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SAFETY IN R E C O W  OPERATIONS 

J. B. Hrumnack,. .nd J. C. Stoncsifer** 
HASA Manned Spacecraft Center 

Houston. Texas 

Abstract macecraft ODerational Testiw 

Concepts agplicabls to past. present, and possi- 
ble future manned-space-flight programs to provide 
an optimum balance between personnel aafety and et- 
ficiency in recovery operations are discussed in 
this paper. The use of a new spacecraft design ne- 
cessitates the conducting of operational testing in 
various likely postlanding environments to validate 
the performance of the spacecraft and eetablish the 
reliability of its postlanding aystems. Sane of 
the maJor elements of this.testing related to the 
aafety of flightcraws and recovery personnel are 
discussed. The paper also include# a discussion of 
the rlightcrew aafety aspects of the recovery sup- 
port planned for Apollo missions. Safety consider- 
ations in the devclcpent of procedures and in the 
recovery-support equipent to be used for retrieval 
or Apollo flightcrevs and upacecraft u e  also pre- 
aented. In addition, the trdning conducted to fa- 1. Water stability (atatic and qYnpmic) 
miliarize flightcrews and recovery personnel vith 
the retrieval procedures and equipnent under simu- 
lated and actual operational conditions is de- 
scribed. eration 

In conducting operational and environmental 
tests of #pacecraft recovery and postlanding- 
associated systems, considerable knwledge and ex- 
perience has been gained from past programs. This 
knwledge and experience will contribute to the 
#ate and reliable tunction of like systems employed 
in present and future .pacecraft. In keeping vith 
the basic philosophy expressed previously. exten- 
sive operational testing is cmried out under con- 
trolled test conditions, 
testing requires the use of special facilities; in 
other cases. particular emphasis is placed on test- 
ing under conditions very closely representing 
those vhich rill be encountered in actual mission 
landing and recovery situations. The basic types 
of operational tests conducted on the spacecraft 
u e  as follows: 

In sane cases, this 

2. 
vironment 

3. Postlanding environmental-control-system op- 

4. Postlanding electrical-power-system opera- 

Structural integrity in the postlanding en- 

/ 

Introduction 

The operational activities which constitute the 
recovery function in a manned-space-flight mission 
consist of locating the spacecraft, providing on- 
scene assistance to the flightcrew. and retrieving 
the spacecraft and crew. Prior to the execution of 
the mission, the areas of recovery activity consist 
primarily of the developent and testing of recov- 
ery and postlanding-associated nystems and of the 
formulation of plans and procedures required during 
the recovery period. 

two basic philosophies have been followed in pre- 
paring for recovery. 
pastlanding-system developaent and testing. is that 
all systems and procedures shall be validated in an 
operational test cmrironment prior to flight when- 
ever possible. These systems include both those 
inherent in the spacecraft and those utilized by 
recovery support forces. 
phy, pertaining to recovery operations. is that a 
positive course of action shall be preplanned for 
all possible landing situations, vith the level of 
recovery support deployed into a given recovery 
area c-ensurate vith the probability of a apace- 
craft landing in that particular area. 
recovery forces are in position and u e  prepared to 
support many different landing situations during a 
mission. Together, these two philosophies provide 
the foundation on which the factor of safety for 
the spacecraft crew and the recovery personnel de- 
pends. The purpose of this paper is to describe 
this emphasis on nafety an it applies to all as- 
pects of the recovery phase. 

W 

From the very beginning of manned space flight. 

The first, in the area of 

The second basic philoso- 

*B a result. 

tion 

location-aid operation 
5. Spacecraft electronic camunications and 

6. Spacecraft postlanaing habitability 
7. Operation or miscellaneous postlanding 

aquipent, visual location aids. et cetera 

Since the spacecraft oeing readied for Apollo 
flights are designed for water landings, the great- 
er part of the postlanding testing must be con- 
ducted in a water environment. 
information is gained frcm tests conducted In a 
test-tank facility (Fig. 1). 
tank permits testing with simultaneous control of 
the follwing simulated environmentrl conditions: 

Paw-ary 

This specially built 

1. Air temperature 
2. Emidity 
3. Water temperature 
4. Surface wind 
5. Solar-heat loading 
6. Wave-induced spacecraft motion thy mechani- 

cal linkage) 

Follw-on tests u e  conducted in the Gulf of Mexico 
(Fig. 2) utilizing specially designed and built 
spacecraft with systems that u e  actual flight 
hardware or very closely sjmulate this hardware. 
Bere again, the tests ue conducted under environ- 
mental conditions that closely approrimate those 
expected in recovery areas. 
uations vhere 8pecific sea and wind conditions C a n  
have considerable effect on test results, it be- 
canes desirable to conduct tests in broad ocean 
areas. 
the Atlantic and Pacific Oceans. 

7. Spacecraft cabin reentry-heat pulse 

However. in those sit- 

Consequently. testing is also conducted In 

W *Chief, Landing and Recovery Division 
**hsistant Chief, Recovery Operations Branch. landing and R o c m y  rnvision 
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FIGURE 1. SPACECRAFT TESTING I N  CONTROLLED 
E N Y I R O m  

FIGURE 2. SPACECRPLFT TESTING I N  TEE GULF OF 
M M I C O  

Solutions t o  a nmber of the  problems encoun- 
te red  during the  Gemini Program. which were direct-  
l y  associated with crew safety. were obtained 
through operational tes t ing .  
ticular was the  poten t ia l  danger t h a t  the  space- 
c r a f t  would flood and sink during egress of the  
flightcrew because of i ts  f lo t a t ion  a t t i t u d e  and the  
low f’reeboard at  t h e  hatch hinge l i n e ,  especial ly  
under dynamic conditions. 
problem included the  addition of a sea curtain t h a t  
extended across the  low-freeboard pa r t  of the  hatch 
opening and the  addition of buoyant material i n  the  
spacecraft t o  improve i ts  f lo ta t ion  a t t i tude .  As- 
Bociated with t h i s  water-stability problem was the  
development and def in i t ion  of safe crew-egress pro- 
cedures fo r  various sea conditions. 

One problem i n  par- 

The solut ion t o  t h i s  

Another potent ia l  problem i n  the  Gemini Program 
was t h a t  possible postlending problems might re- 
s u l t  fram the e lec t r ica l -  and electronic-systems 
packages being located outside the  Gemini space- 
craf t  pressure vessel. Because systems and the  at- 
tendant cabling would be i n  flooded compartments 
af ter  a water landing, it was recognized t h a t  fail- 
ures caused by e l e c t r i c a l  shorting, as w e l l  as by 
the  corrosive qua l i t i es  of salt water, could ad- 
versely a f fec t  the safety of the  flightcrew and the 
safety of those involved i n  the  recovery operation. 
Therefore, an extensive operational evaluation was 
conducted t o  provide data tha t  could be used t o  as- 
sure safe operational conditions and re l iab le  per- 
fomance of such systems. 
Spacecraft snorkel system and t o  the  high-frequency 
antenna were also made as a result of def ic iencies  
t h a t  were revealed during the  at-sea tes ta .  
sequent t o  the  correction of these deficiencies. 
manned at-sea t e s t s  were conducted with the  cam- 
p l e t e  monitoring of spacecraft systems and with the  
recording of biamedical data. 

3 

Modifications t o  the  

Sub- 

A t  the  present time, engineers are engaged i n  a 
continuing program of t e s t ing  the  Apollo spacecraft 
systems in  a manner similar t o  t h a t  i n  which the  
Gemini spacecraft w a s  tes ted.  
re la ted  t o  crew safe ty  tha t  was encountered during 
the  spacecraft water-s tabi l i ty  t e s t ing  involved the  
two possible f lo t a t ion  a t t i t udes  of t he  spacecraft 
(apex-up or  apex-dovn). If the  spacecraft assumed 
the  apex-down position (Fig. 3) during or  af ter  
landing. perhaps because of rough B e a s .  the  post- 
landing vent i la t ion  system would become inoperative 
and the  c-unications capabi l i ty  would be almost 
t o t a l l y  eliminated because par t  of the  antennas 
would be under water. 
c ra f t  would also leave the  creymembers suspended in  
t h e i r  harnesses i n  uncomfortable and undesirable 
positions. A s  a r e su l t  of these tests. an upright- 
ing system consisting of three large bags and an 
i n f l a t ion  system, packaged i n  the  spacecraft recov- 
ery compartment, was developed (Fig. 4 ) .  Inf la t ion  
of the  bags a f te r  landing would r igh t  t he  spacecraft 
if it should be i n  the  apex-dam a t t i t ude  and would 
a l so  assure tha t  the  spacecraft remained upright if 
it should be i n  the  apex-up a t t i tude .  
t e s t ing  of the  system, both i n  the  test-teak fac i l -  
i t y  and i n  the  open sea. has been conducted t o  val i -  
date i t s  performance. 

A problem di rec t ly  

This a t t i t ude  of the  space- 

3 

Extensive 

-. 
c 

FIGURE 3. APEX-WWPI FLOTATION A’ITITUDE 

Zhe f i r s t  of the  Apollo manned at-sea t e s t s  wea 
conducted during a &hour period i n  which the  
spacecraft d r i f t ed  on rough seas while various 
system-perfonoance checks were made. 
checks of the  uprighting sequence, voice- 
communicatiotla systems, post1anding-Vetltilation sys- 
tem, erect ion of the  high-frequency (h f )  antenna, 

-. Included were 
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FIGURE k .  AF’EX-UP ATTITUDE AFTER IWXATIOR OF 
WRIGHTIRG BAGS 

. 

W 

W’ 

and general habi tab i l i ty  of t he  spacecraft. In- 
cluded f o r  evaluation during other  separate t e s t  
periods were the  range capabi l i t i es  of recovery- 
locat ion beacons and antennas, the  v i s i b i l i t y  and 
endurance of the  sea &ye emitted from the  spacecraft 
under several  sea-state conditions, and the  v i s ib i l -  
i t y  of the  flashing l i g h t  at d i f fe ren t  ranges 8s the  
f laab  r a t e  vemus in tens i ty  was varied. 

Rocedures for egress frcm the  Apollo spacecraft 
vere  a l so  defined during operational evaluations 
conducted i n  the  G u l f  of Mexico; however. because of 
the  recent side-hatch design changes, new procedures 
wil l  be developed and practiced by designated 
flightcrews. 

\ 
Rot t o  be werloaked in  any discussion of the  

safe ty  aspects of operational t e s t ing  a re  the  safe ty  
pract ices  followed by t he  t e s t  personnel themselves 
during all of the  discussed tests. These pract ices  
Include a method of documentan control and approv- 
al t h a t  c lear ly  defines the  respons ib i l i t i es  of each 
individual involved i n  the t e s t  and provides f o r  
reviews by an organized safe ty  review board. I n  ad- 
d i t ion  t o  the  chairman, t he  board includes repre- 
sentat ives  of all organizations associated with t h e  
test. This board functions i n  much the  same wsy as 
docs t he  A i r  Force Fl ight  Safety Review Board p r io r  
t o  ccmmitting a vehicle t o  f l i gh t .  

Recovery Support Equipment and Retrieval Procedures 

The majority of t he  special  recovery-support 
equipment numished for R o j e c t  Apollo is very sim- 
ilar t o  or. i n  some cases. t h e  name as t h a t  which 
vas u t i l i zed  during the  Gemini Program. with only a 
few exceptions. 
and dependability of t h i s  equiwent i n  the  Gemini 
Program. a high confidence level. considering safe- 
ty .  has been established f o r  its use i n  Project 
Apollo. 
s t a l l e d  aboard destroyers designated t o  provide re-  
covery Suppost. auxi l iary f lo ta t ion  co l l a r s  issued 
to recovery nhips and aircraft. and special  elec- 
t ron ic  location epuipment ins ta l led  i n  recovery air- 
craf t .  Some addi t ional  i tems of eauirrrment develaaed 

Because of t h e  successful operation 

The major Items consist of davi t  cranes in- 

best overa l l  recovery support for  those landing ar- 
eas, exclusive of the  primary landing area. where 
the  highest l eve l  of support is desired. Because 
of t h e i r  high speed, destroyers are capable of cov- 
er ing comparatively la rge  areas; t h e i r  cnmnunica- 
t i o n  and radar capabi l i t i es  enable them to  work well 
with search a i r c r a f t ;  and, they a r e  more apt  t, be 
avai lable  t o  support space-flight programs than 
other types of ships  which could be used for t h i s  
purpose. With a davi t  crane ins ta l led ,  a destroyer 
i s  capable of re t r iev ing  spacecraft with a re la t ive-  
ly high degree of safety. The fully power-operated 
crane (Fig. 5 )  incorporates both l i f t i n g  and rota- 
t ion  capabi l i t i es  and is mounted on the  s ide  of the  
fan ta i l .  The design a l so  incorporates a power- 
operated hold-off arm which protect ively encircles  
t he  spacecraft so that pendulous motions of t h e  
spacecraft caused by rough seas a re  reduced while 
t he  spacecraft is being l i f t e d  onto the  deck. De- 
s t royers  have been modified with quickly detachable 
deck sockets in  sufficient numbers t o  allow the  navy 
f l e x i b i l i t y  i n  scheduling i n  both t h e  Pac i f ic  and 
Atlantic f l ee t s .  The davi t  crane was subjected t o  
thorough operational t e s t ing  pr ior  t o  and during the  
Gemini Program. 
veloped which permitted a sa fe  operation, ragardless 
of t he  d i f f i c u l t i e s  normally encountered i n  re t r iev-  
ing objects  from the  ocean. 
equipment and procedures have been incorporated f o r  
t he  r e t r i eva l  of Apollo spacecraft. along with re-  
fined operating procedures and proper t ra in ing  of 
sh ipba rd  personnel. Considerable experience has 
already been gained i n  t h i s  area during two deploy- 
ments for  unmanned Apollo missions during which 
t ra in ing  and pract ice  were conducted. 
t ra in ing  exercises have been conducted recent ly  on 
destroyers t o  gain addi t ional  overa l l  experience i n  
r e t r i eva l  operations. 

Techniques and procedures were de- 

Modifications t o  the 

Also. special  

t o  provide the  safest possible rec&ry operation- 
include special  line-handling devices, “m- ra t ed”  
recovery hooks and l ines .  shipboard spacecraft cra- 
d les  and dol l ies .  and t ra in ing  hardware. 

FIGURE 5 .  SPACEIXMT RETRIEVAL USING DESTROYER 
EQUIPPED W I T H  DAVIT CRANE 

Early in t h e  named-space-flight program it was 
recognized that a destroyer-type ship provided the  
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Another i t e m  of spec ia l  recovery-support equip- 
ment which grea t ly  enhances t h e  safety of a recov- 
ery operation is t h e  auxiliary f lo t a t ion  co l l a r  
(Fig. 6 )  which is attached t o  t h e  spacecraft as soon 
after landing as feasible.  
t h e  Gemini recoveries on te lev is ion  have observed 
helicopter-deployed swimeers attaching the  f lo t a t ion  
co l la r .  
tingency area,  pararescue personnel, prepared t o  in- 
s ta l l  t h e  f lo t a t ion  co l l a r ,  a r e  deployed from 
fixed-wing a i r c r a f t .  
following t h e  Gemini V I 1 1  landing i n  the  Western Pa- 
c i f i c .  Basically, t h e  f lo t a t ion  device provides t h e  
following : 

Support t o  t h e  spacecraft t o  prevent i t s  loss 
from sinking if leaks resu l t ing  from s t ruc tu ra l  dam- 
age should be present 

A r e l a t ive ly  s t ab le  work platform so t h a t  re- 
covery personnel can assist the  flightcrew, if 
required, while they are awaiting r e t r i eva l  
The collar is designed t o  f i t  the  form of the  space- 
craft  when t h e  co l l a r  is inflated; thus,  l i t t l e  o r  
no r e l a t ive  motion ex i s t s  between the  spacecraft and 
the  co l la r .  This formfit provides a damping of 
spacecraft wave-induced dynamic motions without 
creating d i f f i c u l t  l oad -p in t  or  fatigue problems. 
For added safe ty ,  t h e  design incorporates a redun- 
dant tube in s t a l l ed  within the  external tube and a 
second in f l a t ion  system. 
been used on several  Mercury missions, every Gemini 
mission. and on t h e  unmanned Apollo missions i n  
which spacecraft recovery w a s  required. Throughout 
t h i s  en t i r e  period, including use during much of t h e  
spacecraft-system t e s t ing ,  the  co l l a r  has proved t o  
be a r e l i ab le  and a most useful piece of equipment. 

Those who have wktched 

If a landing occurs i n  a secondary or con- 

This maneuver w a s  performed 

1. 

2. 

Flotation co l l a r s  have 

FIGURE 6.  ATI ION COLLAR BEING INSTALL~D ON 
SPACECRAFT 

Specially developed and u t i l i z e d  locating equip- 
ment i n s t a l l ed  i n  recovery a i r c ra f t  -both fixed- 
wing and helicopters -has been invaluable i n  t h e  
rapid. e f f i c i en t ,  and safe recovery of spacecraft 
and crews following every mission. The BC-130 

recwery-support a i r c r a f t ,  now provided by t h e  De- 
partment of Defense (DOD), are a l l  equipped with 
spacecraft-locating equipment (AN/ARD-17 Direction- 
Finder Se t )  funded and developed under a j o i n t  NASA- 
DOD program. This loca t ing  equipment, i n s t d l e d  as 
shown i n  Fig. 7. is compatible with frequencies of 
the Apollo spacecraft unified 8-Band t ransmi t te r ,  
the  very-high-frequency (vhf) voice tranemitter,  the  
vhf recovery beacon. and the  vhf survival radio. 
Also, the  equipping of helicopters i n  the  primary 
landing area  with Search and Rescue and Boning 
(SARAH) beacon system8 has s ign i f icant ly  decreased 
locating time by enabling t h e  helicopters t o  ab- 
t a i n  a bearing on the  spacecraf-t and “hone“ on 
its recovery beacon. Previously. the  helicopters 
were directed t o  the spacecraft hy fixed-wing air- 
c ra f t .  

3 

CONTROL SET 

FIGURE 7. DIRECTION-FINDER SET INSTALLATION I N  
HC-130 AIRCRAFT 

3 
Another a rea  of a c t i v i t y  d i r ec t ly  associated with 

recwery-personnel sa fe ty  has been t h e  developnent 
of ra ther  sophisticated equipment and procedures 
which a re  used by a “ssfing team“ t o  deactivate t h e  
spacecraft a f t e r  its re t r ieva l .  Pr ior  t o  t h e  ac tua l  
spacecraft deactivation, several  hours a re  required 
t o  prepare the  deactivation equipment and t o  inspect 
t h e  epacecraft externally. The inspection consists 
of an evaluation of all pyrotechnics and of the  reac- 
t i o n  control system thrus te rs .  Any of the  pyrotech- 
nic  devices which did not operate during t h e  landing 
sequence a re  safed. and t h e  thrus te rs  of t h e  reac- 
t i o n  control system are checked fo r  leaking propel- 
lan ts .  Since the  propellants car r ied  on board the  
Apollo spacecraft a r e  extremely tox ic ,  any leaking 
propellant from a th rus t e r  would present a hazard. 
Therefore, a problem such as t h i s  is care tv l ly  eval- 
uated pr ior  t o  t h e  connection of t h e  support equip- 
ment t o  the  spacecraft. 

Lhring deactivation of t h e  reaction control sys- 
tem, a l l  unused propellants a r e  expelled from t h e  
propellant tanks of t h e  spacecraft, and system 
plumhing checks and component leak checks are made 
t o  determine t h e  extent of system degradation. Fol- 
lowing these  s teps ,  t h e  reaction control system is 
purged i n i t i a l l y  with d r y  nitrogen t o  remove as much 
of t h e  raw propellant as possible. Immediately fol- 
lowing the  nifrogen purge, t h e  oxidizer system is 
flushed with a f l u i d  known 88 Freon-W.. and t h e  fuel 
Bystem 5s flushed with isopropyl alcohol. 
flushing process has been completed, a nitrogen 
purge is Used t o  remove the  flush f l u i d s  from the  

3 Once the  
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systems. A vacuum is then drawn on the system to 
dxy it further. 
ations. gas samples are taken to determine if' the 
spacecraft propellants have been removed to a level 
that w o u l d  allow the spacecraft to he transported 
safely to the location where postflight evaluation 
would be carried out. 

Following the flush and purge opcr- 

W 

To utilize all of the recovery-support equipment 
in the prescribed manner. documented procedures de- 
veloped under systematic test programs are followed. 
W e r e  practical. the equipment is tested under labo- 
ratoy eonditions to determine preliminary proce- 
dures. This is followed hy further refinement of 
procedures and equipment by simulated operational 
situations. 
in the recwery operatione are debriefed. and a 
thorough analysis is made of all available data as- 
sociated with the operations and hardware. 
eyuipent and procedures are changed, or further 
test work is carried out if necessary. 

Following a mission, personnel involved 

Then. 

../' 

L# 

L-' 

Planniap: Awllo Recwery SUP DO^^ 

As stated in the Introduction, the factor of 
safety is inherent in the basic philosophy governing 
recovery planning. To develop a plan for every con- 
ceivable landing situation, a detailed analysis of 
the mission plan is required, as well as a thorough 
understanding of the effects that various flight 
events might have on recovery activities. 

The detailed recovery planning for a specific 
miasion is evolved in working sessions with the mis- 
sion planners a8 the mission plan is defined. Uell- 
defined coordination channels with mission planners 
and flight controllers are in existence and are ex- 
ercised repeatedly so that all elements of a miseion 
plan arc reviewed thoroughly to determine the rc- 
covery support needed to assure the safe retrieval 
and return of the flightcrew and spacecraft under 
both probable and contingency landing situations. 
After recovery-support requirements have been doc- 
umented, they a r e  submitted to the DOD for review. 
Subsequently, operation plans and operation orders 
are issued by the W D  for the direction of the re- 
covery forces which are designated to support the 
mission. 

Among the most important requisites to he con- 
sidered in analyzing a mission plan to establish re- 
quirements for the deployment of recwery forces are 
the fallowing: 

1. hunch-vehicle and spacecraft malirmction 
modes, including their probability and time of OC- 
currence 

2. The desirability of daylight landings and the 
mount of daylight time available to conduct search 
and recovery operations 

3. Spacecraft on-water endurance, including the 
electrical paver available during the postlanding 
phase of the mission 

4. Frohahle weather conditions 
5. 

6. Availability of comunications 

As suggested by the preceding list, in planning 

Availability of desired staging areas for 
ships and aircraft 

for recovery support, account must be taken not only 
of the recovery forces needed for a nominal flight, 
hut also of those needed for various abort situa- 
tions. 
these considerations, however, it may be of value 
first to define the m J o r  recwery operational 
tasks. 

Before pfocecding with the discussion of 

Recovery Tasks 

eral categories -the locating of spacecraft, 
The recovery taeks can be divided into three gcn- 

on-scene assistance, ~d retrieval. Spacecraft lc- 
cating may he pcrfomcd hy one. or by a combination 
of. the following methods: 

Frior to the spacecraft landing, or after it 
has landed. the Manned Space Flight Wetwork, using 
tracking information. computes a landing point or a 
general landing area. 

ing are spacecraft computer readouts giving approx- 
imate landing coordinates which can be transmitted 
to recovery forces. 

3. 
the next several Apollo missions, hi sipals trans- 
mitted by a spacecraft beacon and received by alert- 
ed. ground-haeed. vorlmiide direction-flnding sta- 
tione can he used to actermine the spacecraft 
position in the event of a landing in a remote area. 

The spacecraft is equipped with the previous- 
ly mentioned vhf electronic-recovery beacon as well 
as crew-survival radios which operate on the inter- 
national distress frequency of 243.0 megahertz. 

1. 

2. Also available during reentry and after land- 

During past missions, and also planned for 

4. 

All landing areas are supported hy aircraft hav- 
ing the special receiving equipment which is compat- 
ible with the spacecraft recovery beacon. and 
electronic homing by aircraft i s  considered to he 
the primary means of spacecraft locating. Conse- 
quently, considerahle attention has been given to 
the providing of the necessary equipent and to the 
training required for this task. 
homing by aircraft has been accomplished, visual lo- 
cating of the spacecraft in the daytime is assiated 
by the sen-dye marker which Is emitted from the 
spacecraft after landing; at night, visual locating 
is assisted by the flashing light on the spacecraft. 

After electronic 

Because of certain factors, such fa the location 
of the tracking stations. the information available 
at these stations, worldwide deployment of aircraft 
at staging bases, and a knowledge of the location of 
the spacecraft ground track, it has been demonatra- 
ted that the primary means of spacecraft locat- 
ing -electronic homing on the recovery beacon - 
can be performed well within the planned lifetime ox 
the postlanding systems. 

After the spacecraft has been located, the second 
task begins -that of providing on-scene assis- 
tance. 2!his on-scene assistance is supplied hy 
svimers or pararescuemen deployed either by heli- 
copter or by fixed-wing aircraft. 
ployed is equipped with a flotation collar Which Can 
he rigged on the spacecraft, as previously de- 
scribed. 

Each group de- 

The final recwery task is the retrieval of the 
flightcrew and the return of the Crew and spacecraft 
to a designated port. In the primary landing area. 
this task is accomplished hy using the inherent ca- 
pability of an aircraft carrier to lift the space- 
craft from the water. 
spacecraft for transfer to the recwery ship. or 
they may elect to be transferred to the ship by hel- 
icopter prior to spacecraft retrieval. Other ships 
regularly used in the recovery forces. such as oil- 
ers and fleet tugs. arc also inherently capable of 
retrieving the spacecraft.. 
earlier, are fitted with IIASA-supplied retrieval 
cranes. 

The crew may remain in the 

Destroyers, a8 discussed 
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The Project Mercury !U-4 mission, flown on Sep- 
tember 13, 1961, was the first successful orbital 
mission for which worldwide tracking facilities and 
recovery support were provided. In this and all 
subsequent missions in which recovery support has 
been required, the time needed to locate and re- 
trieve the flightcrew andfor spacecraft has been 
well within the allowed time. Pertinent recovery 
information is summarized in Table 1. 

ABOARD, 2 REV 

MA-9 (MANNED; 22 REV 
e= 

A S 1 0 1  UNMANNED, I I SUBORBITAL 

SUBORBITAL 

WISTANEEI ARE EEST KT!M 
SHIP L o U l l O N S ,  NEW( 

N3T , I  5:: I , ]  

39 20 20 
238 I18 254 491 
4.7 IO 43 43 

I I I I 
LI l A S D  ON REPORTtD RECOVERY 
K TUCKIN0 DATA, AND TM RECORDS 

TABLE 1 SUMMARY OF RFCOVERY INFORMATION 

LandinR Areas 

orbital mission, provision is made for all possible 
landing situations by using five general categories 
of landing areas as follows: 
(2) launch abort, (3) primary, ( 4 )  secondary. and 
( 5 )  contingency. 

In developing a recovery plan for an earth- 

(1) launch site. 

The launch-site landing area is the vicinity of 
the launch site where landings could occur following 
an off-the-pad abort or an abort occurring inmrediate- 
4 after launch. lhis area requires special recovery 
support because of the problems associated with the 
many types of coastal terrain on which the space- 
craft could land (i.e., swamp, marsh, beach, surf, 
deep water, palmetto-covered areas. and built-up 
areas) .  Because of the possibility of inJury to the 
flightcrew as a result of (1) a landing on the 
coastal terrain, (2) a higher than normal spacecraft 
descent rate, or (3)  launch-vehicle or spacecraft 
fires and toxic fumes in the landing area, the re- 
covery forces must be able to provide medical aid 
and other emergency assistance to the flightcrew. 
To do this, a number of vehicle types having unique 
capabilities are employed in the launch-site recov- 
ery area, but the helicopter is the principal means 

of retrieving the flightcrew in a launch-site abort 
situation. 

The recovery forces are deployed to positions 3 
Rom which they have excellmt visibility of aborts 
in the launch-site area. This observation is con- 
sidered to be the primary method of spacecraft loca- 
tion; however, assistance in locating the spacecraft 
is available, if needed, in the form of impact- 
prediction information f r m  a computer. 
spacecraft recovery beacon would be activated to 
provide an electronic location aid during spacecraft 
descent. In addition to helicopters, special am- 
phibious vehicles and small boats are employed so 
that all possible landing and recovery situations 
can he supported. A plan view of the launch-site 
recovery m e a  and a typical deployment of these spe- 
cial vehicles are shown in Fig. 8. 

Also. the 

."-- 
RECOVERY FORCE 

DEPLOYMENT 
IN L A U N C H  SITE 

AREA 

0 RKOVERY C O M M A N D E W  

A BACKUP HELICOPTERS 

LVR isuur on sucn 
0 8l-FOO1 B O A I  

HELlCOPlER 

LCU IDEN WAIEI  RSWEVAL) 

REIRlWAl l  

FIGURE 8. RECOVWY-FORCZ DEPMYMENT IE 
LAuIicH-SITE m 

The launch-abort areas are those in which a land- 
ing could occur following an abort during the launch 
phase of flight. Recovery support for areas of this 
category has been very important during past pro- 
grams and will continue to be so, especially during 
those missions which will employ newly developed 
launch vehicles. The recovery vehicles usually pro- 
vided to support these areas consist of ships, such 
a8 destroyers and fleet oilers, and aircraft which 
are airborne during the launch phase. 
craft provide location and on-scene assistance 
support and are capable of reaching the spacecraft 
within 4 hours after a spacecraft landing dong the 
launch-abort ground track. The ships would provide 
a retrieval capability. 
of ships and aircraft to provide optimum recovery 
support in these areas, the operational capabilities 
of the launch-vehicle and spacecraft-propulsion sys- 
tems to provide range control in different abort 
cases are taken into consideration. Typical support 
in this area is shown in Fig. 9. 

These air- 

In planning the positions 

. 

-3 

The primary landing area is defined as that area 
in which the probability of a landing occurring is 
sufficiently high to warrant the requirement for 
primary recovery-ship support. Primary recovery- 
ship support is considered to be an aircraft- 
carrier-type ship with its higher level of available 

3 
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FIGURE 9. RECOYWY-FORCE DEPLOYMENT IA 
LAUIPCH-ABORT AREA 

centers. 
fixed-wing aircraft 8re utilized to expeditiously 
transport data removed from the spacecraft to des- 
ignated locations. 

Following retrieval of the spacecraft. 

FIWRE 10. RECOVERY-FORCE DEPLOYMWT II PRIMARY 
LANDING AFZA 

During a mission, periodic target points are ne- 
lected at appropriate intervals (usually once per 
spacecraft revolution). and recovery ShiDs are re- 

suppart capabilities which include the following: 

fixed-wing and helicopters 
1. 

2. 
3. Communications facilities 
4 .  Medical facilities 
5. Spacecraft postretrieval handling facilities 

Aircraft for recovery operations -hoth 

Aircraft for NASA logistics requirements 

The selection of the primary landing area is a lso  
based on factors such as its proximity to the track- 
i n g  network, statistical weather information, 
daylight-darkness considerations, and recovery force 
logistics. 

The secondary landing area is defined BS the area 
in which the probability of a landing occurring is 
sufficiently high to warrant the requirement for at 
least secondary recovery-ship support. Secondary 
recovery ships are those (usually destroyers and 
fleet oilers) which are deployed in direct support 
of recovery operations other than the primary recov- 
ery ship. 

v 

For low-inclination orbital missions, a four-zone 
concept for deployment of primary and secondary 
recovery-support farces was adapted. The four zones 
are located in the West Atlantic, Fast Atlantic, 
West Pacific, and Mid-Pacific Ocean areas. The West 
Atlantic Zone was selected as the one in which end- 
of-mission landings would normally occur; therefore, 
it contains the aircrait-carrier-supported primary 
landing area, and the secondary landing areas are 
located vithin or near the f o u r  zones. 

By providing the carrier-borne helicopters with 
electronic locating equipment. as discussed earlier, 
it has been possible to completely support the end- 
of-mission landing area with the carrier and its air 
group. A lixed-ving aircraft, designated Air Boss, 
serves 8s an air controller and is utilized by the 
on-scene commander. 
in the vicinity of the carrier is shown in Fig. 10. 
After search helicopters have located the space- 
craft, swimers are dropped to provide on-scene as- 
sistance, and one of the helicopters in the area m y  
be used to return the spacecraft crew to the carri- 
er. In addition, fixed-wing communications-relay 
aircraft relay all radio transmissions in the re- 
covery area back to the ship and to varlous control 

Typical disposition of aircraft 

v 

pisitioned accordingly, within prcscribeh areas, in 
the went that the spacecraft must be landed prema- 
turely. In most cases. areas which lie within OT 
near one of the four recovery zones can be iel$cted& 
thus, the primary ~d secondary recovery-ship s u p  
port i s  d e  available. As is well bm. the pres- 
ence of a secondfmy recovery ship in the West 
Pacific became very beneficial when trouble devel- 
oped during the Gemini VI11 flight. After analysis 
of the situation. it was determined that the mission 
should he terminated before the primary landing area 
could be reached. Consequently. the spacecraft mas 
h r w h t  down d u r i n g  its seventh revolution in the 
Western Pacific Zone. During the &day Gemini V 
mission. the value of this kind of planning was 
proved when. during the early orbits of the mission. 
trouble developed with the spacecraft electrical- 
pover source. The very presence of these periodic 
target points with primary and secondary recovery 
forces on station allwed the flight to continue 
until the problem could,be better evaluated. 
tually. the condition of the electrical-power 
source 
quently carried out to its planned duration. 

Evan- 

stabilized. and the mission Y(LB eubsa- 

Contingency landing areas are all areas outside 
the previously described areas within which landing 
could possibly occur. ?or identification purposes. 
these areas fall within four sectbrs of the earth: 
Sector A. Atlantic k e e n ;  Sector B. Indian Ocean; 
Sector C. Western Pacific Ocean; and Sector D. 
Eastern Pacific Ocean. The probability of landing 
in these areas warrants the support of contingency 
land-based aircraft. The locations of these sectors 
and typical contingency aircraft staging bases are 
shown in Fig. 11. For an orbital mission, aircraft 
from these bases are capable of reaching any point 
on the spacecraft ground track within 18 hours of 
notification. 
made, retrieval of the spacecraft and crew would be 
an after-the-fact situation in which merchant ships 
or recovery ships, redirected irom the primary or 
secondary landing areas. would be utilized. 

If a contingency landing must be 

Recovery Control Centers and Comnunicatlons 
The control of recovery forces is exercised 

through an arrangement of Recovery Control Centers 
in communication with the recovery forces through a 
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FIGURE 11. CONTINGENCY SECTORS AND AIRCRdF'I STAGING BASES 

worldwide network. The primary interface between 
recovery operations and other mission-operations 
activities occurs in the Mission Control Center at 
the Manned Spacecraft Center. The Misaion Control 
Center also serves as the overall Recovery Control 
Center. 

As shown in Fig. 12. all recovery forces in the 
Atlantic area are controlled through the Recovery 
Control Center at Cape Kennedy, while another center 

MISSION CONllOL CENTER 
HOUSTON 

RECOVERY CONIROL CENTER 

CONIINGENCV 
ICC'S 
IDODI 

ncc CAPE 

FIGURE 1.2. mw mcomr c o t w m  m C O ~ O L  

in Hawaii serve8 this function for the Pacific area. 
Contingency recavery forces in command area6 other 
than the Atlantic and Pacific are controlled from 
Recovery Control Centers in Europe (for the Africa- 
Middle East area). in the Pan- Canal Zone (for 
the S m t h  America area). and in Florida (for the 
North America area). 
to take advantage of exieting W D  organizations and 
arrangements. 

These centers were established 

Also. during a mission. special comuoication 
links are activated through diplcmUrtic channels so 
that arrangements may be made for any special recov- 
ery aircraft, overflight clearances. or requests for 
entry permission, if required by recovery personnel. 
Also established are ccmnnunications procedures to 
alert merchant ships in case of contingency landing. 

In addition to their use for cnmnand and control 
of recovery forces, worldvide communications are re- 
quired for the monitoring of force status, for keep- 
ing forces informed of flight progress. and for 
adjusting the positions of recovery forces. The re- 
positioning of recovery forces is necessary because 
of such conditions a6 changes in the launch azimuth, 
alteration of the spacecraft g m a  t r w k  caused by 
the precession of the earth. and changes in weather 
conditions within a zone. 

It is worth mentioning that little change in the 
recovery-support posture is anticipated in convert- 
ing from orbital missions to lunar missions. As in 
the orbital missions. the Atlantic recovery forces 
will he paaitioned for launch-abort situations and 

-. 
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c 

w i l l  then shift i n to  the previously established At-  
l an t i c  recovery zones a f te r  a successful launch. 
The end-of-mission area w i l l  be located i n  the  Pa- 
c i f i c  Ocean because an extensive area is required 
for  the  large spacecraft terminal footprint  and be- 
cause be t te r  reentry tracking f a c i l i t i e s  a re  availa- 
ble.  Added t o  the  recovery support for  lunar 
missions. however, w i l l  be prepositioned ships i n  
several  deep-space abort areas i n  which a landing 
could occur in the  event of an abort prior t o  inser- 
t i on  of the  spacecraft i n to  a lunar orb i t .  

W 

Trainina for Safe Recovery Operations 

ing of a safe recovery operation and the amount, 
type. and quality of t ra in ing  practiced by recovery 
units.  The W D  units involved in recovery opera- 
t ions  are operational units tha t  devote a re la t ive ly  
small part  of t h e i r  time t o  apace-flight operations. 
For tha t  reason. and because of the  fac t  t ha t  W D  
units and f i e l d  personnel are usually reassigned 
from mission t o  mission, a considerable amount of 
t ra in ing  is required. The same recovery equipment 
previously described is handled and operated by 
assigned WD recovery personnel under operational- 
l i k e  conditions. Prior t o  t h e i r  deployment, swim- 
mers and pararescuemen are trained i n  t h e  procedures 
f o r  flotation-collar ins ta l la t ion .  Where possible. 
these personnel are trained with the  same units v i t h  
which they w i l l  he working during mission deploy- 
ment; t ha t  is, swimmers with helicopter squadrons 
and pararescuemen with the aircrews assigned t o  the 
mission. 
of teamvork is stressed. 
port  recovery operations a re  provided With boiler- 
p la te  spacecraft t o  a l l o w  practice i n  re t r ieva l  
procedures pr ior  t o  missions and while en route t o  
stations.  Manuals describing re t r ieva l  operations 
a re  distributed t o  recovery forces. 
spacecraft-handling procedures are conducted t o  pre- 
vent inJury frcm spacecraft pyrotechnic devices and 
from the  toxic propellant. Instructions a re  given 
t o  recovery personnel concerning the Latest changes 
i n  upacecraft hardware or  i n  any special  equipent  
which may Effect t h e i r  tasks. 
familiarization courses and recovery-techniques 
t ra in ing  are a lso  conducted fo r  NASA recovery per- 
sonnel, who are deployed t o  recovery forces as tech- 
n i ca l  advisors. 

A d i rec t  relationship ex is t s  between the conduct- 

I n  these training sessions, the importance 
A l l  ships assigned t o  sup- 

Briefings on "*/ 

Extensive spacecraft- 

Perhaps the most important t ra in ing  conducted i e  
a se r i e s  of worldwide nighttime and daytime simula- 
t ions  involving deployed recovery forces, Recovery 
Control Centers, and cmunica t ions  personnel. A 
typical primary-landing-area simulation requires 
t h a t  a l l  forces he i n  position i n  the area, as 
called for on the day of recovery. A spacecraft 
equipped v i th  location beacons i s  placed in the 
water i n  the v ic in i ty  of the car r ie r .  
ing s i tua t ion  is simulated by means of messages 
transmitted from the Recovery Control Center. 
is followed by the locating, on-scene assistance, 
and re t r ieva l  simulations, as in i t i a t ed  by the re- 
sponsible forces. 
ercised t o  pass information t o  the Recovery Control 
Center. Simulations such as these a re  also con- 
ducted in secondary landing areas. 
t ions ,  a i r c ra f t  locate the recovery-beacon-equipped 
practice spacecraft and vector the recovery ship t o  
the spacecraft for  re t r ieva l .  These simulations af- 
ford an excellent opportunity for ships and a i r c ra f t  
t o  check comunications procedures, as well 8s t o  
reveal any coordination problems. 

A given land- 
-A I, 

This 

Voice-relay aircraft are also ex- 

I n  these simula- 

i/ 

Other simulations exercise the cmunica t ions  
tha t  l ink  the  various Recovery Control Centers and 
the  worldvide a i r c r a f t  staging bases. 
exchanged simulating spacecraft-landing information, 
the launching of a i r c ra f t ,  s i tua t ion  reports. on- 
scene descriptions, and deployment of pararescuemen. 
Diplomatic l inks are exercised i n  the securing of 
overflight clearances for s i tua t ions  i n  which they 
are required. 
are also included i n  the simulations i n  order t o  ex- 
e rc i se  recovery forces t o  the  f u l l e s t  extent. Exam- 
ples of these are land landing, postlanding power 
failures.  crew in jur ies ,  and survival si tuations.  
Special week-long simulations i n  the launch-site 
a rea  a re  conducted t o  subJect those forces t o  the  
many possible s i tua t ions  tha t  may be encountered. 

Messages a re  

Non-ncminal and emergency s i tua t ions  

An attempt is made t o  gain every benefit possible 
frcm these simulations and the poetaimulation de- 
briefings t o  improve wera t iona l  techniques and t o  
increase recovery-force proficiency. In t h i s  man- 
ner, through the continuous buildup of experience 
and extension of capabi l i t i es ,  a l l  recovery uni t s  
w i l l  be prepared for more complex programs. 

Concluding Remarks 

A review of manned space-flight recovery shows 
tha t  it has been highly successful. 
i ts success have been outlined; however, the  most 
important reason is the  careful attention given t o  
de ta i l s ,  both the de ta i l s  of the  hardware and the  
de t a i l s  of the  training. It behooves those involved 
i n  recovery planning not t o  become complacent be- 
cause of the  successes already achieved, but t o  pur- 
sue d i l igent ly  the programs tha t  have led  t o  safe 
recovery. 
with even greater attention given t o  the  t ra in ing  
programs because of the more cclnplex hardware being 
Used. 

The reasons for 

The NASA and the W D  plan t o  do th i s .  

In  looking toward the future, manned-spaccflight 
planners need t o  be concerned not only v i t h  present- * programs, but a l so  with problems tha t  w i l l  be 
encountered i n  the future. A land-landing capabili- 
t y  has alwws been a goal i n  the  minds of many who 
plan manned space f l i gh t .  The developent of th ia  
capabili ty w i l l  bring for th  more problems, but w i l l  
afford solutions t o  sane t ha t  now exis t .  A t  the  
present time, operational-development work with 
land-landing systems is being conducted i n  an e f fo r t  
t o  i d e n t i q  some of the problems. 
creased duration of missions poses problems i n  the  
manning of recovery zones. Decisions w i l l  have t o  
be made i n  regard t o  the amount of time tha t  re- 
covery forces w i l l  be required t o  be on-station dur- 
ing these long-duration missions, which may bring 
about en t i re ly  new recovery-support concepts. Be- 
cause of the des i rab i l i ty  t o  f l y  missions with high- 
inclination orbite i n  the future,  another recovery 
problem t o  be conaidered concerns the support re- 
quired fo r  these missions. Since the  vehicles 
for high-inclination missions w i l l  he launched 
toward the  colder la t i tudes ,  the result ing space- 
craft ground tracks w i l l  a l so  extend in to  areas 
where the  waters present a more hos t i le  environ- 
ment. A l l  these problems must be solved t o  pro- 
vide fo r  t h e  safety of the flightcrews and recovery 
personnel. 

These problems, however, w i l l  be solved v i th  the 
same thoroughness and diligence tha t  have been ap- 
p l ied  t o  a l l  manned-apace-flight recovery endeavors 

Also. the  in- D
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t o  d6te. Careful 6tteUtiW is being given $0 these 
problems, and NASA i n  vorking very closely vith the 
WD i n  cfiorta t o  solv6 them It i s  f e l t  that when 
the time cmoa t o  fly missions Of thil type, the re- 

covery-aupport poature rill be QI1 6 lEWl V i t h  that 
of the present ea far 6a oper6tioual a6fet.y i s  con- 
cerned. 
be the paremount Concern in manned-space-flight re- 
covery. 

Operational s6fety hea been and alvqys w i l l  
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