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SAFETY IN RECOVERY OPERATIONS

'J. B. Hemmack,” and J. ¢, Btoneaifer®®
NASA Manned Spacecraft Center
Houston, Texas

Abstract

Concepts applicable to past, present, and possi-
ble future manned-space-fllight programs to provide
an optimum balance between personnel safety and ef-
ficlency in recovery cperations are dlecussed in
this paper, The use of a new spacecreft design ne~
cessitates the conducting of operaticnal testing in
various likely postlanding environmenta to validate
the performance of the spacecraft and establish the
reliability of its postlanding systems. GSome of
the major elements of this.testing related to the
safety of flighterews and recovery personnel are
discussed. The paper alsc includes s discussion of
the flighterew safety mapects of the recovery sup-
port planned for Apollo misslons. Bafety consider-
ations in the development of procedures and in the
recovery-support equipment to be used for retrieval
of Apollo flighterews and spacecraft are also pre=-
sented. In addition, the training conducted to fa-
miliarize flightcrews and recovery persconel with
the retrieval procedures and equipment under simu-
lated and actual operational conditions ie de-
scrived.

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 filightcrew, and retrieving
the spacecraft and crew., Prior to the execution of
the mission, the aress of recovery activity consist
primarily of the development and testing of recov-
ery and postlanding-associated systems and of the
formulation of plans and procedures required during
the recovery period.

From the very beglhning of manned space flight,
two basic philosophiee have been followed in pre-
paring for recovery. The first, in the area of
postlanding-systems development and testing, is that
all systems and procedures shall bBe validated in an
operational test enviromment prior to flight when-
ever possible. These systems include both those
inherent in the spacecraft and those wtilized by
recovery support forcea. The second basic philoso-
phy, pertaining to recovery operations, is that a
positive course of action shall be preplanned for
all possible landing situations, with the level of
recovery support deployed into a given recovery
area commensurate with the probability of a space-
craft landing in that particular area. As a result,
recovery forces are in position and are prepared to
support many different landing sltustions during a
mission. Together, thease two philoaophies provide
the foundation on which the fector of safety for
the mpacecraft crew and the recovery personnel de-
pends. The purpeose of thie paper is to deacribe
this emphasie on safety as it ;pplies to all as-
pects of the recovery phase.

®Chief, Landing and Recovery Division

Spacecraft Operational Testing

In conducting coperational and envirormentul
tests of spacecraft recovery and postlending-
associated systema, conelderable knowledge and ex-
perience has been gained from past programs. This
knowledge and experience will contridbute to the
safe and reliable function of like systems employed
in present and future apacecraft, In keeping with
the basic philoscphy expressed previously, exten-
sive operational teating is carried out under con-

_trolled test conditions. In some cases, this

tasting requires the use of special facilities; In
other cases, particular emphasis is placed on test-
ing under conditions very closely representing
those which will be encountered in actusl misasion
landing and recovery situations. The basle types
of operationasl tests conducted on the spacecralt
are a3 follows:

1. Water ptability (static and dynemic)

2. S8tructural integrity in the postlanding en-
vironment

3. Postlanding environmental-control-system op-
eration

k. Postlanding electrical-power-system opera-
tion

5. Spacecraft electronic communications and
location-aid operation

6. Bpacecraft postlanding ha.bita'oility

7. Operation of miscellaneous poatianding
eguipment, visual location aids, et cetera

Bince the spacecraft being resdied for Apollo
flights sre designed for water landings, the great-
er part of the postlanding testing must be con- -
ducted ih a water enviromment., Freliminary
information 1s gained from tests conducted in a
test-tank facility (Fig. 1). . This specially built
tank permits testing with simultanecus control of
the folloving simulated environmental conditions:

1. Air temperature

2. Hmidity

3. Water temperature

4, Surface wind

5. BSolar-heat loading

€. Wave-induced spacecraft motion {by mechani-
cal linkage)

T. Bpacecraft cabin reentry-heat pulse
Follow-on tests are conducted in the Gulf of Mexico
{Pig. 2) utilizing specially designed and built
spacecraft with syastems that are sctual flight
hardware or very closely simulate this hardware.
Here again, the tests are conducted under environ-
mental conditions that closely approximate those
expected In recovery arsas. However, in those git-
vations where specific sesa end wind conditions can
have considereble effect on teat results, it be-
comes desirable to conduct tests in broad ocean
areas. Consequently, testing is also conducted in
the Atlantic and Pacific Oceans.

‘#Mpgsigtant Chief, Recovery Operations Branch, Landing and Recovery Division
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FIGURE 1. SPACECRAFT TESTING IN CONTROLLED
ENVIRONMENT

T

FIGURE 2. SPACECRAFT TESTING IN THE GULF OF
MEXICO

Solutions to a mmber of the problems encoun-
tered during the Gemini Program, which were direct-
1y associsted with crew safety, were cbtained
through operational testing. One problem in par-
ticular was the potential danger that the space-
craft would flood and sink during egrese of the
flighterew because of its flotation attitude and the
low freeboard at the hatch hinge line, especially
under dynamic conditions. The solution to this
problem included the addition of a sea curtain that
extended across the low-freeboard part of the hatch
opening and the addition of buoyant materiel in the
spacecraft to improve its flotation attitude. As-
gociated with this water-stability problem was the
developnent and definition of safe crew-egress pro-
cedures for various sea conditiocns.

- Another potential problem in the Gemini Program

. was that possible postlanding problems might re-

sult from the electrical- and electronic-systems
packsges being located outside the Gemini space-
craft pressure vessel. Because systems and the at-

‘tendant cabling would be in flooded compartments

after a water landing, it was recognized that fail-
ures csused by electrical shorting, as well as by
the corrosive gualities of salt water, could ad-
versely affect the safety of the flighterew and the
safety of those involved in the recovery coperation.
Therefore, an extensive cperationel eveluetion wes
conducted to provide data that could be used to as-
sure safe operational conditions end reliable per-
formance of such systems. Modifications to the
spacecraft snorkel system and to the high-frequency
entenna were also made ag a result of deficiencies
that were revealed during the at-sea tests. Sub-
sequent to the correction of these deficiencies,
manned at-sea tests were conducted with the com-
plete monitoring of spacecraft systems and with the
recording of biomedicel data.

At the present time, engineers are engaged in a
continuing program of testing the Apollo spacecraft
systems in & manner similar to that in which the
Gemini epacecraft was tested. A problem directly
related to crew safety that was encountered during
the spacecraft water-stability teeting involved the
two posslible flotation attitudes of the spacecraft
(apex-up or apex-down}. If the spacecraft assumed
the spex~down position (Fig. 3) during or after
landing, perhaps because of rough seas, the post-
landing ventilation syestem would become inoperative
and the communications capsbllity would be zlmost
totally eliminated because part of the antennas
would be under water. This attitude of the space-
ereft would glso leave the crewmembers suspended in
their harnesses in uncomforteble and undesirable
positions. As a result of these tests, an upright-
ing system consisting of three large bags and an
inflation system, packaged in the aspacecraft recov-
ery compartment, was developed (Fig. 4). Inflation
of the bags after landing would right the spacecraft
if it should be in the gpex-down attitude and would
algo asspure that the spacecraft remained upright if
it should be in the apex-up attitude, Extensive
testing of the system, both In the test-tank facil-
ity and in the open ses, has been conducted to vali-
date its performance.

FIGURE 3. APEX-DOWN FLOTATICN ATTITUDE

The first of the Apollc manned st-sea tests was
conducted during a 48-hour period in which the
spacecraft drifted on rough seas while varlous
system-performance checks were made, Included were
checks of the uprighting sequence, volce-
communications systems, postlanding-ventilation sys-
tem, erection of the high-frequency (hf) antenna,

N
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reviews by an organized safety review board.

FIGURE &, APEX-UP ATTITUDE AFTER INFLATIOR OF
i UPRIGHTIRG BAGS

and general habitabllity of the spacecraft. In-
cluded for evaluation during other separate test
periods were the range capabilities of recovery-
location beacons and sntennas, the visibility and
endurance of the sea dye emitied from the spacecraft
under several sea~gtate conditions, end the visibil-
ity of the flashing light at different ranges as the
flash rate versus iptensity was varied.

Procedures for egress from the Apollo spacecraft
were also defined during operational evaluations
conducted in the Quif of Mexico; however, because of
the recent side-hateh design changes, new procedures
will be developed and practlced by designated
flightcrews.

. . .
Not to be overlooked in any discussion of the -

.safety aspects of operational testing are the safety

practices followed by the test personnel themselves
during all of the discussed tests. These practices
include & method of documentary control and epprov-
al that clearly defines the responsibilities of each
individual involved in the test and provides for

In ad-
dition to the cheirman, the bosrd includes repre-

sentatives of all organizations associated with the

test., This board functions in much the same way as
does the Air Force Flight Safety Review Board prior
to committing a vehic¢le to flight. o

Recovery Support Equipment end Retrieval Procedures

The majority of the apecial recovery-support
equipment furnished for Project Apollo is very #im-
ilar to or, in some cases, the same as that which
was utilized Qquring the Gemini Program, with only a
few exceptions, Because of the successful operation
and dependability of this equipment in the Gemini
Frogram, a high confidence level, conszldering safe-
ty, has been established for its use in Project
Apollo., The major items consist of davit cranes in-
gtalled aboard destroyers designeted to.provide re-
covery support, auxillary fiotation collars issued
to recovery mhips and aircraft, snd speclal elec-
tronic location equipment installed in recovery air-
craft. OSome additional items of equipment developed
to provide the safest possible recovery operation
include specisl lipe-handling devices, "man-rateqd"
recovery hooks and lines, shipboard spacecraft cra-
dles and dollies, and training hardware.

"Early in the manned-space-flight program it was
recognized that a destroyer-type ship provided the

best overall recovery support for those landing ar-
eas, exclusive of the primary landing area, where
the highest level of support is desired, Because .
of thelr high speed, destroyers sre capable of cov-
ering comparatively large areas; thelr communica-
tion and radar capsbilities ensble them to work well
with search aircraft; and, they are more apt t« be
available to support space-flight programs than
other types of ships which could be used for this
purpose., With & davit crane installed, a destroyer
is capable of retrieving spacecraft with a relative-
ly high degree of safety. The fully power-operated
crane {Fig. 5) imcorporates both lifting and rota-
tion capabilities end is mounted on the side of the .
fantail, ' The design alszo incorporates a power-
operated hold-off arm which protectively encircles
the spacecraft sc¢ that pendulous motlions of the
spacecraft caused by rough seas are reduced while
the spacecraft 1s being lifted cnto the deck., De-
gtroyers have been modified with quickly detachable
deck sockets in sufficient numbers to allow the Navy
flexibility in scheduling in both the Pacific and
Atlantic fleets. The davit crane was subjlected to
thorough operational testing prior to and during the .
Gemini Program. Techniques and procedures were de-
veloped which permitted a safe operation, regardless
of the difficulties pormelly encountered in retriev-
ing objects from the ocean. Modifications to the
equipment and procedures have been incorporated for
the retrieval of Apollo spacecraft, along with re-
fined operating procedures and proper training of
shipboard personnel, (onsiderable experience has
already been geined in this srea during two deploy-
mente for ummenned Apclle missions durlng which
training end practice were conducted., Also, special
training exercises have been conducted recently on
destroyers tec gain additional overall experience in
retrieval operations,

FIGURE 5. SPACECRAFT RETRIEVAL USING DESTROYER
EQUIPPED WITH DAVIT CRANE



.. Dawnloaded by Paul Madej on October.21,-2014-} http://arc.aiaa.org| DOI: 10.2514/6.1967-852- -

Another item of special recovery-support equip-
ment which grestly enhances the safety of a recov-
ery operation is the auxiliary flotation collar
(Fig. 6) which is attached to the spacecraft as socn
after landing as feagible. Those who have watched
the Gemini recoveries on television have cbserved
helicopter-deployed swimmers sttaching the flotation
ecollar. If & landing occurs in a secondary or con-
tingency erea, perarescué personnel, prepared to in-
stall the flotation collar, are deployed from
fixed-wing airereft. This meneuver was performed
following the Gemini VIIT landing in the Western Pa~-
cific. Basically, the flotation device provides the
following:

1. Support to the spacecraft to prevent its loss
from sinking if leaks resulting from structural dam-
age should be present

2. A relstively stable work platform so that re-
covery personnel can assist the flightcrew, if
required, while they are awaiting retrieval
The collar ies designed to fit the form of the space-
eraft when the collar is inflated; thus, little or
no relative motion exists between the spacecraft and
the collar. This formfit provides a damping of -
spacecraft wave~induced dynamic motions without
creating difficult load-point or fatigue problems.
For added safety, the design incorporates a redun-
dant tube installed within the external tube and a
second inflation system. Flotation collars have
been used on several Mercury missions, every Gemini
mission, and on the unmanned Apollo missions in
which spacecraft recovery was required, Throughout

this entire period, including use during much of the

spacecraft-system testing, the collar has proved to
be a reliable and a most useful plece of equipment.

FIGURE 6. FLOTATION COLLAR BEING INSTALLED ON
SPACECRAFT

Specially developed and utilized locating equip-
ment installed in recovery aircraft — both fixed-
wing and helicopters — has been invaluable in the
rapid, efficient, and safe recovery of spacecraft
and crews following every mission. The HC-130

recovery-support aircraft, now provided by the De-
partment of Defense (DOD), are all equipped with
spacecraft-locating equipment {AN/ARD-17 Direction-
Finder Set} funded and developed under a Joint NASA-
DOD program. This locating equipment, installed as
shown in Fig. 7, ie compatible with frequencies of
the Apollo spacecraft unified S-Band transmitter,
the very-high~frequency {vhf) volce transmitter, the
vhf recovery Peacon, and the vhf survival radio,
Also, the equipping of hellcopters in the primsary
landing area with Search and Rescue and Homing
(SARAH) beacon systems has significantly decreased
locating time by ensbling the hellcopters to ob-
tain a besring on the spacecraft and "home" on

its recovery beacon. Previcusly, the helicopters
were directed to the spacecraft by fixed-wing air-
craft.

ANTENNA

S-BAND

CONTROL SET ONVERTER

. ANTENNA
DRIVE

PRINTER

FIGURE 7. DIRECTION-FINDER SET INSTALLATION IN
HC-130 ATRCRAPFT

Another area of activity directly assoclated with
recovery-personnel safety has been the development
of rather sophisticated equipment and procedures
which are used by a "safing team" to deactivate the
spacecraft after its retrieval. Prior to the actual
spacecraft deactivation, several hours are required
to prepare the deactivation equipment and to inspect
the spacecraft externally. The inspection consists
of an evaluation of all pyrotechnics and of the reac-
tion control system thrusters. Any of the pyrotech-
nic devices which did not operate during the landing
sequence are safed, and the thrusters of the reac-
tion control system are checked for leaking propel-
lants. 8ince the propellants carried on board the
Apclle spacecraft are extremely toxic, any leaking
propellant from a thruster would present & hazard.
Therefore, a problem such as this is carefully eval-
ueted prior to the connection of the support equip-
ment to the spacecraft.

During deactivation of the reaction control sys-
tem, all unused propellants are expelled from the
propellant tanks of the spacecraft, and system
plumbing checks and component leak checks are made
to determine the extent of system degradation. Fol-
lowing these steps, the reaction control system is
purged initially with dry nitrogen to remove as much
of the raw propellant as possible., ITmmediately fol-
lowing the nitrogen purge, the oxidizer system is
flushed with s fluid known a8 Freon-TF, and the fuel
system 1s flushed with isopropyl alcohol, Once the
flushing process has been completed, a nitrogen
purge is used to remove the flush fluids from the

>,
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gsystems, A vacuum is then drawn on the system to
dry it further. Following the flush and purge cper-
ations, gas semples are taken to determine if the
spacecraft propellants have been removed to a level
that would allow the spacecraft to be transported
pafely to the location where postflight evaluation
would be carried vut,

To utilize all of the recovery-support equipment
in the prescribed manner, documented procedures de-
veloped under systematic test programs are followed.
Where practical, the equipment ig tested under labo-
ratory eonditions to determine preliminary proce-
dures, This is followed by further refinement of
procedures and equipment by simuisted operational
situstions. Following a mission, personnel involved
in the recovery operations are debtriefed, and a
thorough analysis is mede of all avallable data as-
scciated with the operations and hardware. Then,
ejuipment and procedures are changed, or further
test work is carried out if necessary.

Planning Apollo Recovery Support

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-
celveble landing situation, & 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
mission is evolved in working sessions with the mis-
sion planners as the mission plan 1s defined. Well-
defined coordination channels with miseion planners
and flight controllera are in existence and are ex-
ercised repeatedly 8o that all elements of & misslon
plan are -reviewed thoroughly to determine the re-
covery support needed to ssgure the safe retrieval
and return of the flightcrew and spacecraft under
both probable and contingency landing situetions.
After recovery-support reguirements have been doc-
umented, they are submitted to the DOD for review.
Subsequently, operation plans and operation orders
are issued by the DOD for the direction of the re-
covery forces which are designated to support the

~ mission.

Among the most important requisites to be con-
gidered in snalyzing & mission plan to establlsh re-
quirements for the deployment of recovery forces are
the following:

1. Launch-vehicle and spacecraft malfunction
podes, including thelr probabllity and time of oc-
currence :

2. The desirability of daylight landings and the
amount of daylight time aveilable to conduet search
and recovery operations

3, Spacecraft on-water endurance, ineluding the
electrical power avallable during the postlanding
phage of the mission

4. -Probable westher conditions

5. Availability of desired staging areas for
ghips and aircraft

6. Aveilability of communications

As suggested by the preceding list, in planning
for reccovery support, account must be taken not only
of the recovery forces needed for a nominal flight,
but alsc of those needed for verious abort situa-
tions. Before proceeding with the discussion of
these considerations, however, it may be of value
first to define the major recovery operational
tasks.

Recovery Tasks )
The recovery tesks can be divided into three genw

eral categories — the locating of spacecralt,
on-scene assistance, and retrieval. Spacecraft lo-
ceting may be performed by one, or by e combination
of, the following methods:

1. Prior to the spacecraft landing, or after it

- has landed, the Manned Space Flight Network, using

tracking information, computes e landing polint or a
general landing area,

2. Alsoc availlable during reentry and after land-
ing are spacecraft computer readouts giving approx-
imate landing coordinates which can be transmitted
to recovery forces.

3. During past misasions, and alsc planned for
the next several Apollo missions, hf signals trans-
mitted by & spececraft beacon and received by alert-
ed, ground-based, worldwide direction-finding sta-
tions can be used to determine the apacecraft
position in the event of a landing in a remote ares.

4, The epacecraft is eguipped with the previous-
1y menticned vhf electronic-recovery beacon ag well
as crevw-survival radics which operate on the inter-
national distress frequency of 243.0 megahertez.

All landing areas are supported by aircraft hav-
ing the special receiving equipment which is compat-
ible with the spacecraft recovery beacon, and
electronic homing by aircraft is considered to be

_the primary means of spacecraft locating. Conse-
. quently, conslderable attention has been gilven to

the providing of the necessary equipment and to the
treining required for this task. After electronic
homing by alrcraft has been accomplished, visual lo-
cating of the spacecraft in the daytime is assisted
by the sea—dye marker which is emitted from the
spacecraft after landing; at night, visual locating
is assisted by the flashing light on the spacecraft,

- Becguee of certaln factors, such ae the location
of the tracking stations, the information available
at these stations, worldwide deployment of aireraft

‘at staging bases, and a knowledge of the locatlon of

the spacecraft ground track, it has been demonstra-
ted thet the primary means of aspacecraflt locat-

ing — electronlc homing on the recovery beacon =
can be performed well within the planned lifetime of]
the postlanding systems.

After the spacecraft has been located, the second
task begins — that of providing on-scene assis-
tance. This on-scene assistance is supplled by
swimmers or pararescuemen deployed either by hell-
copter or by fixed-wing airereft. Each group de-
ployed is equipped with & flotation eollar which can
be rigged on the spacecraft, as previcusly de-
scribed.

‘The final recovery task is the retrieval of the
flighterew and the return of the érev and apacecraft
to a designated port. In the primary landing area,
this task is accomplished by using the inherent ca-
pability of an aircraft carrier to lift the space-~
eraft from the wvater. The crew may remain in the
spacecraft for transfer to the recovery ship, or
they may elect to be transzferred to the ship by hel-
icopter prior to spacecraft retrieval, Other ships
regularly used in the recovery forces, such as oil-
ere and fleet tugs, are alsc inherently capable of
retrieving the spacecraft, Destroyers, as discussed
earlier, are fitted with NASA-supplied retrieval
cranes.
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The Project Mercury MA-k 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 hes
been required, the time needed to locate and re-
trieve the flightcrew and/or spacecraft has been
well within the allowed time, Pertinent recovery
information is summerized in Table 1.

PROJECT MERCURY

DIST FROM EVENT TIMES
LNDG PT | AFTER LANDING, MIN
MISSION DESCRIPTION TO PLANNED FLOT. [CREW| SC
TARGET*, | COLLAR | ON | ON
N MI ATTACHED]{ SHIP |BOAR
MA.4 |UNMANNED, 1 REV 3Q - - 82
MA-5 [CHIMPANZEE
. ABOARD, 2 REV 9 - a5 B85
MA-& | MANNED, 3 REV 39 - 20] 20
MA-7 i MANNED, 3 REV 238 na 254 [ 4N
MA-8 | MANNED, & REV 4.7 10 43 43
MA-9 | MANNED, 22 REV 7 8 36 3
GEMINI PROGRAM
G UNMAN, SUBORBITAL 14 20 - 90
G.J1 |MANNED, 3 REV &0 30 72| 167
G-I¥ MANNED, 4 DAYS 44 20 57 136
G-Y |MANNED, 8 DAYS 92 50 9N | 238
G-YI-A | MANNED, 16 REV 7 30 &4 &4
O-¥II |MANNED, 14 DAYS &4 12 32 [.1]
G.YII |MANNED, 7 REV 11 49 186 | 193
G-IX-AMANNED, 3 DAYS 0.4 3 52 52
G-X |MANNED, 3 DAVYS 3.4 5 271 54
G-XI |[MANNED, 3 DAYS 27 7 24 59
G-XII |MANNED, 4 DAYS 2.6 6 28 87
APOLLO PROGRAM
AS-101 | UNMANNED,
SUBORBITAL 406 43 - 15
AS-202| UNMANNED,
SUBCRBITAL 205 173 T 508

*DISTANCES ARE BEST ESTIMATES BASED ON REPORTED RECQVERY
SHIP LOCATIONS, NETWORK TRACKING DATA, AND TM RECORDS

TABLE 1 BSUMMARY OF RECOVERY INFORMATION

Landing Areas

In developing & recovery plan for an earth-
orbital mission, provision is made for all possible
landing situations by using five general categories
of landing areas as follows: (1) launch site,
{2) launch abort, (3) primary, (4) secondary, and
(5) contingency.

The launch-site landing area ls the viecinity of
the launch site where landings could occur following
an off-the-pad sbort or an abort occurring immediate-
1y after launch., This area requires special recovery
support because of the problems associated with the
meny types of cosestal terrain on which the space-
craft could land (i.e., swamp, marsh, beach, surf,
deep water, palmetto-covered areas, and bullt-up
areas). Because of the possibility of injury t85 the
flightcrew as a result of (1) a landing on the
coastal terrain, (2) & higher then 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 flighteorew.

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 mesans

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

The recovery forces are deployed to positiona
fraom which they have excellent wisibility of aborts
in the launch-site area. This cbservation is con-
sidered to be the primary method of spacecraft loca-
tion; however, assistance in locating the spacecraft
is availeble, if needed, in the form of impact-
prediction information from & computer, Also, the
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 &ll possible landing and recovery situations
can be supported. A plan view of the launch-site
recovery area and a typical deployment of these spe-
clal vehicles are shown in Fig. 8.

LAUNCH
GROUND
TRACK
RECOVERY FORCE
DEPLOYMENT

IN LAUNCH SITE
AREA

© RECOVERY COMMANDER'S
HELICOPTER

4 BACKUP HELICOPTERS

o LCU (DEEP WATER RETRIEVAL)

® LVTR {SURF OR BEACH

RETRIEVAL)

\ ¢ 82-FOOT BOAT

FIGURE 8. RECOVERY-FORCE. DEPLOYMENT IN
LAUNCH-SITE AREA

The launch-gbort arees sre 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 ollers, and aircraft which
are airborne during the launch phase. ‘These air-
craft provide location and on-scene assistence
support and are capable of reaching the spacecraft
within 4 hours after a spacecraft lending slong the
launch-abort ground track. The ships would provide
& retrieval capabfility. In planning the positions
of ships and aircraft to provide optimum recovery
support in these areas, the operaticnal capablilities
of the lsunch-vehicle and spacecraft-propulsion sys-
tems to provide range control in different abort
cases are taken into consideration. Typical support
in this ares is shown in Fig. 9.

The primary landing area is defined as that area
in which the probability of a landing occurring is
sufficlently high to warrant the requirement for
primary recovery-ship support. Primary recovery-
ship support is considered to be an asircraft-
carrier-type ship with its higher level of available
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FIGURE 9, RECOVERY-FORCE DEPLOYMENT IN
o LAUNCH-ABORT AREA - :

support capabilities which include the following:

1. Aireraft for recovery operstiona - both

"fi:ed—wmng énd helicopters

. Afreraft for NASA losistics requirqmente
" Communicetions facllities

h ~Medlcal facllities -

%. Spacecraft postretrieval handling facilities
The selection of the primary lending area is also
based on factors such as ites proximity to the track-
ing network, statistical weather informatiocn,

daylight-darkness considerations, and recovery force

logistics.,

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

For_low—inclination orbital missions, a four-zone
concept for deployment of primary and secondary
recovery-support forces was adapted. The four zones
are located in the West Atlantie, Fast Atlantic,
¥West Pacific,, and Mld~Pacific Ocean aresas., The Weat
Atlantic Zone was szelected as the one in which end-
of<-mission landings would normally occur; therefore,
it contains the aircraft-carrier-supported primary
lending area, and the secondary landing areas are
located within or near the four zones.

By providing the carrier-borne helicopters with
electronic locating eguipment, as discussed earlier,
it hes been possible to completely support the end-
of-mission landing ares with the carrier and its air
group.. A fixed-wing aircraft, designated Air Boss,
serves 8s an air controller and is utilized by the
on-scene commander, Typicel disposition of alrcraft
in the vieinity of the carrier 1s shown in Fig, 10,
After search helicopters have located the space-
craft, swimmers are dropped to provide on-scene B8~
sistence, end one of the helicopters in the erea may
be used to return the spacecraft crew to the carri-
er, In addition, fixed-wing communications-relay
eircraft relay all radic transmissions in the re-
covery ares back to the ship and to various control

‘centers. ?bllowing.retrieval of the spacecraft, -
. tixed-wing aircraft are utilized to expeditiocusly

transport date removed from the spacecraft to des—

" ignated locations

FIGURE 10. RECOVERY-FORCE DEPLOYMENT IN PRIMARY
. ; LANDING AREA

During & mission, periodic target points are se-
lected at eppropriate intervals (usually once per
spacecraft.revolution}, -and recovery ships are re-

_positioned mccordingly, within prescribed areaes, in

the event that the spacecraft must be landed prema-

" turély. In most cesed, aresas which lie within or

near one of the four ‘recovery zones can he selected;

‘thus, the primsry and secondary recovery-ship sup-

port is made available.  As is well known, the pres-
ence of a secondary recovery ship in the West
Pecific became very beneficlal when trouble devel-
oped during the Gemini VIII flight. After analysis
of the situation, it was determpined that the mission
should be terminated before the primary landing area
could be reached. Consequently, the spacecraft was

"brought down during its seventh revolution in the -

Western Pacific Zone. During the B-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-
power source, The very presence of these periodic
target polnts with primary and secondary recovery
forces on station allowed the flight to continue
until the problem could be better evaluated. Even-
tually, the ecndition of the electrical—power
source WaB ltabilized, ‘and the mission was pubse-
quently carried out to its plamned durstion.

Contingency landing areas are all areas outside
the previously described areas within which landing
could possibly occcur. For identification purposes,
these sreas fall within four sectérs of the earth:

Bector A, Atlantic Ocean; Sector B, Indian Ocean;

Sector C, Western Pacific Ocean; snd S8ector D,
Fastern Pacific Ocean. The probabllity of landing
in these areas warrants the support of contingency
land-based alreraft. The locations of these sectors
and typical contingency alrcraft staging bases ere
shown in Fig. 11. For sn orbital mission, aircraft
from these bases are capable of reaching any point’
on the spacecraft ground track within 18 hours of
notification. -If a contingency landing must be

made, retrieval of tlie spacecraft and crew would be
an after-the-~fact situation in which merchant ships
‘or recovery ships, redirected from the primary or

secondary landing areas, would be utilized.

Recove;x:Control Centers and Communications
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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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 Mission Control
Center also serves as the overall Recovery Control
Center.,

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

MISSION CONTROL CENTER
HOUSTON

—
ATCANTIC

RCC e CONTINGENCY
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FIGURE 12, APOLLO RECOVERY COMMAND ARD CONTROL

in Hawsil serves this function for the Pacific ares.
Contingency recovery forces in command areas other
than the Atlentic and Pacific are controlled from
Recovery Control Centers in Burope (for the Africa-
Middle East area), in the Panama Canal Zone {for

the South Ssmerica ares}, snd in Florida (for the
North America area). These centers were established
to take advantage of existing DOD organizations and
arrangements.

Also, during a mission, special communication
links are ectivated through diplomatic 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 communications procedures to
alert merchant ships in case of contingency landing.

In addition to their use for command and control
of recovery forces, worldwide 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 1s necessary because
of such conditions ag chenget in the launch azimuth,
alteration ot the spacecraft grouna track 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 antlcipated in convert-
ing from orbital missions to lupar missicns. As in
the orbital missions, the Atlantic recovery forces
will be positloned for launch-sbort situations and
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will then shift into the previously established At-
lantic recovery zones after a successful launch.

The end-of-mission area will be located in the Pa-
¢ific Ocean because an extensive area 1ls required
for the large spacecraft terminsl footprint and be-
cause better reentry tracking facilities are availa-
ble. Added to the recovery support for lunar
missions, however, will be prepositioned ehips in
several deep-space gbort ereas in which a landing
could occur in the event of an abort prior to inser-
tion of the spacecraft into a lunar orbit,

Traini for Safe Recove eraticns

A direct relationship exists between the conduct-
ing of a eafe recovery operation and the asmount,
type, and quality of training practiced by recovery
unlts. The DOD units involved in recovery cpera-
tions are operational units that devote a relatlvely
small part of their time to space-flight operations.
For that reason, and because of the fact that DOD
units and field personnel are usually resssigned
from misslon to mission, a conslderable amount of
training is required. The seme recovery equipment
previously described is handled and operated by
assigned DOD recovery perscnnel under operational-
1ike conditions. Prior to their deployment, swim-
mers and pararescuemen are trained in the procedures
for flotation-collar Instasllation., Where possible,
these personnel are trained wlth the same units with
vwhich they will be working during mission deploy-
ment; that is, swimmers with hellcopter squadrons
and pararescuemen with the aircrews assigned to the
mission. In these training sessions, the importance
of teamwork is stressed. All ships assigned to sup-
port recovery operations are provided with boiler-
plete spacecraft to allow practice in retrieval
procedures prior to missions and while en route to
gtations. Manuals describing retrieval operations
are distributed to recovery forces. Briefings on
spacecraft~handling procedures are conducted to pre-
vent injury from spacecraft pyrotechnic devices and
from the toxic propellant. Instructions are given
to recovery personnel concerning the latest changes
in spacecraft hardware or in any special equipment
which may affect thelr tasks., Extensive gpacecraft-
femiliarizaticen courses and recovery-technigues
training are also conducted for NASA recovery per-
sonnel, who are deployed to recovery forces as tech-
nical sdvisors. .

Perhaps the most important training conducted is
a serles of worldwide nighttime and daytime simula-
tions involving deployed recovery forces, Recovery
Control Centers, and cammunicatlions personnel., A
typical primary-landing-area simulation requires
that all forces be in position in the area, as
called for on the day of recovery. A spacecraft
equipped with location beacons 1s placed in the
water in the vicinity of the carrier. A given land-
ing situation is simulated by means of messages
transmitted from the Recovery Control Center. This
ie followed by the locating, on-scene assistance,
and retrieval simuletions, as initisted by the re-
sponsible forces. Volce-relay alrcraft are also ex-
ercised to pass information to the Recovery Control
Center. Simulations such as these are alsoc con-
ducted in secondary landing sreas. In these simula-
tions, aireraft locate the recovery-beacon-equipped
practice spacecraft and vector the recovery ship to
the gpacecraft for retrieval. These simulations af-

ford an excellent opportunity for ships end aireraft-

to check communications procedures, as well as to
reveal any coordinaticn problems.

" Other simulations exercise the communications
that link the various Recovery Control Centers and
the worldwlde aivcraft staging beses. Messeges are
exchanged simulating epacecraft-landing information,
the leunching of aircraft, situation reports, on-
scene descriptions, and deployment of pararescuemen.
Dipiomatic links are exercised in the securing of
overflight clearances for situations-in which they
are required. Non-nominal and emergency situations
are also included in the simulations in order to ex-
ercise recovery forces to the fullest extent. Exam-
ples of these are land landing, postlanding power
failures, crew injurles, and survival situations.
Speclal week-long simulations in the launch-site
ares asre conducted to subject those forces to the
pany possible situations that may be encountered.

An attempt is mede to gain every benefit possible
from these simulations and the postsimulation de-
briefings to improve cperational techniques and to
increase recovery-force proficiency. In this man-
ner, through the continuous buildup of experience
and extension of capabilities, all recovery units
will be prepared for more complex programs.

Concluding Remarks

A review of manned space-flight recovery showse
that it has been highly successful. The reasons for
its puccess have been outlined; however, the most
important reason is the careful attention given to
detalls, both the details of the hardware and the
detaile of the training. It behooves those involved
in recovery planning not to become complacent be-
cause of the successes already achieved, but to pur-
sue diligently the programs that have led to safe
recovery. The NASA and the DOD plan to do this,
with even greater attention given to the training
programs because of the more complex hardware being
used.

In locking toward the future, manned-space-~flight
planners need to be concerned not only with present-
dey progrems, but also with problems that will be
encountered in the future. A land-landing capablli-
ty has always been a goal in the minds of many who
plan manned space flight. The development of this
capability will bring forth more problems, but will
arfford solutions to some that now exist. At the
present time, operaticnal-development work with
land-landing systems is being conducted in an effort
to identify some of the problems. Also, the in-
creased duration of missions poses problems ip the
manning of recovery zones. Decigions will have to
be made in regard to the amount of time that re-
covery forces will be required to be on-station dur-
ing these long-duration missions, which may bring
about entirely new recovery-support concepts., Be-
cause of the desirability to fly missions with high-
inclination orbits in the future, another recovery
problem to be considered concerns the support re-
quired for these missions. Since the vehicles
for high~inelination missions will be leunched
toward the colder latitudes, the resulting space-
craft ground tracks will also extend into areas
where the waters present & more hostile envircn-
ment., All these problems must be solved to pro-
vide for the safety of the flightcrews and recovery
personnel.

These problams, however, will be solved with the
same thoroughness and diligence that have been ap-
plied to all manned-space-flight recovery endeavors
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to date. Careful attention is being given to these
problems, and NASA is working very closely with the
DOD in efforts to sclve them. It is felt that when
the time comes to fly misaions of this type, the re-

10

covery-support posture will be on a level with that
of the present as far as operationsl safety is con-
cerned. Operaticnal safety has been and always will
be the paramount concern in manned-space~flight re-
covery.
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