Prior to this case,

however, he has not calculated the probability of an aircraft impacting a particular site on the

ground.  Tr. 8720, 8805-06.  Likewise, prior to this case, he has not performed studies or work

pertaining to the probability of impacts of external events to facilities.  Tr. 8806.  Therefore, in this

regard, the Licensing Board considers Dr. Resnikoff to be qualified to testify as an expert only with
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respect to the calculations he performed using the NUREG-0800 equation to derive the probability

of aircraft crashes at the Applicant’s proposed facility.

2.31. In addition, the State presented one witness, Col. Frank P. Bernard, who appeared

individually regarding his experiences as a pilot who ejected from an F-16.  Tr. 3880-3932.

Col. Bernard served in the Air Force from 1967 to 1972 and served in the Air Force Reserve from

1972 until 1993.  He has flown airplanes throughout the duration of his career -- in particular the

F-105, the D-29, the D-39 and the F-16.  Tr. 3881.  He has accumulated approximately 1200 flight

hours in the F-16 and approximately 3500 total aircraft flight hours.  Tr. 3881-82.  Col. Bernard was

stationed at Hill AFB from 1973 until his retirement.  Tr. 3881.  The Licensing Board finds

Col. Bernard to be well qualified as an expert witness in the area of F-16 operations, including

ejection.

2.32. As more fully set forth below, having considered the testimony and other evidence

presented by the parties, we find that the evidence supports a conclusion that the cumulative

probability of a civilian or military aircraft crashing at or affecting the PFS facility (including

jettisoned ordnance) is within the acceptance criterion of 10-6 per year and that reasonable

assurance exists that civilian or military air crash accidents (including jettisoned ordnance) do not

pose a significant hazard to the facility.  Our evaluation of these matters follows in the discussion

below.

2.33. In the following discussion, we consider, first, the hazard posed to the PFS facility

from F-16s transiting Skull Valley; second, the hazard posed by jettisoned ordnance; third, the

hazard posed by air-to-air combat training on the UTTR; fourth, the hazard posed by aircraft flying

on the Moser Recovery Route (MRR); fifth, the hazard posed by aircraft flying to and from Michael

Army Airfield (MAAF) on military airway IR-420; and sixth, the cumulative hazard to the PFS facility

from aircraft accidents and jettisoned ordnance.
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D. The Hazard Posed to the PFS Facility from F-16s Transiting Skull Valley

The Skull Valley Setting

2.34. The proposed PFS facility is located on the Reservation of the Skull Valley Band of

Goshute Indians in Skull Valley, Utah, approximately 50 miles southwest of Salt Lake City.  The

Cedar Mountains, on the west side of the Valley, are approximately 10 miles to the west of the

proposed site, and the Stansbury Mountains, on the east side of the Valley, are approximately

10 miles to the east.  See PFS Exh. P (map); Staff Exh. C (SER) at 2-3.

2.35. The Utah Test and Training Range (UTTR), located in Utah’s west desert, is

comprised of both an on-ground training range and training airspace.  The UTTR airspace is

divided into a North Area, which is situated on the western shore of the Great Salt Lake, and a

South Area, located to the west of the Stansbury Mountains, south of Interstate 80.  The UTTR

airspace overlies Skull Valley.  See PFS Exh. P (map).

2.36. The proposed PFS facility site is located beneath the northern boundary of the

Sevier B MOA, which is part of the UTTR airspace over Skull Valley.  At the facility location, the

Sevier B MOA extends approximately 2 miles to the west of the site and 10 miles to the east.  The

Sevier B MOA has a ceiling of 9,500 feet above mean sea level (MSL), which is approximately

5,000 feet above ground level (AGL) at the facility location.  See State Exh. 42 (MOA usage report);

Staff Exh. C (SER) at 2-3, 15-51; PFS Exh. P.

2.37. The Sevier D MOA overlies the Sevier B MOA.  It begins at an elevation of 9,500

feet above MSL (5,000 feet AGL), and extends to Flight Level 180, which is approximately 13,750

feet AGL.  Both the Sevier B MOA and the Sevier D MOA are approximately 145 miles long and

extend more than 100 miles south of Skull Valley.  See State Exh. 44 (MOA usage report); Staff

Exh. C (SER) at 15-59; Campe/Ghosh Post Tr. x, at 9.

2.38. Approximately two miles west and south of the proposed PFS facility site is UTTR

restricted airspace, designated as R-6402 and R-6406.  These restricted areas are authorized for
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air-to-ground training, air-to-air training, and major exercise deployment.  No aircraft, military or

civilian, may enter restricted airspace without specific clearance.  See State Exh. 45 (MOA usage

report); PFS Exh. P (map); Cole/Jefferson/Fly Post Tr. x, at 12.

NUREG-0800 Methodology

2.39. Central to any determination of the probability of military aircraft crash accidents at

the proposed facility is an evaluation of the appropriate methodology used to calculate the

probability of such events.

2.40. The methodology contained in the “Standard Review Plan for the Review of Safety

Analysis Reports for Nuclear Power Plants,” NUREG-0800, is applicable for reviewing and

evaluating aircraft hazards with respect to an ISFSI.  In this regard, the Commission has

specifically determined that the Staff’s consideration of the formulas in NUREG-0800 for calculating

air craft probability with respect to a Part 72 facility is appropriate.  See Private Fuel Storage, L.L.C.

(Independent Spent Storage Facility), CLI-01-22, 54 NRC 255, 264 (2001).

2.41. As described in NUREG-0800, Section 3.5.1.6, “Aircraft Hazards,” the Staff uses

probabilistically based screening criteria in determining the acceptability of an aircraft hazard with

respect to a nuclear facility site.  Campe/Ghosh Post Tr. x, at 5-6.  See PFS Exh. RRR

(NUREG-0800, Section 3.5.1.6).  The Staff reviews an applicant’s assessment of aircraft hazards

to a facility and determines whether those hazards should be incorporated into the facility’s design

bases.  PFS Exh. RRR at 1.  Campe/Ghosh Post Tr. x, at 6.

2.42. In accordance with the review guidelines described in NUREG-0800,

Section 3.1.5.6, “Aircraft Hazards,” the Staff reviews all potential aircraft activity in the vicinity of

a nuclear facility, such as a reactor or an away-from-reactor ISFSI site.  This review includes the

consideration of general, commercial, and military aviation.  Campe/Ghosh Post Tr. x, at 7.  The

review covers specific aviation aspects such as nearby airways and airports, taking into account

aircraft types, air traffic density, and specific airway and airport characteristics.  Id.
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2.43. NUREG-0800 provides that in situations in which an aviation corridor passes through

the vicinity of a site, the probability per year of an aircraft crashing into the plant should be

estimated  and will depend on a number of factors.  In this regard, NUREG-0800 specifies one way

of calculating this probability through the use of the following expression:

P = C x N x A/w

where:

C = in-flight crash rate per mile for aircraft using the airway,

w = width of the airway (plus twice the distance from the airway edge to
the site when the site is outside the airway) in miles,

N = number of flights per year along the airway, and

A = effective area of the plant in square miles.

PFS Exh. RRR (NUREG-0800, Section 3.5.1.6) at 3-4.

2.44. The Applicant accounted for the reduction in crash impact probability arising from

a pilot’s potential ability to avoid striking the PFS facility site in the event of a crash by applying a

factor “R” to the NUREG-0800 formula.  Cole/Jefferson/Fly Post Tr. x, at 17.  Thus, the Applicant

modified the NUREG-0800 formula to state: P = C x W x N x A/w x R.  Id. at 15.  We consider the

use of the R factor to be a central issue with respect to this contention in that the use of the

R factor has been the subject of most of the testimony with respect to this contention.  We treat

the acceptability of its application and derivation below.

2.45. First, we note that NUREG-0800, as a guidance document, does not set forth any

legally binding requirements.  PFS, CLI-01-22, 54 NRC at 264.  That document itself recognizes

that an applicant may propose an acceptable alternative method than those methods presented

therein.  See PFS Exh. RRR (NUREG-0800, Section 3.5.1.6) at 7.  Further, with respect to the

four-factor formula, P = C x N x A/w, NUREG-0800 recognizes that this formula is only “one way”

of calculating the probability of an aircraft crash.  Id. at 3.  Therefore, NUREG-0800 does not
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prohibit the use of an R factor as the Applicant has done.  Tr. 4183.  The issue before us then is

whether the use of the R factor as applied to the NUREG-0800 formula is an acceptable method

for determining the probability of an aircraft crash.

Application of the R Factor

2.46. Gen. Jefferson testified that he performed the calculations regarding the

NUREG-0800 formula.  Tr. 3189.  His purpose in using the R factor was to account for the fact that

pilots can and do avoid ground sites when they are in emergency situations and are about to crash.

Tr. 3192.  Therefore, the R factor was used to bring realism to the NUREG-0800 formula.  Id.

2.47. The State raises two principal arguments against the use of the R factor:  first, that

there is no reference to the concept of pilot avoidance in NUREG-0800 or in any DOE documents

that address aircraft crash hazards; and, second, that the use of the R factor reduces the impact

probability from the probability that would obtain without its use by 85.5 percent.  Resnikoff Post

Tr. 8698, at 8.  The State also argues that the data relied upon by the Applicant for deriving the

R factor are subjective assessments determined from accident reports.

2.48. We find that although there is no reference in NUREG-0800 or DOE guidance to the

R factor or to the possibility that a pilot would avoid a ground site, the fact that a given methodology

may not have been used previously does not mean that it is unacceptable.  Here, we consider pilot

avoidance to be a realistic consideration.  Gen. Cole, Gen. Jefferson, and Col. Fly all testified that

Air Force pilots would steer and avoid the PFS facility if they had time and ability to control the

airplane.  Tr. 3776-78.  Lt. Col. Horstman also testified that he is in “complete agreement” that a

pilot would intentionally avoid the PFS site, given the right set of circumstances.  Tr. 4229.

Therefore, the absence of a discussion of pilot avoidance in NUREG-0800 does not demonstrate

that it is an unrealistic or unreasonable consideration.  In fact, we recognize that the United

Kingdom Atomic Energy Authority views the issue of pilot avoidance as an acceptable
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consideration in performing site specific aircraft crash assessments.  See PFS Exh. TTT, “A

Method for the Site-Specific Assessment of Aircraft Crash Hazards.”  That report provides:

Having defined an aircraft accident, it is necessary to decide which
sub-set of these events is relevant from the point of view of crashes
onto an installation.  For military aircraft crashing in the U.K. it is
reasonable . . . to exclude from these accidents those where
significant pilot control was indicated just before impact.  This
exclusion is a reflection of an observed ‘pilot avoidance’ as
discussed further . . . and tends to remove about half the total
number of Category 4 and 5 accidents.

See PFS Exh. TTT at 3 (emphasis added).  Therefore, based on the universal recognition that

pilots will attempt avoidance and the consideration of avoidance as a factor in the U.K. report, we

consider a modification of the NUREG-0800 methodology to account for pilot avoidance to be

acceptable.

2.49. State witness, Dr. Resnikoff, testified that the additional formula component R added

by PFS “dramatically” alters the NUREG-0800 methodology.   Resnikoff Post Tr. 8698, at 8.  By

this he meant, in part, that the use of the R factor accounted for an 85.5 percent reduction.

Tr. 8819.  With respect to the State’s concern that the use of the avoidance factor reduces the

result by 85 percent, Dr. Campe testified that the change to the result is not relevant to a

consideration of whether the use of the R factor is acceptable.  Tr. 4108-09.  Rather, a reviewer

must evaluate the factors underlying that number to determine whether a reasonable basis exists

to account for the number.  Tr. 4109.  We find this to be a reasonable approach.

2.50. In our evaluation of the aircraft crash probability with respect to F-16s flying through

Skull Valley, we will address each of the input values of the NUREG-0800 formula, including the

derivation of the value for the R factor, separately, as follows:

1.  “A” Effective Area of the Facility

2.51. We find that the parties are in accord with respect to the calculation of the effective

area of the PFS facility.  See Cole/Jefferson/Fly Post Tr. x, at 16; Resnikoff Post Tr. x, at 15;
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Campe/Ghosh Post Tr. x, at 27-28.  The effective areas of the Canister Transfer Building and the

cask storage area were estimated separately using formulas and information provided in DOE

Standard STD-3014-96.  The DOE Standard is consistent with the guidelines given in

NUREG-0800, Section 3.5.1.6, “Aircraft Hazards.”  See Staff Exh. C (SER) at 15-44; 15-68.

Inasmuch as no dispute exists with respect to the value for the effective area of the facility, we find

the value “A” to be 0.1337 square miles for application in the modified NUREG-0800 formula.

2.  “C” In-flight Crash Rate Per Mile

2.52. The F-16 crash rate per mile of flight is a factor that must be included in the

NUREG-0800 calculation.  Campe/Ghosh Post Tr. x at 11.  See also PFS Exh. RRR

(NUREG-0800), at 3.5.1.6-3 through 3.5.1.6-4.

2.53. The Applicant considered the F-16 crash rate per mile of flight to be 2.736 x 10-8 in

normal in-flight mode.  Cole/Jefferson/Fly Post Tr. x, at 16.  In deriving this number, the Applicant

took an average of the crash rates for the F-16 in normal in-flight operations over the 10-year

period from 1989 to 1998.  Id.

2.54. The Applicant derived the F-16 crash rate by using data obtained from a DOE study

and from the Air Force.  The DOE study is entitled, “Data Development Technical Support

Document for the Aircraft Crash Risk Analysis Methodology (ACRAM) Standard,” Kimura, et. al

(1996) (ACRAM study).  State Exh. 51 (ACRAM study).  The ACRAM study provides F-16 crash

rate data for the period from 1975 through 1993.  State Exh. 51 at 4-1 (ACRAM study).  See also

Campe/Ghosh Post Tr. x, at 11.  The ACRAM study categorizes the crash rate data by mode of

flight - - (i.e. take off, landing, normal in-flight, and special operation).  Id.  Normal in-flight is

defined as “climb to cruise, cruise between an originating airfield and an operations area, if

applicable, and cruise descent portions” of flight.  State Exh. 51, at 4-5.  The Applicant considered

the normal in-flight mode as representative of the conditions in which F-16s transit Skull Valley.
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Campe/Ghosh Post Tr. x, at 11.  The ACRAM study identifies the F-16 normal in-flight crash rate

per mile as 3.86 x 10-6.  State Exh. 51, at Table 4.8.

2.55. The Applicant updated the DOE ACRAM study normal in-flight crash rate with data

obtained from the Air Force for the period from 1994 through 1998.  See PFS Exh. N (Aircraft

Crash Report) at 8-11; Staff Exh. C (SER) at 15-52.  The Air Force provides mishap rates,

categorized in terms of the number of crashes per 100,000 hours of flight for each type of aircraft.

Id.  The Air Force defines a Class A mishap as one that results in total property damage at or

above $1 million, a destroyed aircraft, or a fatality.  Thus, the destroyed aircraft rate is a subset of

the Class A mishap rate.  A Class B mishap results in total property damage between $200,000

and $1 million.  Campe/Ghosh Post Tr. x, at 12.

2.56. The Applicant updated the normal in-flight crash rate obtained from the ACRAM

study with the data obtained from the Air Force.  The Applicant combined the ACRAM data for the

years from 1975 through 1993 with the Air Force data for the years from 1994 to 1998 to derive a

crash rate based on a 10-year period for the years1989 through 1998.  Staff Exh. C (SER) at

15-52.  The Applicant determined the F-16 normal in-flight crash rate for the 10-year period to be

2.736 x 10-8 mishaps per mile of flight.

2.57. The State finds fault with the Applicant’s calculation of the crash rate in two principal

respects.  First, the State argues that the Applicant’s derivation of the crash rate does not take into

account the expected increase in the crash rate at the end of the F-16's service life or the expected

increase in the crash rate during the initial years of the replacement aircraft for the F-16.  Horstman

Post Tr. x, at 14.  Second, the State argues that the Applicant’s use of the 10-year period from

1989 through 1998 does not provide a basis for a realistic estimate of the crash rate, because the

F-16 crash rate for the period from 1989 through 1998 is the lowest of any 10-year period during

the F-16's 25-year history.  Id.  The State therefore asserts that the F-16 crash rate should be

based on the entire service life of the F-16.  Id.
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a.  The Bathtub Effect

2.58. The State asserts that crash rates vary over the service life of fighter aircraft in that

fighter aircraft experience crash rates that are higher at both the beginning and end of service life

than during the middle years.  Horstman Post Tr. x, at 13.  This phenomenon is referred to as the

bathtub effect.  Id.  The State asserts that, as a result of the bathtub effect, the Applicant must

base the crash rate on the entire service life of the F-16 to account for the high initial and end-of-life

crash rates.

Beginning-of-life Crash Rates

2.59. The State asserts that the replacement fighter aircraft for the F-16 is likely to have

high initial crash rates, similar to those of other fighter aircraft.  Horstman, Post Tr. x, at 14.  The

Applicant and the Staff take the position that the replacement aircraft is expected to be safer than

the F-16 during its introduction and throughout its total life cycle.  See infra, at 27.

Cole/Jefferson/Fly Post Tr. x, at 32; Tr. 8656; Tr. 3367-68; Tr. 3370; Campe/Ghosh Post Tr. x,

at 15.

2.60. Regarding the replacement for the F-16, the evidence suggests that it will likely be

another single engine fighter and most probably the F-35 Joint Strike Fighter.  See Horstman Post

Tr. x, at 13-14; Cole/Jefferson/Fly Post Tr. x, at 22-23; Tr. 3368-69; State Exh. 54, (DOD

October 26, 2001 News Release); State Exh. 55, (DOD October 26, 2001 News Transcript).  The

F-35 is a stealth-type aircraft currently in research and development.  Cole/Jefferson/Fly Post Tr. x,

at 22-23.  Presently, the Air Force plans to purchase 1,763 F-35s.  Tr. 3371.  The State asserts that

it is reasonable to assume the Air Force will initiate F-35 training well within the planned life of the

PFS facility and that the F-35 will be flown over Skull Valley.  Horstman Post Tr. x, at 14. 

2.61. In considering whether the replacement for the F-16 will come to Hill AFB early in

its lifetime so as to exhibit a high crash rate, the time in the aircraft’s lifetime in which it actually

comes to Hill AFB is relevant.  See Resnikoff, Tr. 8730.  In this regard, we note that the first flights
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of the F-35 will likely not take place at Hill AFB.  Cole/Jefferson/Fly Post Tr. x, at 33. The first

delivery of operational F-35s is anticipated in FY 2008.  See State Exh. 54 at 2.  The program will

use a phased-block approach that provides for initial operational capability requirements.  State

Exh. 54 at 2.  The first operational F-35s will go to the Marines, with an initial operational capability

in 2010.  Cole/Jefferson/Fly Post Tr. x, at 33.  The Air Force will receive them next, achieving initial

operational capability in 2011.  Since the Marines will be flying their F-35s first, the Air Force will

be able to correct the problems encountered by the Marines.  Id.  Further, the Air Force has not

decided where it will base the F-35s, and it is likely that the first Air Force F-35s will go to Luke AFB

because F-16 training is currently conducted there.  Id.  Therefore, we find that the initial years of

life of the replacement aircraft will not likely be spent at Hill AFB.

2.62. In support of its assertion regarding the high initial crash rates of the replacement

aircraft for the F-16, the State prepared a bar chart showing the F-16 Class A mishap rate for each

year from 1975 to 2001.  See State Exh. 154 (F-16 crash history).   The State’s bar chart shows

high mishap rates in the early years of the F-16 history.  In particular, the first year, 1975, shows

a mishap rate of 621 mishaps per 100,000 flight hours.  Id.  However, only one Class A mishap

occurred during the 161 hours flown that year.  See State Exh. 154 at 2.  A similar phenomenon

is seen with respect to 1976:  the mishap rate was very high, but only one Class A mishap actually

occurred during the 226 hours flown that year.  In 1977 and 1978, the crash rate plummeted to

zero, because no mishaps occurred at all.  In 1979, 1980, and 1981, there were only 2, 5, and 5

mishaps, respectively, and the cumulative flight hours remained below 100,000.  It was not until

1982 that the F-16 reached 100,000 cumulative flight hours.  Id.

2.63. With respect to the high levels in aircraft introductory accident rates, the Applicant

asserts that these rates involved few accidents accompanied by relatively few flight hours.  For

example, the higher crash rate spikes at the beginning of the service life of the F-16 are based on

so few hours that they are not representative of flights that would take place at Hill AFB.  Tr. 3364.
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The Applicant argues that if the replacement aircraft for the F-16 were to be stationed at Hill AFB

as its first base and experienced an increased rate for a few years while the inventory was building

up, the risk to the PFS facility would be lower due to the fewer introductory aircraft flying.

Cole/Jefferson/Fly Post Tr. x, at 32.   

2.64. The NRC Staff agrees that it would not be appropriate to base the crash rate on the

early years of the F-16’s history because those early years represent very few flight hours.

Tr. 8895.  Further, the first delivery of F-16 aircraft to an operational unit of the Air Force did not

take place until 1979, and, therefore, the first 4 years in the Class A mishap database did not

involve aircraft in operation at any base.  Tr. 8558.  Thus, it would not be appropriate to apply a

crash rate based on very low total flight hours to determine the risk associated with flights

emanating from Hill AFB at an operational rate of 5,000 to 7,000 flights per year.  Tr. 8895.  Based

on the low number of hours in the early years of the Class A mishap history of the F-16, we do not

consider the high mishap rates in those years to be suitable for consideration in the overall crash

rate.  Accordingly, we find that the evidence produced by the State does not demonstrate a bathtub

effect with respect to the initial aircraft crash rates.  Therefore, when considering the overall crash

rate, we find that it is not appropriate to take into consideration the early years of the F-16 mishap

history.

2.65. We next address the Applicant and Staff’s arguments that the annual crash rates

are generally declining due to improvements with respect to newer aircraft.  See Cole/Jefferson/Fly

Post Tr. x, at 26-31; Campe/Ghosh at 14-15; Staff Exh. C (SER) at 15-52 and 15-61.  To show a

decline in aircraft crash rates, the Applicant relies on the entire Air Force fleet crash history, the

general decline in initial accident rates for succeeding generations of aircraft, and improvements
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11  During the course of the hearing, the designation of the Applicant’s exhibits changed
from a system based on letters to one based on numbers.   The Applicant’s lettered exhibits run
from PFS Exh. A through PFS Exh. ZZZ.  Following PFS Exh. ZZZ, the numbered exhibits start
with PFS Exh. 79.

with respect to newer aircraft.  See PFS Exh. 8211 (USAF History CY47-FY 98); Cole/Jefferson/Fly

Post Tr. x at 31-33.

2.66. First, the Applicant and Staff assert that the broad trend shows that accident rates

for Air Force single engine fighter aircraft have decreased greatly over the past 50 years.

Cole/Jefferson/Fly Post Tr. x, at 31; see also PFS Exh. N (Aircraft Crash Report) at Fig. 2.  The

history of Air Force Class A, Class B, and destroyed aircraft accident rates from 1947 to 1998

shows that the rates are generally decreasing.  See PFS Exh. 83 (USAF history CY47 - FY98); see

Horstman, Tr. 8731-32.  In fact, every few years, the Air Force typically announces a new low in

the overall crash rate due to aircraft improvements.  Tr. 4398-99.  

2.67. The Applicant and the Staff assert that the declining crash rate is due to

improvements with respect to newer aircraft. The evidence in the record shows that aircraft

accident rates are decreasing generally for the total Air Force aircraft inventory because of better

maintenance and parts control, improved inspections, better built-in tests and fault reporting,

enhanced pilot training, and other improvements.  Cole/Jefferson/Fly Post Tr. x, at 30.  See also

Horstman, Tr. 4401-02 (Air Force experiencing better practices, procedures, analytical tools and

technology).  In addition, aircraft control systems and instrumentation have also improved markedly

over the recent years with advances in electronics and computer power.  Cole/Jefferson/Fly Post

Tr. x, at 32.  In this respect, a further reduction in introductory aircraft crash rates can be expected

due to computer-modeled aircraft designs, as well as the large scale use of high-fidelity simulator

training for pilots, which enables pilots to know the characteristics of an aircraft before actually

flying it.  Id.
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2.68.  The evidence in the record also shows that the Air Force provides resources to

maintain safe flying operations and reduce accident rates.  Cole/Jefferson/Fly Post Tr. x, at 31.

In this regard, Air Force commanders routinely reallocate resources to reduce and manage risk.

Id. at 30.  Further, maintenance of aircraft is getting significantly better due to computer

assessments and highly-qualified maintenance personnel, who look for impending failures.

Tr. 3377.  The Air Force routinely inspects aircraft for signs of wear and replaces parts well before

expected failures.  Cole/Jefferson/Fly Post Tr. x, at 31.  Inspections are performed before and after

each flight, and major inspections are performed on the basis of hours flown.  Id. 

2.69. The NRC Staff likewise asserts that the Air Force is replacing older and less capable

aircraft with modern, more advanced aircraft.  Campe/Ghosh Post Tr. x, at 46.  Because newer

aircraft is typically more costly than the aircraft being replaced, significant resources are spent on

research, improved design, manufacturing, and quality control so as to make the aircraft safer to

operate.  Id. at 46-47.  This assertion is supported by Gen. Cole, a former Air Force Chief of Safety,

who expects the F-16 replacement to have an improved design, improved engine reliability,

improved technology, and improved pilot selection, pilot training, and human factors training.

Tr. 3370-71. 

2.70. The Applicant and Staff additionally argue that introductory aircraft crash rates have

been generally declining over time.  Cole/Jefferson/Fly Post Tr. x, at 32; Campe/Ghosh Post Tr. x,

at 47.  In this regard, the Applicant introduced in evidence a chart showing that initial accident rates

for single engine fighters have decreased significantly since 1950.  Id.  See PFS Exh. N (Aircraft

Crash Report) at Fig. 2 (Comparative Single - Engine Fighter/Attack Class A Flight Mishap Rates

 - - after first 100,000 hours).  The Applicant’s chart shows accident rates for aircraft introduced

over time and shows that new aircraft generally have lower initial accident rates than their

predecessors.  Tr. 8656.   Based on the trend shown, new aircraft using the latest technology are

expected to have initial accident rates even lower than any previous fighter aircraft.
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2.71. Based on improvements to newer aircraft models, the decreasing introductory

aircraft crash rates, and the overall decreasing aircraft crash rates, we find that the initial crash rate

for the replacement aircraft for the F-16 is expected to be lower than any prior initial rate.

Therefore, we find that the Applicant’s crash rate is conservative with respect to flights of the

replacement aircraft of the F-16 over Skull Valley during the licensed life of the PFS facility.

End-of-life Crash Rates

2.72. Regarding the presence of the bathtub effect during the end of the F-16's service

life, the State’s witness, Lt. Col. Horstman, believes that the F-16 will reach the end of its service

life within 10 years and that the crash rate for the F-16 will increase during its remaining years of

service as a result of the bathtub effect.  Horstman Post Tr. x, at 13.  He testified that the rise in

crash rates is due to fewer new replacement parts and the aircraft becoming more difficult to

maintain as the fleet ages.  Horstman Post Tr. x, at 13.

2.73. In support of its assertion, the State claims that the F-16 crash rate data shows a

decreasing trend, followed by a steady trend, followed by an increasing trend in the most recent

years.  Resnikoff Post Tr. 8698, at 10.  In this regard, the State’s witness, Dr. Resnikoff, combined

the Class A and Class B F-16 mishap rates to determine the rolling averages for the past 10 years.

Starting with the year 1991, Dr. Resnikoff figured the 3-year average, 5-year average and 10-year

average for each year, and tabulated the rolling averages by year in three columns on a chart.  Id.

The 3-year average increased from 1998-2000; the 5-year average increased from 1996 to 2000,

and the 10-year average increased from 1998 to 2000.  Id.

2.74. The Applicant presented evidence suggesting that use of the Class B mishap rate

does not represent a suitable crash rate for the purpose of analyzing crash rate trends with respect

to the PFS facility. 

2.75. We note that a Class B mishap does not represent a destroyed F-16 or an aircraft

hitting the ground.  See Resnikoff, Tr. 8733.  See also Campe/Ghosh Post Tr. x, at 12 (Class B
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mishap results in total property damage between $200,000 and $1 million).  Thus, Dr. Resnikoff’s

consideration of Class B mishaps results in an increase to the crash rate not brought about by

crashes that would pose a hazard to the PFS facility.  See Resnikoff, Tr. 8744-45.  Therefore, we

find that Dr. Resnikoff’s inclusion of Class B mishap rates in his analysis is not representative of

the risk to the PFS facility.

2.76. Further, Dr. Resnikoff’s inclusion of Class B mishap rates in his analysis increases

the Class A mishap rate by 10 to 15 percent.  See Resnikoff, Tr. 8745-48.  Further, in 2000 and

2001, the Class B mishap rate as a fraction of the total Class A and Class B mishap rates is much

higher than 10 or 15 percent.  Id.  See also State Exh. 154 (F-16 crash history) at 2.  These years,

however, do not represent an increase in actual mishaps.  In this respect, Gen. Cole explained that

during 2000, the DOD decided to classify engine-contained mishaps as Class B mishaps.

Tr. 8862-63.  Engine-contained mishaps do not cause damage to the aircraft in aggregate and do

not involve an aircraft crash.  Id.  Prior to 2000, engine-contained mishaps were listed in a separate

category, Category J.  Tr. 8861.  Therefore, from 2000 to 2001, the Air Force increased the total

Class B count to approximately 10 as a result of the inclusion of engine-contained mishaps in

Class B.  Id.  Therefore, we find that Dr. Resnikoff’s inclusion of Class B mishap rates in his

analyses overestimates the crash rate applicable to the PFS facility.

2.77. The Applicant asserts that the destroyed aircraft mishap rate more closely

represents accidents resulting from aircraft crashes into the PFS facility.  In this regard, the

ACRAM study states:

For some facilities, particularly hardened structures, a more
appropriate estimate of a crash frequency may be one based on only
considering impact mishaps in which the crashing aircraft was
destroyed. 

See State Exh. 51 (ACRAM study), at 4-5 (emphasis added).  In this regard, the Canister Transfer

Building is a massive reinforced concrete structure, and the storage casks are steel and concrete
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cylindrical structures.  See Staff Exh. C (SER) at 5-7 and 5-19.  We consider the PFS to be a

hardened facility such that any hazard posed to it with respect to an F-16 crash would result in the

destruction of the F-16.  In this regard, Gen. Jefferson testified that a destroyed aircraft, rather than

an aircraft sustaining damage but able to recover, would be a threat to the facility.  Tr. 3731.

Dr. Resnikoff agreed that crash rates that do not involve destroyed aircraft would not be indicative

of the hazard posed to the PFS facility.  See Tr. 8727 (“the point is correct, but it seems

inconsequential”).  Therefore, we find that the use of crash rate data for F-16 destroyed aircraft

results in a more appropriate estimate of crash frequency.

2.78. Turning to the crash rate history for F-16 destroyed aircraft, we find that the crash

rates for F-16 destroyed aircraft from 1995-2001 are not increasing.  See  State Exh. 154 (F-16

crash history) at 2.  In fact, the 7 most recent years, from 1995 through 2001, show generally lower

crash rates than the 6 years from 1989 through 1994.  See Resnikoff, Tr. 8751.  See also PFS Exh.

VVV (graph of F-16 destroyed aircraft rates per 100,000 flight hours from FY 89-01).  Therefore,

we find that with respect to the most appropriate category - - F-16 destroyed aircraft - - the crash

rates are not increasing.  

2.79. The State further asserts that the results of a Spearman Rank Correlation test show

that annual F-16 crash rates are increasing with time.  Resnikoff Post Tr. 8698, at 12.  With respect

to the use of the Spearman Rank Correlation test, we find first that the Spearman Rank Correlation

test evaluates whether there is a relation between the ranking of one variable and that of another.

Id. at 11.  The Spearman Rank Correlation test does not use actual data to determine a correlation.

Id.  Rather, it ranks each set of data from lowest to highest, then computes a correlation coefficient

based on these rankings.  Id. The Spearman Rank Correlation test then calculates a correlation

based on the rankings of each data value, rather than on the numbers themselves, to see if there

is a correlation.  Resnikoff Post Tr. 8698, at 11.  
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2.80. The State’s witness, Dr. Resnikoff, performed a Spearman Rank Correlation test

on F-16 Class A and Class B mishap data, covering a period of 6 years - - from 1995 through 2000.

Tr. 8771.  He performed the test to determine whether there is a relationship between an increase

in F-16 crash rates and an increase in year, which he considers to be a surrogate for the age of

the aircraft.  Resnikoff, Post Tr. 8698, at 11-12.  According to Dr. Resnikoff, the results of the

Spearman Rank Correlation test show a correlation between increasing crash rate and increasing

year since 1995.  Id. at 12.

2.81. The Applicant asserts that the Spearman Rank Correlation test provides a lesser

quality of data than other tests and that the 6-year data sample tested did not result in a valid

representation of crash rate trends.  In this respect, the Applicant asserts that the Spearman Rank

Correlation test is used when data is available in rank, but the interval scale is not available.  See

Jefferson, Tr. 8863.  Thus, the Spearman Rank Correlation test is used primarily in behavioral

sciences, such as in experiments in which people rank their orders of preference.  Id.  It provides

a lesser quality of data than tests that consider interval data, such as linear regression analyses.

Id.  Therefore, if the Spearman Rank Correlation test is applied to numerical data, information may

be lost.  Tr. 8863-64.

2.82. With respect to the argument that the 6-year data sample used in the Spearman

Rank Correlation test did not result in a valid representation of crash rate trends, we note that

Dr. Resnikoff selected the time frame for the data sample in his analysis on the basis of “an

apparent increase,” and he wanted to determine whether the apparent increase was statistically

significant.  Tr. 8812-13.  He agreed, however, that to select data prior to the performance of

hypothesis testing requires a good reason other than mere inspection of the data.  Tr. 8818.  He

did not provide such a reason.  

2.83. Further, we previously noted that Dr. Resnikoff has had no formal training in

statistics, although he considers himself a self-taught statistician and has applied elementary
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statistics in past assignments.  See supra, at 16.  See also Tr. 8817.  Prior to this case, however,

he has not calculated the probability of an aircraft impacting a particular site on the ground.

Tr. 8720.  Tr. 8805-06. Tr. 8817.  Likewise, prior to this case, he has not performed studies or work

pertaining to the probability of impacts of external events to facilities.  Tr. 8806.  Therefore, in this

regard, we considered Dr. Resnikoff to be qualified to testify as an expert only with respect to the

calculations he performed using the NUREG-0800 equation to derive the probability of aircraft

crashes at the Applicant’s proposed facility.  We therefore do not consider Dr. Resnikoff to be an

expert with respect to the science of statistics so as to speak to the significance of the Spearman

Rank Correlation test.

2.84. Dr. Resnikoff could not recall if he performed a Spearman Rank Correlation test on

any other sample size or range of years other than the 6 years used.  Tr. 8772-77.  Tr. 8808-09.

In this regard, we note that the preliminary Yucca Mountain aircraft crash assessment asserts that

“six data points leaves too few degrees of freedom to carry out any meaningful statistical analysis.”

See State Exh. 157 (Preliminary Yucca Mountain Aircraft Crash Assessment) at 5.

2.85. Further, we find that the 6-year period analyzed by Dr. Resnikoff is the only data

range ending in 2000 that shows a positive correlation.  In this regard, the Staff’s witness,

Dr. Ghosh, performed several Spearman Rank Correlation tests on crash rate data for F-16

Class A and Class B mishaps - - the same data category used by the State.  Tr. 8888.  See Staff

Exh. KK, (Spearman Rank Correlation analysis).  Starting with 1979, Dr. Ghosh performed a

Spearman Rank Correlation test for each year up to 1997, using a range from the test year up to

2001.  Tr. 8888-89.  In the 19 tests performed, the sample for the years 1996 to 2001, the sample

used by Dr. Resnikoff, results in the only positive correlation.  Staff Exh. KK.  All the other years

show either no correlation or a negative correlation.  Id.  Clearly, the single positive correlation is

a direct consequence of the data selection process rather than any result of the Spearman Rank

Correlation Test.  



- 35 -

2.86. We find that based on: 1) Dr. Resnkioff’s selection of the data prior to the

performance of any test on it; 2) Dr. Resnikoff’s  inexperience in the science of statistics; 3) the fact

that the data sample he used resulted in the only positive correlation; and 4) the general

inappropriateness of the use of a Spearman Rank Correlation test for this type of analysis - -  the

State’s use of the Spearman Rank Correlation test lacks relevance and reliability.  Therefore, the

results of the State’s Spearman Rank Correlation test do not demonstrate an increasing trend in

crash rate. 

2.87. The State next asserts that the results of a linear regression analysis show a strong

positive linear correlation between the F-16 crash rate and the increasing year.  Resnikoff Post

Tr. 8698, at 12.  In this regard, the State’s witness, Dr. Resnikoff, performed a linear regression

analysis on F-16 crash data, covering the years 1995 through 2000, as updated with 2001 data.

As with the Spearman Rank Correlation test, Dr. Resnikoff could not recall if he had not performed

a linear regression on any other range of years.  Tr. 8807-08.  As before, we consider the use of

the sample size selected by Dr. Resnikoff to result in an invalid representation of the F-16 crash

rate.  

2.88. In this respect, we note that the Staff evaluated a broader range of data that did not

depict an increasing crash rate in the latter years of the F-16 database.  The Staff’s witness,

Dr. Ghosh, performed several linear regression analyses for F-16 Class A and Class B mishaps --

the same data category used by the State.  Starting with 1979, Dr. Ghosh performed a linear

regression analysis for each year, using a range from the test year up to 2001.  Tr. 8900-01.  See

Staff Exh. LL (F-16 linear regression analysis).  In the 21 tests performed, only 3 - - those for 1994,

1995, and 1996 - - show a positive correlation.  All the other years show either no correlation or a

negative correlation.  Id.

2.89. We find that the results of the State’s linear regression analysis do not demonstrate

an increasing trend in crash rate.
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2.90. The Applicant and the Staff argue that the bathtub effect is not present with respect

to the end of life of the F-16.  The Applicant supported its position with an analysis of the destroyed

accident statistics for the F-16 and other fighter aircraft: the F-16A, F-15A, F106, F-111, and F-4.

See PFS Exh. Q - PFS Exh. V.  The Applicant used the destroyed aircraft statistics to focus on

accidents that could reasonably pose a threat to the facility.  Cole/Jefferson/Fly Post Tr. x, at 28.

2.91. The F-16 destroyed aircraft accident rates do not show any evidence of a bathtub

effect.  See PFS Exh. Q (F-16 chart).  In this regard, we note that flying hours for the F-16 have

gradually decreased since 1991, while the accident rates have declined or remained level.

Cole/Jefferson/Fly Post Tr. x, at 28; See also PFS Exh. Q (F-16 chart).  See also State Exh. 154

(F-16 history).  Therefore, we find no bathtub effect with respect to the end of life of destroyed F-16

aircraft.

2.92. The Applicant also evaluated the accident statistics for the F-16A model based on

destroyed aircraft data.  The F-16A is the oldest of the F-16s, and  most of them have been retired.

Cole/Jefferson/Fly Post Tr. x, at 28.  Flying hours have steadily decreased from approximately

175,000 hours in 1987 to approximately 20,000 hours in 2000.  PFS Exh. R (F-16A charts).  The

5-year and 10-year average accident rates, however, have stayed level during this time.  Id.

Therefore, the data for the F-16A does not show a rise in the crash rate toward the end of its life.

Id.  See also Tr. 3376-77.

2.93. The Applicant evaluated the accident statistics for the F-15A, which is the first model

of the F-15 and is also in the process of being phased out of inventory.  Flying hours for the F-15A

have decreased to about 20,000 hours per year for the last 5 years, and the number of destroyed

aircraft since 1987 has been zero or one each year.  Cole/Jefferson/Fly Post Tr. x, at 29.  The

10-year average accident rates have generally decreased or remained level toward the end of life,

although the 5-year average rates show a slight increase, which the Applicant attributes to
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anomalies in the rates due to the low number of flight hours.  Id.  See also PFS Exh. S (F-15A

charts).

2.94. The Applicant evaluated the accident statistics for the F-106, F-111, and F-4.  These

aircraft exhibit trends of decreasing or level accident rates toward the final years of life, except

when the flying hours are low.  Cole/Jefferson/Fly Post Tr. x, at 30; See also PFS Exh. T - PFS

Exh. V (F-106, F-111 and F-4 charts).  

2.95. The Applicant asserts that in those instances in which the accident rate shows an

increase at the end of an aircraft’s life, very few flight hours are actually represented due to the few

aircraft remaining in inventory.  Cole/Jefferson/Fly Post Tr. x, at 29-30.  See supra, at 26.

Therefore, a single accident will cause a large spike in the rate.  According to the Applicant, “[t]his

does not mean that aircraft are falling out of the sky everywhere.  It only means that there are only

a few aircraft of that model still flying.”  Id.  The Applicant points to the F-106 crash history by way

of example.  The F-106 began to phase out its inventory in 1984, and most were gone by 1988.

After 1990, the F-106 had less than 100 flight hours per year, although the rates escalated due to

the effect of few, or, in the case of certain data points, no crashes.  See PFS Exh. T;

Cole/Jefferson/Fly Post Tr. x, at 30.  As we found previously, crash rates derived from few hours

of flight time do not provide meaningful data upon which to base an evaluation of crash rate trends.

See supra, at 27.

2.96. Therefore, as noted above, we find that the crash rates for F-16 destroyed aircraft

from 1995-2001 are not increasing, and the end-of-life crash rates for other aircraft are either

decreasing or remaining steady.  Consequently, we find that the bathtub effect is not present with

respect to the F-16 end-of-life crash rates.  Further, we considered the analyses performed by the

State’s expert witness, Dr. Resnikoff, and we find that neither the Spearman Rank Correlation test,

nor the linear regression analysis demonstrates an increasing trend in crash rate.  Therefore, we

find that the Applicant’s crash rate is conservative with respect to the end-of-life of the F-16.
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NRC Staff’s Analysis

2.97. The NRC Staff considered the potential for a bathtub curve for F-16 failure as a

function of time, with crash rates being greater toward the beginning and end of the operational life

of the aircraft.  Campe/Ghosh Post Tr. x, at 14.  The Staff’s review concluded that the data show

there is no discernible bathtub effect.  Id.  Approximately 50 percent of all crashes of F-16 aircraft

are due to operation-related causes and that, therefore, F-16 crashes due to causes such as pilots

undergoing G-induced loss of consciousness, mid-air collisions, bird strikes, running out of fuel,

pilot errors, or weather-related causes would not be expected to contribute to the bathtub effect.

Id.  It is reasonable to separate these operation-related mishaps from the crash database to

determine whether the crash rate shows bathtub behavior.  Id.  The Staff considered that

engine-related mishaps for all F-16 aircraft produce a straight line with a slope of less than 1.0,

indicating a decreasing crash rate with time, and that, therefore, the Staff found no bathtub effect

is present in the engine-related F-16 crash data.  Id. at 15.  

2.98. The Staff, in its evaluation, examined the crash data with existing analytical

procedures identified in “Modeling the Failure Data of a Repairable Equipment with Bathtub Type

Failure Intensity,” by G. Pulcini, published in Reliability Engineering & System Safety (2000) to test

for the presence of the bathtub effect.  Campe/Ghosh at 14-15.  The Staff tested for the presence

of the bathtub effect with respect to 4 models of the F-16, as well as the F-16 as a whole.  See

Staff Exh. C (SER) at 15-61.  The Staff determined that there is no discernible bathtub effect.  Id.

Thus, the Staff concluded that the purported bathtub effect provides no basis for expecting higher

crash rates at either the end of the service life of the F-16 or the beginning of the service life for

its replacement.  Id.

2.99. We find that the Staff’s evaluation supports our finding that the bathtub effect is not

present with respect to the F-16 and other aircraft data.  Therefore, the Applicant’s derivation of

crash rate need not account for a bathtub effect.
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b.   The Applicant’s Use of the 1989 - 1998 Database

2.100. The State asserts that the Applicant’s use of the period from 1989 through 1998

does not provide a basis for a realistic estimate of the crash rate because the 10-year average

crash rate for that period is the lowest 10-year average rate on record for the F-16.  Resnikoff Post

Tr. x, at 11.  The State’s witness, Dr. Resnikoff, compared the 10-year average crash rates from

1991 through 2000 for Class A and Class B mishaps and determined that the 10-year period from

1989 through 1998 resulted in the lowest average crash rate.  See Resnikoff Post Tr. x, at 10.  

2.101. First, as stated above, we have previously found that the inclusion of the Class B

mishap rates in Dr. Resnikoff’s analyses overestimates the risk to the facility, because Class B

mishaps do not result in an aircraft mishap in which an aircraft is destroyed.  In addition, more

accidents were identified as Class B mishaps in the last few years due to a new system of reporting

that counted certain types of events as Class B mishaps that had previously not been classified as

Class B mishaps.  Therefore, we do not believe the State’s comparison of Class A and Class B

10-year averages demonstrates that the Applicant’s data is not conservative.

2.102. The Applicant introduced evidence suggesting that the data sample it used was

appropriate and conservative.  Gen. Jefferson, who performed the statistical analyses, used the

most recent data at the time the Applicant prepared its initial report.  Cole/Jefferson/Fly Post Tr. x,

at 16.  Tr. 3362.  He used the 10-year average rate for the period from 1989 through 1998 because

it contained both recency of data and enough data points so as not to be subject to fluctuations

between annual rates.  Tr. 3363.  Tr. 3738.  Tr. 8869-70.  

2.103. The Applicant introduced evidence to suggest that the data sample for the years

from 1989 through 1998 is conservative.  The Applicant determined the Class A accident rate for

F-16s per 100,000 hours and the destroyed rate per 100,000 hours for the period from 1989

through 2001.  Tr. 3726-27.  See PFS Exh. UUU (chart of accident rates).  The averages were

derived by dividing the number of mishaps by the cumulative hours for a particular period.
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Tr. 3728-29.  Gen. Jefferson explained that the use of an average weighted by hours precludes

distortion based on hours.  Tr. 3729.

2.104. The Applicant’s chart shows a series of 3 averages, in which the Class A and

destroyed crash rates are presented for each.  The first average is a 10-year average of the period

from 1989 through 1998.  PFS Exh. UUU.  The second average is a 13-year average of the period

from 1989 through 2001.  Id.  The third average is a 10-year average of the period from 1992

through 2001.  Id.  The data is presented in the following table.

Class A Destroyed

Average FY89-98 3.54 3.46

Average FY89-01 3.61 3.51

Average FY92-01 3.53 3.37

2.105. Regarding the recency of the data, the above chart shows that a 10-year average

using data for the most recent 10 years would be very close to the average the Applicant used in

its analysis - - 3.54 v. 3.53.  See also Cole/Jefferson/Fly Post Tr. x, at 16 n.11.  Thus, the Class A

mishap rate for the period from 1992 through 2001 is approximately the same as calculated for the

period from 1989 through 1998.  See Jefferson, Tr. 3726.  See also PFS Exh. UUU (chart of

accident rates).  Moreover, as compared to the destroyed aircraft crash rate, the crash rate used

by the Applicant is higher than any of the crash rates obtained from the destroyed aircraft time

periods.  The only mishap rate that is higher than that used by the Applicant is the 13-year Class

A mishap rate.  Id.

2.106. Therefore, we find that the Applicant’s use of a 10-year average for the years from

1989 through 1998 is acceptable.



- 41 -

2.107. The State further asserts that the NRC Staff acknowledged in a post-hearing

memorandum in a reactor proceeding that although air carrier service had “become significantly

safer over the past 22 years”:

it is not reasonable to quantify such improvements in safety for
purposes of either limiting the data base to establish the current
accident rate or to develop a rate for future projections.  Thus, it is
reasonable to use data for the entire 22-year period in computing an
accident rate.

See Resnikoff Post Tr. 8698, at 10.

2.108. First, we note that the post-hearing memorandum does not set forth any basis as

to why it would not be reasonable to quantify improvements in safety for the purpose of limiting the

data base.  Tr. 8816-17.  There may be reasons not in the record before us that suggest that the

unique facts of that case necessitated use of a 22-year database.  The case relied upon by the

State has significant differences from the one before us.  For example, that case is over 20 years

old and concerns civilian commercial air carriers and a variety of different kinds of aircraft.

Tr. 8715.  It does not pertain to the F-16.  Id.  Therefore, absent further information, we are unable

to draw a conclusion that the legal memorandum has any relevance to the instant case.

2.109.  Moreover, we note that in the instant proceeding, the consideration of

improvements in aircraft technology and the effect on anticipated crash rates were not used to

establish the crash rate.  Tr. 8896-97.  Rather, the acknowledgment of improvements in safety

served to demonstrate the soundness of the rate developed.  Tr. 8897.  See Staff Exh. C (SER)

at 15-98 (addressing improvements to safety in the context of future long term trends).  The

acknowledgment of improvements in safety is also addressed herein to refute the State’s

assertions regarding a purported likely increase in future crash rates.  See supra at 27.

2.110. Therefore, we find that the post-hearing memorandum relied upon by the State does

not demonstrate that the Applicant’s crash rate is invalid.
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c.  Summary of “C”

2.111. We have evaluated the State’s concerns regarding the expected increase in the

crash rate at the end of the F-16's service life and the expected increase in the crash rate during

the initial years of the replacement aircraft for the F-16 as a result of the bathtub effect.  We have

not found that the rates are likely to increase or that a bathtub effect is present.  In addition, we

have evaluated the State’s concerns regarding the use of the 10-year period from 1989 through

1998 as not providing a basis for a realistic estimate of the crash rate.  We have found that the

10-year period used by the Applicant is appropriate and conservative.  Therefore, we have not

found any basis for invalidating the Applicant’s estimation of the crash rate.

2.112. Therefore, we find that the value for C - - the normal in-flight crash rate per mile of

flight - - is 2.736 x 10-8.

3.  “N” Number of Flights Per Year

2.113. The number of aircraft flying near the proposed site in a year is a factor that must

be included in the NUREG-0800 calculation.  Campe/Ghosh Post Tr. x, at 10.  See also PFS Exh.

RRR (NUREG-0800), at 3.5.1.6-3 through 3.5.1.6-4.  

2.114. The Air Force maintains usage reports for the Sevier B and Sevier D MOAs, which

are approximately 145 miles long and extend more than 100 miles south of Skull Valley.  Staff

Exh. C (SER) at 15-59.  The Air Force usage reports for Sevier B and Sevier D MOAs indicate the

following F-16 flight information for 1998 through 2000, as updated with information for 2001:

Sevier B MOA Sevier D MOA Total

1998 3,871 215 4,086

1999 4,250 336 4,586

2000 5,757 240 5,997

2001 5,046 320 5,366
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See PFS Exh. O, (Aircraft Crash Addendum) Tab HH at 3; NRC Exh. C (SER) at 15-59.  See Cole,

Tr. 13,017-13,019 (2001 data).

2.115. The Applicant considered the number of flights transiting Skull Valley to be 5,870

per year.  Cole/Jefferson/Fly Post Tr. x, at 16.  To derive this number, The Applicant used the

average number of F-16 flights through the Sevier B MOA in 1999 and in 2000 (or approximately

5,000).  The Applicant then accounted for additional flights resulting from 12 additional F-16 aircraft

that were assigned to the 388th Fighter Wing in 2001.  Cole/Jefferson/Fly Post Tr. x, at 120. 

2.116. We note that the 12 additional F-16 aircraft were transferred to Hill AFB on April 1,

2001.  Tr. 13,020.  The addition of the12 F-16 aircraft increases the number of F-16 aircraft

stationed at Hill AFB from 69 to 81, or by 17.4 percent.  Id.  An increase in aircraft stationed at Hill

AFB results in a proportional increase in the number of flights.  Cole/Jefferson/Fly Post Tr. x, at 21;

Campe/Ghosh Post Tr. x, at 10;  Horstman Post Tr. x, at 11.  

2.117. The Staff estimated the value for N by using the Air Force upper bound data - - the

2000 data for the combined flights in the Sevier B and D MOAs (5,997) and increased it by 17.4

percent to account for the additional F-16 assignments at Hill AFB.  Campe/Ghosh Post Tr. x,

at 10.  Thus, the Staff estimated the annual number of flights to be 7041.  Id.

2.118. The Staff reduced the value it obtained for N to account for those aircraft in

formation flights that do not pose a threat to the PFS facility.  Campe/Ghosh Post Tr. x, at 10-11.

The Staff recognized that F-16 aircraft transiting Skull Valley fly in either a two-ship or a four-ship

formation.  Campe/Ghosh Post Tr. x, at 11.  (Solo flights occur occasionally, for example, when a

pilot’s departure on a sortie is delayed.)  In terms of aircraft flight path distribution, the Staff

considered a four-ship formation as two formations of two aircraft each - - one formation flying a

few miles behind the first, with either a left or a right offset.  There is approximately a 9,000 foot

lateral separation between the leader and the wingman in a two-ship formation.  See Horstman

Post Tr. x, at 6 (1.5 to 2 miles line abreast); Cole/Jefferson/Fly Post Tr. x, at 45 (6,000 to 12,000
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foot separation).  Consequently, at least one of the aircraft in a two-ship formation will not be in a

position from which it can strike the PFS facility in the event of a crash.  Campe/Ghosh Post Tr. x,

at 11.  See Cole/Jefferson/Fly Post Tr. x, at 45 (the easternmost aircraft in formation would rarely,

if ever, fly over the site).  See also State Exh. 48 (depiction of F-16s in formation on cross section

of MOA).

2.119. Therefore, the Staff considered that approximately half of the flights have a

negligible potential for striking the PFS facility.  This was not reflected in the Applicant’s analysis,

but was accounted for by the Staff in the SER by reducing the number of flights by a factor of 2.

Campe/Ghosh Post Tr. x, at 11.  See Staff Exh. C (SER) at 15-67 & n.2.  We find that the Staff’s

approach adequately accounts for the fact that flights in Skull Valley take place in formations of 2

or 4 ships and that half of those aircraft would not pose a hazard to the PFS facility.  Thus, the Staff

appropriately reduced the value of N.  Therefore, we find the Staff’s value of 7041 divided by 2, or

3,520 flights, to be an acceptable value for N.

2.120. The State challenged the Applicant’s derivation of the number of flights in Skull

Valley on the grounds that: 1) the Applicant considered only the flights in the Sevier B MOA  and

did not consider flights in and above the Sevier D MOA; and 2) the Applicant’s estimate of the

number of flights has been surpassed by the combined Sevier B and Sevier D MOA flights in 2000,

even without considering the additional F-16s assigned to Hill AFB.  Horstman Post Tr. x, at 11-12.

The State argued that the number of flights in Skull Valley should be estimated to be 7,040 flights,

which represent the number of flights flown in the Sevier B and D MOAs in 2000, increased to

account for the 12 additional F-16s stationed at Hill AFB.  Id. at 12.  The State, nonetheless,

considered that the use of the 7,040 number would not be conservative because it does not

account for an increasing trend of annual sorties or the sorties flown above both the Sevier B and

Sevier D MOAs.  Horstman Post Tr. x, at 12.  We address the State’s concerns below.
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2.121. First, we note that the Air Force does not maintain records specifically for Skull

Valley flights as a subset of the Sevier B and D MOA flights.  PFS Exh. O, Tab HH at 2 & n.7.

Regarding the State’s assertion that the Applicant should have used the data for both the Sevier

B and Sevier D MOAs in estimating the number of flights in Skull Valley, the Applicant states that

it did not use the flight numbers for the Sevier D MOA because the number of flights in the Sevier

B MOA includes all flights in the MOA, of which flights through Skull Valley are only a portion.  See

Jefferson, Tr. 3355-56.  For example, flights that enter the UTTR from the South in the Sevier B

MOA do not transit Skull Valley.  Tr. 3356.  The Sevier B MOA flight count is therefore an overcount

due to the flights that are flying in the southern part of the Sevier B MOA that do not transit Skull

Valley.  Tr. 3356.  The number of flights in Sevier D would thus be offset by this overcount.

Tr. 13,019.  We note that, based on information from the Air Force, up to 10 percent of flights in

the Sevier B MOA do not transit Skull Valley.  NRC Exh. C (SER) at 15-19.  We consider that the

Applicant’s estimate of the number of flights is acceptable on the basis that it is higher than the

number of flights we found acceptable in the Staff’s analysis.  In addition, we find that the use of

the flight count in the Sevier B MOA will offset many, if not all, of the flights in the Sevier D MOA.

2.122. Regarding the State’s assertion that the Applicant did not account for flights flown

above the Sevier D MOA, we note that very few flights fly above the Sevier D MOA.  Although

Lt. Col. Horstman testified that he has flown “many times” above the both MOAs while transiting

Skull Valley, we note that he quantified these flights as being “[m]ore than three."  Compare

Horstman Post Tr. x, at 11 with Horstman, Tr. 8525.  Further, he agreed that it was “unusual” to

fly above both MOAs.  Tr. 8524-25.  Therefore, we find that flights above the Sevier D MOA do not

contribute significantly to the number of flights in Skull Valley, and, in any event, are offset by the

flights included in the Sevier B MOA count that do not take place in Skull Valley.  Therefore, the

estimate of the number of flights in Skull Valley does not need to account for flights above the

Sevier D MOA.
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2.123.  Regarding the State’s assertion that the Applicant’s estimate of the number of

flights has been surpassed by the number of flights in 2000, we note that the Applicant asserts that

the number of flights in 2000 was abnormally high.  Cole/Jefferson/Fly Post Tr. x, at 19.  In support

of its assertion, the Applicant states that the number of flights at Hill AFB in 2000 was at the

maximum or near-maximum possible level.  Id.  The Applicant noted that the latest MOA usage

reports show that the Applicant’s estimate of the number of flights in Skull Valley is conservative.

Further, the Applicant asserts that the U.S. military did not participate in an international conflict

during 2000 and, therefore, the number of flights flown at Hill AFB in 2000 would be higher than

in years in which the military is engaged in international conflicts.  We address these matters

below.

2.124. With respect to the maximum or near-maximum number of flights flown in  2000, the

Applicant asserts that in 2000, the 388th Fighter Wing significantly increased its sortie count and

achieved the highest flight rate per aircraft of any F-16 wing.  Cole/Jefferson/Fly Post Tr. x, at 19.

The flights flown per aircraft were at a maximum, and the 388th Fighter Wing Commander said that

they were “pushing to the limit.”  Tr. 3353-54; Cole/Jefferson/Fly Post Tr. x, at 19.   Gen. Jefferson

expects that the 388th Fighter Wing will not be able to sustain the high flight rate per aircraft level

experienced in 2000 due to the wear and tear on the F-16s, parts, and people.  Tr. 3354.

Therefore, the Applicant’s expert panel testified that they do not expect the number of flights to

continue indefinitely at the maximum or near-maximum rate achieved per aircraft by the 388th

Fighter Wing in 2000.  Cole/Jefferson/Fly Post Tr. x, at 19.

2.125. With respect to the fact that during 2000, the U.S. military was not involved in a

major international crisis, the Applicant’s expert panel testified that the number of Skull Valley

flights in years involving international conflicts would be less than the number of flights flown in

2000.  Cole/Jefferson/Fly Post Tr. x, at 19-20.  Further, even if the 388th Fighter Wing or 419th

Reserve Fighter Wing were not deployed overseas for such a crisis, some of their aircraft may be
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temporarily deployed to other bases in the U.S. to replace aircraft sent overseas.  Id.  The Applicant

asserts that, based on past history and the current war on terrorism, it is reasonable to expect

periodic unscheduled future deployments and an associated lower flight count at Hill AFB.  Id.

at 20.  We find that the Applicant has demonstrated that the 2000 sortie count was abnormally high

due to the fact that aircraft at the 388th Fighter Wing were flying at near maximum levels.  We

further consider that years in which the U.S. military is involved in international conflict will further

reduce the number of flights flown at Hill AFB.

2.126. We note that the 2001 F-16 flight information for the Sevier B and D MOAs provides

a useful benchmark for determining the reasonableness of the Applicant’s estimates.  The PFS

prediction of 5,000 flights in Skull Valley (unadjusted for the additional 12 F-16s stationed at Hill

AFB) compares favorably to the actual 2001Sevier B MOA flights of 5,046.  Tr. 13,019.  In 2001,

the additional F-16s were stationed at Hill AFB for half of the year.  An increase in the Applicant’s

estimate by 8.7 percent (17.4 percent for a full year divided by 2), would result in 5,435 Sevier B

MOA flights.  Tr. 13,019-20.  The result obtained is 8 percent higher than the actual Sevier B MOA

flight count of 5,046 for 2001.  Tr. 13,020.  Therefore, based on the data obtained for flights in

2001, the Applicant’s estimate of the number of flights is conservative.

Projections and Trends

2.127. The State contends that the Air Force is likely to continue or increase its use of the

UTTR airspace, including the airspace over Skull Valley.  Horstman Post Tr. x, at 5.  The State’s

witness testified, however, that he is not aware of any Air Force plans to expand Hill AFB, to station

more F-16s at Hill AFB, or to increase the number of flights to be flown through Skull Valley.

Tr. 8566-67.

2.128. While it is difficult to predict the structure of the Air Force in the future, historic trends

and current acquisition programs indicate a smaller future Air Force structure.  Campe/Ghosh Post

Tr. x, at 46.  The long term trend in the Air Force has been for fewer, more modern aircraft to
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replace older, less capable ones.  Cole/Jefferson/Fly Post Tr. x, at 22.  The continuing

modernization and increased technological capability of newer military aircraft will likely result in

fewer aircraft and a reduction in annual flights over the life of the PFS facility.  Id. at 14.  In addition,

the development of constantly improving flight simulators is enabling pilots to maintain flying

proficiency with less actual flying hours.  See Staff Exh. C (SER) at 15-98.

2.129. Due to matters of national policy and the defense budget, the number of aircraft in

the Air Force inventory decreased by 30 percent from approximately 9,000 to 6,000 over an 8 or

10 year period.  See Cole, Tr. 3791-92.  The number of people in the Air Force has decreased from

607,000 to 375,000 in the same time period.  Tr. 3792.   See also Staff Exh. C (SER) at 15-98

through 15-99.  Therefore, the aircraft inventory is not likely to increase in the foreseeable future.

Tr. 3792.  Moreover, it is reasonable to assume that Air Force reductions in total fighter aircraft will

result in fewer aircraft stationed at Hill AFB, just as previous Air Force structure reductions have

affected Hill AFB.  Cole/Jefferson/Fly Post Tr. x, at 22. 

2.130. The Staff reviewed the PFS estimated projected growth of military flights based on

the Federal Aviation Administration (FAA) long-range forecast.  Campe/Ghosh Post Tr. x, at 46.

The FAA predicts that military air traffic will not increase appreciably, if at all, in the foreseeable

future.  Staff Exh. C (SER) at 15-98.  Based on the projection of the FAA, the number of military

aircraft handled at the FAA en route traffic control centers will remain constant at 4.2 million

through 2025.  Id.

2.131. We find that the evidence in the record shows that the number of flights that

annually transit Skull Valley is not likely to increase during the licensed life of the PFS facility.  As

mentioned above, we find that the Applicant’s estimate of 5,870 flights per year is acceptable, and

we find that the Staff’s estimate of 3,520 flights is acceptable.
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4.  “W” Width of Airway in Miles

2.132. The airspace width in the vicinity of the proposed PFS facility is a factor that must

be included in the NUREG-0800 calculation.  Campe/Ghosh Post Tr. x, at 25.  See also PFS

Exh. RRR (NUREG-0800), at 3.5.1.6-3 through 3.5.1.6-4.  The airspace width determines the

lateral traffic density of flights in the vicinity of the proposed facility.  Id.  The narrower the width,

the higher the traffic density.  The traffic density, in turn, affects the onsite strike probability.  Id.

2.133. The width of both the Sevier B and Sevier D MOAs at the latitude of the proposed

PFS facility is 12 miles.  Campe/Ghosh Post Tr. x, at 25; Horstman Post Tr. x, at 6;

Cole/Jefferson/Fly Post Tr. x, at 43.  Both the Applicant and the Staff used 10 miles as the effective

width for flights in the Sevier B MOA.  Cole/Jefferson/Fly Post Tr. x, at 16; Campe/Ghosh Post

Tr. x, at 25.  For the Sevier D MOA, the Staff used a full 12-mile width, and the Applicant used a

10-mile width.  Staff Exh. C (SER) at 15-62; Cole/Jefferson/Fly Post Tr. x, at 16-17.  

2.134. The Applicant and the Staff determined the effective width for flights in the Sevier

B MOA on the basis that altitude flight restrictions and the rising terrain of the Stansbury Mountains

will not permit flights across the full 12-mile width.  F-16s must fly below 5,000 feet AGL and above

1,000 feet AGL in the Sevier B MOA, and therefore cannot fly within the easternmost two miles of

the MOA.  Campe/Ghosh Post Tr. x, at 25-26. 

2.135. The Staff determined the effective width for flights in the Sevier D MOA on the basis

that F-16s are not constrained by the terrain and thus have available the full 12-mile width in which

to fly.  Campe/Ghosh Post Tr. x, at 26.  See also PFS Exh. O, Tab FF (RAI response) at 20.  The

Applicant, however, used a 10-mile width for flights in the Sevier D MOA as a conservatism.  See

Cole/Jefferson/Fly Post Tr. x, at 16-17.

2.136. With respect to the Sevier B MOA, the Applicant and Staff assert that the use of a

10-mile width is conservative because F-16s transiting Skull Valley typically fly on the eastern side

of the MOA, away from the PFS facility site.  See Campe/Ghosh Post Tr. x, at 27.  Nevertheless,
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the Applicant modeled the flights as being evenly distributed across the 10-mile width to account

for variations among individual flight paths and to be consistent with NUREG-0800 methodology.

Cole/Jefferson/Fly Post Tr. x, at 44.  See also Jefferson, Tr. 3686-87 (NUREG-0800 requires an

even distribution); Resnikoff, Tr. 8819-20 (NUREG-0800 applies to a random distribution).  Use of

an even distribution of flights across the corridor, as opposed to modeling the flights as taking place

away from the PFS facility, increases the risk to the site and therefore is conservative.  See

Jefferson, Tr. 3443.  Therefore, we find that if F-16s in Skull Valley typically fly away from the PFS

facility site,  as contended by the Applicant and the Staff, the use of a 10-mile width may be

considered conservative on that basis.  Our discussion below addresses the current distribution of

flights in Skull Valley.  

2.137. The Sevier B MOA in Skull Valley is 12 statute miles wide at the latitude of the PFS

facility site.  See supra, at 18.  The Applicant and Staff assert that the predominant route of flight

is approximately 5 miles east of the PFS facility.  Cole/Jefferson/Fly Post Tr. x, at 44.  Tr. 3396-97.

See also Campe/Ghosh Post Tr. x, at 27.  The Applicant bases its assertion on the grounds that:

1) the Sevier B MOA funnels aircraft eastward as they transit Skull Valley; 2) the restricted airspace

on the western edge of the MOA deters flying on the western side of Skull Valley; and 3) Air Force

officials stated that the predominant route of flight through Skull Valley is approximately 5 miles

east of the PFS facility site.

2.138. The funneling effect results from the shape and geometry of the Sevier B MOA.

Pilots enter Skull Valley from the north and follow a southerly heading toward the narrow neck of

the Sevier B MOA airspace east of English Village.  The MOA is 17 miles wide at its northern end.

The PFS facility site is located approximately 10 miles south of the northern boundary of the MOA.

The western side of the MOA slopes eastward, cutting into Skull Valley, as it descends from north

to south.  See PFS Exh. P (map).  The PFS facility is located 2 miles east of the western boundary

of the MOA.  Campe/Ghosh Post Tr. x, at 27.  Ten miles to the south of the PFS facility the MOA
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narrows to its narrowest width of 7.1 miles.  The terrain within the MOA at its narrowest width is flat,

and the full 7.1 miles is usable airspace.  Hence within a north-south distance of 20 statute miles,

the MOA narrows to the east by almost 10 statute miles.  Id.  Consequently, the operational utility

of the airspace on the western side of Skull Valley decreases significantly in the southern part of

Skull Valley.  This natural configuration serves to funnel F-16 traffic toward the eastern side of Skull

Valley.  See Cole/Jefferson/Fly Post Tr. x, at 44; PFS Exh. P (map); Campe/Ghosh Post Tr. x,

at 27.  Therefore, we find that the shape of the Sevier B MOA serves to funnel F-16 traffic toward

the eastern side of Skull Valley, away from the PFS facility.

2.139. The Applicant asserts that the restricted areas on the western edge of the MOA

further serve to make the eastern side of the valley the preferred route of choice.  In this regard,

we find ample evidence in the record to support a finding that pilots tend to fly away from the

boundary of the restricted areas.  For example, Lt. Col. Horstman testified that when flying through

Skull Valley, he would try to avoid the boundaries, east and west, by a mile or two.  Tr. 8572.  See

also Horstman Post Tr. x, at 6-7 (1 mile separation maintained from western side of MOA). 

Col. Fly likewise would typically fly in the middle to eastern side of Skull Valley in order to avoid the

restricted areas on the western side of the MOA.  Tr. 3415-16.  In fact, he estimated the distance

as 6 statute miles from the western boarder of the MOA.  Tr. 3422-24.  Finally, Col. Bernard stated

that when flying through Skull Valley, he would customarily allow a comfortable distance, such as

two or three miles from the restricted areas.  Tr. 3924.  Therefore, we find that the restricted areas

to the west of the MOA deter pilots from flying along the western side of the MOA.  

2.140. In addition, the Applicant’s expert panel testified that officials from Hill AFB informed

them that the predominant route of flight through Skull Valley is approximately 5 miles east of the

proposed PFS facility.  Cole/Jefferson/Fly Post Tr. x, at 44; Tr. 3396-98; 3402-04. 

2.141. The State asserts that the effective width of the flight corridor is 5 miles, and the

typical F-16 flight path is down the middle of Skull Valley.  See Horstman Post Tr. x, at 6-7.  In this
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respect, the State claims that pilots typically fly away from both the western and eastern sides of

the MOA - - 5 miles from the east and 1 mile from the west - - leaving a 6-mile flight corridor.  Id.

With respect to the eastern boundary of the MOA, the State’s witness asserts that he generally

would maintain a distance of 2 miles from the Stansbury Mountains, which are 3 miles from the

eastern boundary of the MOA.  Horstman Post Tr. x, at 6.  

2.142. We note that the distance pilots maintain from the Stansbury Mountains on the

eastern side of the MOA depends on the preferences of the individual pilots.  For example, Col. Fly

stated that during his flights through Skull Valley, he would maintain a distance of “a couple

thousand feet” from the mountains.  Tr. 8648.  Further, the Air Force has not established a

minimum distance pilots must maintain from the Stansbury Mountains.  Tr. 4343.  Therefore, we

find that pilots can and do fly closer to the eastern boundary of the Sevier B MOA than the State

asserts.

2.143. The State additionally asserts that due to the nature of formation flights, aircraft fly

through Skull Valley concentrated in a 5-mile band.  The State asserts that this 5-mile band would

be positioned over or near the PFS facility.  See State Exh. 48 (depiction of F-16s in formation on

cross section of MOA).  The State’s witness, however, agreed that in a typical two-ship formation

through Skull Valley, one of the aircraft would fly on the east side of Skull Valley, and both would

be east of Skull Valley Road.  Tr. 4344-45.  Skull Valley Road is about 1 mile east of the proposed

PFS site.  Staff Exh. C (SER) at 2-3.  Therefore, typical flights would take place away from the PFS

facility.  In addition, Lt. Col. Horstman agreed that in a four-ship formation, the position of the

aircraft would be the same as in the case of a two-ship formation in that the trailing aircraft would

be behind the lead aircraft.  Tr. 4345. Therefore, in a four-ship formation, the eastern side of Skull

Valley, defined as east of Skull Valley Road, would be the predominant route of flight.  Tr. 4345-46.

2.144. We note that during the course of the hearing, the State’s witness,

Lt. Col. Horstman, asserted that pilots conduct G-awareness turns at a location in Skull Valley that
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causes the aircraft to fly in the direction of the proposed PFS site for a period of time.  In this

respect, he stated that G-awareness turns happen in Skull Valley 7 miles south of a specific 6,048

foot knoll.  Tr. 4360-64.  See PFS Exh. P (map).  Pilots flying south down Skull Valley will make a

right 90 degree G-awareness turn to the west.  Tr. 4359.  That turn would position the aircraft

“directly toward the PFS site for 60 seconds -- 45 to 60 seconds.” Tr. 4361.  Regarding the location

of the turn, he said, “[a]nd in my experience, in my hundred or so flights down Skull Valley in an F-

16, we, generally speaking, if we were on time, did them right there.”  Tr. 4362.  He acknowledged,

however, that the location of the G-awareness turn is dependent on the flight leader.  Tr. 4368.

2.145. During his December 2000 deposition, Lt. Col. Horstman discussed his claim that

when flying down Skull Valley the F-16s would be pointed at the site for a period of time.  Tr. 8542.

See PFS Exh. 99 (deposition transcript excerpt) at 2.  When asked, “Are you talking about

G-awareness maneuvers?”, he answered, “Generally the G-awareness maneuver would come after

you pass south of the proposed site.”  Tr. 8542.  He said that the reason a pilot may choose to

perform the G-awareness turn south of the PFS facility is due to the expanded width of the MOA

in the south.  Tr. 8541.  PFS Exh. 99 at 2.

2.146. Lt. Col. Horstman explained that his deposition took place 18 months prior to his

testimony and that he has since spoken to pilots who stated that they perform G-awareness turns

earlier in their flights down Skull Valley.  Tr. 8592.  Lt. Col. Horstman further noted that there are

a variety of places where G-awareness turns can be performed and that there will not be a single

optimum location.  Tr. 8589-92.  He has seen G-awareness turns performed “throughout most of

Skull Valley.”  Tr. 8590. 

2.147. We find, based on the above, that the location of a pilot’s G-awareness turn in Skull

Valley does not alter the predominant route of flight or have any bearing on the width of the flight

corridor. 
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2.148. In sum, on the basis of the funneling effect of the shape of the MOA, the presence

of restricted areas to the west of the MOA, and information from Air Force personnel, we find that

the current predominant route of flight in Skull Valley is on the east side of the valley, away from

the PFS facility. 

2.149. The State next asserts that the predominant route of flight will change if the PFS

facility is built.  According to the State, if the PFS facility is constructed, pilots will fly closer to the

facility site as a result of their use of the PFS facility as a navigational turning point and as a means

of updating their F-16 navigation systems.  In this respect, Lt. Col. Horstman states that many pilots

will use the PFS facility as a navigational turning point because of its distinct features.  Horstman

Post Tr. x, at 8.  

2.150. Navigational turning points are the latitude and longitude coordinates that specify

the locations where a pilot is to turn throughout an intended route of flight.  The intended route of

flight is normally programmed as a sequential series of turning points in the aircraft’s Inertial

Navigational System (INS).  Navigational turning points allow a pilot to track the route of flight

through the INS and therefore are especially useful when navigating in unfamiliar terrain.  See PFS

Exh. N, Tab FF (RAI response) at 5.  In addition to turning points, additional points of interest, such

as emergency airfields, may be programmed into the INS.  See Cole/Jefferson/Fly Post Tr. x, at 34.

2.151. The evidence in the record suggests that if the PFS facility is built, some pilots will

use it as a turning point due to its size and prominence in Skull Valley.  Campe/Ghosh Post Tr. x,

at 22; Cole/Jefferson/Fly Post Tr. x, at 37.  Further, pilots generally fly towards selected turning

points and, therefore, it is reasonable to expect that some pilots will fly towards, and perhaps over,

the PFS facility if it is selected as a navigational turning point.  Campe/Ghosh Post Tr. x, at 26.

2.152. The Applicant argues that pilots are nevertheless unlikely to use the PFS facility as

a navigational turning point on the grounds that: 1) the mountain ranges have excellent navigational

value, obviating the need to use the facility as a navigational turning point; 2) the geometry of the
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Sevier B MOA will funnel pilots to the east of Skull Valley; 3) suitable navigational turning points

are located along the eastern flight path, obviating the need to steer away from the predominant

route; 4) use of the PFS facility as a turning point would require the use of a second turning point

to direct the pilot away from the restricted areas; and 5) pilots can use turning points based on

latitude and longitude coordinates and thus do not need to rely on a physical object.

Cole/Jefferson/Fly Post Tr. x, at 35-39.  

2.153. We find that the evidence in the record shows that pilots are unlikely to use the PFS

facility as a navigational turning point to the extent that pilots will alter their predominant route of

flight on the eastern side of Skull Valley.  First, as mentioned above, we found that the predominant

route of flight in Skull Valley is toward the eastern side of the valley, away from the PFS facility. 

Use of the PFS facility as a turning point will require pilots to divert from this standard route of flight.

Further, cultural features, such as ranches, are located on the eastern side of the valley, and,

therefore, pilots will not need to redirect themselves toward the PFS facility to use it as a turning

point.  For example, the intersection of the PFS access road with Skull Valley Road would

constitute a suitable turning point, although it lacks vertical development.  Cole/Jefferson/Fly Post

Tr. at 35.  The presence of cultural features along the eastern flight path will therefore allow pilots

to fly more directly and conveniently toward the southern portion of the MOA.  Id.  We also consider

that use of the PFS facility as a turning point would be inconvenient because a pilot would need to

turn again to prevent an aircraft pointed toward the facility from entering into the restricted areas

2 miles to the west of the PFS facility site.  

2.154. We additionally find that pilots do not need to use a physical object as a turning

point, but can program the INS to steer toward longitude and latitude coordinates over a spot in the

desert.  In this regard, a pilot may elect to program coordinates corresponding to the center of the

narrowest part of the MOA to ensure that the aircraft is not straying from the narrow confines of the

MOA in that location.  Id.  Moreover, we find that the Stansbury and Cedar Mountains will continue
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to provide pilots with excellent navigational references, such that pilots will not need to rely on the

PFS facility for navigational purposes.  Id.  Therefore, we find that pilots are unlikely to use the PFS

facility as a navigational turning point to the extent that pilots will alter their predominant route of

flight along the eastern side of Skull Valley.  

2.155. The State asserts that pilots will use the PFS facility as a means to update the F-16

navigational systems.  Horstman Post Tr. x, at 8.  In this regard, we note that during flights, pilots

align the aircraft’s sensors and adjust various navigational and target systems, such as the INS.

Navigational turning points, discussed above, can be used to update the navigational systems. 

2.156. The Applicant asserts that pilots are not likely to use the PFS facility as a means to

update their navigational systems.  The Applicant bases its assertion on several grounds.  The

Applicant first states that there are no requirements to update an aircraft’s sensors or to align them

on any particular structure.  In addition, although navigational turning points are often used for

sensor alignment, sensors can be aligned by other means.  For example, certain sensors, such as

the navigation pod, can be updated while the aircraft is on the ground before takeoff.

Cole/Jefferson/Fly Post Tr. x, at 40-41.  Aircraft with Global Positioning System (GPS) capability

can update the INS automatically and continually during flight.  In this respect, the F-16s at the

388th Fighter Wing stationed at Hill AFB are equipped with GPS and, therefore, do not require

manual INS sensor alignment.  Id. at 35.  

2.157. The Applicant further asserts that even if a pilot were to use the PFS facility to align

and update the aircraft's sensors, the pilot could do so without flying directly at or over the site.  Id.

at 37.  For example, in updating the INS using radar, a ground object at a minimum angle of at

least 15 degrees away from the nose of the aircraft provides a much more precise update of the

INS computer than if the aircraft were aimed directly at the ground object.  It would therefore be

advantageous not to fly directly at or over the PFS facility while using the radar to update the

sensors.  Id. at 40.
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12  Moreover, we note that in those cases in which a pilot uses the PFS facility as a turning
point or as a means to update the aircraft’s sensors, the pilot will be aware of the location of the
PFS facility.  As discussed herein, such awareness contributes significantly to the ability of a pilot
to avoid the facility.  See infra, at 101.

2.158.  In addition, the Applicant claims that the same airspace considerations that make

it unlikely for pilots to use the PFS facility as a navigational steering point would similarly make it

unlikely for plots to fly directly at or over the PFS facility in order to align and update the sensors.

In this regard, there are other cultural features, such as road intersections and ranches, more

favorably aligned with the narrow neck of the MOA southeast of the PFS facility that could be used

for sensor alignment in Skull Valley.  Id. at 39.  Therefore, a pilot would not need to divert from the

typical route of flight in order to update the aircraft’s sensors.

2.159. The Applicant further asserts that even if a pilot chooses to fly directly at the PFS

facility to update the aircraft’s sensors, the pilot may update the sensors and then turn prior to

reaching the facility.  Therefore, the pilot would not necessarily fly over the site. Moreover, even

if one pilot in a two-ship formation were to fly over the site, the other pilot would not.  Id. at 42.

2.160. On the basis the foregoing, we find that pilots are unlikely to use the PFS facility to

update aircraft sensors and other navigational systems to the extent that pilots will alter their

predominant route of flight along the eastern side of Skull Valley.12

2.161. Finally, we note that the Staff conducted a sensitivity analysis assuming 8 and 9 mile

widths for the Sevier B MOA.  Campe/Ghosh Post Tr. x, at 26.  Staff Exh. C (SER) at Table 15-6.

In its analysis, the Staff considered the effect on the probability of F-16 strikes if the 10 mile width

were decreased to 9 and 8 miles.  The results are as follows:

Width (miles) Annual Probability

10 2.5 x 10-7

9 2.8 x 10-7

8 3.1 x 10-7
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Staff Exh. C at Table 15-6.  

2.162. The use of 8-mile and 9-mile widths did not significantly affect the annual F-16

aircraft crash probability estimate.  Moreover, the cumulative probability of aircraft crash hazards

did not exceed 10-6 per year when an 8-mile and a 9-mile width were assumed for an F-16 strike

in Skull Valley.  See Staff Exh. C (SER) at 15-99.  

Summary of “W”

2.163. We find that pilots are able to fly 10 miles across the Sevier B MOA at the location

of the PFS facility.  On the basis of the funneling effect of the shape of the MOA, the presence of

the restricted airspace to the west of the MOA, and information from Air Force personnel, we find

that the current predominant route of flight in Skull Valley is on the east side of the valley, away

from the PFS facility.  Further, we have evaluated the State’s concern regarding the location of

G-awareness turns in Skull Valley.  We find that the location of  pilots’ G-awareness turns does not

alter the predominant route of flight or have any bearing on the width of the flight corridor.

Therefore, we find that the use of a 10-mile width is conservative.

2.164. In addition, we have evaluated the State’s concerns regarding future changes to the

predominant route of flight in Skull Valley if the PFS facility is built.  In this regard, we have

concluded that pilots are unlikely to use the PFS facility as a navigational turning point or to use

the PFS facility to update aircraft sensors and other navigational systems to the extent that pilots

will alter their predominant route of flight along the eastern side of Skull Valley.  Therefore, we find

that the evidence supports a finding that the use of a 10-mile width for the value W will remain

conservative after the facility is constructed.

5.  “R” Pilot Avoidance

2.165. The Applicant estimated the value for R, the factor accounting for the reduction in

the aircraft crash probability arising from the pilot’s ability to avoid hitting the PFS facility in the
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event of a crash.  In so doing, the Applicant first considered the percentage of accidents that could

occur in Skull Valley that would leave a pilot in control of the aircraft after the event.

Cole/Jefferson/Fly Post Tr. x, at 17.  This factor, R1, was estimated to be 90 percent.  The

Applicant then considered the percentage of the time in which the pilot would be able to direct the

aircraft away from the PFS facility.  This factor, R2, was estimated to be 95 percent.  Id.

2.166. The Applicant multiplied R1 by R2 to determine the percentage of crashing F-16s

that would avoid the PFS facility.  Cole/Jefferson/Fly Post Tr. x, at 17.  Thus, the Applicant

considered that 85.5 percent (90 percent x 95 percent) of the crashing F-16s would avoid the PFS

facility.  The calculated crash impact hazard to the facility was reduced by this fraction.  Thus, the

R factor in the equation is equal to 100 percent minus 85.5 percent, or 14.5 percent.  Id. at 18.

6.  “R1" Time and Control

2.167. The factor, R1, represents the fraction of potential accidents in which a pilot would

have sufficient time and control of the aircraft to direct the aircraft away from a fixed ground site

in Skull Valley.  The Applicant’s analysis indicated that a pilot, whose aircraft was experiencing an

in-flight emergency, would have sufficient time and control to avoid the PFS facility approximately

90 percent of the time.  Cole/Jefferson/Fly Post Tr. x, at 17.  This determination was based on the

Applicant’s expert panel’s review of accident reports obtained from the Air Force.  

2.168. The Applicant obtained 126 Air Force F-16 Class A mishap accident reports for the

period from 1989 to 1998.  Cole/Jefferson/Fly Post Tr. x, at 10.  These accident reports consisted

of mishaps involving 121 destroyed aircraft.  Id.  Gen. Cole, Gen. Jefferson, and Col. Fly evaluated

each destroyed aircraft accident report to assess and determine: 1) the phase of flight in which the

accident occurred; 2) the cause of the accident; 3) whether the pilot had sufficient time and control

of the aircraft to be able to avoid a ground site; 4) whether the accident was caused by an event

that could have occurred in Skull Valley (a Skull Valley-type event); and 5) whether the accident

occurred under flight conditions representative of the Sevier B MOA (a Sevier B MOA event).  Id.
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13  See PFS Exh. N, Tab C, “Data Development Technical Support Document for the Aircraft
Crash Risk Analysis Methodology (ACRAM) Standard,” Kimura et. al (1996).

at 58.  The categorization of the accident reports enabled the expert panel to perform statistical

evaluations of the data obtained.

2.169. The five categories are described as follows:

1. ACRAM Flight Phase

This category reflects the phase of flight in which the aircraft was flying when it was

destroyed.  Gen. Col, Gen. Jefferson and Col. Fly assigned each accident to one of three  phases

of flight described in the DOE ACRAM report.13  These phases of flight are:  Takeoff and Landing;

Normal In-flight; and Special In-flight (i.e. stressful maneuvering).  

2. Engine Failure

This category identifies whether engine failure, due to a mechanical problem or damage to

the engine caused the accident. 

3. Able to Avoid

This category identifies whether the pilot would have had time and been able to avoid a

fixed site on the ground, such as the PFSF, after an emergency began.  This assessment was

made taking into consideration the nature of the initiating accident event (such as engine failure

or other mechanical failure, G-induced loss of consciousness, spatial disorientation, etc.), the

altitude at which the initiating accident event occurred, the weather at the time of the event, the

speed of the aircraft, and other pertinent factors relating to a pilot’s ability to avoid a fixed ground

site.

4. Skull Valley-Type Events

Accidents in this category include all those caused by events that could occur in Skull Valley

near the PFS facility, regardless of the phase of flight in which the accident occurred.  The

categorization is based on the answer to the question: Could this accident have happened in Skull
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Valley (i.e., did the accident result from an event that could have occurred in Skull Valley)?   For

example, even if an accident report shows that an F-16 engine failure happened on a training

range, it was nonetheless considered a Skull Valley-type event because engine failure is just as

likely to have occurred while transiting Skull Valley.

5. Sevier B MOA Flight Conditions

Accidents in this category represent the subset of Skull Valley-type events occurring under

flight conditions similar to those of F-16s transiting the Sevier B MOA within Skull Valley near the

PFS facility.  The categorization is based on the answer to the question: Did the accident happen

in conditions which match the conditions an F-16 transiting the Sevier B MOA near the PFS facility

would experience in terms of altitude (between 1,000 to 5,000 ft. AGL), speed, weather (typically

Visual Meteorological Conditions remaining clear of clouds with at least five miles of visibility),

day/night, flight activity, etc?  The expert panel used this category as a check to determine whether

their analysis with respect to the larger Skull Valley-type event category would continue to hold true

under conditions more tailored to activities in Skull Valley.  See PFS Exh. N, Tab H, ¶ 1.B at 9-13.

2.170. The expert panel found that 48 percent of all the 121 destroyed aircraft mishaps

were caused by the failure of F-16 engines.  Campe/Ghosh Post Tr. x, at 17.  The panel found that

100 percent of the accidents caused by engine failure left the pilots with time and capability to avoid

a fixed site on the ground.  Id.  In addition to engine failure, there were 11 other mishaps, not

caused by engine failure, that would have allowed the pilot sufficient time and capability to avoid

a ground site.  Id. at 17-18.  PFS concluded that in 69 out of 121 mishaps, the pilot would have

been able to avoid the proposed facility.  Id. at 18.

2.171. In addition, the expert panel found that the most likely cause of an accident in Skull

Valley would be an engine failure (which would leave the pilot in control of the aircraft and

potentially able to avoid the PFS facility before ejecting from the aircraft).  Cole/Jefferson/Fly Post

Tr. x, at 11.  Tr. 3603.  During his December, 2000 deposition, Lt. Col. Horstman agreed that
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virtually the only reason an F-16 would crash in Skull Valley would be due to engine failure, with

the possible exception of a bird strike.  Tr. 4500.

2.172. The expert panel determined that many of the mishaps in the original accident data

set did not occur under Skull Valley-type flight conditions.  Campe/Ghosh Post Tr. x, at 18.  Only

61 out of the 121 destroyed aircraft mishaps were assessed as Skull Valley-type events.  Id.  The

expert panel estimated that in 59 mishaps out of 61 Skull Valley-type events (irrespective of mode

of flight) the pilots had sufficient control and time to avoid a ground site.  Id.  This equated to a 97%

avoidance rate (59 out of 61 mishaps).  The Applicant, however, conservatively applied a value of

90 percent for R1.

2.173. Following the initial analysis, the expert panel decided to change the classification

of one of the accidents based, in part, on new information obtained from the Air Force.  In its direct

testimony, the expert panel modified the number of Skull Valley-type event accidents to include the

September 16, 1997 accident as a Skull Valley-type event in which the pilot did not have the ability

to avoid the facility.  This results in 62 Skull Valley-type events, 59 of which the pilot had an ability

to avoid a ground site.  This equates to a 95.2 percent probability of avoidance.  Cole/Jefferson/Fly

Post Tr. x, at 81.  Thus, the Applicant’s use of a 90 percent value for R1 remains conservative.

2.174. The expert panel evaluated what would happen to the avoidance rate using only

those accidents which occurred in the normal ACRAM phase of flight, which is the most

representative mode of flight for F-16s in Skull Valley.  The expert panel further evaluated what

would happen to the avoidance rate using only those accidents which occurred in the normal

ACRAM phase of flight under the narrowly-tailored Sevier B MOA flight conditions.  In 90 percent

of the accidents occurring under the normal ACRAM phase of flight and in 90 percent of the

accidents occurring under the combined normal ACRAM phase of flight and Sevier B MOA event

flight conditions, a pilot would have sufficient time to avoid the PFS facility.  Therefore, these two
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analyses supported and were generally consistent with the overall analysis regarding the larger,

Skull Valley-type event sample size.  Tr. 3958-59.  See Campe/Ghosh Post Tr. x, at 19.  

2.175. The NRC Staff considered that, on the basis of its review and since the ACRAM

Flight Phase data subset produces the lower bound estimate, the data subset representing

mishaps that took place in normal in-flight mode is representative of Skull Valley conditions.

Campe/Ghosh Post Tr. x, at 19-20.  Therefore, the NRC Staff considered the Applicant’s use of

90 percent for R1 to be acceptable.

2.176. The State’s expert, Lt. Col. Horstman, reviewed the Applicant’s experts’

categorization of the accident reports and initially disagreed with 12 of them, as indicated in his July

2001 deposition.  Tr. 4411-12, Tr. 4415.  See also PFS Exh. Y (deposition transcript).  Thus, he

agreed with the PFS analysis of the other 109 accident reports.  Tr. 4415.  During his deposition,

he indicated how he would have categorized each of the accidents by marking notations on the

PFS expert’s tabulation of the accidents.  See PFS Exh. X (Table 1) (Horstman’s changes to

accident classifications).

2.177. During the course of the hearing, the State’s expert witness identified additional

accidents with which he disagreed with the Applicant’s classifications.  He explained that during his

deposition, he considered himself to be bound by the Applicant’s definitions of the various

categories and that he would have defined the categories differently from the way that the

Applicant’s witnesses defined them. Tr. 4442, 8369.  Specifically, he stated that he believed that

the Applicant placed an altitude restriction on the definition of the Skull Valley-type event category.

However, that was the only example in the Skull Valley-type event category in which he felt himself

restricted by the Applicant’s definitions.  Id.  We address these State’s differences regarding the

Skull Valley-type event category below.

2.178. During the hearing, the Applicant’s witnesses discovered an accident report involving

an F-16 collision with a KC-135 tanker aircraft that previously had not been subject to their analysis.
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See Tr. 13,005; PFS Exh. 208 (January 23, 1992 accident).  They would have assessed this

accident as not consisting of a Skull Valley-type event or a Sevier B MOA event. The accident was

not due to engine failure, and the pilot would not have been able to avoid the PFS facility.

Tr. 13,005-06.  Also during the hearing, the Applicant’s witnesses found an accident report listed

in their tabulation of accidents that was a duplication of an accident previously identified.

Tr. 13,006.  See PFS Exh. X (Table 1).  

2.179. The effect of the corrections to the Applicant’s tabulation is to have reduced the

number of Skull Valley-type events from 62 to 61, and to have reduced the number of able to avoid

accidents from 59 to 58.  These changes resulted in a probability of able to avoid of 95.1 percent

(58 divided by 61), compared to the former probability of 95.2 percent (59 divided by 62).  The

changes had no effect on the other categories, like Sevier B MOA flight conditions.  In any event,

the changes did not have an effect on the Applicant’s calculations of the hazard, in that the

Applicant used a value of 90 percent.  Tr. 13,007.

2.180. The State raises several criticisms of the Applicant’s analysis of the accident reports.

See Horstman Post Tr. x, at 26-27, 30-33.  The State asserts that: 1) the accident reports do not

provide a basis to predict pilot avoidance; 2) the Applicant did not obtain and review accident

reports for 18 destroyed F-16 aircraft; 3) the Applicant incorrectly assessed the ACRAM phase of

flight; 4) the Applicant incorrectly assessed Skull Valley-type events; and 5) the Applicant

incorrectly assessed Sevier B MOA events.  Id.  We note that the State did not challenge the

Applicant’s categorization of those accidents caused by engine failures.  See PFS Exh. X (Table 1).

Tr. 8474.

a.  Use of Accident Reports as a Basis to Predict Pilot Avoidance

2.181. The accident reports reviewed by the Applicant’s expert panel were prepared under

Air Force Instruction 51-503 after the occurrence of each aircraft mishap to determine the cause

of the accident for the purposes of preserving the available evidence and providing a complete
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factual summary for use in claims, litigation, disciplinary actions, adverse administrative

proceedings, and other purposes.  Cole/Jefferson/Fly Post Tr. x, at 10; Horstman Post Tr. x, at 26.

The accident reports follow a format which sets forth the details of the circumstances surrounding

the accident, including a summary of the history of the flight, the flight mission, pre-flight activities

and planning, the actual flight activity, crash impact information, the functioning of the emergency

escape mechanism, rescue activities, maintenance and mechanical factors, supervisory factors,

pilot qualifications and performance, navigational aids and facilities, weather, and pertinent

directives and publications.  Cole/Jefferson/Fly Post Tr. x, at 10.   See also State Exh. 60,

(AFI 51-503) at Chapter 8, “AIB Report.”  

2.182. The State asserts that the Air Force accident reports reviewed by the Applicant do

not provide a basis to predict whether pilots of crashing F-16s would successfully avoid impacting

the PFS facility.  Horstman Post Tr. x, at 27.  The State notes that Air Force Instruction 51-503

does not require accident investigators to establish the extent of populated or built-up areas

existing in the vicinity of the crash site and does not require an investigation into the actions the

pilot took to avoid crashing into populated or built-up areas.  Id.   No opinion or other statement is

required as to whether the pilot acted properly in any action or inaction with respect to avoiding

impact with a ground site.  Id. at 26-27.

2.183. The Applicant’s witnesses assert that the accident reports provide sufficient

information from which they were able to assess whether the accidents fell into the five categories

set forth above, such as whether the accident was caused by engine failure or whether the pilot had

sufficient time and control to avoid a ground site.  In this regard, the flight activity section of the

accident reports gives the relevant information as to actions the pilot took after the onset of an

emergency.  Our review of the approximately 130 accident reports entered into the record supports

a finding that the accident reports provide a detailed description of the pilot actions,
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14  A cause is defined as “an act, omission, condition, or circumstances that either starts or
sustains a mishap sequence.”  State Exh. 60 at 46.  “A given act, omission, condition, or
circumstance is a ‘cause’ if correcting, eliminating, or avoiding it would prevent the mishap or
mitigate damage or injuries.”  Id. (emphasis added).  Therefore, the author of a mishap report may
consider the failure of a pilot to avoid people and objects on the ground to be a “cause” of an
accident.

communications, and other factors, such as weather conditions, that may have contributed to the

accidents.

2.184. We find that, although not required to be included in the accident reports, efforts to

avoid populated areas and built up structures on the ground may be discussed in the accident

reports.  Cole/Jefferson/Fly Post Tr. x, at 10.  Further, AFI-51-503 states that “[t]he pilot advisor

should comment on what a pilot’s action or reaction may or should have been under the

circumstances.” State Exh. 60 (AFI 51-503) at Chapter 5, “Conducting Accident Investigations,”

Section 5.6.5.  The accident reports may also contain a Statement of Opinion of the cause or

causes of the accident, which may include a description of those factors that substantially

contributed to or caused the accident.14  See State Exh. 60, Section 8.7.1.  In this regard, we have

read many accident reports that have described pilot actions to avoid objects and people on the

ground.  See, e.g., PFS Exh. 100A; State Exh. 223.

2.185. We find that the accident reports generally provide sufficient information regarding

aircraft accidents to support a categorization of the accidents by cause, flight parameters, and

available time and control to avoid a ground site.  Further, we find that, while not required to be

included in the accident reports, statements regarding actions a pilot takes to avoid objects and

people on the ground are often present in the reports.

b.  PFS Did not Obtain and Review Accident Reports for 18 out of 139 Destroyed F-16s 

2.186. The State asserts that the Applicant did not obtain from the Air Force and review

accident reports for 18 of the 139 F-16s that were destroyed during the time period analyzed.

Horstman Post Tr. x, at 31.  The State’s witness, however, does not know whether the accident
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reports are missing at random and does not know what the missing accident reports contain.

Tr. 8506.  The Air Force stated that the accident reports that it did not provide were lost and could

not be located or were never prepared.  Cole/Jefferson/Fly Post Tr. x at 90.  Therefore, the

Applicant asserts that the missing accident reports should be treated as being removed from the

population of destroyed F-16 accident reports at random.  Further, the Applicant states that 121

out of a possible 139 destroyed F-16 accident reports provides for a large and stable statistical

sample.  Id. at 89.  We find that the fact that the Air Force did not provide to the Applicant all of the

139 accident reports does not invalidate the Applicant’s analysis in that the missing 18 reports are

randomly absent.  Further, the large number of accident reports analyzed makes the statistical

evaluation of F-16 crashes robust.

c.  The Applicant’s Assessment of the Phase of Flight

2.187. The State asserts that “many” accidents were excluded from consideration in that

the Applicant incorrectly assessed the ACRAM phase of flight.  Horstman Post Tr. x, at 31.

Tr. 4417.  The State claims that the Applicant many times would discount an accident report

because it classified the accident as special in-flight or take off or landing when, in fact, the aircraft

was flying in normal in-flight mode at the time of the accident.  Id.

2.188. The State’s witness, Lt. Col. Horstman, identified six such accident classifications

with which he disagreed with the Applicant.  To the extent that Lt. Col. Horstman disagreed with

PFS’s assessment of the phase of flight, those disagreements were reflected in the table that he

marked up during his deposition.  Tr. 8507.  See PFS Exh. X (Table 1).

February 20, 1991 Accident

2.189. The accident report states that the mishap pilot was 15 miles south of the base and

informed the control tower that he would be coming in to land without an engine.  See Joint Exh. 3

at 4.  He was cleared to land, but the runway was too far for him to reach, and he ejected.  Id.  The

distance from the impact of the aircraft to the runway was 3,238 feet (under 1 mile).  Id. at 5.  The
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State’s expert considers this accident to have occurred during the normal in-flight phase of flight,

whereas the Applicant’s experts assessed it as having occurred during the landing phase.

Tr. 4420-21.  PFS Exh. X (Table 1).

2.190. The Applicant asserts that this accident took place during the ACRAM landing phase

of flight because the ACRAM study defines landing crashes as those that occur within 10 miles of

the end of the runway, when the aircraft is on approach to landing.  Cole/Jefferson/Fly Post Tr. x,

at 68, citing ACRAM Report at B-9.  In addition, the accident report states that the mishap pilot

lowered the landing gear as he approached the clouds.  Joint Exh. 3 at 4.  After passing through

the clouds, he was able to see the airfield and immediately raised the landing gear to increase his

glide distance.  Id.  Thus, the aircraft was in the process of an attempted landing when it impacted

the ground 3,238 feet from the runway.  Therefore, we find that the accident was appropriately

categorized as having occurred during the ACRAM landing phase of flight.

2.191. We note that even if the State is correct that the crash occurred during the normal

in-flight ACRAM phase of flight, changing the accident from landing to normal would increase the

amount of normal ACRAM flights in which a pilot would have been able to avoid the facility.  See

Tr. 4421.  Lt. Col. Horstman considered this accident to be correctly categorized as being an

accident in which the pilot would have been able to avoid the PFS facility.  Tr. 4420-21.  Therefore,

changing this accident from landing to normal would actually increase the probability that a pilot

would be able to avoid a ground site.

June 8, 1991 Accident

2.192. The accident report states that “on approach” to land at Ellington Field, the mishap

aircraft suffered engine failure and crashed approximately 10 miles south of the field.  See PFS

Exh. 129 at 2.  The aircraft was descending from 10,000 feet to 3,000 feet when the first signs of

a problem occurred.  Id. at 3.  
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15  The ACRAM report states that “takeoff includes takeoff roll, abort/discontinue, and initial
climb portions of flight.”  PFS Exh. N (Aircraft Crash Report) Tab C at 4-4.

2.193. The State’s expert witness asserts that this accident should be categorized as “the

initial approach portion of the flight segment.”  See Horstman, Tr. 4495-96.  During his deposition,

the State’s witness, applying the ACRAM definitions, considered this accident to have occurred

during the normal phase of flight.  Tr. 4493-94.  PFS Exh. X (Table 1).  

2.194. The Applicant asserts that this accident took place during the landing phase of flight.

The Applicant’s witnesses testified that in this case the flight had already departed the working area

and was approaching Ellington Field to land.  Cole/Jefferson/Fly Post Tr. x, at 73.  They were in

a descent when the mishap pilot began to experience problems.  The mishap pilot had slowed to

200 knots, which, according to the expert panel, is an airspeed indicative of a landing pattern and

well below normal cruising speed.  Id. at 74.  The mishap pilot ejected at 900 feet AGL.  PFS

Exh. 129 at 3.

2.195. We find that the information in the accident report regarding the descent, speed, and

characterization of the aircraft as on approach toward a landing field demonstrates that the aircraft

was in the ACRAM landing phase of flight at the time of the incident.  Therefore, the Applicant’s

characterization of this accident as occurring during the landing phase of flight is correct.

July 31, 1992 Accident

2.196. The accident report states that “shortly after takeoff, during a trail departure,” the

mishap pilot transmitted that he had a problem.  PFS Exh. 139 at 2.  It further states that the radio

call was made during the “initial departure phase.”  Id.  The State’s expert considers this accident

to have occurred during the normal phase of flight, whereas the Applicant’s experts assessed it as

having occurred during the takeoff phase because the pilot was out of the local traffic pattern.15

Tr. 4499.  PFS Exh. X (Table 1).
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16  The phrase “knock it off” is used by a pilot in a combat exercise to indicate to the other
aircraft that the pilot is experiencing an emergency and that the other aircraft should cease the
exercise.  Tr. 13,690.

17  Special in-flight includes maneuvering operations that occur in simulated air-to-ground
weapons deliveries or air-to-air combat in restricted airspace.  See Cole/Jefferson/Fly Post Tr. x,
at 12.

2.197. The Applicant’s witnesses testified that they categorized this accident as having

occurred during the ACRAM takeoff phase of flight because the plane crashed approximately

7 miles from the airfield.  Cole/Jefferson/Fly Post Tr. x, at 75.  Further, they state that the problems

leading up to the accident began shortly after takeoff, and the pilot never successfully transitioned

to the normal phase of flight.  Id. at 78.

2.198. We find that this accident occurred during the ACRAM takeoff phase of flight

because the accident report states that the pilots were in “initial departure phase” at the time the

mishap pilot transmitted that he had a problem.  Further, we note that there is no evidence in the

accident report that the pilot was out of the local traffic pattern or, for that matter, that the aircraft

crashed 7 miles from the airfield.  Nevertheless, we consider the information regarding the phase

of flight adequate to support a finding that the Applicant’s classification of this accident as falling

within the ACRAM takeoff phase of flight is correct.

February 19, 1993 Accident

2.199. The accident report states that the mission was a routine “Basic Surface Attack”

training mission.  PFS Exh. 147 at 2.  The flight was routine until the 5th bombing pass.  Id.  The

mishap pilot “had just completed his fifth pass and his turn to downwind, at 400-450 KCAS, when

he heard and felt a loud ‘bang’ or ‘thump.’”  Id. at 3.  He called, “knock it off” and ejected 30-35

seconds later.16  Id. at 3-4.  The Applicant’s expert panel categorized this accident as falling within

the ACRAM special in-flight phase, whereas the State’s expert classified this accident as normal

in-flight.17  See PFS Exh. X (Table 1).



- 71 -

18  Zooming is a standard emergency practice in which a pilot will enter a climb, trading
airspeed for altitude, in order to maximize time.  Tr. 4227.  Tr. 8477-78.  Tr. 13,299.

19  Landing includes the pattern, final approach, flare and rollout portions of flight.  See PFS
Exh. N (Aircraft Crash Report), Tab C at 4-4 through 4-5.  A military aircraft landing crash may
extend up to 10 miles beyond the end of the runway.  See PFS Exh. N (Aircraft Crash Report),
Tab G at B-9.

The Applicant’s witnesses assert that it is clear that the pilot was on a bombing range,

actively involved in the bombing process. Cole/Jefferson/Fly Post Tr. x, at 82.  We find that the

accident report is consistent with the Applicant’s assessment that the accident took place while the

aircraft was in the special in-flight mode of flight.

January 29, 1997 Accident

2.200. The accident report states that the mishap was caused by a failure of the engine fan

drive turbine.  PFS Exh. 188 at 9.  While flying at 3,120 feet AGL and 564 knots, the mishap pilot

felt heavy vibrations.  Id. at 2.  The mishap pilot zoomed and pointed the aircraft toward Gila Bend,

the nearest emergency airfield.18  The pilot intended to land at Gila Bend by performing a straight-in

flameout approach.  Id. at 2.  After realizing that the aircraft did not have sufficient altitude to glide

to Gila Bend, the mishap pilot ejected at approximately 800 to 840 feet AGL.  The aircraft impacted

the ground approximately 2.5 miles southeast of Gila Bend at 180 knots, in a right bank, with a

shallow descent.  Id. 

2.201. The Applicant asserts that this accident falls within the ACRAM category for landing,

which includes accidents that occurred within 10 miles of the end of a runway, when the aircraft is

on approach to landing.19  Cole/Jefferson/Fly Post Tr. x, at 68.  The State’s witness considers this

accident to have occurred during the normal in-flight phase of flight.  PFS Exh. X (Table 1).  We

find that the accident was appropriately categorized as a landing because the aircraft was headed

toward the landing field in a glide, during which the pilot had descended from over 3,120 feet AGL

to 840 feet AGL and had slowed the aircraft from 564 knots to 180 knots, an airspeed typically
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associated with the landing pattern.  See Cole/Jefferson/Fly Post Tr. x at 73-74 (200 knots is

typically associated with the landing pattern).  In addition, the impact took place 2.5 miles from the

landing field, which is consistent with our finding that the accident took place during the landing

phase of flight.

2.202. We note that even if the State is correct that the crash occurred during the normal

ACRAM phase of flight, changing the accident from landing to normal would increase the amount

of normal ACRAM flights in which a pilot would have been able to avoid the facility.  See Tr. 4421.

Lt. Col. Horstman considered this accident to be correctly categorized as being an accident in

which the pilot would have been able to avoid the PFS facility.  Tr. 4420-21.  Therefore, changing

this accident from landing to normal would actually increase the probability that a pilot would be

able to avoid a ground site.

September 16, 1997 Accident

2.203. As mentioned above, the Applicant had originally classified this accident as having

occurred in the ACRAM takeoff phase of flight, but has since re-classified it as having occurred in

the ACRAM normal phase of flight.  See supra, at 62.  See Cole/Jefferson/Fly, Post Tr. at 81.

Lt. Col. Horstman stated that this accident should be classified as normal in-flight.  Tr. 4493.

Therefore, we consider both the State and Applicant to be in agreement with respect to the

characterization of this accident.

d.  The Applicant’s Assessment of Skull Valley-Type Events and Sevier B MOA Events

2.204. The State asserts that the Applicant excluded many accidents from consideration

by incorrectly concluding that the accident could not have occurred in Skull Valley.  Horstman Post

Tr. x, at 31.  In this regard, the State contends that PFS incorrectly excluded: 1) accidents that

occurred at altitudes higher than 5,000 feet AGL; 2) accidents that took place while the aircraft was

flying under instrument flight rules; 3) accidents caused by midair collisions; 4) accidents caused

by G-induced loss of consciousness; 5) accidents caused by bird strikes; 6) accidents caused by
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20  As noted previously, the purpose of the Sevier B MOA category is to serve as a check
to determine whether the Applicant’s analysis with respect to the larger Skull Valley-type event
category would continue to hold true under conditions closely-tailored to activities in Skull Valley.
See supra, at 61.

lightning strikes; and 7) accidents caused by poor visibility due to cloud cover.  Horstman Post Tr.

x, at 31.

2.205. During his deposition, the State’s witness identified 6 accidents that he contends the

Applicant improperly excluded from the Skull Valley-type event category and the Sevier B MOA

category.  In his prefiled testimony and at the hearing, the State’s witness identified two additional

accidents with which he disagrees, for a total of 8 accidents.  Five of the 8 accidents were

discussed during the hearing.  Our consideration of those 5 accidents is incorporated in our

discussion below of the State’s criticisms of the Applicant’s determination of Skull Valley-type

events and Sevier B MOA events.  We address the remaining 3 accidents following that discussion.

1. Altitudes Higher than 5,000 feet AGL in Skull Valley

2.206. The State claims that the Applicant improperly excluded high altitude accidents from

the Skull Valley-type event category.  Horstman Post Tr. x, at 31.  For example, the State’s witness

testified that the Applicant excluded the March 16, 1990 accident from the category of Skull

Valley-type events because it was a high altitude, low speed event.  Tr. 4449. Tr. 4481-83.

2.207. The Applicant’s expert panel, however, did not exclude accidents from the Skull

Valley-type event category on the basis that they occurred above 5,000 feet AGL, but, instead,

excluded such accidents from the Sevier B MOA category.20  See Jefferson, Tr. 13,091.  The

Sevier B MOA does not extend above 9,500 feet MSL, or 5,000 feet AGL.  See State Exh. 42 (MOA

usage report).

2.208. With respect to the March 16, 1990 accident, Col. Fly explained that it was excluded

from the Skull Valley-type event category not because it happened at high altitude, but, rather,

because the accident was caused by a specific model F-16 engine that was susceptible to
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operational abnormalities when flying at a combination of high altitude and low speed.

Tr. 13,093-95.  That engine is no longer used by the Air Force, and the newer engines presently

in use are not susceptible to the abnormality.  Tr. 13,094.

2.209. Col. Fly’s explanation of the accident is consistent with our reading of the March 16,

1990 accident report.  See Joint Exh. 2 (accident report).  The accident report for this mishap

states that stalls most often occur in flight parameters designated as Region 2 and Region 3.  Id.

at 3.  Region 2 is defined as circumstances in which the aircraft is above 20,000 feet MSL and at

an airspeed below 250 knots.  Id.  At the time of the incident, the aircraft was flying at 26,978 feet

and 90 knots.  “These circumstances put the aircraft in Region 2.”  Id. at 4.

2.210. Therefore, we find that the Applicant did not exclude accidents from the broader

Skull Valley-type event category on the basis that they occurred at high altitudes.  Further, we find

with respect to the Sevier B MOA category that the Applicant’s exclusion of these accidents is

acceptable.

2.211. We note that even if the State is correct that the accident should have been

considered as a Skull Valley-type event and as a Sevier B MOA event, changing the accident’s

categorization in these two categories would increase the number of Skull Valley-type events and

Sevier B MOA events in which a pilot would have been able to avoid the facility.  Lt. Col. Horstman

considered this accident to be correctly categorized as being an accident in which the pilot would

have been able to avoid the PFS facility.  See Tr. 4484.  Therefore, changing this accident would

actually increase the probability that a pilot would be able to avoid a ground site.  See Jefferson,

Tr. 13,095.

2. Flights Under Instrument Flight Rules in Skull Valley

2.212. The State claims that the Applicant improperly excluded accidents that took place

under instrument flight rules from those events that could have occurred in Skull Valley.  Horstman

Post Tr. x, at 31.  At the hearing, however, Lt. Col. Horstman could not tell which accidents he
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claimed were excluded on the basis of instrument flight rules and could not recall the basis for his

claim in this regard.  Tr. 4423-24.  Tr. 8510.  However, to the extent that he identified any such

accidents, he noted them on Table 1 during his deposition.  Tr. 8510.  PFS Exh. X (Table 1).

2.213. The Applicant asserts that it did not exclude any accidents simply because they may

have occurred while flying under instrument flight rules.  See Jefferson, Tr. 13,091-92.  Nor could

the State identify any such accidents.  We, therefore, find that the Applicant did not exclude

accidents from the Skull Valley-type event category or Sevier B MOA event category on the basis

that they took place while the aircraft was flying under instrument flight rules.  

3. Midair Collisions in Skull Valley

2.214. The State claims that the Applicant improperly excluded accidents involving midair

collisions from those events that could have occurred in Skull Valley.  Horstman Post Tr. x, at 31.

In this regard, Lt. Col. Horstman testified that the September 16, 1997 accident involved a midair

collision that occurred after takeoff and while the pilots were preparing for a night vision goggle

training mission.  Id.  He testified that pilots conduct night vision goggle training in Skull Valley, and,

therefore, a midair collision similar to this accident could occur in Skull Valley.  Id. at 32.

2.215. Lt. Col. Horstman was not aware of any other accidents involving midair collisions

that PFS improperly excluded.  Tr. 8510.  However, to the extent that he took issue with any such

evaluation, his disagreement is reflected in Table 1.  Id.

2.216. As we previously mentioned, the Applicant reclassified this accident as a Skull

Valley-type event accident.  Therefore, the State and the Applicant are in accord with respect to

the Skull Valley-type event categorization of this accident.  The Applicant, however, continues to

maintain that the accident is not a Sevier B MOA event because the accident took place at 14,000

feet AGL.  Cole/Jefferson/Fly Post Tr. x, at 80.  See PFS Exh. 195 (accident report).  We find that

because the accident took place at 14,000 feet AGL, it was properly excluded from the Sevier B

MOA event category.
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4. G-Induced Loss of Consciousness in Skull Valley

2.217. The State asserts that a pilot may lose consciousness when performing

G-awareness exercises conducted in Skull Valley.  Horstman Post Tr. x, at 17.  Lt. Col. Horstman

testified that a pilot experiences approximately a 4 G force when performing a G-awareness

warmup turn and that if a pilot has not flown for a period of time, the pilot may not be physically

capable of sustaining a G-awareness turn and could lose consciousness.  Id. at 32. 

2.218. G-induced loss of consciousness occurs when a pilot becomes unconscious

because of the gravity forces imposed on the pilot.  Horstman Post Tr. x, at 17.  The G forces pull

blood toward the lower extremities, carrying oxygen away from the brain.  Tr. 4253-54.

Tr. 13,029-30.  

2.219. The Applicant’s expert witness, Col. Fly, explained that the purpose of a

G-awareness maneuver is to warm the pilot up in preparation for experiencing higher G forces

during the mission.  Tr. 13,030; Tr. 13,032.  In addition, a G-awareness maneuver will enable a

pilot to know if he is having difficulty withstanding G forces that day.  Id.  Therefore, the very

purpose of conducting G-awareness turns is to prevent loss of consciousness during the latter

portions of the mission.  On this basis, the Applicant asserts that G-awareness exercises are

unlikely to lead to G-induced loss of consciousness.  

2.220. The Applicant’s assertion that G-awareness maneuvers do not represent significant

risk is supported by the Air Force Air Combat Command Chief of Safety who agrees that

G-awareness turns are not high risk.  See PFS Exh. N, Tab F (Memorandum from Greg Alston,

Chief of Safety of Air Combat Command, to Jack Cole, dated Oct. 15, 1999).  The Chief of Safety

stated that the G-awareness turn is “merely a warm-up exercise to check your equipment and body

tolerance for that particular day.”  Id.  They are “normal operations accomplished before range

entry.”  Id.  He was not aware of any pilot that had lost consciousness during a G-awareness turn.

Tr. 13,032.
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2.221. We find that the evidence in the record supports a finding that G-awareness turns

are not high risk maneuvers, and that it is extremely unlikely that a pilot will lose consciousness

during a G-awareness turn.  

2.222. The State appears to argue that G-induced loss of consciousness accidents can

occur in Skull Valley due to activities other than G-awareness turns, such as descending

maneuvers.  Horstman Post Tr. x, at 32.  For example, Lt. Col. Horstman testified that the May 25,

1990 accident involved a pilot who suffered G-induced loss of consciousness while he was

descending to a low altitude.  Id.  He stated that the May 25, 1990 accident was the only accident

that the Applicant improperly excluded that was caused by G-induced loss of consciousness.

Tr. 8511-12.

2.223. We note that an extensive amount of time at the hearing was spent in an effort to

determine whether the May 25, 1990 accident was caused by G-induced loss of consciousness.

The State claims the accident was caused by G-induced loss of consciousness based on a

conversation Lt. Col. Horstman had with officers on the Accident Investigation Board for this

accident.  Tr. 4283.  The Applicant asserts that the accident report does not state the cause of the

accident and that relevant Air Force databases do not show any accident caused by G-induced loss

of consciousness having occurred on that date.  See State Exh. 50 (F-16 history of G-induced loss

of consciousness accidents) at 8; PFS Exh. 81 (Air Force FOIA response as to whether May 25,

1990 accident was caused by G-induced loss of consciousness).

2.224. We find that regardless of whether the May 25, 1990 accident was caused by

G-induced loss of consciousness, the Applicant included this accident in the Skull Valley-type event

category and in the Sevier B MOA category.  See Cole/Jefferson/Fly Post Tr. x at 63.  Since

Lt. Col. Horstman testified that this was the only accident in which G-induced loss of consciousness

was at issue, we find that the Applicant’s inclusion of this accident as both a Skull Valley-type event

and a Sevier B MOA event renders the State’s concern with respect to this accident irrelevant.
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Further, as noted above, we find it highly unlikely that a pilot in Skull Valley would experience

G-induced loss of consciousness.

5. Bird Strikes in Skull Valley

2.225. The State asserts that the Applicant improperly excluded accidents caused by bird

strikes from those accidents which could have occurred in Skull Valley.  Horstman Post Tr. x, at 32.

Lt. Col. Horstman stated that the F-16 canopy is designed to withstand a bird strike of 4 pounds

at 350 knots, but that pilots typically fly at 400 to 450 knots through Skull Valley.  Id.  

2.226. The State asserts that the May 13, 1998 accident involved a mishap caused by birds

impacting the aircraft.  Horstman Post Tr. x, at 32.  The State’s expert testified that the May 13,

1998 accident was the only accident in which the Applicant improperly excluded an accident on the

basis of a bird strike.  Tr. 8512.  Tr. 4531-32.  

2.227. We note that the May 13, 1998 accident report states that the mishap aircraft

collided with a minimum of 5 American White Pelicans while the aircraft was flying at 830 feet AGL

at an airspeed of 520 knots.  PFS Exh. 201 at 3 (accident report).  The aircraft received multiple

12.5 to 15.5 pound bird strikes at 520 knots, in which the canopy was penetrated.  Id. at 4.  The

mishap pilot became disoriented by the impact of the birds entering the cockpit.  He became pinned

back against the seat and described that it felt like “someone had put a big fan on my face . . . and

someone was beating me with a ball bat.”  Id. at 4, 9.  He then ejected.  Id. at 4.

2.228. The Applicant asserts that this accident could not have reasonably occurred in Skull

Valley because: 1) there is no large water body near the PFS facility to attract a flock of large birds

and none have been observed there; 2) approximately 83 percent of all bird strikes occur at

altitudes of 1,000 feet or below and that in Skull Valley F-16s generally fly between 3,000 to 4,000

feet AGL; 3) the high speed of the aircraft in this accident, which is not characteristic of the speeds

at which F-16s in Skull Valley are likely to fly, significantly increases the potential for the bird

carcass to penetrate the canopy; and 4) the closest bird strike to Skull Valley on record for the past
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15 years took place 25 miles away, across the Cedar Mountains.  Cole/Jefferson/Fly Post Tr. x, at

87.

2.229. Of the arguments offered by the Applicant, we find the absence of flocks of large

birds in Skull Valley near the proposed facility and the history of bird strikes in the area to be the

most compelling.

2.230. With respect to the assertion that there are no flocks of large birds in Skull Valley

near the proposed facility, the State’s witness testified that he saw birds while flying in Skull Valley

that exceeded 4 pounds in weight.  Tr. 4502.  He did not have an idea as to the type of birds he

saw.  Id.  In fact, during his July 2001 deposition, he stated that “[a]t 200 knots you have a hard

time determining what kind of bird it is.”  Tr. 4504.  He testified that he can estimate the weight of

a bird based on the amount of time he can see it and that if it looks like a softball, it appears to be

four pounds.  Tr. 4506.  He postulated, “How accurate is that?  I haven’t a clue.”  Tr. 4506.  We do

not find this evidence to be of sufficient reliability to demonstrate the presence of large birds in Skull

Valley.

2.231. Lt. Col. Horstman asserted that American White Pelicans, Canada Geese, Great

Blue Herons, Bald Eagles, and Golden Eagles have been identified at Timpie Springs Waterfowl

Management Area, near the shoreline of the Great Salt Lake.  Horstman Post Tr. x, at 32.  He

testified that the presence of these species in Skull Valley can be expected as they fly to and from

wetlands.  Id. at 32-33.

2.232. We note that Lt. Col. Horstman has no experience in determining how far birds

range from Timpie Springs.  Tr. 4508.  Further, he does not have any basis for his statement that

the presence of these species can be expected in Skull Valley as they fly to and from wetlands. 

Id.  Therefore, the reliability of this evidence is dubious at best.  See Tr. 4508-09.  Further, the PFS

facility site is located approximately 20 plus miles from Timpie Springs.  Tr. 4515.  According to

Lt. Col. Horstman, from the point of initiation of a bird strike to the point of impact, an aircraft would
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travel approximately 17 miles.  Tr. 4514-15.  Hence, if an aircraft hit five pelicans at Timpie Springs

while flying at 850 feet AGL, the aircraft would not reach the PFS site and would be well short of

it.  Tr. 4536-37.  Therefore, if a bird strike occurs near the Timpie Springs Wildlife area and forces

the pilot to eject immediately, the aircraft would not be able to reach the proposed site.  If

immediate ejection is not required, the pilot would seek to land the aircraft at the nearest airfield.

2.233. Regarding the history of bird strikes in Skull Valley, we find that the closest bird

strike to Skull Valley took place 25 miles away and the next closest on record was 37 miles away.

Cole/Jefferson/Fly Post Tr. x, at 87.  This evidence is corroborated by the experience of

Lt. Col. Horstman, who stated that while he was stationed at Hill AFB, no bird strikes occurred that

resulted in the loss of an aircraft.  Tr. 4525.  Further, we consider that the staff at Hill AFB stated

that historically the likelihood of a damaging bird strike occurring in Skull Valley has been so low

that it is normally not a part of mission planning.  Campe/Ghosh Post Tr. x, at 14.  The policy at Hill

AFB in the event that pilots returning from sorties report bird sightings is to have flight mission

planners take appropriate measures to avoid bird strikes, such as the selection of alternate

altitudes.  Id. 

2.234. On the basis of the absence of flocks of large birds in Skull Valley near the proposed

facility, the history of bird strikes in the area, and the practice of mission planners at Hill AFB to

avoid birds if they are reported, we find that bird strikes are not reasonably likely to occur in Skull

Valley.  Therefore, we find that the Applicant’s exclusion of the May 13, 1998 accident from the

Skull Valley-type event category is acceptable.

6. Lightning Strikes in Skull Valley

2.235. The State asserts that the Applicant improperly excluded from the Skull Valley-type

event category accidents that occurred due to lightning strikes.  Horstman Post Tr. x, at 31.

Lt. Col. Horstman testified that it is reasonably foreseeable that a pilot will at some time fly in

lightning and that he has personally flown in lightning.  Id. at 33.  The Applicant, for its part, asserts
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that it did not exclude any accidents on the basis that they were caused by lightning strikes.

Tr. 13,092.  In fact, the Applicant notes that the accident of January 15, 1991 was caused by

lightning and was included in the Skull Valley-type event category.  Id.  See PFS Exh. 119 (accident

report); PFS Exh. X (Table 1).

2.236. Lt. Col. Horstman testified that the July 31, 1992 accident was caused by lightning.

Tr. 4417.  The accident report for this accident states that shortly after takeoff the mishap pilot

called that he had “a problem.”  PFS Exh.139 at 2.  Following the mishap pilot’s call about a

problem, another pilot, RETRO 33, noticed four aircraft above the clouds with one farther back than

it should have been.  Id. at 4.  RETRO 33 called the mishap pilot, directing him to turn right.

Simultaneously with this transmission, RETRO 33 saw a flash in the clouds.  Id.   The accident

report states that it was a dark, overcast, moonless night and that thunderstorms were present in

the vicinity.  Id. at 4, 6.  No cause of the accident was reported.

2.237. Lt. Col. Horstman concluded that the accident was caused by lightning because a

flash was observed in the clouds.  According to him, the flash was lightning and not the fireball

caused by the crash because the amount of light on the ground would not have been able to

penetrate through the clouds.  Tr. 4417-19.  The Applicant’s witnesses considered that the accident

was not caused by lightning because, among other things, the mishap pilot was experiencing a

problem prior to the time that a flash was seen in the clouds.  Cole/Jefferson/Fly Post Tr. x, at

76-77.  We find that regardless of whether the flash in the clouds was lightning, that flash did not

cause the problem which resulted in the crash.

2.238. The Applicant’s witnesses attribute the accident to spatial disorientation encountered

shortly after takeoff when the pilot entered the weather.  Cole/Jefferson/Fly Post Tr. x, at 77.  In

this regard, the Applicant asserts that the transition from visual flight conditions at takeoff using the

runway lights and the surrounding environment for reference, to instrument flight conditions in the

weather is difficult and may be further complicated during night operations.  Id.  A disoriented pilot
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may have problems assessing the aircraft’s attitude and operation systems.  Id.  If the pilot

becomes severely disoriented, it may be difficult for the pilot to control the aircraft.  Thus, the

mishap pilot may have encountered these problems and communicated that fact to the other flight

members.  In addition, due to his disorientation, he may not have been able to fly the prescribed

ground track as the other flight members, causing him to be further back than he should have

been.  Id. at 77-78. 

2.239. The Applicant’s assessment is consistent with the information contained in the

accident report.  We note that the Applicant’s conclusion regarding the cause of the accident is

consistent with the accident report’s finding that “the airframe and aircraft systems evaluated were

functioning normally prior to impact,” which may not have been the case in the event of a lightning

strike.  Id. at 77.   Therefore, the evidence does not support a finding that the accident was caused

by lightning.  

2.240. The Applicant asserts that this accident should neither be categorized as a Skull

Valley-type event nor as a Sevier B MOA event.  Cole/Jefferson/Fly Post Tr. x, at 78.  The

Applicant states that the problems leading up to the accident began shortly after takeoff and the

pilot never successfully transitioned to the normal phase of flight.  Id.  Therefore, because the

pilot’s spatial disorientation occurred in part by the transition from takeoff, this accident is not

reasonably likely to have occurred in Skull Valley.

2.241. We accept the Applicant’s assertion that this accident is not reasonably likely to

have occurred in Skull Valley because, as discussed, infra at 84, the PFS facility will be brightly lit

at night and will be able to provide pilots with situational and positional awareness.  In addition, this

accident took place during takeoff, and would therefore, be outside of the Sevier B MOA event

parameters, which assume normal in-flight conditions.  Therefore, we find the Applicant’s

characterization of this accident to be acceptable. 
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21  The State’s witness further claims that the Applicant incorrectly assessed the
September 19, 1990 and the February 19, 1993 accidents as ones in which the pilot would have
been able to avoid the PFS facility.  We address the State’s assertion with respect to the “able to
avoid” classification of these two accidents as part of our discussion of the Applicant’s classification
of these two accidents with respect to the Skull Valley-type event category and Sevier B MOA event
category.

7. Poor Visibility Due to Cloud Cover in Skull Valley

2.242. The State asserts that PFS incorrectly excluded accidents caused by poor visibility

due to cloud cover.  Horstman Post Tr. x, at 31.  Lt. Col. Horstman testified, however, that he could

not identify any accident reports that were omitted from the Skull Valley-type events category

because of poor visibility due to cloud cover.  Tr. 8519.  If there were any such accidents, they

would be reflected in his markup of Table 1.  Id.  Our analysis of those accident reports in which

the State disagrees with the Applicant’s assessment did not reveal any accidents excluded on the

basis of cloud cover.

Other Accidents

2.243. In addition to the accident reports addressed in the above discussion, the State’s

witness disagreed with the Applicant’s classification of 3 other accidents.  See PFS Exh. X (Table

1).  The State’s witness asserts that the September 19, 1990 accident should have been classified

as a Skull Valley-type event and a Sevier B MOA event.  In addition, the State’s witness considered

that the April 4, 1991 and February 19, 1993 accidents should have been characterized as Sevier

B MOA events.  We address these 3 accidents below.21

September 19, 1990 Accident

2.244. The accident report for this accident states that during a nighttime simulated radar

bombing mission, after two routine radio transmissions, the mishap pilot crashed into the ground.

PFS Exh. 114 (accident report) at 1-3.  The night was very dark, the moon illumination was zero

percent, and the horizon was not clearly discernable at the crash site.  Id. at 6.  The aircraft

impacted in an undeveloped, heavily-wooded, swampy area.  Id. at 3.  
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2.245. The Air Force determined that the aircraft at the time of impact was in a shallow

descent, rolling left at a rate of 22 degrees per second, and flying at an airspeed of greater than

480 knots.  Id. at 3.  There was no indication of an in-flight fire, explosion, or penetration of the

cockpit by foreign objects.  Id.  Based on the position of the pilot’s body, the pilot was likely

accomplishing some action with his left arm and was looking down in the same general direction

at the time he impacted the ground.  Id.  He never initiated the ejection sequence.  Id. 

2.246. The State’s expert asserts that the Applicant should have categorized this accident

as a Skull Valley-type event, a Sevier B MOA event, and as an event in which the pilot would not

have been able to avoid the PFS facility.  PFS Exh. X (Table 1).  The Applicant’s expert panel

asserts that information in the report suggests that the pilot was conscious and performing routine

cockpit tasks at the time of the impact, but was unaware that the aircraft was in a shallow descent.

Cole/Jefferson/Fly Post Tr. x, at 65-67.  Thus, the pilot was in control of the aircraft, but failed to

monitor the aircraft flight parameters and flew it into the ground.  They concluded that the accident

was caused by a loss of situational awareness in that the pilot had become preoccupied with

internal cockpit tasks during the simulated bombing pass and, due in part to darkness and lack of

any outside visual cues, failed to notice the high-speed, shallow descent into the ground.  Id.

2.247. The Applicant’s expert panel asserts that the PFS facility in Skull Valley will be well

lit at night and easily visible to pilots flying in Skull Valley.  Cole/Jefferson/Fly Post Tr. x, at 66.  The

lighting will be equal to a highway or interchange in a major metropolitan area and will be 20 to 50

times brighter than full moonlight.  Id.  The large, illuminated area will provide an easily

recognizable reference point that will provide pilots with situational awareness in Skull Valley.  Id.

For example, the illuminated facility will provide horizon and aircraft attitude references that were

absent in the heavily-wooded, swampy area in which this accident occurred.  Therefore, the

Applicant’s expert panel concludes that a pilot would have been able to avoid the PFS facility had

this flight occurred in Skull Valley.  We find that the Applicant’s explanation is consistent with the
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facts set forth in the accident report and adequate to support a finding that this pilot would have

had general situational awareness if flying at night near the PFS facility and, therefore, would have

been able to avoid it.  Therefore, the Applicant appropriately categorized this accident as one in

which the pilot would have been able to avoid the PFS facility.

2.248. In addition, we find that because the pilot was engaged in active simulated radar

bombing passes, the accident occurred during the ACRAM special in-flight phase of flight.  See

Cole/Jefferson/Fly Post Tr. x, at 67.  The accident would not have occurred in Skull Valley or in the

Sevier B MOA because pilots do not make simulated radar bombing passes in Skull Valley.

Therefore, we find that the Applicant’s classification of this accident as neither constituting a Skull

Valley-type event nor a Sevier B MOA event is correct.

April 4, 1991 Accident

2.249. The accident report for this accident states that while in close formation at 7,000-

8,000 feet MSL, the mishap pilot thought that his wingman was approaching too close to him.  PFS

Exh. 125 at 2.  The mishap pilot executed a hard turn away from the wingman but could not correct

the aircraft back to straight and level flight.  Believing that ground impact was inevitable, he ejected.

Id. 

2.250. The Applicant categorized this accident as a Skull Valley-type event, but not as a

Sevier B MOA event.  The State’s witness believes that the Applicant should have categorized this

accident as a Sevier B MOA event.  PFS Exh. X (Table 1).  The Applicant’s expert panel stated that

the event took place while between 7,000 to 8,000 feet AGL, which exceeds the height of the

Sevier B MOA.  Cole/Jefferson/Fly Post Tr. x, at 72.  The altitude ceiling for the Sevier B MOA is

9,500 feet MSL, or 5,000 feet AGL.

2.251. We note that the accident report speaks in terms of mean sea level (MSL) and the

Applicant speaks in terms of above ground level (AGL).  First, although the accident report states

that the accident took place between 7,000 and 8,000 feet MSL, which is below the 9,500 feet MSL
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22  Compare PFS Exh. 125 (providing exact coordinates of crash site) with
http://www.topozone.com/map.asp?z=17&n=3406241&e=306506&size=1.

ceiling for the Sevier B MOA, we believe the relevant measure with respect to this case is the

distance from the aircraft to the ground (i.e., AGL).  

2.252. Second, we recognize that the crash took place approximately 18 nautical miles

southeast of Moody AFB in southern Georgia, and we take official notice pursuant to

10 C.F.R. § 2.743(i) that southern Georgia is low in elevation.22  See PFS Exh. 191 (April 21, 1997

accident report states aircraft from Moody AFB impacted swamp).  Therefore, the Applicant may

well be correct that the accident took place between 7,000 and 8,000 feet AGL if the southern

portion of Georgia has almost no elevation.  In any case, for the accident to have occurred below

the Sevier B MOA elevation threshold of 5,000 feet AGL the elevation of the ground at the location

of the accident would have to be 2,000 to 3,000 feet.  As mentioned above, this is inconsistent with

our understanding of the low elevation of southern Georgia.  Therefore, we find that the accident

occurred outside of the parameters of the Sevier B MOA classification.

February 19, 1993 Accident

2.253. The accident report states that the mishap pilot completed a bombing pass, when

he heard a noise.  PFS Exh. 147 at 3.  The pilot began a climb to achieve the maximum height

available below a 2,000 feet AGL cloud deck and made a radio call informing his flight members

that he had a problem.  While attempting to ascertain the nature and extent of the problem, he

became aware that the aircraft was on fire.  Id. at 3.  Twenty-six seconds after making the radio

call, the mishap aircraft began an uncommanded but relatively mild climb.  Id. at 4.  The mishap

aircraft then entered the clouds.  The pilot could not recall his altitude at the time of ejection.  Id.

2.254. The State’s expert asserts that the aircraft was on fire, began an uncontrolled climb

into the clouds, and caused the pilot to eject.  Tr. 13,403-04.  He further opined that the aircraft was
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out of control and in clouds when the pilot ejected, and, therefore, the pilot would not have been

able to see the ground.  Tr. 13,404-5.

2.255. The Applicant asserts that the pilot had sufficient time and control of the aircraft and

therefore could have avoided the PFS facility.  Cole/Jefferson/Fly Post Tr. x, at 82.  The pilot

maintained control of the aircraft for approximately 26 seconds prior to the onset of the uncontrolled

climb.  Had this engine failure occurred in Skull Valley, the pilot would have had positional

awareness and would have taken action to avoid the PFS facility in the 26 seconds while

attempting to identify the nature of the problem and take other actions.  Id.  Further, during the time

that the pilot had control of the aircraft, he was below the cloud cover and, therefore, would have

had a view of the ground.  We find that the Applicant’s consideration of the time available to the

pilot accurately reflects the information contained in the accident report and that this accident report

was appropriately categorized as one in which the pilot would have been able to avoid the PFS

facility.

2.256. The Applicant categorized this accident as a Skull Valley-type event, but not as a

Sevier B MOA event because dropping ordnance in the Sevier B MOA is prohibited.  Id. at 83.  We

find that the Applicant’s categorization of this accident as not constituting a Sevier B MOA event

is acceptable.

e.  The Applicant’s Assessment of the Ability of a Pilot to Avoid the PFS Facility

2.257. With respect to the category regarding the ability of a pilot to avoid the PFS facility,

the State’s witness took issue with the Applicant’s classification of 6 accidents as being “able to

avoid.”  See PFS Exh. X (Table 1).  See also PFS Exh. Y (deposition transcript identifying 6

accidents that should not have been classified as “able to avoid”).  The witness identified no other

accidents during his deposition that were incorrectly classified as “able to avoid.”  PFS Exh. Y

at 135.  We discuss these accidents below.
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September 19, 1990 Accident

2.258. Our consideration of this accident is addressed in the preceding section.  See supra

at 83.  There we found that the Applicant’s explanation is consistent with the facts set forth in the

accident report and adequate to support a finding that the pilot would have been able to avoid the

proposed facility.  Therefore, the Applicant appropriately categorized this accident as being “able

to avoid.”

March 19, 1991 Accident

2.259. The accident report for this accident states that following a system hydraulic failure,

the mishap pilot declared an emergency and started a departure back to the base.  PFS Exh. 124

at 3.  The situation worsened during the recovery trip as other systems malfunctioned and smoke

was reported trailing from the aircraft.  Id.  Approximately 4 to 5 minutes after the first indication

of a problem, the mishap aircraft lost all electrical power and began uncommanded descending

barrel rolls.  Id.  The mishap pilot could not regain control of the aircraft and ejected.  Id. at 3-4. 

2.260. The State’s expert asserts that the pilot would not have been able to avoid the PFS

facility because the pilot ejected while the aircraft was out of control.  See State Exh. 223 at 3.

Tr. 13,391.  

2.261. The Applicant’s expert panel asserts that the pilot would have been able to avoid the

PFS facility because the pilot maintained control of the aircraft for 4-5 minutes after the initial

indications of a problem.  Cole/Jefferson/Fly Post Tr. x, at 71.  If the pilot were in Skull Valley near

the proposed PFS site, the pilot would have had ample time to turn and proceed toward Michael

Army Airfield, the nearest emergency airfield, which is located approximately 16 miles from the

proposed PFS facility - - a 2.5 minute flight.  Id. at 71 & n. 97.  Therefore the pilot would have been

well clear of the facility.

2.262. We find that the pilot maintained control of the aircraft for at least 4 minutes after

the initial indications of the problem.  The problem was of sufficient magnitude that the pilot
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declared an emergency and headed toward the nearest emergency landing field.  The record amply

supports a finding that the pilot would have had positional and situational awareness during the 4

controlled minutes of flight to be aware of the PFS facility and would, therefore, have had ample

opportunity to position the aircraft away from the facility.  In addition, as stated by the Applicant’s

witnesses, the pilot during the 4-5 minutes of controlled flight would be sufficiently clear of the PFS

facility.  Therefore, we find that the Applicant properly categorized this accident as  “able to avoid.”

June 8, 1991 Accident

2.263. The accident report states that on approach to Ellington Field, the mishap aircraft

suffered engine failure and crashed approximately 10 miles south of the field.  PFS Exh. 129.  The

mishap pilot heard a loud bang from the engine and experienced severe vibrations.  Id. at 3.  He

reduced power, and the anomaly subsided.  Id.  He declared an emergency, further reduced power,

and planned for a straight-in, flameout approach.  Id. at 4.  Another member of the mission “had

noticed and pointed out several possible impact areas for the aircraft and called this to [the mishap

pilot’s] attention.”  Id.  The mishap pilot then jettisoned his tanks and attempted to restart the

engine.  As the mishap pilot “was considering where to point the aircraft,” he noticed that the

engine restarted.  The aircraft, however, experienced another engine failure, and the mishap pilot

ejected.  Id.

2.264. The State’s expert asserts that the Applicant should not have categorized this

accident as one in which the pilot would have been able to avoid the PFS facility.  See PFS Exh. X

(Table 1).  The Applicant’s experts claim that the pilot would have been able to avoid the PFS

facility because the ground was visible and weather was not a factor. Cole/Jefferson/Fly Post Tr. x,

at 73-75.  We find that the accident report clearly supports the Applicant’s assertions regarding the

ability of the mishap pilot to avoid a ground site in that, during the accident scenario, he was

actively looking for impact areas.
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February 19, 1993 Accident

2.265. Our consideration of this accident is addressed in the preceding section.  See supra

at 86.  There we found that the Applicant’s consideration of the time available to the pilot accurately

reflects the information contained in the accident report and that the accident was properly

categorized as “able to avoid.”

January 13, 1995 Accident

2.266. The accident report states that this accident occurred while the pilot was flying above

low altitude clouds at 4,000 feet AGL.  See PFS Exh. 175 at 3.  After the mishap pilot experienced

engine failure, he zoomed the aircraft, attempted engine restart, began a gradual descent, and

ejected over the low altitude undercast.  Id. at 3-7, 9.  The aircraft crashed on a golf course in

Belgium.  Id. at 4.  

2.267. The State’s expert witness asserts that the pilot ejected above the clouds and had

no reference to anything underneath the clouds.  Tr. 13,405.  The pilot had no idea where the

aircraft was going to hit.  Id.  The Applicant’s witnesses do not dispute the fact the pilot could not

see the ground.  Cole/Jefferson/Fly Post Tr. x, at 83-84.  See Tr. 3223-24 (mishap pilot informed

Col. Fly that he could not see the ground and was not familiar with the terrain below him).   

2.268. The Applicant’s witnesses claim, however, that a pilot flying at 4,000 feet AGL above

a solid cloud deck in Skull Valley would be able to refer to outside visual references.

Cole/Jefferson/Fly Post Tr. x, at 83-84.  In this regard, the mountains in Skull Valley would be

visible above 4,000 feet AGL, whereas, in Belgium, the terrain is marked by low rolling hills.

Tr. 4238.  Cole/Jefferson/Fly Post Tr. x, at 83.  In Skull Valley, the Stansbury Mountains would

provide a pilot with excellent visual reference to assist in maintaining situational and positional

awareness.  Further, the Applicant asserts that pilots who fly routinely in Skull Valley would be

generally aware of the existence of the PFS facility, whereas the mishap pilot in Belgium was not

familiar with the terrain below him. 
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2.269. We find that it is reasonable to assume that a pilot who experiences an engine

problem above an undercast in Skull Valley would be cognizant of the approximate position of the

PFS facility and would be able to take measures to avoid it, if necessary.  In addition, we note that

the accident report indicates that the time from the initial indication of the engine problem to the

ejection was 65 seconds, which would be sufficient time to take measures to avoid a ground site.

See PFS Exh. 175 at 3-4.  See infra, at 101 (small effort required to avoid the PFS facility).

Therefore, the Applicant correctly categorized this accident as being one in which the pilot would

have been able to avoid the PFS facility.  

September 16, 1997 Accident

2.270. Lt. Col. Horstman stated that this accident should be categorized as not being an

accident in which the pilot would have been able to avoid the PFS facility.  PFS Exh. X (Table 1).

The Applicant had originally classified this accident as being one in which the pilot would have been

able to avoid the facility, but has since re-classified it as not being able to avoid the facility.  The

Applicant’s reclassification did not affect any of its results.  See Cole/Jefferson/Fly, Post Tr. at 81.

Therefore, we consider both the State and Applicant to be in agreement with respect to the

characterization of this accident in this regard.

Other Accidents

2.271. During the course of the hearing, the State’s witness identified 3 additional accidents

that he contends indicate that the aircraft was not controllable and, thus, the pilot would not have

been able to avoid the PFS facility.  See State Exh. 223.  They are: 1) the December 17, 1992

accident; 2) the January 13, 1991 accident; and 3)  the September 3, 1990 accident.  We address

these accidents below.

December 17, 1992 Accident

2.272. The accident report for this accident states that the mishap aircraft encountered a

bird strike in which a 2.5 pound hawk was ingested by the engine, causing catastrophic engine
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failure and fire.  See PFS Exh. 145 at 5.  The pilot turned “20 degrees right to avoid a hunting lodge

off his nose” and to head directly toward the nearest landing field.  Id.  The flight lead directed the

mishap pilot to eject upon informing him that he was still on fire.  Id.  The mishap pilot then ejected,

and the aircraft turned upside down before impacting the ground.  Id. at 8.  Tr. 13,113-38.

2.273. The State asserts that the accident report does not show an ability to avoid a ground

site because the pilot was unable to control the aircraft.  State Exh. 223.  Tr. 13,376-13,378.  In

fact, Lt. Col. Horstman testified that “you can’t even stretch your imagination far enough to think

that this pilot was in control of the airplane.”  Id. at 13,378.  During cross-examination, however,

Lt. Col. Horstman agreed that the accident report shows that the pilot was in control and able to

maneuver to avoid a hunting lodge, although he stated that he was not sure if the pilot was trying

either to fly to the landing field or avoid the hunting lodge, or both.  Tr. 13,566.  He also admitted

that in his July 2001 deposition he reviewed the Applicant’s characterization of the accident as

being one in which the pilot would be able to avoid the PFS facility, and he did not disagree with

the Applicant’s categorization at that time.  Tr. 13,567-68.  See also PFS Exh. X.  Therefore, the

State has not demonstrated that the aircraft was not controllable at the time of ejection.

2.274. Moreover, we find adequate evidence in the record to support a conclusion that an

engine fire would not necessarily require a pilot to eject.  Tr. 13,023.  The F-16 does not have a

history of catching on fire and exploding immediately, even with respect to severe fires.  Tr. 13,024.

A fire in the engine may result in some damage, however, in such a case, the aircraft may still be

flyable and the pilot able to land.  Tr. 13,023-24.  Therefore, with respect to this accident, we find

that the fact that the bird strike resulted in engine fire does not render the aircraft uncontrollable.

 2.275. We find that this accident report demonstrates that the pilot maneuvered to avoid

a hunting lodge and that at all times prior to ejection, the aircraft was controllable.  We therefore

find that the Applicant’s categorization of this accident as being one in which a pilot would have

been able to take measures to avoid the PFS facility is acceptable.
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January 13, 1991 Accident

2.276. The accident report for this accident states that as the mishap pilot departed the

target area, he noticed smoke in the cockpit, causing him difficulty in seeing the aircraft

instruments.  PFS Exh. 118 at 3-4.  He positioned the air source knob to RAM, “thus clearing the

smoke and fumes from the cockpit.”  Id. at 4.  The mishap pilot  informed the flight lead about the

smoke, and the flight lead told him to turn the aircraft toward Al Kharj Air Base.  Id.  The mishap

pilot transmitted that the engine oil pressure had decreased, that the HUD was flashing a “warning”

light, that the oil/hydraulic pressure warning light had illuminated, and that both hydraulic systems

gauges were reading normal.  Id. He set the throttle in accordance with emergency procedures and

climbed.  Id.  While climbing, he heard a loud “clunk,” and the electrical generator failed.

Twenty-eight seconds after the electrical generator failed, the hydraulics systems failed, and the

aircraft pitched up and “departed controlled flight” in a spin.  Id.  The mishap pilot ejected

10 seconds later.  Id.

2.277. The State’s expert asserts that the aircraft was not controllable.  State Exh. 223 at 1.

Lt. Col. Horstman testified that although a member of the flight directed the pilot to the landing

base, there is no indication in the accident report that a turn was ever made.  Tr. 13,390.  He

testified that the hydraulics systems failed and smoke was in the cockpit, and that, therefore, the

pilot could not see out of the aircraft.  Id.  He said that the aircraft did not respond to pilot inputs,

and the pilot ejected while the aircraft was in an uncontrollable spin.  Tr. 13,391.

2.278. We find with respect to the pilot’s ability to see the ground, the pilot had successfully

cleared the cockpit of smoke early in the emergency and then had sufficient visibility of his controls

in order to read them and relate the information to the flight lead.  Regarding the actions the pilot

took demonstrating control of the aircraft, we note that the pilot set the throttle in accordance with

emergency procedures and continued his climb.  We therefore find that in the majority of this

accident, up to the final 10 seconds, the pilot was in control of the aircraft.   
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2.279. In addition, the pilot had time during his emergency to take measures to avoid a site

on the ground, if necessary.  He had time following the initial phases of the emergency and he had

28 seconds after hearing the “clunk” prior to the aircraft “departing controlled flight.”  Therefore, the

pilot had over 28 seconds in which he was in controlled flight.  We consider that the Applicant’s

characterization of this accident as being one in which the pilot was able to avoid a site on the

ground is acceptable.  Moreover, our finding is consistent with the State’s expert’s first appraisal

of this accident in which he found that the Applicant’s categorization of this accident as being one

in which the pilot would be able to avoid a ground site was correct.  See PFS Exh. X (Table 1). 

September 3, 1990 Accident

2.280. The accident report for this accident states that the accident occurred while the

mishap pilot was flying at 500 feet AGL at 480 knots.  PFS Exh. 113 at 2.  The pilot noticed several

warning lights, including the fire and overheat lights.  Id.  The pilot initiated a climb and retarded

the throttle to mid-range and transmitted to the flight lead that he had an engine problem.  Id.  The

flight lead told the mishap pilot that his aircraft was on fire and directed him to zoom.  Id.  The

mishap pilot began a zoom climb, retarded the throttle to idle, and switched to back-up fuel control.

Thirty seconds after the onset of the initial problem, the mishap pilot made the decision to eject.

He informed the flight lead that he was going to eject and did so.  “After ejection, the aircraft

pitched forward violently and impacted the ground at a near-inverted dive angle (110 to 120

degree) and slow speed.”  Id.

2.281.  The State’s expert asserts that the aircraft was “completely out of control” and

impacted at a steep dive angle.  Tr. 13,403.  See State Exh. 223 at 4.  We find that the accident

report indicates that the pilot took actions to climb and zoom the aircraft and control the throttle and

back-up fuel control.  In addition, he was at all times in communication with the flight lead.  Finally,

prior to ejection, he transmitted to the lead that he was going to eject.  These actions indicate that

the pilot was in control of the aircraft and made a calculated decision to eject.  It was not until after
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ejection that the aircraft pitched forward.  In addition, the accident report states that the flight

controls were functioning properly through the point at which the pilot ejected.  See PFS Exh. 113

at 3.  Moreover, our finding is consistent with the State’s expert’s first appraisal of this accident in

which he found that the Applicant’s categorization of this accident as being one in which the pilot

would be able to avoid a ground site was acceptable.  See PFS Exh. X (Table 1).  Therefore, we

find that the Applicant correctly categorized this accident as one in which the pilot would be able

to avoid the facility.

Summary of R1

2.282. Based on our review of the accident reports in which the State and the Applicant

disagree as to the categorizations of phase of flight, Skull Valley-type events, Sevier B MOA

events, and the ability of a pilot to avoid the PFS facility, we find that the Applicant properly

classified each disputed accident.

2.283. In addition, we have evaluated the State’s concerns regarding the use of the

accident reports as a framework for predicting pilot avoidance, the significance of the 18 missing

accident reports, and the accidents that were purportedly excluded on the basis of altitude,

instrument flight rules, midair collisions, G-induced loss of consciousness, lightning strikes, and

cloud cover.  We also evaluated the State’s claim regarding bird strikes.  We have not found any

basis for invalidating the Applicant’s analysis.  Therefore, we find that R1 - - the percentage of

accidents that could occur in Skull Valley that would leave the pilot in control of the aircraft after the

event - - is 90 percent.

7.  “R2" Able to Avoid

2.284. The factor, R2, represents the probability that a pilot with time and opportunity to

direct a crashing F-16 away from the PFS facility would do so.  In determining this value, the

Applicant’s witnesses Gen. Jefferson, Gen. Cole, and Col. Fly judged that a pilot with sufficient

control and time available would be able to avoid striking the PFS facility at least 95 percent of the
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time.  Cole/Jefferson/Fly Post Tr. x, at 17.  This determination was based on consideration of:

1) the training Air Force pilots receive in responding to in-flight emergencies; 2) the flight

characteristics of the F-16; 3) the absence of other built-up areas in Skull Valley; and 4) the small

effort required for a pilot to avoid the PFS facility in the event that an accident causes the pilot to

be in control of the aircraft.  Id.  This determination was supported by instances documented in the

F-16 accident reports in which pilots took actions to avoid people and structures on the ground.

Id.

1. Pilot Training

2.285. Air Force pilots are taught three general principles pertaining to in-flight

emergencies, which are reinforced throughout their careers:  maintain control of the aircraft;

analyze the situation and take appropriate actions; and land as soon as conditions permit.  PFS

Exh. N (Aircraft Crash Report) at 19. 

2.286. In addition, Air Force pilots are trained from the beginning of their careers to develop

and maintain constant situational and positional awareness, so that regardless of where they are

flying and where they are headed, they are cognizant of their surrounding environment.

Tr. 3103-04.  Gen. Cole described situational awareness as “an active and engaged cognizance”

of a pilot’s location, direction, airspeed, track, and terrain features, among other things.  Tr. 3591.

Air Force pilots begin to learn and develop situational awareness from their first flights in pilot

training, and pilots continue throughout their careers to improve their skills in maintaining it.

Tr. 3591-92.  

2.287. Situational awareness is integrated into pilot training through flight simulator

exercises in which various emergencies are presented and through actual flight time, check rides,

and flight drill instruction.  Tr. 3593-3598.  Tr. 3334-35.  Tr. 3338.  Situational awareness is also

discussed as part of mission briefings and debriefings.  Tr. 3595.  Hence, loss of situational

awareness is minimized as a result of training.
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2.288. The extensive training Air Force pilots receive with respect to the development of

situational and positional awareness relates to a pilot’s success in avoiding structures on the

ground during an emergency.  Tr. 3598-99.  Gen. Cole explained that while addressing an

emergency situation, a pilot will generally be aware of what is in front of and behind the aircraft and

will have a sense of the location of a structure on the ground before a pilot would have to act to

avoid it.  Tr. 3599.  A pilot will know where the aircraft is going to land and will adjust the heading

of the aircraft to ensure that the aircraft will not hit a ground structure before the pilot ejects.

Tr. 3103-04.  Lt. Col. Horstman agreed that pilots are trained in aspects of situational awareness

and are trained to know their location.  Tr. 13,334-35.  He agreed that pilots have situational and

positional awareness when flying and that they would know generally where they are at the time

of an incident.  Tr. 8606.  He agreed that, generally speaking, a pilot would not look out of the

aircraft for the first time at the onset of an emergency to determine the aircraft’s location, because

the pilot would already be aware of it.  Id.  Tr. 13,334.

2.289. With respect to avoidance of ground structures, pilots are trained from the very

beginning of flight training to point their aircraft away from populated areas.  Tr. 3250.  The

instruction manual for the Air Force training aircraft that pilots initially fly expressly instructs the pilot

as part of the ejection procedure to “[t]urn the aircraft toward uninhabited area[s]” if time and

conditions permit.  PFS Exh. N at Tab S.  Further, the flight manual for the F-16 instructs pilots that:

If time permits, descend to avoid the hazards of high altitude ejection.  Stow all
loose equipment and direct the aircraft away from populated areas.  

See State Exh. 150 (Tech. Order 1F-16C-1) (emphasis added).  Avoidance of objects on the

ground is also a topic of discussion and consideration for pilots during simulator training.

Tr. 3810-11.  

2.290. Lt. Col. Horstman noted that the Air Force training does not define for pilots what

is meant by “populated areas” in terms of avoidance.  Tr. 13,463.  He testified, however, that he
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believed that pilots would direct their aircraft away from any populated area, even if they need to

descend below 2,000 feet AGL, the minimum recommended ejection altitude, in the process.  Id.

He stated that if pilots were aware of the proposed facility, they would try to avoid it.  Tr. 13,465.

Therefore, we find that pilots would attempt to avoid the PFS facility, regardless of whether it is a

“populated area,” as set forth in the F-16 flight manual.

2.291. The Licensing Board heard testimony from two pilots who ejected from F-16s.  See

Tr. 3977-4043 (Col. Cosby) and Tr. 3880-3932 (Col. Bernard).  They spoke about their Air Force

training.  Col. Cosby testified that the Air Force training is very rigorous and is continued throughout

a pilot’s career.  Tr. 3988.  He agreed that maintaining positional awareness at the time of the

incident and avoiding populated areas or other things is “common sense.”  Tr. 3989.  He testified

that the first thing that pilots try to do is control the airplane.  Tr. 3989.  Once the airplane is

controlled, pilots assess their surroundings.  Tr. 3990.  Pilots are aware of the location of the

nearest suitable landing field and least suitable crash site.  Tr. 3990.  Pilots also go through a very

straightforward set of procedures that they practice monthly that address engine failures and

ejections.  Tr. 4027.  Col. Cosby explained that the Air Force trains pilots to handle emergencies,

to try to land the aircraft, and, if not possible, to try to point the airplane to uninhabited areas away

from buildings and people.  Tr. 4006. 

2.292. Col. Bernard also ejected from an F-16 in 1986 when flying over Cold Lake in

Canada.  Tr. 3888.  He testified that Air Force pilots are trained to point their aircraft away from

populated areas.  Tr. 3898.  Further, he stated that when he was stationed at Hill AFB, he was

directed to avoid “any kind of populated areas at all.”  Tr. 3918.

2.293. Lt. Col. Horstman agreed that Gen. Jefferson, Gen. Cole and Col. Fly’s discussion

on training is “exactly correct.”  Tr. 8548.  He testified that the Air Force does a “magnificent job”

of training their pilots and that of all the Air Force training he received, the F-16 training was the

best.  Tr. 8548-449.  He stated, however, that pilots nevertheless make mistakes.  Tr. 8549.
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2.294. Lt. Col. Horstman addressed the training pilots receive with respect to the ejection

experience.  Tr. 13,132.  Throughout a pilot’s Air Force career, a pilot will receive annual egress

training, which addresses how to escape from an aircraft, how to use the ejection system, and the

procedures and mechanisms for doing so.  Id.  F-16 pilots receive numerous emergency and

training simulation exercises, as well as egress training and monthly “safety days,” during which

pilots review other training topics for safety.  Id. at 13,133.  Pilots typically review safety reports and

accident reports to avoid future accidents of the same type.  Id.  Pilots also have access to the

actual videotape of each sortie they fly, and they review and critique their performance with respect

to aspects of the flight.  Tr. 13,135-36.

2.295. Based on the evidence in the record, we find that Air Force pilots are extraordinarily

well trained.  They are trained to maintain situational and positional awareness, to handle

successfully all aspects of emergencies, including ejection, and to avoid populated areas on the

ground.  

2. Flight Characteristics of the F-16

2.296. Regarding the flight characteristics of the F-16 which would assist in avoidance, the

Applicant asserts that the F-16's flight control computer is designed to maintain the aircraft on the

flight path set by the pilot, even after ejection.  PFS Exh. N (Aircraft Crash Report) at 21.  Col. Fly

explained that the flight control computer is designed to slow the aircraft down to approximately 200

knots and increase the “angle of attack” until it gets to approximately 11 degrees above the horizon

and then the aircraft will maintain that angle and descend in a stable manner.  Tr. 3097.  The

aircraft would most likely impact the ground at a point some distance along the flight path straight

ahead of the point of ejection.  Id.

2.297. Col. Cosby’s testimony lends support to the Applicant’s discussion of the flight

characteristics of the F-16.  He noted that the aircraft would head in the basic direction set by the

pilot and will fly in a straight and level path and that the aircraft would be pointed in the direction
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that the airplane was heading when the pilot ejected.  Tr. 3996.  He testified that the aircraft will

deviate off course slightly, but not significantly, as a result of the rolling of the airplane around its

longitudinal axis.  Tr. 3997.  Col. Cosby noted, however, that the F-16, as opposed to fighter aircraft

in general, will negate the deviation to some extent as a result of the flight control computer.

Tr. 4029-30.

2.298. We find that the flight control computer of the F-16 is designed to maintain the

general heading of the aircraft following a pilot’s ejection, and therefore, the aircraft is likely to

continue to fly in the basic direction set by the pilot.

3. Absence of Other Built-up Areas in Skull Valley

2.299. In Skull Valley, the proposed PFS facility would be the largest structure in the area.

Tr. 3600.  Skull Valley itself is sparsely populated, and near the proposed facility, on the Skull

Valley Band Reservation there are two tribal homes approximately 2 miles southeast of the

proposed site, additional residences about 3.5 miles east-southeast of the site, and off the

Reservation, two private farm residences located approximately 2.75 and 4.0 miles northeast of

the site.  See Staff Exh. C (SER) at 2-4.   Generally, the area surrounding the proposed facility is

characterized by open space and is undeveloped with mostly limited grazing and agricultural uses.

See Staff Exh. E (FEIS) at 3-41.  

2.300. There is, therefore, a considerable amount of open space around the PFS facility

to which a pilot could direct a crashing F-16 prior to ejecting.  PFS Exh. N at 22.  Col. Fly noted that

the concern of impacting one facility in favor of another is not present in Skull Valley because the

density is so low that a significant amount of space - - often miles - - exists between structures.

Tr. 13,706-07.  In fact, if a pilot were to eject in Skull Valley in the vicinity of the facility, other than

the facility itself, there is mostly desert, and the pilot would not have to worry about hitting other

structures.  See Jefferson, Tr. 13,116.  The pilot would simply turn to the right to the open desert.
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See Fly, Tr. 13,707.  Therefore, we find that the absence of other built-up areas in Skull Valley

would assist the pilot of a crashing F-16 to locate an adequate crash impact site.

2.301. We also consider that pilots would be aware of the existence of the PFS facility in

Skull Valley.  A new pilot to a base would have local area orientation that would include a

discussion of the local flying area and hazards in the area.  Tr. 3783.  Also, the PFS facility would

be listed in the Area Planning Guide of the U.S. Department of Defense so that military flight

planners and pilots would be aware of the location of the facility.  Ghosh/Campe Post Tr. x, at 21.

Tr. 13,114.  The Area Planning Guide provides guidance to planners of military training routes

regarding location and avoidance of radioactive waste facilities and is updated every 56 days.  Id.

Finally, if pilots at Hill AFB determine to use the PFS facility regularly as a primary visual reference

point, the facility will be known to those pilots.  Cole/Jefferson/Fly Post Tr. x, at 42.  In that event,

pilots would be able to see or at least be aware of the location of the PFS facility in Skull Valley.

Id.

2.302. Lt. Col. Horstman agreed that if the PFS facility were to rise 90 or 100 feet above

Skull Valley, it would be a fairly unique structure in the valley.  Tr. 13,510.  In fact, no other facilities

in Skull Valley rise to that height.  Tr. 13,510-11.  The footprint of the facility would probably be the

largest of all structural areas in the valley.  Tr. 13,511.  Therefore, we consider that the PFS facility

would be a prominent structure in Skull Valley and would be known to pilots who transit Skull

Valley.

4. Small Effort Required for a Pilot to Avoid the PFS Facility

2.303. The Applicant asserts that if an F-16 were aimed directly at the PFS facility

approaching an ejection altitude of 2,000 feet AGL, the pilot would only have to turn 4 degrees in

order for the F-16 to avoid striking the facility.  PFS Exh. N (Aircraft Crash Report) at 22-22a; see

also Fly, Tr. 3095-96 (the pilot would at the most need to turn three or four degrees to point the

aircraft off to the side and into a dirt area).  This is a very slight turn for the pilot to make.  PFS Exh.
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N at 22a.  Col. Bernard also agreed that in a controllable situation it would “not be difficult at all”

to direct an F-16 away from the PFS facility prior to ejection.  Tr. 3909-10.  We therefore find that

the effort a pilot would have to take to avoid the PFS facility would be small.

5. Examples of Avoidance in F-16 Accident Reports

2.304. In addition to the above considerations, the Applicant relies on the F-16 accident

reports that show instances in which a pilot maneuvered an aircraft during an emergency to avoid

sites on the ground.  According to the Applicant’s panel, in no case did an accident report show that

a pilot attempted to avoid a facility on the ground but failed to do so, and, therefore, the assumption

that a pilot in control of a crashing F-16 would avoid the PFS facility 95 percent of the time is

conservative.  Cole/Jefferson/Fly Post Tr. x, at 17.  Tr. 13,103.

2.305. In this regard, the Applicant’s expert panel prepared a chart that addresses each

of the 58 accident reports that were considered to be Skull Valley-type events in which the pilot had

the ability to direct the aircraft away from a specific site.  Tr. 13,100.  See PFS Exh. 100A (chart).

The Applicant submitted this exhibit to demonstrate that in many cases, a pilot took measures to

avoid a specific site on the ground or had situational awareness, indicating that the pilot knew his

or her relative location.  Tr. 13,102.

2.306. A substantial amount of hearing time and exhibits addressed the accident reports

related to Skull Valley-type events that PFS’ expert panel claims document pilot avoidance.  We

now address each of the accident reports described by the Applicant as documenting a pilot

avoiding an object on the ground during an emergency (Category A accidents).  With respect to

Category B accidents, which are described by the Applicant as demonstrating that, based on pilot

maneuvering, the pilot had situational awareness, which would contribute to successful avoidance,

we find that in most of the accident reports, situational awareness has been adequately

demonstrated.  See PFS Exh. 100A; State Exh. 223 (finding pilots turned toward emergency

airfields in most of the Category B accident reports - - i.e. Mishap Nos. 21-37, 39-44).  We need
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not dwell on Category C accidents, in which the accident reports do not indicate either specific

avoidance or specific situational and positional awareness, although we note that the lack of this

information does not demonstrate that a pilot would have failed to avoid a facility on the ground had

one been present requiring avoidance.

2.307. The Applicant asserts that 17 of the accident reports refer to specific actions of the

pilot to avoid objects on the ground - - Category A accidents.  See PFS Exh. 100A (summarizing

analysis of each accident report).  The 17 Category A accident reports are Mishap Reports

No. 1-16, and Mishap Report No. 49.  Tr. 13,109.  The State’s expert contends that none of these

accident reports show the ability of the pilot to avoid a ground site such as the PFS facility.  See

State Exh. 223 (summarizing analysis of each accident report).  We analyze these reports as

follows:

Mishap No. 1 - - December 26, 1989

2.308. The accident report for this mishap states that following a violent explosion, the pilot

zoomed the aircraft and began to engage in emergency procedures.  See Joint Exh. 1. at 2.

During the zoom and resulting glide, “the pilot made frequent corrections to his flight path to avoid

populated areas.”  Id.  Early in the zoom, the pilot turned to a “relatively unoccupied area on the

ground.”  Id.  The pilot intentionally delayed ejection to below the minimum recommended altitude

“ to further avoid populated areas in his flight path.”  Id.  The pilot received assistance from the

flight leader with checklist support and “additional clearing of the projected impact area of the jet.”

Id.  With respect to damage, the accident report states that the aircraft sheared trees and crashed

into a rice paddy, causing five property owners to receive damage.  See Joint Exh. 1 at 4-5.

Tr. 13,116.

2.309. The State asserts that this accident report does not show the ability of a pilot to

avoid a ground site such as the PFS facility because the pilot was not able to avoid the populated

areas from the minimum ejection altitude of 2,000 feet AGL, but intentionally went below that
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altitude to avoid the populated areas.  State Exh. 223 at 1.  Tr. 13,370-71.  If the ejection altitude

had been over 2,000 feet AGL, the State would have categorized the accident as showing an ability

to avoid.  Tr. 13,604-05.

2.310. We take this occasion to address the relevance of a pilot’s decision to delay ejection

below the minimum recommended ejection altitude in order to avoid an object on the ground.  The

State has asserted that, for many of the accidents identified, the mishap pilot ejected below the

minimum recommended ejection altitude, and therefore, those accidents should not be considered

as demonstrating a pilot’s ability to avoid a ground object.  See State Exh. 223 at 1-3.  

2.311. With respect to the minimum recommended ejection altitude, the Air Force F-16

flight manual states:

Under controlled flight conditions, eject at least 2000 feet AGL
whenever possible.  If below 2000 feet AGL, attempt to gain altitude
if airspeed permits.  Do not delay ejection below 2000 feet AGL for
any reason which may commit you to unsafe ejection.

PFS Exh. 246 (Flight Manual for F-16) at 4.  Further, the evidence in the record supports a finding

that the Air Force considers it important that pilots adhere to the minimum recommended ejection

altitude.  See, e.g., State Exh. 220 (Bernard videotape); State Exh. 47 (ALSAFECOM).

2.312. The evidence in the record also supports a finding that the minimum recommended

ejection altitude is not a mandatory directive and that a pilot may exercise discretion should

compelling reasons exist for delaying ejection below the minimum recommended altitude.  In this

regard, we note that Gen. Cole, who has previously served as the Air Force Chief of Safety, has

consistently testified throughout the hearing that the recommended minimum altitude of 2,000 feet

AGL is not an absolute requirement, and that a pilot may exercise discretion with respect to the

ejection altitude.  Tr. 3320-22.  Tr. 13,667-69.  Thus, he does not believe it is pilot error to eject

below 2,000 feet AGL if compelling circumstances are present, such as the need to avoid

populated areas.  Tr. 13,667.  In addition, Gen. Cole’s testimony is in keeping with those accident
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reports in which the mishap pilot receives praise for avoiding harm to people or objects on the

ground even though the pilot delayed ejection below the minimum recommended altitude in order

to do so.  See Joint Exh. 9 at 16; PFS Exh. 205 at 17.  Moreover, we note that the State’s witness

testified that he believes pilots would descend below 2,000 feet AGL to avoid any populated areas.

Tr. 13,463.  Therefore, we find that the Air Force considers that a pilot may exercise judgment in

descending below the recommended minimum ejection altitude in order to avoid people or objects

on the ground.

2.313. Finally, with respect to those accident reports in which a pilot ejected below 2,000

feet AGL but did not do so to avoid an object on the ground, we find that the delayed ejection does

not necessarily have any bearing on pilot avoidance.  Therefore, we find that a pilot’s ejection

below 2,000 feet AGL does not invalidate a demonstration in an accident report that the pilot was

able to avoid an object on the ground.

2.314. Returning to the accident report at hand, we find that based on the information

contained therein, the pilot successfully avoided populated areas, and, therefore, the accident

report supports the Applicant’s claim with respect to pilot avoidance.  As noted above, we reject

the State’s argument that the pilot’s intentional descent below 2,000 feet AGL to avoid a populated

area demonstrates pilot error.  Moreover, we note that even if the State is correct that the pilot

erred in descending below 2,000 feet AGL, the accident report shows that the pilot avoided

populated areas prior to reaching 2,000 feet.  In this regard, the accident report states that the pilot

made “frequent corrections” to avoid populated areas both during the upward zoom and resulting

downward glide.  In fact, during the zoom, the pilot made a turn to an unoccupied area on the

ground.  The pilot then delayed his ejection “to further avoid populated areas in his flight path.”  We

find, therefore, that the pilot made several efforts to avoid populated areas, prior to descending

below 2,000 feet AGL.
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Mishap No. 2 - - September 20, 1990

2.315. The Accident Report for this mishap states that following a large “thump,” the pilot

began to zoom the aircraft and, during the zooming process, attempted to restart the engine.  See

PFS Exh. 115 at 3-4.  He reached an altitude of 4,500 feet AGL prior to his descent.  Id. at 4.

During his descent, the pilot radioed his intention to eject to the other flight members.  One of the

flight members informed him “that there was a highway off of his nose.”  Id.  The pilot “then decided

to make a check turn to the northwest prior to ejection.”  Id.  After completing the check turn,

another flight member “confirmed that there were no obstructions off [the mishap pilot’s] nose.”

Id.  The front cockpit and rear cockpit pilots then successfully ejected.  Id.  With respect to damage,

the accident report states that the aircraft crashed into the ground ten miles away from a town.

PFS Exh. 115 at 4-5.

2.316. The State asserts that this accident report does not show the ability of a pilot to

avoid a ground site because there is no statement as to whether ground sites were observed  and

no indication that the pilot steered away from a ground site.  See State Exh. 223.  Lt. Col. Horstman

stated that there is no indication as to why the pilot turned and that the pilot may have been

selecting a place to land.  Tr. 13,371-72.  He testified that the accident report does not state that

the pilot was making a turn to avoid the highway and that he does not draw that conclusion.

Tr. 13,539.

2.317. On the basis that the pilot was clearly informed by another flight member regarding

his position relative to a highway, we find that a reasonable interpretation of the accident report is

that the pilot took actions to avoid a highway and sought to avoid “obstructions,” which would

include populated areas.  Nowhere in the accident report does it indicate that the pilot was

contemplating a landing during the emergency.  The wording of the report does not lend itself to

any other interpretation than that provided by the Applicant, and, therefore, we find that the

accident report supports the Applicant’s claim with respect to pilot avoidance. 
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Mishap No. 3 - - January 15, 1991

2.318. The accident report for this mishap states that the mishap pilot’s engine caught on

fire, and the pilot decided to descend to a nearby air base for an emergency recovery.  See PFS

Exh. 119 at 1-2.  As the fire intensified, the mishap pilot “decided to abandon the aircraft over an

unpopulated area.”  Id. at 2.  He then called out his position and ejected.  Id.  With respect to

damage, the accident report states that the aircraft crashed in an “unpopulated area of Everglades

National Park.”  Id.

2.319. The State asserts that this accident report does not show the ability of a pilot to

avoid a ground site because there is no indication that the pilot steered away from a ground site.

State Exh. 223.  Lt. Col. Horstman further stated that there are no populated areas in the middle

of the Everglades for the pilot to have avoided.  Tr. 13,372.

2.320. We find that the accident report demonstrates that the pilot made a conscious

decision to avoid populated areas and successfully did so.  The fact that the pilot was flying over

the Everglades at the time of the incident does not negate the fact that he took into consideration

the need to avoid populated areas:  it merely makes the pilot’s task easier to accomplish.  See

Tr. 13,372.  The same could be said for flights over Skull Valley.

Mishap No. 4 - - February 20, 1991

2.321. The accident report for this mishap states that the mishap pilot experienced a

catastrophic engine failure.  See Joint Exh. 3 at 3.  The pilot began to descend to a nearby airfield

and was cleared to land.  Id. at 3-4.  After the pilot could see the ground and “determined that it

was safe,” he jettisoned his fuel tanks and ordnance to reduce drag.  Id.  His view then became

obscured by clouds, but, as he further descended, he passed through the clouds and could see

the airfield.  When it became apparent that the aircraft would not be able to glide to the runway,

the pilot began to prepare for ejection.  Id. at 4.  The pilot “checked his flight path and determined
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23  As we have stated previously, a pilot’s ejection below 2,000 feet AGL does not invalidate
a demonstration in an accident report that the pilot was able to avoid an object on the ground.  See
supra, at 105.

that there was nothing to harm, no inhabited areas or buildings.”  Id.  He ejected at approximately

300 feet AGL.  Id.  The impact occurred in an agricultural field.  Id. at 6.

2.322. The State asserts that this accident report does not show the ability of a pilot to

avoid a ground site because there is no indication that the pilot steered away from a ground site

and because the pilot ejected at 300 feet AGL, “in violation of safety procedures.”  State Exh. 223.

Tr. 13,373-74.  Tr. 13,540-42.  Further, Lt. Col. Horstman stated that when the pilot realized that

he could not reach the landing field, he was “too low to make any decisions” and could have been

avoiding or going to a landing field.  Tr. 13,373.    

2.323. We find that the accident report demonstrates that the pilot considered where both

his ordnance and aircraft would impact during the emergency.  Contrary to the State’s assertion

that the pilot was too low to make any decisions, the accident report states that the pilot took into

account ground objects on his flight path after realizing he must eject.  Further, although the pilot

ejected at 300 feet AGL,23 he could see the airway upon emerging from under the clouds, the

bottoms of which were at approximately 1,000 feet AGL and could have undertaken avoidance

measures, if necessary, prior to reaching 300 feet AGL.  See Joint Exh. 3 at 5.   Therefore, we find

that the accident report supports the Applicant’s claim with respect to pilot avoidance.

Mishap No. 5 - - May 7, 1991

2.324. The accident report for this mishap states that the mishap pilot experienced a

catastrophic engine failure in which he was trailing fire or flames on the takeoff segment of his

flight.  PFS Exh. 128 at 7, 16.  He was approximately 1500 feet in altitude and began to decelerate.

Id. at 7.  He did not jettison his fuel tanks because they were empty and “he felt uncomfortable

without knowing whether houses or people might be directly under his flight path.”  Id. at 8.  The
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24  An elephant cage is a series of 100 foot communications antenna poles arranged in a
circle on the ground.  Tr. 13,544.

cockpit began to fill with smoke as he made a right hand turn and as the “elephant cage” radar

crossed his nose.24  Id.  He “purposefully stayed with the jet a little longer” while he arced through

the “elephant cage” radar and “attempted to stretch the glide path out toward and over Lake

Ogawara.”  Id.  He was able to see military picnic grounds, and “[s]ince he could visually confirm

that the jet appeared to be gliding toward the picnic area and away from inhabited areas, he then

decided to eject.”  Id.  With respect to damage, the accident report states that the aircraft crashed

into base property on the picnic grounds and nearby fallow rice paddies.  Id.

2.325. The State asserts that the accident report shows no indication that the pilot steered

away from a ground site or maneuvered to avoid the “elephant cage,” but merely passed it.  State

Exh. 223.  The State further notes that the pilot was not able to stretch out his glide over the lake

and ejected at 506 feet AGL, below the recommended minimum altitude.  Tr. 13,374.

2.326. We find that the accident report demonstrates that the pilot took into account

populated areas and structures during his emergency.  The pilot did not jettison his fuel tanks, in

part due to his concern of striking people on the ground, and directed his aircraft “away from

populated areas.”  Initially, he sought to bring the aircraft over the lake, however, when he noticed

the picnic grounds, he decided he could safely crash there instead.  We believe that the pilot

likewise attempted to avoid the “elephant cage,” inasmuch as the pilot was actively considering the

impact his plane would make on the ground and deliberately stayed with his plane while he turned

away from it.  This accident report, therefore, supports the Applicant’s consideration of pilot

avoidance.

Mishap No. 6 - - January 13, 1992

2.327. The accident report for this mishap states that the mishap pilot experienced an

engine emergency in which the aircraft could not slow down.  PFS Exh. 134 at 3.  The pilot landed,
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but could not stop and missed the departure end barrier.  Id. at 3-4.  He took-off again and turned

East “away from the city,” climbing to 600-700 feet AGL.  Id. at 4.  The pilot realized ejection was

unavoidable and “attempted to point the aircraft away from population centers” prior to ejection.

Id.  With respect to damage, the accident report states that the aircraft hit a house in a sparsely

populated area.  Id. at 2.

2.328. The State asserts that the accident report shows no indication that the pilot tried to

avoid impacting the house and was not successful in pointing the aircraft away from population

centers.  State Exh. 223.  Tr. 13,375.  The State further notes that the pilot ejected at an altitude

of less than 500 feet AGL.  Id.  

2.329. We consider that this accident report demonstrates that the pilot attempted to avoid

a city and “population areas” and was successful to the extent that the pilot was able to direct the

aircraft toward a sparsely populated area.  Therefore, although the pilot struck a house, the

accident report does demonstrate avoidance of larger population areas.  Thus, the pilot

successfully avoided the major obstacle.  Tr. 13,113-33.  In this regard, the pilot’s avoidance

maneuver is similar to the choice a pilot would make between crashing into the PFS facility or

crashing in an unpopulated area of Skull Valley.   The accident report supports the Applicant’s

reliance on pilot avoidance.

Mishap No. 7 - - August 31, 1992

2.330. The accident report for this mishap states that the mishap pilot experienced an

engine failure and attempted to restart the engine but could not.  PFS Exh. 140.  The pilot

abandoned further attempts to restart the engine and “seeing a populated area dead ahead and

what appeared to be an uninhabited area to the left, turned the aircraft left.”  He then zoomed the

aircraft and ejected at the apex of the zoom.  Id. at 5.  The mishap pilot ejected at approximately

2,000 feet AGL.  Id.  With respect to damage, the accident report states that the aircraft crashed
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in a wooded area and burst into flames approximately 150 yards from the nearest dwelling.  Id. at 3.

2.331. The State asserts that there is no indication that the pilot saw or attempted to avoid

dwellings near the impact site.  State Exh. 223.  The State asserts that the pilot had 14 minutes

from the time that the engine failed to the time of impact and yet nearly missed populated areas.

Tr. 13,375.  

2.332. We find that this accident report demonstrates that the pilot attempted to avoid a

populated area “dead ahead” and successfully diverted the aircraft to an uninhabited, wooded area.

Therefore, this accident report serves to bolster the Applicant’s assertions regarding pilot

avoidance.

Mishap No. 8 - - December 17, 1992

2.333. The accident report for this mishap states that the mishap aircraft encountered a bird

strike in which a 2.5 pound hawk was ingested by the engine, causing catastrophic engine failure

and fire.  See PFS Exh. 145 at 5.  The pilot turned “20 degrees right to avoid a hunting lodge off

his nose” and to head directly toward the nearest landing field.  Id.  The flight leader directed the

mishap pilot to eject upon informing him that he was still on fire.  Id.  The mishap pilot then ejected,

and the aircraft turned upside down before impacting the ground.  Id. at 8.  Tr. 13,113-38.

2.334. Our consideration of this accident report is addressed, supra, at 91.  We found that

this accident report demonstrates that the pilot attempted to avoid a hunting lodge and that at all

times prior to ejection, the aircraft was controllable.  This accident report, therefore, supports the

Applicant’s consideration of pilot avoidance.

Mishap No. 9 - - April 21, 1993

2.335. We first note that this accident report relates to Col. Cosby’s mishap of which he

testified by telephone at the hearing.  The accident report for this mishap states that the aircraft

suffered a sudden loss of thrust, leading to engine failure.  PFS Exh. 79 at 2.  The pilot’s attempt

to restart the engine was unsuccessful.  Noticing a residential area in the flight path, the pilot made
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a turn toward the airfield.  Id. at 3.  He recognized that he would not be able to reach the runway,

but that he could recover on a taxiway parallel to the runway.  However, as he started to align with

the taxiway, he saw a C-12 aircraft taxiing on the taxiway.  Id.  Unable to land on either the runway

or taxiway, he crashed on base property between the runway and taxiway.  Id. at 4.  His ejection

altitude was 50 feet.  Id.

2.336. The State asserts that the accident report does not show an ability to avoid a ground

site in that it represents only a “close range landing type maneuver.”  State Exh. 223 at 2.  In this

regard, Lt. Col. Horstman testified that the mishap pilot was trying to land when he avoided the

apartment building.  Tr. 13,569.   He further stated that the mishap pilot was close to the ground,

and therefore, should have been able to land the aircraft, but did not.  Id. at 13,379-80. 

2.337. Contrary to the State’s witness’ assertion, Col. Cosby testified that when he saw the

apartment building, his intention was to eject from the aircraft.  Tr. 3993.  Therefore, he pointed the

airplane back at the least populated area in the northeast part of Detroit by making a hard turn to

the left.  Id.  His intention was to eject as soon as he completed his turn away from the apartment

building.  Tr. 3980-81.  After he made the turn, he realized that, to his surprise, the airplane still had

sufficient altitude and speed to land.  Id.  He said, “And I thought, Well, you know what?  I might

be able to make the airfield and land.”  Tr. 3981.  We, therefore, find that Col. Cosby was not

attempting to land the aircraft at the time that he avoided the apartment building.

2.338. We find that the accident report and the testimony of Col. Cosby demonstrate that

he avoided both an apartment building and an aircraft on a taxiway.   Lt. Col. Horstman testified

that Col. Cosby did “an absolutely magnificent job of avoiding things, and an absolutely magnificent

job of breaking the rules in order to do so.”  Tr. 13,379.  (The rules he believed were broken pertain

to the minimum ejection altitude and the common practice for bringing a rescued aircraft back to
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25  We have previously found that the Air Force considers that a pilot may exercise judgment
in descending below the recommended minimum ejection altitude in order to avoid people or
objects on the ground.  See supra, at 105.

an airbase.25  Tr. 13,572.)  This accident report, therefore, supports the Applicant’s consideration

of pilot avoidance.

Mishap No. 10 - - September 11, 1993

2.339. The accident report for this mishap states that the mishap aircraft experienced a

violent explosion, resulting in engine failure.  PFS Exh. 158 at 4.  The pilot headed toward an

emergency airfield and attempted to restart the engine.  Id.  Shortly thereafter, the lead pilot

advised the mishap pilot that his aircraft was on fire and further advised him “to turn west away

from the populated area.”  Id.  The mishap pilot turned west and ejected.  With respect to damage,

the accident report states that the aircraft crashed on a mild slope in a sparsely populated area - -

there were no dwellings in the immediate vicinity.  Id. at 3.

2.340. The State asserts that the accident report does not show an ability to avoid a ground

site in that a reference to a pilot pointing an aircraft away from a populated area or pointing towards

a sparsely populated area does not demonstrate the ability to avoid a specific site, such as the

proposed PFS facility, located within a sparsely populated area.  State Exh. 223 at 2, 3.  In this

regard, Lt. Col. Horstman states: 1) the pilot turned towards an emergency airfield, as opposed to

avoiding an object; 2) a formation member offered advice, which involves reliance on a third party

to ensure avoidance of an object on the ground; 3) the mishap pilot had to eject immediately

because his aircraft was on fire; and 4) turning away from a populated area does not involve an

attempt to avoid an individual site of a few acres on the ground.  Tr. 13,380-82.

2.341. With respect to the assertion that the pilot was turning toward an emergency airfield,

as opposed to avoiding an object, we note that the pilot turned toward the emergency airfield prior
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to turning away from a populated area.  Therefore, we find that the pilot conducted two maneuvers:

turning toward an airfield and turning away from a populated area.

2.342. With respect to the pilot receiving assistance from a member of the flight,

Lt. Col. Horstman asserts that third party assistance would not be of help in trying to avoid a

specific target, as opposed to a larger area.  Tr. 13,600.  He stated that reliance on third party help

would be difficult in Skull Valley because the flight leader is two miles to the mishap pilot’s left or

right and would have trouble representing a ground site’s location during a very busy time.

Tr. 13,380.  Thus, a pilot would have to ask, “‘[D]o you see the PFS site?’  ‘Yes, I do.’  ‘Okay.  Then

avoid it.’”

2.343. We do not see much difficulty in the communication represented.  A simple reminder

of the existence of the PFS facility does not appear to us to be too onerous, and yet would likely

be sufficient to bring the facility to the pilot’s attention.  In this regard, we note that the PFS facility

would be prominent and readily-identifiable in Skull Valley.  Precise guidance as to its location

would not be necessary.

2.344.  Col. Fly’s testimony supports our finding in this regard.  He stated that a flight

member could provide a pilot with assistance in locating the PFS facility or in reminding the pilot

where it is.  Tr. 13,658.  In addition, the State’s witness agreed that there are instances in which

wingmen have provided assistance to a mishap pilot.  Tr. 13,599-00.  We, therefore, see no reason

to disregard this accident report on the basis that the mishap pilot had assistance from other flight

members in avoiding a populated area.

2.345. With respect to whether a pilot would need to eject immediately due to a fire in the

aircraft, as noted previously, we find that an engine fire does not necessarily mean that an aircraft

is out of control and ejection must be accomplished immediately.  See supra, at 92.  Finally, we

note that even if the pilot had to eject immediately upon the discovery of fire, the pilot still would be

able to direct the aircraft away from a populated area.
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2.346. Finally, the State asserts with respect to this and other accident reports that a

showing that a pilot turned away from a populated area does not signify an attempt to avoid a small

ground site.  See State Exh. 223 at 3.  In this regard, the State contends that avoiding a city is

easier than avoiding a small facility in that a city can be more readily seen.  Tr. 13,469-70.  Further,

the State notes that at 2,000 feet AGL, an aircraft would be 3.22 statute miles from the impact site.

Tr. 13,113-28.  Thus, according to the State, populated areas would have to be visible from 3.2

miles or more away, and a pilot would need to be able to conclude from this distance that an object

appearing in the distance was in fact a populated area.  Tr. 13,612-13.  The State additionally

asserts that while the Air Force instructs pilots to avoid “populated areas,” this term is not defined

and is subject to individual pilots’ interpretations.  Tr. 13,560.

2.347. First, we note that the State agrees that it would be easier to turn away from a point

target, such as the PFS facility, than an area target, such as a city, in that the turn with respect to

a point target requires less maneuvering.  Tr. 13,471.  Second, we note that a pilot would be able

to recognize the PFS facility from 6 miles away.  See Fly, Tr. 13,674.  The facility would have

significant vertical development and would cover 99 acres.  Thus, the PFS facility would be

prominent and visible in Skull Valley.  Finally, with respect to the State’s assertion that the term

“populated area” is not defined, we find that the evidence in the record overwhelmingly supports

a finding that Air Force pilots would avoid the PFS facility.  See, e.g. Horstman Tr. 13,562 (Air

Force pilots would generally avoid the PFS site time and circumstances permitting).  Therefore, the

lack of a definition of “populated area” is not relevant.  We therefore find that those accident reports

that demonstrate pilot avoidance of populated areas support the Applicant’s assertion regarding

pilot avoidance.

Mishap No. 11 - - February 2, 1994

2.348. The accident report for this mishap states that the mishap aircraft experienced an

explosion, resulting in engine failure.  Joint Exh. 7 at 1, 7.  The mishap pilot attempted several
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times to restart the engine.  Id. at 1, 2.  The pilot “directed the aircraft toward an uninhabited

wooded area” and ejected at approximately 1800 feet AGL.  Id.  The aircraft crashed in an

uninhabited wooded area south of Newport, TN.  Id. at 2. 

2.349. The State asserts that the accident report does not show an ability to avoid a ground

site in that there is no indication that the pilot steered away from a particular ground site.  State

Exh. 223 at 2.  Contrary to this assertion, we find that this accident report demonstrates that the

pilot took actions to direct the aircraft toward an uninhabited wooded area.  Therefore, the pilot was

considering the need to avoid objects on the ground.  We find that this accident report supports the

Applicant’s claim regarding pilot avoidance.

Mishap No. 12 - - August 21, 1995

2.350. The accident report for this mishap states that the mishap aircraft experienced heavy

vibration and the engine failed.  PFS Exh. 182 at 3.  The mishap pilot called for termination of the

exercise and “cleared his flight path.”  Id. at 4.  His attempts to restart the engine were not

successful, and, upon reaching the controlled minimum ejection altitude, he ejected.  Id.  The

aircraft impacted the ground in an unpopulated area on government land with no nearby structures.

 Id. at 2, 5.

2.351. The State asserts that the accident report does not show that the pilot saw or

steered from a ground site before ejecting.  State Exh. 223 at 2.  The State asserts that the

reference to clearing the flight path refers to maintaining distance from other formation members

and does not refer to avoiding sites on the ground.  Tr. 13,383.  Further, five minutes elapsed

during the time after the pilot cleared the flight path and ejected, indicating that the reference to

clearing the flight path did not relate to sites on the ground.  Id.  In this regard, we agree with the

State that this accident report does not demonstrate specific pilot avoidance.  Nevertheless, this

accident report does show that the pilot conducted a maneuver that indicates he was able to



- 117 -

maintain situational awareness with respect to other aircraft in the formation and crashed in an

unpopulated area with no nearby structures.

Mishap No. 13 - - June 7, 1996

2.352. The accident report for this mishap states that the mishap pilot heard a loud bang

and the engine failed.  Joint Exh. 9 at 2.  The mishap pilot decided not to jettison the centerline fuel

tank as he could not see through the clouds “to determine a safe impact point.”  Id. at 3.

Additionally, the mishap pilot decided not to eject until the aircraft dropped below the clouds.  Id.

at 2.  The pilot “visually cleared his flight path away from inhabited farm sites, correcting slightly

to the right towards a clear field area.”  Id.  The aircraft crashed in a cornfield near a small town.

Id.  The accident report acknowledges that the pilot ejected below the 2,000 feet minimum

recommended ejection altitude.  Id. at 16.  The Statement of Opinion notes that “[b]ecause of the

cloud layer, Colonel Dardis delayed his ejection to approximately 1,600 feet AGL in his attempt to

find an uninhabited spot for the impending crash.”  Id.   Further, it states, “Colonel Dardis should

be commended for this well thought out action; however, this slight delay may have contributed to

his own back injury.”  Id.

2.353. The State asserts that this accident report does not show an ability to avoid a ground

site because the pilot could not see the ground from the minimum recommended ejection altitude.

State Exh. 223 at 2.  Lt. Col. Horstman does agree, however, that the pilot attempted to avoid

inhabited farms.  Tr. 13,384.  Further, he agrees that when the pilot broke through the clouds, he

would have been at an altitude of approximately 2,500 feet AGL and, therefore, would have been

at approximately 2,000 feet AGL when he saw the farm site and began the maneuver to avoid it.

Tr. 13,580-81.  

2.354. We find that this accident report demonstrates the ability of the pilot to avoid

inhabited farm sites and, therefore, supports the Applicant’s assertion regarding pilot avoidance.



- 118 -

26  The State omitted from the quotation the fact that the investigator was able to see an
“industrial area.”  See Joint Exh. 10 at 13.

Mishap No. 14 - - July 11, 1996

2.355. The accident report for this mishap states that the aircraft experienced engine

failure, and the pilot began to glide toward an emergency runway.  Joint Exh.10 at 2.  The pilot

purposely delayed jettisoning the external stores as he was approaching a populated area and he

decided to wait until he was “over a more suitable area.”  Id. at 3.   During the approach to the

runway, the pilot considered that, if necessary, he could eject over a bay.  Id. at 13.  The engine

started and failed two times, and the mishap pilot became aware that he would not be able to reach

the runway.  Id.  He looked down and saw houses everywhere below him.  Id. at 5.  He turned

“towards what he perceived to be a less congested area.”   Id. at 2.  The area was described as

“less densely populated,” where “there were few, if any, houses.”  Id. at 5.  He continued to try to

guide the aircraft into an “open area” and ejected at 209 feet AGL.  Id.  The airplane destroyed a

house, killed a child, and caused serious injuries to an adult.  Id.  

2.356. The State asserts that this accident report does not show an ability to avoid a ground

site because he was not successful in avoiding the house.  Tr. 13,385.  Further, the State quotes

from the accident report that “[f]rom the area where the [mishap pilot] first saw Runway 17, my

investigator could clearly see the runway, but couldn’t see any built up areas at all . . . It wasn’t until

he was much closer to the field that he began to see the populated areas.”26  See State Exh. 223

at n.1.  We find that this accident report shows that the pilot considered avoiding houses on the

ground and turned toward a less densely populated area.  Although he impacted a house in

another area, he was able to avoid the more congested area.  In this regard, the pilot’s avoidance

maneuver is similar to the choice a pilot would make between crashing into the PFS facility or

crashing in an unpopulated area of Skull Valley.  Therefore, this accident report supports the

Applicant’s assertion regarding pilot avoidance.
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Mishap No. 15 - - May 15, 1995

2.357. The accident report for this mishap states that when the aircraft experienced engine

failure, the instructor pilot took control of the aircraft, “turned slightly to point toward unpopulated

terrain,” and began a climb.  PFS Exh. 179 at 4.  Approaching 2000 feet AGL, the instructor told

the student to prepare for ejection.  The instructor then performed a “mini-zoom maneuver” and

pulled the ejection handle.  Id. at 3.  The aircraft landed on desert ranch land.  Id.  No structures

were damaged.  Id.

2.358. The State asserts that this accident report does not show an ability to avoid a site

on the ground because there is no indication that the pilots saw or steered away from a ranch.

State Exh. 223 at 2.  Further, the State claims that a reference to a pilot pointing away from a

populated area or toward sparsely populated areas does not demonstrate an ability to avoid a

specific site within a sparsely populated area.  Id. at 3.  Lt. Col. Horstman stated that the area is

in the “middle of nowhere” and that there were no populated areas to avoid.  Further, he testified

that the pilot may have come close to a ranch house.  Tr. 13,387-88.

2.359. We find that the accident report demonstrates that the instructor pilot turned the

aircraft to point to unpopulated terrain.  Based on the wording of the report, we find it reasonable

to infer that the pilot was turning from populated terrain (otherwise a turn would not have been

necessary).  Regarding Lt. Col. Horstman’s claim that the pilot may have come close to a ranch

house, we note that the report does not indicate that this is the case.  Rather, the accident report

states that “no structures were nearby.”  PFS Exh. 179 at 5.  Therefore, we find that this accident

report supports the Applicant’s consideration of pilot avoidance.

Mishap No. 16 - - August 24, 1998

2.360. The accident report for this mishap states that following an engine failure, the

mishap pilot descended in an effort to reach a landing field, while continuing efforts to restart his

engine.  PFS Exh. 205 at 2.  He delayed jettisoning his fuel tanks due to his proximity to populated
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areas.  Id.  As it became apparent that he would not be able to reach the airfield, “he turned his

aircraft towards the ocean and successfully ejected once the aircraft was clear of any populated

areas.”  Id.  The Statement of Opinion further noted that the pilot’s actions “were commendable in

attempting to recover the aircraft and prevent injury or damage to individuals or property.”  Id. at 17.

His actions “to point the aircraft towards the water and delay his ejection until the aircraft was clear

of any populated area insured no one would be injured,” although he placed himself at risk of injury

or death in the process.  Id. 

2.361. The State asserts that this accident report does not demonstrate the ability of a pilot

to avoid a site on the ground because the pilot ejected below the minimum recommended altitude

of 2,000 feet AGL.  State Exh. 223 at 2.  Further, Lt. Col. Horstman argues that the accident report

does not state that the pilot was trying to avoid any particular site - - “just that he was trying to

make the ocean.”  Tr. 13,388.  He testified that he cannot draw an inference that the pilot turned

toward the ocean for the purpose of avoiding populated areas.  Tr. 13,586.  

2.362. We find that this accident report leaves no room for any interpretation other than the

pilot directed the aircraft over the water in order to avoid populated areas.  In this regard, the pilot’s

avoidance maneuver is similar to that a pilot in Skull Valley may take in directing an aircraft toward

the Stansbury Mountains in order to avoid the PFS facility.  Therefore, this accident report supports

the Applicant’s claim regarding pilot avoidance.

Mishap No. 49 - - May 31, 1992

2.363. The accident report for this mishap states that following an engine failure, the

mishap pilot “made the decision to abandon the aircraft over an unpopulated area.”  Joint Exh. 5

at 2.  After turning the aircraft toward an uninhabited area, the pilot ejected.  Id. at 1.

2.364. The State asserts that this mishap report does not demonstrate the ability of a pilot

to avoid a ground site because there is no indication the pilot saw or steered away from a ground

site.  State Exh. 223 at 3. 
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2.365. We consider, as discussed above, that pointing the aircraft away from populated

areas demonstrates an ability to avoid the facility.  See supra, at 115.  In addition, the accident

report’s reference to “unpopulated areas” suggests that populated areas were nearby and that the

pilot consciously decided to choose an uninhabited area.  Therefore, this accident report supports

the Applicant’s assertion regarding pilot avoidance.

Summary

2.366. We find that, with one exception, the Applicant’s Category A accident reports

document pilot avoidance of objects on the ground and generally support the Applicant’s assertion

regarding pilot avoidance.  In addition, we find that in no case did an accident report show that a

pilot attempted to avoid an object on the ground and failed to do so.  Therefore, the consideration

of pilot avoidance in the database of accident reports provides a strong showing that a pilot with

time and control of a crashing F-16 will take successful actions to avoid the PFS facility.  

State Challenges to Applicant’s Consideration of Pilot Avoidance

2.367. The State challenged the Applicant’s assertion regarding a pilot’s ability to direct a

crashing F-16 away from the PFS facility.  In particular, the State’s witness, Lt. Col. Horstman,

raised several factors that he contends would influence the ability of an F-16 pilot to avoid

impacting the proposed facility.  Specifically, they included: 1) whether the pilot remains conscious;

2) whether the aircraft responds to pilot control; 3) whether the pilot can locate the PFS facility due

to weather or other conditions; 4) the experience level of the pilot; 5) whether there is time to take

avoidance measures; 6) human factors, such as stress, which impair the pilot’s decisions in

emergency situations; and 7) whether the pilot forms an intention to take avoidance measures

relative to the PFS facility.  Horstman Pos Tr. x, at 16-17.  We address each of these concerns as

follows:
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1. Pilot Remaining Conscious

2.368. With respect to this concern, the State’s witness, Lt. Col. Horstman, asserts that a

pilot who incurs a G-induced loss of consciousness would not be able to take any action to avoid

the PFS facility.  Horstman Post Tr. x, at 17.  While we agree with this assertion, we note that the

Applicant’s analysis with respect to the first part of the R factor takes into account those accidents

in which the pilot would not be able to control the aircraft, such as with respect to accidents in which

the pilot loses consciousness due to G-induced loss of consciousness.  Therefore, there is no basis

to consider this matter in the context of accidents leaving the pilot with the ability to avoid a ground

site.

2. Aircraft Responding to Pilot Control

2.369. With respect to this concern, the State’s witness asserts that the aircraft may sustain

impact damage or a mechanical failure of the control systems that would prevent the pilot from

maneuvering the aircraft away from a ground site.  Horstman Post Tr. x, at 17.  While we agree

that such a situation may be possible, we note that the Applicant’s analysis with respect to the first

part of the R factor takes into account those accidents in which the pilot would not be able to

control the aircraft, such as with respect to accidents involving the loss of maneuverability.

Therefore, there is no basis to consider this matter in the context of accidents leaving the pilot with

the ability to avoid a ground site.

3. Ability to Locate the Facility Due to Weather or Other Conditions

2.370. The State asserts that a pilot may not be able to visually locate the PFS facility due

to:  the presence of cloud cover; the presence of ground fog; and the visual obstruction caused by

the nose of the F-16.  We address each of these concerns below.

a. Visual Obstruction Due to the Presence of Clouds

2.371. During the course of the hearing, we received a significant amount of evidence

regarding the issue of cloud cover in Skull Valley.  The State asserts that cloud cover in Skull Valley
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may prevent a pilot from seeing the PFS facility and, therefore, may prevent the pilot from being

able to steer away from the facility.  Horstman Post Tr. x, at 21.  According to the State, a pilot

flying in or above a cloud deck would not be able to visually locate the PFS facility in the event of

an emergency.  Id.  In addition, the State asserts that a pilot flying beneath cloud cover would not

zoom the aircraft into clouds in the event of an emergency, a procedure used to gain more time,

but may be forced to eject immediately depending on the altitude of the aircraft.  Id.

2.372. The Applicant asserts that it is unlikely that weather conditions in Skull Valley would

significantly reduce the likelihood that a pilot in an emergency situation would be able to avoid

striking the PFS facility.  Cole/Jefferson/Fly Post Tr. x, at 56-57.  In support of its assertion, the

Applicant claims: 1) weather conditions are generally excellent around the vicinity of the UTTR for

flights under visual flight rules; 2) a pilot in an emergency would be able to maintain positional

awareness by reference to easily recognizable features in Skull Valley; and 3) pilots have the ability

to use navigational aids to assist them in weather conditions.  Id.

2.373. First, we note that pilots may fly in Skull Valley in the Sevier B MOA under both

visual flight rules (VFR) and instrument flight rules (IFR).  Tr. 8488.  In order to fly under visual flight

rules in Skull Valley, a pilot must have 3 miles horizontal in-flight visibility below 10,000 feet MSL

(5 miles visibility is required above 10,000 feet MSL).  Cole/Jefferson/Fly Post Tr. x, at 51 n. 50.

Also, the aircraft must maintain a distance of 1,000 feet above clouds and 500 feet below clouds.

Horstman Post Tr. x, at 22.  Thus, a pilot may fly under VFR both below and above clouds if the

VFR weather clearance requirements can be satisfied.  Campe/Ghosh Post Tr. x, at 22-23;

Cole/Jefferson/Fly Post Tr. x, at 55.

Weather is Generally Excellent for VFR Flights

2.374. The Applicant takes the position that the weather in the vicinity of the UTTR is

generally excellent for VFR flights.  Cole/Jefferson/Fly Post Tr. x, at 57.  In this regard, the
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Applicant asserts that pilots have the option to fly through Skull Valley under VFR conditions in the

Sevier B MOA approximately 91 percent of the time.  Id. at 55.  

2.375. The Licensing Board received evidence pertaining to the duration and extent of

cloud conditions in Skull Valley.  To explain the cloud data, the Applicant presented the testimony

of Stephen Vigeant, a consulting meteorologist who obtained and evaluated data concerning the

weather in the region of the PFS facility.  Vigeant Post Tr. x, at 1-2.  Mr. Vigeant obtained Air

Weather Service Ceiling and Visibility Data for Dugway Proving Ground, which provides information

pertaining to the frequency of occurrence of various combinations of cloud ceiling height and

visibility on the basis of hourly observations.  Id. at 3.  See PFS Exh. O, Tab FF (ceiling versus

visibility chart) at 29-32.  

2.376. The definition of “no ceiling” used with respect to the ceiling versus visibility chart

refers to occasions in which less than 6/10 total sky cover was observed and refers to occasions

in which total sky cover meets or exceeds 6/10, but not more than half of the sky is covered by

opaque clouds.  Vigeant Post Tr. x, at 3.  A ceiling would therefore constitute opaque sky cover of

6/10 or more.  Id.  Further, the amount of sky cover of any type is determined by the summation

principle, whereby the sky cover at any level is equal to the summation of the sky cover of the

lowest layer plus the additional sky cover at all successively higher layers up to and including the

layer in question.  Id. at 8 n. 8.

2.377. The data from the ceiling versus visibility chart shows that the annual percentage

of occurrence of “no ceiling” at or below 5,000 feet AGL, combined with a visibility greater than or

equal to 7 miles is 91.5 percent.  Vigeant Post Tr. x, at 4; PFS Exh. O, Tab FF.  The annual

percentage of occurrence of “no ceiling” at or below 14,000 feet AGL, combined with a visibility

greater than or equal to seven statute miles is 74 percent.  The annual percentage of occurrence

of “no ceiling” at any altitude, combined with a visibility of greater than or equal to 7 miles is 70.5

percent.  Id. 
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2.378. The State presented a table, “Air Weather Service - Climatic Brief,” that the State

contends shows that there is greater than 50 percent cloud cover in Skull Valley 46 percent of the

time at or below 12,000 feet AGL.  See Horstman Post Tr. x, at 22.  See State Exh. 59 (Climatic

Brief table).  

2.379. The Applicant contends that the State incorrectly interpreted the cloud data

contained in the Climatic Brief table.  Mr. Vigeant testified that the Climatic Brief table relied on by

the State indicates that there is greater than 5/10 cloud cover 46.3 percent of the time on an annual

basis, but that it does not provide the altitude of the various cloud layers, and it does not state

whether the cloud cover constitutes a “ceiling.”  Id. at 7.  The cloud cover observations were not

made with respect to altitude, but, instead, were made on the basis of total sky coverage expressed

in tenths.  Thus, 2/10 sky cover at 2,000 feet AGL would be reported the same as 2/10 cloud cover

at 20,000 feet AGL.  Id. at 8.  

2.380. Mr. Vigeant further stated that the State’s Climatic Brief table refers to “sky cover”

and not to “ceiling height.”  Ceiling height is the height of the lowest sky cover that results in

cumulative opaque sky of more than half.  Id. at 8.  Sky cover is the amount of sky covered by

clouds - - whether transparent or opaque.  Id.  Therefore, the Climatic Brief table, in referring to sky

cover, does not provide any information regarding the frequency of occurrence or extent to which

the sky in Skull Valley would be covered by opaque clouds. 

2.381. We find that the data provided by the Applicant provides information regarding the

fraction of the sky covered by opaque clouds and the altitude at which those clouds are located

and, therefore, is more appropriate for an analysis of whether a pilot flying through Skull Valley

would be able to locate visually a ground structure than the information provided by the State in its

Climatic Brief table.  As noted above, the Applicant’s ceiling versus visibility chart supports a finding

that the annual percentage of occurrence of “no ceiling” at or below 5,000 feet AGL, combined with

a visibility of greater than or equal to seven statute miles is 91.5 percent.
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2.382. Based on the above, we find that the Sevier B MOA, which extends up to 5,000 feet

AGL, has no ceiling, with at least 7 miles of visibility 91.5 percent of the time.  Therefore, pilots can

fly through the Sevier B MOA under VFR conditions approximately 334 days per year.

Campe/Ghosh Post Tr. x, at 22.  The Sevier D MOA, which extends up to approximately 13,750

feet AGL, has at least 7 miles of visibility 74 percent of the time.  Consequently, VFR flight is

possible in the Sevier D MOA approximately 270 days per year.  Id.  The more detailed ceiling

versus visibility chart therefore clearly demonstrates that the weather in Skull Valley is

predominantly favorable to VFR flight operations.  

Flights Under IFR Conditions

2.383. The State asserts that pilots do not always fly through Skull Valley under VFR

conditions and may fly under IFR conditions should the weather on the UTTR training range be

adequate to perform training activities or should pilots be required to train on cloudy days to

maintain their qualifications with respect to flight training hours.  Horstman Post Tr. x, at 21-22.

2.384. The evidence in the record shows that in the event that weather precluded VFR

operations in Skull Valley, it is reasonable to expect similar cloudy weather in the adjoining UTTR

restricted areas and UTTR South area.  See Campe/Ghosh Post Tr. x, at 23; Cole/Jefferson/Fly

Post Tr. x, at 55.  Further, most of the aggressive maneuvering in combat training requires VFR

conditions.  Id.  Therefore, training would likely be suspended if extensive vertical and horizontal

cloud cover is present in the training range.  Even if weather in portions of the UTTR South area

permits VFR flight activities, there are five other standard routes besides Skull Valley that may be

used to enter the UTTR South area.  Campe/Ghosh Post Tr. x, at 23.  For these reasons, we do

not typically expect flights to occur in Skull Valley under IFR conditions, except in rare instances.

2.385. In those instances in which a pilot desires to fly under IFR conditions, the pilot must

request and secure an IFR clearance from air traffic controllers at Clover Control.  Campe/Ghosh

Post Tr. x, at 23-24.  While flying under IFR conditions, pilots will be under the radar control of
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Clover Control and will receive direction on radar separation from other aircraft.  Campe/Ghosh

Post Tr. x, at 24.  Hence, the controllers, who would be aware of the precise location of the PFS

facility, will be able to guide the pilot in case of emergencies.  Id.  The Staff confirmed with Hill AFB

that the pilots are in constant communication with the controllers at Clover Control while flying

through Skull Valley.  Id.

2.386. The State’s witness asserts that Clover Control would not be able to provide

assistance to a pilot while in Sevier B because at lower elevations Clover Control would lose its

geographic line of sight capability due to the presence of the mountains.  Tr. 8494.  Col. Fly,

however, explained that in order for a pilot to fly under IFR conditions, the pilot must comply with

minimum en route altitude restrictions.  Tr. 8650.  The minimum en route altitude is designed to

provide the pilot with a safe elevation and altitude clearance between the terrain and any

obstructions.  Id.  In Skull Valley, the minimum en route altitude is 9,700 feet AGL toward the Cedar

Mountains on the western side and 13,000 feet AGL toward the Stansbury Mountains on the

eastern side.  Tr. 8651.  Tr. 8489.  Therefore, we find that a pilot flying in Skull Valley under IFR

would be required to fly above the Sevier B MOA, which goes up to 5,000 feet AGL, and would be

required to fly above most of the Sevier D MOA, which goes up to 13,750 feet AGL.  In this regard,

we further note that Lt. Col. Horstman stated that even if he could technically fly IFR in the Sevier

B MOA, he generally would not.  Tr. 8490.  We, therefore, find that Clover Control would be

available to assist pilots flying through Skull Valley under IFR conditions.

Impact of Cloud Cover on Visibility and Avoidance

2.387. The Applicant claims that even the presence of a cloud ceiling in Skull Valley would

not necessarily preclude a pilot from seeing or avoiding the PFS facility.  Cole/Jefferson/Fly Post

Tr. x, at 51-53.  To demonstrate this point, the Applicant sets forth three scenarios.  The first

example involves a solid deck of clouds at 12,000 feet AGL with no clouds below.  In this case, the

pilot would be able to operate VFR under the cloud deck.  The pilot would simply fly under the
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clouds and would be able to see the ground.  Id.  The pilot, however, would not be precluded from

flying VFR over the clouds.  When flying over a solid deck at 12,000 feet AGL, the pilot would not

be able to see ground, and, as discussed infra, would have to rely on navigational aids to maintain

positional awareness.  Id.

2.388. The second example involves a ceiling of 12,000 feet AGL that consists of a

summation of cloud cover at various heights adding up to a ceiling at 12,000 feet AGL.  In the

example provided, the distribution of cover does not preclude VFR flights at any altitude up to the

ceiling, although pilots may have to adjust portions of their route of flight, depending on the location

of the clouds.  Cole/Jefferson/Fly Post Tr. x, at 52.  A pilot flying over the ceiling in this example

would be able to maintain positional awareness through reliance on navigational aids, as discussed

infra.  Id.  

2.389. The third example involves a ceiling covered by low altitude clouds at 1,000 feet

AGL.  A pilot in this case would not be able to see the ground.  The pilot, however, would be able

to operate VFR over the clouds and would be able to maintain positional awareness using

navigational aids and ground references.  Thus, the presence of a ceiling does not preclude VFR

operations.  Id. at 55.  The Applicant’s expert panel testified that in many, if not most, of the

possible circumstances where cloud cover is present, a pilot flying through Skull Valley would still

be able to avoid the facility in the event of an in-flight emergency.

2.390. We find that if there is a cloud layer that precludes pilots from flying at a specific

altitude, the pilots may operate VFR above or below the cloud layer, as long as the VFR clearance

restrictions are met.  

2.391. The State contends that even if flying under VFR conditions, a pilot may be

prevented from seeing the PSF facility due to the presence of clouds.   Horstman Post Tr. x, at 22.

Lt. Col. Horstman testified that 50 percent cloud cover would obstruct the pilot’s view of the facility



- 129 -

and that, in many cases, scattered clouds of 25 percent coverage may obstruct the pilot’s view of

the facility.  Id. at 21.  

2.392. During the course of the hearing, the Licensing Board was presented with three

visual demonstrations regarding the impact of cloud cover on the ability of a pilot to see objects on

the ground.  See Tr. 8378-8385 (State demonstration); Tr. 13,032-13,053 (Applicant

demonstration); Tr. 13,420-13,429 (second State demonstration).  With respect to the first

demonstration, Lt. Col. Horstman randomly placed Scrabble tiles across the top of a tablet of paper

to depict clouds.  Tr. 8378.  He covered 25 percent of the tablet with the Scrabble tiles to

demonstrate broken cloud coverage.  Tr. 8379.  He testified when looking directly down from the

top, a fairly significant portion of the tablet is visible, but when viewing at a ten degree angle, a

small portion is visible.  Tr. 8380.  Therefore, the State contends that if 25 percent of the sky is

covered by clouds, there is a high probability that a pilot will not be able to see the ground in front

of him.  Tr. 8379. 

2.393. The State’s witness agreed with respect to his demonstration  that a pilot would have

general situational awareness under conditions of 25 percent cloud coverage.  Tr. 8417.  A pilot

would be able to see portions of Skull Valley road and would be able to see portions of a rail line

to the proposed facility.  Id.  Thus, Lt. Col. Horstman agreed that generally speaking, a pilot would

have an idea of the location of the PFS site if flying above 25 percent cloud cover.  Tr. 8418.  

2.394. The Applicant’s witness, Col. Fly, disagreed that the State’s demonstration with the

Scrabble tiles accurately replicated what a pilot would see if flying over clouds in Skull Valley.

Tr. 13,032.  He stated that cloud layering is an important consideration in seeing the ground.  Id.

To demonstrate cloud layering, Col. Fly placed cardboard rectangles on clear plastic columns of

varying heights.  Tr. 13,034.  He demonstrated conditions of cloud cover ranging from 25 percent

to 75 percent.  As an airplane moves, due to the different cloud heights, a pilot would be able to

see a feature on the ground and will be able to see different parts of roads, buildings, and terrain
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features coming in and out of the pilot’s view.  Tr. 13,036, 13,041.   These reference features serve

to update the pilot as to his physical location.  Tr. 13,041.  Thus, Col. Fly demonstrated that cloud

cover - -  even at 75 percent - - does not preclude a pilot’s general positional awareness of the

area.  Tr. 13,048.  Therefore, cloud layering plays an important role with respect to visibility.

2.395. The Applicant addressed historical cloud layering data for an area near Skull Valley.

The Applicant’s witness, Mr. Vigeant, collected surface weather observations from Salt Lake City

International Airport for calendar year 2001.  See PFS Exh. 245.  The information presented gives

the amount of cloud cover at various layers and includes the altitude of each cloud layer.

Tr. 13,056.  The data shows that out of 108 observations, only 23 had any clouds reported at

altitudes below 5,000 feet AGL - - the elevation threshold of the Sevier B MOA.  Thus, in 79 percent

of the time, there were no clouds observed.  There were 4 observations of few clouds (less than

or equal to 2/8 sky), 6 observations of scattered clouds (3/8 to 4/8 of sky), 3 observations of broken

clouds (5/8 to 7/8), and 10 observations of overcast clouds (8/8 of sky).   Between 5,000 feet AGL

and less than or equal to 14,000 feet AGL, the threshold elevation of the Sevier D MOA, there were

31 observations of no clouds, 21 instances observed of few clouds, 18 instances of scattered

clouds, 14 instances of broken clouds, and 11 instances of overcast conditions.  Tr. 13,060.  PFS

Exh. 245.  Some of the entries in the chart involved multiple layers of clouds at different altitudes.

See, e.g. PFS Exh. 245 at 1 (January 15, 2001 0900 entry).  Based on the cloud layering data, we

find that in many instances, a ceiling is composed of the summation of different layers of clouds

at varying altitudes.  Further, in the altitude bands coincidental with the Sevier B and Sevier D

MOAs, the vast majority of the observations show either no clouds or some clouds.  Therefore, the

weather data supports a finding that a pilot would be able to see the PFS facility or other nearby

ground references most of the time.

2.396.  Col. Fly noted that it may be possible to fly between layers of clouds, such as in the

January 15, 2001 0900  example, in which scattered clouds were observed at 2500 feet AGL and
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at 8500 AGL.  Tr. 13,063.  The 6,000 foot separation between the clouds would be sufficient for

VFR flights.  Id.  Col. Fly noted that in many of the examples where thousands of feet exist between

clouds, a pilot would easily be able to fly VFR between the cloud layers.  Tr. 13,064.  Therefore,

we find that even if clouds are present in layers, a pilot may be able to fly VFR between the cloud

layers.  In such a case, a pilot is in a better position to be able to see objects on the ground than

if the pilot were flying above multiple layers of scattered clouds.

2.397. With respect to the State’s second demonstration, Lt. Col. Horstman placed large

styrofoam cups on top of plastic columns to demonstrate that cloud cover can be very difficult to

see through.  Tr. 13,421.  Even in such a circumstance, however, Lt. Col. Horstman agreed that

a pilot would have a general idea of the location of the PFS facility.  Tr. 13,457.  He further agreed

that if 8/8 cloud cover is present below 5,000 feet AGL, the overcast would likely be too thick to fly

under, and therefore, pilots would tend to fly above the clouds in the Sevier D MOA.  Tr. 13,456.

Gen. Jefferson noted that training activities would likely not take place if heavy, floor-to-ceiling

cloud cover were present, and, therefore, pilots would not be flying under those conditions.

Tr. 13,097-98.  Therefore, we find that in the unlikely event that pilots were flying above heavy

clouds in Skull Valley, pilots would be able to see the mountain ranges from the Sevier D MOA and

would have basic positional awareness with respect to the PFS facility, such that a pilot would be

able to take avoidance measures, if necessary.

2.398. The State asserts that a pilot flying beneath cloud cover would not zoom the aircraft

into clouds in the event of an emergency, a procedure used to gain more time, but, instead, may

be forced to eject immediately depending on the altitude of the aircraft.  Horstman Post Tr. x, at 21.

A pilot, however, would be able to zoom up to a point under the clouds.  See Horstman, Tr. 8425.

Thus, if the clouds were at 3500 feet AGL, a pilot flying at 2500 AGL at 425 knots would zoom to

3400 feet and would have sufficient time to avoid the PFS facility.  Id. at 8423, 8426.  See also

Tr. 13,455-56 (PFS avoidable if clouds at 5,000 feet AGL, aircraft at 4000 feet AGL).  Further, even
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if a pilot could not zoom a pilot may nonetheless have time to avoid the PFS facility.  In this regard,

if cloud cover is present at 3500 feet, a pilot flying at 3000 feet would have 15 seconds to glide from

425 knots to 200 or 225 knots without zooming.  Tr. 8403-04.  Therefore, we find that pilots would

not necessarily be forced to eject immediately if flying beneath cloud cover and, in many cases,

would have sufficient time to point the aircraft away from the PFS facility.  

2.399. On a related matter, the State asserts that based on the Applicant’s cloud layering

data, if a pilot zoomed to the top of the Sevier D MOA, a significant amount of clouds would likely

be below the aircraft that would impact the visibility of objects on the ground.  Tr. 13,418.

Tr. 13,434-35.  We note, however, that the Applicant’s data indicates that there were no

observances of clouds at or below 8,000 feet AGL - - the elevation threshold for the Sevier D MOA

- - 65 percent of the time.  Tr. 13,676.  PFS Exh. 245.  Moreover, a pilot in such a circumstance

would have general positional awareness such that the pilot would know where he is in relation to

the PFS facility.  

Positional Awareness in Weather Conditions

2.400. The Applicant asserts that, even if cloud cover is present, a pilot in an emergency

would be able to maintain positional awareness by reference to easily recognizable features in Skull

Valley, such as the portions of the Stansbury and Cedar Mountains that rise above the clouds and

the portion of the ground that remains visible.  Cole/Jefferson/Fly Post Tr. x, at 52.  See also

Campe/Ghosh Post Tr. x, at 23.  The mountains provide an approximate relationship to the location

of the PFS facility in Skull Valley.  See Fly, Tr. 3600-01.  Thus, pilots would be aware of the relative

position of the PFS facility during an emergency due to the pilot’s positional awareness maintained

during the flight prior to an emergency or prior to a decision to eject.  Cole/Jefferson/Fly Post Tr. x

at 53.

2.401. With respect to prominent terrain features in Skull Valley, we find that the Cedar

Mountains, the Stansbury Mountains, Deseret Peak, and two peaks bounding Johnson Pass
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southeast of the PFS facility site would be available as visual aids in determining positional and

situational awareness.  See Campe/Ghosh Post Tr. x at 23; PFS Exh. O, Tab FF, at 27 (PFS

response to NRC information request); PFS Exh. P (map of surrounding area).  

2.402. The State’s witness, Lt. Col. Horstman, asserts that use of the Stansbury or Cedar

Mountains as reference points is unlikely to assist pilots in avoiding the PFS facility.  Horstman Post

Tr. x, at 25.  In this regard, the State claims: 1) that it is improbable that a pilot could determine the

location of the small PFS facility in Skull Valley by reference to the mountain ranges and that, even

if the location could be initially estimated, the location of the facility relative to the aircraft would be

in constant change; 2) that a pilot would not attempt to head toward the mountains during an

emergency because they are not safe places to eject; and 3) that the mountains themselves may

be obscured by clouds and unavailable as visual reference points.  Id. 

2.403. With respect to Lt. Col. Horstman’s assertion that pilots would not be able to

determine the location of a small facility by reference to the mountain ranges, we find that a pilot’s

ability to find the exact location of the PFS facility is not required in order for the pilot to avoid the

facility.  Col. Fly testified that a pilot would not necessarily have to be able to see the ground in

order to avoid a site on the ground.  Tr. 3288.  Thus, if a pilot can see a terrain feature, such as a

mountain peak, the pilot will be generally aware that if he points the aircraft toward the mountain

range, he will be clear of what he wants to avoid.  Tr. 3289-90.  With respect to Skull Valley,

Col. Fly testified that in cloud cover, the mountains in the vicinity of Skull Valley would give a “good

general feel” for where the PFS facility was located.  Tr. 3601.  The mountains would be available

as a guide even if the aircraft is operating under a completely solid undercast.  Id.  Thus, we find

that a pilot would be able to rely on the mountain ranges for the purpose of maintaining positional

awareness with respect to the PFS facility.  

2.404. Moreover, as we discussed above, in order to use the mountains as a steering

reference, a pilot would only need to make a small turn toward them.  Tr. 13,702.  See supra, at
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101.  Turning a few degrees toward either the Stansbury or Cedar Mountain ranges would be

sufficient to miss the PFS site.  Tr. 13,700-02.  Therefore, we find that a pilot could turn the aircraft

slightly toward the mountains and thereby reduce significantly the risk of striking the PFS facility

in the event of cloud cover.

2.405. With respect to Lt. Col. Horstman’s assertion that a pilot would not attempt to head

toward the mountains during an emergency because they are not safe places to eject, we find that

a pilot would be able to use the mountains as a general situational awareness aiming point and

would be able to eject in Skull Valley shortly after placing the aircraft on a glide path that would

direct it into the mountains.  See Fly, Tr. 13,701 (a pilot would use the mountains for positional

awareness in order to avoid a ground site).  Lt. Col. Horstman agreed that if a pilot was pointing

the aircraft at the mountains prior to ejection, it would be possible for the pilot to eject before the

aircraft reached the side of the mountain and that the pilot would not have to wait until directly over

the mountain peaks to eject.  Tr. 13,508.  

2.406. With respect to the State’s assertion that the mountains themselves may be

obscured by clouds and unavailable as visual reference points, we note that the evidence regarding

clouds in Skull Valley indicates that such an occurrence in which all mountains ranges as well as

the facility site would be obscured by clouds would be rare.  See PFS Exh. O, Tab FF.  See also

PFS Exh. W (The Air Force describes the UTTR as having “excellent” weather and visibility.)  As

described below, however, pilots flying under such conditions would rely on navigational aids to

maintain positional awareness.

2.407. The Applicant asserts that, even if cloud cover is present, a pilot in an emergency

would be able to maintain positional awareness by use of navigational aids.  Cole/Jefferson/Fly

Post Tr. x, at 57.  Thus, if the clouds cover all the mountains, a pilot would have some onboard

navigation systems that would assist the pilot.  Tr. 3601.  The instruments would allow a pilot to

select a ground track to fly toward, which, even if the PFS facility were not visible, would provide
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the pilot a general idea of its location.  Tr. 3602.  These onboard navigation aids are:  the Inertial

Navigation System (INS), the Tactical Air Navigation System (TACAN), the Horizontal Situational

Indicator (HSI), and, for those planes so equipped, the Global Positioning System (GPS).  Id. at 51.

During typical missions, pilots will use both visual references and onboard navigation systems

together to maintain positional awareness.  PFS Exh. O, Tab FF at 28.

2.408. Inside the cockpit, the different instruments are physically mounted in a box, the

glare shield.  Tr. 3114.  The heads up display (HUD) is mounted on top of the glare shield and 

consists of a thick piece of glass.  Underneath the HUD, a projector generates symbology - -

electronic green markings and images - - up from the bottom of the glare shield onto the HUD.  A

pilot can see through the symbology and glass HUD and out of the aircraft.  Id.  The target

detection box (TD) is a green square that is projected onto the HUD and surrounds the selected

steer point, a selected set of latitude and longitude coordinates.  Tr. 3114-15.  PFS Exh. O, Tab FF

at 28.  The TD box assists the pilot in finding the next geographical point on the planned route of

flight for navigational purposes.  Tr. 3115.  Each steer point is programmed into the onboard INS,

and the pilot selects which steer points he wants to use during a flight.  Id.  Tr. 13,049 (steer points

determined as part of mission planning).  The INS can be used to navigate to or from the steer

point or can be used to maintain awareness of the location of the steer point.  PFS Exh. O, Tab FF

at 28.  

2.409. Col. Fly noted that a pilot in Skull Valley would have a steer point programmed into

the INS somewhere in the vicinity of the narrow neck of Skull Valley and would be able to figure

out bearing and distance with respect to that point.  Tr. 3602. 

2.410. The F-16 is also equipped with the TACAN, which provides bearing and distance

information from a selected ground station.  PFS Exh. O, Tab FF at 28.  TACAN detects radio

signals transmitted from different radio stations around the country, such as from Hill AFB, and will

provide the pilot with the distance of the aircraft to the transmitting ground station.  Tr. 3289.  Thus,
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a pilot may know at any given time his position relative to Hill AFB.  Id.  In addition, some models

of the F-16 are equipped with a GPS receiver, which uses the satellite navigation constellation to

maintain positional awareness and makes the INS more precise.  Id.  The F-16 is also equipped

with an onboard Horizontal Situation Indicator (HSI), which displays distance and bearing to

selected navigational steer points.  PFS Exh. O, Tab II at 5.  A pilot can use this equipment to

maintain a precise ground track of the flight.  Cole/Jefferson/Fly Post Tr. x, at 51; Campe/Ghosh

Post Tr. x, at 23.  As Col. Fly explained, the HSI would enable a pilot to determine the aircraft’s

location relative to a visible course line that connects the various steer points.  Tr. 13,050-51.  

2.411. The State argues that a pilot cannot rely on navigation instruments to locate the PFS

facility during an emergency.  Horstman Post Tr. x, at 24.  In this regard, the State asserts that

during an engine failure, the precision of the navigation system is reduced, and the instruments will

work on and off for short periods of time as the electrical system switches to the backup systems.

Id. 

2.412. Regarding the State’s assertion that during an engine failure the navigation system

would not be reliable, we note that the HUD shuts down when the main generator shuts down and

comes back as soon as the standby power system comes on line.  Tr. 3118-19.  The time in which

the HUD is off during this time is approximately 2 seconds, which is “a very short period of time.”

See Fly, Tr. 3124, 3587.  Tr. 3590.  The F-16 operating manual states that the emergency power

unit is designated to operate automatically for main and standby generator failure “or if the engine

is shut down in flight.”  PFS Exh. OOO, Technical Order 1F-16C-1, at 1-94.  Further “[a]fter

receiving any start command, the EPU requires approximately 2 seconds to come up to speed.”

Id.  Lt. Col. Horstman testified that once the EPU comes up to speed, it takes more time to power

the bus, which is “not instantaneous.”  Tr. 8484.  He also stated that once the HUD returns, some

of the information available to pilots does not come back.  Id.  He agreed, however, that the HUD

would continue to display the steer points.  Tr. 8486.  Col. Fly also testified that the INS would still
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show the relative bearing and the distance to the selected turn point in the event of an engine

failure.  Tr. 13,053-54.

2.413. We find that although the HUD symbology will not be available to a pilot for a few

seconds during an emergency involving engine failure, the F-16 is designed with a backup power

supply system that will restore power to the HUD within a very short period of time, enabling the

navigational steer points to be displayed.  Therefore, failure of the HUD during an engine failure

is not a significant impediment to a pilot’s reliance on navigational aids.

Summary

2.414. We find, based on the above discussion, that weather conditions are generally

excellent around the vicinity of the UTTR for VFR flight conditions in that the annual percentage

of occurrence of “no ceiling” at or below 5,000 feet AGL, combined with a visibility of greater than

or equal to 7 miles is 91.5 percent.  In addition, we find that most flights will take place under VFR

conditions and that, for those flights under IFR conditions, Clover Control will be available to assist

pilots in the event of an emergency.  

2.415. We find that a cloud ceiling would not necessarily preclude a pilot from seeing or

avoiding the PFS facility in that a pilot may be able to fly below the clouds and, due to the layering

of the clouds in Skull Valley, would be able to fly between cloud layers.  Under these conditions,

a pilot would be able to see the facility and surrounding terrain most of the time and would be able

to maintain situational and positional awareness with respect to the facility by reference to the

mountain ranges and by reliance on the on-board navigation systems.

2.416. Therefore, we find that the presence of cloud cover in Skull Valley would not

significantly impact the ability of a pilot to avoid the PFS facility.

b. Visual Obstruction Due to the Presence of Fog

2.417. The State asserts that the presence of ground fog may affect the ability of a pilot

to avoid the PFS facility in an emergency.  Horstman Post Tr. x, at 24.  In this regard, the State
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claims that Utah often experiences severe ground fog in the wintertime.  Id.  We note that ground

fog typically occurs in the morning hours and subsequently burns off.  Tr. 13,075.  Further, ground

fog is a function of season, such that there are more occurrences of ground fog in the wintertime

than in the summertime.  Tr. 13,113-10. 

2.418. The weather data for Michael Army Airfield shows that the frequency of occurrence

of ground fog is 2.5 percent of the observations on an annual basis.  Tr. 13,075.  Therefore, we find

that ground fog does not occur frequently in Skull Valley. 

2.419. In the event that ground fog is present in Skull Valley, it could rise to heights in the

tens of feet or the hundreds of feet, depending on the degree of cooling and the availability of

moisture.  Tr. 13,113-15.  Thus, a pilot would be able to fly above the fog in the Sevier B and

Sevier D MOAs.  In such a case, a pilot would be able to maintain situational awareness by

reference to the mountains, which would be visible above the fog, and would be able to use the

F-16’s onboard navigation systems.  Tr. 13,079-80.  Therefore, we find that the presence of ground

fog in Skull Valley would not significantly impact the ability of a pilot to avoid the PFS facility.

c. Visual Obstruction Due to the Configuration of the F-16

2.420. The State asserts that the nose of the aircraft could obstruct the visibility of the

ground during an emergency.  Horstman Post Tr. x, at 24.  In this regard, the State claims that

during an emergency, a pilot would raise the nose of the aircraft and that, depending on the degree

to which the nose is raised, the pilot’s view of the ground could be obstructed for the entire glide

distance of the aircraft.  Id.

2.421. The evidence in the record shows that if an F-16 pilot is flying straight and level, the

pilot will be able to see the horizon and down to about 11 degrees below the horizon out of the front

of the aircraft before the nose will start to interfere.  Tr. 3571.  Therefore, the pilot has a view of

approximately 10 or 11 degrees below the horizon.  Tr. 13,080.  The nose itself is streamlined,

tapering to a point.  Tr. 3572.  See State Exh. 144 (picture of an F-16 in flight).  A pilot can look out
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of the aircraft toward the side of the canopy fairly easily and, from the side, can see the ground

back to the point where the aircraft wings join the main body.  Tr. 3572.  Therefore, the sides of the

F-16 provide for excellent visibility.  Tr. 3572.

2.422. Regarding emergency procedures, there is general agreement that in the event of

an engine failure, a pilot will establish a 30 degree zoom climb, during which the pilot will not be

able to see directly in front of the aircraft.  See Fly, Tr. 13,080; Horstman, Tr. 8477.  As the pilot

reaches the height of the zoom, the pilot will push the nose over and establish a glide path of

approximately 6 degrees to maintain airspeed.  See Fly, Tr. 13,081; Horstman, Tr. 13,301.

2.423. To demonstrate the visual obstruction caused by the nose of the F-16, the State

introduced in evidence a videotape depicting a series of three F-16 simulator flights performed by

Lt. Col. Horstman on a flight simulator at Hill AFB.  Tr. 13,167-70.  See State Exh. 221 (simulator

videotape).  A flight simulator is a scaled replica of an F-16 cockpit, including a visual display of the

F-16 canopy, looking through the heads-up-display (HUD).  Tr. 13,167.  The simulations were

videotaped by Lt. Col. Horstman, who held a video camera as he performed each simulated flight.

Tr. 13,196.  

2.424. In each case, the steerpoint symbol was programmed at a hypothetical refinery,

which appeared on the simulator screen as a white rectangle.  As the aircraft approached the

refinery, the distance-to-steerpoint indicator displayed the mileage between the aircraft and the

steer point (i.e. refinery).  Compare State Exh. 221(videotape) with PFS Exh. NNN at 1 (diagram

of symbology for navigation modes).  Therefore, the distance at which the refinery became

obstructed by the nose of the aircraft could be determined by reading the distance-to-steerpoint

indicator at the time in the videotape that the refinery became obstructed.

2.425. The first simulation was of a flight through Skull Valley at 4,000 feet AGL and

425 knots.  Clouds were programmed in the computer to appear at 2,000 feet AGL.  Tr. 13,170.

Up to a distance of 3.2 nautical miles from the HUD, the ground appeared to be obscured by an
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object on the screen, which we are told was the nose of the aircraft.  Tr. 13,199.  The second

simulation was similar to the first, except that no clouds were programmed into the computer.

Tr. 13,170.  In this run, the ground was obscured up to a distance of 3.3 nautical miles.  Tr. 13,203.

The third simulation was of a flight through Skull Valley at 2,000 feet AGL and 200 knots.

Tr. 13,170.  In this run, the ground appeared obscured up to a distance of 4.7 nautical miles.

Tr. 13,209.  

2.426. First, with respect to the two simulations in which the aircraft was flying level at 4,000

feet AGL and 425 knots, the closest distance in front of the aircraft that the pilot could see was

between 3 and 4 miles.  See Horstman, Tr. 13,203 (at 3.3. miles, the object is out of view); Fly,

Tr. 13,639-40 (a little over 4 miles).  The fuselage reference line, which indicates the nose

elevation, was about 1 degree above the horizon.  Tr. 13,639-40. See Tr. 13,191 (fuselage

reference line indicates where aircraft is pointing).  Since normally the pilot can see about 11

degrees below the horizon in front of the airplane, the visibility in front of the airplane would be

reduced by 1 degree, for a 10 degree look angle.  Tr. 13,640.  

2.427. We note that in all of the simulations, the F-16 engine was operational and providing

thrust.  The simulations did not depict an in-flight emergency, and therefore, zooming was not

demonstrated.  In this regard, we note that in a zoom descent, the nose of the aircraft will be below

the horizon.  See Horstman Tr. 13,256 (in descent, nose will be below horizon); Tr. 13,277-78 (to

maintain 200 knots, nose would need to be lowered 5.5 degrees below horizon); Tr. 13,279 (in

glide, flight path marker will be 5.5 degrees below the horizon).

2.428. Had this been the depiction of an emergency, after zooming, the pilot would have

descended in a glide at 200 knots.  Tr. 13,300-01.  A 200 knot descent equates to an angle of

attack of 7 degrees.  Tr. 13,642.  In the simulation, a 6 degree descent rate was required to

maintain the attitude of the aircraft.  See Horstman, Tr. 13,301 (descent rate of 6 degrees).  During

the descent of a gliding powerless aircraft, the 6 degree descent rate would lower the nose
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correspondingly.  Tr. 13,664.  Therefore, if the angle of attack went up to 7 degrees, the fuselage

reference line would be about 1 degree above the horizon line in the HUD (7 degrees minus 6

degrees).  See also Horstman Tr. 13,301 (aircraft would be descending 6 degrees and nose would

be 5 or 6 degrees above the horizon).  As in the case of the first two simulations of normal flight,

the visibility would be 10 degrees.  Tr. 13,642.  Thus, the ground would be visible from 4 or 4.5

miles.  Id.

2.429. The State’s witness testified that when approaching the ejection altitude in a glide,

the pilot would slow the aircraft to the slowest possible airspeed.  Tr. 13,302.  This action involves

raising the nose to as much as 20 degrees above the horizon.  Tr. 13,303.  The view of the ground

would be obstructed for 10 miles in such a case.  Id.  We note, however, that the evidence in the

record demonstrates that prior to achieving the slowest possible airspeed, the aircraft would have

been in a descent in which the ground would have been visible from 4 or 4.5 miles.  We, therefore,

find that in the event of an engine failure, the entire time that the pilot is descending, the pilot

should be able to see what is in front of the aircraft.  Tr. 13,081.  Thus, the pilot would be able to

see where the airplane was going to hit and should be able to see the predicted impact point, as

well as the area short of it.  Tr. 13,684.

2.430. The Applicant asserts that even with portions of the flight obstructed by the nose of

the aircraft, the pilot would be able to maintain positional awareness due to the presence of

navigation aids, such as the flight path marker and the steer point symbology.   In this regard,

during an emergency the flight path marker would be visible.  Tr. 13,643.  The flight path marker

shows where the aircraft is headed.  Id.  Thus, the flight path marker would show the pilot the

impact point on the ground.  Therefore, the pilot would know if the aircraft would be in a position

to hit the PFS facility or crash elsewhere, such as the desert.  Tr. 13,643-44.

2.431. In addition, the INS would be available to the pilot to maintain positional awareness.

During the simulation, the steer point symbol was tracking the facility on the ground.  Tr. 13,451.
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See also PFS Exh. NNN (symbology for navigation aids).  If the steer point were outside of the

HUD field of view, a locator line would indicate the direction to the steer point.  Id.  Thus, in the

event that the nose obscured an object which had been programmed as a steer point, the steer

point symbol would indicate on the HUD where the steer point is located.  Tr. 13,452.  Thus,

although the ground object may be obscured for a point in time due to the nose of the aircraft, a

pilot would still have knowledge of the object’s location on the ground.  Id.

2.432. We also find that, even if an F-16 pilot could not see a ground object directly out of

the front of the aircraft due to an obstruction caused by the nose of the aircraft, a pilot would be

able to look out the side or turn to look down.  In this regard, the F-16 pilot sits fairly high in the

aircraft, allowing for excellent visibility.  Tr. 3570.  See State Exh. 144.  A pilot can see the ground

by looking out of the canopy on either side of the HUD.  Tr. 13,640.  As a pilot looks down the sides

of the airplane, the look angle greatly improves the visibility of the ground.  Tr. 13,080.  Therefore,

a pilot would retain situational awareness by being able to see the ground even if the nose of the

aircraft causes temporary obstruction of a ground object.

4. Experience Level of the Pilot

2.433. The State asserts that an inexperienced pilot may take longer to perform tasks or

not be able to perform them at all during an emergency situation.  Horstman Post Tr. x, at 20.

Specifically, Lt. Col. Horstman testified that an inexperienced pilot is more likely to focus on a

particular aspect of the emergency procedures, such as restarting an engine or ejecting, and may

not be capable of avoiding a fixed ground site.  Id.  He testified that he has flown with a number of

pilots who due to inexperience would not be able to avoid the PFS facility.  Id.

2.434. The 388th and 419th Fighter Wings stationed at Hill AFB are comprised of both

experienced and inexperienced pilots.  Horstman Post Tr. x, at 20.  The classification of experience

is an Air Force management tool used to distinguish those pilots with more flying hours in the F-16

from those pilots with fewer flying hours.  Cole/Jefferson/Fly Post Tr. x, at 47.  A typical pilot who
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completes pilot training, initial F-16 training and is then assigned to an operational fighter wing is

considered experienced only after he has 500 hours of flying time in the F-16.  Id.  There is no

prescribed level of performance or any specific evaluation of skills associated with a pilot moving

into the experienced category.  Therefore, we find that the Air Force designation of a pilot as

experienced has no direct bearing on proficiency apart from flight hours.

2.435. Gen. Cole, Gen. Jefferson, and Col. Fly testified that a typical pilot who completes

pilot training, initial F-16 training, and is then assigned to an operational fighter wing, would be

considered experienced in terms of practical knowledge.  Id.  The purpose of basic pilot training

(approximately a year in duration), F-16 initial training (approximately 7-8 months in duration), and

the mission ready training after arriving at the operational wing (a few months in duration) is to

provide a sufficient level of experience to proficiently operate an F-16 under routine and emergency

conditions.  Id.

2.436. Regarding avoidance of ground sites, Col. Cosby testified that the ability of a pilot

to avoid damage to people or property on the ground during an in-flight emergency is a matter of

“basic flying skills” and “basic pilotage.”  Tr. 4000-4001.  Further, the ability of a pilot to avoid a

ground site comes from pilot training and instruction.  Id.  The ability of a pilot to react successfully

would apply to pilots who represent the average Air Force pilot and who are not highly experienced.

Tr. 4000.  

2.437. The historical data do not show any significant effect of pilot experience on the

probability of avoiding a surface facility if the aircraft engine experiences a problem in flight.

Campe/Ghosh Post Tr. x, at 24; Cole/Jefferson/Fly Post Tr. x, at 48.  The Applicant did not find any

indications in the F-16 accident reports that a pilot’s limited experience had resulted in failure to

direct the aircraft away from an inhabited area.  The F-16 accident reports with respect to Skull

Valley-type events involved pilots with various levels of experience.  No correlation was observed

between the pilots’ flight experience levels and the mishaps.  Id.
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2.438. We find that Air Force pilots are adequately trained to operate an F-16 under normal

and emergency conditions and that all pilots have basic flying skills that would enable a pilot to

avoid a ground site in the event of an emergency.  Further, we find that the historical data shows

no correlation between accidents and the experience level of the pilot.  Therefore, we find that the

experience level of a pilot does not significantly impact the ability of the pilot to avoid the PFS

facility.

5. Time Available During an Emergency

2.439. The amount of time available to a pilot to restart an engine during an in-flight

emergency is based on the altitude and speed of the aircraft and can be calculated.  Tr. 3559-60.

In this regard, Figure 3 of PFS Exh. N (Aircraft Crash Report) consists of a chart from the F-16

operating manual, Tech Order 1F-16C-1, and pertains to the GE engine, F110-GE-100, that is used

in the F-16s at Hill AFB.  Tr. 3567-68.  The chart indicates that a pilot of an F-16 flying at an altitude

between 3,000 and 4,000 feet AGL at 350 to 400 knots would have adequate time to accomplish

emergency procedures and have the engine obtain usable thrust prior to reaching 2,000 feet AGL.

Tr. 3560.  See also PFS Exh. N (Aircraft Crash Report) Tab U.  The time to achieve usable thrust

is specified in the chart as 45 seconds.  Tr. 3562.  At speeds faster than 400 knots, more time

would be available.  Tr. 3565.  We, therefore, find that at the typical altitude and speed of F-16s

flying through Skull Valley, a pilot would be able to accomplish emergency procedures and have

at least another 45 seconds before descending to 2,000 feet above ground level, the Air Force’s

minimum recommended ejection altitude.

2.440. We note that Lt. Col. Horstman agreed a pilot of an F-16 with an engine failure

would have sufficient time to avoid the PFS facility, assuming that the weather is favorable and that

the pilot is in control of the aircraft.  Tr. 4227-28.  We therefore, find that a pilot of an F-16

experiencing an emergency in Skull Valley would have sufficient time to engage in emergency
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procedures and ejection procedures that would enable the pilot to have time to avoid the PFS

facility.

2.441. The State asserts that the time available to a pilot of a crashing F-16 prior to ejection

would be spent on tasks related to a pilot’s survival and would not be spent attempting to locate

and avoid the PFS facility.  Horstman Post Tr. x, at 30.  In this regard, the State relies on the

actions that a pilot would perform during an emergency, as specified in the ejection checklist and

concerns identified by the Air Force regarding pilots who delay ejection below the recommended

ejection altitude of 2,000 feet AGL.

2.442. In determining the tasks related to a pilot’s survival, we turn to a discussion of how

an emergency progresses and what a pilot may need to do to respond.  Generally speaking, the

first response in an emergency is to maintain control of the aircraft.  Tr. 3275.  As an emergency

progresses and the pilot determines that the aircraft cannot be saved, the pilot will look where the

aircraft will impact and commence the ejection sequence.  Tr. 3277.  State Exh. 150 sets forth the

ejection procedures, stating first:

If time permits, descend to avoid the hazards of high altitude
ejection.  Stow all loose equipment and direct the aircraft away from
populated areas.  Sit with head against headrest, buttocks against
back of seat, and feet on rudder pedals.

State Exh. 150.

Nine separate items appear on the ejection list, including the instruction to pull the ejection handle.

Id.  These are:

1. IFF MASTER knob -- EMER.
2. MASTER ZEROIZE switch (combat status) -- ZEROIZE.
3. Loose equipment and checklist –Stow.
4. Lapbelt and helmet chin strap -- Tighten.
5. Night vision devices – Remove (if appropriate).
6. Visor -- Down.
7. Throttle -- IDLE.

Slow to lowest practical airspeed.
8. Assume ejection position.
9. Ejection handle -- Pull.
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2.443. The State asserts that pilots in emergency situations make errors relative to the

timing and preparation for ejection.  According to Flying Safety Magazine, an error pilots make is

not preparing for ejection.  See State Exh. 151 (Flying Safety Magazine, Sept. 2001).  Tr. 3275.

It states:

One common error is not fully preparing for ejection.  Crewmembers
generally try to complete the pre-ejection checklist but, invariably,
the data reflects that checklists aren’t completed and important
items, like storing loose equipment, tightening personal equipment,
and the like, are not done.  

State Exh. 151. 

2.444. Several items on the checklist, however, are not critical to controlling the aircraft or

ejecting from it.  Tr. 3279.  For example, Col. Fly explained that the IFF Master knob will send out

a radio beacon alerting air traffic controllers to the emergency, and the Master Zeroize switch

terminates the aircraft’s signal so that it cannot be detected by enemies following a crash.

Tr. 3283-84.  Therefore, as demonstrated by Col. Fly, not all of the items on the ejection list must

be performed, and there is a priority with respect to performing them.  Tr. 3285.  Further, regarding

the time to compete the items set forth in the ejection checklist, Col. Fly testified that most of the

items can be performed “very, very quickly,” and that he did not believe that completing the

checklist would impact the pilot’s ability to avoid anything on the ground, including the PFS facility.

Tr. 3607, Tr. 3608.  We therefore find that a pilot would have sufficient time to be able to perform

necessary ejection procedures and avoid a ground site.

2.445. The State further asserts that the Air Force Chief of Safety informed pilots of an

increase in the number of crewmembers ejecting below published minimum ejection altitudes.  See

State Exh. 57 (ALSAFECOM 02-1996).  The document states, “Pressing below minimum ejection

altitudes and not completing vitally important post ejection procedures before landing are unsafe

practices that must be corrected.”  Id. at 2.  It goes on to state that “[f]utile repeated attempts to

recovered failed engines are driving crews to controlled ejections well below the recommended
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2000 feet AGL minimum.”  Id. at 3.  In this same vein, the State introduced an Air Force training

video narrated by Frank P. Bernard in which Col. Bernard addressed his ejection experience and

stated that he descended too low prior to ejection.  See State Exh. 220.

2.446. First, we note that the concern with respect to ejecting below 2,000 feet AGL does

not pertain to controlling or steering the aircraft.  Tr. 3319.  In addition, we have previously found

that the minimum recommended ejection altitude is not a mandatory directive and that a pilot may

exercise discretion should compelling reasons exist for delaying ejection below the minimum

recommended altitude.  Thus, it is not pilot error to eject below 2,000 feet AGL if compelling

circumstances are present, such as the need to avoid populated areas.  See Cole, Tr. 13,667.  See

also Joint Exh. 9 at 16 (praising pilot for ejecting below 2,000 feet AGL to avoid ground objects);

PFS Exh. 205 at 17 (same).  Moreover, we note that the State’s witness testified that he believes

pilots would descend below 2,000 feet AGL to avoid any populated areas.  Tr. 13,463.  Therefore,

we find that a decision to eject below 2,000 feet AGL to avoid people or objects on the ground is

a matter of pilot judgment.

2.447. Therefore, we find that the need for a pilot to complete emergency procedures and

engage in flight operations during the time available during an emergency does not significantly

impact the ability of the pilot to avoid the PFS facility.

6. Pilot Stress During an Emergency

2.448. The State asserts that pilots are under great stress during in-flight emergencies,

which causes their performance to deteriorate.  Horstman Post Tr. x, at 20.  Therefore, according

to the State, a pilot is more likely to take inappropriate actions under the stress of an emergency.

Id.  

2.449. In this regard, the State expounds on the perils associated with some ejections.

During an ejection, rockets shoot the pilot out of the aircraft, exerting a high g force which may

result in severe injury to the pilot.  Tr. 3145; Tr. 3303-05.  Further,  7 percent of pilots who ejected
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from aircraft in the period from 1978 to 2000 did not survive.  See State Exh. 151 (Flying Safety

Magazine, 2001).  Tr. 3270.  

2.450. In addition, the State specifically raises the threat of flailing injuries.  Flailing injuries

occur during an ejection as a result of the jostling of a pilot’s legs and arms in the aircraft’s air

stream.  Tr. 3272-73.  The F-16 poses a flailing risk in that leg and arm restraints were not

incorporated into the F-16 ejection seat.  Tr. 3272.  The Applicant asserts, however, that flailing

injuries take place only during high speed ejections, which are not likely to occur in Skull Valley.

In an emergency caused by engine failure, the typical ejection airspeed is going to be below

400 knots, and would likely be approximately 225 knots.  Tr. 3604, 3281.   The flight manual for the

F-16 states that wind blast exerts “medium force” on a pilot who ejects while at speeds up to 450

knots.  Severe forces which causing flailing injuries occur between 450-600 knots.  See PFS

Exh. PPP (Tech Order 1F-16C-1), at 3-42.  Both Col. Fly and Lt. Col. Horstman agree that flailing

injuries are not expected at 200 to 250 knots.  Tr. 3281; Tr. 4232.  Therefore, we find that flailing

and other high-speed related injuries would not be expected to occur in Skull Valley.

2.451. We nevertheless accept as true that stress associated with ejection can be very

high.   See Horstman Post Tr. x, at 20.  Although we recognize that pilots may experience stress

in the face of an emergency, we also consider that ample evidence in the record shows that pilots

are well trained to respond successfully under stress.  Gen. Cole testified that Air Force pilots are

well trained and conditioned to cope with in-flight stress and duress.  Tr. 3145.  Air Force pilots are

professionals who are focused on the job, and they are trained to be relatively detached from

emotions during emergencies.  Tr. 3278-79.  They train in the F-16 flight simulator, in which they

are presented with emergencies, such as an engine failure, and they are required to perform all

the necessary steps, including pulling the ejection handle.  Tr. 3334-35.  The training prepares a

pilot for an emergency so that when faced with one, the pilot can make correct decisions.  Tr. 3338.
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Thus, although pilots will experience stress during an emergency, they are able to work through

it.  Tr. 3145-46; Tr. 3608. 

2.452. The testimony of Col. Cosby, who ejected from an F-16, supports the Applicant’s

assertion that Air Force training enables a pilot to make correct decisions while under stress.

Col. Cosby was asked how his stress level during his emergency impacted his ability to perform

all the tasks related to the emergency.  Tr. 3987.  Col. Cosby responded by referring to his Air

Force training.  Tr. 3987-89.  He stated that when a pilot encounters a stressful or panic situation

where life and death decisions must be made in a short period of time, a pilot reverts back to his

or her career-long, extensive training, and the pilot will very mechanically and instinctively begin

accomplishing the tasks required for the situation.  Tr. 3988-89.  Avoiding populated areas or other

objects on the ground would be part of a pilot’s instinctive reaction.  Tr. 3989.  We, therefore, find

that the Air Force F-16 emergency training enables a pilot to perform necessary tasks while under

stress.

2.453. The Applicant further asserts that ejection injuries are unlikely to occur in Skull

Valley.  The F-16 accident reports address ejection injuries.  Tr. 13,012.  The accident reports for

the Skull Valley-type events in which a pilot would be able to avoid the PFS facility show 65 people

who ejected.  See Jefferson, Tr. 13,012-13.  Eighty-nine percent of the people who ejected

received no injuries or minor injuries like scratches and bruises.  In the remaining cases, the

injuries were not caused by the ejection process itself, but, rather, were caused by the parachute

landing or in-flight fire.  We note that the data obtained from the accident reports is consistent with

the testimony of Col. Cosby, who stated that the actual ejection process was not painful at all - -

what was painful was hitting the ground.  Tr. 4016.  Therefore, the data obtained from the accident

reports do not support an expectation that severe injury would occur as a result of an ejection in

Skull Valley.  Tr. 13,014.  The alternative of crash landing with the airplane, however, carries an

extremely high risk of death.  Id. 
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2.454. We find that in the Skull Valley environment in which a pilot remains in control of the

aircraft, the risk of injury is not so great as to cause the pilot apprehension to the point that he or

she loses focus on necessary tasks.  Tr. 13,017.   Therefore, we find that the stress associated

with an ejection in Skull Valley would not significantly impact the ability of a pilot to avoid the PFS

facility.

7. Pilot Forming an Intent to Avoid

2.455. Closely related to the issue of stress during an in-flight emergency is the State’s

assertion that a pilot will be distracted by the emergency to the extent that the pilot will not have

formed an intent to avoid a ground facility prior to ejection.  Horstman Post Tr. x, at 18.  According

to the State, a pilot’s focus for survival, therefore, will limit or prevent a pilot from locating a specific

site on the ground and maneuvering away from it.  Id.

2.456. In support of this assertion, the State’s witness, Lt. Col. Horstman, relates

conversations he had with four F-16 pilots who ejected.  According to Lt. Col. Horstman, “All four

pilots said their thoughts were focused on their own survival and all of the pilots said they did not

even consider where the aircraft would impact and did not consider where the jettisoned stores

would impact.”  Horstman Post Tr. x, at 18.  He testified that the pilots stated that given the same

set of circumstances, “they would again not consider where their aircraft or ordnance would

impact.”  Id.

2.457. To evaluate the State’s assertions with respect to these four pilots’ experiences, we

look at each case to determine what significance and weight, if any, to give to these examples of

pilots who did not form intentions to avoid objects on the ground.

Major Smith

2.458. Major Thomas Smith’s accident occurred while the pilot was flying above low altitude

clouds at 4,000 feet AGL.  See PFS Exh. 175 (accident report) at 3.  After Maj. Smith experienced

engine failure, he zoomed the aircraft, attempted engine restart, began a gradual descent, and
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27  As previously discussed, we found that the Applicant’s classification of this accident as
one in which the pilot would have been able to avoid the PFS facility is correct in that had this
accident occurred in Skull Valley, the pilot would have been able to maintain positional awareness
due to his familiarity with the existence of the PFS facility and due to the presence of the Stansbury
Mountains, which would be visible over the clouds.  See supra, at 90.

ejected over the low altitude undercast.  Id. at 3-7, 9.  The aircraft crashed on a golf course in

Belgium, and his jettisoned stores struck a field.  Id. at 4.  Lt. Col. Horstman testified that Major

Smith told him that he did not have time to think about where his jettisoned stores or aircraft would

impact.  Horstman Post Tr. x, at 19.

2.459. Col. Fly testified that he spoke with Maj. Smith on April 9, 2002.  Tr. 3223.

Maj. Smith took strong objection to the categorization of what was in the State’s testimony.  Id.  He

said that he was concerned about where his aircraft would land, but, because he was above cloud

cover, he could not see the ground and had no familiarity with the terrain beneath him.  Id.  He

knew, however, that he was not near major population centers.  Tr. 3223-24.  Maj. Smith told

Col. Fly that any Air Force pilot would consider avoiding things on the ground.  Tr. 3224.

Therefore, we find that Maj. Smith did form an intention to avoid ground sites, but was unable to

act on his intention due to the presence of clouds and his unfamiliarity with the terrain beneath

him.27

Captain Pietrykowski

2.460. Captain Pietrykowski ejected from an F-16 near Cold Lake, Canada, when his

aircraft hit a pelican.  Horstman Post Tr. x, at 18 n.2.  See also PFS Exh. 97 (accident report).  The

pilot was engaged in a large force joint training exercise on the Cold Lake Air Weapons Range

(CLAW).  PFS Exh. 97 at 2.  The bird entered the canopy, causing debris from the canopy, the

HUD, and bird carcass to strike the pilot.  This caused  “confusion, disorientation, and vision loss.”

Id.  The pilot stated that it felt like his eyes were closed so tightly he could see stars.  Id. at 14.

Aware of his disorientation and loss of vision, the pilot made a conscious decision to eject.  Id.
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Lt. Col. Horstman testified that the pilot told him he ejected immediately after the bird hit him.

Tr. 4241.

2.461. First, we note that in determining the percentage of pilots in control of their aircraft

who would be able to avoid the PFS facility (i.e., the R2 factor), only those accidents in which a pilot

has control of the aircraft are relevant.  Accidents in which the pilot has no control of the aircraft

are accounted for with respect to the determination of the R1 factor - - the percentage of accidents

which would leave a pilot with sufficient time and control to avoid a ground structure.  In this

accident, the pilot would have no ability to avoid a ground site.  See Horstman, Tr. 8454.  Although

Lt. Col. Horstman believes that the pilot was in control of the aircraft and decided to eject merely

because he could not see (see Tr. 8455), we do not find that Capt. Pietrykowski had sufficient

control of the aircraft to avoid a ground site.  Consequently, his inability to form an intent to avoid

a site on the ground has no relevance.

2.462. Moreover, we note that Capt. Pietrykowski may not have formed an intention to

avoid a ground site because he knew he was flying near Cold Lake, Canada, which, incidentally,

is where Frank Bernard ejected.  Col. Bernard stated that in that part of Northern Canada, there

is nothing but tundra and stunted trees, and the closest settlement is 30 to 40 miles away.  He

testified that, therefore, avoiding ground sites did not really enter into his consideration.  Tr. 3894-

95.  It would not be unreasonable to assume that Capt. Pietrykowski did not form an intention to

avoid for much the same reasons.  In this regard, we note that the aircraft impacted a lightly

forested muskeg area of the CLAW weapons range.  PFS Exh. 97 at 2.  In fact, Capt.

Pietrykowski’s rescuers were forced to rappel into the area due to the “swamp-like terrain” and

inability for the helicopter to land.  Id. at 8.  See also Cole, Tr. 3103 (if a pilot is in a totally

uninhabited, unpopulated area with no structures, where the airplane is going to land is not much

of a concern).
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2.463. We find that the fact that this pilot did not form an intention to avoid a ground site

is not relevant because the pilot could not see to control his aircraft and would not have been able

to avoid a ground site.  Further, we find that there was nothing underneath the pilot to avoid.

Lt. Tidgewell

2.464. Lt. Tidgewell  ejected from an F-16 while on the ground at Hill AFB.  See PFS

Exh. 98 (accident report).  His F-16 was on the runway traveling at 150 KIAS when it encountered

tire separation.  The accident report states that “[t]here is clear and convincing evidence that he

was unable to maintain directional control on the runway due in large part to a phenomenon known

as reverse castoring.”  Id. at 20.  The pilot ejected “when it became evident that the aircraft would

depart the runway.”  Id.

2.465. The State’s witness testified that the aircraft was “perfectly controllable” for over

2000 feet.  Then it became uncontrollable.  Tr. 8465.  With respect to this assertion, we note that

the onset of the accident occurred when the aircraft was 1400 feet down the runway.  PFS Exh. 98

at 4.  Approximately 4 seconds later, the pilot opened the speed brakes and pulled back on the

stick.  Id. at 5.  Although the aircraft veered into a skid at 5,000 feet down the runway, the pilot

reported that “as he slowed, the F-16 swerved” left and right in a fishtail motion.  Id. at 6.  He

further stated that “he felt as though his inputs to rudder, braking, and nosewheel steering were

ineffective and that he was ‘along for the ride.’” Id.  

2.466. Based on the accident report, we find that the aircraft was not controllable, and,

therefore, the fact that this pilot did not form an intention to avoid a ground site is not relevant.  We

further note that there was nothing underneath the pilot to avoid.

Colonel Coutts

2.467. Col. Coutts ejected from an F-111 in the United Kingdom.  Horstman Post Tr. x,

at 18 n.2.  His F-111 was on a final approach flying at 150 feet AGL at 150 KIAS when it

encountered hydraulic failure.  Col. Coutts said that he was not in control of the aircraft.  See
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Horstman, Tr. 4235.  We find that the pilot did not have control over the aircraft, and, therefore, the

fact that this pilot did not form an intention to avoid a ground site is not relevant.  See id.  We

further note that there was nothing underneath the pilot to avoid.  See Tr. 8556 (pilot was over the

ocean during the emergency).

Summary

2.468. We find that the State’s examples of pilots who did not form intentions to avoid

objects on the ground are not relevant because the pilots either were not flying in conditions that

would be present in Skull Valley, were not in control of their aircraft, or did not have objects beneath

them to avoid.  Therefore, we find that the State’s examples do not demonstrate that a pilot’s focus

for survival will limit or prevent a pilot from locating a specific site on the ground and maneuvering

away from it.

The Experience of Other Pilots in Forming an Intention to Avoid

2.469. We received evidence from 3 witnesses at the hearing regarding their ability to form

an intention to avoid objects on the ground during an in-flight emergency.  These were:

Gen. Jefferson, Col. Cosby, and Col. Bernard.

2.470. Gen. Jefferson successfully maneuvered an aircraft he perceived to be in imminent

danger of exploding away from a populated area.  Tr. 3622-23.  Specifically, while flying a single

engine T-33, and beginning a turn over Albuquerque, Gen. Jefferson saw the gas tank fire light

illuminate, indicating a fire in the gas tank located behind the second pilot.  Id.  He knew that a fire

in the gas tank places the aircraft in imminent danger of exploding, which had happened to other

pilots.  Tr. 3623.  The Air Force guidance recommends that the pilot eject immediately.  Id.  Despite

the emergency, Gen. Jefferson realized that he was over the town and decided to continue north,

because there was no smoke trailing.  He dropped the fuel tanks after looking down to make sure

nothing was below.  Tr. 3623.  Therefore, Gen. Jefferson formed an intention to avoid a populated

area during a stressful in-flight emergency.  Tr. 3624.
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2.471. Col. Cosby successfully maneuvered an aircraft with an engine failure away from

a large apartment housing complex and again away from an aircraft on a taxiway.  With respect

to avoiding the apartment building, he stated that when he saw the apartment building, he pointed

the airplane back at an unpopulated area in preparation for ejection.  Tr. 3993.  With respect to

avoiding an aircraft on the taxiway, he stated that, “[i]nstead of causing injury to the people that

were in that airplane or hitting that airplane,” he crashed the F-16 in the grass.  Tr. 3981.  Col.

Cosby testified that Air Force pilots will form an intention to avoid ground sites in the event of an

emergency.  In this regard, he stated:

If something happens to the airplane, the first thing that we do, if we
can control it, is point the airplane in [a] bailout direction.  In the case
of New York, we’re always going to head east because that’s going
to put us out over the water.  In the case of Washington, D.C., we’re
going to head out over the Potomac, because, obviously, in that
situation there’s much less capability for the airplane to do damage
to people or buildings or - - what we’re trying to do is mitigate the
risk to civilian population.  

Tr. 3990-91.  Thus, Air Force pilots will try to point their aircraft in a direction that will reduce risk

to people or property to the extent they are able.  Tr. 3991.

2.472. Col. Bernard testified that Air Force pilots almost all of the time would avoid a target

on the ground and would not cause any more damage than necessary.  Tr. 3905.  He testified that

he would point his aircraft away from a facility fitting the description of the PFS facility if he had

time.  Tr. 3907.  Further, he believes that Air Force pilots at Hill AFB would react the same way.

Tr. 3907.  

2.473. Therefore, we find that a pilot would form intentions to avoid the PFS facility in the

event that an emergency in Skull Valley leaves the pilot with time and control of the aircraft to avoid

the PFS facility.
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 NRC Staff’s Sensitivity Analysis

2.474. The Staff performed a sensitivity analysis with respect to the value for R2 - -  the

probability that a pilot with adequate control of the aircraft and sufficient time to direct the aircraft

away from a ground site would be able to avoid the proposed facility.  See Campe/Ghosh Post

Tr. x, at 21.  The Staff’s sensitivity analysis showed that a 20 times decrease in the likelihood of

avoiding the PFS facility increases the overall crash probability of an F-16 transiting Skull Valley

by approximately a factor of 2.5.  Id.  Consequently, the overall crash probability for an F-16

transiting Skull Valley is not highly sensitive to the assumed likelihood of a 95 percent R2

avoidance factor.  Id.  Thus, the Staff considered that R2 has negligible influence on the estimated

crash probability and, therefore, use of 95 percent for R2 is acceptable.  See Staff Exh. C (SER)

at 15-58 & Table 15-4.  As a conservatism, however, the Staff used a value of 90 percent for the

R2 avoidance factor.

Summary of “R2"

2.475. We find that the Applicant’s consideration that a pilot with sufficient control and time

available would be able to avoid striking the PFS facility at least 95 percent of the time is

adequately supported by the evidence in the record.  In this regard, we found that the training Air

Force pilots receive in responding to in-flight emergencies ensures that pilots develop and maintain

positional and situational awareness, which enables pilots to avoid ground structures.  We also

found that the flight characteristics of the F-16, the absence of other built-up areas in Skull Valley,

and the small effort required for a pilot to avoid the PFS facility in the event that an accident leaves

the pilot in control of the aircraft demonstrate that pilots in control of their aircraft will be able to

avoid the PFS facility in the event of an emergency.  In addition, we found that numerous accident

reports document pilot avoidance of objects on the ground and that in no case did an accident

report show that a pilot attempted to avoid an object on the ground but failed to do so. 
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2.476. We also took into consideration each of the State’s concerns regarding a pilot’s

ability to direct a crashing F-16 away from the PFS facility.  We found, contrary to the State’s

assertions, that the presence of cloud cover in Skull Valley would not significantly impact the ability

of a pilot to avoid the PFS facility.  Further, we found that the experience level of the pilot, the pilot’s

need to perform emergency procedures, and pilot stress would not significantly impact the ability

of a pilot to avoid the PFS facility.  Finally, we considered the Staff’s sensitivity analysis that

concluded that  the overall crash probability for an F-16 transiting Skull Valley is not highly sensitive

to the assumed likelihood of a 95 percent R2 avoidance factor.  Id.  Accordingly, we find that the

value for R2 is 95 percent.

2.477. Therefore, having found the value for R1 to be 90 percent and the value for R2 to

be 95 percent, we find the value for overall pilot avoidance (R1 x R2) to be 85.5 percent.  Thus,

non-avoidance is 100 minus 85.5 percent, or 14.5 percent.  Therefore, we find the value for R to

be used in the modified NUREG-0800 formula is 0.145.

Summary of the Hazard Posed to PFS Facility By F-16s Transiting Skull Valley

2.478. As mentioned above, the NUREG-0800 formula, as modified by the Applicant is:

P = C x W x N x A/w x R
 where:
C = inflight crash rate per mile for aircraft using airway,
w = width of airway (plus twice the distance from the airway edge to the

site when the site is outside the airway) in miles,
N = number of flights per year along the airway, and
A = effective area of plant in square miles.
R= pilot avoidance

See supra, at 20.  We found that the value for “C” is 2.736 x 10-8 ; the value for “W” is 10; the value

for “N” is 7041 divided by 2, or 3520; the value for “A” is 0.1337; and the value for “R” is 0.145.

Therefore, the annual probability of an F-16 transiting Skull Valley impacting the PFS facility is 2.5

x 10-7.  If a range from 8 miles to 10 miles is used for “W,” the probability ranges from 2.5 x 10-7 to

3.1 x 10-7.  See Staff Exh. C (SER) at Table 15-4.  
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2.479. Accordingly, we find the Applicant’s estimate of the probability as 3.11 x 10-7 to be

acceptable.

E. The Hazard Posed to the PFS Facility By Jettisoned Ordnance

2.480. Ordnance can pose a hazard to the PFS facility in four respects.  First, an F-16

carrying ordnance can crash directly into the PFS facility.  Second, an F-16 carrying ordnance can

jettison ordnance directly onto the PFS facility.  Third, an F-16 carrying ordnance can crash nearby

the PFS facility, causing an explosion that can impact the facility.  Fourth, an F-16 carrying

ordnance can jettison ordnance nearby the PFS facility, causing an explosion that can impact the

facility.  The Applicant and the Staff have considered these four ordnance scenarios in their

analyses.  See PFS Exh. N (Aircraft Crash Report) at 74-83k; Staff Exh. C (SER) at 15-83 through

15-93.  The State addressed the second scenario, the probability of jettisoned ordnance striking

the facility.  Resnikoff Post Tr. 8698, at 19-20.

Scenario One

2.481. With respect to the first scenario in which an F-16 carrying ordnance crashes directly

into the PFS facility, we find that the analysis pertaining to the hazard posed by F-16s transiting

Skull Valley accounts for this possibility.  As discussed previously, we found the annual probability

of an F-16 transiting Skull Valley impacting the PFS facility to be  3.11 x 10-7.  See supra, at 158.

Scenario Two

2.482. With respect to the second scenario, in which an F-16 carrying ordnance jettisons

ordnance directly onto the PFS facility, the Applicant estimated that the annual probability of this

scenario occurring is 3.4 x 10-8.  Cole/Jefferson/Fly Post Tr. x, at 104.  The Applicant derived its

estimate using a modification to the NUREG-0800 formula.  Id. at 102-03.  The formula is as

follows:

P = N x C x e x A/w.  
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28  Both live and inert ordnance are assumed to be able to damage the facility in a direct
impact.  See Staff Exh. C (SER) at 15-83.

In the formula, N is the number of annual flights through Skull Valley that carry ordnance - - both

live and inert.28  C is the crash rate per mile of flight.  The factor, e, represents the percentage of

crashes that leave a pilot in control of the aircraft.  A is the combined dimensions of the Canister

Transfer Building and the storage pad area.  W is the width of the airway.

2.483. We previously found the Applicant’s estimate of the number of annual flights through

Skull Valley, 5,870 flights, to be acceptable.  See supra, at 48.  This is the average number of

flights through Skull Valley in 1999 and 2000, adjusted to account for additional F-16s stationed

at Hill AFB in 2001.  We also found the Staff’s estimate of the number of flights through Skull

Valley, 7041 flights divided by 2 to account for formation flights, to be acceptable.  Id.  This is the

number of flights through Skull Valley in 2000, adjusted to account for the additional F-16s

stationed at Hill AFB in 2001.  The percentage of those flights that carry ordnance, however,

remains at issue.  We address the percentage of flights that carry ordnance below.  We previously

found W, the width of the airway, to be 10 miles.  See supra, at 58.

2.484. We have previously found C, the crash rate per mile of flight, to be 2.736 x 10-8.  See

supra, at 42.  We have also considered the percentage of crashes that leave a pilot in control of

the aircraft, which, in the above formula, is designated as e.  A pilot in control of an aircraft would

jettison ordnance, whereas a pilot not in control of an aircraft would not jettison ordnance.

Cole/Jefferson/Fly Post Tr. x, at 103.  See also Horstman Post Tr. x, at 28 (after zooming a pilot

will jettison all stores).  In this regard, we note that e is the same as R1, which we addressed in

conjunction with our discussion pertaining to the hazard posed by F-16s transiting Skull Valley.  We

found this value to be 90 percent.  See supra, at 95.  

2.485. The Applicant used a different value for A than that considered in the analysis with

respect to the hazard posed by F-16s transiting Skull Valley.  There, the Applicant used the
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effective area of the facility, whereas in the analysis for ordnance impacts, the Applicant uses the

physical dimensions of the facility structures.  In this regard, the Applicant assumes that ordnance

falls at a steeper angle than an aircraft.  We address the area of the facility below. 

2.486. In determining the percentage of aircraft that carry ordnance (live and inert), the

Applicant relied on data obtained from the Air Force regarding ordnance carried by F-16s from

1999 through 2000.  The Applicant determined the fraction of flights on the UTTR South area that

carried ordnance in 1999 and 2000 to be 2.556 percent.  See PFS Exh. O, Tab HH a 14.  The

Applicant applied this fraction to the number of flights that transit Skull Valley during these years,

updated to account for additional F-16s stationed at Hill AFB.  Therefore, the Applicant estimated

the value for N in the above equation to be 2.556 percent of 5,870 flights, or 150.  Id. at 102-03.

 2.487. The Staff estimated the fraction of the number of flights carrying ordnance on the

UTTR South area in 1998 to be 11.8 percent.  Campe/Ghosh, Post Tr. x, at 32.  The Staff also

carried out an independent estimation of the probability using 3 different values for N.  In case 1,

N is equal to the total number of F-16 flights through the Sevier B and D MOAs in 1998.  In case 2,

N is equal to the number of F-16 flights through Sevier B and D MOAs in 2000.  In case 3, N is

equal to the number of F-16 flights through Sevier B and D MOAs in 2000, increased to account

for additional F-16 aircraft stationed at Hill AFB.  Staff Exh. C (SER) at 15-86.  The fraction of the

number of flights carrying ordnance in 2000, adjusted to account for the number of additional flights

due to the 12 additional F-16 aircraft to be stationed at Hill AFB - - case 3 - -  was estimated to be

2.3 percent of 7041 flights.  Id.  As with its estimate of the probability of F-16s transiting Skull Valley

impacting the PFS facility, the Staff applied the more recent 2000 data in its analysis.  See Staff

Exh. C (SER) at 15-87. 

2.488. The State considered the fraction of the number of flights carrying ordnance on the

UTTR South area to be 11.8 percent, based on the 1998 data.  Resnikoff Post Tr. 8698, at 19.  The

State asserts that use of the 1998 percentage is more conservative than the 2000 percentage.  Id.
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Further, the State contends that the 2000 percentage was low due to temporary changes in training

tactics for the 388th Fighter Wing and does not reflect Air Force tactics during the life of the PFS

facility.  Id.  

2.489. In this regard, the State’s expert, Lt. Col. Horstman, testified that he was advised

that the 388th Fighter Wing’s tactics were different in 2000 due to “real world deployments.”

Horstman Post Tr. x, at 29.  According to the State, in 2000 squadrons from the Wing were

deployed to the Carribean to aid in drug smuggling interdiction and did not need to concentrate on

ordnance training.  Id.  He stated that due to the current needs in Kosovo and Afghanistan, the

Wing’s current training requires a higher percentage of flights carrying ordnance than in 2000.  Id.

2.490. The Applicant argues that ordnance training requirements do not vary significantly

from year to year in response to world events.  The Applicant’s witnesses testified that the Air Force

has minimum training requirements for ordnance and that each fighter squadron has a training

program to support its designated operational capability (DOC).  See Fly, Tr. 13,082.  The 388th

Fighter Wing’s DOC is air-to-ground bombing.  Tr. 13,084.  Therefore, each pilot has annual

air-to-ground training requirements that must be fulfilled to support the Wing’s DOC.  Id.

2.491. Col. Fly testified that he has seen little change over the years in actual training

requirements to fulfill DOCs.  Tr. 13,086.  A fighter wing with an air-to-ground bombing DOC would

need to conduct ordnance training to fulfill its DOC, regardless of the state of the world.  In this

respect,  the Air Force is required to maintain readiness to fight a full spectrum of war, including

air-to-ground bombing, regardless of military action in a given year.  Id. 

2.492. Gen. Cole explained that budgetary impacts affect the requirements regarding

ordnance training.  Tr. 13,087.  The total Air Force budget has decreased significantly from 1986

to 1995, and less ordnance training is presently conducted.  Tr. 13,087.  The Air Force is buying

fewer bombs due to the decrease in the Air Force budget and also due to the availability of

high-technology, precision-guided munitions that do not require as many training flights for pilots
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to develop proficiency.  Tr. 13,088.  Further, Col. Clark of the Air Force Safety Agency, which

monitors ordnance expenditures, does not expect the ordnance expenditure rate to increase.  Id.

2.493. We find that the evidence in the record shows that the 388th Fighter Wing’s

ordnance training requirements are not likely to increase in the future due to the fact that the Wing

must maintain an established level of air-to-ground ordnance training, regardless of the state of the

world.  Further, we find that the Air Force’s expenditures for munitions are not likely to increase.

Therefore, the Applicant’s consideration of the percentage of flights that carry ordnance in 1999

and 2000 is acceptable.  Accordingly, we find acceptable the Applicant’s estimate that the

percentage of flights carrying ordnance - - both live and inert - -  is 2.56 percent.  Therefore, we

consider the Applicant’s value for N in the above equation - - 2.56 percent of 5,870, or 150 - - to

be acceptable.  For the same reasons, we also find acceptable the Staff’s estimate that the

percentage of flights that carry ordnance in 2000, increased to account for additional F-16s at Hill

AFB, is 2.3 percent.  Therefore, we consider the Staff’s value for N in the above equation - - 2.3

percent of 7041, or 162 - - to be acceptable.  Although we find both values for N to be acceptable,

we will apply the Staff’s value in our calculation because it provides the conservative upper bound.

2.494. The Applicant considered the area of the site to be the physical dimensions of the

structures - - i.e. the product of the length and width of the cask storage area plus the product of

the length and width of the Canister Transfer Building.  Cole/Jefferson/Fly Post Tr. x, at 103.  In

this regard, the Applicant considered that pieces of ordnance are small relative to the size of an

aircraft and impact the ground at a steep angle.  Id.  Thus, the Applicant estimated the value for

A to be 0.08763 square miles.

2.495. The Staff considered the Applicant’s estimation of the cask storage area acceptable.

With respect to the Canister Transfer Building, however, the Staff increased the size of the area

calculated by the Applicant, by using the length and width of the Canister Transfer Building at its

widest point.  Campe/Ghosh Post Tr. x, at 33.  Using the width of the Canister Transfer Building



- 163 -

at its widest point would increase the probability marginally, by 1 x 10-9.  Staff Exh. C (SER) at

15-86.

2.496. The State estimated the area to be 0.12519 square miles, assuming a skid distance

of ordnance similar to that of an F-16 aircraft.  Resnikoff Post Tr. 8698, at 20.  Dr. Resnikoff,

however, recognized that the skid distance of ordnance may be different from that of an aircraft due

to the differences in the configuration of an F-16 and ordnance.  Tr. 8803-04.  

2.497. The Applicant asserts that ordnance does not skid.  Cole/Jefferson/Fly Post Tr. x,

at 107.  Gen. Jefferson testified that ordnance will come down fairly steeply and much more close

to vertical than an F-16, because, unlike an F-16, ordnance has no aerodynamic capability.

Tr. 8868; Tr. 8689.  Thus, Gen. Jefferson did not see how ordnance could skid.  Moreover, the

Joint Munitions Effects Manual Trajectory Model prepared at Eglin AFB, discusses the effects of

the impact angle on the estimated probability.  See Staff Exh. C (SER) at 15-87.  The analysis

shows that the estimated probability would not significantly increase due to the impact angle of

ordnance.  Id.

2.498. Based on the above, we find that ordnance jettisoned from an F-16 is unlikely to

skid.  Therefore, we find that the Applicant’s consideration of A is acceptable.

2.499. The Applicant estimated that the annual probability of scenario two occurring is

3.4 x 10-8.  The Staff estimated the annual probability to be 4.4 x 10-8.  In that the Staff’s

consideration of the value for the percentage of flights that carry ordnance and the Staff’s

estimation of the area of the Canister Transfer Building provide more conservative results than the

estimates of the Applicant, we will accept the Staff’s estimate of the annual probability of

occurrence of this scenario.  See Staff Exh. C (SER) at 15-97.  Therefore, we find the annual

probability of this scenario occurring to be 4.4 x 10-8.
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Scenario Three

2.500. In the third scenario, an F-16 carrying ordnance, crashes close to the PFS facility,

and the ordnance explodes, impacting the facility.  The hazard is due to an explosion occurring at

a distance close enough to the Canister Transfer Building or storage cask area to exceed the

design basis air overpressure.  

2.501. The Applicant estimated the probability that an F-16 carrying ordnance will crash

sufficiently close to the PFS facility so as to exceed the design-basis air overpressure using the

following formula:

P = N x C x A/W x Flo x Pe.

In the formula, N is the number of flights per year.  C is the crash rate per mile of flight.  W is the

width of the airway.  

2.502. The factor, A, is an outer band surrounding the effective area of the Canister

Transfer Building or cask storage area.  An aircraft carrying ordnance crashing anywhere in the

band is assumed to cause damage to the facility.  Staff Exh. C (SER) at 15-89.  The factor, A, is

derived from a formula that considers the F-16 skid distance, the explosion damage radius, and

the length and width of the Canister Transfer Building and cask storage area.  Id.  

2.503. The factor, Flo, is the fraction of crashing aircraft that carry live (i.e. explodable)

ordnance.  Flo takes into account those crashes in which a pilot would have to eject immediately,

and, therefore, is not able to jettison ordnance prior to crashing.  It also takes into account the

fraction of those aircraft that carry live ordnance.  

2.504. The factor, Pe, is the percentage of crashing ordnance that actually explode after

impacting the ground.  Id.

2.505. We previously found the Applicant’s and the Staff’s estimates for N, the number of

annual flights through Skull Valley, to be acceptable.  See supra, at 48.  We previously found C,
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the crash rate per mile of flight, to be 2.736 x 10-8.  See supra, at 42.  We previously found W, the

width of the airway, to be 10 miles.  See supra, at 58. 

2.506. With respect to Flo, we have previously found the percentage of crashes that do not

leave a pilot in control of the aircraft to be 10 percent.  (The Applicant considered that a pilot in

control of an aircraft would jettison ordnance, whereas a pilot not in control of an aircraft would not

jettison ordnance.)  The factor, Flo, also takes into account the percentage of flights that carry live

ordnance.

2.507. The Applicant used a different value for A than that considered in the analysis with

respect to the hazard posed by F-16s transiting Skull Valley or in the analysis in which ordnance

is jettisoned directly onto the PFS facility.  Finally, the Applicant considered Pe, the probability that

an unarmed live ordnance will explode on impact, to be 1 percent.  We address below the values

obtained for the percentage of flights that carry live ordnance, the area of the explosion hazard, and

the percentage of occurrences in which unarmed live ordnance explodes on impact.

2.508. With respect to the percentage of flights that carry live ordnance, the Applicant

considered that in 1998, 193 F-16s carried live ordnance through Skull Valley, or slightly less than

5 percent.  Cole/Jefferson/Fly Post Tr. x at 105.  See also PFS Exh. N at 83h.  The Staff used the

2000 data, increased to account for the additional F-16s stationed at Hill AFB, to estimate the

percentage of flights that carry live ordnance.  The Staff considered that 95 F-16 flights out of 7,041

to the UTTR South area carried live ordnance, or 1.15 percent.  Therefore, the Staff considered

Flo to be 0.0115 x 0.1, or 0.00115. 

2.509. With respect to the value for A, the Applicant considered the length and width of

both the Canister Transfer Building and cask storage area.  See Staff Exh. C (SER) at 15-89.   The

Applicant also considered the skid distance of an F-16 and the explosion damage radius.  The skid

distance was calculated based on DOE standard methodology.  See PFS Exh. N (Aircraft Crash

Report) at 13, 83e.  The Applicant reduced from the area the shadow distance behind the facility,
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because an aircraft would not be able to crash with exploding ordnance into this area without first

striking the facility and exploding.  The scenario of an aircraft striking the facility and exploding is

considered as part of scenario one.  See id. at 83e.  The Staff, however, included the shadow area

in its calculations.  See Staff Exh. C (SER) at 15-92. 

2.510. Further with respect to the value for A, the Applicant considers the explosion

damage radius.  See Johns Post Tr. x, at 5-8.  The overpressure limit for the spent fuel storage

cask is 10 psi.  Id. at 5.  The overpressure limit for the Canister Transfer Building is 1.5 psi.  Id.

at 6.  The limits were used to calculate the explosive radius of the ordnance - - i.e., the distance

from the explosion at which point the overpressure would exceed the cask’s or the building’s limit.

Id. at 6-7.  The Applicant calculated that an exploding 2,000 lb. bomb, the heaviest bomb carried

through Skull Valley, would create an overpressure of 10 psi at a distance of 97.3 feet from the

explosion, and 1.5 psi at a distance of 338 feet from the explosion.  See PFS Exh. N at 83g-83h.

The Staff considered that an F-16 may carry two 2,000 lb. bombs.  Staff Exh. C (SER) at 15-92.

See also Horstman Post Tr. x at 27 (F-16 may carry two MK-84s (2,000 lb. bombs) per flight).  The

Staff considered the probability to be 7.0 x 10-11 and 3.6 x 10-11 for the cask storage area and

Canister Transfer Building, respectively.  Staff Exh. C at 15-92.  We accept the Staff’s assumptions

regarding A to be appropriate for considering the hazard posed to the facility with respect to

scenario three.

2.511. With respect to Pe, the probability that live unarmed ordnance will explode on impact,

the Air Force has stated that the possibility of explosion of unarmed live ordnance carried onboard

a crashing aircraft is remote.  Campe/Ghosh Post Tr. x, at 30.  Cole/Jefferson/Fly Post Tr. x,

at 101.  The Air Force could only identify two instances, both prior to 1990, of jettisoned live

ordnance exploding upon impact with the ground.  Staff Exh. C (SER) at 15-91.  The Air Force has

stated that “[n]o aircraft flying over Skull Valley are allowed to have their armament switches in a

release capable mode.  All switches are ‘SAFE’ until inside DOD land boundaries.”  PFS Exh. N
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(Aircraft Crash Report) at 77.  Further, the Air Force has stated that “[t]he UTTR has not

experienced an unanticipated munitions release outside of designated launch/drop/shoot boxes.”

Id.  Based on the foregoing, the Applicant’s experts determined that the value for Pe, the probability

that live unarmed ordnance would explode after striking the ground is 1 percent.  Id. at 83i.

Further, the Staff considered that a tenfold increase in the probability of explosion of unarmed

jettisoned ordnance (from 1 to 10 percent) would not present an unacceptable hazard to the facility.

Id. at 15-93. 

2.512. Based on: 1) the Air Force’s assertion that the probability of live unarmed ordnance

exploding on impact with the ground is remote; 2) the fact that the Air Force is aware of only a few

cases in which such an event occurred; and 3) the fact that an increase to 10 percent would not

present an unacceptable hazard to the facility, we find the Applicant’s value of Pe to be acceptable.

2.513. The Applicant estimated that the annual probability of scenario three occurring is

2.01 x 10-11. The Staff, as discussed above, estimated the annual probability to be 1.1 x 10-10.  As

mentioned above, we accept the Staff’s estimate of A to be the most appropriate to the evaluation

of the risk to the facility.  Therefore, we find the annual probability of the third scenario to be

1.1 x 10-10.

Scenario Four

2.514. With respect to the fourth scenario, in which an F-16 jettisons ordnance near the

PFS facility, causing an explosion that impacts the facility, the Applicant estimated that the annual

probability of this scenario to be 2.23 x 10-10.  See PFS Exh. N (Aircraft Crash Report) at 83k.  The

Staff considered the annual probability of this scenario to be 6.0 x 10-10. The Applicant derived its

estimate using a modification to the NUREG-0800 formula.  Id. at 102-03.  The formula is as

follows:

P = N x C x A/W x Fjlo x Pe.  

In the formula, N, C, W, and Pe are as set forth above with respect to scenario three.  
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2.515. Fjlo represents the probability that a crashing aircraft will jettison live ordnance.  This

factor takes into account the percentage of F-16s that carry live ordnance, which we already

determined, in accordance with the Staff’s calculation, to be 1.15 percent, and the percentage of

crashes in which a pilot has control of the aircraft, which we already determined is 90 percent.

Therefore, we find Fjlo to be 0.9 x .0115, or .01.

2.516. Finally, in calculating A, the Applicant considered the explosion damage radius and

the dimensions of the cask storage area and Canister Transfer Building.  See PFS Exh. N (Aircraft

Crash Report) at 83k.  The Applicant did not include a skid distance, on the basis that ordnance

will not skid.  We discussed the fact that ordnance is unlikely to skid with respect to our

consideration of scenario two, above.  Therefore, we consider the Applicant’s consideration of A

to be acceptable.  In light of our finding in favor of the Staff with respect to the value for Fjlo, we

consider the Staff’s determination of the probability of occurrence of the third scenario, or

6.0 x 10 -0, to be acceptable.

Summary of Ordnance Hazards

2.517. On the basis of the foregoing, we consider that the combined probability of

4.5 x 10-8, as determined by the Staff for scenarios two through four, is a reasonable estimate.  See

Staff Exh. C (SER) at 15-97.  We note also that the probability determined by the Applicant is

3.2 x 10-8.  See PFS Exh. O (Aircraft Crash Addendum), Tab HH at 15.  The Applicant’s estimate

is, therefore, similar to that estimated by the Staff.  

F. The Hazard Posed to the PFS Facility By Air-to-air Combat Training on the UTTR

2.518. The Air Force conducts air-to-air combat training in the UTTR South area.  The

UTTR South area is composed of 4 restricted areas, and the PFS facility site is located 2 miles

from the eastern edge of 2 of the restricted areas.  Staff Exh. C (SER) at 15-70.  

2.519. The restricted areas in the UTTR South are very large - - the ground areas are over

2,000 square miles.  Id. at 15-74.  See PFS Exh. P (map).  Military aircraft activity within the
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restricted areas is concentrated toward the center.  Id.  See also Cole/Jefferson/Fly Post Tr. x,

at 91-94.

2.520. In its evaluation of the risk posed by air-to-air combat training in the UTTR South

area to the PFS facility, the Applicant assumed that aircraft experiencing an engine failure would

not glide beyond 5 miles from the location where the emergency occurred.  Staff Exh. C (SER) at

15-77.  Using a 5-mile glide distance, the Applicant estimated that the likelihood that a disabled

aircraft within the training zone of the UTTR South area reaching and crashing onto the PFS facility

would be negligibly small.  Cole/Jefferson/Fly Post Tr. x, at 91-94.

2.521. As part of its evaluation, the Applicant assessed accident reports involving F-16

crashes that occurred during special in-flight operations, such as air-to-air combat training.  Id.

at 91.  Most crashes in which a pilot did not have control of the aircraft took place toward the center

of the restricted ranges.  These aircraft did not travel more than 5 miles before impacting the

ground.  Id.  Therefore, crashes resulting from air-to-air combat training within the UTTR South and

involving loss of aircraft control would not pose a hazard to the PFS facility.  

2.522. Crashes also can occur that leave a pilot in control of an aircraft.  A pilot under these

conditions would likely have the ability to see and avoid the PFS facility in that air-to-air combat

training in the UTTR South only occurs when the weather is sufficient to support VFR flights.  Staff

Exh. C (SER) at 15-78.  If a pilot were in control of an aircraft, a distance of 5 miles would provide

sufficient time for the pilot to steer the aircraft away from the PFS facility.  Id.  A pilot experiencing

an in-flight emergency while training on the UTTR South would not likely glide the aircraft across

the Cedar Mountains toward Skull Valley.  Rather, the UTTR South provides a relatively safe area

for landing a disabled aircraft - - Michael Army Airfield.  See PFS Exh. P (map).  See also

Cole/Jefferson/Fly Post Tr. x, at 93-94.
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2.523. The Staff agreed with the Applicant that a cut-off radius of 5 miles is reasonable.

Campe/Ghosh Post Tr. x, at 37.  On the primary basis of the 5-mile glide distance, the Applicant

and the Staff assumed the annual probability of an on-site crash to be less than 1 x 10-8.  Id.

2.524. The State’s military expert, Lt. Col. Horstman, stated in his December 2000

deposition that “if an airplane has a problem [in the UTTR], it’s not going to make it to Skull Valley,

it’s going to go to Michaels or it’s going to crash before it gets there, it’s that simple.”  PFS Exh. O

(Aircraft Crash Addendum) Tab BB, at 218.  The State’s nonmilitary witness, Dr. Resnikoff,

estimated the hazard posed to the PFS facility assuming that aircraft would fly 10 miles before

impacting the ground.  Tr. 8794.  He did so on the basis of the Applicant’s prior calculations, in

which the Applicant applied a 10-mile glide distance.  Tr. 8798-99.  The Applicant, however, applied

a more realistic distance of 5 miles in its revised analysis.  PFS Exh. O (Aircraft Crash Addendum)

at 17-20.  Dr. Resnikoff agreed that if the possible distance an aircraft experiencing an emergency

in the UTTR South would fly is 5 miles, and not 10 miles, the hazard to the facility would be

effectively reduced to zero.  Tr. 8800.

2.525. We find, based on the above considerations of the Staff, Applicant, and statement

of Lt. Col. Horstman, that a pilot experiencing an in-flight emergency while conducting air-to-air

training on the UTTR South would not fly to the PFS facility.  Therefore, we find that the annual

probability that an aircraft conducting air-to-air training on the UTTR South area would impact the

PFS facility is less than 1 x 10-8.

G. The Hazard Posed to the PFS Facility By Aircraft Flying on the MRR

2.526. Most aircraft returning to Hill AFB from the UTTR South exit the northern portion of

the range in coordination with Clover Control and proceed north or fly over the Great Salt Lake.

Id.  Some aircraft returning to Hill AFB from the UTTR South, however, may use the Moser

Recovery Route (MRR).  Cole/Jefferson/Fly Post Tr. x, at 11.  The MRR runs from the southwest

to the northeast to the north, and passes approximately 2 to 3 miles north of the PFS site.  Staff
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29  Further, we have previously found the values for the crash rate and pilot avoidance, as
estimated by the Applicant, to be acceptable.  See supra, at 157.  

Exh. C (SER) at 15-80.  See PFS Exh. N (Aircraft Crash Report) at Tab W (MRR map).  The MRR

is only used during inclement weather conditions or at night.  See Cole/Jefferson/Fly Post Tr. x,

at 11.  See also Horstman Post Tr. x, at 30.  

2.527. The Applicant applied the NUREG-0800 formula, modified to account for pilot

avoidance, to determine the hazard posed to the facility by flights traveling on the MRR.  The

Applicant, the Staff, and the State are in agreement with respect to the values for the width of the

airway and the effective area of the facility.29  See Cole/Jefferson/Fly Post Tr. x, at 97; Resnikoff

Post Tr. 8698, at 16; State Exh. 77 (Resnikoff calculations); Staff Exh. C (SER) at 15-80.  The

State takes issue with the Applicant’s estimation of the value for the number of annual flights on

the MRR. 

2.528. The Applicant’s expert panel testified that based on information from local air traffic

controllers, the MRR is used by less than five percent of the aircraft returning to Hill AFB.

Cole/Jefferson/Fly Post Tr. x, at 97; Cole, Tr. 3063.  Thus, since 5,726 F-16 sorties were flown on

the UTTR South in 1998, fewer than 286 aircraft (5 percent of 5,726) used the MRR on their return

flights that year.  Cole/Jefferson/Fly Post Tr. x, at 97.  The Applicant updated its value for N, taking

into account the average number of flights flown in Skull Valley in 1999 and 2000, increased to

account for additional F-16s stationed at Hill AFB.  However, it is not clear from the record what

value the Applicant used ultimately for the number of flights.  The Applicant calculated the annual

probability of an impact to the PFS facility to be 2 x 10-8.  Id.

2.529. The Staff considered that the UTTR South flight count, rather than the Skull Valley

flight count is more appropriate for estimating the annual number of F-16s flying through the MRR.

The Staff, therefore, carried out an independent analysis to estimate the hazard posed to the PFS

facility from aircraft flying on the MRR by using the 2000 flight count for the UTTR South, adjusted
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to account for additional F-16s stationed at Hill AFB.  Campe/Ghosh Post Tr. x, at 39.  The Staff

estimated the number of flights on the MRR to be 5 percent of 7,059, or 353.  Staff Exh. C (SER)

at 15-80 through 15-82.  The Staff calculated the annual probability of an impact to the PFS facility

to be 2.5 x 10-8.

2.530. The State asserts that the Applicant incorrectly assumed that only 5 percent of

flights returning from the UTTR South would use the MRR.  Horstman Post Tr. x, at 29.  In this

regard, Lt. Col. Horstman testified that the use of MRR has increased since the Applicant

communicated with air traffic controllers in August, 1999.  Id.  He asserts that the increase is due

to the implementation of night vision goggle training, which began in 1999.  Id.

2.531. To support its assertion regarding night vision goggle training, the State relies on

an Air Force document which states that night vision goggle training will increase and that of the

total sorties flown in MOAs, approximately one third will be night sorties.  State Exh. 64 (Air Force

Memorandum, dated July 2001) at 4.  Therefore, according to the State, a realistic number of

flights using the MRR could be as high as 33 percent of the sorties returning from the UTTR South.

Horstman Post Tr. x, at 30.  The State’s expert witness, Dr. Resnikoff, calculated the number of

aircraft using the MRR to be 33 percent of the sorties flown in the UTTR South in 2000, adjusted

to account for the additional F-16s assigned to Hill AFB.  In so doing, Dr. Resnikoff applied an

“updating ratio” to the number of sorties flown in the UTTR South in 1998 based on the increase

in flights through Skull Valley since 1998.  See State Exh. 77 (Resnikoff calculations).  He

estimated the number of annual flights on the MRR to be 3,436.  Resnikoff Post Tr. 8698, at 16.

2.532. We do not consider that the State has demonstrated based on the Air Force

Memorandum that any expected increase in night vision goggle training on the Sevier B and D

MOAs will likely cause an increase on the MRR.  To do so, the State would have to show that pilots

would not be able to continue to fly along their present routes at night or would somehow be

dissuaded from their use.  Alternatively, the State would have to show that the availability of the
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MRR as a night route renders the MRR a preferred route than the presently used routes.  We find

no evidence in the record to support either assertion, rather, as we note below, there are

impediments to using the MRR that would exist even if night vision goggle training becomes more

frequent on the Sevier B and D MOAs.

2.533. The Applicant asserts that less than 5 percent of flights, and not 33 percent, use the

MRR annually.  The Applicant bases its assertion on the grounds that: 1) the MRR is only used

under specific wind conditions; 2) the MRR is not favored by pilots due to conflicts with Salt Lake

City International Airport traffic; and 3) most importantly, Air Force personnel have confirmed that

the MRR is rarely used.

2.534. The Applicant’s witnesses testified that the MRR is only used at night under specific

wind conditions which require the use of Runway 32 at Hill AFB.  Cole/Jefferson/Fly Post Tr. x,

at 97.  In this regard, the MRR is used when the wind conditions dictate a northern approach and

landing.  Cole Tr. 3460, 3465.  The wind conditions dictate a northern approach and landing when

the wind is coming from the north.   Under such conditions, an aircraft would be flying into the wind

and would be able to land without excessive tail wind.  Tr. 3461.  At Dugway however, the

prevailing wind direction is from the south.  See Vigeant, Tr. 3473.  At Salt Lake City, the prevailing

wind is from the southeast.  See Vigeant, Tr. 3473-74.  Therefore, there is a south or southeast

prevailing wind direction at both Salt Lake City and Dugway.  Tr. 3474.  We therefore find that the

prevailing wind conditions do not favor a northern approach and landing from the MRR.

2.535. The Applicant’s witnesses testified that pilots are not inclined to use the MRR due

to conflicts with Salt Lake City International Airport air traffic flow and the active use of the runways.

 Cole, Tr. 3461.  Fly, Tr. 3462-63.  In fact, when Col. Fly was stationed at Hill AFB, Salt Lake City

International Airport preferred that pilots use the takeoffs and landings toward the south due to the

possible conflicts and traffic sequencing concerns.  Tr. 3463.  We therefore find that the MRR is

not a preferred flight route due to conflicts with Salt Lake City air traffic.



- 174 -

2.536. The Applicant’s witnesses communicated with Air Force personnel and air traffic

controllers regarding the use of the MRR.  In August 1999, Gen. Cole spoke to Col. Ron Oholundt,

the Vice Commander of the 388th Fighter Wing to ascertain how often the MRR is used.

Col. Oholundt said “not very often.”  Tr. 3456.  When asked if the use of the MRR was less than

15 percent of the traffic volume, he agreed.  Tr. 3456-57.  Gen. Cole then spoke with an air traffic

controller at the Salt Lake City Center and the controller stated that the MRR was used “very

rarely.”  He stated that it was less than 5 percent.  Tr. 3457.  Gen. Cole reconfirmed with the air

traffic controller in March, 2002 the use of the MRR.  The air traffic controller verified that the MRR

is used the same or less than when Gen. Cole spoke to him previously.  Tr. 3458.  He said, “It is

significantly less than five percent.”  Tr. 3458. 

2.537. Col. Fly spoke to Col. Coutts, the 3rd Operations Group Commander.  Tr. 3799.

Col. Coutts stated that 5 percent would be “about right.”  Tr. 3800.  Col. Coutts also informed

Col. Fly that they have a strong preference not to use the MRR.  Id.  Therefore, we find that Air

Force personnel and air traffic controllers have informed the Applicant that less than 5 percent of

the traffic uses the MRR.

2.538. With respect to the State’s specific assertion regarding the introduction of night

vision goggle training at Hill AFB, the Staff asserted that the use of the MRR has not significantly

increased, such that the Applicant’s estimate of 5 percent of returning F-16s using the MRR

understates its use.  Campe/Ghosh Post Tr. x, at 39.  Personnel at Hill AFB stated that the

introduction of night vision goggle training did not appreciably change the traffic density through

the MRR.  Thus, the Staff considered that pilots do not use the MRR more frequently due to the

introduction of night vision goggle training.  Id. 

2.539. The Applicant further claims that the State’s estimate of annual flights on the MRR,

which is 33 percent of the total returning flights, is not consistent with the actual number of flights

recorded in the UTTR South.  In this regard, Gen. Jefferson noted that 3,436 is 33 percent of
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10,412, and that, therefore, the State is assuming 10,412 flights in the UTTR South.  Tr. 8864-65.

There have been less than 10,000 flights annually on the UTTR South since 1998.  Tr. 8865.  See

PFS Exhibit O (Aircraft Crash Report Addendum), Tab HH, at 4 (in 1999, and 2000, there were

7,232 and 7,059 flights, respectively, in the UTTR South).  Gen. Jefferson testified that if he were

to increase those F-16 sorties for the UTTR South by 17 percent to account for additional F-16s

coming to Hill AFB in 2001, they would still be significantly less than 10,000.  See Jefferson,

Tr. 8866.

2.540. Therefore, on the basis of complications associated with the use of the MRR that

make it undesirable as an air corridor, the discussions the Applicant and the Staff had with Air

Force personnel, and the comparison of the State’s assumed total number of flights to the number

of flights that actually occurred in the UTTR, we find that less than 5 percent of flights returning

from the UTTR South to Hill AFB, and not 33 percent, use the MRR annually.

2.541. Finally, we conclude that, as stated by the Staff, it is more appropriate to use the

data pertaining to the flight counts in the UTTR South.  See Campe/Ghosh Post Tr. x at 39.  Cf.

Jefferson, Tr. 8864-66 (comparing State’s estimate to number of flights in the UTTR South).

Therefore, we find that the appropriate value for the number of annual flights is 5 percent of 7,059,

or 353.  Thus, we find the Staff’s estimate of  2.5 x 10-8 for the annual probability of aircraft flying

on the MRR impacting the PFS facility to be reasonable.

H. The Hazard Posed to the PFS Facility By Aircraft on IR-420

2.542. We find that the parties are in accord with respect to the estimation of the hazard

posed to the PFS facility by aircraft flying on IR-420.  See Cole/Jefferson/Fly Post Tr. x, at 99; State

Exh. 81; Campe/Ghosh Post Tr. x, at 41.  Military airway IR-420 runs northeast to southwest over

the proposed PFS facility site to Michael Army Airfield at Dugway Proving Ground.  Campe/Ghosh

Post Tr. x, at 41.  The majority of the aircraft on IR-420 are F-16s conducting training on

approaches and landings, with the balance of the aircraft composed of military and civilian cargo
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aircraft, such as the KC-10 and Boeing 727.  Id.  Inasmuch as no dispute exists with respect to the

estimate of the risk posed to the facility from flights transiting IR-420, we find  3 x 10-9 to be a

reasonable estimate of the annual probability of impact to the PFS facility.

I. The Cumulative Hazard Posed to the PFS Facility By Aircraft Accidents

2.543. The estimated cumulative hazard posed to the PFS facility by aircraft crash

accidents and jettisoned ordnance accidents is set forth in the following table.

Estimated Aircraft Impact Probabilities

Applicant State NRC Staff Licensing Board

Skull Valley F-16s 3.11 x 10-7 6.39 x 10-6 2.5 to 3.1 x 10-7 2.5 x 10-7

UTTR South Aircraft < 1 x 10-8 2.74 x 10-7 < 1 x 10-8 < 1 x 10-8

Aircraft on MRR 2.0 x 10-8 1.36 x 10-6 2.5 x 10-8 2.5 x 10-8

Aircraft on IR-420 3 x 10-9 3 x 10-9 3 x 10-9 3 x 10-9

Aircraft on J-56  *  *  * 1.9 x 10-8

Aircraft on V-257  *  *  * 1.2 x 10-8

General Aviation  *  *  * < 1 x 10-8

Jettisoned Ordnance 3.2 x 10-8 7.06 x 10-7 4.5 x 10-8 4.5 x 10-8

Cumulative Hazard <4.17 x 10-7 8.99 x 10-6 3.7 to 4.3 x 10-7 3.7 x 10-7

* The Licensing Board previously ruled in favor of the Applicant regarding the annual probability
with respect to the hazard posed to the facility from aircraft on airway J-56, aircraft on airway
V-257, and general aviation.  See PFS, LBP-01-19, 53 NRC 416, 455-56 (2001).  We restate those
probabilities here for the purpose of calculating the cumulative hazard to the facility.

2.544. Accordingly, we find that a reasonable estimate of the cumulative annual probability

of aircraft crash hazards, including jettisoned ordnance, to the PFS facility is approximately

3.7 x 10-7.  Inasmuch as the estimated cumulative probability is less than the Commission’s

established threshold of 10-6, the hazard posed to the facility from aircraft crashes and jettisoned

ordnance is found to be acceptably low.
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III.     CONCLUSIONS OF LAW

3.1. The Licensing Board has considered all of the evidence presented by the parties on

Contention Utah K/Confederated Tribes B (Inadequate Consideration of Credible Accidents).

Based upon a review of the entire record in this proceeding and the proposed findings of fact and

conclusions of law submitted by the parties, and based upon the findings of fact set forth herein,

which are supported by reliable, probative, and substantial evidence in the record, the Board has

decided all matters in controversy concerning this contention and reaches the following

conclusions.

3.2. Pursuant to 10 C.F.R. Part 72, Subpart E, Sections 72.90, 72.94, and 72.98,

proposed sites for an ISFSI must be examined with respect to the frequency and severity of

external man-induced events that could affect the safe operation of the ISFSI.  The facility must

be designed to accommodate the effects of credible accidents and include them in the design

bases of the facility.  See 10 C.F.R. § 72.122(b)(1).  The Commission approved an annual

probability of occurrence standard of 10-6 for determining whether an aircraft crash accident must

be included in the design bases of an ISFSI.  See Private Fuel Storage, L.L.C. (Independent Spent

Fuel Storage Installation), CLI-01-22, 54 NRC 255, 263 (2001).

3.3. We conclude that the Applicant has shown, in accordance with the Commission’s

2001 decision that the cumulative probability of a civilian or military aircraft (including jettisoned

ordnance) crashing at or affecting the PFS facility is within the acceptance criteria of 10-6 per year.

Therefore there is reasonable assurance that civilian or military aircraft crash accidents (including

jettisoned ordnance) do not pose a significant threat to the facility.  Consequently, the Applicant
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has shown that with respect to aircraft crash hazards and ordnance impacts, it has met the

requirements of 10 C.F.R. §§ 72.90, 72.94, 72.98, and 72.122(b)(1).

Respectfully submitted,

/RA/

Catherine L. Marco
Counsel for NRC Staff

Dated this 30th day of August, 2002
at Rockville, Maryland
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