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Purpose 

The purpose of a serious accident investigation (SAI) is accident prevention and learning—not to identify and 

assign blame.  The objectives of the Smith Prairie SAI were to (1) present the facts about the September 27, 

2013 accident that resulted in a loss of life; and (2) share the SAI team’s analysis in a way that enhances the 

reliability and resilience of the BLM and the smokejumper organizations across the agencies.  The Smith 

Prairie Management Evaluation and Factual Reports are intended to provide the fire and safety community, at 

all levels, learning tools to prevent future accidents.   
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Prologue 

 

The Smith Prairie Serious Accident Investigation is dedicated to the memory of 40-year-old Mark Urban who 

lost his life on September 27, 2013, while performing an extended drogue ride parachute jump for research 

and development purposes.  Mark, along with 33 other wildland firefighters this season, paid the ultimate 

sacrifice during the course of wildland fire operations.  May the facts detailed in this report provide other 

smokejumpers, wildland firefighters, managers, and others involved in wildland fire management with the 

information needed to reduce and manage future risks so that similar accidents are avoided and lives are 

saved.    
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On September 27, during an extended drogue ride for 
research and development purposes, Mark Urban lost 
his life on this remote airstrip near Smith Prairie, Idaho, 
when his parachute began to deploy at an altitude too 
low to allow the main parachute to fully inflate. 

Executive Summary 

On September 27, 2013, Mark Urban and other jumpers from the Great Basin Smokejumpers were 

performing extended drogue ride parachute jumps for research and development (R&D) purposes on a 

remote airstrip outside of Prairie, Idaho, 

approximately 50 miles ESE of Boise.  Mark was 

fatally injured when his main parachute did not 

deploy until 138'AGL.  

The R&D jumps that took place on September 27 

were part of a test plan to refine operational 

parameters of the Vigil Automatic Activation 

Device (AAD) for future smokejumper use.  The 

intent was that the testing would result in the 

approved use of more than one AAD for Bureau of 

Land Management (BLM) Smokejumpers.  

Currently, the CYPRES AAD is the only approved 

AAD for the BLM smokejumper reserve 

parachute container.  

Mark was the second jumper on the second plane load at Smith Prairie Airstrip that day.  Mark left the door of 

the plane with his gear configured properly and his altimeter set to the correct altitude.  Upon exit, the drogue 

parachute inflated fully and Mark exited in a good, tight body position and can be observed rotating to the 

right.  At the point he leaves the camera’s view, flight data recorder analysis indicates that he slowed his 

rotation and then became reasonably stable relative to the other jumpers until shortly after pull altitude.  At 

pull altitude Mark’s main parachute did not deploy.  At 29 seconds he was spinning.  Mark’s drogue released 

at 138' AGL and his main canopy achieved line stretch prior to his impact with the ground but too late to 

arrest his rate of descent.  Mark impacted the ground and sustained fatal injuries.   

Following Mark’s accident, jump operations immediately terminated and emergency response was initiated.  

Mark’s fellow jumpers took great care to preserve and document the accident site for future investigative 

work by the Serious Accident Investigation Team (SAIT) and other concurrent investigations.  An interagency 

SAIT was ordered on September 28, 2013, and was delegated the authority to conduct a serious accident 

investigation by the Acting Assistant Director Fire and Aviation, U. S. Department of the Interior, BLM.  The 

SAIT arrived in Boise September 28-29 to begin its investigation.  The SAIT worked with jumpers and 

personnel assigned to the Great Basin Smokejumper Base, leadership with in the National Interagency Fire 

Center (NIFC), Elmore County and Ada County Sheriff’s Offices, Elmore County Coroner’s Office and technical 
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industry experts to acquire evidence and develop the relevant factual data to complete a factual assessment 

of the human, material and environmental factors associated with the accident.  
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Maps 

Figure 1 – Map demonstrates the location of the accident on the remote Smith Prairie Airstrip, located near 

Prairie, Idaho, approximately 50 miles ESE of Boise, Idaho. 
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Figure 2 – Aerial Photo of Smith Prairie Landing Field 
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Investigative Process 

An interagency serious accident investigation team (SAIT) was mobilized and a delegation of authority (DOA) 

was issued by the acting BLM Assistant Director (Fire and Aviation) to investigate the facts associated with 

the fatal accident.   

BLM Wyoming Wind River/Bighorn Basin District Manager Steve Dondero was assigned as the SAIT leader 

and was issued the DOA to investigate the fatality.   

The SAIT consisted of the following positions:  

• Team Leader: Steve Dondero  

• Chief Investigator (CI): Shelby Gales 

• Team Safety Manager: Robin Wellhouse 

• Communication-Documentation Specialist/Writer-Editor: Rebecca Sorensen 

• Smokejumper Subject Matter Expert (SME): John Kovalicky, USFS 

• Smokejumper Subject Matter Expert (SME): Mike Fritsen, USFS 

• Smokejumper Subject Matter Expert (SME): Gary Baumgartner, BLM 

• Smokejumper Subject Matter Expert (SME): Doug Mackey, BLM 

• Subject Matter Expert (SME): Sandy Reid, private industry 

• Technical Specialist (TS): Dr. Jennifer Symonds, DO 

• Writer-Editor: Sarah Beckwith 

Agency Administrator In-Briefing 

On September 29, SAIT members met at the National Interagency Fire Center (NIFC) for their in-briefing with 

the agency administrator, key personnel from the Great Basin Smokejumper base and NIFC leadership team 

members. The CI received accident scene documentation, witness statements, photographs and videos during 

and following this initial meeting.   

Process of Evidence and Information Gathering 

The process of evidence and information gathering consisted of:  

• Visiting the Great Basin Smokejumper Base and receiving documents and information pertinent to 

the investigation; 

• Formally establishing and working through a process for teardown of gear, instruments and clothing 

worn by Mark Urban; 

• Visiting the accident site, accompanied by on-scene witness who provided the SAIT with a verbal 

accident scene reconstruction; 
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• Gathering written statements and pertinent technical data and information; 

• Reviewing site photos and video evidence which included utilizing multiple industry experts for 

video enhancement;  

• Conducting interviews of personnel involved, leadership team members, EMS and local jurisdictional 

law enforcement; 

• Reviewing pertinent records, both individual and group; 

• Reviewing the R&D process, MODOC and other systems used to create and conduct extended drogue 

ride parachute jumps;  

• Considering and evaluating the factors that may have been related to this incident; and 

• Cooperating with requests from other investigating agencies. 

Factors Evaluated 

The SAIT used the standard analysis process of evaluating human, material and environmental factors as 

described below: 

• Collect information. 

• Understand what happened. 

• Identify the sequence of events that lead to the incident. 

• Establish findings.  

• Determine root causes. 

• Look beyond causes for systemic, cultural and organizational factors. 

• Develop recommendations and discussion points for the agency to utilize while considering actions 

to improve organizational and system performance and to prevent repeat incidents. 

• Present what’s been learned to management so it can understand and approve the recommended 

plan(s). 

The first steps of the investigation process are to plan the investigation, collect information and understand 

what happened.  The initial investigation work uncovers more information about the incident’s events until 

the investigative team can  come to a level of understanding about what happened and allow the team to 

identify the factors that came together to enable  the accident/incident to occur.  Once the team identifies the 

factors, they are better able to analyze each of the issues and determine the associated causes, based on 

factors which could include: Procedures, Training, Quality Control, Communications, Management Systems, 

Human Engineering and Work Direction.      
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Concurrent Investigation 

Concurrent investigations were being conducted by the Elmore County Sheriff’s Office, Elmore County 

Medical Examiner’s and Coroner’s Offices, and the Occupational Safety and Health Administration – Region 10 

(OSHA) at the time of the SAI.  
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Acronyms and Glossary 

Acronyms 

AAD  Automatic Activation Device 

BLM  Bureau of Land Management 

DIT  Drogue in Tow  

DOI  Department of the Interior 

FDR  Flight Data Recorder 

MARS  Malfunction and Abnormality Reporting System 

MODOC  Modification Document 

NIFC  National Interagency Fire Center 

PG  Personal Gear 

RSL  Reserve Static Lanyard 

SMJ  Smokejumper 

TSO  Technical Standing Order 

USFS  United States Forest Service 

Glossary of Terms 

3-Ring: A release system consisting of three overlapping metal rings held in place by a nylon locking loop that 

employs mechanical advantage to securely attach the parachute risers and drogue to the jumpers harness.  

This system also allows for easy disconnection when manually released by a jumper. 

Automatic Activation Device: A self-contained mechanical or electro-mechanical device that will initiate the 

opening sequence of either a main or reserve canopy if a predetermined set of criteria is met during a 

parachute jump. 

Bridle: The material connecting the drogue parachute to the main parachute deployment bag. 

Bridle Dump: Out of sequence deployment of the slack in the bridle between the drogue 3-ring and the main 

container closing pin.  
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Burble: A disturbed air mass occurring on the lee side of an object.   

CYPRES: CYPRES is an acronym for Cybernetic Parachute Release System.  It refers to a specific make and 

model of an AAD.  The smokejumper CYPRES will initiate the reserve deployment sequence if a smokejumper 

has a vertical speed of more than 78 mph at approximately 1800 feet below the altitude in which it was 

armed.  The manufacturer of the CYPRES is Airtec. 

Drogue: A small parachute designed to stabilize the body position of a jumper during the exit from the 

aircraft and then to act as a pilot chute to extract the main parachute from the container when the drogue 

release handle is pulled. 

Drogue-in-Tow: A deployment malfunction occurring when the drogue parachute fails to properly deploy or 

release, thus preventing the main canopy from being extracted from the container. 

Drogue Release Handle: The green handle located on the left side of the harness attached to a cable routed 

to the three-ring assembly of the drogue parachute bridle and harness.  When pulled, the handle removes the 

cable from the nylon locking loop allowing the three-ring assembly to release.  

Emergency Procedure: Emergency procedures following an unsuccessful malfunction procedure attempt 

which include cutting the main parachute away and pulling the reserve handle. 

Evaluation Jump: A parachute jump intended to assess a piece of equipment that has already been 

researched and developed.  It is a method to determine suitability for BLM smokejumper operations.  

G-force: A unit of force equal to the force exerted by gravity; used to indicate the force to which a body is 

subjected when it is accelerated.  

Harness: In smokejumping terms, an arrangement of nylon webbing and metal hardware which is designed 

to conform to the shape of the jumper to be carried.  It secures the jumper so that the opening shock and 

weight of the load are evenly distributed during the descent under canopy. 

Horseshoe: A parachute malfunction where any part of the parachute system has entangled with the jumper 

during deployment.  This generally resembles a horseshoe shape. 

Jumpsuit: A protective Kevlar pant and jacket combination designed and worn by smokejumpers over their 

Nomex firefighting attire during jump operations.  The suits are fitted with padding which provides additional 

protection in the event of a hard landing. 

LEDs/Functional Cutter: The Vigil AADs had been modified by the manufacturer in a manner as to remove 

the functional cutters (pyrotechnic knives) which are designed to cut the closing loops of a reserve parachute 

in the event a jumper becomes incapacitated.  This modification eliminates the possibility of inadvertent 
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reserve deployment while in a testing phase.  An LED light is installed in the location of the removed cutters, 

which will illuminate in the event of activation. 

Line Stretch: Occurs during deployment when the suspension lines are fully extended. 

Main Canopy (Parachute): A parachute assembly, excluding the harness, that is used in conjunction with a 

reserve parachute assembly as the primary assembly for an intentional jump. 

Main Release Handle: The orange handle located on the right side of the harness attached to cables routed 

to the three-ring assemblies of the main parachute risers and harness.  When pulled, the handle removes the 

cables from the nylon locking loops, allowing the three-ring assemblies to release. 

Malfunction Procedure: Malfunction procedures involve a defined set of corrective actions a jumper will 

initiate following a partial or complete failure of a parachute opening.  The actions taken by the jumper will 

be dependent on the type of malfunction that is identified. 

MODOC: Modification Document.  The MODOC System is used to document research projects and approve 

procedural and equipment modifications related to the BLM Smokejumper Ram-Air Parachute System.   

Nutation: A rocking, swaying or nodding motion in the axis of rotation of a largely axially symmetric object, 

such as a gyroscope, planet or bullet in flight.   

Opening Shock: The shock or jolt exerted on a suspended parachute load when the parachute fully catches 

the air.  

Pilot Chute: A small parachute used to initiate and/or accelerate the deployment of a main or reserve 

parachute.   

R&D (Research and Development) Jump: A parachute jump with the intended purpose to research or 

technologically develop a new product or further an existing product or process that is or may be used within 

the BLM smokejumper parachute system.  Another function of R&D is to create additional knowledge of 

commercially available products that may enhance or improve safety of current operations.  R&D topics are 

identified and formalized through the MODOC process.  

Ram Air Parachute: A parachute with a canopy consisting of an upper and lower surface that is inflated by 

air entering through specially designed openings in the front of the canopy to form a gliding airfoil.  

Relative Wind: In aeronautics, the relative wind is the direction of movement of the atmosphere relative to 

an aircraft or an airfoil.  It is opposite to the direction of movement of the aircraft or airfoil relative to the 

atmosphere.  Relative wind is also used to describe the airflow relative to an object in freefall through an 

atmosphere, such as that of a person's body during the freefall portion of a skydive.   
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Reserve Canopy (Parachute): The auxiliary canopy in a dual parachute system that is worn during an 

intentional jump and intended for emergency use.  The reserve would be deployed upon failure of the main 

parachute or in any other situation where use of the main parachute is impractical or would increase risk. 

Reserve Handle: The red handle located on the front of the reserve container.  When pulled, the reserve 

parachute begins the deployment sequence. 

Rig: To pack a set of parachute equipment; to assemble a parachute. 

Rigging of Parachute: The process of inspecting, repairing and replacing minor parts of a parachute 

assembly, and of repacking the parachute so that it is ready for immediate use.  Parachute rigging also 

includes fitting and adjusting the harness. 

Risers: Webbing assemblies used primarily to transfer the load of the suspension lines to the parachute 

harness, incorporating a three-ring attachment/release mechanism and Velcro to stow the steering control 

toggles. 

Rotation: For the purposes of this report, rotation is considered slow, tolerable and not likely to rapidly 

induce dizziness, disorientation or impairment.   

Sail: Material (taffeta) sewn to the bridle to aid in the deployment of the drogue.  

Spin: For the purposes of this report, a spin is a rapid rotation that requires corrective action.  
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Photos and Sketches 

Photos 1 and 2– Suited smokejumper and suited smokejumper grasping drogue release handle. 
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Sketch 1 – Ram-Air Parachute  
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Sketch 2 – Ram-Air Harness, Model 8801 Ver. C 
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Sketch 3 – Ram-Air Drogue Parachute 
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Background 

Research and Development in the BLM Smokejumper Program 

The BLM has had a robust R&D program since ram-air parachutes were first considered as a potential 

replacement to the round parachutes utilized in 1978.  This program is necessitated by the distinct 

operational requirements of smokejumping, which often fall outside the expertise of the military and sport 

elements of the parachute industry.   

The BLM’s R&D efforts have resulted in many key advances that have increased operational efficiency and 

safety.  The BLM pioneered the use of ram-air (square) parachutes for smokejumping in the United States in 

1982 and has continually worked to develop safer and more effective equipment.  Successful innovations 

have occurred both internally and in conjunction with the military and sport parachute industries.  BLM 

parachute experts often work with industry experts in the development of new equipment to meet 

smokejumping’s unique requirements.  Smokejumper use of ram-air canopies, automatic activation devices 

(AADs), drogue deployment of ram-air parachutes, hard pad jumpsuits and the development of multiple 

incremental improvements can all be attributed to BLM research and development efforts. 

The BLM has used the BLM Smokejumper Modification Document (MODOC) System since 2000 to document 

research projects and approve procedural and equipment modifications related to the BLM Smokejumper 

Ram-Air Parachute System.  More than 150 MODOCs have been registered in the system since its inception.  

The MODOC system is a multi-step process for managing equipment development projects from inception to 

implementation.  The process includes establishing proof of concept, designing a test/evaluation plan, 

conducting bench and/or field evaluations, analyzing results, and determining validity of concept.  Multiple 

levels of smokejumper and fire operations management review are required to assess and either approve or 

deny each step of the process. 

Innovation has been a key component of the BLM smokejumper program for many decades and the MODOC 

system has directly translated into a safer and more operationally capable force of wildland firefighters. 

Smokejumper Automatic Activation Device (AAD) History 

An  AAD is a self-contained mechanical or electro-mechanical device that is attached to the interior of the 

reserve parachute container or harness, which automatically initiates parachute deployment of the reserve or 

main parachute at a pre-set altitude, time, descent rate or combination thereof.  

In 1990, Irvin mechanical AADs were fitted to the BLM harness to release the drogue parachute and deploy 

the main parachute in the event a jumper does not pull his drogue release handle.  The Irvin AAD, having been 

in use for training new jumpers for 14 years, was field tested in 2004 to determine the practicality of its use 
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for normal smokejumper operations.  As the units were bulky and hard to protect and maintain, this field test 

was discontinued and they were reserved for student use only.   

In 1996, 12 reserve mounted CYPRES AADs were purchased from Airtech, GmbH.  These units were drop and 

field tested for three seasons.  Due to problems turning the units on and off, and inadvertent firing on the 

ground due to possible radio wave interference, these units required more testing before being integrated 

into smokejumper operations.                                                                                                                                                                                                                                                                                                                                                       

In 1997, the BLM purchased and tested hydraulic release devices (HRDs).  These units were mounted to the 

drogue and in the event a jumper does not pull his drogue release handle the force of the drogue pulls a 

hydraulic ram out to a release point.  Although functional in experimental jumps and field tests, HRD 

reliability came into question in 1999 for live parachute jumps and further testing and evaluations did not 

occur.    

In 2001, the BLM experimented with Student CYPRES AADs for use by first time jumpers.  The system was 

deemed not worthy of further exploration and the Irvin AAD would continue to be used during training.  

(MODOC 021) 

In 2004, Airtech modified its Smokejumper CYPRES (SMJ CYPRES) by incorporating an arming switch.  This 

feature allowed for easy and fast activation due to a simplified on/off system.  One unit was used on an 

experimental static-line system.  It was also placed on an aircraft and armed during smokejumper operations 

to check for inadvertent firings and ease of activation.  No problems occurred during this testing.  (MODOC 

056) 

In 2005, a new Ram-air Reserve Container Model 0511 was developed by the BLM in conjunction with 

Rigging Innovations for use with the SMJ CYPRES System.  (MODOC 078)   

In 2006, the Alaska and Boise BLM bases field tested the SMJ CYPRES by installing a total of 100 units into the 

model 0511 reserve containers in a non-live manner (the reserve closing loops were not threaded through 

the CYPRES cutters), mitigating a potential dual canopy situation due to an inadvertent activation. 

Objectives of this field test were to evaluate: 

• jumper performance (activation and deactivation and descent checks) 

• spotter performance (integration of CYPRES procedures into jump commands) 

• switch and unit durability 

• rigging issues 

• AAD performance (inadvertent activations or failures to turn on or off) 

Two thousand operational jumps (500 on fire missions) were targeted and accomplished in the 2006 season.   

The data from the field tests were evaluated and, as a result, 100 CYPRES AADs were put into full time 
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service.  Additional AADs would be procured and incorporated into the remaining reserves as funding 

became available.  (MODOCs 056, 061, 077, 078 and 087) 

Since 2007, more than 10,000 operational jumps have been made and all reserves have incorporated the SMJ 

CYPRES AAD into the reserve container as standard practice. 

Flight Data Recorder Summary 

The Great Basin Smokejumpers were using flight data recorders (FDRs) to capture vertical descent rates 

under an extended drogue fall.  The information gathered from all FDRs was to be cross referenced to validate 

Vigil AAD readings taken.  The final results were to be used to determine the correct activation window of the 

Vigil AADs.  This information was going to assist in developing the Vigil AAD as a useable smokejumper AAD. 

The parachute FDR was built by Free Fall Accessories, Inc. at the request of, and in consultation with, John 

Kovalicky of the U.S. Forest Service (USFS).  The designed purpose was to measure the performance 

characteristics of the parachutes (usually round) used by USFS smokejumpers.  The FDR records nine 

channels of data to a micro SD card.  The nine channels are pressure, altitude, indicated airspeed, X-axis 

acceleration, Y-axis acceleration, Z-axis acceleration, temperature, humidity, compass heading and Z-axis 

gyrometer.  Of these nine channels of data, rate of descent and altitude plotted over time were relevant to the 

test.   

All of these data points are recorded at a rate of 20 samples per second, however the compass updates its 

heading five times per second.  The orientation of the FDR while under canopy is assumed to be vertical; 

therefore the FDR instrumentation suite is not designed to attempt to determine orientation. In fact, a change 

in orientation from the vertical introduces errors into the recorded values for the Z-axis gyrometer and the 

compass.  

A small fabric harness was built to attach the FDR to the jumper using the three attachment points normally 

used for the personal gear (PG) bag (see equipment report).  This resulted in the FDR being loosely mounted 

near the jumper’s center of mass.  This was less than ideal for recording data but did not impede the jump.  

On September 27, the design of the mounting strap resulted in the smokejumpers’ FDRs recording significant 

amounts of movement on their accelerometers and gyrometers that the jumpers did not necessarily 

experience.  The net effect is that events may be amplified or obscured by the addition of noise to the data 

stream.  This does not render the data useless, but does increase the degree of uncertainty associated with 

each data point.  
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Discussion of Extended Drogue Ride  

A drogue ride is the period of time experienced by a jumper that begins 

immediately following the spotter’s signal to exit the aircraft until the jumper pulls 

his drogue release handle.  The standard count for this procedure is five seconds.   

An extended drogue ride entails a longer duration fall while under the drogue, or 

anything beyond the standard procedure.  As the jumper is descending, he is held in 

a vertical position beneath the inflated drogue which helps to keep his body in feet 

to earth orientation.  When the drogue release handle is pulled, the drogue pulls the 

main parachute out of its container.    

Since 1997, the BLM has performed 171 documented extended drogue rides for the 

evaluation of the HRD and the CYPRES AAD.  The current procedures for extended 

drogue rides were developed following the first HRD jump on April 21, 1997.   

Summary of MODOC 132 

Note: This section summarizes MODOC 132—Vigil AAD Evaluation and all its 

subparts (132B and 132C—Vigil Validation Extended Drogue Ride) to provide a 

basic overview of the background of this MODOC and to provide an understanding of 

the intent of the MODOC and of the testing that was taking place.  

The parachute jumps that took place on September 27, 2013, were part of the test 

plan to refine the Vigil AAD’s operational parameters for future smokejumper use.  

MODOC 132, 132 B and 132 C describe the evolution of the project from its 

beginning in November 2010 through September 2013.  These MODOCs provide the history and progress of 

the Vigil AAD’s development to date.  In 132 and 132 B, Vigil AAD Evaluation-Vigil II Military AAD, a history of 

the BLM AAD is presented and the desired outcome is stated as “To have more than one AAD that can be used 

for the BLM Smokejumpers.” Currently, there is only one AAD approved for the BLM smokejumper reserve 

parachute container—the CYPRES.  

MODOC 132 C, Vigil Validation Extended Drogue Ride, addresses the need for, and methodology used, to 

conduct tests necessary to validate the vertical speeds and the activation window under which the Vigil 

would perform in smokejumper operations. 

The following is taken from MODOC 132, providing the rationale for exploring the Vigil AAD as an 

alternative to the CYPRES: 

Currently we are looking at the Vigil AAD Military II and Military II Plus.  The systems are similar in size, 

weight, and will fit in our current container.  The current cost of the Vigil II is $1,420, Vigil II + $2,800, 

Standard Jump Count Sequence (from 
3,000' AGL): Jumper hooks up static 
line; spotter slaps jumper when time to 
exit; static line pulls drogue (small) 
chute out of drogue bag; drogue 
inflates and stabilizes jumper in a feet-
to-earth orientation. Upon exit, jumper 
initiates five second count—“jump 
thousand, look thousand, reach 
thousand, wait thousand, pull 
thousand.” At “reach thousand”, 
jumper reaches with right hand for 
drogue release handle on left shoulder. 
At “pull thousand”, jumper pulls handle 
which initiates deployment of main 
parachute.  
 
[Watch a video demonstrating the 
standard body position during exit here.  
Watch a video demonstrating the 
standard canopy deployment sequence 
here.] 
 
Non-Standard (Extended Drogue) 
Jump Count Sequence (from 6,000' 
AGL): Jump procedures begin the same. 
After jumper’s right hand is on drogue 
handle, jumper brings left hand, with 
altimeter on left wrist, to top of reserve 
chute container. Jumper participates in 
extended drogue ride for 20+ seconds, 
until altimeter indicates 3,000’ AGL, 
then continues sequence at “pull 
thousand” and main parachute 
deploys. 

http://youtu.be/TXrXfd0UgqQ
http://youtu.be/3sv3n1tzTvE
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compared to the CYPRES that is $4,700 plus $300 for the service plan.  The Vigil has a service life of 20 

years and the CYPRES is 12 years.  With the CYPRES the maintenance cycle is unit [sic] every fourth and 

eighth year, and needs to be sent to the factory.  Vigil’s scheduled maintenance can be performed by 

trained BLM Smokejumpers. Scheduled maintenance is every 500 hours of use or 10 years.  This 

maintenance is replacing a $90 battery in the unit. 

Another aspect of the Vigil of interest to the BLM smokejumpers is the process of turning on the system. 

Similar to the self test process of the CYPRES, it is a press of the display three times.  At that point the 

system will do a self test and activate the unit.  This would eliminate a switch on the container, and the 

majority of the MARS that we have had on the current CYPRES AADs. 

The activation switch issues referred to above are: 

• The on/off switch intermittently re-sets or turns off. 

• The system needs to be turned on/off with each identified drop zone during multiple fire runs. 

• Each activation switch requires custom fitting. 

• The service life for the CYPRES requires manufacturer maintenance every four years and the system 

expires completely after twelve. 

• The way that the switch is installed compromises the watertight integrity of the unit.  

A major consideration for exploring an alternative AAD that was expressed in interviews, though not included 

in the MODOC, was to have a viable alternative should issues arise with the one approved AAD.    

By the time the September 27, 2013, parachute jumps took place, the following steps in the evaluation 

process had been completed:  

• The units were placed in PG bags to gather data and detect barometric pressure sensitivity in the 

door of the aircraft. 

• Dummy drops were performed with the unit in the current container under 

both drogue-in-tow and freefall (failure to hook up) simulated malfunctions to 

assess whether it had a positive activation.  Only four of the fourteen drops 

performed successfully due to programming errors.  

• Test jumps were conducted to determine if the Vigil AAD would fire 

prematurely during standard maneuvers including front riser turns, toggle 

turns and stalls.  During dummy drops and test jumps, the units were not 

firing as desired due to programming errors.  Through correspondence with the manufacturer these 

errors were identified.  Test jumps and associated maneuvers were to be repeated in order to gather 

data for manufacturer programming. 

 

The September 19, 2013, update to MODOC 132 B states: 

Dummy Drops—How can four out of 
fourteen be considered successful?  
The intent of the dummy drops was to 
validate that when the Vigil AAD fires 
it effectively opens the reserve 
container. In the instances that the Vigil 
AAD fired, it successfully opened the 
reserve container.  The ten that did not 
fire were related to programming 
issues.  
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When the units were received in Boise in the spring of 2013 they were placed into reserves without the 

cutters hooked up to begin the confidence test as specified in 4.4 of this MODOC.  It was quickly discovered 

that the vertical descent rate was not properly calibrated. They were set to a vertical descent rate of 44 

mph.  A series of test jumps were conducted to confirm this, then all units were sent back to Vigil for 

recalibration. Vigil provided LED plugs to replace the cutters that make the unit function properly 

without damaging cutters.   

Performing live jumps with an extended drogue ride had previously been identified as a necessary step in the 

evaluation process and MODOC 132 C was written specifically to address this step and identify procedures to 

be followed.  The AAD units were to be set up in the reserve as closely as possible to how they would be 

rigged in future practice.  To that end, live cutters would be replaced with LED plugs to complete the circuit, 

yet not cut the closing loops on the reserve container in the event that the unit fired prematurely.  If the AAD 

were to fire prematurely and cut the loops, that could result in both reserve and main canopies being 

deployed at once.  The extended drogue ride was to assess whether the units were compensating for, or 

allowing for, the time a jumper takes to reach activation velocity; thus assessing if they were reading and 

activating at the appropriate time in the jump sequence.  

In the planning process, the test was designed using procedures developed from previous AAD tests.  Prior to 

September 2013 there had been 171 extended drogue rides performed in the development and evaluation of 

past AADs.  MODOC 132 C included Extended Drogue Ride Procedures and protocols, included the following 

instructions and considerations: 

Extended Drogue Ride Procedures From MODOC 132 C 

Pre-Jump 

• All jumpers will wear altimeters on left hand. 

• Leg pockets will be empty. 

• Jumpers will not have PG bag. 

• AAD equipped reserves must have firing mechanism disabled or AAD removed. 

Jump Procedure 

1. Set altimeter to AGL altitude before exit. 

2. Follow normal exit procedures. 

3. Maintain a tight body position. 

4. Do standard jump count but do not pull on “pull thousand”.  Right hand will be on the drogue 

release handle and will stay there for the remainder of the drogue ride. 

5. After “pull thousand” on the standard jump count move left hand to the top of the reserve so 

the altimeter is visible.  Left hand will remain on the reserve for the remainder of the drogue 

ride. 
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 6. Pull drogue release handle when the appropriate altitude, or 3000' AGL, is reached 

7. Jumpers will not ride the drogue below 3000' AGL. 

Spinning under the drogue 

If a jumper begins to spin under the drogue and cannot stop the spin, he pulls the drogue release 

handle immediately.  A spin can easily accelerate to a point where the jumper can no longer control his 

body position.  If the jumper does not have his hand on the drogue release handle he may not be able 

to reach it.  A spin can also become violent enough to cause the jumper to blackout.  It is for these 

reasons the jumper never takes his hand off the drogue release handle during the drogue ride.   

Controlling the Spin 

Keeping a tight body position on exit is the best way to prevent a spin.  The jumper should not take any 

corrective action until they have done a full jump count and settled into the drogue ride.  This is about 

5 or 6 seconds after exit.   

A jumper rotating under the drogue can use their legs to stop the spin.  First make sure you are in a 

tight body position.  If not, get tight.  If the spin continues take one leg (it does not matter which one) 

and slowly move it forward.  This will either accelerate the spin or slow it down.  If the spin begins to 

slow keep moving the leg until the spin stops and hold that position.  If the spin begins to accelerate 

move the leg in the opposite direction until the spin stops.  Do not try and use an arm to control the 

spin.  The jumpers’ right hand should always be on the drogue release handle and the left hand on top 

of the reserve with the altimeter visible.  If the spin cannot be controlled pull the drogue release 

handle. 

* The extended drogue ride protocol recommended empty leg pockets but a later determination was made to jump with let 
down ropes due to the jump site proximity to timber. 

 

The above procedures found in MODOC 132 C were developed from the first HRD jumps in 1997.  It was 

noticed in these jumps that being exposed to higher descent rates for longer periods of time could cause a 

jumper to become unstable and encounter a spin.  Of the 171 previous extended drogue rides, six jumpers 

encountered a spin, pulled and released their main canopies. 

Because this experience would be new to most of the jumpers in the September 27, 2013 test jumps, the 

extended drogue ride procedures were incorporated in the MODOC and briefed to all participants.  In 

accordance with the MODOC, all jumpers participating had previous experience jumping without a 

functioning AAD in their reserves.  On September 25, 2013, Mark and all other participants in the test 

attended a briefing on the extended drogue ride, during which jumpers with extended drogue ride experience 

relayed their experiences from jumps in 1997, the protocols were reviewed and the procedures were 

rehearsed. 
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Timeline 

Date Events 
February 24, 2013 Mark Urban begins his 11th season of employment with the Boise Smokejumpers. 

February 24-March 8 Urban completes all required refresher training and training jumps to be fully 
qualified for smokejumping in the 2013 fire season. 

March 7–September 
24 

Urban successfully completes three fire jumps and 11 proficiency/training jumps, for 
a total of 14 jumps in 2013.   

September 25 After morning roll call and briefing, the participating smokejumpers in the research 
and development jumps for the new Vigil ADD on September 27 gather for a briefing. 

September 26 
Standard pre-jump briefing in preparation for the planned practice jump, as well as a 
practice jump, are completed.  Urban has completed 328 career jumps (operational 
and training).  

September 27—Day of 
the Accident 

• All times are 
local time:  
Boise, Idaho 
(MDT).   

• Times are 
approximate 
unless 
otherwise 
noted. 

 

0900: Morning roll call and briefing at Boise Smokejumper Base.   

0910: All jumpers and ground crew involved in R&D jumps meet in the loft for 
another briefing specific to the extended drogue ride (procedures, non-standard 
jump count, equipment used, emergency procedures, what to expect, etc.). 

0945: Urban and the ground crew depart in vehicles to Smith Prairie Airstrip, 
approximately 50 miles ESE of Boise, Idaho. 

1115: Urban and the ground crew arrive at Smith Prairie Airstrip and call the jump 
base to inform them that the runway is in good condition, indicating that they are 
ready for the first load of jumpers to launch.  

1137: The first load circles up, does practice counts and procedures and then loads 
into Jumper Plane 49 (J49) in Boise. 

1142: J49 leaves Boise Airport with first load of eight jumpers for Smith Prairie 
Airstrip.  

1154: J49 in contact with ground crew at Smith Prairie Airstrip and commences local 
flight following.  Jump operations commence shortly thereafter. 

1221:  Last jumper out the door for first load.  J49 lands at Smith Prairie Airstrip 
shortly thereafter to load up second load of jumpers. 

1230: Jumpers gather to discuss the first jump.  All jumpers are addressed by the test 
director concerning any equipment issues, jump issues or procedural issues. 

1250:  J49 departs Smith Prairie Airstrip with second load of eight jumpers.  Urban is 
in this load and will be second jumper out.  

1259:  First jumper of second load exits J49. 

1302:  Second jumper Mark Urban exits J49. 

1305: J49 requests Life Flight response to Smith Prairie Airstrip.  Jumpers on ground 
respond to accident scene to provide first aid for Urban. 

1307: J49 requests ground ambulance and law enforcement to Smith Prairie Airstrip.  
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Jumpers on ground determine Urban sustained fatal injuries and commence 
documentation and preservation of scene, and gathering of evidence (taking 
measurements, notes, etc.). 

1333: Air St. Luke’s 1 (life flight) arrives at Smith Prairie Airstrip.  Medical personnel 
on board life flight confirm Urban sustained fatal injuries.  

1334: J49 traffic with Boise Dispatch: J49 assures Boise Dispatch that the Smith 
Prairie ground crew is in contact with Smokejumper Base and managers are advised 
of situation. 

 

1350: J49 departs Smith Prairie airspace enroute to Boise Airport with eight on 
board (six jumpers, spotter and pilot). 

1405:  J49 arrives at Boise Airport.   

1430:  SAIT mobilizes.    

September 29 1000: SAIT assembles in BOISE and in-briefing conducted. 
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Narrative 

Note: It is important to note that for the purposes of this investigation “spin” and “rotation” are differentiated by 

the following definitions. A Rotation is considered slow, tolerable and not likely to rapidly induce dizziness, 

disorientation or impairment.  A Spin is a rapid rotation that requires corrective action. 

On Wednesday, September 25, 2013, the Great Basin Smokejumpers that were participating in the Vigil AAD 

R&D test jumps gathered for a one hour briefing in preparation for extended drogue ride jumps they would 

be making that Friday.  During the briefing, instructions were given to follow standard exit procedure up until 

“pull thousand”.  At that point, the jumper would follow extended drogue ride procedures, keeping his right 

hand on the drogue release handle through the entire extended drogue ride until reaching pull altitude.  He 

would also move his left hand to the top of the reserve chute container where he 

could watch the altimeter.  It was re-emphasized that if a jumper felt that a 

spinning situation under drogue could not be corrected, the jumper was to pull 

the drogue release handle and deploy the main canopy.  (See background section 

titled “Summary of MODOC 132” for the extended drogue ride procedures.)  

The jumpers were briefed on the operation and functions of the Vigil AAD that 

would be tested during these R&D jumps and the function, attachment and 

activation of the FDRs they would be wearing.   

Also during the briefing, two jumpers who had performed extended drogue 

rides in the past briefed the group about what to expect during the extended 

drogue ride and how to control a spin if a spin should occur.  

The next day, Thursday, September 26, was dedicated to a practice jump in 

preparation for Friday’s R&D jump.  The intent of the practice jump was to give 

the jumpers experience jumping without PG bags and to evaluate the setup of 

the FDRs using the PG bag attachments.  Those who participated in the practice 

jump, including Mark Urban, also went through the standard pre jump briefing, 

which included procedures for turning on and attaching the FDR.  Active CYPRES 

AADs were in place in the reserve parachute containers.  The jump ship Jumper 

49 (J49) departed Boise at 1506 and operations were complete by 1539.  These 

practice jumps took place at 3000' AGL, with drogue release handle pull after the 

standard jump count.    

On Friday, September 27, Mark and the other jumpers began their day with a 

morning roll call and briefing at the smokejumper base.  A second briefing 

I believe I have done between twenty 
and thirty extended drogue rides.  Most 
of these jumps occurred during the 
Hydraulic Release Device (HRD) and 
Cypres testing but a few were prior to 
the test.  Out of all these jumps I 
experienced one uncontrolled spin 
under drogue and that was during the 
first HRD test on April 21, 1997.    
  
The HRD had been tested on dummy 
drops and this was the first live test.  
The jump was performed from 6000' 
AGL in Alaska on April 21, 1997.  The 
objective was to exit the aircraft using a 
standard jumper exit weight of 270 lbs. 
at an altitude of 6000' AGL and ride the 
drogue until the HRD released or I 
reached 3000' AGL.  My standard exit 
weight was less than 270 lbs. so I added 
additional weight and some of that 
weight was in my leg pockets.  All my 
extended drogue rides previous to this 
were in a standard jumper 
configuration.  I don’t remember if they 
were all with PG bags.  On this jump I 
had a very poor exit and started 
rotating under the drogue.  I don’t 
remember if I tried to stop the rotation.  
As the jump progressed the spin 
accelerated and my legs were pulled 
apart in a “V” out away from my body.  
I remember I tried but was unable to 
bring my legs together and back under 
my body.   As the spin continued my 
vision started to tunnel, as if I was 
looking through a pipe.  As I was about 
to pull my drogue release handle the 
HRD released and deployed my main 
parachute.  The time from exit to 
drogue release was 13.1 seconds. 
 

Great Basin Smokejumper with prior 
experience in extended drogue rides. 
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occurred immediately following the first, involving the jumpers and ground crew participating in the Vigil 

AAD test jumps.  This briefing covered the jump parameters and testing objectives, the non-standard jump 

count, equipment being used, malfunction and emergency procedures, and what to expect.  In order to obtain 

the desired data for the Vigil AAD, they would be jumping at 6000' AGL rather than at the standard jump 

operations altitude of 3000’ AGL.  The extended drogue ride procedures were reviewed.  Among the items 

that were discussed and reviewed were the possibilities of spinning under drogue and ways to stop and 

correct a spin.  It was reiterated from Wednesday’s briefing that if a jumper felt that a spinning situation 

under drogue could not be corrected, the jumper was to pull the drogue release handle and deploy the main 

canopy.  It was reiterated that there were no AAD cutters installed in the reserve parachutes.  The jumpers 

were given the opportunity to opt out if they were uncomfortable.  The non-standard jump count was 

practiced as a group. 

The ground crew, including Mark Urban who was scheduled to jump with the second load, departed for the 

Smith Prairie Airstrip at 0945.  Due to poor weather conditions earlier in the week, it was unclear whether or 

not the conditions at Smith Prairie Airstrip would be conducive for the R&D jumps.  The first load of jumpers 

waited in Boise to receive the ground crew’s report on the conditions.  After receiving a satellite phone call at 

1115 from the ground crew indicating the runway was in good condition, the first load suited up, circled up to 

do practice counts and review extended drogue ride procedures, loaded J49 and departed Boise at 1142.  

While awaiting the first load at Smith Prairie Airstrip, Mark and another jumper practiced the jump count and 

procedures.  The ground crew created a plan to film the jump sequences from exit through main canopy 

deployment with an iPad and from main canopy deployment through landing with a hand held video camera.   

Visibility that day was excellent and ground winds were 5-7 mph.  Streamers thrown at 1500' AGL showed 

150 yards of drift and 62 seconds on the descent.  J49 climbed to 6000' AGL and flew an extended pattern.   

The spotter procedure was to send each jumper after he saw the canopy open of the preceding jumper, while 

utilizing a standard left hand pattern and release point.  The jumps went as planned 

and all jumpers deployed their canopies at about 3000' AGL.   

Some of the jumpers on the first load experienced spinning that they were able to 

alleviate, while one jumper experienced a calm and easy ride with no issues of 

spinning and a normal parachute opening.  Multiple jumpers were unable to 

maintain a steady heading but were still able to maintain control.  Some jumpers 

struggled to see or read altimeters because of watery eyes from the speed of 

descent and some experienced hard opening shock.  

One jumper experienced a stable exit followed by a slight spin to the left that 

became rapid.  He attempted to slow the spin, according to extended drogue ride 

When I exited the airplane I was initially 
stable, then began to spin left.  I put 
one leg out which did not stop the spin; 
I put out a second leg and that 
corrected the spin but after a moment 
of stasis initiated a slight rotation right.  
I deemed the rotation slow enough to 
be acceptable and considered myself 
stable.  I continued to 3000' AGL where 
I pulled my drogue release handle.  I 
had a normal opening shock 
accompanied with one full twist which 
came out almost immediately.  The 
remainder of the jump was uneventful.   

 
Experience of a participating jumper.  
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procedures, by placing his right leg back which only increased the spin.  He felt the G-forces of the spin and 

placed his right leg in front of him which stopped the spin.  He noticed during the extended drogue ride that 

his perception of time seemed to slow down, i.e. 26 seconds at pull altitude felt like only 15 seconds.  

The day was calm and quiet enough that the ground crew could hear the “crack” of canopies opening.  The 

final jumper in the first group exited J49 at 1221.  

After the first load of jumpers landed, they unsuited, gathered their gear and walked to the staging area at the 

end of the runway.  Jumpers on the second load put fresh chutes on their harnesses and some ate lunch.  

During an open dialog, the jumpers discussed the sensations associated with the extended drogue ride, the 

spinning effect that some experienced and how to best mitigate the spin with body position.   

J49 landed at Smith Prairie Airstrip and the second group of jumpers suited up, began performing buddy 

checks and set their altimeters to zero on the ground.  There were no anomalies or identified problems with 

any of the jumpers or their gear.   

J49 took off with the second load of eight jumpers at 1250.  Six jumpers from the first load were joined by 

Mark Urban and another jumper.  When J49 reached 1500' AGL, the spotter called out their altitude to direct 

the jumpers to set their altimeters.  Two sets of streamers were thrown, indicating that the wind had 

increased and the wind drift was estimated at 250-300 yards.  J49 continued its climb.  The first jumper out 

the door after the plane reached 6000' AGL had an uneventful extended drogue ride and deployed his main 

canopy at 3000' AGL.     

Mark Urban was the second jumper.  From his position in the door of the aircraft, Mark’s altimeter read 6200' 

AGL (as verified by exit door video).  The spotter sent Mark out the door after seeing the first jumper’s main 

canopy open.  Mark left the door of the plane with his gear configured properly and his altimeter set to the 

correct altitude.  Upon exit, the drogue inflated fully and Mark exited in a good, tight body position.  From the 

view of the exit camera, right arm motion indicates that Mark reaches to position his hand on his drogue 

release handle and his left hand is observed being positioned on top of the reserve parachute container.  He 

can be observed rotating to the right.  At this point he leaves the camera’s view, but analysis of the data from 

the FDR indicates that he slowed this rotation and then became reasonably stable relative to the other 

jumpers until shortly after pull altitude.  At pull altitude Mark’s main parachute did not deploy.  At 29 seconds 

he was spinning.  Mark’s drogue released at 138' AGL and his main canopy achieved line stretch prior to his 

impact with the ground but too late to arrest his rate of descent.  Mark impacted the ground in a vertical 

position and sustained fatal injuries..   
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Post Accident 

The first jumper landed safely within seconds of Mark’s impact.  Mark was 750-800 yards away from the 

jump spot, south of the runway in the grass.  The ground crew commenced emergency rescue procedures.  

Life Flight was requested at 1305 and local EMS and the Elmore County Sheriff were ordered through 

dispatch.  Once it was determined that Mark had sustained fatal injuries, the smokejumpers on the ground 

began preserving and documenting the scene and taking photos of evidence and equipment.   
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Timelines: Video and FDR/Vigil AAD Data 

Video Timeline 

In the following timeline, a time stamp is applied to the video evidence in increments of seconds, or tenths of 

seconds.  Three cameras from three different angles were used to compile this timeline—a GoPro mounted on 

the aircraft wing, an iPhone mounted inside the aircraft and an iPad used for ground footage.  Enhanced video 

was utilized to gather as much data as possible, but due to poor resolution, timeline data is mostly limited to 

the upper and lower portions of the jump.  The descriptions of events listed may or may not have played a 

factor in the final outcome but are included in the table because the video evidence is indisputable.  

Seconds Description Camera 

0 Jumper exits aircraft. GoPro, iPhone 

.3 Drogue begins to deploy from drogue bag. GoPro 

.5 Drogue brushes side of aircraft (not unusual or alarming).** GoPro 

1 Drogue inflates. Jumper is in good, tight body position. A clockwise rotation is 
initiated. Twist(s) appear in bridle/sail.  GoPro, iPhone 

2 Jumper has completed one clockwise revolution. Rotation continues. GoPro, iPhone 

3 Right arm motion indicates a reaching action to position hand on drogue 
release handle. Clockwise rotation continues. GoPro, iPhone 

4 Second revolution of clockwise rotation complete. GoPro 

6 Third revolution of clockwise rotation complete. GoPro 

4-6 Left hand observed being positioned on top of reserve parachute container. GoPro 

6-15 
Jumper can be seen under drogue during this span of time until resolution 
impedes visibility. Jumper blends into terrain below and disappears from view. 
Jumper appears to maintain clockwise rotation. 

GoPro, iPhone 

29 Ground crew member notes spinning. iPad 

37 Shouts of “pull, pull” can be heard coming from the ground crew. iPad 

36-41.5 Five rotations observed in a spin. iPad 

43 Drogue releases and begins deployment sequence. iPad 

43.1 Main deployment bag exits container. iPad 

43.2 Lines pay out. iPad 

43.7 Line stretch reached. iPad 

30-43 Spinning still observed; direction unknown. iPad 

0-43.9 The outline of jumper and drogue are distinguishable throughout entire jump, 
although at times resolution is very grainy and pixelated. 

GoPro, iPhone, iPad 
(various altitudes) 

44 Jumper reaches 0' AGL iPad 

*Note: This timeline was compiled to be used as a reference tool only.  The cameras used to obtain footage of the jump were not 
synchronized and had begun recording at different times, therefore timeframes are approximate. 

**Additional note: At approximately 14 seconds into the jump, iPad video vaguely shows an unidentifiable object streaking across the 
monitor (bottom right to upper left).  The object appears to intersect the jumper’s path of descent and continues out of camera view. This 
sequence took place in less than one second.  This has been discredited as a possible theory for the following reasons: 

• Speed of object, jumper and jump ship that are all visible in the frame indicate an extreme improbability of association. 
• Review by an independent video enhancement firm supports the above statement. 
• Lack of physical evidence that Mark had been struck by anything during descent. 
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Flight Data Recorder and Vigil AAD Data and Reports Timeline 

Seconds Description Data 

0 Urban sitting in the door; FDR indicates 6200' AGL FDR 

0-4 Urban exits and FDR data indicates clockwise rotation. FDR 

4-10 

FDR shows the transition from horizontal/vertical movement to a vertical 
movement as the forward throw from the aircraft dissipates.  During this 
period the data shows cyclic oscillation every 2 seconds lasting for 6 seconds.  
FDR and Vigil data indicates Urban’s vertical velocity is still increasing towards 
terminal velocity. 

FDR/Vigil 

10-20 
The FDR shows a low pressure altitude due to the combination of nutation and 
rotation as the FDR is being exposed to the relative wind.  The FDR shows 
nothing else of significance during this period. 

FDR 

20-30 

The FDR accelerometer’s vectored sum is showing a cyclical pattern of 
nutation/rotation for periods of 2.5 seconds which stops at 27.5 seconds.  The 
gyro data also indicates some rotation.  At 29.5 seconds the Vigil detects a little 
instability.   

FDR 

30-40 

The FDR indicates a slight decrease in the rate of descent at about the 34 
second mark.  At 33.5 seconds sustained rotation to the left (counter 
clockwise) is indicated on the Z axis gyro.  Accelerometer indicates a sustained 
force above 1000mg (1G). 

FDR 

40-45 

The Vigil detects a deceleration which correlates to the approximate time the 
drogue began to deploy the main canopy.  At approximately 43.2 seconds the 
drogue begins to deploy the main parachute.  At approximately 44 seconds 
Urban impacts the ground. 

FDR/Vigil 
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Equipment Report 

Flight Data Recorder (FDR) 
Manufacturer: Free Fall Accessories 
FDR SERIAL NUMBER: 1A 

Mark was wearing an FDR.  This was being used to 

capture the amount of time it took a smokejumper under 

drogue to reach the vertical velocity needed to activate 

the Vigil AAD.  The FDR was mounted at the waist where 

the personal gear bag is normally mounted.  A small 

fabric harness was built to attach the flight data recorder 

to the jumper using the three attachment points normally 

used for the personal gear bag.  On impact with the 

ground the FDR was damaged.  There are 10 small screws 

that attach the FDR’s back panel to the main body.  All 10 

of those screws were sheared off leaving the back panel 

loose.  There was a small ring attached to the FDR over 

the on/off button.  This ring was dislodged and found on 

scene by one of the smokejumpers.  The data that was 

recorded to the micro SD card was recovered and 

analyzed. 

 

 

 

 

 

 

 

 

 

  

FDR as found at the scene 

FDR as worn by Mark Urban 



 

Smith Prairie Serious Accident Investigation Factual Report Page 32 
 

Altimeter 
Type: Altimaster II 
Altimeter SERIAL NUMBER: B4329 

Evidence shows a plastic loop used in the wrist strap 

assembly of Mark’s altimeter had broken, presumably upon 

impact, allowing the altimeter to separate from his left hand.  

However, upon initial inspection and apart from the broken 

plastic loop, visual appearance of the altimeter revealed only 

minor scuffs and scratches that could be associated with regular use/wear and tear, but appeared otherwise 

functional.  

*Note: When the altimeter was collected and photographed at the accident site, the altitude referencing 

needle was pointing to an altitude of approximately 1700' instead of 0' as it should have.  Theoretical 

explanations for this reading range from the altimeter being improperly adjusted or ‘zeroed’ prior to lift off at 

the drop zone, improper readjustment inside the aircraft during ascent to altitude, equipment malfunction, or 

impact with the ground. When the altimeter was transported to the Boise parachute loft for further 

inspection, the needle indicated an altitude of approximately 11600', indicating an elevation loss of 2100', or 

roughly the difference in elevation between Smith Prairie Airstrip and Boise.  

The investigation team then put the altimeter through a series of 

tests to verify its functionality and accuracy.  A reference 

altimeter of the same make and model was used for comparative 

purposes.  The first test consisted of setting a reference 

altimeter to Mark’s altimeter’s current reading and driving both 

altimeters in a vehicle approximately 3000' in elevation gain 

and back down.  Second, using the BLM Smokejumper Twin 

Otter, zeroing both altimeters and running them up to jump 

altitude (approximately 9000' MSL) and back to ground level.  

No anomalies were found, as both altimeters tracked altitude gain and loss as expected. 

Mark’s altimeter was then sent to an independent third party (Freefall Accessories – see full report in 

Appendix II) for further analysis which included a run up in a certified altitude test chamber and disassembly 

of the unit for a detailed inspection of its working parts.  All tests and examinations performed by Freefall 

Accessories indicate the altimeter did and still does function as expected. 

It was proven through exit door video footage that Mark’s altimeter was correctly adjusted upon exit.  It was 

also proven, in a test chamber after the accident, that the altimeter was functioning properly.  If the altimeter 

was off by 1700' then Mark’s pull altitude would have equaled 1300', allowing adequate altitude for a canopy 

to deploy normally.   

Altimeter as found at scene 

Altimeter reading during inspection 



Smith Prairie Serious Accident Investigation Factual Report Page 33 
 

Vigil AAD 
Manufacturer: Advanced Aerospace Designs 
Model: Vigil II+ Military 
SERIAL NUMBER: 28664 

Mark was jumping with a chest mounted reserve 

parachute that had a Vigil AAD configured in the reserve 

container.  This AAD was rigged into the reserve 

container without cutters but with an LED light instead 

for test purposes.  The AAD was activated and did record 

the jump (See Vigil report, Appendix V).  An SMJ CYPRES 

AAD was not configured in Mark’s reserve container. 

 

 

 

 

 

 

 
 
 

Jump Helmet 
Manufacturer: Giro 
Model: Sestriere 

Mark was wearing a Giro helmet (model Sestriere).  The 

helmet was configured with a fixed wire mesh face 

mask.  The chin strap male and female buckles were still 

fastened together.  There were three earplugs stored 

between the helmet and face mask.  Two were located 

near the front upper right corner and one near the front 

upper left corner.  This is common practice and does not 

hinder the jumper’s vision.  Mark’s helmet showed 

damage in the area of the front bottom right corner.  

There was physical evidence in Mark’s helmet indicating 

that it was on his head during the initial impact.  There was a mouth guard attached to the face mask.  Damage 

to the mouth guard indicates that it was in Mark’s mouth upon impact. 

Vigil AAD 

Vigil Control Unit as mounted in Reserve 

Mark’s helmet as found at the scene 
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Main Canopy  
SERIAL NUMBER: X-007  
DATE OF MANUFACTURE: 03/2009 

Mark’s main canopy was a Performance Designs, CR360.  

The CR-360 is a 7-cell, 360 square foot canopy approved 

by the BLM for smokejumper use since 2012.  The main 

canopy had been removed from the harness in the field, 

so it was inspected separate from the harness and jump 

gear.  The main canopy was inspected per normal ram-air 

parachute inspection procedures in the Boise 

Smokejumpers loft.  The riser grommets, loops and 

material were all undamaged and within specifications.  

Rapide-link connections and suspension lines showed no damage or signs of burns.  There was physical 

evidence on the right rear line group from impact and how Mark came to rest according to witnesses.  The 

attachments of lines to the canopy were standard.  The canopy material was undamaged.   

Personal Gear  

Jumpsuit jacket: The jacket had been cut from the lapel, down both sleeves for removal.  There was 

extensive damage to the zipper from impact.  The hard pads had been deformed and cracked consistent with 

high-speed impact, notably in the chest area from the reserve parachute container.  There were grass stains 

on both elbow pads and the back hard pad from impact.  There was a tent fly stowed in the inside, back 

pocket per normal operational gear configuration.  The stowage was consistent with agency direction so that 

it would not be of excessive bulk or impede the operation of the 3-ring release for the drogue.   

 Jumpsuit pants: The pants were in relatively good 

condition but showed signs of damage from impact.  There 

were numerous grass and dirt stains in the seat area.   The 

zippers (both right and left) were missing numerous teeth. 

A small pocket on the right thigh contained a notebook 

and a pen.  There was a packout bag and a dry bag for 

gathering jump gear and the main canopy stowed in the 

seat pocket consistent with normal operational gear 

configuration.  The leg pockets were cinched closed with 

the let-down rope in the right side and a dry bag in the left 

per the extended drogue-ride test protocol.*  The stirrups 

and suspenders were adjusted within ⅛" and ¼", 

Left stirrup (8") 

Right stirrup (7⅞") 

Mark’s main canopy 

*The extended drogue ride protocol recommended empty leg pockets but a later determination was made to jump with let down ropes 
due to the jump site proximity to timber. 
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respectively, indicating even adjustment and equal loading (normal and preferred).  The stirrups measured 8" 

on the left and 7⅞" on the right.  The suspenders had been cut for removal so the measurements were a sum 

of the two pieces and came to 28" on the left and 27.5" on the right. 

Shin Guards: Both shin guards were structurally intact but had some textile connections ripped loose upon 

impact.  

Gloves: Standard issue, Nomex flight gloves were worn during the jump and verified from scene photographs 

and exit video.  They were transported with Mark to the medical examiner and turned over to his family.  The 

investigation team did not examine them physically but photographic evidence shows them to be in good 

condition.   

Post-Accident Reserve/Reserve Container/Free Bag 

Reserve Container–SERIAL NUMBER: B-280V (modified from B-280C) 

Reserve Container–DATE OF MANUFACTURE: 10/2005 

Reserve Parachute–SERIAL NUMBER: B 280R; MFR SERIAL NUMBER: 09704 

Reserve Parachute–DATE OF MANUFACTURE: 12/2006 

Reserve Handle–DATE OF MANUFACTURE: 04/2007 

Vigil AAD–SERIAL NUMBER: 28664 

Reserve Container: This reserve container was originally manufactured to incorporate a Smokejumper 

(SMJ) CYPRES AAD but had been modified to hold the Vigil AAD for the purpose of conducting this series of 

jumps.  The modifications were minimal and consisted of removing the SMJ CYPRES AAD and its on/off 

switch which is attached to the exterior right side of the container; installing the Vigil test AAD unit and 

rerouting its LCD face plate and cable in the same manner as the SMJ CYPRES; and replacing the Spectra 

closing loops with one of a different material (nylon II-A).  Cutters were substituted with a small LED light 

that would come on if the AAD indicated an activation had taken place.  The containers were then labeled 

with an identifier of ‘V’ (Vigil) on the front of the container, instead of a ‘C’ (SMJ CYPRES).   

Reserve Parachute: The reserve parachute was inspected using a ‘reverse rigging’ process that allows an 

inspector to break down the parachute pack job and evaluate each step of the parachute riggers work.  No 

anomalies or errors were identified.  The parachute was packed by a licensed FAA senior rigger, was well 

within its pack cycle, and the appropriate paper work displaying rig date/expiration date, riggers name and 

seal symbol were located in its built in pocket.  

Free Bag: The free bag was built to specifications and no anomalies were identified. 

 



Smith Prairie Serious Accident Investigation Factual Report Page 36 
 

Reserve Container Inspection 

Upon impact, the reserve was found to be intact, that is, 

still in its container with handle in place, devoid of any 

evidence that an attempt to deploy it had been made.  

Physical evidence was noted on its handle.  Damage to 

the reserve container consisted of both left and right 

Cobra click lock attachment tabs (female end) being 

ripped from the container and found attached to the 

male counterpart, a component of the main container 

(belly bands).   The reserve handle was in its proper 

location, slightly skewed from proper orientation, but 

with its locking pins still through the locking loops, and 

rigger seal/thread intact.    

The container was manufactured to BLM specifications.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Mark’s reserve as found at the scene 

Attachment tabs torn off reserve container 

Handle and locking pins/seal 
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Drogue and Main Deployment (d-bag) 
Drogue SERIAL NUMBER: B-657 
Drogue DATE OF MANUFACTURE: 04/2010 
Main deployment bag SERIAL NUMBER: 38-11 
Main Deployment bag DATE OF MANUFACTURE: 
01/25/2011 

The drogue and main parachute deployment bag that is 

attached to the drogue via the kill line used in this jump 

were inspected and found to be within specification of 

current BLM technical drawings.  There were no anomalies 

in either of these components construction, materials or in 

the associated hardware attached to the bridle of the 

drogue (closing pin, forged ring, Rapide link).  Damage 

found on the main deployment bag was limited to typical 

wear such as holes (pinhole or slightly larger) on the cotton 

body.  Abrasions on the ¾" type 1 binding tape that joins 

the two pieces of cotton material were found near the 

grommets and leading edge.  This wear is typical and can be 

caused over time by contact with the drogue kill line during 

deployment or contact with the main parachute line locking 

stows during deployment of the main parachute.  Seven and 

a half twists were noted to be in the drogue bridle between 

the locking pin and the top of the sail.  Minor soiling and 

scuff marks were also noted on the bridle, body and cap; 

typical of normal wear for its age.  The drogue kill line was 

intact and free of abrasion burns. 

The team counted seven and one half right hand twists in 

the bridle indicating that the jumper was rotating in a 

counterclockwise direction.  A counterclockwise rotation is 

also consistent with the FDR data and ground iPad video for 

the last 15 seconds of Mark’s jump.  

 

 

 

 

 

Drogue parachute during inspection 

Abrasion burns 

Drogue bridle with 7.5 right hand twists 
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Harness and Main Container Condition Inspection  
Harness SERIAL NUMBER: 1010 
Harness Model: 1001  
Harness DATE OF MANUFACTURE: 01/2010 
Main Container SERIAL NUMBER: 0905 
Main Container DATE OF MANUFACTURE: 09/2008 
 
The harness and container were inspected to determine if any 

anomalies were present prior to impact that may have 

contributed to the accident.  The team looked for evidence of 

all known drogue in tow malfunctions caused by 

manufacturing errors, improper fit and improper adjustment. 

Harness Design, Construction and Materials 

Technical data, including manufacturing drawings and service 

records, were used to compare Mark’s harness and main 

container to the original manufacturing specifications.  The 

harness was found to be constructed according to BLM 

harness drawings and specifications.  All critical 

measurements were within BLM accepted tolerances.  All 

materials and hardware were inspected and found to be 

manufactured within specified tolerances. 

Mark’s harness was a modified version of the 8801 model with ring hardware installed at the hip joint, 

allowing for an articulating and replaceable leg strap.  The leg straps of the 8801had been identified as a 

problem area due to the occurrence of excessive and early wear, significantly shortening the service life of the 

harnesses.  Following successful drop testing and MODOC approval, the model 1001 harnesses were available 

for issue around the middle of June 2010. 

The drogue release housing and main 3-ring release housings were in their correct positions.  The RSL 

lanyard Velcro was in good condition and in the correct location.  

The condition of Mark’s harness and container was typical with no abnormalities noted.  The metal fittings 

were in good condition and the belly band buckles, leg strap snaps and V-rings were functioning properly. 

The leg strap webbing was checked for excessive wear.  Location of the adjustment settings of the webbing 

through the V-rings was noted as being symmetrical.  The leg strap webbing was checked for any tendency to 

slip when fitted to the jumper and tension was applied.  None was noted.  

The BLM harness is manufactured in three sizes to accommodate various size personnel (small, medium and 

large).  Mark’s harness was a medium size, appropriate for his size and stature.  As seen on the exit video, 

Harness Model 8801 leg strap joint 

Harness Model 1001 leg strap joint 
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Mark’s harness was correctly worn and adjusted.  Proper positioning and adjustment of the harness provides 

for easy access to the drogue release, main release and reserve handles.   

The drogue 3-ring release was positioned high on Mark’s back near his shoulders.  This position is proper, 

facilitating a feet to Earth position and alignment of the three ring release. 

Damage and Anomalies  

Mark’s harness sustained significant damage on impact. 

The horizontal strap (Type VII nylon webbing) sustained 

total separation (tear) on the left side and partial 

separation on the right side near the snap junctions.  Note: 

the main lift webs were cut by first responders to facilitate 

the removal the harness. 

 

 

Significant abrasion burns were noted on the horizontal 

back strap.  

 

 

 

 

 

 

 

Small burns were noted on both leg straps on the outside 

of the radius as the strap is threaded through the 

adjustable V-Ring. 

  
 

 

 

  

Mark’s harness during inspection 

Horizontal back strap 

Horizontal back strap 
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The lower reserve static line (RSL) tacking was broken 

and approximately 21.5" of the RSL had been pulled out 

of the RSL pocket.  

 
 

 

 

 

 
The upper left pull-the-dot container retainer snap was 

unfastened and not threaded through the retainer loop 

on the container.  It is not known when it became 

unfastened, but regardless, it would not have affected 

the release of the drogue parachute. 

 

 

 

The main container sustained significant damage on 

impact.  Both belly bands were partially torn away from 

the container but still attached to the binding tape. 

 

 

  

Lower RSL 

Pull the dot container retainer snaps 

Main parachute container damage 
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Both belly bands were properly threaded through the 

belly band loops on the harness.  The female ends of the 

metal belly band buckles were attached to the male ends 

and torn from the reserve container.  Small burns were 

noted on the inside radius of the belly bands where the 

type XVII webbing threads through the buckle indicating 

that the belly bands were in that position on impact.  

The belly bands were cinched which indicates that Mark 

tightened the belly bands prior to exit. 

 
 

 

 

 

 

 

 

 

 

 

 
  

Right side belly band (red) and belly band loop 
(black). Note that the male end is still attached to 
the female end which was torn away from the 
reserve container. 

Belly band and buckle 
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Main Release Handle 

The main release handle with Teflon coated RW cable was 

in good condition with no abnormal kinks and no exposed 

cable.  The cables slid freely in and out of the cable 

housing.  The main release handle Velcro on both the 

handle and the harness was in good condition.  

 

 

 

Drogue Release Handle 

The drogue release handle was bent.  The Teflon coated 

RW cable was found to be in good condition with no 

abnormal kinks in the cable and no exposed cable.  The 

drogue release elastic keeper was found to be in good 

condition and held the handle securely in place.  

 
 
 

 

 

 

 

 

 

 

 

  

Drogue release handle 

Deformed drogue release handle 

Main release handle  
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Wind Tunnel Research 

Overview 

Although inspection of Mark’s gear showed no evidence of a malfunction, subsequent review of enhanced 

video footage and analysis of the data recovered from the FDR suggested that this possibility be analyzed. The 

following are questions for which the subject matter experts wanted answers. 

Objectives 

1. What effect does an extended drogue ride have on the jumper’s equipment, specifically the main 

container and drogue bridle which is behind the jumper and outside of his view? 

2. What effect do aerodynamic forces have on a jumper during an extended drogue ride? 

a) Is it difficult to maintain stability? 

b) How, and how quickly, does a jumper become unstable, and once unstable, how difficult is it 

to recover? 

3. What physiological effects are imposed on the jumper and how difficult are they to overcome? 

4. In the chaotic environment of an extended drogue ride, how well does the FDR display 

a) rotations? 

b) malfunction procedures for a drogue-in-tow (DIT) simulated malfunction? 

Discussion 

Wind tunnel sessions were planned and performed to observe a jumper in a simulated extended period of 

drogue fall, suited up with all the equipment identical to the jumpers at Smith Prairie.  In all tests, the 

functionality and integrity of the equipment was observed for vulnerabilities.  FDR data was also reviewed on 

several of the tests and reliably recorded rotations (Objective 4a).  

The wind tunnel provided an environment that closely simulated drogue fall—especially for viewing the 

effects of the airflow over the equipment.  The aerodynamic and physiological effects on the jumper were 

more difficult to simulate.  The team decided, as a safety precaution, to tether the jumper to preclude him 

from going too high.  While the sessions in the wind tunnel closely simulated drogue fall, this precaution 

produced an artificiality to the test, inhibiting him from reproducing the spins and true effects of uninhibited 

drogue fall. 

To address the first question, the jumper’s stability and airflow over the equipment was observed.  The 

jumper was stable under the drogue and maintained position without any difficulty.  After 1½ minutes of 

drogue fall maintained in a stable position, two assistants in the chamber with the jumper shook him violently 

in all directions.  This was to simulate the rocking back and forth, and side to side, that a jumper experiences 

upon exit, placing tension and random aerodynamic forces on the equipment.  The equipment maintained its 

integrity and performed as designed.  The jumper was able to easily recover to a stable body position.  The 
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jumper also performed the “check with vigor” malfunction procedure during this lift.  The FDR did register 

the event, but separating it as significant or a signature was inconclusive (Objective 4b). 

In the next two sessions the jumper experimented with different body positions to observe the effects on the 

equipment by disrupting airflow and intentionally becoming unstable.  These tests were conducted to 

specifically answer question two, its subparts, and question three (Objectives 2, 2a, 2b and 3).  The equipment 

functioned as intended and remained intact and in good configuration.  The jumper also experimented with 

different focus points to determine if and how distractions affected attention and stability.  The jumper was 

able to maintain stability but found that intense focus on one item (in this case, a watch to substitute for an 

altimeter) allowed him to begin a rotation that, while not incapacitating, resulted in something similar to 

extreme disorientation or vertigo when he returned his attention to his surroundings and body position.  At 

the onset of the disorientation, the jumper became extremely tight and unnecessarily fought the rotation. 

Upon relaxing, the spin abated.  

In the third session, the jumper’s objective was to alternate attention from altimeter to surroundings while 

maintaining spatial awareness, further addressing question three.  After assessing this, he would try to induce 

a spin and then go limp to simulate a jumper going unconscious.  The jumper easily induced a spin and felt 

that the wrong reaction could easily exacerbate the spin.  Upon relaxing and going limp, however, the spin 

quickly abated (Objectives 2a, 2b and 3).  The FDR accurately recorded rotation, sustained rotations, or 

spinning (Objective 4a). 

Up to this point the jumper had accumulated 12 minutes of drogue fall and the equipment maintained its 

integrity throughout, meaning that it showed no preponderance to inhibit a safe deployment.  The team tried 

unsuccessfully to expose the equipment in ways that would make it vulnerable to malfunction, but the bridle 

remained in its stows and showed no tendency to loosen.  To simulate this further and address the first 

question even more they induced “bridle dump” by pulling excess slack from the rubber band stows between 

the drogue release three-ring and the main container closing pin.  The team wanted to determine how the 

excess slack would behave in the slipstream in the extremely unlikely event that this occurred.  While the 

slack was exposed to the slipstream, it never displayed any tendency to adversely interact with any other 

piece of gear.   

The only scenario the team could manufacture that would possibly make the equipment vulnerable to 

malfunction required the bridle tying itself in a knot around the jumper’s riser.  Even though this seemed 

outside the realm of any reasonably plausible scenario as the bridle did not behave in a way that hinted it 

could do this, the team conducted this experiment to see if a drogue release in this configuration would 

register as a notable event in the FDR data.  The jumper returned to the chamber in this configuration and 

pulled his drogue release handle.  The FDR data registered the event by showing an obvious list to the 
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jumper’s right as displayed on the x-axis.  Throughout Mark’s descent the FDR registered no similar signature 

(Objective 4c).  

Conclusion 

In all of the tests, the equipment maintained its integrity and displayed no vulnerability to malfunction in an 

extended period of drogue fall.  The main container and bridle stayed oriented correctly and the stows 

successfully held the bridle in the correct configuration.  The aerodynamic forces on the jumper could be 

chaotic.  While the test jumper was able to remain stable, once the jumper lost stability he found that an 

adverse move could exacerbate the condition.  It was easy for him to imagine it being physiologically or 

cognitively overwhelming.  The FDR did capture body position, body orientation and rotations in the same 

manner that it captured data from the Smith Prairie jumpers.  For example, it recorded a spin but could not 

give an absolute value of the intensity of the spin.  It did not, however, produce a definite signature of the 

“check with vigor” malfunction procedure.  The test jumper was left with a strong impression that reasonable 

stability is easy to achieve and relatively easy to maintain.  However, intense focus (such as on an altimeter) 

in any one area could result in extreme vertigo, or disorientation, when his attention reverts to his 

surroundings. 

[Watch an example of a wind tunnel test here.]  

http://youtu.be/o_Wv3KqN_Yg
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Findings 

Finding 1: All of Mark’s gear was configured correctly.  

Finding 2: All gear was manufactured to specifications.  

Finding 3: The drogue showed normal inflation.  

Finding 4: Post accident, gear review showed no anomalies other than the damage due to impact.  

Finding 5: Mark’s exit and extended drogue ride procedures were performed correctly for at least 

the first six seconds.   

Finding 6: Mark’s altimeter was set correctly at exit altitude (6200' AGL).  

Finding 7: Mark impacted the ground with the drogue release handle in his right hand as determined 

by physical evidence of the fracture patterns in his forearm, the bend in the handle, and the location 

and proximity where the handle was found at the accident scene.  

Discussion of Findings 1–7: The low deployment, initiated at 138' AGL, was determined to NOT be due 

to a KNOWN type of malfunction.  There was no physical evidence that could be linked to an instance that 

would suggest otherwise.  A pre jump buddy check and exit video confirm gear was correctly configured prior 

to and upon exiting the aircraft.  Video shows Mark at the point of exit in a tight body position, knees up, feet 

and hands properly positioned.  The jump count was observed to take place in the appropriate extended 

drogue ride procedure count (see Extended Drogue Ride Procedure in Background section), i.e.: “jump 

thousand, look thousand, reach thousand, wait thousand, pull thousand.”  Extended drogue ride procedure is 

to not pull on “pull thousand”, but rather to leave the right hand on the drogue release handle for the 

remainder of the drogue ride.  Additionally, after “pull thousand” on the extended drogue ride, the jumper is 

to move his left hand to the top of his reserve parachute container so that both the jumper’s altimeter (left 

hand) and drogue release handle (right hand) will be in the same field of vision throughout jump.  Exit door 

video shows Mark’s left and right hands moving into their proper positions for this jump.  

Mark’s body position and the location of his hands did not appear to deviate from their assumed position for 

the period of time he was in the discernable view of the aircraft cameras.  This indicates all was normal.  As 

discussed in briefings, if a jumper develops a spin after performing the exit procedures, an attempt to correct 

the spin is initiated.  If a jumper is unable to stop the rotation he ends the drogue ride early by pulling the 

drogue release handle.  If an unstable jumper feels that he is on the verge of being able to assume a steady 

heading he needs to decide for himself whether to continue or end the test.  This subsequently creates a grey 

area by not having a point in the procedures when the jumper must stop all attempts to control the spin and 
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terminate the extended drogue ride such as the procedures used with parachute malfunctions (see example 

below).  The change in stability can rapidly occur and the jumper may find himself no longer in control of his 

environment if he allows the drogue ride to continue too long.    

On all jumps, if the jumper pulls the drogue release handle and the drogue does not release, the jumper 

performs the drogue in tow malfunction procedure (check with vigor) one time.  If the drogue does not 

release after performing the malfunction procedure, the jumper immediately performs the emergency 

procedure—1) Throw away the drogue release handle. 2) Pull and throw away the main release handle. 3) 

Pull and throw away the reserve handle).  The emergency procedure is the same for all malfunctions.  In 

Mark’s case, there was no indication of an attempt to initiate malfunction or emergency procedures.  There 

was no evidence that an equipment failure would have prevented Mark’s main parachute from deploying.  

The evidence that Mark’s drogue release handle was in his hand upon impact further supports the conclusion 

that a main parachute deployment was the only procedure attempted. 

Finding 8: An AAD was in the reserve container however, due to the testing parameters, none of the 

smokejumpers were using an AAD with cutters.  

Finding 9: The BLM’s understanding was that the normal smokejumper CYPRES AAD could not be 

used in conjunction with the test Vigil AAD.  

Finding 10: The approved MODOC states that the evaluation jumps would occur without live AADs.   

Discussion of Findings 8–10: BLM policy does not require the use of AADs; however, it is standard 

practice to utilize one during all standard smokejumper operations.  The decision to perform the tests 

without the use of a live AAD was made because there was concern that an inadvertent activation could occur 

if the test AAD utilized live cutters.  If an SMJ CYPRES AAD was utilized it would be placed outside of its 

normal operating parameters, increasing the chance of an inadvertent activation and dual canopy 

deployment. 

 To ensure that the Vigil would collect data just as it would in a normal operational setting, it was necessary to 

locate it inside the reserve container.  The Vigil test unit was placed into the SMJ CYPRES AAD housing pocket 

that is built into the inside of the reserve parachute container.  This pocket, designed to hold only one AAD 

unit at a time, is located on the panel that rests between the jumper’s chest and the folded reserve.  

Finding 11: The main release and reserve handles were not pulled. 

Finding 12: Mark was spinning/nutating before his impact.  

Finding 13: Upon inspection it was found the drogue bridle and sail had 7½ counter clockwise 

twists.   
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Finding 14: As reported by participating jumpers, there were varying degrees of spinning 

experienced during the extended drogue ride.  

Finding 15: Several of the jumpers involved, including Mark, did not have any prior experience with 

extended drogue ride jumps. 

Discussion of Findings 11–15:  Mark experienced rotating and spinning that induced confusion and 

loss of cognitive and/or physical ability.  At approximately 700' below pull altitude it can be seen and heard 

on video that Mark was unstable and spinning. This occurred for an amount of time that impaired his ability 

to pull his drogue release handle in a timeframe to allow the main parachute to fully inflate and/or to perform 

malfunction or emergency procedures.  His FDR indicated no significant spinning or rotating in comparison to 

the other jumpers prior to pull altitude, but other jumpers noted during interviews that G-forces above what 

a jumper was accustomed to could be felt. 

Due to the infrequency of this type of jump, a full understanding of the risks could not have been known.  

Each jumper has a different perception of his level of control and reacts differently to the forces of gravity, 

both physiologically and cognitively.  Physiological and aerodynamic effects of drogue fall vary by individual 

and, as confirmed from interviews and statements of other participating jumpers and subsequent wind 

tunnel tests performed by the SAIT, a jumper can go from having a relatively stable, on heading position to 

instant instability and a high rate of spin.  In a standard parachute jump, the drogue release handle is pulled 

and the main parachute is deployed before there is time for extended instability, G-forces, confusion, or loss 

of cognitive or physical ability.  The extended drogue ride exposes those vulnerabilities.  Without the 

understanding of how quickly incapacitation can occur, an individual is less likely to recognize the need to 

terminate the test.  

Finding 16: The MODOC is not a formal risk assessment process and lacks a risk 

assessment/management element. 

Discussion of Finding 16: The MODOC system has been in use since 2000 for R&D modification 

projects.  This has allowed the smokejumper organization a formal internal process for equipment and 

process advancements.  R&D projects can range in complexity from minor changes that pose little or no risk 

to higher risk projects.  The MODOC system was designed as a tracking and approval process for R&D 

projects, therefore, a formal risk assessment is not currently utilized.  Within the pages of the MODOCs, risk 

based decisions are discussed and addressed at differing levels (Extended Drogue Ride Procedures) but not 

formalized anywhere in the process.  Another hindrance to MODOC system efficiency is the lack of a set 

format or agency designation as to what the MODOC should include.  This overall lack of formalized agency 

recognition, support, direction and established processes has enabled systematic inefficiencies.  
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The tracking of MODOC 132 through this particular event was difficult and disjointed and was incredibly 

difficult to follow due in part to the lack of an efficient database and IT support to provide for time stamping, 

chronological organization, real time sharing, update notifications, etc. 
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Appendix I—Human Factors Analysis 

Human Factors Analysis of Smith’s Prairie Accident 
Randy McCalip LtCol, USAF, BSC 
 
A. INVESTIGATION BACKGROUND 
On 27 Sept 13, a smokejumper suffered fatal injuries during a test jump at the Smith Prairie airport in 
Idaho. The Department of Interior Serious Accident Investigation Team (SAIT) convened on Sept 29, 
2013 and continued with their investigation for the next few months. The team ruled-out pre-existing 
illnesses/training/equipment and shifted their focus on physiological and/or cognitive reasons contributing 
to the mishap. As a US Air Force trained human factors (HF)/aerospace physiology expert and military 
free fall jumpmaster with 16 years of jumping experience, the SAIT physician contacted me on 10 Oct 
2013 requesting assistance with this mishap. Phone calls and mishap report editing continued for the next 
few weeks. On 31 Jan 2014, one of the SAIT Subject Matter Experts (SME) called me with additional 
questions. Based on my mishap investigation experience and follow-on questions, he determined a tele-
con with me and all board members was warranted. On 3 Feb 2014, a tele-con took place. 
 
B. PURPOSE 
The purpose of this report is to provide a thorough logical explanation of the physiological and HF that 
may have caused and contributed to the mishap.  HF can be defined as the interface between the human, 
machine (e.g., parachute, equipment, etc.) and the environment; as well as how they affect human 
performance and safety in the jumping arena. The HF analysis used the SAIT’s investigation findings and 
the Department of Defense’s Human Factors Analysis and Classification System (HFACS) taxonomy 
(Figure 1) to investigate the Mishap Smokejumper’s (MS) performance to ascertain which factors were 
involved.  The HFACS taxonomy includes organizational, supervision, preconditions and acts, which 
allows a separate analysis of each type of factor.  Acts are those factors that are most closely tied to the 
mishap, and can be described as active failures or actions committed by the MS that resulted in human 
error or an unsafe situation.  Preconditions are environmental or personnel factors affecting procedures, 
conditions or actions which resulted in human error or an unsafe situation. A mishap can oftentimes be 
traced back to the supervisory chain of command and organizational influences. However, this HF 
analysis will only focus on the MS’s preconditions and actions. Although the MS’s exit and descent to 
impact were caught on video, determining why the MS failed to manually deploy his main parachute at 
the pre-determined altitude was challenging. 
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Figure 1. DOD HFACS 
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C. MISSION OVERVIEW 
The Bureau of Land Management was in the process of validating the Vigil Automatic Activation Device 
(AAD) for future smokejumper use. The mishap jump was the next step in the Test and Evaluation (T&E) 
plan and required live jumps with an extended drogue ride with the AAD rigged similar to how it would 
be worn operationally. The Vigil AAD was set up with a LED light in place of the closing loop cutters 
and was therefore inoperable. No other operational AAD was worn. The live extended drogue jumps were 
necessary to assess the AAD’s ability to read and activate at the appropriate time in the jump sequence. 
Smokejumpers involved with this mission wore flight data recorders (FDR). However, the FDR did not 
compute spin rate or body position. Due to the placement and security of the FDR, the device had obvious 
errors. All smokejumpers were volunteers and handpicked based on their jumping experience.   
 
D. MISHAP SMOKEJUMPER (MS) 
The MS had just completed his 11th year as a smokejumper and held the title Rookie Trainer. Rookie 
Trainers are responsible for mentoring and training rookies and as a result, undergo a demanding selection 
process. The MS had 287 total jumps (training and operational) which is considered a lot for 
smokejumpers. Due to experience level/leadership/attention to detail, the MS was hand-picked but 
ultimately volunteered for this T&E jump. 
 
D. CHRONOLOGY OF EVENTS 
25 Sept 13: MS and other smokejumpers involved in the T&E jumps gathered for a briefing specific to 
the test jumps.  
26 Sept 13: MS and other smokejumpers attended the standard pre-jump briefing and completed an 
uneventful proficiency jump.  
27 Sept 13 (Day of Mishap/All Times Local):  
0900: Roll call/briefing at Boise Smokejumper Base. 
0910: MS and other smokejumpers involved in the T&E jumps reviewed extended drogue ride 
procedures.   
0945: MS and 4 smokejumpers travel to Smith Prairie airstrip in vehicles. 
1115: MS and 4 smokejumpers arrive at Smith Prairie airstrip and informed jump base the runway was 
operational.   
1142: Jumper 49 (Twin Otter) leaves Boise Airport with first load of 8 jumpers for Smith Prairie Airstrip. 
1154: Jumper 49 contacts Smith Prairie Airstrip ground crew and jump operations commence thereafter. 
1221: First lift completed uneventful.  
1230: MS and jumpers gather to discuss first jump with test director concerning any equipment issues, 
jump issues, or procedure issues.   
1250: Jumper 49 departs Smith Prairie airstrip with MS and 7 other smokejumpers.   
1259: First smokejumper exits uneventful.  
1302: MS exits. 
1305: Jumper 49 requests Life Flight response and law enforcement to Smith Prairie Airstrip. 
1307: Ground support provides first aid and determines MS is deceased; documentation, preservation of 
scene and gathering evidence begins. 
1333: Air St. Luke’s 1 (Life Flight) arrives and medical personnel on board life flight confirm MS is 
deceased. 
 
E. HUMAN FACTORS DISCUSSION  
 
 1. CAUSAL FACTORS IN THIS MISHAP 
  

A cause is a deficiency, which if corrected, eliminated, or avoided, would likely have 
prevented or mitigated the mishap damage or injury.  Cause does not imply blame.  The 
intent is to identify the root cause(s) where corrective action is needed. 
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a) Confusion 
This is a factor when the individual is unable to maintain a cohesive and orderly awareness 
of events and required actions and experiences a state characterized by bewilderment, lack of 
clear thinking, or (sometimes) perceptual disorientation. 
 
All of MS’s previous 287 jumps were conducted at approximately 3,000 feet above ground level 
(AGL) and consisted of 4-5 seconds delayed manual parachute deployment (e.g., jump thousand, 
look thousand, reach thousand, wait thousand, pull thousand). Everything was status-quo, 
including parachute type, for the mishap jump with one exception: descent time under drogue. 
Due to T&E requirements to allow AAD cycling, the mishap jump exit elevation was raised to 
6,000 feet AGL. Descent rate under a drogue is approximately 5-6 sec/1,000 ft.  Instead of the 
familiar 4-5 sec parachute deployment sequence, the MS was instructed to exit from 6,000 feet 
AGL and manually deploy his main parachute at 3,000 feet AGL. This equated to an additional 
20-25 seconds of descent time; something the MS had never experienced.   
 
The aircraft video clearly shows the MS properly exiting the aircraft and immediately entering a 
right spin (God’s eye view). The spin increases rotational speed until the MS is no longer 
discernable on the aircraft video. Video taken from the ground shows the MS exiting the plane 
and picks up the MS’s spin as he comes into sight. The spin appears, and the FDR confirmed, the 
MS now in a left spin. The spin increases and appears to slow as the MS descends through 
approximately 500 feet AGL and initiates parachute deployment at 138 ft AGL. 
 
All T&E smokejumpers, including the MS, received emergency procedure (EP) training specific 
to spinning on three separate occasions. The EP for spinning is to extend one leg out to stop or 
slow the spin. If this corrective action is unsuccessful then jumpers are to deploy their main 
parachute. Neither air nor ground video analysis shows the MS conducting the EP for spinning 
(e.g., extending leg). However, the MS may have conducted the EP for spinning during the lag 
time between the aircraft and ground videos. Regardless, the MS failed to deploy his main 
parachute when in an uncontrolled spin nor at 3,000 ft AGL.      
 
I believe the MS became confused after entering a prolonged spin and failed to take appropriate 
action. Confusion was CAUSAL in this mishap.                  
 
b) Necessary Action – Delayed 
This is a factor when the individual selects a course of action but elects to delay execution of the 
actions and the delay leads to an unsafe situation. 
 
Contributing Factors: Confusion, Channelized Attention, Effects of G-Forces  
 
The MS participated in three separate briefs that specifically addressed EPs including spinning.  
In the event a spin occurred, the MS was instructed to extend a leg to counter the spin. If this 
action was unsuccessful, the MS was trained to deploy his main parachute. As evident in ground 
video analysis, the MS continued spinning during descent. The MS may have channelized his 
attention on completing the T&E jump sequence requirements causing further confusion, 
increasing effects of G-forces, and delaying necessary action. The MS was briefed to deploy his 
main parachute if the EP for spinning was unsuccessful or at 3,000 feet AGL, but didn’t initiate 
pull sequence until approximately 138 ft AGL.  
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I believe the MS became confused while spinning and channelized on the jump profile resulting 
in a delayed decision to deploy the main parachute.  Necessary Action – Delayed was CAUSAL 
in this mishap.      

 
c) Channelized Attention 
Channelized Attention is a factor when the individual is focusing all conscious attention on a 
limited number of environmental cues to the exclusion of others of a subjectively equal or higher  
or more immediate priority, leading to an unsafe situation.  

 
Due to jumping experience/rookie trainer title/leadership, the MS was hand-picked and 
subsequently volunteered to conduct this T&E jump. The mishap jump was a critical step 
requiring an extended drogue ride to gather AAD data. Deploying the main parachute earlier (or 
higher) than the briefed 3,000 feet AGL would void the AAD data. One jumper experienced a 
rapid spin on the first lift of the mishap jump and considered pulling early as the EP instructed but 
didn’t to prevent skewing the data. The jumper was able to stabilize at pull altitude but stated he 
was focused on the jump profile and riding the drogue until 3,000 ft AGL.  

 
I believe the MS became channelized on completing the jump profile and failed to pull either 
while unstable or at the prescribed pull altitude. Channelized Attention was CAUSAL in this 
mishap.       

 
d) Effects of G-Forces  
This is a factor when the individual experiences gravity-induced loss of consciousness (G-LOC), 
greyout, blackout or other neuro-circulatory effects of sustained acceleration forces. 

 
Contributing Factors: Hyperventilation, Channelized Attention, Necessary Action-Delayed 

 
The MS immediately entered a right hand spin after exiting which intensified as the MS 
descended out of camera view. The ground video picks up the MS and verifies the intense 
continuous spin. However, it appears the MS is spinning to the left and FDR confirmed this 
direction. Ground video analysis determined 45-60 rpms were reached until the rotation slowed at 
approximately 500 ft AGL. This spin rate could have resulted in enough gravitational force to 
degrade cognitive and/or physical performance and possibly cause a G-LOC.  

 
The human body is subject to a constant +1G environment and is caused by the force of gravity 
on the earth.  The body is accustom to this constant gravitational pull and makes necessary 
adjustments (e.g., constrict blood vessels, increase heart rate, muscle contraction) to offset its 
effects. However, extreme conditions can exceed the body’s capability to adjust and could result 
in impairment or incapacitation.  Human response to G-forces depends on three factors: 
magnitude, direction, and duration.  In general, the higher the magnitude and/or longer the 
duration, the greater the effect G-force has on the body.  However, the body’s reaction and 
tolerance to increased (positive or negative) G-forces depends on the direction of gravitational 
pull. Direction of G-forces considers acceleration of a person, seated or standing, in three planes 
of motion: Gx, Gy, Gz (Figure 2).  The z-axis is head-ward or foot-ward acceleration, y-axis is left- 
or right-sided acceleration and x-axis is forward or backward acceleration. G-forces can 
physiologically affect the cardiovascular, musculoskeletal, vision, and vestibular systems. It’s 
important to note that acceleration can be viewed from several perspectives and its degree of 
impairment varies between individuals and oftentimes involves more than one factor.  
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Figure 2. Three Dimensions of Acceleration 

 
Blood is a key component of the cardiovascular system and depending on direction of the 
acceleration forces (Gx, Gy, Gz), can shift to different areas of the body decreasing oxygen to 
extremities and/or organs.  Negative Gz forces blood to your head and, due to the cranium’s 
inability to expand and the sensitively of the brain, can only tolerate 2-3 negative Gz for 7-10 sec. 
The symptoms of negative Gz are a sense of weightlessness, head congestion, headache and a 
phenomenon called “redout,” a reddening of vision during sustained negative Gz exposure.  
Positive Gz forces blood to your feet and is tolerated more than negative Gz because of the 
increased body surface area for the blood to pool. However, blood begins to pool in the lower 
extremities at 2-3Gz; enough to degrade vision. Tunnel vision or gray-out occurs when blood flow 
decreases to the eyes and black-out occurs when no blood reaches the eyes. In this state, you are 
conscious but cannot see and close to unconsciousness.  Unconsciousness, or G-LOC, can occur 
when exposed to greater than 4Gz cutting off blood flow to the brain. Consciousness returns once 
the Gz force is reduced allowing blood to return to the brain. However, a period of relative 
incapacitation can occur causing confusion and cognitive function for as much as 30 sec. 
Acceleration in the Gx plane (forward or backwards) is tolerated the most, up to 15Gx, because of 
the body surface area exposed to the force and the limited hydrostatic effect on blood pressure.  
Skydivers in a freefall position (i.e., belly to earth) are exposed to acceleration in this plane but 
maintain a constant 0Gx until parachute opening shock.  Lateral G-force (Gy) occurs during 
spinning or rolling maneuvers. Research addressing this direction of force is limited and the 
majority focused on impact forces and not sustained acceleration. The few studies researching the 
effects of sustained Gy forces concluded negligible performance impairment. However, one US 
Air Force Safety Center military freefall mishap report and interviews with BLM smokejumpers 
that experienced sustained spins suggest otherwise. As noted earlier, each individual reacts 
differently to G-forces and effects can vary day to day. The vestibular system of the inner ear 
plays an important role in orientation and balance. It is stimulated by accelerative forces and 
gives a sense of direction. Accelerative forces in freefall may influence the vestibular apparatus 
and induce disorientation.  G-forces can have a profound effect on the musculoskeletal system or 
mobility. The total weight of an individual or extremity is doubled for every G-force. For 
example, a 150 pound jumper weighs 600 pounds when exposed to positive 4Gz. This increase in 
weight severely restricts movement during freefall. Combined with other physiological effects of 
G-forces, 3-4G would greatly decrease mobility interfere with a jumper’s ability to perform 
critical tasks.   

   
The MS correctly exited the aircraft in a seated upright position but entered into a right hand spin 
that intensified as he descended out of view. Ground video picks up the MS in an obvious spin 
but it’s unclear if the MS maintained the same body position displayed on the aircraft video. Due 
to the position of the drogue parachute attached to the MS’s upper back, it’s probable the MS 
maintained a somewhat upright position (45o to upright) during the entire descent, and ground 
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video confirms this position at 500 ft AGL until ground impact. The MS’s location under the 
drogue could have had a profound effect on the magnitude of Gz. Spinning directly underneath 
the drogue would not cause an increase but spinning around the drogue would dramatically 
increase the Gz and shift more blood to the lower extremities. Exact spin rate is also unknown but 
enhanced video analysis calculated up to 60 rpms were reached. The MS’s body position and 
directional spin would subject him to lateral (Gy) and foot-ward (Gz) G-forces. Determining the 
exact magnitude requires precise rpms and the radius of turn; both of which are unknown.   
Regardless, the MS was subjected to at least +3 and possibly as much as +5Gz. This could be 
enough force to cause cognitive and/or physical limitations and possibly even a G-LOC. 

 
I believe the MS experienced enough initial G-force to cause visual, cognitive, and/or physical 
degradation delaying early necessary action. The MS channelized on fulfilling the T&E jump 
profile requirements exposing him to longer and higher G-forces resulting in a G-LOC. The G-
LOC caused the MS to lose all motor function and go limp. This reversed the MS’s spin and 
eventually slowed the spin enough to return blood flow to the brain. The MS regained 
consciousness and initiated pull sequence at 138 ft AGL, well below safe deployment altitude. 
Gravitational forces were CAUSAL in this mishap. 

 
2. CONTRIBUTING FACTOR IN THIS MISHAP 
 
Contributing factors are single events/conditions that are essential to the mishap sequence.   
They offer an independent contribution or allow the progression of other events/conditions.   
 
Hyperventilation 
This is a factor when the effect of ventilating above the physiological demands of the body causes 
the individual’s performance capabilities to be degraded. 

 
The MS had conducted a practice jump the day before but had not completed a jump in 9 weeks 
before then. The MS had 287 total jumps but they all consisted of 4-5 sec delayed manual 
parachute deployment (e.g., jump thousand, look thousand, reach thousand, wait thousand, pull 
thousand). The mishap jump required the MS to delay manually deploying his main parachute 
until 3,000 ft AGL which equated to 20-25. The MS had never accomplished this type of jump 
sequence. Colleagues and smokejumpers participating in the T&E jump testified the MS was 
nervous about the jump. Entering a spin after exiting the aircraft compounded the problem and 
caused confusion and more anxiety.  Although the MS was an experienced smokejumper and 
received adequate training, the MS’s recent jump experience and reaction to this unfamiliar jump 
profile could have affected his performance.   

 
Hyperventilation is a condition caused by an increased rate and or depth of breathing. This 
increase causes an excessive loss of carbon dioxide (CO2) from the blood resulting in changes to 
its acid-base balance. The nervous system maintains acid-base balance by controlling the rate and 
depth of breathing. This is mainly achieved by monitoring the CO2 content of the blood; 
normally, a low carbon dioxide concentration signals a high oxygen concentration and vice versa. 
During hyperventilation, carbon dioxide levels decrease and the body assumes oxygen levels are 
high and accordingly, causes blood vessels to the brain to constrict reducing blood flow to the 
brain. Signs and symptoms of hyperventilation varies but include: headache, lightheadedness, 
decreased reaction time, tingling in extremities, impaired judgment and visual impairment.  
Hyperventilation can occur in a number of different ways, but the primary cause of 
hyperventilation is emotional; e.g. fear, anxiety or stress. Emotional stress can override normal 
respiratory controls and cause an individual to subconsciously increase their rate and or depth of 
breathing.  
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I believe the MS lacked recent jump experience and was nervous about participating in an 
unfamiliar jump profile and subconsciously hyperventilated. The MS entering a rapid spin that 
didn’t respond to established EP compounded this condition. The rapid spin subjected the MS to 
4-5Gz forces and exacerbated by hyperventilating, experienced a G-LOC.  Hyperventilation 
contributed to this mishap.   

 
F. HF Summary  
 
I thoroughly reviewed all factors that possibly caused and contributed to this mishap. Although the team 
had eye witness testimonies and two different video angles of the mishap, exactly why the MS didn’t pull 
at the instructed altitude will never be known with 100% certainty. The MS was highly regarded as an 
exceptional leader and experienced smokejumper that paid attention to details and standards. This HF 
analysis attempted to piece together the most logical reasons why the MS failed to deploy his main 
parachute.  
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Appendix II—Altimeter Inspection Report 

BLM Altimeter Inspection Report  
November 7, 2013 

 
Altimaster III, Serial # B4329 

 
 

A visual inspection of the altimeter showed no significant damage, other than scrapes and 
scratches common with a well used altimeter. 
 

 
Picture of the altimeter as it was received. 
 
 
The lens was removed and inspected to see if it had contacted the needle on impact, (We have 
done drop tests from 400Ft, and have seen the needle jammed inward by the lens). There was no 
evidence of any contact. 
 
The altimeter was zeroed and put in the vacuum chamber and was run up. It tracked nicely with 
negligible deviation from our reference altimeters, (we use two reference altimeters, one digital 
aircraft altimeter and one analog aircraft altimeter).  
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The altimeter was disassembled and was found to be reasonably clean, with only a fine dust like 
residue between the back plate and the movement housing.  
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There was no evidence of any loose dirt or foreign material inside the movement housing. 
 
The movement (the gear train) was removed from the housing and mounted in a test fixture to 
measure the Spring Tension and Rocker Shaft lash. It should be noted that there was no visual 
damage to the Rack Gear or the Pinion Gear, and they were meshed well. This makes the idea 
that the gears skipped a tooth highly unlikely. 
 
The Spring Tension was on the lower side of our range, but with in acceptable limits.  
The Rocker Shaft lash was .0013 inches which is normal for a used instrument. For reference, 
our speck is .0004 to .0007 inches. The Rocker Shaft lash has extremely little affect on the over 
all calibration, but a loose Rocker Shaft will affect the “Zero” position of the needle when the 
altimeter is tapped on the ground, (+ - 100 Ft). 
 
The Capsule height was measured against our standard and found to be very close. It was noticed 
that there was a dent in the center of the capsule where the Rocker Ball contacts the Capsule. 
That dent drew my attention, and indicates that a good amount of energy drove the capsule into 
the Rocker ball, I have never seen a dented capsule in any of the altimeters I have repaired.  
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I tried to take a picture of the dent, but it does not show up well in any of them that I took.  
 
I reinstalled the movement onto the housing, cleaned the case, and reassembled the altimeter, 
placing the needle back on in the orientation in which it was prior to disassembly.  
 
The altimeter was then placed back into the vacuum chamber and run up. It tracked consistent 
with readings prior to disassembly. It should be noted that no adjustments were made in any way 
during the inspection process.  
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Model Altimaster III 
Spring Ten 
Initials 4.000    

          

Serial# B4329   
Rocher Shaft 
Lash  .0013    

          

   
High Limit 
Adjust NA    

 
   Standard      

            
Reading In   Altitude Toleranc 

 
Reading 
out    

  0 500' +/- 40' 0    
  0 1,000' +/- 40' 0    
  0 2,000' +/- 40' 0    
  0 5,000' +/- 40' 0    
  40 10,000' +/- 100' +40    
  0 15,000' +/- 100' 0    
  -500 20,000' +/- 250' -500    
  NA 25,000' +/- 250' NA     
  NA 30,000' +/- 250' NA     

    
            Total 
Range:    20,000 

  
     Below Sea Level -500 Checked, 
Initials:   DLW 

 
 
Although I can not comment on the operation of this altimeter prior to our receiving it, I did not 
find any evidence of foreign material or damaged gears, and nothing that would indicate that it 
jumped gear teeth.  
 
It is my understanding that the altimeter did not indicate Zero when it was found. Based on the 
results of this inspection, I am at a loss as to why it indicated anything significantly different 
when found, when compared to take off.  
 
The only thing that I can see being a possible cause of the changed reading, is if the altimeter 
rotated so quickly on impact, that the inertial tendency of a mass to remain at rest, caused the 
(inner) movement housing to stay at rest, while the outer housing rotated around it. Being that 
the face is attached to the outer housing, the face could have rotated and the needle did not. That 
idea is strictly a theory though. 
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This concludes the inspection report for the Altimaster III, serial #B4329. 
 
Inspection was performed at: Free Fall Accessories, Inc. 
                                                     1821 Bruce 
    Wixom, MI. 48393 
    Ph# 248-623-6464 
 
Inspection was performed by: David Woodruff 
 
Date of inspection: November 7, 2013  
 
Author of this report: David Woodruff 
  
Date of report: November 7, 2013 
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Appendix III—Parachute Flight Data Recorder Report 
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The Free Fall Accessories, Inc. Parachute Flight Data Recorder(FDR)
The Parachute Flight Data Recorder was built by Free Fall Accessories, Inc. at the request of, and in

consultation with, John Kovalicky of the U.S.D.A. Forest Service. The designed purpose is to measure the
performance characteristics of the parachutes (usually Round) used by the U.S.D.A. Forest Service
Smokejumpers. The FDR records 9 channels of data on to a MicroSD card. The nine channels are:

Pressure Altitude
Indicated Airspeed
X-axis acceleration
Y-axis acceleration
Z-axis acceleration
Temperature
Humidity
Compass Heading
Z-axis Gyrometer

All of these Data points are recorded at a rate of 20 samples per second, however the compass updates its
heading five times a second.
Note: Due to the manner in which the data is stored to the Micro SD it is possible that the last ½ sec of data was
not recorded when power was lost on impact. If we assume that impact occurred on the 20th sample, using the
descent rate of the jumper during the last ¼ of his descent, this ½ sec equates to about 70-75 feet above the
ground. However, we believe we are only missing a few samples (the actual impact itself) so the correction
factor is negligible in our opinion, and for the jump in question, we set the end of the altitude graph at ground
level accordingly.

Understanding the FDR(Flight Data Recorder):

With respect to the jump in question, there is no reason to suspect that the FDR did not perform as designed.
Therefore, it is the opinion of Free Fall Accessories, Inc. that the FDR performed as designed and that the data
recorded by it is a faithful and accurate representation of the conditions experienced by the FDR.

The data recorded by the FDR is a body of facts. These facts are not subjective and are an accurate
representation of the environment into which the FDR was placed. The data must be analyzed in order to extract
information, this information is then collected and processed and can be synthesized in to knowledge. It is
important to understand that there are limits to the knowledge that can be gained from the FDR, and it is also
possible to inject individual biases in to the process and derive faulty conclusions. Free Fall Accessories, Inc.
has attempted, in our analysis, to identify the limitations of the device, and of the process, in order to minimize
the introduction of error.

Limitations of the device:

The FDR was designed as a Parachute Flight Data Recorder. Its purpose is to record the flight characteristics
of parachutes. The orientation of the FDR while under canopy is assumed to be vertical; therefore the FDR
instrumentation suite is not designed to attempt to determine orientation. In fact, changes in orientation from the
vertical introduce errors into the recorded values for the Z-axis Gyro and the Compass. The instrumentation
exists to compensate for these shortcomings but they incur additional cost and require additional processing
power and were not considered necessary during the design of the FDR. While nothing in its design precludes it
from being used as a Free Fall Data Recorder, its instrument suite is not optimized for the conditions
experienced during free fall.

PDF Creator - PDF4Free v2.0                                                    http://www.pdf4free.com

http://www.pdfpdf.com/0.htm
sbeckwith
Highlight



Pa
ge

3

Limitations of the Process:

Given that the data recorded by the FDR is a faithful and accurate representation of the conditions experienced
by the FDR, it stands to reason that any body or object to which the FDR is firmly attached, will also have
experienced these same conditions. This is true to the extent that the FDR records its environmental conditions,
but that information is only transferrable to the object or body to which the FDR is attached if the FDR is
firmly/rigidly attached near the center of mass. If a FDR were firmly attached to the wrist of a skydiver, it
would be nearly impossible to accurately determine the orientation of the skydiver’s body at any given point in
time.

On the Jump in question, the FDR was near center of mass, but loosely mounted. This resulted in the FDR
recording a significant amount of movement on the accelerometer and the gyro that was not necessarily
experienced by the smokejumper. The net effect is that events may be amplified or obscured by the addition of
noise to the data stream. This does not render the data useless, but does increase the degree of uncertainty
associated with each data point.

Reading the Graphs
The graphs are aligned with respect to time by taking the highest altitude indicated during the exit from

the aircraft. We are calling this point “0”. The graphs are aligned with respect to altitude by taking the ground
altitude as indicated by the data recorders once the jumper was on the ground. All altitudes are AGL and all
times are from Exit.

Altitude Graph:
The Altitude Graph is scaled in Feet, Above Ground Level (ft AGL).
The altimeter actually records Pressure Altitude which does not correct the altitude reading for

barometric pressure. These graphs have been normalized to the ground level as indicated by the data, therefore
all the graphs displayed in this document are accurate with respect to each other and the ground.

The Altimeter may give a better indication of rotation than does the Gyro immediately after exit. The
exit video shows several rotations in the first 7-8 secs after exit that appear to correlate to several oscillations in
the altitude graph. These oscillations would be due to the data recorder being exposed to the relative wind,
indicating a lower altitude, and then alternately shielded from the relative wind as the jumper rotates, indicating
a higher altitude.

Accelerometer Graph:
The Accelerometer Graph is scaled in mg (G/1000). A reading of 1000mG is 1G.
These Graphs display the Vectored Sum of the Axes (Sqrt(X^2 + Y^2 +Z^2) ).
The VS gives the magnitude of the total forces acting on the FDR without respect to direction. A value

greater than 1000mG indicates forces acting on the FDR in excess of the gravitational force (1G), examples
include changes in speed or direction, most notably the exit from the airplane and parachute opening. Values of
less than 1000mG indicate periods of acceleration towards the earth (free fall). The individual axes are not
displayed because the orientation of the FDR with respect to the jumper, cannot be accurately determined.

The accelerometers do not indicate a large G-Force during the spins, but it is very near the center of
rotation, so this is not unusual. The further out from the center of rotation, the greater the G-Force.

Gyro Graph:
The Gyro Graph measures Turn Rate and is scaled in Degrees per second (degrees/s).
A sustained turn rate of 360 degrees/s would indicate that the FDR would complete one revolution in 1

second. A sustained turn rate of 180 degrees/s would indicate that the FDR would complete one revolution in 2
seconds, and so on. Turn rates greater than 0 indicate rotation to the left and turn rates less than 0 indicate
rotation to the right.
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The FDR has a Z-axis Gyrometer which is designed to measure rotation around a vertical axis. Any
deviation from its standard upright position affects the accuracy of what the Gyro indicates.

Compass Heading:
The compass records the magnetic compass heading of the direction that the FDR is facing. The

compass heading is updated at a maximum rate of 5 samples per second (.2s intervals). The compass onboard
the FDR has the ability to perform tilt compensation but this feature is not active on the FDR in order to
conserve processor resources. Having this feature disabled renders the compass susceptible to any deviation
from its standard upright position diminishing the accuracy if the indication. This, combined with its inherently
slow sample rate, makes this parameter an insufficiently reliable indicator of these particular physical
conditions into which it was exposed.

With regard to interpreting the Data:

Much of the information derived from data analysis comes from experience. We know what an exit from an
airplane looks like because we have analyzed many different exits. We know what a parachute opening looks
like because we have analyzed many parachute openings. While each one is different, they all share common
traits. Our ability to extract information from the data comes from the experience we have had performing our
own test jumps, as well as analyzing the data from the successful BLM test jumps, which have proven to be the
most important tool in this particular analysis.

For instances where we have no experiential base from which to draw, we are left only with what the data
indicate.

To overcome this, we needed to create as much of a known as possible in order to be able to interpret the data
with any kind of confidence, so we analyzed the successful BLM test jumps where we knew what took place,
and could reference the data to get an idea of what each action looked like on each instrument.

We know what a deployment looks like, so we started there and looked backward to the process that takes place
before the deployment which is the trap door effect. The Trap Door Effect results from the Drogue 3-ring being
released and the jumper accelerating from the sudden decrease in drag, then getting decelerated as the lines go
taught and the parachute is exposed the relative wind. The Trap Door is identified as an indicated free fall event
(when looked at the Vectored Sum), that is ratiometric to the rate of acceleration and the time before the snatch
from line stretch.

Trap Door

Opening Shock:
soft

Opening Shock:
Hard

No Opening Shock
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The step that takes place prior to the Trap Door is the pull, and we see a consistent hook, (a drop in altitude), in
the altitude data, prior to the trap door. This change in altitude is the result of the FDR being presented to more
of the relative wind, causing a dynamic pressure increase, which is indicated by a lower altitude reading. The
scale of the hook varies between jumpers, and is probably the result of a change in body position in preparation
for the main deployment shock.

The jump in question showed an altitude hook that resembles that of the known jumps prior to the trap door,
and the accelerometer indicated a change in the amplitude of the data, (it calmed down significantly), however
the trap door signature did not occur until several seconds after what we believe to be the pull signature and this
puzzled us. We could see evidence of something going on in between the pull and trap door, but we had nothing
to reference it to, and noted it to ourselves as anomalies.

With regard to Orientation:

In order for any data to be interpreted, regardless of the type of data or how it is collected, one needs to be able
to reference the data being analyzed to something with a known value. Usually that would be data samples
recorded in controlled, or at least known, conditions. If the FDR would have been properly oriented, that would
have allowed us to better interpret the recorded values in regard to the jumper’s body orientation, relevant to the
energy level(s) recorded, because we could have correlated each axis of the FDR to the jumpers matching axis.

However, on the jump in question, the FDR was not mounted in the proper orientation, (the FDR axes did not
match the jumper’s axes), and it was loose, (allowing it to move around) which resulted in very noisy and
artificially active data, (the data shows a higher amount of low level activity because the FDR was moving
independent of the jumper), and if one did not know that the FDR was loose, at first glance, one would have the

Pull
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impression that the jumper experienced a rougher ride than he actually did. This was our first impression as
well. We later learned how loosely the FDR was mounted, and could factor that in.
The biggest hurdle to overcome was that the FDR’s mounted orientation was not axially aligned with the
jumper. Again, at first we did not know this and reading the data at face value, it indicated a pitched forward
freefall position. Once we saw how the FDRs were “generally” orientated, (tipped forward about 45 degrees),
we performed a test in a training harness with an FDR located on the body at the same location as the others
were, and inclined forward at a 45 degree angle.

The hanging harness test showed us what the accelerometer data looks like when the FDR is inclined at 45
degrees as it was in the BLM test jumps. This data provided us with a “known” to which to compare the data in
question. Using the hanging harness data as a basis, the data from the jump in question indicates an upright free
fall position with the jumper oscillating below the Drogue at a low frequency, and within the range of the other
jumpers, up until the jumper in question loses stability.

With regard to the Gyro:

We performed several actions in the harness to record what they looked like with the FDR in the location and
angle it was during the jump in question. We twisted up the harness which resulted in 5 rotations at a rate of
about 1 rotation per second. We performed kicking actions that the jumper may have done in an effort to
counter act rotation. We performed a nutating motion, and a swinging motion.

This test provided us with a better understanding of how to interpret the recorded data with reference to the data
in question. We also learned, given the angle that the FDR was mounted, that the Z-Axis Gyro did not indicate
full rotations along the jumper’s Z-Axis proportionate to the actual jumper’s rotation rate. We found that the Z-
Axis Gyro reading could be off as much as a factor of five, due to its axis not being in line with the jumper’s Z-
Axis. This is extremely significant, as the Gyrometer will not indicate rotational movement where there is none,
but may indicate a considerable amount less movement than is actually present.

Even though the Z-Axis Gyros were not 100% on line, they still indicated partial rotations, because as the
jumpers were rotating the FDR’s Z-Axis Gyro would clip the edge if it’s axial range at some point during the
nutating motion, and pick up a portion of the rotation while it was within it’s boundary of Axial indication.

Now because all the FDRs were mounted in the same orientation, and we have testimony from those jumpers as
to the severity of the rotations they experienced, we can use the Z-Axis Gyro readings from the other Jumpers

Trap Door
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as a known to compare the jump in question to, in order to evaluate the Z-Axis Gyro data from the jump in
question.

When MU’s jump is compared to the other jumper’s Z-Axis Gyro data, we see that his jump was unremarkable
up until the 34 second point, after which he begins a period of sustained indicated rotation to the left. One jump,
BO, shows severe rotational indication under drogue, which has been confirmed by that jumper.

With regard to the Drogue-in-Tow Procedure:

We later learned about an emergency procedure for a drogue in tow, where the jumper thrusts his head back in
an effort to strike the drogue bridal with the back of their head. In the action of executing this procedure, the
jumper thrusts his pelvis forward in an effort to generate the most power with his head.

We were asked, if we saw any evidence of the drogue in tow emergency procedure being executed, and the
anomalous data points between where we believe the pull to have occurred and the trap door, indicate activity
consistent with the body motion that would/could result from the execution of that procedure at terminal
velocity, however, we do not have any similar data to compare the data in question to, so we are interpreting the
data based on the body movements as described to us, and how they would effect the instruments.

The Accelerometer Vectored Sum indicates two points that stand out between the Pull and the Trap Door, and
we believe these points would be consistent with two pelvic thrusts. We analyzed the individual accelerometer
axis and found that the Y-Axis and Z-Axis support, or at least do not contradict, the two points possibly being
from two attempts to strike the bridle. Immediately after what we think is the second strike, the Trap Door
occurs.

Additionally, we understand that prior to thrusting, the jumper straightens out his legs, and this would change
the pressure that the FDR would see. Looking at the Altitude graph, we see a drop in altitude just prior to the
first Vectored Sum point, and during the duration of the point, the altitude graph indicates an increase in
altitude, followed by a decrease and then another increase. This fluctuation in indicated altitude is consistent
with straightening of the legs and swinging back and forth after the thrust. The second Vectored Sum point is
weaker than the first, and that we believe is consistent with attempting to thrust a second time, but his body
position had not settled to an ideal position for the most power as the first one was, as it was started from a
controlled body position.
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In regards to the Drogue in Tow Emergency Procedure, we are strictly going on what we see in the data looks
consistent with “what we would expect the action to look like as described to us”, and without several samples
of the Drogue in Tow procedure being executed at terminal velocity, we cannot say for sure that this is exactly
what happened. At the very least, the data certainly does not rule out the possibility of the procedure being
executed two times, the second one resulting in the 3-ring releasing.

Pull

Possible strikes
to 3 ring

Trap Door
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Summary of Conclusions
The Data indicates that he was reasonably stable, relative to the other jumpers, at pull time. The data indicates a
change that is consistent with a pull procedure (compared to the other jumper’s data), near the appropriate pull
altitude, followed by a high speed malfunction of some kind, as his descent rate was not arrested to a survivable
rate.

We believe that the data indicates MU was participating and in control at pull time. Based on our understanding
of the Drogue in Tow Emergency procedure, the data is consistent with what we would expect that procedure to
look like, and it would appear that MU performed that procedure two times (two head movements), and the
second time the Drogue 3-ring released, but the main parachute did not deploy. We feel that the focus should be
on the next link in the chain of the deployment events that occur after the 3-ring releases. We believe the
container did not open upon drogue release because it was prevented from opening by some unknown condition
that apparently cleared itself just prior to ground level.

20s- Rotation/nutation cycle can be observed with a period of 2-2.5s
27.5s -Alt. 2650ft Rotation/nutation cycle stops suddenly
27.7s -Alt. 2600ft Altitude signature consistent with drogue release signature of other jumpers, body position

change exposing FDR to more relative wind, indicating lower altitude. A drogue release at this altitude
would be consistent with the other jumpers.

28s - Alt. 2475ft Body position change shielding FDR from relative wind.
28.9s -Possibly Drogue in Tow Procedure
29.5s -Possibly Drogue in Tow Procedure
30s - Alt. 2300ft Probable “Trap Door Effect”
33.5s -Alt. 1700ft Begin Gyro indicates sustained rotation to the left.
34.7s -Change in Descent Rate, possible point of loss of control.
36s - Alt. 1350ft large shock on accelerometer coincides with large transient on gyro.

Alt. 138ft Pack opening and line extension causes body orientation to go belly down. (this information
was supplied by the BLM Investigation team, and is independent of FFA’s analysis).

Comparative Data Analysis
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Time “0” is the point of maximum altitude during the exit from the aircraft. The spikes on Accelerometer and
Gyro graphs, prior to exit, most likely resulted from the jumper positioning his body in preparation for exit and
are deemed to be of no consequence.
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Altitude Graph 0-10 sec: shows several jumpers experiencing rotation/nutation, as the FDR is alternately
exposed to relative wind then shielded from relative wind, shortly after exit.
Accelerometer Graph: shows several spikes on the MU jump. When compared to the altitude graph and the
Gyro graph, these points appear to be due to the FDR swinging in its loose mounting in reaction to small
rotational inputs. They do not appear to be indicative of a significant event.
Gyro Graph: shows several jumpers experiencing rotation shortly after exit.
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Altitude Graph 10-20 sec: At this point there is very little horizontal component, most of the relative wind is
vertical. The exposing and shielding of the FDR to relative wind is most likely to occur by changes in body
position under the drogue.
Accelerometer Graph: The high points at 10.5, 14.5 and 18.5 are noise due to oscillation in the loose
mounting. The High point at 13 seconds is part of a larger, slow oscillation that begins at 11 seconds and ends at
15 seconds.
Gyro Graph: Some rotation is evident on BO, MT and IS. BO continues a high rate of rotation until just before
deployment. The spikes at 18 and 19 seconds belong to MT and are not of significance.
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Altitude Graph 20-30 sec: This graph shows the tail end of the drogue fall and the drogue release/main
deployment. The boxes point to the most likely point of drogue release, BO is the first to release at
approximately 25s. The lines extending down to the other graphs indicate the “Trap Door Effect”. This effect is
evident in all graphs for BO and MT, Altitude and Accelerometer graphs for JR, Accelerometer and Gyro
graphs for IS and altitude only for KA. MU will be analyzed on the following page.
Accelerometer Graph: This graph shows the “Trap Door Effect” associated with the drogue release and shows
the opening shock from line stretch and canopy inflation for BO, MT, IS.
Gyro Graph: Shows the rotation of BO subsiding just before drogue release. MT shows spikes which appear to
be noise possibly due to improper mounting. Gyro shows some rotation due to “Trap Door Effect” on BO, MT
and IS.

BO

IS
JR

KA

MT

Stable
Under
Canopy

Opening
Shock
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Altitude Graph 25-35 sec: The drogue release signature is an “S” curve in the Altitude graph where the
indicated altitude decreases as the FDR is presented to the relative wind at the beginning of the process and then
shielded from the relative wind as the jumper swings forward after the “Trap Door Effect”. The first part of the
“S” curve for MU is present at 27.7s, but does not complete the process. His trap door signature can be seen
about 2.5 seconds later(30s), indicating the drogue three ring released later than expected, and 3.5 seconds after
that, he is rotating at an increasing rate and unstable.
Accelerometer Graph: The arrows point to the “Trap Door Effect” locations.
Gyro Graph: Arrow points to the beginning of the high rate of sustained rotation.

Drogue
Release
SignatureMT

MU
BO

IS

JR

KA
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Altitude Graph 25-35 sec: Comparing MU, JR and MT, the drogue release signature is an “S” curve in the
Altitude graph where the indicated altitude decreases as the FDR is presented to the relative wind at the
beginning of the process and then shielded from the relative wind as the jumper swings forward after the “Trap
Door Effect”. The first part of the “S” curve for MU is present at 27.7s, but does not complete the process. His
trap door signature can be seen about 2.5 seconds later(30s), indicating the drogue released later than expected,
and 3.5 seconds after that, he is rotating at an increasing rate and unstable.
Accelerometer Graph: The arrows point to the “Trap Door Effect” locations.
Gyro Graph: Arrow points to the beginning of the high rate of sustained rotation.

Drogue
Release
SignatureMT

MU

JR
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At this point MU has experienced the malfunction and further comparative analysis to the other jumpers is not
pertinent.
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At this point MU has experienced the malfunction and further comparative analysis to the other jumpers is not
pertinent.
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Time “0” is the point of maximum altitude during the exit from the aircraft.
Altitude Graph -5 to +5 sec: The vertical lines indicate where the FDR is exposed to the relative wind. This is
due to rotation and instability immediately after exit.
The spikes on Accelerometer and Gyro graphs, prior to exit, most likely resulted from the jumper positioning
his body in preparation for exit and are deemed to be of no consequence.
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Altitude Graph 0-10 sec: The Vertical lines represent points at which the FDR is exposed to the relative wind,
indicating a lower altitude and in between the FDR is shielded from the relative wind where the higher altitude
is indicated. This effect shifts from the horizontal to the vertical as the jumper loses forward speed from the
airplane and picks up vertical speed from the freefall. After about 6 seconds, the horizontal component is
significantly reduced, after about 10 seconds, the horizontal component is negligible.
Accelerometer Graph: The exit shows a small spike from about .5s to 2s then a slow ramp up. The small
slanted lines show a cyclic oscillation with a period of about 2s, most likely due to nutation. The longer line
shows an increase in wind resistance as he approaches terminal velocity.
Gyro Graph: Since much of the rotation that takes place is outside of the vertical axis, the gyro does not
indicate accurately.
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Altitude Graph 10-20 sec: At 11s low altitude is due to combination of nutation and rotation, FDR is exposed
to the relative wind (vertical). There appears to be a period of about 2s. Nothing of significance.
Accelerometer Graph: Nothing of significance.
Gyro Graph: Nothing of significance.
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Altitude Graph 20-30 sec: At approximately 27.7s the pattern of rotation/nutation is interrupted, this change in
barometric pressure is within the procedural drogue release window, and is consistent with data observed from
most of the other jumpers, with the exception that there is no subsequent rise in indicated altitude, and no “Trap
Door Effect” immediately after.
Accelerometer Graph: Appears to be a cyclic pattern with a period of about 2.5S which is interrupted at 27.7s.
At 28.3 sec. and 29.7 sec. possible indication of thrusts from two Drogue in Tow procedures.
Gyro Graph: Some rotation is indicated and is most likely due to a combination of rotation and nutation.
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Altitude Graph 25-35 sec: 27.7s the pattern of rotation is interrupted this change in barometric pressure is
within the procedural drogue release window and is consistent with data observed from most of the other
jumpers with the exception that there is no subsequent rise in indicated altitude, and no “Trap Door Effect”
immediately after.
Accelerometer Graph: The cyclical pattern ends near 27.5s. At 28.3 sec. and 29.7 sec. possible indication of
thrusts from two Drogue in Tow procedures. There is an anomaly at the 30s mark. Based on comparisons to the
data available from the other jumpers, this point is consistent with the “Trap Door Effect” experienced upon
drogue release.
Gyro Graph: No sustained rotation is indicated until the 33.5s point, after which sustained rotation to the left is
indicated for almost the entirety of the remaining descent.
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Altitude Graph 30-40 sec: Slight decrease in descent rate determined to occur at or about the 34 sec point.
Accelerometer Graph: “Trap Door Effect” at 30s, 34s begins long sustained force above 1000mG, coincides
with sustained indicated rotation to the left. Large shock (3000mG) at 36s coincides with large transient on
gyro.
Gyro Graph: 33.5s begins sustained indicated rotation to the left. Large transient at 36s coincides with large
shock on accelerometer.
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Altitude Graph 40-50 sec: (There is a phenomenon called Ground Effect, and this effect generally starts to
occur around the 300ft above the ground. This effect is possibly the resultant of thermal activity, or denser air
which causes a decrease in the descent rate of a parachute prior to landing.) Based on the video, we know that
the pack opening was about one second before impact, however the change in barometric pressure would
indicate that MU went belly down much earlier, (pack opening causes body orientation to go belly down, which
causes decrease in indicated altitude from the dynamic pressurization). Given that MUs body orientation to the
relative wind was constantly changing, it is plausible that he presented more of his belly to the wind causing the
FDR to see a dynamic pressure increase, which is recorded as a decrease in altitude below ground level. It is
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also plausible that the body position that MU was in, which caused the dynamic pressurization of the FDR,
could have resulted in the drogue being freed. Once the Drogue was freed, MU’s body position transitioned into
a normal deployment belly to earth position, which continued the dynamic pressurization of the FDR, until the
drag from the parachute starts to stand him up and the dynamic pressure is reduced to a closer representation of
the actual pressure altitude begins to be indicated.
Accelerometer Graph: Continued forces higher than 1G until 41s, spikes at 41s and 41.5s coincide with large
transients on gyro.
Gyro Graph: Large transient at 41s and 41.5s, continued indicated rotation to the left until 44s. Beyond 44s,
indicated rotation to the right.

Descent Rate Analysis

During analysis, it was observed that, beyond a time of approximately 30 secs, the recorded data shows that the
descent rate tended to slow. Descent rate slope equation (y=mx+b) , Descent rate = 20 x m

Descent Rate at terminal from 12s to 27s was 150.438 ft/sec.

Descent Rate at terminal from 32s to 43s was 144.118ft/sec.
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Red line represents the descent rate line of 150.438 ft/sec, the Green line represents the descent rate line of
144.118 ft/sec.

Maintenance of the higher Descent Rate required constant input from the jumper to maintain stability in the
unnatural body position he was in, (he was balancing on a point for lack of a better description, and constantly
having to make corrections in order to maintain his balance (stability)). The two descent rates intersect at
approximately 34.7 secs. This intersection represents a point of change in the Descent Rate. The decrease in the
Descent Rate is most likely attributable to a change in the jumper’s body position, (loss of balance (control)). It
is possible that after this point, the jumper was no longer actively contributing to his stability, and he assumed
varying body positions determined by the natural forces acting on him.

Both the upper and lower end Descent Rate Trend Lines were generated using the most consistent points
respectively, so this graph minimizes the influence of subjective interpretation. We see that the lines intersect at
a point after the assigned pull altitude, and more importantly, right after he begins to rotate at an ever increasing
rate, and he assumes a natural, ever changing body position, as the relative wind pushes him around under the
drogue. This graph indicates that MU was likely actively contributing to his stability up until approximately
34.7 sec where he loses control and is not able to restore the body position he had prior to 34.7 sec. The Gyro
indicates that sustained rotation started to build at 33.5 sec.
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Relevant background of David Woodruff and Richard McCue in regards to analyzing the data in
question.

David is an experienced skydiver and has been jumping for 15 years. During that time he has made over 1500
jumps and has accumulated over 20 hrs. of free fall time. He has had instructional training and ratings, and has
taken part in cargo drop testing. David’s understanding and first-hand knowledge of how a body reacts at free
fall speeds, provides insight as to how MU’s body position would affect his stability at the recorded descent
rates, as well as how the suit MU was wearing and the drogue being attached bellow MU’s neck would possibly
influence MU’s stability, and the resultant movement that a change in body position would/could create.

Richard McCue has made one tandem skydive, and prefers to keep his feet on the ground. He has been
analyzing drop test data recorded from data recorders that Free Fall has built for seven years, and truly excels at
the unique art of reading all those lines on a screen and teasing information out of them.

Unlike David, Richard has learned how and why things do what they in the air from a data point of view, and
that provides him with to ability to read the data without any preconceived notions, or bias as to what could be
going on, he only has what the data is telling him happened to go with.

Here is an example of how the differences between David and Richard’s approaches work out. While analyzing
some of the first jumps that John Kovalicky recorded using the proof of concept FDR, Richard described the
landing on one of the jumps, and basically described what is called a hook turn, which is commonly performed
by square parachutes, but not round ones. David said to Richard “I don’t think you can hook turn around”, and
Richards response was, “well that is what it did”. When David talked the John about what he and Richard
thought John did during the jump, David noted that it looked like John hook turned the landing and that he
didn’t think a round parachute would do that. John said that indeed he did perform a hook turn, and that the
parachute he was jumping was a very maneuverable round parachute compared to most round parachutes.

An example relating to the data in question would be that we see what we believe to be a pull signature
(consistent with the other jumpers) however, the Trap Door did not occur until much later. Even though it did
not make sense to us, that is what the data indicated. We later were told about the Drogue in Tow procedure,
and as it turned out, the data does indicate activity between where we believe the Pull took place and the Trap
Door that is consistent with our understanding of the procedure.

Together, the combination of analytical and practical experience allows analysis from two completely different
perspectives, and often, each challenges the other to support their position based on the data. The data has the
final say every time. Even if we do not know what it is saying because we do not have a reference to compare it
to, we can determine the likelihood of the data supporting a given scenario, based on our understanding of that
scenario, and the factors relating to it.

An example of this situation is the question of whether or not the data supports a Drogue in Tow Emergency
Procedure being carried out. Even though we do not have any comparable examples to compare to, once the
procedure was explained to us, we had an idea of what to look for, and where to look for it. In this case, the data
does indicate action at the time we would expect to see it if it were carried out, and after comparing other
related instruments, we feel that the data is consistent with our understanding of this procedure, or in other
words, the data does not exclude the possibility of the procedure being carried out.

The analysis process is an ever evolving one, as we think of different ways to extrapolate information from the
data. A good example of this is the Descent Rate Analysis, where we can see the most likely point where MU
lost control of his stability.
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MEMORANDUM 

  

To: G. Baumgartner, BLM/Alaska State Aviation Manager 

From: G. Peek and J. Potvin, Consultants 

Re: Data analysis of the September 27, 2013 test jump campaign – Final report 

Date: 21 January, 2014 

   

This memo is a continuing analysis of the data logger signals collected during test jumps 

made on 9-27-2013 by BLM smokejumpers in Prairie, ID. The main goal here is to 

compare this data with the data logger signals collected during the fatal jump that also 

occurred on that day, in an attempt to identify the factor(s) that could have caused the 

mishap. Video of the fatal jump exit, and of the last moments prior to impact, are 

reviewed as well. A recent teleconference held with the BLM on 1-7-2014 provided us 

with further details and yielded the expanded analysis below. (This report is an expanded 

version of a report submitted on 12-14-2013). 

 

1.0 General Conclusions: 
  

1) The exit and drogue ride of the fatally injured jumper appeared nominal, i.e., with fall 

rates and turn rates that were in the ranges seen in the data of the other (and non-fatal) 

jumps performed that day, namely, ~ 150ft/s drogue fall rate, and between -100 deg/s and 

+100deg/s turn rates as measured with the gyro. (Further comments on the actual drogue 

fall rate and spin rate measurements are presented in the sections below). 

 

2) The Z- accelerometer data of the fatal jump showed clearly different values during the 

drogue ride, in comparison with the signals of the non-fatal jumps. The Y- accelerometer 

data, on the other hand, showed anomalous values for over 10 seconds just prior to the 

jump, and then similar values during the drogue ride. (From the information submitted by 

the BLM, we have concluded that the Z- accelerometer axis points approximately 

20degrees below the horizontal and the Y-axis points downwards and 20 degrees off the 

vertical). 

 

3) Actual causes or events that might have lead to such data discrepancy will be hard to 

pinpoint from the datalogger alone. However, some speculation will be presented in the 

last section of this report (Section 2.4). 

 

2.0 GFE data and other information 
  

The authors were provided with the following data: 

  

- Data logger signals of seven jumps identified as SM, MA, JR, BO, MT, KA, and 

finally MU (the fatal jump); and an Excel spreadsheet that reads the datalogger output file 

and performs other relevant calculations; 

  

- Video of the fatal jump exit and last moments prior to impact; 
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- Photographs, taken at the loft, of a smokejumpers hanging in a harness, with the reserve 

parachute and data logger in place (four photos); 

  

- A statement of jump conditions (exit at 6000ft AGL);  

 

- A statement confirming that the datalogger used on the fatal jump (MU) was also used 

on a previous non-fatal jump (KA). 

  

No information was provided w/r the aircraft flight speed during jump run or w/r to each 

jumper’s total weight. This omission, however, did not impede the analysis. 

  

2.1 Data logger signal interpretation 
  

The first step of the analysis consisted in understanding the data collected during the non-

fatal jumps, as graphed with the Excel spreadsheet provided by the BLM. In particular: 

  

- The descent rate, which provided information on a jump timeline: jump run by aircraft 

& jumper positioning at the door; jumper exit; drogue ride; main chute opening & flight; 

and landing; 

  

- Comments w/r to the MU video: 

> drogue fall from 0:03s to 0:47s = 0:44s duration 

> 0:37s on video = 724s on heading data 

> 0:47s on video = 734s on heading data 

> Characteristic look of the heading data is different from 0:37 to 0:47 compared  

    to earlier in the drogue fall. 

 

> Video from airplane: Approximately 4 rotations were counted on and soon after 

    exit (i.e. until MU could no longer be distinguished from the background).  

    Namely, 2 rotations at about 1 rotation per second, then a half second  

    pause, then 2 more rotations slightly slower. 

 

> Video from the ground: Calls to "pull" are heard on the soundtrack at 37s.  

    From 0:37s until drogue release at 0:46s, about nine "rotations" were counted 

    at a rate of about one rotation per second. It is possible that these were not all  

    continuous rotations in the same direction, but were counted simply from the  

    colors changing on the gear. 

 

- Gyro and heading data, which were compared to assess the validity of both channels. 

Note that the heading data shows discontinuities when a jumpers turns from a 360deg 

heading to a 0deg heading (and vice versa) during the same clockwise or 

counterclockwise turn; 

 

- Gyro and heading data cont’d – at jump initiation (exit): Comparing the turn rates 

measured by both gyro (~ 100 – 200 deg/s) and heading (~ 300deg/s) with the action 
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shown in the fatal jump exit video (~ 360deg/s) suggests that the gyro may underestimate 

the turn rate by as much as a factor of 1.5X. 

 

- The X-, Y-, Z- accelerometers for which the following directions were determined from 

the point of view of the jumper & data logger: sideways (X-), in-out (Z-) and up-down  

(Y-). The latter two were determined by comparing non-fatal jump data and data logger 

angles as follows: For a data logger at rest but still sensing gravity while hanging-off the 

harness as shown in the loft photographs, the up-down axis was measured at a 20 degree 

angle and the in-out axis at a 70 degree angle, both with respect to the direction of the 

(downward) gravitational field. Using trigonometry to project the strength of the 

gravitational field along each data logger axis yields the following gravity components:  

  

Up-down axis: (1g) x Cosine (20deg) = 0.94g 

In-out axis: (1g) x Cosine (70deg) = 0.34g 

  

These calculated values are validated by comparing with the (non-fatal) accelerometer 

data prior to exit, i.e., with ~ -1g as seen in the Y- accelerometer data, and with ~ +0.4g 

seen in the Z- accelerometer data. Here the negative sign suggests the Y-axis as pointing 

downward; the positive sign of the Z-values would suggest the Z-axis pointing forward. 

Direction determination of the X- axis could not be made in this analysis. 

  

Note that these values vary from one (non-fatal) jump to the other, as the data logger 

orientation could have been changing when the data logger was attached to the harness, 

thus yielding somewhat different projections, but projections which are still close enough 

to the actual data: 

  

Data logger angle = 25 degrees -  

(1g) x Cosine (25deg) = 0.91g 

(1g) x Cosine (65deg) = 0.42g 

  

Data logger angle = 30 degrees –  

(1g) x Cosine (30deg) = 0.87g 

(1g) x Cosine (60deg) = 0.50g 

  

Overall, the Y-accelerometer signal mostly consisted of a jumper’s vertical acceleration 

while the Z-accelerometer signal showed an horizontal acceleration. During a non-fatal 

drogue ride, the Y-data showed a quick transition to -1g, a motion indicative of a steady  

descent at the drogue-jumper system’s terminal speed (here no acceleration but the 

accelerometer still “sees” the gravitational field). On the other hand, the Z-data shows the 

overall horizontal deceleration of the jumper as he transitions from an horizontal, forward 

motion imparted by the aircraft (the so-called “aircraft throw”), to a purely vertical 

motion during freefall/drogue fall. As argued previously, when the aircraft is travelling 

horizontally and at constant velocity, the Z- and Y-data prior to exit are indicative of the 

orientation of the data logger with respect to the gravitational field. 
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2.2 Jump data considered as baseline  
  

For comparison purposes, jumps MA and SM were discarded from the sample, being 

representative of very short drogue rides in comparison with all the other non-fatal jumps 

in which the drogue ride lasted more than 22 seconds (note: the fatal jump drogue ride 

lasted 44 sec). Thus considered were the jump data file labeled as JR, KA, MT, BO, and 

finally MU (the fatal jump). Moreover, special attention was paid in the comparison of 

the MU and KA jumps, which were performed with the same datalogger.  

  

2.3 Signal comparison 
  

Descent rate: The MU data look quite similar to that of JR, KA, MT and BO, which 

averaged ~ 120 - 140ft/sec descent rates. 

  

Turn rate from gyro: The MU data look quite similar to that of JR, KA, and MT, i.e., 

remained within the -100deg/s <  < +100deg/s range for most of the drogue ride. The 

MU-data shows a brief excursion above the 100deg/s -mark (but up to less than 200deg/s) 

during an interval of about 10 sec towards the end of the jump. Note that another non-

fatal jump (BO) featured sustained spin rates in the range of -200deg/s over a similar 

time span. Assuming that the gyro data underestimated the true turn rate for all jumps by 

the same factor (~ 1.5X; see Section 2.1), it can be concluded that the rates sustained 

during the fatal jumps did not exceed those sustained during the non-fatal jumps. 

 

Heading: The heading signal of the fatal jump shows sustained turns of about 300deg/s 

over intervals of 1 – 2 seconds, at the following times (datalogger time): 689 – 691; 719 – 

721; 723 – 724; 729 – 731). At most other time, the heading signal suggests the jumper 

intermittently heading in the same general direction i.e. towards the 360 and 0deg 

heading (which technically are the same heading). This contrasts with the heading data of 

KA, which shows full or partial rotations at slower rates (~ 100deg/s). 

  

Y-axis signals: Both the MU and the JR, KA, MT and BO signals look similar (~-1g); 

but a clear difference can be seen just prior to exit (MU ~ -0.2g, versus ~ -1g for the 

others). Comparing MU and KA specifically (same datalogger), the pre-exit signals look 

very different (i.e., at times 661 – 685 for MU; and 859 – 878 for KA), namely ~ -0.25g 

(MU) and ~ -0.9g (KA). On the other hand, the signal output during the drogue ride look 

somewhat similar at ~ -1.0g, with the MU signal at ~ -1.2g and KA signal at ~ -0.8g. 

  

Z-axis signals: Again a clear difference can be seen here, both prior to exit (MU ~ +0.75g 

versus +0.4g) and during the drogue ride (MU ~ +0.25g versus ~ - 0.2g). Comparing MU 

and KA again, the pre-exit signals are similar (~ +0.75g), but the drogue ride signal are 

markedly different (~ +0.25g for MU and ~ - 0.5g for KA). 

 

X-axis signals: Tellingly, a clear difference can be seen prior to exit: MU ~ -0.75g versus 

+0.2g). But during the drogue ride all signals averaged to near 0g, with MU’s data 

showing a clear oscillation w/r to the vertical (with period ~ 5s), suggestive of the body 
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oscillating like a pendulum. (This oscillation can be seen also in the Y- accelerometer 

data). 

 

The X-, Y- and Z- accelerometer signals for MU appear to fluctuate over a larger range 

than those for KA. 

 

2.4 Other observations 
 

From the MU airplane-mounted video:  We note that the jumper’s position in the door 

with both feet on step could have "scrunched" the data logger approximately into proper 

position even if data logger retaining straps were not connected. But the converse is also 

true, namely that both feet on step could also have "scrunched" the data logger 

approximately off proper position even with the straps connected correctly.  

 

It should be pointed out that the low data recording rate (20Hz) is too small to clearly 

show the accelerations related to the specific stages of drogue release (trap door effect), 

d-bag lift, line stretch and main deployment. The data do show this sequence happening 

but it would be hard to distinguish clearly between those four events. 

 

Causes for the clear discrepancies seen in the accelerometer data, particularly for MU 

versus KA, are not obvious. Perhaps one of the three data logger retaining straps were not 

clipped at exit (for MU), but then re-clipped during the drogue ride; or perhaps not 

cinched tight but then further tightened during the drogue ride; or perhaps the jumper’s 

legs (MU’s) were moving (flailed?) during the drogue ride and changed the overall 

accelerometer orientation. Such leg motion could have been responsible for the 

“pendulum” effect revealed by the X-accelerometer data (see Section 2.3). 
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