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On J u l y  19, 1989, a McDonnell Douglas DC-10-10, operated by United 
Ai r l ines  as  f l i g h t  232, en route  from Denver, Colorado, t o  Chicago, I l l i n o i s ,  
with 296 persons on board, experienced an i n - f l i g h t  emergency following t h e  
fragmentation and separat ion of t h e  No. 2 engine fan d i sk .  The a i rp lane  
crashed during an attempted emergency landing t o  runway 4/22 a t  Sioux Gateway 
Airport  (SUX), Sioux Ci ty ,  Iowa. 

During t h e  acc ident ,  t h e  a i rp lane  separated i n t o  four  s ec t ions  and 
por t ions  burned. Of the  296 persons on board, 110 passengers and 1 f l i g h t  
a t tendant  were f a t a l l y  in jured :  35 of these  persons, some w i t h  t raumatic  
b l u n t  f o rce  i n j u r i e s ,  died of asphyxia secondary t o  smoke inha la t ion ,  and 76 
died of b l u n t  f o rce  trauma. Of the  remaining 185 persons,  47 sustained 
ser ious  i n j u r i e s ,  125 sustained minor i n j u r i e s ,  and 13 were not in jured .  

Sioux Gateway i s  a j o in t -use  a i r p o r t  accommodating c i v i l i a n  and Iowa Air 
National Guard a i r c r a f t .  The Iowa Air National Guard provides a i r c r a f t  
rescue and f i r e  f igh t ing  (ARFF) serv ices  f o r  t h e  f a c i l i t y ,  which i s  
c e r t i f i c a t e d  under Federal Aviation Administration (FAA) regula t ions  14 CFR 
139 as  an Index B a i r p o r t .  The index i s  based on the l a r g e s t  a i rp l ane  w i t h  
an average of f i v e  o r  more scheduled d a i l y  depar tures ;  t h e  regula t ions  
s t i p u l a t e  t h e  minimum leve l  of f i r e  f igh t ing  equipment and agents f o r  each 
index. For SUX, Index B was based on an a i rp l ane  equivalent  t o  the Boeing 
737-200 s e r i e s  and requi res ,  a s  a minimum, 1,500 ga l lons  of water f o r  foam 
production. An a i r p o r t  serving McRonnell Rouglas DC-10 s e r i e s  a i rp l anes ,  
f o r  example, would be c l a s s i f i e d  as  an Index D-level a i r p o r t  f o r  ARFF 
s e rv i ces  and would r equ i r e  more than double the quan t i ty  of f i r e  
ext inguishing agents required f o r  an Index B a i r p o r t .  

During the acc ident ,  the center sec t ion  o f  t h e  main cabin,  containing 
207 passengers,  separated from t h e  fuselage and s l i d  about 650 f e e t  before i t  
came t o  rest inverted 300 f e e t  in a cornf ie ld  t h a t  was adjacent  t o  runway 
17/35, an ac t ive  runway. The resting place was about 3,700 feet from the 
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i n i t i a l  impact on runway 4/22. As t h e  cab in  s l i d ,  i t  opened a pa th  westward 
through 7 - foo t -h igh  corns ta lks .  This  pa th  was subsequently used by two ARFF 
veh ic les  t o  approach t h e  wreckage t o  a p o s i t i o n  from which f i r e  f i g h t e r s  
at tacked t h e  postcrash f i r e .  The f i r e  q u i c k l y  propagated from beneath t h e  
a i rp lane ' s  r i g h t  wing r o o t  t o  t h e  f r o n t  o f  t h e  i nve r ted  fuselage; a f t e r  about 
8 minutes, t h e  f i r e  penetrated t h e  i n t e r i o r  o f  t h e  fuselage. During t h e  
a t t a c k  on t h e  f i r e ,  t h e  wind was from t h e  n o r t h  a t  about 10-12 knots,  which 
helped t o  keep t h e  f i r e  away from t h e  fuselage b u t  which a l s o  obscured t h e  
f i r e  f i g h t e r ' s  v i s i b i l i t y .  

The Safety  Board's i n v e s t i g a t i o n  o f  t h i s  acc ident  has d i sc losed  several  
problems associated w i t h  t h e  ARFF's a b i l i t y  t o  c o n t r o l  con t inuous ly  t h e  
postcrash f i r e  a t  the  acc ident  a i rp lane ' s  r i g h t  wing r o o t .  The i n v e s t i g a t i o n  
a l s o  i d e n t i f i e d  d e f i c i e n c i e s  i n  t h e  design and opera t ion  o f  t h e  Kovatch 
A/S32P-18 (P-18) water supply vehic le ,  t h e  absence o f  FAA requirements t o  
t e s t  f i r e  se rv i ce  veh ic les  r e g u l a r l y  a t  t h e i r  maximum discharge capaci ty ,  
de lays i n  c o r r e c t i n g  repor ted  d e f i c i e n c i e s  i n  Kovatch P-18 f i r e  se rv i ce  
veh ic les ,  and problems r e l a t e d  t o  a g r i c u l t u r a l  operat ions on a i r p o r t  
p roper ty .  I t i s  undetermined i f  t h e  i n t e r r u p t i o n  o f  foam a p p l i c a t i o n  
increased l o s s  o f  ' l i f e .  

F i r e  F i a h t i n a  Equioment 

The f i r s t  two ARFF veh ic les  t o  a r r i v e  a t  t h e  scene o f  t h e  acc ident  began 
a mass a p p l i c a t i o n  o f  foam immediately. The bottom o f  t h e  i n v e r t e d  fuselage 
sec t i on  o f  t h e  a i r p l a n e  was blanketed w i t h  foam, and t h e  foam b lanket  
t empora r i l y  suppressed t h e  f i r e  du r ing  t h e  evacuat ion o f  passengers and crew. 
A f t e r  t h e  d e p l e t i o n  o f  water aboard t h e  two ARFF vehic les,  a Kovatch P-18 
water supply v e h i c l e  was pos i t i oned  adjacent t o  t h e  two ARFF veh ic les  and a 2 
1/2- inch hose was connected between t h e  P-18 and each veh ic le .  When t h e  P-18 
water pump was charged t o  i t s  maximum capac i ty  o f  500 ga l l ons  per  minute 
(gpm), a r e s t r i c t i o n  developed i n  t h e  veh ic le 's  tank-to-pump hose t h a t  
stopped a l l  water  f l o w  t o  the  two ARFF veh ic les .  Thus, the  a i r p o r t ' s  pr imary 
a t t a c k  veh ic les  cou ld  not be rep len ished w i t h  water t o  cont inue a t t a c k i n g  the  
f i r e .  

Two Sioux City F i r e  Department pumper t rucks  subsequently resupp l i ed  t h e  
a i r p o r t ' s  ARFF veh ic les .  However, du r ing  the  de lay  o f  about 8 minutes, no 
ex t i ngu ish ing  agent was app l ied  t o  the  fuselage, and t h e  f i r e  a t  t h e  
a i r p l a n e ' s  r i g h t  wing r o o t  i n t e n s i f i e d .  Soon t h e r e a f t e r ,  f i r e  penetrated t h e  
cabin,  r e s u l t i n g  i n  deep-seated f i r e s  t h a t  cou ld  no t  be at tacked by e x t e r i o r  
f i r e  f i g h t i n g  t a c t i c s .  Despi te  at tempts t o  advance hand l i n e s  t o  t h e  
i n t e r i o r  of t h e  a i rp lane ,  t h e  f i r e  i n t e n s i f i e d  i n s i d e  t h e  cab in  and burned 
out o f  c o n t r o l  f o r  about 2 1/2 hours. 

The Kovatch P-18 water supply v e h i c l e  has no foam-producing c a p a b i l i t y  
and i s  designed p r i m a r i l y  t o  supply water t o  t h e  pr imary ARFF veh ic les .  As 
c e r t i f i e d  by t h e  manufacturer, t h i s  veh ic le  has a water capac i t y  of 2,000 
g a l l o n s  and a maximum water pump discharge r a t e  o f  500 gpm. 

2 



In September 1988, the Iowa Air National Guard purchased the P-18 
through t h e  Air Force and placed i t  i n  s e rv i ce  a t  SUX. The Safe ty  Board has  
learned t h a t  d u r i n g  t he  2 years  preceding this accident ,  t h e  Air Force 
purchased 210 Kovatch P-18 water supply vehic les .  The Safe ty  Board has a l so  
learned t h a t  some P-18's a r e  based a t  j o i n t - u s e  a i r p o r t s  t h a t  a r e  c e r t i f i e d  
by t h e  FAA as having ARFF c a p a b i l i t i e s  i n  compliance w i t h  14 CFR 139. 

Although the Kovatch P-18 water supply vehic le  was l i s t e d  i n  the SUX 
a i r p o r t  c e r t i f i c a t i o n  manual, the a i r p o r t  f i re  ch ief  t e s t i f i e d  a t  t h e  Safe ty  
Board's publ ic  hearing t h a t  t h e  vehic le  had never been t e s t e d  t o  i t s  maximum 
discharge capac i ty  of 500 gpm. In the absence of Air Force/FAA requirements 
t o  perform maximum capaci ty  discharge tests,  t h e  f i r e  chief r e l i e d  on the 
manufacturer 's  pre-del ivery f ac to ry  tests of t h e  pump's a b i l i t y  t o  discharge 
500 gpm with two 2 1/2-inch l i n e s  a t tached.  Addit ional ly ,  the f i r e  chief 
s t a t e d  t h a t  SUX t e s t ed  the  P-18 weekly a t  nominal pressure and discharge 
capac i ty  a t  less than 500 gpm. 

During the Safety Board's i nves t iga t ion ,  the P-18's tank-to-pump suc t ion  
hose assembly, a s o f t ,  11-inch by 4 1/2-inch inside diameter Gates rubber 
hose, P/N NR75W, was removed from t h e  vehicle  and examined a t  the SUX 
f a c i l i t i e s .  The examination d isc losed  t h a t  the 2-inch-long in t e rna l  
polyvinyl ch lo r ide  (PVC) s t i f f e n e r  i n s t a l l e d  i n  t h e  hose had ro t a t ed  
l a t e r a l l y  90°. Kovatch s t a t ed  t h a t  t h e  in te rna l  s t i f f e n e r  i n  t h e  s o f t  hose 
assembly i s  required t o  prevent t he  hose from col laps ing .  Kovatch a l s o  
s t a t e d  t h a t  t h e  s t i f f e n e r  was i n s t a l l e d  by a press  f i t  i n  the cen te r  of t h e  
hose. 

Examination of t he  ro ta ted  s t i f f e n e r  s t rongly  suggests t h a t  when the 
P-18 opera tor  attempted t o  resupply t h e  two ARFF vehicles  with water v i a  t he  
two 2 1/2-inch hoses w i t h  t he  pump s e t  t o  i t s  maximum ra t ed  capac i ty  of 500 
gpm, a momentary high-pressure surge occurred within the  tank-to-pump piping 
system t h a t  caused the  s t i f f e n e r  t o  move and r o t a t e  t o  a pos i t ion  t h a t  
blocked t h e  flow o f  water t o  t he  pump. 

In examining the  s u s c e p t i b i l i t y  of the in te rna l  s t i f f e n e r  t o  d isp lace  
and r o t a t e ,  t h e  Safety Board found t h a t  t h e  s t i f f e n e r ' s  length was about half  
t h e  in te rna l  diameter of t he  s o f t  suct ion hose. Because of t h e  small s i z e  of 
t h e  s t i f f e n e r  and because i t  was n o t  clamped, i t  was f r e e  t o  r o t a t e  and block 
t h e  flow of water or even t o  s l i d e  towards the  pump intake,  making t h e  s o f t  
suct ion hose suscep t ib l e  t o  co l lapse .  

The Safe ty  Board i s  concerned t h a t  t he  design of t he  P-18, which uses a 
s o f t  suc t ion  hose a t  a c r i t i c a l  loca t ion  upstream of t h e  vehicle's pump and 
depends on t h e  s t i f f e n e r s ,  i s  suscept ib le  t o  blockage. This concept i s  used 
not only in  the  P-18 b u t  in o the r  pumpers manufactured b,y Kovatch. A hose 
made of more r i g i d  mater ia l ,  which would have obviated the need f o r  an 
in t e rna l  s t i f f e n e r  o r  an improved s t i f f e n e r  design, i s  necessary t o  reduce 
t h e  l ike l ihood of hose blockage regard less  of operat ing condi t ions .  

On February 15, 1989, a P-18 operated by the  Air Force a t  Tyndall Air 
Force Base, F lor ida ,  was unable t o  supply water t o  an ARFF vehic le  during a 
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pumping operat ion.  The Air Force determined t h a t  the “A/S32P-18 tank 
suct ion l i n e  was r e s t r i c t e d  by a PVC [ s t i f f e n e r ]  ins ide  [the] rubber suction 
l i n e  ... and [they] i n s t a l l e d  [a]  clamp around [the] hose and PVC t o  hold i t  
i n  p lace .”  On August 16, 1989, a s imi l a r  P-18 defjciency was found a t  
Malmstrom Air Force Base, Montana. 

Following discussions with the  Air Force, Kovatch issued Technical 
Service Bulletin 86-KFT5-P-18-5, dated August 21, 1989, which ca l l ed  f o r  t he  
removal of t he  tank-to-pump hose assembly in s t a l l ed  on a l l  210 A/S32P-18 
vehicles  and the replacement of t he  hose assembly with a new tank-to-pump 
hose assembly t h a t  has a 4-inch PVC in te rna l  s t i f f e n e r .  Kovatch agreed t o  
supply hose modification k i t s  d i r e c t l y  t o  a i r  bases whose addresses were 
provided by Warner Robins Air Logis t ics  Center. 

On August 22, 1989, the Air Force issued a Mater ia ls  Deficiency Report 
t h a t  d i rec ted  a one-time t e s t  of a l l  Kovatch P-18 vehicles  a t  the maximum 
pump discharge r a t e  of 500 gpm and the replacement of the 2-inch s t i f f e n e r  
with the 4-inch s t i f f e n e r .  Within 30 days, e ight  Air Force bases responded 
t h a t  t e s t s  found def ic ienc les  s imi l a r  t o  those described in  t h i s  l e t t e r  and 
t h e  bases replaced the  2-inch s t i f f e n e r s  with 4-inch s t i f f e n e r s .  

The Air Force h a s  advised the  Safety Board t h a t  i t  an t i c ipa t e s  
completing the modification of a l l  210 Kovatch vehicles  d u r i n g  1990. The 
Safety Board i s  concerned, however, t h a t  in  the inter im,  unmodified Kovatch 
P-18 vehicles  may s t i l l  be in serv ice .  Because of the demonstrated 
def ic iency of t he  Kovatch P-18 vehicle ,  t he  Safety Board bel ieves  t h a t  t he  
Air Force should expedite the completion o f  t he  hose modification program on 
the remaining Kovatch vehicles  and require  unmodified vehicles  t o  be removed 
from serv ice .  

The Safety Board i s  a l so  concerned t h a t  14 CFR 139 c e r t i f i c a t e  holders 
a re  n o t  required t o  t e s t  on a regular  schedule a l l  f i r e  s e rv i ce  equipment a t  
t he  maximum r a t e  discharge capaci ty .  In  the absence of scheduled maximum 
capaci ty  t e s t i n g ,  de f i c i enc ie s  in the  operation of key f i r e  s e rv i ce  equipment 
may remain undetected. The Safety Board bel ieves  t h a t  a l l  f i r e  f igh t ing  and 
water supply equipment should be t e s t ed  a t  f u l l  ra ted  capaci ty  p r io r  t o  being 
accepted f o r  ARFF se rv ice  and then t e s t ed  on a regular ly  scheduled bas is  
t h e r e a f t e r .  This wil l  a l so  ensure t h a t  inserv ice  apparatus a l so  can 
discharge a t  f u l l  capaci ty .  

Aaricul t u ra l  Operations on Ai mort ProDerty 

During t h e  Safety Board’s public hearing, the f i r e  chief  t e s t i f i e d  t h a t  
v i s i b i l i t y  obscured by t he  height o f  corn s t a l k s  and the wind-blown smoke 
l imi ted  the  access o f  ARFF vehicles  t o  t he  e a s t  s ide  of the inverted cabin. 
The height and densi ty  of t h e  corn s t a l k s  a l so  in t e r f e red  with seeing 
passengers,  some of whom were on t he  ground and o thers  who were walking 
through the  corn t ry ing  t o  f i nd  a p a t h  away from the burning cabin.  Also,  
sca t t e red  debr i s  and possible  hidden f i r e s  from fuel  s p i l l s  could not  be 
seen. Furthermore, t he  a i r p o r t  had received about 2 inches of  r a in  during 
the 2 days p r io r  t o  the accident ,  and the  f i re  chief  was concerned t h a t  ARFF 
vehicles  could become mired in  the  s o f t  ground. Thus, the f i r e  ch ief  ordered 
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the attack on the fire from the east side of the fuselage and decided not to 
move the ARFF vehicles to the other side of the burning fuselage. 

The SUX Director of Aviation testified during the Safety Board’s public 
hearing that about 1,200 acres of airport land is used for growing corn and 
soybeans, which are a major source of airport income, and that similar land 
use is prevalent adjacent to and in the general vicinity of the airport. In 
accordance with FAA guidelines for agricultural leases on airports, SUX 
leases nonaeronautical use areas for growin? corn and soybeans adjacent to 
all active and inactive runways and taxiways. Although the placement of the 
agricultural crops at SUX was in accordance with 14 CFR 139, the airport 
emergency plan did not include procedures for ARFF activities within the crop 
environment. Furthermore, the FAA has no guidance for ARFF operations in 
unique terrain, where crops can limit visibility and mobility of ARFF 
vehicles. 

As demonstrated by this accident, airports that have substantial 
portions of aircraft operations on runways and taxiways adjacent to crops 
need to reexamine their rescue and fire fighting procedures. The Safety 
Board believes that ARFF commanders and fire fighters should be prepared for 
situations that can arise after an aircraft accident on unique terrain and 
among conditions that can jeopardize the lives of aircraft occupants and 
fire fighters. For example, where crops limit access of ARFF vehicles, 
airport emergency plans could consider the following: alternative techniques 
for attacking an aircraft fire under reduced visibility conditions and 
limited access; the use of a helicopter for directing the fire attack; the 
mobility of the ARFF vehicles in the crop environment; and requirements for 
special equipment and training of ARFF personnel for responding to accidents 
in unique terrain. 

The Safety Board has learned that the FAA is reviewing its airport 
certification guidelines to provide further guidance to airpor operators on 
the wildlife hazards management requirements of 14 CFR 139.$ The Safety 
Board understands that under these proposed guide1 ines, certificated airports 
will be encouraged not to start agricultural programs on their land and to 
confine agricultural areas established along the perimeter of the airport to 
as far from the runways as possible, and no closer than 1,200 feet to the 
runway centerline. The Safety Board believes that the FAA should, on an 
interim basis, expedite the issuance of the proposed advisory circular and 
require an annual review of each certificated airport to ensure that 
agricultural crops grown on or adjacent to airport property do not limit or 
restrict ARFF activities. 

Federal Aviation Administration, Airports Division, Central Region. 
August 1989. Recommended guidelines for agricultural leases on airports. 
Kansas City, MO. 

Federal Aviation Administration. [In preparation]. Airport 
Wildlife Hazard Management. Advisory Circular AC 150/5200-32. 
Washington, DC 20591 
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Furthermore, agricultural operations on airport property can promote ( 
wildlife habitats that have been shown to affect the safety of aircraft. For 
example, the FAA has reported that about 1,200 to 1,500 bird strikes occur 
annually and that most of these strikes occur on or immediately adjacent to 
the airports (see footnote 2) .  Considering the risks to the safety of 
aircraft and concomitant emergency response 1 imitations, the Safety Board 
believes the FAA should review its policy that permits agricultural 
operations on the property of certificated airports. 

Therefore, the National Transportation Safety Board recommends that the 
Federal Aviation Admini strati on: 

Direct Airport Certification Safety Inspectors to require 
14 CFR 139 certificate holders to inspect the suction 
hoses on Kovatch A/S32P-18 water supply vehicles t o  
verify that they incorporate the modifications described 
in Kovatch Technical Service Bulletin 86-KFTS-P-18-5 and 
to immediately remove from service A/S32P-18 vehicles 
that have not been so modified. (Class 11, Priority 
Action) (A-90-151) 

Amend 14 CFR 139 to require airport operators to perform 
maximum capacity discharge tests of all emergency 
response fire fighting and water supply vehicles before 
the vehicles are accepted for service and on a regularly 
scheduled basis thereafter. (Class 11, Priority Action) 

Make available to all 14 CFR 139 certificated airports an 
account of the circumstances of the accident described in 
Safety Recommendation letter A-90-151 through -155 as 
they relate to the deficiencies identified with the 
Kovatch A/S32P-18 water supply vehicle. (Class 11, 
Priority Action) (A-90-153) 

Develop guidance for airport operators for acceptable 
responses by aircraft rescue and fire fighting equipment 
to accidents in crop environments on airport property. 
(Class 11, Priority Action) (A-90-154) 

Require annual airport certification inspections to 
include examinations of airfield terrain to ensure, where 
practicable, that surface obstructions, including 
agricultural crops, do not interfere with rescue and fire 
fighting activities. (Class 11, Priority Action) (A-90- 
155) 

(A-90-152) 

Also, as a result of its investigation, the Safety Board issued safety 
recommendations A-90-147 through -150 to the Department of the Air Force. 
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KOLSTAD, Chairman, COUGHLIN, Vice Chairman, and LAUBER and HART, 
Members, concurred in these recommendations. BURNETT, Member, filed the 
following statement. 

/- 

James L .  Kolstad 
Chairman 

BURNETT, Member, dissenting statement: 

We should classify as "Class I ,  Urgent Action" those safety 
recommendations which relate specifically to the existing Kovatch A/S32P-18 
vehicles, i.e., the first, second and fourth recommendations to the U.S. 
Department of the Air Force and the first and third recommendations to the 
Federal Aviation Admini stration. 
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