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NATIONAL TRANSFORTATION SAFETY LOARD
Washington, D.C. 20594

AIRCRAFT ACCIDENT REPORT
Adopted: May 17, 1984

LANDRY AVIATION, INC.
LOCKHEED LEARSTAR L~18, N116CA
NEAR SILVANA, WASHINGTON
AUGUST 21, 1983

SYNOPSIS

About 1832 Pacifiec deylight time on August 21, 1983, a Lockheed L-1,
Learstar, N116CA, operated by lLandry Aviation, Inc,, crashed in a ficld adjacent to a
State highway after an uncontrolled descent from 12,500 fect. The airplane had carriced
24 sport parachute jumpers and 2 pilots. Fifteen parachutists successfully parachuted
from the airplane during the descent; nine parachutists and the two pilots did not and
were killed in the crash,

The National Transportation Safety Board determines that the probabice cause
of this accident was the failure of the operator and the pilot-in-command to assure proper
load distribution during the jumper ¢xit procedure. A more intensive program of
surveillance by the Federal Aviation Administration may lead to the detection and
climination of some of the factors in the accident.

1. INVESTIGATION

1.1 History of the Flight

About 1810,1/ on August 21, 1983, a Lockheed L-18 Learstar, N116CA,
operated by Landry Aviation, Inc.,, as a sport parachute jump flight, departed the
Arlington, Washington, municipal sirport, on its fourth such flight of the day carrying
sport parachute jumpers to a drop zone near Silvana, Washington, about 5 nautical milau
west of the eirport. This flight was to carry 24 parachutists to 12,500 feet mean sea level
over the drop zonc where a mass jump was to be made. 'The airplane was in a cargo
configuration with no seats. There were 24 seatbelts in 2 rows of 12 which were nttached
to seat track/cargo tiedown rails in the {loor, and the aft cabin entry door had been
removed. For takeoff, the jumpers sat on the airplane floor in rows ol three abreast
facing aft. One jumper was said to have occupied n jump seat immediately behind the
cockpit.

Aflter departure, the airplane climbed in a large circular track around the drop
zone. A Notice to Airmen (NOTAM) regarding the parachute jump had heen filed by the
ptlot with the Seattle Air Route Traffic Contrel Conter (ARTCO) that miorning before he
commenced opernations. In accordance with that NOTAM, the crew was in contact with
the ARTCC during the climb for traffic advisories and to advise when the parachutists
had jumped.

1/ Al times herein are Pacific daylight time, based on the 24-hour clock.
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surviving parachutists stated that takeoff and climb to the juinp aliitude were
normal. All the parachutists remained in the positions occupied at takeoff until jump
altitude was reached. Surviving parachutists also stated that none of the jumpers seated
on the floor used the available seatbelts. About 1 minute before the airplane arrived over
the drop zone, two jumpers moved aft to the door to spot the airplan: for the jump run
and to relay maneuvering directions to the pilots by hand signal, As the airplane neared
the drop zcne, the jumpers moved to their prejump positions, Two jumgers moved outside
the door, one forward of the door on a narrow external step holding on to an external
handle, and one on the aft side of the doorway holding on to the aft docr frame. A third
positioned himself in the doorwny by standing on the door sill, facing inbzard, and holding
onto the tep door frame. Five more lined up as cjose as possible to the door. The other
16 lined up in rows of 8 each along both sides of the eabin,

The jumpers stationed in the door stated that they were not aware of any
airplane problem as they jumped. One of them observed the airplane after he fell away
from it. He stated thet it was in a Steep right bank, that it then rolled over, the nose
dropped, and that it entered a steep dive during which it made one or two slow spirais as
it continued the steep dive until it struck the ground. Descriptions of the descent offered
by several other ju mrers were similar,

Three jumpers, the 9th, 11th, and 12th in the planned jump sequence, stated

that they felt the aft end of tive airplane drop, then oscillate slightly up and down, after
which the airplane rolied to the right before the jumpers were abije to reach the door and

leave the airplane. Sixteen of the 24 jumpers were able to leave the air, lane before and
after the upset. One was killed and tvo were seriously injured when they struck the

horizontal stabilizer; 13 were uninjured. All 16 parachutes functioned normally,

Witnesses on the ground, many of whom had watched previous flights of the
airplane thet day, stated that, just as the first jumper left the airplane, it rolled to the
right, entered a steep dive, and rotated slowly two or three times during the dive. They
stated that it struck the ground in a steep nosedown attitude slightly past vertical, They
described loud "sereaming" engine sounds which continued ntil the airpiane struck the
ground. Som: witnesses described a light colored smoke trail coming from one of the
engines during the latter nart of the dive.

The Seattle ARTCC lost radar contact with N116CA at 1830:05. The aceident
oceurred during daylight. The girplane struck the ground at latitude 48°13' north and
longitude 122°14' west.

1.2 Injuries to Persons

Injuries Crew Passengers
Fatal

Serious

Minor

None

TOTAL

Damags to Airplare

The airplane was destroyed.




1.4 Other Damaga

The airplane crashed on tite downslo.e of the shoulder of State Highw-y 530
1 mile north of Silvana, Washington. The earth fill was displaced outward and upward, and
the asphalt pavement was displaced upware and da maged by un inLense gasoline-fed fire,

1.5 Personne] Information

The flightcrew was properly certificated and qualified in eccordance with
current regulations to conduet the flight. (See uppendix B.) The crew ferried the airplane
from Paine Field, Everett, Washington, to the Arlington Airport between 0706 and 0800 on
the day of the accident. The captain flew all the flights that day while a different pilot
flew as copilot on the second and third parachute flights. At the time of the accident. the
crew had been on duty about 11 hours. The captain had flown about 2.5 hours and the
copilot about 1.3 hours up to the time of the accident,

1.6 Airplane Informatios

The airplare was manufactured by Lockheed Aircraft Corporation as a Model
L.-18 Lodestar. In 1957, it was modified by Pacific Aero Enginecring Corporation 1o a
Learstar Mark I configuration under Supplemental Tupe Certificate SA4-69. {See
appendix C.) The girplane hud been inspected and muintained in accordarce with the
approved maintenanc: program of the previous operator, who had used it in cargo
operations under 14 CFR 135.

The empty airplane weght was 14,458 pounds and the maximum allowable
takeoff weight was 22,500 pounds. The center of gravity limits were: forward limit
188 inches (27.8 percent mean aecrodynamic chord (MAC)Y: aft tlimit 198.8 inches
(37.2 percent MAC),

1.7 Metzorological Information

The sky was clear wiih unlimited visibility.

Aids to Navigulion

Not applicable,

Communications

Not applicable,

Aerodrome and Ground Facilities.

Not appheable,
L1l Flight Recorders

The airplane was not equipped, nor was it required 1o be equipped, with a
cockpit voice racorder or a flight data recorder,




Wreckege

The airplane struck the embunkment of State Highway 530 vertically with the
nose about 10° to 15° past vertica:. Excent for some small light pieces, the wreckage was
confined to the impact crater which measured about 15 feet across, The wings were
positioned at opposite sides of the crater, and both engines were buried about 6 feet into
the earth. The empennage was in an inverted position at the southerly edge of the craier.
A swath had boen cut through the branches on the northerly side of a large tree about
20 feet from the southerly edge of the crater, The cut was at 80° from the horizontal and
aligned with the crater,

The fuselage disintegrated during impact and posterash fire, Both wings were
fragmented with leading edges crushed rearward. The left averon, flap tracks, and flap
remained attached ta a separated section of rear spar. The left flap was partialiy intact,
The outboard flap roller was lodged in the outboard flap track in a partially extended
position 8 inches back from the forward step. This corresponds to a flap position between
15° and 18° Approach flap position (20 percent) is abou! 17° to 18° The right wing,
except for the rear spar with aileron and flap atiached, was consumed by posterash fire,
The right {inp was in a partially extended position with the outboard roller lodged in the
flap track about 8 inches from the forward stop.

The horizontal stabilizer and elevator were intuct on the empennage. The
clevator trim tab was intact, in a faired position, but could be moved freely by hand, The
irim tab actuator was separated frum the tab, The actuator rod was extended from the
housing 5.13 inches, corresponding to nearly full nosedown elevator trim.

The ianding gear struts and actuating linkeges had separated from the wing.
One landing gear actuator was found with the actuating rod in the extended oosition and
bent at the housing,

Both propellers were destroyed. Both engine reduction pear boxes were
destroyed, and severa: ¢ylinders on both engines were separated from the erankeases. The
gecessory drive gear boxes and accessories were destroyed by fire. The aft fares of both

crankcases, which form tbe forward side of the blowar housings, exhibited severe
rotational scoring marks,

1.13 idedical and Pathologicsl Information

Of the jumpers who werc able {o leave the airplane, one received fatal injuries
and two were seriously injured. The two seriously injured jumpers left the awrplane after
it had rolled and begun its descent. They both stated they struck the horizontal stabilizer
after exit but were able to open their parachutes; both suffered leg injuries. ‘the
lueations ivi the airplane of those who were able to jump are shown in ligure 5,

The fatally injured jumper was observed by other jumpers to have descended in
# properly opened parachute. Postmortem cxamination showed that he sustained a
through fracture o the L-3 wertebral body, torn back museles, partial severance of the
norta, and complete severance of the inferior vena cava at the 1,-3 level, These injuries
are consistent with severe nmpact to the lower back,

‘The 10 persons who were unable to leave the airplane werc killed by the forces
of impact. The bodies were fragmernited severely, and no autopsies or toxicological
exeminations were performed.




1.14 Fire

A severe postcrash fire ensued upon impacet and was confined to the crater
created by impact. The first firefighting units arrived at the scene within 1 minute of
impact and reported the fire under control about 9 minutes later,

115 Survival Aspects

The impact forces of vthis accident were not survivable. However, because the
occupants were perachutists, several were able to leave the airplane before it crashed and
descend safely by parachute. Some of the last jumpers to leave the airplane described
extremely high acceleration forces which forced them against the sides ol u.z fuselage
and which required extreme physical effort to svercome in order ta reach the door.

1.16 Tests and Research

None.

1.17 Additional Information

1.17.1 Role of Landry Aviation

Landry Aviation, Inc., was formed for the purpose of operating N116CA and
another Lockheed L-18 Lodestar in air cargo service. To that end, the company had
applied to the FAA for an operating certificate under 14 CFR 135. Landry negotiated a
lease with the owner of the airplane after the previous lessee, who also had operated the
airplane in cargo service, ceased operations and surrendered his operating certificate to
the FAA. The airplane was inspected and maintained by Landry in accordance with the
approved maintenance program of the previous operator by the same personnel who had
maintained it for the previous operator. At the time of the accident, issuance of an
operating certificate for Landry still was pending,

Landry Aviation began parachute operations in June 1983 after contacting
several parachutists whe indicated an interest in using that type of airplane. The two
pilots who flew most of the parachute flights, including the captain of the accident flight,
had flown the airplane regularly in the previous carge operations. The copilot of the
acceident [light also had flown as copilet in the cargo operations and occasionaliy as
copilot on jump flights. They did not have any experience in jump operations before
June 1983, BHetween June and the day of the accident, the airplane made more than 40
flights to transport patachuli.is o the jump site. Apout 15 of these involved mass drops
of 24 jumpers at once.

1.17.2 Airplane Madifications

When acquired by Landry Aviation, NI116CA was configured as a cargo
airplene; it had no passenger seats. There was o jump seat behind the cockpit. In addition
to the main cabin entry door, there wiss one ¢mergency window exit on the left side over
the wing. There were ttree seat track/cargo tiedown rails installest in the floor. In June
1983, the installation of seatbelts for s many as 24 parachute jumpers, using the existing
seat tracks, and the removal of the main cabin entry door for purposes of sport parachute
jumping were approved in accordance with 14 CFR 43 by a mechanic who held an
inspecti.n authorization, and the FAA Flight Standards District Office was notified. An
FAA msintenance inspector then issued a standard set of operating limitations to be




-

observed when operating N116CA with the door removed. These ineluded restrictions on
maximum speed, yaw, and bank angles; requirements for use of seatbelts; prohibition
against smoking; and limiting operations to visual flight rules only. ‘These operating
limitations are in addition to those set out in the FAA-approved airplane flight manual.

Section 91.47 of those regulations states in part that:

(a)  Notwithstanding any other provision of this chapter, no
person may operate a large airplane (type certificated under the
Civil Air Regulations ¢fective before April 9, 1957) in passenger
currying operations for hire with more than the number of
occupuants:

{1} allowed under Civil Air Regulations 4b.362. . ..

(2). . .However, an airplane type listed in the following table
may be operated with up to the listed number of occupants
(including crewmembers) and the corrcsponding number of
exits. . .upproved for the emergency exits of passengers. . .

Muximum number of Corresponding number
occupunts including of exits authorized
Airplane Tyoe all crew members for passenger use

LL-18 17 3

The owner of Landry Aviation, Inc., testified during depusition proccedings
that some parachute jumpers had indicated that mass jump exits could be accomplished
more easily if a step were installed adjacent to and forward of the door on the outside of
the fuselnge. In the week before the accident, four externally mounted handhelds and a
plywood step were installed on the fuseluge forward of the cabin entryway. The step was
made of 3/4-inch plywood, was 4 inches wide 7 feet long, and was attached by aluminum
angle. (See figures 1 and 2.) He further testified that because similar installations had
been made on other Lockheed L-18 airplanes used in jump operations, including a second
asirplane he had acquired, it was his opinion that the installation cither wuas not a major
alteration, and therefore did not require FAA approval, or that it had been approved
previously by the FAA for other airplanes, The installation of the step was not inspected
and approved by an authorized inspector nor did Landry Aviation request approval from
the FAAL No [light testing was eonducted to determine the effects on airplane handling
and performance.  The pilot who flew on the second and third fhights on the day of the
aceident stated  that he noticed no different or unusual effects on the airplane
chargeteristies with the step and handles installed or when the jumpers were standing on
the sieps.

After the accident, iandry Aviation contracted for an engincering study and
analysis of the installution, and made the resuits available to the Safety Board, The study
indicated thet the installution had negligible effeets on airplune stability and control. The
report of the study and analysis was reviewed by the Safety Hoard's Airerafy Performance
bngincering Staff and found to be corre:  regarding the effeets of the installation.




~ Fuselage Door Removed

— Plattorm Step

Figure 1.—Modifications to N116CA.

1.17.3 Airplane Weight and Balance and Loading

There wuas no evidence to indicate that the pilots of the accident flight
calculated weight and balance for the loading condition of this particular flight. Another
pilot, who had flown most of the flights since parachute operations began, stated that
before beginning such operations, he had perfcrmed general weight and balance
caleulations for loads of 16, 18, 20, 22, and 24 jumpers, Those calculations were based on

a weight distribution which assumed that the jumpers were scated for lakeoff and

assumed that at the higher loads 12 jumpers would sit in the forward-most area of the

fuselege designated compartment A. The five loading compartments, A through F, are
simply sections of the fuselage designated by painted lines on the cabin wall. (See
figure 3.) The culoulations were performed using the weight and balance work sheets used
by the previous opaorator during eargo operations and assnmed a weight of 175 pounds per
jumper, including cquipment. These caleulations showed that in order to keep the center
of gravity within the aft limit when 24 jumpers were carried, 2 would have to occupy the
compartinent hnmediately behind the cockpit, where there was s jump scat, and 12 would
would have to occupy the forward-maost cabin cotmpartmaent with the remainder in the 2
compartments designated BB and C, Surviving jumpers stated that on this flight, as on
previous flights, the passengers were scated in rows three wbreast on the floor facing aft;
their legs were drawn back so that persons in each succeeding row sat cither against or
between the legs of the persons forward of them, There may have been one jumper in the
jump seat. They also stuted that in this seating arrangement the jumpers normally did not
use the installed seatbelts, Neither the Landry-derived scating arrgngement, nor the

acetual seating arrungement, permitted use of seatbelts for takeoff by the jumpers in the
center of cach row.

Interior photographs of NLI6CA losded for takeoff, which were made about
2 weeks before this neeident, show jumpers seated as desceribed snd also show that only six
jumpers occupied the space in the forward compartment,  That compartment was
96.75 inches long; the next three compartments aft were 35.5 inches long. Using an




Plattorm Step

Rear Fuselage

Dimensions in Inches

Fuselage Sidg o Plywood Platforn

Detail ~ Aluminum Angle

Figure 2.—Detail of step installation,
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average front-to-back body depth of 10 inches 2/ and 10 inches for the thickness of the
parachute pack, Safety Board investigators estimated weight and balance for the takeoff
with 24 jumpers positioned. 'The estimate indicated the jumoers would have to occupy
space back to compartment 1), (See figure 4). That calculation provided an estimated
center of gravity location at taceoff of 205.3 inches aft of the daturn, The aft limit is
198.8 inches.

The pilot who performed the takeoff weight and oalance calculations also
stated that neither he nor the other pilots had made any weight and balance ealculations
for the load configuration of 24 jumpers positioned for a mass jump with 8 jumpers
gathered at the door and on the outside step. Safety Board investigators also estimated

weight and balance based on the airplane configuration described by the survivors. (See
figure 5.)

All jumpers participating on the day of the accident had filed "experienced
jumper waiver and information” forms on which they also entered their weight. These
waights and the typical weights of parachutes and equipment were used by the Safety
Board to determine the airplane weight and balance when they were in position for the
jump. The position of each jumper as described by the jump coordinator who had assigned
each jumper a specific place in the jump sequence and the body dimensions from the cited
reterence were used to estimate the plecement of each jumper in the cabin. The fuel on
board was estimated based on the number of flights since last refueling and the typical
fuel consumption of previous jump flights. Using this information, the Safety Board

calculated a jump configuration center of gravity location of 214.5 inches aft of the
datum,

1.17.4 Procedure for Jump Run

The usual procedure followed by the Landry Aviation pilots for the jump run
reportedly was based on discussions with the operator from whom Landry had purchased
the second airplane. Once level at the drop altitude on the approach to the drop zone. the
landing gear was lowered and the flaos were set at the approach position (20 percent),
Power was set at 2,0ut rpm and 23 to 25 inHg manifold pressure. The airspeed was
maintained between 85 and 100 knots; the pilots considered 45 knots minimum speed.
The Learstar approved airplane flight manual lists the following stall speeds: V. (full
flaps, gear down) 76 knots; Vo, (flaps and gear up maximum gross weight) 91 kno§§? stall
speed at maximum gross weig?\t with approach flaps (20 percent} 85 knots, The iumpers
wanted as slow an airspeed as possible to minimize the wind and slipstream effect. When
the spotter siguaied, power was reduced on the left engine to about 15 inHg until all
jumpers had exited {rom the doorway on the left side of the airplane,

1.17.5 Previous Similar Incidents

During the investigation of this accident, the Safety Board learned of at least
four other instances in which Lockheed L-18 airplanes entered steep nosedown descents
while on jump runs with 24 or more jumpers on board, At least one of these was a
Learstar modification and one was unmodilied. The configuration of the others could not
be confirmed. These four events were:

2/ Human Engineering Guide to Fquipment Design (Revised, American Institute for
Research) 1972, pages 42 and 504.
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Recovery

No. of Altitude Altitude
Date Location Jumpers (feet) (fect)
November 10, 1974 Casa Grande, Arizona 24 14,000 7,000
November 1975 Roswell, New Mexico 24 10,500 6,000
June 18, 1977 nesr Toledo, Ohio 25 12, 000 10,009
April 1979 Tampa, Florida 24 12,500 3,000

The pilots invoived in these occurrences were interviewed., Their accounts
were similar to these given by survivors and witnesses of the aceident involving N116CA,
The pilots stated that, while on drop runs at airspeeds of 95 to 100 mph, when the jumpers
moved aft and gathered at the doorway, an inereasing amount of forward elevator was
required to maintain leve! a'titude until full or nearly full nosedown elevator was applied.
Ags power was reduced and airspeed slowed, the elevator would no longer control the
pitchup, All pilots reported that the tail dropped and tne airplane rolled over anc entered
a steep, nosedown descent. One of the pilots described a fully developed spin, which he
stopped with standurd spin recovery procedures as deseribed in the airplane flight manual,
All of the pilots wern able to recover to normal flight after s large altitude loss. The
recovery technique was to add power, apply rudder against the roll, then, when the nose
was down and airspecd was inereasing, reduce power ard recover from the dive, They all
stated that iheir experience caused them to revise their jump run procaedures. The
revisions most common among the pilots included maintaining higher airspeec on the drop
run regardless of jumpers' requests; keeping the landing gear down, to move the center of
gravity forward; and maintaining full forward main fuel tanks.

The pilut wiho had performed the original weight and balance computations for
Landry stated that on one flight carrying 18 jumpers he had experienced & full nosedown
trim and reached the linit of nosedown elevator travel once the jumpers were in place to
exit the airplane, To keep the nose from continuing to piteh up, he inereased power and
regained some elevator effectiveniess. Following this, the pilots discussed with some of
the jumpers the importance of their staying forward in the airplane and not crowding at
the door for exit. They also discussed simong themselves the spin recovery procedures set
out in the airplane flight manual. The manual states:

. . .If a spin should be entered accidentally, normal recovery procedure
for a two-engine sirplane i{s recommended, namely, power on the inside
engine, opposite rudder, and elevator control for nose down.

Regulation and Surveillance of Sport Perachute Activities

(#) Federn)

Parachute jumping is regulated by the FAA under 14 CFR Part 105. However,
the regulations deal primarily with the actual jumping activity and do not address airplane
operations or modifications. Operators who carry parachute jumpzrs fob hire are
exempted from the provisions of 14 CFR Part 135 by Section {35.1(b)8). 3/ However, the

37 T4 CFR 1351 Applicability
(b)  This part does not apply to -
(6) Nonstop flights conducted within a 25 statute mile radius of the airport

of takeoff carrying persons for the purpose of intentional parachute
jumps.
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airplanes must be operated in accordance with 14 CFR Part 91, and any modifications or
alterations are regulated by 14 CFR Part 43. Sport pararhutists are not licensed by the
FAA. The FAA and the U.S, Parachuting Association have agreed to encourage self-
regulation within the sport, and the FAA's stated policy is to regulate where necessary for
the safety of persons not participating in the sport.

Federal Aviation Operations Bulletin 83-1, "Sky Diving Surveillance and
Authorizations," dated February 22, 1983, was issued to General Aviation Operations
Inspectors following an accident involving an airplane with nonapproved modifications
which was carrying 14 skydivers. It stated in part:

Inspector contact with sky diving activities is generally liinited to
monitoring airshows where sky diving is involved, issuance of
authorizations for jumps into congested areas, and, when requested by
Air Traffic Control, providing input as to the safety of jumps into
controlled airspace. The FAA policies with respect to sky diving have, in
the past, been 10 regulate where necessary for the safety of persons not
participating in the sport and to encourage self-regulation in the sport as
necessary for the safety of the participants. Those policies, with few
exceptions, have been successful and we are not proposing to change
them,

There is concern that some of the sky diving activities that are
taking place involve the operation of aircraft in a manner not provided
for in the aireraft type certification with no evaluation of the possible
ramifications,

The United States Parachuting Association has been informed of
the FAA's concerns. Regions should have their district offices contact
the local parachute organizations to express these concerns in a positive
manner. Since the regulations involving eircraft modification are
generally handled as airworthiness functions, and the majority of
contacts with the sky diving community are made by operations
inspectors, airworthiness inspectors should be involved where the
proposed operations appear questionable.

Operations inspectors reviewing applications for authorization to
jump into congested arcas or contrelled airspace should look for any
indication that these jumps will invelve special stunts or more
perticipants than the airceraft type certificate allows. When in doubt,
coordinate with the airworthiness inspectors in the office or contact the
appropriate engineering office.

All  inspectors should review the regulatory requirements
associated with sky diving activities, including:

aircraft modifications necessary to accommodate sky diving;

proper documentation of these modifications;

determination of approved number of occupants of a given
model by type certificate or STC;

seatbelts and emergency exits;
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5.  aircraft loading and weight and balance requirements.

The FAA maintenance inspector who inspected N116CA in connection with the
Landry Aviation application for an cperating certificate uncer 14 CFR Part 135 said that
he was aware that the airplane was being used in parachute operations. He also said he
never observed any of these operations. When he inspected the uirplane, the step and
handholds were not installed. The manager of the Seattle Flight Standards District Office
stated that the FAA does not have a surveillance program directed at parachute
operations and that such surveillance has a low priority among all the responsibilities of
the Distriet Offices. There had been no observation of the Landry parachute operations
by inspectors from the Seattle Filight Standards Distriet Office.

(b)  Private

The U.S. Parachute Association {USPA) is an organization which represents
sport parachute jumping in the United States. Of an estimated 35,000 participants in the
sport, about 17,000 are members of the USPA. The Association, through regional officers,
area safety officers, and a monthly rmagazine, disseminates parachuting safety
information to its members. It also administers a program of safety standards and
licensing standards governing its affiliated parachuting centers and individual members.

The USPA Area Sefety Officers Handbook, Section 3, provides guidance for its
Area Safety Officers in monitoring compliance with Federal Aviation Regulations during
parachuting activities. The requirements for approval of door removal and step and
hi ndhold installations are addressed as follows:

.« . The most eommon modification is removal of the door. Other
modifications include installation of jump steps. . .rearrangement
of seatbelt fittings. ... Removal of the door. .. must be approved
for the individual airplane by the FAA.

. . .Installation of steps ... are normally covered by Supplemental
Type Certificates (STC), which are official FAA engineering
approvals of changes regarded as ailfecting the flight
characteristics or airworthiness.

The Handbook also discusses weight and balance limitations as follows:

The aircraft operating manual under whose guidelines the pilot
must fly ordinarily contains a good many operating limitations he
must follow. The two most seriously affecting parachuting are
those governing gross weight and loading. Many planes fly well at
substantially over gross weight under ideal eircumstances {cold, dry
weather helps) but the pilot must consider how much fuel he has on
board as well as how many passengers. The seating pattern of
jumpers in an aireraft may ellow excess weight to be concentrated
at the rear of the plane, thus changing its flight chsracteristies in
a manner that is potentially dangerous.

Some of the jumpers involved with the Landry operation, including the USPA
Area Safety Officer, stated that they knew little of airplane weight and balance
limitations but were aware that they should stay "as far forward as possible" during

takeoff. They stated that they assumed the pilots were operating the airplane zafely.




~15~

2. ANALYSIS

The flighterew was properly certificated and qualified in accordance with
existing regulations. There was no evidence that medical or physiclogical problems
affeeted their performance. Even though the duiy day was long, it is unlikely that fatigue
was a factor. With the exception of the recenily instalied step and handholds, the
airp:ane was properly certificated and maintained,  There were no uncorrected
diserepanctes listed in the maintenance records which coula be relnted to the accident.

Because of the nearly complete disintegration of the airplane by impact und
subsequent fire, little evidence could be obtained from the wreckage. However, there was
no evidence from cither witness testimony or from wreckage examination to indicate that
a structural failure occurred., The heavy rotational scoring in the tlower cases of both
engines indicates high rotational speed at impact in beth engines. The statements of
ground witnesses concerning the loud, high pitch sereaming sounds during the descent
indicate that the engines were operating at high power. A high speed descent at high
power would cause the engines to overspeed which would produce such sounds from the
propellers, The white or light-colored smoke described by witnesses is not indicative of
an engine fire, which would produce a heavy dark smoke. The white smoke was likely the
result of oil spilled from tne oil tanks during the initial rolls or during the steep nosedown
descent., Therefore, the Safety Board concludes that an airframe or engine maifunction
was not involved in the loss of control and departure frcm normal flight, It also
concludes, based on the position of the landing gear strut and flap tracks, that the gear
was extended and the flaps were set at 20 percent--normal procedure for the jump run.
However, the Safcty Board cannot determine positively whether the gear was down before
the upset or whether it was lowered during a recovery attempt in an =ffort to shift the

center of gravity forward.

The weight and balance computations worked out by Landry personnel for 24
jumpers in their takeoff positions showed that the airplane center of gravity would be
very near the aft limit based on erowding jumpers in the forward compartment and inmp
seat. Even so, they did not examine the effect on the center of gravity with the jurpers
moved into position for the jump. The Safety Board's center of gravity computations for
the jump position show that the center of gravity would have been 16 inches aft of the aft
limit, Typically as an airplane's center of gravity is moved aft, positive longiludinal
stability is decreased to & point of neutral stability., Further aft movement of the center
of gravity causes the airplane to become longitudinally unstable and the horizontal
stabilizer and elevator to become less effective in controlling the noseup pitehing
moment. When full elevator travel is reached, any further pitchup is uncontrollabie, This
uncontrolled pitchup will caus¢ an inerease in the wing angle of attack until an
aerodynamic stall occurs, The Safety Board is convinced that the lass of control and
departure from level flight were the result of an extreme rearward shift in the center of
gravity which resulted in a noseup piteh which couid not be countered by full nosedown
elevator deflection. The position of the elevator trim actuator shows that nearly full
nosedown trim had been applied. This evidence, togethier with the descriptions of similar
ineidents provided by pilots involved, corroborate the Safety Board's conelusion,

The engineering analyses und flight tests performed pursuant to certification
of the Learstar modifications to the basic airplane did not investigate airplane
performance and stability at center of gravity locations beyond the aft limit., Therefore,
stall speed and stall angle of attack for the airplane in the accident cont‘i%uration are not
known. In eddition, the actual effect of the handholds and step or the effect of a person
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standing on that step on the effectiveness of the horizental stabilizer and elevator are not
known. lHowever, the Safety Board believes that these tended to reduce stabilizer and
clevator effectiveness.

In previous incidents, pilets were able to recover to normal flight, even after a
large altitude loss. However, in this instance, the pilot did not recover. Witness
deseriptions of the sounds indicate that the engines were probably at high power. The
pilot may have increased power in an attempt o increase airspeed and fly out of the stall,
If power was not reduced, it would have caused rapid acceleration and high airspeeds in
the dive. At high speeds and with the elevator trim nearly full nosedown, pilot inputs
required to overcome the high control forces were probaiply beyond the nhysical
capabilitics of the crew, Although the Sufety Board cannot state with certainty the
reasons why the appropriate power and triin changes were nol made to assist recovery,
one likely reason is the intrusion into the cockpit area of one or more jumpers who could
have fallen into the area during the rolls or subsequent dive, If this did take place, the
pilots could have been prevented from taking sction to recover from the dive,

The three pilots asscceiated with Landry Aviaticn, including the two involved in
this aecident, had flown the airplane in commarcial cargo operations for more than a year
pefore beginning the parachuting operations and should huve bheen aware of the loading
requirements of the airplane, The pilot not involved in the accident steted that he had
some discussions with other Learstar operators who carry parachutists which led him to
believe that carrying 24 jumpers was not unusual., However, he apparently had not heard
about the previous incidents cited in this report and had never considered examining the
load condition created by jumpers moving aft to the door way; the pilots did discuss
among themselves spin recovery procedures for the Learstar. The weight and balance
caleulations performed before the start of parachiute operaticns at Landry showed that
the center of gravity could only be kept within limits if 12 jumpers were confined to an
area which could only accommodate § to 9, However, a comparison of the dimensions of
cargo compartment A with the dimensicas of a seated person wearing a backpack
parachute show that it is impossible to seat 12 persons in that compariment. The
photograph made by an observer on an earlier flight showed that typicelly only 6 nersons
occupied compartment A at takeoff and not the 12 assumed by the pilots in their weight
and balance calculations, [t, therefore, appears likely that takeoffs with 24 jumpers on
board were made with the center of gravity beyond the aft limmit, In addition, the number
of occupants far excceded the spproved number based on available emergency exits, and
the sealing configuration did not allow use of seatbelts by several jumpers. The Safety
Board is concerned thet qualified and experienced pilots would so casually approech an
operation significantly different from their prior experience without serious considaration
of all aspects of the operation. The Board also believes that accomplishment of several
successful flights with eritical center of gravity conditions may influence operators and
pilots into thinking thut if the takeoff ran be made, any problem which may occur during
the jump procedure can be safely re,-lved because the altitude and mobility of the
jumpers provide an adequate margin for recovary.

During the investigation, {t became apparent that most of the parachutists,
including the USPA Area Safety Officer, had little or no knowledge of the significance of
airplane center of gravity limits. They were generally aware of the need to "stay as far
forward as possible” for takeoff, but were not aware of the significant effects on airplane
control of their lining up for the jump. They indicated generally that they believed the
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Figure 6.--Fuselage interior of N116C A showing seat belt installation.

pilots were responsible for essuring that weight and center of gravity limits were not
exceeded aud that, because the jump coordinator and the pilots had discussed the jump
procedures, those procedures would not lead to unsafe operations.

The USPA has weli established and detailed safety standards and procedures.
However, they are directed almost exclusively to the patachute descent and landing.
Little is directed to the loading and position in the airplane up to the time of the jump or
to inherent operating limitations of airplanes. The Safety Board is aware that the USPA
has pledged to implement a pclicy of self-regulation in an effort to assist the FAA in
maintaining a level of safety in sport parachuting, The Safety Board believes that the
USPA cen improve that level of safety by informing and educating its members through
publications, training documents, and regulations of the hazards associated with improper
loading of airplanes and unapproved airplane modifications.

The Safety Board alao notes that as & result of the Association's participation
in this investigation it did circulate extensive information to its members through its
publications of the circumstances and discrepancies identified during the investig (tion.
The USPA also has begun, in consultation with the FAA, to compile und formulate
guideiines and recommended provedures for jump pilots to be included in its training and
other educational programs.
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Figure 7.--Seating arrangement of jumpers in N116CA looking aft.

~

The Safety Board Lelieves that, notwithstanding the low pricrity given by the
FAA to surveillance of parachuting operations, when the FAA District dffice inspectors
Lecame aware of Landry's intention to engage in parachuting activities, they should have
macde some effort to observe those activities and advise the operator of the various
apolicable regulatory requirements. Based oit FAA Operations Bulletin 83-1, the Safety
Board believes the inspectors should have ascertained that the original airplane
modifications and operations were in accordance with applicaole regulations. Iiad the
FAA inspectors reviewed the sport juiping activities with Landry Aviation, it would have

been apparent that the operation with 24 parachutists would, of necessity, not be in
compliance with several regulations, namely:

1. The airplane could not be losded properly with the e,g, within
allowable takeoff limits if the parachutists were seated at
locations where they could be restrained by seatb:1ts us required
by 14 CFR 91,14,

The procedures to be used as the jumpers exited the airplane would
cause loading greatly exceedirg the aivplane's c¢.g. limits,
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The number of parachutists csrried aloft exceeded the regulatory

maximum number of occupants alloweble for the number of
emergency exits. {14 CFR 91.47)

The airplane had been modified with the addition of a step and
handholds without FAA approval by STC or Form 337.
Consequently, there had been no prior analysis or flignt tests to
confirm that the devices or intended use of the devices during
flight would not affect the airplane's controllability.

Therefore, the Safety Board concludes that the FAA should undertake
additional action to further safe parachute operations and has made recommendations to
that end. (See page 20.)

3. CONCLUSIONS

Findings

1.

2,

The pilots were properly certificated and qualified for the flight.

The zirplane had been mainiained and certificated properly except for
the nonapproved installation of a step and handhoids. Although the
effect of the installation on the flight characteristics uf the airplane was
established after the accident {0 have been negligible, the effect was not
determinad by flight testing after the riodifications were mada,

There were no airplane or engine nalfunctions or {ailures before
departure from level flight.

The parachutists relied on the pilots (¢ assure that their jumping
procedures did not exceed the airplane's operating limitations.

The pilots were responsible for operatiig the airplane within the
approved oparating limits.

The operaior and pilots of N116CA did not determine the effect on
center of gravity of the proposed lineup of jumpeis at the doorway.

The center of gravity when the jumpers were puositioned for the jump
exceeded the aft limit by nearly 16 inches.

The pilot used nearly full elevator nosedown trim.

The loss of control and departure from level flight eaused by the
eXtreme rearward shift in the center of gravity resuited in a noseup
pitech which was beyond the crew's control with full ...5edcwn elevator
deflection.

The USPA has an opportunity to improve the level of safety of sport
parachuting by informing and educating its members through its
publications and training programs.
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The FAA Distriet Office inspeetors did not ~onduct surveillance of the
parachute operations in which N116CA was veed, nnd had they done so
would have noted n number of aspects of the operation which were not in
compliance with the regulations.

3.2 Probable Causs

The National Transportstion Safety Board deterinines that the probable cause
of this accident was the failure of the cperator and the pilot-in-command to assure proper
load distribution during the jumper exit procedure. A more intensive program of
surveillance by the Federal Aviation Administration may lead to the detection and
elimination of some of the factors in the accident,

4. RECOMMENDATIONS

As a result of it investigation, the National Transportation Safety Board
recommended that the Federal Aviation Administration:

Amend 14 CFR 105 to require that persons who intend to operate aircraft for
parachute jump activities obtain an initial approval for the use of the aireraft
for this purpose from an apprepriatc FAA Distriet Office, and require that
persons seeking such approval present sufficient evidence to permit evaluation
of the following:

- the effect of any aircraft modification such as door removal
or external protuberances on the controllability or handling
qualities of the aireraft,

the relationship of the maximum number of persons to be
carried aboard the aireraft to the emergency exit
requirements of 14 CFR 91.47, the safety belt requirements
of 14 CFR 91.14, and the aircraft's published weight and
balence envelope for tekeoff and landing,

the parachute ju mp egress procedures to be used as they may
aflect adverserly the airplane weight ard balance limitations
and controllability during juinp operations and may require
suitable placards on the ajreraft defining special procedures
needed to maintain controllability. (Class II, Priority Action)
(A-84-55)

Direet FAA Distriet Office inspectors to contact periodically operators known
to use aireraft in parachute jump activities to review their operations to
ussure udherence to applicable regulations and good safety practices.
(Class 11, Priority Action) (A-84-56)

Encourage FAA District Office inspectors to maintain elose liaison with the
United States Parachute Association and local parachute clubs to fostepr
appreciation for and adherence to good safety practices. (Class H, Priority
Action) (A-84-57)
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JIM BURNETT
Chairman

/s/ ?AT&E&A A. GOLDMAN
Me2mber

/s/ G. H. PATRICK BURSLEY
Member

/s/  VERNON L. GROSE
Member

Vernon L. Grose, Member, filed the following concurring and dissenting statement:

The report, in general, carries my concurrence, However, I respectfully dissent on
the probable cause because this accident is not due to a single cause. Like almost all
accidents, it is a complex event with causes invelving man, machine, management, and
media {environment). The probable "cause," as adopted, addresses only human failure --
interestingly of two different parties. While it is unclear as to whether the Federal
Aviation Administration is considered a causative agent, its inclusion as part of the
probable cause statement is most confusing, inasmuch as any number of things, events, or
actions "may have led to the detection and elimination of some of the factors in the
accident."

No revision of mandate is to acknowledge the recality of multiple causes of
accidents. The National Transportation Safety Board is required, under 49 USC 1903
Section 304 (&) (1), to determine "the cause or probable cause or causes" (emphasis added)
of any transportation accident.

Concluding what the probable cause of an accident may have been is important only
if those causative elements provoke actions which either eliminate or reduce the
possibility of the accident recurring, Proposing vague allusions of behavioral failure, as in
this case, only to comply with a statutory requirement will not improve safety. Probable
causes should be sufficiently specific that sharply-focused corrective actions can be
linked to cach cause. Thus, il is the recommended actions that emanate from identified
causes that give hope of inereased safety.

Acknowledging more than onc cause could appear to open the possibility of an
unlimited number of causes — and a de-focusing of impuise for corrective action. The Key
to the limitation of the number of ciuses lies in the feasibility and potential of corrective
actions. In each of the six causes that I propose for this accident, there can be specific
actions taken which are both [easible and efficacious.

Causal factors could be ranked, on a variety of bases, for their significance in any
accident. Again, the only importance of ranking would be in allocating resources for
correction, since preventing future accidents -~ not determining causation - is the
raison d' etre for the accident investigation process.
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/s/  VERNON L. GROSE
Member
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5. APPENDIXES
APPENDIX A
INVESTIGTION AND HEARING

Investigation

The Safety Board was notified of the accident about 2200 on August 21, 1983, and a
team of four investigators was dispatched to the scene immediately. Investigative groups
were established in the areas of operations, arworthiness, and human factors. Parties to
the investigation included the Federal Aviation Administration, Landry Aviation, Inc., and
the U.S, Parachute Association.

Iearing

A public hearing was not conducted. A 1-day deposition proceeding was conducted
September 27, 1983, at Seattle, Washington.
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APPENDIX B
PERSONNLL INFORMATION

Pilot-in-Command

Michael Warren Petersen, 37, held cominercial pilot certificate No. 1823169 with
eirplane single and multi-engine land and instrument ratings, and a Lockheed L-18 type
rating issued in January 1983. He held a first-class medical certificate dated December
21, 1982, with the limitation that corrective lenses were required, He had about 9,000
hours of flight time, about 110 of which were flown in the Lockheed L-18.

Second-in-Command

John Fritz Eric, 32, held commercial pilot certificate No. 2227587 with sirplane
single and multiengine land, instrument, and helicopter/rotoreraft ratings. He ulso held a
flight instructor certificate with the same ratings. He held a first-class niedical
certificate issued July 12, 1983, with no limitations.
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APPENDIX C

AIRPLANE INFORMATION

The airplane was owned by Command Aviation, Portland, Oregon, and leased to
Landry Aviation, Ine. N116CA, serial No, 2472, was manufactured by Lockheed Aircraft
Corporation as Lodestar model L-18~56 under type certificate A-723. In September 1957,
it was modified to the Learstar Mark II configuration under Supplemental Typc

Certificate SA4-69.

The airplane was maintained under an approved continuous maintenance program

with progressive 50-hour inspections.

Powerplants

Manufacturer

Model

Serial No.

Hours Since Major Overhaul
Date of 300-hr Inspection

Manufacturer

Model

Serial No.

Overhaul Date

Time Since Overhaul

Left Engine

Wright
R1820-76B
BL 511016
369.5
6/16/83

IL.aft Propeller

Hamilton Standard
33D50

N137850

12/14/71

521.1

Wed, GOVERMMENT PMIRTING COPFICE + 19B4 0.421-818/10018

The last inspection was the 300-hour inspection
performed June 6, 1983, at a totel airplane time of 15,119 hours.

Right Engine

Wright
R1820-76B
w474 148
719.52
6/16/83

Right Propeller

Hamilton Standard
33D50

D442

6/28/78

521-1






