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INTRODUCTION 

This report contains the results of a preliminary study of the search 
and. recovery operations required. for the safe and. exped.i tious return 
of the Mercury Recovery Capsule in the first series of orbital flights. 
It is submitted. in accord.ance wHh the terms of the National Aero­
nautics and. Space Administration Contract NAB 5-71 d.ated. 8 May 1959. 
The study is concerned. primarily with the high-probability impact 
areas in the Atlantic Ocean. Emphasis is placed. on safe recovery 
within reasonable time at least cost. 

A preliminary study of this nature is not able to provid.e final answers 
to all of the problems; the report instead. constitutes a tlfirst looktl 
at the overall operation. Much of the report is therefore d.evoted. to 
basic data, the building blocks from which recovery systems can be as­
sembled. and. evaluated.. 'l'hese includ.e the performance characteristics, 
reliabili tY' and. cost of the vehicles and. equipment which may be used., 
and. their compatibility with one another, with the capsule, am. with 
the expected. environment. The availabillty of vehicles and. equipment 
has also been consid.ered., although it is appreciated. that this may 
change from week to week where the forces are drawn from the military 
services. Data are generally presented. in a form which will permit.the 
consid.eration of alternative vehicles, equipments, and. systems, and. 
their evaluation from the standpoint of effectiveness and. cost.. While 
the equipment consid.ered. is generally expected. to be operational through­
out 1960, consideration is also given to more ad.vanced. schemes Which 
might effect red.uctions in recovery time, cost, or d.epend.ence upon the 
military forces. 

It is hoped. that this report will be of assistance to those in the NASA 
and. the Department of Defense responsible for planning the recovery 
operation. 
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SUMMARY rnD CONnUSIOMS 

The G m a n  Aircraf t  Ebgineering Corporation has made a preliminary study of the 
factors involved i n  the search and recovery operations associated with the return 
of the Mercury S a t e l l i t e  Capsule after the i n i t i a t i o n  of re-entry from one of 
i t s  first, 3-orbit f l i gh t s .  

Currently-conceived, high-probability landing areas i n  the Atlantic Ocean are 
furnished by the NASA (Figure 46, page 156). 
assumed< and several a i r c r a f t  and ship deployments a re  derived t o  furnish the 
following four recovery services f o r  each area: 

A maximum recovery t i m e  i s  

1) 
2) Search after impact. 
3) 
4) 

Detection of the capsule during descent before impact. 

Retrieval of the capsule from the water. 
Delivery of the astronaut t o  astromedical representatives. 

A loca l  area detection of the capsule during descent resu l t s  i n  almost cer ta in  
suceess i n  search and re t r ieva l .  Recovery system effectiveness i s  therefore 
considered t o  be the sane as the probabili ty of finding the capsule with suf- 
f i c i en t  time remaining f o r  the a r r i v a l  of the re t r ieve  vehicle, f o r  the execution 
of the re t r ieve  operation and f o r  delivery of the capsule t o  an astromedical team 
within the assumed access time. Specific resu l t s  show that a safe recovery can 
be achieved within a short  time after the capsule lands, with a reasonable number 
of existing vehicles, regardless of the degree of assistance f r o m  the capsule 
location aids.  

Three different recovery vehicle complexes a re  developed and analyzed. 
each of them the re t r ieve  vehicles are able t o  reach and retr ieve the capsule 
from any point within the high probabili ty landing areas aad del iver  it t o  ast ro-  
medical. representatives within the assumed rebovery or access time. [)n the other 
hand, the search and detection vehicle array differs s l igh t ly  f o r  each of the 
three cases, depending upon the amount of loca l  detection desired. For a l l  three 
cases, however, both re t r ieve  and detection coverage must be met with the minimum 
number of minimum cost vehicles which w i l l  be i n  operation and available i n  1960. 

For 

Interest  centers upon the differences among the  three exmyles. 
the preferred. system ccbmplex, detection vehicles a r e  placed close enough t o  one 
another t o  provide active radar detection coverage, over the complete high- 
probabili ty area, down t o  a l t i tudes  of approximately 8,000 fee t  i n  order t o  
include the  region of chaff deployment. 
fo r  active par t ic ipat ion is 22: 9 fixed-wing a i r c r a f t  used only f o r  i n i t i a l  
detection and search, 3 helicopters f o r  picking the capsule out of the water, and 
4 airships  and 6 surface ships which serve i n  both detection and retrieval capaci- 
t i e s .  

In example I, 

The t o t a l  number of vehicles required 
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SUMMARY AND CONCLUSIONS 

The Grumman Aircraft Engineering Corporation has made a preliminary study of the 
factors involved in the search and recovery operations associated with the return 
of the Mercury Satellite Capsule after the initiation of re-entry from one of 
its first~ 3-orbit flights. 

Currently-conceived, high-probability landing areas in the Atlantic Ocean are 
furnished by the NASA (Figure 46~ page 156). A maximum recovery time is 
assumed, and several aircraft and ship deployments are derived to furnish the 
following four recovery services for each area: 

1) Detection of the capsule during descent before impact. 
2) Search after impact. 
3) Retrieval of the capsule from the water. 
4) Delivery of the astronaut to astromedical representatives. 

A local area detection of the capsule during descent results in almost certain 
success in search and retrieval. Recovery system effectiveness is therefore 
considered to be the same as the probability of finding the capsule with suf­
fireient time remaining for the arrival of the retrieve vehicle, for the execution 
of the retrieve operation and for delivery of the capsule to an astromedical team 
within the assumed access time. Specific results show that a safe recovery can 
be achieved wi thin a short time after the capsule lands, with a reasonable number 
of existing vehicles, regardless of the degree of assistance from the capsule 
location aids. 

Three different recovery vehicle complexes are developed and analyzed. For 
each of them the retrieve vehicles are able to reach and retrieve the capsule 
from any point within the high probability landing areas and deliver it to astro­
medical representatives within the assumed recovery or access time. On the other 
hand~ the search and detection vehicle array differs slightly for each of the 
three cases, depending upon the amount of local detection desired. For all three 
cases, however, both retrieve and detection coverage must be met with the minimum 
number of minimum cost vehicles which will be in operation and available in 1960. 

Interest centers upon the differences among the three examples. In example I~ 
the preferred.6ystemc~]1lex.l: detection vehicles are placed close enough to one 
another to provide active radar detection coverage, over the complete high­
probabilityarea~ down to altitudes of approximately 8,000 feet in order to 
include the region of chaff deployment. The total number of vehicles required 
for active participation is 22: 9 fixed-wing aircraft used only for initial 
detection and search, 3 helicopters for picking the capsule out of the water, and 
4 airships and 6 surface ships which serve in both detection and retrieval capaci­
ties. 
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Area 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

TABLE 1 

SUMMARY: ftECOMMElIDlm ,MINIMUM VEIlICLE lEPLOYMENT 

Detection system provides complete coverage for detection 
ot chaff at 8000 ft. using aircraft, ships, and land stations 

BigbProbabil1 ty Landing . Areas Vehicle Deployment 
(22 Vehicles, Total) 

Assumed 
Purpd8e Dimensions General Max. Access Detection Detection 
of Alrea N. Mi. Location Time - hr. and Search and Retrieve 

Boost Abort 100 x 300 East of Cape 3 1: 82,(1) 1: BR2S(2) 
Canaveral +2: DD 

S\lstainer Abort 40 x 1600 East of Area 6 3: SA-16 1: BUS(2) 

#1 to Mid- +2: P~ +2: DD 
Atlantic +2: zp 

S\lstainer AbOrt .4Q x 200 East of Area 6 
h 1: DD 

f2. along 
1:SA-16(1) Launch Track 

S\lstalner Abort 40 x 200 East of Area 6 I 1.: W 
I 13 along , 

Launch Track I, 

Injection Abort 40 x 200 .. U<bO'l 3 1: S2,(1) 1IHR2S(2) 
Islands along 
Launcl:, 'llrack . 

1:SA-16(3) zp(3) Orbi'\i #1 Landing 50 x 210 East of Bermuda 3 1: 
lIbere Orbit 11 +1:zp(3) 
crosses Launch 
Track 

Orbit #e Landing 50 x 210 kat of Area I 3 1:SA"'1~(3) 1: W(3) 

#1, where Orbit +1:zp(3 +1: zp(3) 

f2 crosses 
Launch Track 

Planned Orbit #3 120 x 400 tforth of 3 I:S2F(l) 2: zp 
Landing Hispaniola " 

Puer":;o Rico 
along 3rd 
Orbit Track 

Notes: 1. Search only, detection by ships or land stations. 
2. Retrieve only, detection by land stations. 

Probability of Recovery Within 
Assumed Max. Access Time 

All Capsule Chaff No 
Aids Working Only Aids 

·99 ·99 ·96 

·99 ·99 .94 

·99 ·99 ·94 

I ·99 ·99 ·94 

I ·99 ·99 .96 

·99 ·99 ·96 

·99 ·99 .67(4) 

·99 ·99 ·96 

3. Areas 6 and 7 covered by vehlaJ.;es· a8$igned initially to Area 2, redeployed as necessary. 
4. Can be increased to .99 by a8suming 3.5 instead of the 3.0 hour maximum access time. 

"'d 
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If the capsule i s  not detected loca l lybefore  impact, and none of i t s  many 
location aids  function, t h i s  preferred vehicle complex, neyertheless, resu l t s  
i n  a 92$ probabili ty of recorfery within 3 hours &er impact i n  all areas except 
the launch sections i n  mid-Atlantic f o r  which a 6 hour maximum has been 
allowed. If chaff i s  deployed with the m i n  p-ute, as planned, at 10,000 
fee t  a l t i tude,  the recovery probabili ty was found t o  increase t o  99$. I f  the 
many additional location a ids  function properly, redundency i s  added t o  the 
system, the search time i s  reduced, Pwnd the recovery probabili ty r i s e s  above 
994. It is  apparent t h a t  chaff i s  one of the  most effect ive of the capsule 
location aids. Because the vehicles are spaced t o  cover long and rather  narrow 
tracks, $heir capabi l i ty  extends out same distance on e i t h e r  side, and they can 
actual ly  cover a considerably greater  area than t h a t  t o  which they are assigned. 

The operational cost of the recovery, assuming no delays i n  f i r ing ,  w i l l  be 
about $700,000 taking in to  account fuel, o i l ,  other consmbles ,  and direct  
military personnel pay &d allowances. This amount would be, doubled i n  the 
event of 8 or 9 dai ly  postponenents. 

The c r i te r ion  f o r  the second example (11) i s  tha t  detection vehicles must be 
spaced close enough t o  one another t o  provide complete line-of-sight coverage 
of the ocean surface (instead of only down t o  8000 f e e t ) .  
complete impact area monitoring f o r  radio direction-finding signals. 
range infoliroxttion, however, it w i l l  probab1;y be necessary t o  modify the capsule 
S-band beacon t o  a l l o w  it t o  yespond t o  simple inquiry from a i r c r a f t  with 
compatible radar, such as the WF-2, KCh5W, P2V.and WV-2. With t h i s  modification 
t o  the capsule equipment, the three additional a i r c r a f t  required t o  s a t i s f y  this 
c r i t e r i a  are enough t o  eliminate the need f o r  any capsule detection capabili ty 
i n  the surface vessels. 

This is  t o  allow 
To get  

Search time is reduced s l igh t ly  with this vehicle arrangement, but the proba- 
b i l i t y  of recovery and the recovery time remain v i r tua l ly  unchanged. Bkause of 
the greater number' of aircrzzift required.;. cost of the operation w i l l  increase 
over t ha t  i n  example I, but the increase i s  expected. t o  be l e s s  than 10%. 

In  the th i rd  example (111), on. the other hand, the number of vehicles i s  reduced. 
The detection a i r c r a f t  a re  spaced fa r ther  apart  t o  reduce the nmber required and 
thus the cost oF.the operation. 
before impact i s  put aside, and the search a i r c r a f t  are spaced as f a r  apart  as 
possible consistent with t h e i r  a b i l i t y  t o  locate  the  c 
d i rec t  the ret r ieve vehicle t o  the  scene t o  complete the recovery *thin the 
assumed access time. 
impact areas under study, only three vehicles can be elirnimted. 
on the ground at  Bermuda replaces four a i r c r a f t  on s ta t ion  over the'launch- 
abort area i n  example I. Local detection before impact i s  impossible over much 
of t h i s  area and it i s  assumed, wfiere t h i s ' i s  the si tuation, that an uncertairlty 
area of 60 miles i n  diameter w i l l  be available from shore-based tracking and 
impact prediction data e 

The requirement f o r  a loca l  area detection 

Because of the par t icular  geometry and geography of the 
Qne a i r c r a f t  

This t h i r d .  systemhas the Least cost, but it is  not necessarily the recommended. 
system. 
time than in  example I because of the longer search time required when there is  

There i s  s l igh t ly  l e s s  chance of recovery within the assumed, access 
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If' the capsule is not detected locally before impact, and none of' its many 
location aids :function, this pref'erred vehicle complex, nevertheless, results 
in a 92% probability of' recovery within 3 hours after impact in all areas except 
the launch abort sections inmid~Atlantic f'orwbich a 6 hour maximum has been 
allowed. If' chaf'f' is deployed with the main parabhute, as planned, at 10,000 
f'eet altitude, the recovery probability was f'ound to increase to 99%. If the 
many additional location aids fUnction properly, redundency is added to the 
system, the search time is reduced, and the recovery probability rises above 
99%. It is apparent that chaff' is one of' the most ef'f'ective of' the capsule 
location aids. Eecause the vehicles are spaced to cover long and rather narrow 
tracks, their capability extends out some distance on either Side, and they can 
actually cover a considerably greater area than that to which they are assigned. 

The operational cost of' the recovery, assuming no delays in f'iring, will 'be 
about $700,000 taking into account fuel, oil, other consumables, and direct 
mill tary personnel pay and allowances. This, amount would be, doubled in the 
event of' 8 or 9 daily postponements. 

The cri t,erion f'or the second example (II) is that detection vehicles must be 
spaced close enough to one another to provide complete line-of'-,sight coverage 
of' the ocean surf'ace (instead of' only down to 8000 f'eet). This is to allow 
complete impact area monitoring f'or radio direction-f'inding signals. To get 
range info:r"mation, however, it will ,probably be necessary to modif'y the capsule' 
S-band beacon to allow it to respond to simple inquiry f'rom aircraf't with 
compatible radar, such as the WF-2, AD-5W, P2V.an.d W-2. With this modification 
to the capsule equipment, the three additional aircraf't required to satisf'y this 
criteria a;re enough to eliminate the need f'or any capsule detection capability 
in the surf'ace vessels. 

Search time is reduced slightly with this vehicle arrangement, but the proba­
bility of recovery aJ;l.d the recovery time remain virtually unchanged. Because of' 
the greater number'of a:i.rcraf't required.,:, cost of' the operation will increase 
over that in example I, but the increase is expected. to be less than 10%. 

In the third example (III), on, the other hand, the number of vehicles is reduced. 
~e detection aircraf't are spaced farther apart to reduce the number required and 
thus the cost o:r .. the operation. The requirement f'or a local area detection 
before impact is put aSide, and the search aircraf't are spaced as f'ar apart as 
possible consistent wi tll, theirabili ty to locate the capsule soon enough.",to 
direct the retrieve vehicle to the scene to complete the recovery within the 
assumed access time. Because of the particular geometry and geography of the 
impact areas under study, only three vehicles can be eliminated. One aircraf't 
on the ground at Bermuda replaces four aircraft on station over the' launch-
abort area in example I. Local detection bef'ore impact is impossible over much 
of' this area and it is assumed, where this'is the Situation, that an uncertairity 
area of' 60 miles in diameter will be available f'rom shore-based tracking and 
impact prediction data. 

This third. system has the least cost, but it is not necessarily the recommended. 
system. There is slightly less chance of' recovery wi thin the assumed. access 
time than in example I because of' the longer search time required. When there is 
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no local contact bef'ore impact (when no capsule location aids f'unction). This 
results in a somewhat lower probability that the search aircraf't r s search equip­
ment Will be operating properly. But the main reason is that the increased. space 
between detection vehicles may place too much d.ependence upon land.-based track­
ingfor impact pred.iction Without thered.undancy of' local detection. 

Because of' the geometry of' these particular high-probability impact areas and. 
their proximity to several land. bases, the cost reduction due to the greater 
spacing .of'detection vehicles is only a few percent when compared. with the 
preferred system (I). 

Except for shifting some aircraf't in the launch abort area to cover orbit 
emergency landings~ it is not possible to redeploy recovery vehicles f'rom one 
area to another because of' the short time available. Many of the vehicles do 
have the fuel capacity to redeploy, however, and. if' there should. be a del~ in' 
locating the capsule, they could assist in extending the search. 

Add.i tional aircraft .must be assigned in a back-up role to insure against costly 
launch delays or postponements caused. by recovery vehicle availability problems. 
For example, with an average availability of 75%, 4 aircraft are required. to 
maintain a 95% probability that 2 will be available. 

The principal operational costs will be those incurred in ~taging the detection 
and retrievingf'orces and. recycling them to their stations as required until 
the capsule has been successf'ully launched and. recovered. These costs wi~l be 
determined. by the number of' vehicles required. and. the operating costs o.f the 
vehicles selected.. Inasmuch as low access time is a major requirement, the 
number of' vehicles required is determined primarily by their speed.. Higp speed. 
vehicles are to be pref'erred., in general. Aircraft are the most economical 
'Where they are suitable: helicopters and airships for retrieval, and. fixe d.-wing 
aircraf't f'or search and. detection. For minimum cost, the aircraf't should. be 
d.eployed. at land. bases and. should. be permitted. to stand. by on the ground. during 
firing delays 'Wherever possible 0 Large seaplanes capable of carrying the capsule 
and. fixed-wing aircraf't capable of aerial pickup from the water would proVide 
the most economical recovery system if they were operationally proven. 

Surface ships wil;l be required. for retrieval beyond. the range capabilities of 
airships. The destroyer types (DD, DDE, DDR) appear to be the least expensive 
of' the surface ships f'orall-around. application. The use of an aircraf't carrier 
cannot be justified. on economic ground.s because the geography and geometry of' the 
high-probabili ty areas limits the number of carrier-based. aircraft 'Which could 
be used. to ad.vantage from a single carrier. Smaller ships operating as heli­
copter bases, such as the LSD, are competitive with destroyers only if' the part­
icular conditions of area size and permissible access time are such that the 
helicopter may be utilized during most of the access time. 

Crews of aircraft involved. in ASW and ASR operations have developed techniques 
and. skills which make them especially valuable f'or this recovery-operation, ~d 
they should. be used. wherever it is practical. Navigational errors and. capsule 
d.rif't are found to have a negligible effect on recovery time. Existing Navy 
communications channels are adequate but care should. be taken to "peak" the 
eqUipment which is to be used. 
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The bes t  time fo r  launch, f r o m  thestandpoint of recovery operations, appears 
t o  be during the night in the summer months between June and. September. The 
incandescence during re-entry and the high-intensity flashing l i gh t ,  which 
comes on a f t e r  g, can be detected,at  n i&t  from much greater  distances 
than any of the ime-only' location aids .  
b e t t e r  than during the day so long as c r i t i c a l  periods at  sunset and sunrise 
a re  avoided.. Weather is best  during the summer monthsj winds, sea s t a t e  and. 
overcast are a minimum throughout all the high-probability landing areas w i t h  
the one exception of the Canary I s l a n d s  where strong winds are l ike ly .  Althou@ 
search times f o r  examples i n  this study are  generally based. on radar range with 
sea s t a t e  of 2-3, recovery can be mad,e i n  rougher seas but it may be more dif-  
f i c u l t  and. take more time. 

Radio reception is generally 

There are a number of improvements that appear promising f o r  future recovery: 
systems. The greatest  savings i n  recovery t i m e ,  number of vehicles required, 
and cost  w i l l  r e su l t  from the use of long range, high speed., fixed.-wing a i r c r a f t  
which contain the combined capabi l i ty  of detection, search and retr ieve vehtcles. 
Nine,300-knot a i r c r a f t  on s ta t ion  at  30,000 f e e t  a l t i tude,  fo r  example, when 
equipped. fo r  beacon detection and f o r  in-f l ight  pick-up of the capsule f r o m  the 
water, by e i the r  the snatch o r  long-line techniques, could. replace the 22 
vehicle preferred, system complex f o r  the same 187,000 sq. nautical  m i l e s  of 
high-probability landing area. 
compared.with a m a x i m u m  of six hours, and operating cost, including staging 
considerations, would, be less than lO$ of cost fbr the presently recommend.ed. 
example (I). This figure dDes not include the cost  of any special  a i r c r a f t  
mod,ification . 

Access time would. be less than one hour as 

The snatch technique u t i l i z e s  a hook o r  loop of l ine suspended. below an air- 
craft  to catch a loop o r  hook at tached. to  the capsule as the a i r c r a f t  f l i e s  
over it. 
this system, however. 
of l i f t  and u t i l i z e s  a long l ine,  w i t h  a hook on i ts  end, suspended. f r o m  a 
c i rc l ing  a i r c ra f t .  W i t h  the proper w e i g h t  and geometry, the hook w i l l  trail a t  
the center of the c i rc le .  After it engages the capsule, the c i rc l ing  a i r c r a f t  
climbs andsthe capsule is l i f ted .  c lear .  Successful experiments w i t h  this pick- 
up method. have also been l imited t o  weights consid.erably less than the possible 
2500 pounds f o r  the capsule, and a tes t  program would. be required, t o  check the 
f eas ib i l i t y  of these systems before they could be used. t o  e f fec t  savings i n  the 
Mercury capsule recovery operations. 

Weights only as high as 800 pounds have been retrieved, t o  date w i t h  
The long-line technique applies a more gradual application 

Large seaplanes such as the JRM and R3Y, although of lower-speed and a l t i tude  
capability, could. pr0vid.e additional back-up w i t h  their a b i l i t y  t o  land. beside 
the capsule and. their excellent exis t ing ho i s t  and stowage techniques. 

Use of high-speed. (80 knots) surfaee craf t ,  such as hydrofoil boats, could. 
r e su l t  i n  a reduction of r e t r i eva l  vehicles from the presently proposed 13 to  
6 consistent w i t h  the assumed maximum access time f o r  each area. 
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The best time for launch, from the standpoint of recovery operations, appears 
to be during the night in the s11mmer months between June and. September. The 
incandescence during re-entry and the high-intensity flashing light, whiCh 
comes on after land.ing, can be detected. at night from muCh greater distances 
than any of the "daytime-only" location aids. Radio reception is generally 
better than during the day so long as critical period.s at sunset and sunrise 
are avoided.. Weather is best during the summer months; Winds, sea state and. 
overcast are a minimum throughout all the high-probability landing areas with 
the one exception of the Canary Island.s where strong winds are likely. Although 
search times :for examples in this study are generally based. on radar range with 
sea state of 2-3, recovery can be mad.e in rougher seas but it may be more dif­
ficult and. take more time. 

There are a number of improvements that appear promising for future recovery 
systems. The greatest savings in recovery time, number of vehicles requireq, 
and cost will result from the use of long range, high speed., fixed-wing aircraft 
which contain the combined capability of detection, search and retrieve vehicles. 
Nine,300-knot aircraft on station at 30,000 feet altitude, for example, when 
equipped. for beacon detection and for in-flight pick-up of the capsule from the 
water, by either the snatCh or long-line techniques, could replace the 22 
vehicle preferred. system- complex for the same 187,000 sq. nautical miles of 
high-probability land.ingarea. Access time would. be less than one hour as 
compared. with a maximum of six hours, and. operating cost, including staging 
considerations, would be less than 10% of cost fb r the presently reconnnend.ed. 
example (I). This figure does not include the cost of any special aircraft 
mod.ification-. 

The snatch technique utilizes a hook or loop of line suspended below an air­
craft to catch a loop or hook attached. to the capsule as the aircraft flies 
over it. Weights only as high as 800 pounds have been retrieved. to date with 
this system, however. The long-line technique applies a more gradual application 
of lift and utilizes a long line, with a hook on its end, suspended. from a 
circling aircraft. With the proper weight and geometry, the hook will trail at 
the center of the circle. After it engagestl'Le _capsule, the circling aircraft 
climbs and. the capsule is lifted. clear. Successful experiments with this pick­
up method. have also been limited to weights consid.erably less than the possible 
2500 pounds for the capsule, and a test program would. be required. to check the 
feasibility of these systems before they could be used to effect savings in the 
Mercury capsule recovery operations. 

Large seaplanes such as the JRM and R3Y, although of lower-speed and altitude 
capability, could. provide additional back-up with their ability to land. beside 
the capsule and their excellent existing hoist and stowage techniques. 

Use of high-speed. (80 knots) surface craft, such as hydrofoil boats, could. 
result in a reduction of retrieval vehicles from the presently proposed 13 to 
6 consistent with the assumed maximum access time for each area. 
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RECOMMENDATIONS 

On the basis of this study, the following recommendations are mad.e: 

I. Recovery System for the Early Three-Orbit Missions: It is recommend.ed 
that the high-probability impact areas be monitored with a complex of 
currently operated. d.estroyer-type surface ships, fixed-wing aircraft, 
lighter-than-air ships, and. land.-based. helicopters, plus the existing 
and. projected land. radar stations located. in or near the several. areas. 
Helicopters should. be used for retrieval close to suitably-located land. 
bases; airships, for d.etection and. retrieval beyond. helicopter range, 
within the limits of their operational suitability and. availability; 
surface ships ,for detection and. retrieval in the more remote areas; and. 
fixed. wing aircraft, for d.etection, as required., and. for search after 
impact. 

II. Development of Vehicles and. Recovery Techniques for Future .Missions: It 

11 

is recommend.ed. that further investigation and. possible d.evelopment be 
pursued. with respect to high speed. vehicles suitable for capsule retrieval 
and to the corresponding appropriate retrievaltechniq'ties, for replacement 
of the airships and. d.estroyer-type surface ships recommend.ed. above. This 
should. include evaluation of the capabili tje s of large seaplanes able to 
take the capsule aboard., evaluation. of the use by fixe d.-wing aircraft of 
water-to-air snatch or "long line tf lift techniques, and. consideration of 
the appl!ication of hydrofoil boats or other high-speed. surface ships at 
such time as they become available. 

III • Operational Considerations: It is recommended 

a. that the mission take place during the months of May through September 
for best weather conditions throughout most of the currently anticipated 
high-probability areas; 

b. that launch be scheduled so that re-entry, impact, and. the expected. 
search period. occur during darkness before daybreak, so that visual 
detection can be .assisted. by capsule incand.escence during re-entry and. 
by the capsule flashing light after impact; 

c. that daylight Visual aid.s, such as the dye marker, be accordingly d.elayed. 
or prolonged. if automatiC, Or be used only at the discretion of the astro­
naut; and 

d.. that critical periods of communication be avoid.ed. during sunrise and. 
sunset, and that regular FOX broadcasts be made at Short intervals for 
some period. from before launch through recovery for monitoring by ship's 
rad.io watch to check equipment performance and best receiving frequency. 

PRELIMINARY 
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IV . 
I n  order t o  f a c i l i t a t e  recovery, it i s  recommended. 

a. 

b. that a bail, loop, hook, o r  eye be made readi ly  accessible on top of 

that a f loatable  l i f t - l i n e  be deployed. overboard. at  impact; 

the capsule; 

c.  that the main parachute be made buoyant f o r  visual a id  after impact; 

d.. that a study be made of changes required t o  permit quick access t o  
the capsule in t e r io r  and. t o  the occupant2 

e. that capsule S-Band. beacon interrogation requirements be changed. a t  
drogue chute deployment t o  become compatible w i t h  the AN/AF'S-20 
radar, o r  i f  that is  not possible and. i f  bat tery capacity permits, 
that the beacon free-run during parachute d.escent; 

f .  that ships assigned t o  the recovery forces have the latest single 
side band. communications equipment installed.; and. 

g. that a check be made of the feasibility of ad.d.-ing to  the capsule an 
X-Band. beacon compatible w i t h  radar carr ied by most mil i tary a i r c ra f t .  

The most useful single location a i d  is  the chaff, and. care should be given 
t o  assure proper operation of the dispensing mechanism. 

V. Tests t o  Verify Conclusions and.Recommendations of this Study: It i s  recom- 
mended, that a f l i a t - t y p e  capsule be floated; i n  various sea s t a t e s  and. 
bopped. i n  various wind conditions t o  check p i l o t  egress and. 
f o r  gaining access t o  and. removing him, effectiveness of the f lo ta t ion  
bags, the weight of shipped. water, effectiveness of visual aids when 
viewed from ships and. a i rc raf t ,  radar ta rge t  of the capsule i n  the water, 
ranges a t  which dLrection-finding equipment and. operators can detect  and. 
recognize the capsule, l iklihood of the main parachute f a l l i ng  on top of 
the capsule, and the adverse e f f ec t  on the electronic a ids  o r  p i l o t  egress 
i n  such event. 

techniques 

V I .  Supplementary and. Complementary Studies : It is  recommended 

a. t h a t  the problem of recovery i n  low-probability areas of ~e world., 
especially along the three-orbit  mission track, be subjected t o  further 
study i n  i t s  own right; and 

b. that a study be made of the effectiveness and, cost  of a l ternate  ways 
of manning the recovery forces (regular armed. forces, MATS, MSTS, 
pr ivate  contractor, e t c  .) . 
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IV. Mod.ific.ations to Capsule, its Eg,uipment, and. Recove;r;z; Vehicle Equipment: 
In ord.er to facilitate recovery, it is recommended. 

a. that a floatable lift-line be deployed. overboard. at impact; 

b. that a bail, loop, hook, or eye be made readily accessible on top of 
the capsule; 

c. that the main parachute be made buoyant for visual aid after impact; 

d.. that a study be made of changes required to pennit quick access to 
the capsule interior and. to the occupant J 

e. that capsule S-Band. beacon interrogation reqUirements be changed. at 
drogue chute deployment to become compatible with the AN/APS-20 
radar, or if that is not possible and. if battery capacity permits, 
that the beacon free-run during parachute descent; 

f. that ships assigned to the recovery forces have the latest single 
side band. communications eqUipment installed.; and. 

g. that a check be mad.e of the feasibility of ad.d.ing to the capsule an 
X-Band. beacon compatible with radar carried by most military aircraft. 

The most useful single location aid is the chaff, and. care should be given 
to assure proper operation of the dispensing mechanism. 

V. Tests to Verify Conclusions and. Recommendations of this Studz: It is recom­
mend.ed.that a flight-type capsule be floated. in various sea states and. 
dropped. in various wind conditions to check pilot egress and. techniques 
for gaining access to and removing him, effectiveness of the flotation 
bags, the weight of shipped. water, effectiveness of visual aids When 
viewed from ships and. aircraft, radar target of the capsule in the water, 
rangeEl at which d.irection-finding eqUipment and. operators can detect and. 
recognize the capsule, liklihood of the main parachute falling on top of 
the capsule, and the adverse effect on the electronic aids or pilot egress 
in such event. 

VI. Supplementary and. Complementary Stud.ies: It is recommended 
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a. that the problem of recovery in low-probability areas of the world., 
especially along the three-orbit mission track, be subjected to further 
study in its own right; and 

b. that a study be made of the effectiveness and. cost of alternate ways 
of manning the recovery forces (regular armed. forces, MATS, MSTS, 
private contractor, etc.). 
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I. GElmRALREC@VERY CONBIDERA'TIONS 

In this section, various aspects of the capsule recoyery operation are COn­
sidered without regard to the specific impact areas which must be monitored 
during the actua;l.launch. By thus studying the general requirements for 
reCOVery ot the capsule from any arbitra.ryarea, solutiOns to some of the 
bxoadproblems of the operation become evident and are applicable to the high~ 
probability impact areas themselves. 'The next section of this report then 
analyzo.es the specific $xpectedimpact areas and the detailed recovery support 
required for each, utilizing the general solutions evolved in this section. 

Although this section considers general recovery requirements, the nature of 
the planned Mercury operation limits the necessary scope of the hypothetical 
arbitrary impact area. The orbit path will be within 3~·N and 3~tI) S 
latitude, so only tropical and temperate climates need be considered. The 
intention of' a water landing for the capsule has been specified, so little 
attention is given to land recovery, although some analysis is given where 
possible re ... entry errors would allow an impact on land. 

'The objectives of Project Mercury demand that the capsule and occupant be 
secured as . soon as possible after re-entry so that project astromedical. 
personnel can exmnine and interrogate the capsule pilot while his experiences 
are fresh in mind. furthermOre, delay in recovery can result in physiological 
and Psjch.ological hazards to the pilot due to continued isolation, expOSUre, 
and toasingof' the capsule • The highest possible order ofreliabili ty ~d 
probability of'success is mandatory. On the other hand, the a;m:ount of recovery 
support must be consistent with praetical. limits of' cost.and availability of' 
vehicles., equipment ,andpersonnel. 

The re.covery force has threeresponsibili ties. As the orbiting 'Yehicle re ... 
enters the atmosphere, it must be detected and tracked to the splash point. 
After impact, a search must be cOnducted to locate the capsule. Finally, the 
capsule and occupant must be recovered from the s.ea, and the occupant must be 
presented to the appropriate medical f'acili ties and personnel 'With minimum. 
delay. .. Satisf'actory performanceof'each task depends upon successful completion 
of each previous task. Support to the recovery f'orcemust be given by other 
units of' Project MercUry, especially land-based coordination and tracking 
facilities which must provide timely data on launch scheduling, success of' 
orbit injection,nature of' the orbit, time of' retrorocket f'iring, and prediction 
of impact time and location. 

Projeet Mercury is a high .... priori ty program demanding the most expeditious 
solutions to the development of'suitable hardware and techniques for the manned 
capsule orbit attempts. Only equipment which is presently avail!;l.ble, or cap. be 
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quickly developed, may be considered f o r  the i n i t i a l  recovery operations. 
Maximum effectiveness at minimum cost i n  dollars and diversion, of e f fo r t  by 
the Amed Elervices, which have the  responsibi l i ty  of providing the recovery 
support, should be sought. 
i s  desired so tW proper inspection, recovery of records, and re-use of the 
capsule w l l l b e  feasible. 
gates the re la t ive  i l i t y ,  ava i lab i l i ty ,  and cost of equipment, effective- 
ness of various track, search, and retrieving techniques, and general coordi- 
nation, communication, and other h c t i o n a l  tasks required t o  meet the general 
requirements of recovery. 

Retrie- of the capsule i n  an undamaged condition 

With these objectives i n  mind, t h i s  sectLon invest i -  
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quickly developed, may be considered for the im tiaJ. recovery operations. 
~um effectiveness at minimum cost in dollars and diversion of effort by 
the ~ed Gervices, which have the responsibility of providing the recovery 
support, should besought. Retrieval of the capsule in an und.aJllaged condition 
is desired so that proper inspection, recovery of records, and re-us€ of the 
capsule will be feasible. With th€se objectives in mind, this section investi­
gates the relative capability, availability, and cost of equipment, effective­
ness of various track, search, and retrieving techniques,and general ,coordi­
nation, communication, and other fUnctional tasks "required to meet the general 
requirements of recovery. 
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CAl?S1lLll! . DESIGN AND OPERATION 

The discussion of the capsule design and operation is divided among the folloWing 
sections: 

General Mission Description (With trajectories) 
Des.criptionofCapsule 
Landing and Location Systems 
Reiirieving System 
Access to Capsule Interior 

General MissionJ)esc:r;iption 

The basic objective of Project Mercury is ma..nned orbital flight with a sa:f'e 
return of the man from orbit. The orbital flight program, first unmanned and 
then with animals,will follow a progressive buildup of suborbital tests which 
are now in progress • The Atlas propulsion and radio - inertial guidance 
system Will be used to place the 2400 pound capsule into a 105 llli\tutical mile 
altitude, 32.5° inclination orbit with a resulting period of apProximately 90 
minutes. The launch Will be from the Air Force Missile ~est Center 'at Cape 
Canaveral, Florida and the insertion into orbit is expected to be at a point 
approximately half-way to Bermuda. It is expected that insertion altitude 
Will be attained within one mile of the desired value and the variation over 
the orbital cycle will be less than ten miles. Ifi t appears from the real-time 
tracking and computing data that tolerable orbit characteristics Will not be 
met, controlled firing of the retro-rOckets Will be initiated to land the capsule 
short of the African coast rrearthe Canary Islands. In the event o·f a mal­
function at anY time during the launch phase, emergency procedures Will permit 
a water landing which could take plac.e almost anywhere between CapeCana,veral 
and the west coast of Africa. Figure 1 shows the sequence of operations for 
va.;ri.ous abort conditions and for normal operation of 'the capsule system. For 
off-the"'pad and low altitude aborts, the capsule is pulled up off the nose of 
the Atlas by an escape rocket mounted ona tower above it. For high altitudes, 
after the escape-rocket tower has been jettisoned, the CaPsule retro-rockets 
are u.sed to assist the separation action. At still greater a.lti tude s essentiallY 
the same se.quence is followed as for nomal re-entry i'rom orbit: i.e., the hot 
gas Jets are used to orient the capsule in a heat-sink ... forward (~d up) attitude 
and the retro-rockets :fired to hasten the deceleration and return to earth by 
parachute. 

!nitial orbital' flights are planned :for three orbital cycles with a water land­
ing along the Atlantic Missile Range near San Salvador Island at the end o:f the 
third cycle. In the eVento:fan in-flight em.ergency, provision is also made 
to land the capsule after completing its first or second orbit. Planned recovery 
areasa,:re shown in Figure 46 .; ground track for the three orbits is shown in 
Figure 60 l trajectories, in Figures 2 and 3 
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Description of' Capsule 

Figure 4 shows the capsule in the descent and recovery conf'igurations a) 
du:ring:re-entry, b) as it should appear f'or2.4 minutes between 68,000' and 
10,000 1 With the drogue chute deployed, c) as it may lookf'or 5.~m:inutes 
while descending under the main para.chute f'rom 10,000 f a1 ti tude down to sea 
level, and d) as it is expected to appeart'ive minutes af'ter lanq.ing on the 
water. The capsule may be described as a t'rustrum. of' a cone with a short 
cylinder On top and a spherical surface on the bottom. 'The cone is 58.38 
inches high, 74.5 inches in dianreterat the base and 32 inches in db;imeter 
at the top_ 'The cylinder is .approximately 20 inches high and the spherical 
bottom has an 80 inch radius. The top is expected to f'loatabout 5! feet 
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a.bove the water, the exact value depending upon the final weight and the amount 
ot' 'Water that maybe taken aboard between the rather loose fi ttingouter skin 
shingles and the inner pressurized cabin. The dryrecoyery weight is expected 
to be approximately 1750 lbs.,but pickup weight f'orretrievingoperations is 
assumed to be 2500 Ibs. The pilot lies on his back in a contoured couch near 
the baseof'the capsule With crushable, energy-absorbing .material between hirrr 
and the bottom. Parachutes and other recovery aids .are housed in the cylinder 
on top, and the design is presently such that the pilot may climb out the top 
by f'irst rerJ').oving a portion of' his instrument panel, removing and stowing the 
pressure bulkhead door at the top of' his compartment, and then pushing put 
ahead of him the container f'or the ma.inand reserve parachutes. 

Fourcylin~rica1 f'lotation bags, threef'eet in diameter and two feet deep are 
clustered· a.bout the top of' the capsule. Ai though theca.psule is relatively 
stable in the water With the pilot in his seat, it becomes unstable during 
egress and these f'lotation bags prevent the egress end of' the capsule f'rom 
gOing b~low the surf'ace of the water in the event the pilot should attempt ·'to 
Climb out. 

The laruiiingsystern and location aids are discussed in the f'olloWing section. 
Amore detailed description of' the capsule and its systems is contained in 
Reference 27 • 

Lan<l?d¥ .and Location ·.Systems 

Figure 4 shows most ot'the visible componentsof'the capsule landing and 
location systerJ').s. 'These and other electrical, Visual and acoustic location 
aids are discussed roughly in the order in which they come into use f'romre­
entry on down until the capsule reaches equilibrium em the surf'ace of' the 
water. The descent and landing operations are divided for discussion purposes 
into the follOwing phases: 

Re .... entry 
nOOgueChute Descent 
Main .Para;chute Descent 
After Impact 
Components 
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MAINHF 
ReCEIVER­
TRANSMITTER 

RECOVERY 
DIPLEXER 

IACKUP UHF 
R!CEIVU­

RUCUE 
UTTERY PACK 

TRANSMITTU ---r---l 

MAIN IIHF 
RECEIVER· 
TRANSMITTER 

ANTENNA 
MULTIPLEXER 

COMMAND RECEiveR (AI 

... \\', .... HIGH ·POWER TELEMETRY TRANSMITTER 

HF/UHF 
RECOVERY BEACON 

Fig. 5 

LOW POWER TELEMETRY TRANSMITTER 

~ PILOTS CONTROL lOX 

.8ICONICAL ANTENNA 

BAllOON WIRE ANTENNA/STOWED) 

DESCENT AND 
RECOVERY ANTENNA 
(STOWED! 

N 
o 



~ble 2 summarizes the characteristics of the electronic aids and the time 
periods during Which they are active. 

Be-entry 

During the approximately 14 minute period that it takes tb,e capsule to 
descent fromorbi t to Mach 1 at about 6&:>00 feet (covering'a range of 
close to 3000 miles), electrical signals are transmitted on 7 different 
wave lengths for trackinesand data recordiIfg' purposes (Table 2 ). For 
the pla.:nned recovery after the third orbit 'or for emergency return.¥'ter 
either the first or second orb! ts, this re-entry will take pJ .. ace over 
the southern U.S. where good tracking facilities are' to ' be availablE!! for 
accurately predicting ,the impact pOint. Inaddi tion to sign¥s from. the 
C- and S-band beacons, UHF and BF voice, two t'e'lemetrybeacons and the 
minitrack beacontra:nsmissions, it maY be possible also to get a return 
from some, skin tJ:"$.cking systems. lJ!hecapsXjl.e main antenna consists of a 
biconecont.ained within a band of dielectric between the parachute com ... 
partntent and the drogue chute container. It serves to isolate the two 
portions of tb,e vehicle forEF operation and also serves .as abi¢onical 
horn for the various UffF frequencies. The radar beacons use independent, 
flush-mounted helical antennae (three each) Ipcated near tb,e top of the 
conical bOdy of the capsule. Figure 5 shows the main avionic equipment 
installed. 

Dro~ue Chute Descent 

Although the capsule alone is aerodynamically stable during re-entry, 
undamped oscillations ~ become divergent and result in tumbling at lOWer 
speeds and altitudes and a small drogue parEi.'Chute is therefore deployed 
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for stabilization at approximately 68000 feet and Mach LO. This drogue 
chute is a six foot di.ameter, FIST ribbon type with radar reflection 
characteri·st1.es.As a radar target the metalized drogue chute is assumed 
equivalent to a 1.6 sq. meter target. A 45 foot bridle connects it to 
tb,eantenna fairing from which it is forcibly ejected upon signal initiated 
byal ti tude-sensing barostats. Drogue chute descent to 10000 feet will 
take approximately 2.4 m.inutes, during which all the electrical transmissions 
described as operating throughout the re-entry phase will continue to operate. 
Provision is made for.,the pilot to manually fire the drogue mortar in the 
event that it fails to function automatically. At 20000 feet, ventilation 
air inlet and exhaust valves will be actuated. 

Main Parachute Descent 

Barostats are designed to initiate main 'chute deployment at 10000 feet by 
causing tb,e release of the antenna fairing which, in combination with me 
drogue chute, acts to pull the main Parachute from its compartment. 
Velocity at deployment is approximately 200 feet per second. A load sensor 
will detect failure of the main parachute and will initiate subsequent de­
ployment of a pilot chute and main reserve chute on unmanned flights. On 
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manned f l i g h t s  the p i l o t  w i l l  control the reserve system. 
deployment sequencing remains independent of the drogue system, and the 
main parachutes,which are 63 f e e t  i n  diameter, reefed, r i ngsa i l  types, 
are designed t o  e f f ec t  posit ive deployment under the higher speed con- 
di t ion resul t ing from drogue chute f a i lu re .  
are not  metalized, radar re f lec t ive  chaff which w i l l  be equivalent t o  at  
l e a s t  a 600 square foot  target,  w i l l  be dispensed with the deployment of 
e i ther  chute. 

With release of the antenna f a i r ing  at  10000 feet, the drogue chute may 
cease t o  be a tracking aid (it w i l l  probably collapse); the HF voice and 
minitrack signals stop. UHF voice and telemetry signals are  transferred 
from the biconical antenna t o  a new fan monopole antenna (Figure 
which swings up by spring loading when the material  above the parachute 
compartment is jett isoned. In addition, the 243 mc SARAH beacon pulses 
commence from t h i s  antenna. S- and C-band beacon operation need not be 
affected since these beacons are located below the parachute compartment. 
Although it is presently planned t o  shut down the S- and 6-band beacons 
a t  10000 f e e t  t o  conserve power, it would seem advisable on the f i r s t  
o rb i t a l  f l i g h t s  a t  least, t ha t  a t  t h i s  point they should be made capable of 
being triggered by search a i r c r a f t  f o r  added redundancy i n  the location aids. 

The main chute 

Although the main parachutes 

4 ) 

After Impact 

Capsule impact (approximately 30 fps )  actuates a pair  of i n e r t i a  switches 
which a r m  or operate some of the recovery aids. Upon normal landing with 
the main chute, the i n e r t i a  switch actuates the main chute je t t i son  squib, 
turns off e l ec t r i ca l  systems no longer needed, t u r n s  on the rescue beacon, 
HE' back-up transceiver, the UHF back-up transceiver, and the recovery 
flashing l i g h t .  
which w i l l  then disconnect the reserve chute and f i r e  the p i l o t  chute 
deployment gun and the reserve chute e jector  bag i f  these have not already 
been f i r e d  t o  deploy the reserve chute during landing. Along with the re- 
serve chute when it i s  jett isoned w i l l  go 3 packs of dye marker (attached 
t o  the capsule by a s t r ing) ,  a packet of chaff and 2 SOFAR bombs. 
four f lo ta t ion  bag compartment covers w i l l  be ejected from the capsule by 
squib cartridges a t  t h i s  same signal and the bags w i l l  f i l l  with a i r .  
After & minutes the high l i f t / d rag  balloon w i l l  f i l l  with helium and w i l l  
raise,the light-weight, 30 foot  wire HE' antenna. 
beacon w i l l  come on automatically as  w e l l  as the separate KF recovery voice 
transmitter, and both w i l l  use t h i s  elevated wire. 
supply w i l l  power both HE' and UHF recovery voice tr%nsmitter/re@eivePs. 
The impact sensor also i n i t i a t e s  the ejection cycle f o r  the smoke generators 
i n  the automatic mode ( s ix  cartridges,  one every 30 minutes) or  arms t h i s  
c i r cu i t  f o r  manual f i r i n g  by p i lo t .  

It arms the p i l o t  operated "rescue switch", actuation of 

The 

The 8.364 mc HE' rescue 

A separate bat tery 

If the capsule should land during a period of near-zero wind, it i s  highly 
possible f o r  the parachute canopy t o  s e t t l e  par t ly  or  completely over the 
capsule. This poss ib i l i ty  presents a hazard i n  several ways. The flashing 
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manned flights the pilot will control the reserve system. The main chute 
deployment sequencing remains independent of the drogue system, and the 
main parachutes, which are 63 feet in diameter, reefed, rings ail types, 
are designed to effect positive deployment under the higher speed con­
dition resulting from drogue chute failure. Although the main parachutes 
are not metalized, radar reflective chaff which will be equivalent to at 
least a 600 square foot target, will be dispensed with the deployment of 
either chute. 

With release of the antenna fairing at 10000 feet, the drogue chute may 
cease to be a tracking aid (it will probably collapse); the BF voice and 
mini track signals stop. UHF voice and telemetry signals are transferred 
from the biconical antenna to a new fan monopole antenna (Figure 4 ) 
Which swings up by spring loading when the material above the parachute 
compartment is jettisoned. In addition, the 243 mc SARAH beacon pulses 
commence from this antenna. S- and C-band beacon operation need not be 
affected since these beacons are located below the parachute compartment. 
Although it is presently planned to shut down the S- and C-band beacons 
at 10000 feet to conserve power, it would seem advisable on the first 
orbital flights at least, that at this point they should be made capable of 
being triggered by search aircraft for added redundancy in the location aids. 

After Impact 

Capsule impact (approximately 30 fps) actuates a pair of inertia switches 
which arm or operate some of the recovery aids. Upon normal landing with 
the main chute, the inertia switch actuates the main chute jettison squib, 
turns off electrical systems no longer needed, turns on the rescue beacon, 
BF back-up transceiver, the UHF back-up transceiver, and the recovery 
flashing light. It arms the pilot operated "rescue switch", actuation of 
which will then disconnect the reserve chute and fire the pilot chute 
deployment gun and the reserve chute ejector bag if these have not already 
been fired to deploy the reserve chute during landing. Along with the re­
serve chute when it is jettisoned will go 3 packs of dye marker (attached 
to the capsule by a string), a packet of chaff and 2 SOFAR bombs. The 
four flotation bag compartment covers will be ejected from the capsule by 
squib cartridges at this same signal and the bags will fill with air. 
After ~ minutes the high lift/drag balloon will fill with helium and will 
raise~the light-weight, 30 foot wire BF antenna. The 8.364 mc HF rescue 
beacon will come on automatically as well as the separate HF recovery voice 
transmitter, and both will use this elevated wire. A separate battery 
supply will power both BF and UHF recovery voice transmitter/receivers. 
The impact sensor also initiates the ejection cycle for the smoke generators 
in the automatic mode (six cartridges, one every 30 minutes) or arms this 
circuit for manual firing by pilot. 

If the capsule should land during a period of near-zero wind, it is highly 
possible for the parachute canopy to settle partly or completely over the 
capsule. This possibility presents a hazard in several ways. The flashing 
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TABLE 2 
TIMING AND CHARACTERISTICS OF MERCURY CAPSULE LOCATION AlOO DURING DESCENT AND RECOVERY PERIOD - EARLY ORBITAL FLIGIlTS 

Mercury Capsule 
Equipment 

Effective Time Period 

Retro 
Rocket 
Firing Drogue Main Impact 

Balloon 
Antenna 
Erected 

L C-Band Beacon 
triggered by FPS­
l6, free running 
or locally trig­
gered. 

2. S-Band Beacon 
triggered by MOD II 
free running or 
locally triggered. 

3. UHF Voice 

4. UHF beacon/voice 

~ m:;:i;.=nc:..' -1-_.;:2.4 min 5.3 min. 

H (planned) 
(possible) 

+ __ ~-=H~I---____ Iplanned) 
(possible) 

---~~~~~~~--- ~~------- -----~~~-----

2.5 to _'- ? 
5.0 min-:--r--· -- .. 

--I.!-------------

__ I.! ___________ _ 

D/R 
I----~~--+-----

5. UHF telemetry BH D/R (A B» +----+=::---+--~D"If.'R,;-- --------------- ---------{ + _____ f-'HI=-___ I---_-'<LJf .!: ,'---- ------- ------ -- - --------

6. SARAH beacon D/R 

7a.HF Voice ~~~ __ -+ ___ -'BH=_I--____ .I (no antenna available) 

7b .HF Beaco,;{SEASAVE) 
BB 

8. Minitrack Beacon -+ ____ ......;HI=_+-____ I 

9. Radar reflection 
a. Capsule akin -4------+-------+--------~------------_4---------

b. DrogUe chute 
c. Chaff 

10. Visible reflection 
a. Smoke 
b. Dye Marker 
c. Capsule Skin 
d.. Floating ParachUte 

Flashing light I 
SOFAR bomb 

not presently planned) 

t·++++··++···+++1++0tf 

Echo Area 

1 .4 m2 at S-band 
1.4 m2 at C-band 
4.1 rrf!- at X-band 
L6 rrf!- at all bands 
56 m2 at all bands 

Electronic Characteristics 

Frequency 
(Mc) 

5480 (1) 
interroga'!;e 

5.555 
transmit 

2g:iO (1) 
interrogate 

2940 
transmit 

227·2 
259·7 

243 

15 to 18 
l5 to 18 
8.364 

108 

Antennas: 

Antenna Gain 
(See notes 
below for pattern) 

-6 db 

right hand 
polarization 

-6 db 

left hand 
polarization 

-1 db 
(2 db after main 
chute, if used) 

+ 2 db (-ldb be­
fore main) 

-2 (+2 after main) 
~2 (+2 after main) 

+2 db (appro".) 

""9 db 
+ 2 db 
+ 2 db 

-1 db 

Power 
Output 
(watts). 

400 
pe/lk 

1000 
peak 

2 

3·3 
3·3 

15 peak 

10 
l 
1 

0.1 

MOdUlation 
Method 

pulse 

(rep rate per 
FPS-16) 

pulse 
(rep rate per 
Verlort, MOD II) 

AM 

OW/AM 

PM 
PM 

pulse{double coded; 
200 cps rep. rate) 

AM 
AM 
OW 

OW (some AM) 

H ~ Helical antenna for C and S-band beacons; the peaks of the 
multi-lobed pattern are circular within a few db. 

BH Biconical horn antenna for UHF,WF,HF; no pattern data avail· 
able during study. Assumed essentially circular. 

D/R = Descent/recovery antenna for UHF;somewnat elliptical pattern. 
BB ~ Balloon-borne antenna for HF; circular pattern. 

Notes: (l) These frequencies are those selected for the tests known as "Big Joe". It is 
recommended that the S-band beacon be made compatible with the AN/APS-20 radar 
in order to enhance detection by recovery forces in the impact area. 

(2) Antenna gains and patterns are those in a horizontal plane with capsule axis 
vertical. 

N 
W 



24 

l i g h t  would be covered and the extension of the balloon-supported HI? 
antenna would be prevented. Furthermore, the fresh a i r  vent i la t ion system 
would be penalized, all other antennae would be pa r t i a l ly  shielded, and 
the p i l o t  might encounter d i f f i cu l ty  i n  pushing the parachute container 
out ahead of him should he attempt t o  climb out the top. 
sating factors  would be the large visual ta rge t  provided by the parachute 
during search and the  ease of recovery proyided by the absence of wind 
(and calm seas). 
e i the r  preventing the parachute from se t t l i ng  over the capsule, or removfng 
it i f  it should. The data i n  Table 23 show the probabili ty of encounter- 
ing winds of less than 4 o r  6 knots f o r  the d i f fe ren t  landing areas by 
month of the year. 

Somewhat compen- 

Nevertheless, it appears desirable t o  provide means of 

Although v i s i b i l i t y  of the main parachute during descent will be enhanced 
by the a l te rna te  orange and white gores, this advantage is  l o s t  a f t e r  
landing i n  the water because the parachute i s  not a f loat ing type and would 
soon sink. Some parachute makers claim tha t  a process which m a k e s  the 
parachute f loatable  has been developed which does not change the cloth 
permeability enough t o  exceed specification l i m i t s .  
could be used without adversely affecting the parachute behavior it would 
grea t ly  improve the chances of visual detection of the capsule on the water, 
especially from the air. 

If such a raaterial 

Components 

Parachutes - are believed t o  be described adequately i n  the preceding 
sections. 
Electronic Aids - including chaff are described above and also i n  
Tables 6 , 8 , and 13 . - Three SOFARbombs are provided, 

parachute, t o  detonate a t  3500 and 4000 foot depths, 
The th i rd  bomb remains with the capsule t o  send a 

Two are ejected with 

respectively. 
signal i f  the capsule sinks. - Three packs of dye marker i n  a water soluble container 

w i t h  the reserve parachute t o  a id  i n  visual  Location during 
the search phase. The container remains attached t o  the capsule by a 
retainer  l i ne .  
Smoke Generators - mounted i n  the top of the capsule, t o  a id  i n  visual  
detection after impact, may be ejected by p i l o t  action or by the auto- 
matic mode. 
the white smoke i s  generated f o r  one minute per cartridge (6) and i s  
t o  be v is ib le  f o r  a 10 m i l e  distance. 

Made by Ordnance Research and Development Corporation, 

Flashing Light - A high in tens i ty  flashing recovery l i g h t  i s  mounted 
s l igh t ly  above the  plane of the capsule top. It has a f lash  rate of 
at least 1-5 per minute, and from l%OO feet o r  below it may be seen 
at a distance of 50 miles on a moonless, starlit night tafth go$ humidity. 
Care must be taken i n  the f inal  design to assure tha t  the l i g h t  i s  
raised as high as possible t o  reduce the likelihood of i t s  being hidden 
by f lo ta t ion  'bags o r  by the edge of the capsule i f  it should heel to 
leeward. 
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light would be covered and the extension of the balloon-supported HF 
antenna would be prevented. Furthermore, the fresh air ventilation system 
would be penalized, all other antennae would be partially shielded, and 
the pilot might encounter difficulty in pushing the parachute container 
out ahead of him should he attempt to climb out the top. Somewhat compen­
sating factors would be the large visual target provided by the parachute 
during search and the ease of recovery provided by the absence of wind 
(and calm seas). Nevertheless, it appears desirable to provide means of 
either preventing the parachute from settling over the capsule, or removing 
it if it should. The data in Table 23 show the probability of encounter­
ing winds of less than 4 or 6 knots for the different landing areas by 
month of the year. 

Although visibility of the main parachute during descent will be enhanced 
by the alternate orange and white gores, this advantage is lost after 
landing in the water because the parachute is not a floating type and would 
soon sink. Some parachute makers claim that a process which makes the 
parachute floatable has been developed which does not change the cloth 
permeability enough to exceed specification limits. If such a material 
could be used without adversely affecting the parachute behavior it would 
greatly improve the chances of visual detection of the capsule on the water, 
especially from the air. 

Com)?onents 

Parachutes - are believed to be described adequately in the preceding 
sections. 
Electronic Aids - including chaff are described above and also in 
Tables 6 , 8 ,and 13 • ' 
SaFAR Bombs - Three SaFAR bombs are provided. Two are ejected with 
the reserve parachute, to detonate at 3500 and 4000 foot depths, 
respectively. The third bomb remains with the capsule to send a 
signal if the capsule sinks. 
We Marker - Three packs of dye marker in a water soluble container 
are ejected with the reserve parachute to aid in visual location during 
the search phase. The container remains attached to the capsule by a 
retainer line. 
Smoke Generators - mounted in the top of the capsule, to aid in visual 
detection after impact, may be ejected by pilot action or by the auto­
matic mode. Made by Ordnance Research and Development Corporation, 
the white smoke is generated for one minute per cartridge (6) and is 
to be visible for a 10 mile distance. 
Flashing Light - A high intensity flashing recovery light is mounted 
slightly above the plane of the capsule top. It has a flash rate of 
at least 15 per minute, and from 12000 feet or below it may be seen 
at a distance of 50 miles on a moonless, starlit night with 90% humidity. 
Care must be taken in the final design to assure that the light is 
raised as high as possible to reduce the likelihood of its being hidden 
by flotation bags or by the edge of the capsule if it should heel to 
leeward. 



Survival Eg,uil¥;ent - The capsule is equipped with a survival kit attached 
to the pilot by a lanyard and a survival type knife is proviq.ed ina, 
sheath on the pressure suit. A flashlight is l;tlso furnished. Survival 
kit equipment includes: 

. Retrievipg S;y:;tem 

1 PK-2Raf't 
1 Desalting Kit 
2 Shark Chasers 
3 Dye Markers 
1 First AidKi t 

3 Distress Signals, Day &: Night 
1 Signal Mirror 
1 PRC- 32 Radio 
1 Survival Ration 
1 LighterplusextrEt· Fuel 4nd 

Flints or Matches 
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Although the pros and cons of various aids for picking up the capsule are 
discussed later in detail, a few remarks are thought to be appropriate here 
because the most promising schemes appear to require some change in the design 
of the capsule. After studying the yarious vehicles that might be involved '. 
and thJe variety of techniques available to eaeh it is concluded that there 
ought to be something permanently attached to the capsule which can be conven­
iently caught, hooked, or grasped and by which the capsule may then be lifted 
out of the water. Certain dummy capsules equipped with hooks on the cylinder 
sides near the top have been successfully and quickly picked up in practice 
using a helicopter wi ifu a small drag net (Figure 24). However, because 
inflation b~s would certainly interfere with this method, and the weight of 
the hooks, designed to withstand re-entry temperatures, might be excessive, 
it is thought best not to count on such hooks for recovery of the orbital 
vehicles. ' 

It has been assumed as a general ground-rule for this study, therefore, that 
the capsule exterior will be relatively smooth, free of handy hooks, etc. 
and that flotation bags will be inflated at the time pickup is attempted. 

The most versatile retrieving aid appears to be a floating pickup line (Figure 
17 ) • This might be deployed upon impact or attached to the main or reserve 
parachute ri.ser so that it is carried out into the water when the parachute 
is jettisoned. .In the fomof a loop or with a special fitting~t the end, 
it is believed that such a line could be used to retrieye the capsule froma;ny 
vehicle that could lift the weight. Wi th other srnaJ..lervehicles it could 'Qe 
useful for tOwing,maneuvering or keeping the capsule afloat. The next best 
arrangement would be one in whioh a hanay bail, loop, hook or eye were exposed 
and readily available on the top of the· capsule through which someone could 
insert a hook or pickup line (Figure 19). The retrieve could then be. 
a,ccomplisb,edas in the preVious example • 

It is therefore reeommended, in the interest of a rapid pickup by the greatest 
variety of vehicles which might be employed, tha.t serious considera.tionbe 
given to the best means of providing such aids in the capsule design. 

PRELIMINARY 
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Access t o  Capsule In t e r io r  

In  the present capsule design the p i lo t  can cLirrrb out through the top but not 
out the side hatch through which he entered. Rescuers, working from the out- 
side, can ge t  at the occupant from the  side hatch but caanot ge t  hirn out 
through the top. 

J%r t h i s  study the occupant i s  assumed t o  remain within the capsule, and access 
time (as it i s  used herein) includes the time reqdred  t o  place the capsule at  
the disposal of 
time required t o  open up the capsule, It is  assumed that airships  or HR2s-1 
helicopters assigned t o  recovery operations w i l l  have simple platforms qdded 
{Figures 20a and 20b ) f r o m  which the capsule s ide may be opened and the 
occupant examined o r  removed t o  a couch. 
most 
removed and the  sealed inner  hatch opened. 
will be necessary f o r  someone t o  reach in to  the capsule t o  release the r e s t r a in t  
harness and other attachments (oxygen, survZval k i t ,  ete.) before rmoying him. 
lchis time-consuming process i s  hardly an operation t o  be conducted while the 
capsule i s  f loat ing i n  the water unless the seas are quite calm, and unless a 
quicker method is  developed fo r  gaining access through the side, the capsule 
must be secured t o  o r  near a high and dry platform before the p i l o t  can be 
reached. 

an astromedical team, but no a U o m e e  has been made f o r  the  

Outer skin shingles can probablybe 

If the p i l o t  i s  incapacitated it 
i l y  removed by ripping them off with pl iers .  Ruts may then be 

Restriction/Classification 
Cancelled
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Access to CaJ?sule Interior 

In the present capsule design the pilot can climb out through the top but not 
out the side hatch through which he entered. Rescuers, working from the out­
side, can get at the occupant from the side hatch but cannot get him out 
through the top. 

Vcr this study the occupant is assumed to remain within the capsule, and access 
time (as it is used herein) ·includes the time reqUired to place the capsule at 
the disposal of an astromedical team, but no allowance has been made for the 
time required to open up the capsule 0 It is assumed that airships or HR2S-l 
helicopters assigned to recovery operations will have simple platform::s ~dded 
(Figures 20a and 20b ) from which the capsule side may be opened and the 
cccupantexamined or removed to a couch. Outer skin shingles can probably be 
most readily removed by ripping them off with pliers. Nuts may then be 
removed and the sealed inner hatch opened. If the pilot is incapacitated it 
will be necessary for someone to reach into the capsule to release the restraint 
harness and other attachments (oxygen, survival kit, etc.) before removing him. 
This time-consuming process is hardly an operation to be conducted while the 
capsule is floating in the water unless the seas are quite calm, and unless a 
quicker method is developed for gaining access through the Side, the capsule 
must be secured to or near a high and dry platform before the pilot can be 
reached. 
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APPLICABLE VEHICLES 

The selection of vehicles applicable to one or more phases of the Mercury cap­
sule recovery operation is dependent upon several factors. Among the most 
important factors, this section is concerned. primarily with: 

* Performance capabilities or characteristics, such as speed., range, 
and usable altitude for aircraft. 

* Numbers in active service. 

* J.pparent general suitability to such functional tasks as search, 
recovery, and local area CIC or coordination. 

Addi tional factors of particular interest are the types of installed eqUipment 
applicable to ~ 

* Communications 
* Navigation 
* Radar tracking and. search 
* Local area CIC or coordination 
* Retrieving the capsule from the water 

Each of these factors is discussed. in the most appropriate section of this 
report. 

In asseSSing the apparent general suitability of various vehicle types to the 
several functional tasks to be performed., it is convenient, as a first step, 
to examine ships and. aircraft types separately. The pertinent characteristics 
of each broad. grouping may thus be presented. in the simplest form. 
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Table 3 sunnnarizes the operating characteristics and numbers available for the 
major ships in active service with the U.S. Navy, U.S. Coast Guard" and, the 
Atlantic Missile Range, plus a good, number of auxiliary vessels. The list is 
set up in order of d,ecreasing vessel speed" beginning with d.estroyers, the most 
plentiful single type on the Navy active list. For the purposes of this stud~, . 
each type of ship has been assigned an operational speed., representative of th.e 
speed which may be maintained. for a few hour period, in up to sea state 3 or low 
sea state 4. The operational speed. represents a 20 to 40i reduction from rated 
speed, depending on vessel type. At the far right of the table, notes relative 
to sui tability' for certain functional tasks are includ.ed.. The most significant 
featUre of th.is table is the indication' that most vessel types are active in 
only limited numbers, especially if attention is directed only to the number 
active in the Atlantic fleets. Secondly, it is Significant that most types are 
considered. applicable to the recovery operation because a retrieve technique 
has been developed (e. g., d.estroyers), or because hoist capability and. deck 
space on which to set the capsule are available (e.g., cruisers, sub rescue). 
The AMR ships are, of course, applicable by the very nature of their installed. 
electronic equipment and of their area of operation. 
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TABLE 3 
Evaluation of Ships f o r  Applicability 

1. 

2. 

3. 

Navy 
Destroyer: DD, DDE, DDG 

Frigate: DL 
Cruiser: CA 

n 
CAG 
CLC 

DDR 

Carrier: CVA, CVS 
Escort: DE 

Seaplane Tender.: AV 

High Speed Transport: APD 
Submarine : SSN 

DER 

SS (GUPPY) 
SS (mer) 
SSR 
Misc. 

LSD (Thomaston Class) 

Carriers : T-CW 

Fleet Tug: ATF 
LSD (Ashland/Casa Grande) 
Sub Rescue: ASR 
Transport: AKA 

APA 
Ammunition: A.E 
Dest. Tender: AD 

Icebreaker: AGB 
Minesweeper: MSO, MSF ' 

Patrol:  PC, PCE, PCE(R) 
A m .  Ocem Tug: ATA 
Cable Repair: ARC 
Net Layer: AN 
LST 

m 

Coast Guard 

Buoy Tender : WAGL 
Ocean Tug: WAT, WATF 
Ice Breaker: WAGB 
Cutter: WPG 
Weather: WAVP 
Buoy Tender : WAGL 

AMR 
FS (m) 
C1-M-AVI (AK) 

DAMP 
vc2-AP2 

Number 
LANT 

u8 
20 

3 
4 

2 
1 
ll 
18 
17 
1 

1 
2 

37 
21 

5 
9 
4 

2 

11 
6 
6 
8 
6 
6 
9 
3 

30 
12 
11 
3 
5 

12 

22 
4 
2 

10 
13 
5 

6 
5 
1 

Active 
PAC 

86 

2 

2 

16 

7 

14 
16 
19 
4 

5 

26 
6 
5 
6 
4 

2 
1 

1 9  
11 

4 
8 

1 5  
7 
6 
2 

31 
2 
8 
1 
5 

39 

19 
2 
1 
8 
2 

1 

Rated 

33 
33 
32 
33 
32 
33 
33 
33 
2 1  
21 
18 
23 
20 
20 
20 
20 

24 

19 
19 
16 
15 
1 5  
16 
16 

18 
16 
1 5  
16 
13 

1 5  

12 
12 
11 

12 
1 4  
16 
18 
18 

8-11 

12  
11 

Speed-Knot s Remarks 
Oped11 

25 
25 
25 
25 
25 
25 
25 
25 
15 
1 5  
1 5  
1 5  
1 5  
1 5  
15 
1 5  

1 5  

1 5  
15 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
8 
8 

5 
a 

10 
10 
10 
10 
10 
5-8 

8 
8 

D e s  Flot Four has developed recovery technique 
(Destrdyer a t  rest, capsule alongside) 

Carry helicopter,have s te rn  ho i s t  and deck space 
I1 11 I t  It  11 It 

Carry helicopter 
Could carry AEW and search a i rc raf t ,  helicopters 
Probably can use destroyer technique. 

Seaplane handling gear should be sa t i s fac tory .  

Probably have h o i s t  capabili ty and deck space. 
Should be able to approach capsule with decks 

awash f o r  pick-up f r o m  below. 

Carry HUS belicopters (not HR2S due to rotor s i z e )  
and LSU's,both having pick-up capabili ty.  

Used fo r  f e r ry  purposes. 
Marine assault helicopter car r ie r .  
Some carry salvage gear. 
See note f o r  LSD (Thomaston Class]. 
Hoist and deck space f o r  lo$ ton rescue chamber. 
Probably have h o i s t  capabili ty and deck space. 

I1 I1 I1 

,, It 1, 11 It I1 

It  11 I, I, I1 II 

11 I1 It  

Carry helicopter.  
Probably require modification to handle capsule. 
Probably not suitable due to s ize  and sea capability. 
Some carry salvage gear. 
Cable handling gear may be usable f o r  capsule. 
Net handling gear may be usable f o r  capsule. 
Could car ry  helicopter w i t h  modification. 

Good re t r ieve  capability. 

C a r r y  helicopter 
Probably not suitable f o r  pick-up according to C.G. 

Good re t r ieve  capabili ty 

Telemetry 
Telemetry 

American Mariner, has equivalent of two FPS-16 radar. 
Pvt. Joe E. Mann, telemetry 

Note: (1) Assumed operational speed, considering up to Sea S ta te  3 o r  low Sea Sta te  4. 

. 
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Type 

Destroyer: DD, DDS, DDG 
DDR 

Frigate: 
Cruiser: 

Carrier: 
Escort: 

DL 
CA 
CL 
CAG 
CLC 
CVA, CVS 
DE 
DER 

Seaplane Tender.: AV 

High Speed Transport: APD 
Submarine: SSN 

SS (Guppy) 
SS (other) 
SSR 
Misc. 

LSD (TQomaston Class) 

Carriers: T-CVU 
CVHA 

Fleet Tug: ATF 
LSD (Ashland/Casa Grande) 
Sub Rescue: ASR 
Transport: AKA 

APA 
Ammunition: AE 
Dest. Tender: AD 

Icebreaker: AGB 
Minesweeper: MSO, MSF 
Patrol: PC, PCE, PCE(R) 
Aux. Ocean Tug: ATA 
Cable Repair: ARC 
Net Layer: AN 
LST 

2. Coast Guard 

Buoy Tender: WAGL 
Ocean Tug: WAT, WATF 
Ice Breaker: WAGB 
Cutter: WPG 
Weather: WAVP 
Buoy Tender: WAGL 

3. AMR 

FS (AKL) 
CI-M-AVI (AK) 

DAMP 
VC2-AP2 

1Jt •• ii, de 

TABLE 3 

Evaluatio~' of Ships for Applicability 

Number Active 
LANT PAC 

118 
20 

3 
4 

2 
l. 

II 

18 
17 

1 

1 
2 

37 
21 

5 
9 
4 

2 

11 
6 
6 
8 
6 
6 
9 

3 
30 
12 
11 

3 
5 

12 

22 
4 
2 

10 
13 

5 

6 
5 
1 

86 
16 

2 
7 
2 

14 
16 
19 

4 

5 

26 
6 
5 
6 
4 

2 
1 

19 
11 

4 
8 

15 
7 
6 
2 

31 
2 
8 
1 
5 

39 

19 
2 
1 
8 
2 

1 

Speed-Knots 
~ Oper(l) 

33 
33 
32 
33 
32 
33 
33 
33 
21 
21 
18 

23 
20 
20 
20 
20 

24 

19 
19 
16 
15 
15 
16 
16 
15 
18 
16 
15 
16 
13 
12 
12 
11 

12 
14 
16 
18 
18 

8-11 

12 
11 

25 
25 
25 
25 
25 
25 
25 
25 
15 
15 
15 
15 
15 
15 
15 
15 

15 

15 
15 
10 
10 
10 
10 
10 
10 
10 

10 
10 
10 
8 
8 
8 
5 

10 
10 
10 
10 
10 

5-8 

8 
8 

Remarks. 

Des Flot Four has developed recovery technique 
(Destrdyer at rest, capsule alongside) 

Carry helicopter,have stern hoist and deck space 
,,1t nit"" 

Carry helicopter 
Could carry AEW and search aircraft, helicopters 
Probably can use destroyer technique. 

Seaplane handling gear should. be satisfactory. 

Probably have hoist capability and. deck space. 
Should be able to approach capsule with decks 

awash for pick-up from below. 

Carry HUS ~elicopters (not HR2S due to rotor size) 
and LSU 's, both having pick-Up capability. 

Used for ferry purposes. 
Marine assault helicopter carrier. 
Some carry salvage gear. 
See note for LSD (Thomaston Class). 
Hoist and. deck space for lot ton rescue chamber. 
Probably have hoist capability and. deck space. 

If "It It n n 

" " " 
" " " " " 

Carry helicopter. 
Probably require modification to handle capsule. 
Probably not suitable due to size and sea capability. 
Some carry salvage gear. 
Cable handling gear may be usable for capsule. 
Net handling gear may be usable for capsule. 
Could carry helicopter with modification. 

Good. retrieve capability. 

Carry helicopter 
Probably not suitable for pick-up according to C.G. 

Good. retrieve capability 

Telemetry 
Telemetry 

American Mariner, has equivalent of two FPS-16 radar. 
Pvt. Joe E. Mann, telemetry 

Note: (1) Assumed operational speed, considering up to Sea state 3 or low Sea State 4. 

''''5 ~"Gt ell 
o· uu ·'.1 ... 11 
14W$-. TIT\! 

o. 1Hl II 
10 ..,N lJ 



In Table 4 , the performance capabilities of a large number of aircraft types 
of particular interest are summarized; fixed. wing, helicopter, and. airship 
types are includ.~d.. Supplementary data regard.ingassumed. gross weights and. 
fuel loadings are show in Table 5. In ord.er to complete the presentation 
of aircraft performance capabilities, the complete variation of attainable 
time on station with station radius is given in Figure 6 for each aircraft 
type. It is evident that there is a wid.e spread. in airplane performance 
available, up to rather extensive time on station capabilities. The very long 
endurance capabilitieS of airships are especially notable. 

Each one of the necessary functional tasks calls for certain basic qualities 
in vehicles and. personnel. In broadest terms, some of these are as follows: 

1. In providing radar early warning coverage of an area or region, there is 
a significant radar range advantage to placing the radar observer in an 
aircraft operating at altitud.e, because of the increase in horizon limited. 
line of sight distance thus obtainable. This is illustrated by Figure 7 
which shows, for example, an increase of l50 nautical miles in horizon 
d.istance between sea level and. l5, 000 feet al ti tude. Gi ven sufficient 
radar power, then, substantially greater area coverage per observer can 
be obtained. by use of aircraft such as the WV-2 (or RC.l2lD). If the tar­
get to be detected., the manned. capsule in this instance, is cooperative 
as contrasted. to non-cooperative, somewhat similar coverage capabilities 
can be obtained. using consid.erab1y less powerful radars, such as Would. be 
found. in most military service aircraft. For pressurized. piston-engine 
aircraft, a station altitude of l5,000 feet is consid.ered. reasonable as 
being attainable at economical fuel consumption power settings. Forun­
pressurized. aircraft, it is considered. that altitude should. be limited to 
10,000 feet in the interests of crew comfort and. operational efficiency. 

29 

In all cases, these a1 ti tud.es are less than service ceiling, which generally 
occurs between 20,000 feet and. 30,000 feet. 

2. Although surface ships have severely limited. radar range against surface 
targets, many have rad.ar which can be used. to detect the capsule during 
its descent at altitud.e. 

3. Search and. rescue experience through the years has disclosed. that it is 
extremely desirable to use airborne observers for visual search. This is 
especially true if the .observers are trained and experienced.. By this 
means, a very large area can be searched. in a given length of time; .and 
in ad.di tion, search of an area located. at some distance from the search 
Vehicles can be begun sooner. Further, it has been found .. preferab1e to 
use moderate speed. aircraft in ord.er to gain the most satisfactory .compro­
mise between area vs. time on the one hand, and speed of passing an object 
on the oth.er. A high pas.sage speed. is d.efinite1y not of prime value since 
it introduces some confusion in identifying real or apparent visual images. 

4. The first .requisite of a retrieve vehicle is the ability to remove the 
capsule from the water and. then carry it. At the present state of the art 
of picking up heavy objects, this phase of the operation must be performed. 

PRELIMINARY 
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TABLE 4 

Summary of Aircraft Characteristics 

~ N~bir Active 
~ 1 ~(2) £.:Q.:. (2) 

Airspe{d-Knots 
Cruise 3) Search(4) 

Maxim::{ 
Radius 3>-n .mi. 

Maximum Pick-up (5) 
Endurance (4)-h r.Radius-n.mi. 

Fixed Wing 
S2F-1/2 125 130 130 420 6·5 
SA-16A/W-1 17 100+ 35 135 120 1,120 18·5 
R4Y/C-131 16 160 120 1,120 19·0 
SA-16B/W-2 85 34 135 105 1,350 24.0 

P5M-2 24 150 120 1,510 22.4 
R5D/C-54 13 156 110 1,950 29·6 
'KN-5/7 140 

36(6) 
170 150 1,810 23·6 

WI' -2/RC-121D 42 215 180 1,960 23·3 
C-119 146 1,050 14.4 

C-130A 290 125 1,350 7·6 

KC-97G 205 180 2,720 35·2 

B-52D 460 204 3,800 16.2 
B-47 410 210 2,240 10·3 
KC-135 455 200 3,380 14.2 
R3Y, Tradewind. 

160 JRM, Mars 2,500+ 

Helicopter 
100+C7l 165(8) HR2S/H-37/S-56 90 

800+(7) 120(8) H-21/V-44 85 
HUB/HSS/S.-58 1000+(7) 85 265 (9) 

Airship 
'a?G-2/2W 9 40 40 2,000 100 2,000 

ZPG-3W 1 
ZS2G-1 6 50 50 1,500 60 1,500 

Notes: 1. Number assigned to Atlantic Fleet 
2. Total 
3. Best cruise altitude, long range airspeed 
4. 1,500 ft. altitude 
5. 2,500 lb. pick-up 
6. Approximate number assigned to East Coast 
7. Total produced 
8. Zero wind value shown; reduced. for 20 knot wind to approximately 130 n. mL (HR2S) and 95 n.mi. (H-21) 
9. Zero wind, dry day value shown; extra fuel used. 

Radar 
~ 

X 
X 

X 

C 
X 
S 
S 

S 

X 

~ 

search 
search, possible landing for access to capsule occupant 
search, pressuri~ed 
search, possible landing for access to capsule occupant 
search, possible landing for access to capsule occupant 
search 
AEW 
AEW, pressurized 
Aerial pick-up, winch recovery system installed in about 

50 aircraft. 
All American Engineering indicates C-130 would be better 

than C-119 for aerial pick-up. 
suggested for SAC· support of world-wide search outside 

high probability areas. 

10 in mothballs ) all have long range, hoist 
sold for commercial purposes ) capability, and hatch for 

) pick-up and taking capsule 
aboard. 

w o 

capsule can be winched part way into fuselage and occupant 
removed; can carry medical team. 

carry capsule susp~nded. 

some AEW versions; capsule can be Winched up to car and 
occupant removed; can carry medical team. 

lift capability in doubt due to small envelope size. 



Aircraft 

1 . Fixed. Wing 

S2F-1 
SA-16A/UF-1 
R4Y/C .. 131 
SA-16B/UF-2 
P5M-2 
R5D/C-54 
P2V-5/7 
VN-2/RC-121D 
C-119 
C-130A 
KC-97G 
B-52D 
B-47 
KC-135 

2. Helicopter 

HR2S 
H-21 
HUS 

3. Airship 

ZPG-2/2W 
ZPG-3 
ZS2G 

TABLE 5 

Summary of Aircraft Weights .and. Fuel Load.s 

Take-off Weight .. Lb. Operating 
Maximum Assumed.(l) Weight-Lb. 

24,300 23,500 20,400 
34,000 33,9:)0 23,9:)0 
47,000 40,400 30,000 
36,500 36,100 26,100 
85,000 76,700 53,000 
73,000 63,700 41,400 
80,000 77,200 51,600 

146,300 146,300 92,100 
72,700 59,000 43,500 

124,200 92,400 61,100 
175,000 175,000 93,000 
450,000 430,000 152,000 
220,000 210,000 86,000 
275,000 275,000 99,000 

31,000 29,300 20,9:)0 
14,400 11,9:)0 10,100 
13,600 13,000 9,000 

,Fuel 
Load .... Lb. 

3,100 
10,000 
10,400 
10,000 
23,700 
21,200 
25,200 
52,600 
15,500 
31,300 
82,000 

270,000 
118,000 
171,000 

6,9:)0 
1,800 
2,9:)0(2) 

12,000 

31 

Mission 
Fuel-Lb. 

2,9:)0 
9,300 
9,400 
9,300 

21,200 
19,9:)0 
23,500 
49,300 

28,100 
77,200 

243,000 
106,000 
154,000 

6,200 
1,600 

11,000 

Note: 1. Applicable to assumed mission, rad.ius and. endurance data in Table 4. 
2. Includes extra .:fuel. 
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at or close to zero forward. speed.. Therefore, fixed. wing aircraft may be 
ruled. out for the present, although not necessarily for the future; future 
possibilities using fixed. wing aircraft are discussed. in a later section. 
The other vehicles are all applicable in one area or another. Helicopters 
are characteristically limited. in range and time in the air capability, so 
must in most cases be restricted. to land.-based. operations. AirBhipsare 
roughly twice as fast as d~stroyers and. are capable of consid~rable endur­
ance, but are characteristically sensitive to headMind$; th€refore, they 

33 

are not generally operated. at large distances from base, but would. presumably 
be usable someWhat beyond. helicopter distance coverage. Ships, both surface 
and. submarine, are characterized by long endurance measured. in days, rather 
than in hours as for aircraft, and. would therefore be selected. for the more 
remote areas. 

5 •. For local area eIe or coord.ination, the vehicle characteristics most desir­
able would. be large space available for communications and other search 
operational personnel and for equipment such as chart plotting board.s, plus 
the ability to obtain a good. navigational fix on position. Logically, a 
ship would. be preferred., followed by airships and large fixed. wing aircraft. 

On the basis of the above consid~rations, a combined comp~x of ships, fixed. 
wing aircraft, helicopters, and. airShips appears attractive: 

1. Fixed. wing aircraft for airborne rad.ar coverage and. visual search. An 
aircraft such as theWV-2 (or RC-121D) would. be most desirable for radar 
coverage due to the radar equipment carried.. Because of crew experience 
in anti ... submarine (ASW) search and. in search and. rescue work, aircraft such 
as theS2F, SA-16, P5M, and. P2V types would. be d.esirable:-

2. Helicopters for retrieve close to land. A secondary reason for this selection 
is the versatility of the helicopter in the event of impact on land. in an area 
of rough topography. 

3. Airships for airborne radar coverage (bec.ause of eqUipment aboard.), visual 
search (crews experienced inASW work), and. retrieve beyond. helicopter range. 

4. Ships for radar detection during capsule descent for retrieve in the more 
remote areas, and for local area CIe or coordination. 

An additional use for ships, for specific types of ships, would be to provide 
coverage for an·emergency such as sinking of the capsule in water shallow enough I 

to permit rescue operations. Sub rescue Ships, for example, are equipped With 
more than ade.quate hoist capability and are manned by experienced load handlers 
and divers. 

*An additional aircraft type of particular intere.st would be the WF-2, a develop­
ment of the S2F design currently entering service. The WF-2 combines the S-Band 

:.·radar detection capability of the WV-2 with the visual search qualities of the 
S2F, unfortunately also with the limited endurance of the' S2F. 
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APPLICABLE EIZCTRONIC EQUIPMENT 

Grouped. under the heading of applicable electronic equipment are those airborne, 
shipboard. and. shore-based units which a i d .  the recovery of the Mercury capsule 
through t h e i r  a b i l i t y  t o  provide sui table  means of communication, navigation, 
d.etection and. homing. Such equipment i s  divided. f o r  d.etailed. consideration, as 
follows : 

Ranging and, Homing Equipment . 
Active Radar  
Passive Rad,ar 
ECM Receiving andHoming 
UHF Homing 
SARAB System 
HF Homing 
VHF Homing 
Acoustic Detection 
Miscellaneous 

Communication Equipment 
Navigation Equipment 

Ranging and, Homing Equipment 

Detection and, tracking of the Mercury capsule i n  the loca l  recovery area and, 
from shore points depends upon the capabi l i ty  of equipment t o  range and/or home 
on the radiations emitted, by o r  reflected. from the capsule. The capsulels 
devices, systems, recovery a i d s  and, general features which afford. a means of 
d,etection (hereafter referred t o  as "detectable features") are l i s ted .  i n  
Table 6 Applicable means of detecting each of these features and. specific 
equipment f o r  accomplishing the d.etection by appropriate types of a i r c ra f t ,  
classes of ship, and. shore ins ta l la t ions  are also given i n  Table 6 . . Table 6 
i s  not t o  be considered. complete. 
installed.  i n  Navy a i r c r a f t  are  considered. complete. 
Force a i r c r a f t  (except SA-16) and. ships. 

Except f o r  recent backfits, d a t a  on equipment 
L e s s  i s  known about Air 

O f  the detectors listed., only active r a d a r  permits determination of range t o  
capsule a t  one location a t  one t i m e .  All others require triangulation, rate of 
change of bearing a t  known speed., o r  similar scheme t o  establ ish approximate 
range. 

Characterist ics o f  the capsule3s detectable features are  given previously i n  
Table 2 . Characterist ics of the various dstectors, insofar as it has been 
possible t o  obtain them, are  given below. Effective ranges f o r  each. appropriate 
detectable feature-detector combination have been calculated., as far as prac t i -  
cable. The methods f o r  computing ranges are d.escribed. below, while the ranges 
themselves are  given i n  Table 8 . Various assumptions regarding ef fec ts  on 
equipment performance, and. hence range, of such matters as weather, service l i f e ,  
s t a t e  of maintenance,and. alertness of operator are &scussed.. Because of these 
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APPLICABLE ELECTRONIC EQUIPMENT 

Grouped. under the head.ing of applicable electronic equipment are those airborne, 
shipboard. and shore-based units which aid. the recovery of the Mercury capsule 
through their ability to provid.e sui table means of communication, navigation, 
detection and. homing. Such equipment is divided for d.etailed. consid.eration, as 
follows: 

Ranging and. Homing Equipment 
Acti ve Radar 
Passi ve Radar 
ECM Receiving and. Homing 
UHF Homing 
SARAH System 
HF Homing 
VHF Homing 
.Acoustic Detection 
Miscellaneous 

Communication Equipment 
Navigation Equipment 

Ran~ing and. Homing.E~uipment 

Detection and. tracking of the Mercury capsule in the local recovery area and. 
from shore points depend.s upon the capability of equipment to range and/or home 
on the radiations emitted. by or reflected. from the capsule. The capsule's 
d.evices, systems, recovery aids and. general features which afford a means of 
d.etection (hereafter referred to as "d.etectable features") are listed. in' 
Table 6 0 Applicable means of detecting each of these features and. specific 
equipment for accomplishing the detection by appropriate types of aircraft, 
classes of ship, and. shore installations are also given in Table 6 • \ Table 6 
is not to be consid.ered. complete. Except for recent backfits, d.ata on equipment 
installed. in Navy aircraft are considered. complete. Less is known about Air 
Force aircraft (except SA-l6) and. ships. 

Of the detectors listed., only active rad.ar permits determination of range to 
capsule at one location at one time. All others require triangulation, rate of 
change of bearing at known speed., or similar scheme to establish approximate 
range. 

Characteristics of the capsule's detectable features are given previously in 
Table 2. Characteristics of the various d.etectors, insofar as it has been 
possible to obtain them, are given below. Effective ranges for each appropriate 
d.etectable feature-detector combination have been calculated., as far as practi­
cable. The methods for computing ranges are d.escribed. below; while the ranges 
themselves are given in Table 8 . Various assumptions regard.ing effects on 
eqUipment performance, and. hence range, of such matters as weather, service life, 
state of maintenance, and. alertness of operator are discussed.. Because of these 
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assumptions, the ranges of Table 8 should be considered relative rather than 
absolute. In calculating ranges, limitations of the horizon have been ignored., 
since such limitations are in the application and not the system itself. 

Active Radar , 

Measured as an area, radar reflectivity is defined. as 4iT times the ratio of 
poWer per unit solid. angle scattered back toward the transmitter to the p~wer 
per unit area striking the target. (Reference 58 ). An. active radar is 
required to generate the original radiation. Characteristics of radars 
listed. in Table 6 are shown in Table 7 . 

Radar ranges have been calculated for a 50% probabili tyof detection. 
Where ranges against known targets were available, they were approximatelY 
scaled. to the capsule cross .section and. adjusted to 50% probability with 
due allowance being given to attenuation of the atmosphere. Where ranges 
to knoWn targets were not found, equation (1), after Hall (Reference 54 ), 
was used .• 

Equation' 1. 

In equation (1), 

R =: range to target in meters. 

c< ::: attenuation of atmosphere in db/kilometer based. upon a sea level 
atmosphere at 70Q F and 50% humidity. From Reference 54 , the fol­
lowing table was obtained: 

Radar Band. 

L,S,C 
X 

P =: peak power transmitted. in watts. 

G = antenna gain (dimensionless). 

~= wavelength in meters .• 

(db/km) 
0.010 
0.018 

(j" ::: effective capsule cross section (radar reflectivity) in square 
meters. Capsule area was determined. from McDonnell Aircraft Corp. 
data (Reference 55 ) which gives capsule cross section measured 
at S-band. and. scaled. to C-band by What appears to be a A-2 
factor. Median values were chosen at s- and C~band. such that at 
half the aspect angles the cross section. is gre.ater and at half 
less than the value chosen. These values .. we:re sc8.led. to other bands 
as necessary. 

PRELIMINARY 
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TABLE 6 

CAPSULE DETl!X:TABLE FEATURES AND DETECTION SYSTmiS 

Capsu1e Capsule 
(5F OF-l 

S2F-l P5M-l P2V-(6 WV-2 ZPG-2 ZPG-2W ZS2G-l SO-54 
Detectable 'Features Detection by (7 -2 

1 Radar Reflection Active Rsdar APS-38A APS-44A APS-20B,-E APS-20B,E APS-31,-3lA APS-20B,R APS-20B APS-38A APS-42 
APS-33B-(InP2V-6) APS-45 (A) -310 -20E 

(APs-62) 

2 C-BsDd (a) Passi va Rsdar -- APS-44A -- -- -- -- - - -
Beacon (b) ECM Receiver APA-69A +APR-9B APR-9B+APA-69A APR-9B+APA-69C APR-9B+APA-69A,C - APR-9B+APA-69A APR-9B+APA-69C APR-9B+APA-69C --

ALR-3 ALR-3 ALR-3 ALR-3 ALR-3 ALR-3 

3 S-Band (a) Passive Rsdar -- -- APS-20B,C,E APS-20B,E - APS-20B,E APS-20B,E -- --
Beacon (b) ECM Receiver APA-6yA +APR-9B APR-9B+APA-69A APR-9B+APA-69C APR-9B+APA-69C - APR-9B+APA-69A APR-9B+APA-69C APR-9B+APA-69C -

ALR-3 ALR-3 ALR-3 ALR-3 ALR-3 ALR-3 j 

4 UHF Voice (a) UHF Homer AHA-25 .1RA-25 AHA-25 ARA~25 ARA-25 -- - -- ARA-25 

I 5 UHF BeacorVVoice (b) ECM Receiver ALR-8+APA-69A 

6 Telemeter -- APR-13+APA-69A APR-13 +APA-69C APR-13+APA-69A,C ALR-8+APA-69C APR-13+APA-69C - r -- -
ALR-5 ALR-5 ALR-5 

7 UHF SARAH (a) SARAH Receiver -- -- -- - -- - - - -
Type Beacon (b) ECM Receiver -- APR-13+APA-69A APR-13 +APA-69C APR-13+APA-69A,C - ALR-8+APA-b9A ALR-8+APA-69C APR-13+APA-69C -

(243 me) (243 me) ALR-5 ALR-5 ALR-5 

8 (a) HF Voice HF Homer -- -- -- - - - -- - -
(b) HF Beacon (3-30 me) 

9 Minitrack (a) VHF Homer ARN-14 ARN-14 ARN-14 AHA-8(A) ARA-8 I~ I-
-- -- -

ARN-14 
(b) ECM Receiver -- APR-13+APA-69A APR-13+APA-69C APR-13+APA-69A ,C - ALR-8+APA-69A AIB-8+APA-69C APR-13+APA-69C -

ALR-5 ALR-5 ALR-5 

10 (a) Smoke Eyeball 
(b) ll:Ye Marker 
(c) Reflected Sunlight 

11 Flashing Light (a) Eyeball 
(b) IR Detector 

12 SOFAR Bomb (a) Sonobuoy Rcvr. ARR-26,-58 ARR-26,-58 ARR-26 - - -- .1RR-26 -
(b) MILS 
( c) SOFAR Net 

13 Miscellaneous. (a) Searchlight 
(b) Sonar 

AVQ-2A,2C AVQ-2A,2C AVQ-2A,2C - . 
I - AQS-2 AQS-2 

--
Reference for installed equipment 56,61,70 56,,61 56,61 61 61, 70, 83 56 61 56 71 



TABLE 6 (Continued) 
CAPSULE DETECTABLE FEATtJRES AND .. DETECTION SYSTEMS 

~ ..• 

Capnl.e Capsul.e 
HUS-l 1121B II2lC 

Na.". Vessels 

Dete~tabl. Features Detection bt SA-16· SH-19 SH~21 JC-54 HSS-l 1IR2S-1 (Air Force) (A1'I\7) 
00- DOE AKL 

-IN 

1 Radar Reflection Active Radar APS-31 -- -- -- -- -- -- - SR-B 
sps-6C SPS-6B SPS-58 

-SB SG-6 
-10 SR-6B 
-28 * 

2 C-Band (a) PaaaiveRadar -- - - - - - SPS-10 * 
Beacon \bJ ECM Receiver -- -- Yes -- -- BLR-l,SLR-2 * 

.--=::--

3 S-Bsnd (a} Passive Radar - -- -- -- -- -- -- - - --
BUDon (b) EX:M Receiver -- - Yes -- - BLR-l~SLR;:'~ T - f 

4 UHF Voice (a) UHF Homer ARA-25 ARA-25 ARA-25 ARA-25 ARA-25 ARA-ZS ARA-25 -- URD~4 * ~. 

5 UHF BeacozV Voice (b) ECM Recei 'YBr -- - -- -- -- - - - BLR- l,SLR-2 * --
I 6 Telemeter -- -- - - -- - - - * -

7 UHF SARAH I II) SARAH Recd ver SARAH Receiver -- -- ... 
T;rpe Beacon (b) ECM Receiver - -- - BLR-l, SLR-2 * -

(243 me) (243 me) I-

8 (a) !IF Voice HF Homer -- - - -- -- -- - - - --
(b) HF Beacon (3-30 IIIC) 

9 Minitrack la) VHF HODler ARN-1L. ARA-8 -- -- -- -- --
Beacon (b) ECM Receiver - -- -- -- BLR-l,SLR-2 * 

10 (a) Smoke Eyeball 
(b) Dye Marker 
(c) Reflected Sunlight 

II Flashing Light ~a) E;yaball 
b) IR Detector 

12 SOFAR Bomb (II) Sonobucr Receiver -- - -- -
(b) MILS 
( c) SOFAR Net 

Miscellaneous (a) Searchlight -- - - - -
13 (b) Sonar AQS-4C,~4D 

(in HSS only) 

Reference for installed .qu1~nt 71,83 71 71 71 65 61 79 79 79 

* Include also itelllll under 00. 
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Badal' ll'S-16 

Dee LoI!g J'IUIge 
dtteotion 
&trac!dng 

Vehicle ued on LaM 

!lat. Source - Badal' Data 55 

Frequel1CY (Ill) 54SG-SS25 

Peak Power 1 MJl-Fixed 
250 KW 

lIAip. Rate (PI'S) (12) 341 to 
1707 PI'S 

PlIlee Width Jl<s) 1/4. 1/2. 1 

Reed,"r Iioiee Figare Udb 
Receiwr Bud 1fidth (2, Sill) 

4D.temIa Gain 44 db 

1Dtema s..ddth Bor. 1.2-
Vert. 

ScaD II&te (RPM) A •• 
Vert. 

leC1lJ'&CY% AL- ±'cVMIL 
Eley.* ±.o1/MIL 
II&nge (Yd .. ) 1. 5 Yd.a. 

TABLE 7 
CH.!.RlCTEltISfl!js Of SliIPBQlR1) A!!P AIl!!!qI1I&pP.lJtI 

COHSIDER1Itl FOR LOCAL DETECTION or THE MERCURY CAPSULB 

Mod II APS-2OB.E APS-31,A,D APS-:3:3B SCR-5S4 

Long range AirbQme Airborne Airborne 
detection search lleareh _rch 

lam P.2V,WV-2, UF-1,2 P2V-6 
ZfG...2W SA-16 

55 Handbook &: Handbook &: !!aJJ1book 
MIL-R-6993A MIL-1I.-6l03A 

2700-2900 2880 ± 30 937; t ;5 9:375 ;!: 55 

250-400 1tW 2* 52 KW 52KW 

(14)205 to 300,900 800,200, 800,200, 
1707 PPS 400 400 

.S 2, 0.67 .5. 4.5. 2.5 .5, 4.5, 2,.; 

Udb a-9 db 13 db 13 db 
('305 lIIC) (1.2 m) (1.2; lIIC) 

37 db 30 db 34 clb 35 db 

2.S' 3.'" :1:3-
c';' 8.5" 5-25" 

2.4-6 
6 - 15 

.; - 1 MIL ;1:2-

1; - 40 ±2% 

APs-;38(1) lPS-42 APS-44,A 

Airbome Airborne Airborne 
8Arch _rch _rch 

82'-1 SC-S4 PSH-1,2 
ZS2G-1 

MIL-Jl.-SS86B IIIu!.dlIook Handbook 

9:375 ± SS 9:375 ± " 9375 ± ;5 
5280 ± 30 

50KW 52KW 480 KW(x) 
1 * (e) 

800,200. 800,200, 270 PI'S 
400 400 

.5. 4.5. 2.5 .5.405.2.5 .5. 3.2 

13 db 
(1.; Ill) 

13clb 
(1.; Ill) 

14 db(X~ 
13 db(e 

35 db 34clb 40 db(x) 
34.3 clb(c) 

±l.2- :1:3- l.8"(x) 
±l.S· 5-25* _2 3.2*(0) 

20-28 3. 6. 12 
6 -10 6. 12, 24 
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TABLE 8 
RANGES FOR VARIOUS CAPSULE DETECTION SYSTEMS 

All Ranges in Nautical Kiles 

Detectable Detection P5M'-l 1?2V-S2F-1 WV-2 
Feature Means -2 CAPS-20B,E) 

..1L ..L 

-
Ca) Skin 20 54 46 42 42 
(b) Skin + Drogue 21 57 54 58 58 Active (c) Skin + Chart Radar 36 92 103 122 122 
(d) AeSnorkel (4) 18 49 43 49 49 

C-Band (a) Passt ve' Radar -- -- -- -- --
Beacon (b) ECM Receiver 16 16 16 i6 

5-Band (a) Passive Radar (3) -- -- 660 660 
Beacon (b) ECM Raceiver 29 29 29 29 

UHF Voice (a) UHF Homer!l)' 37/52 37/52 37/52 37/52 
(b) ECM Receiver -- 87/123 87/123 87/123 

UHF Beacoq/Voice (a) UHF Homer(l) 1&'26 1&'26 1&'26 1&'26 
(b) ECM Receiver -- 43/62 43/62 43/62 

Telemeter (a) UHF Homer!l) 4'2/67 4'2/ 67 4'2/67 4'2/ 67 
(b) ECM Receiver -- 121/193 121/193 121/193 

SARAH Beacon (a) SARAH Receiver (5) -- -- -- --
(b) ECM Receiver - 412 412 412 

(a) !IF Voice 
!IF Homer - ~ -- --

(b) !IF Beacon - -- - --, 
Minitrack Beacon (a) VHF Homer - -- - --

(b) ECM Receiver -- 53 53 53 

NOTESI 1 bo ranges separated by (/1 represent range with the blconiearhorn antenna (aH) 
and the descent recovery antenna (D/R) respecU.,.,lT. 

2 nYesn indicates range to be determined. 
'3 Assumes !ree-running beacon trallsmits on a receivable( reference. 
4 Snorkel range is for zero sea state. 
5 sARAH on ARSaircra1't is experimental. 

UF-1 SA-16 ZPG-2W ZS2G-l SC-54 SH .. 19 -2 

20 42 20 20 20 --
21 58 21 21 21 -
37 122 36 37 37 --
18 49 18 18 18 --

-- -- - - -- ---- 16 16 - --
- 660 -- - -- ---- 29 29 -- -- --

--
37/52 37/;2 -- 37/52 37/52 37/52 

-- 87/123 87/123 - -- --
1&'26 1&'26 - 1&'26 1&126 1&'26 

-- 43/62 43/62 - - --
4'2/ 67 4'2/67 -- 4'2/67 4'2/67 4'2/67 

-- 121/193 121/193 -- -- --
-- - -- (70) (70) --
-- 412 412 -- - --
-- - - - - ---- -- - - - -

<10 -- -- <10 <10 -- 53 53 - '--
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frequency cross section 
(a CPS) (m2) 

1.3 
2.9 
5 -5  
9.4 

0.08 
0.4 
1.4 
4.1 

2 The metalized. dmgue parachute was  assumed. t o  have a cmss  section of 1.3~1 
based upon half a spherical  re f lec tor  of 6 f e e t  diameter (Ref. 59 ) . Open- 
ings i n  the drogue and variations i n  viewing aspects were neglected., a n d . i t  
was assumed. tha t  during the period, of drogue d,eployment, skin and. chute 
cross sections w i l l  be additive. 

According t o  Ref. 
By whatever dispensing means i s  used., it i s  assumed. that 600 f t2  (56m2) of 
echo area result within a matter of sec0nd.s and.th8-b %he e f f ec t  lasts f o r  
several minutes before dispersal  by wind.. 

59 , the chaff i s  specified. by MIL-R-5253 and. 58WCLG-1877. 

K =  
T =  
2 =  

Nf = 

S =  

Boltzmann's constant = 1.38 x lO"*3 w a t t  sec/deg Kelvin. 

Absolute temperature i n  degrees Kelvin (taken as 300). 

Pulse wid. th  i n  seconds. 

Noise figure of the receiver (dLmensionless) 

Integration fac tor  (d.imension1ess) . Integration fac tor  involves the 
improvement i n  d.etection by adding returns from successive h i t s  i n  
the same scan. I n  estimating ranges, the following assumptions were 
made: a lo s s  of 6 db  t o  cover antenna beam shape, lack of operator 
alertness,  non-optimized, scope sweep speed,. Ron-optimum bandMid;tfi 
and. an integration fac tor  f o r  50% probabili ty of d,etection w i t h  a 
given number of h i t s  per scan,were treated. according t o  Ref. 54. 
The cumulative probabili ty of detection f o r  a given number of scans 
i s  plotted. i n  Figure 10 e 

conditions: ear ly  warning, horizon l imitations,  e tc .  
The number of scans d.epend.s upon operating 

Certain types of a i r c r a f t  have antennas mounted. und,erneath, and. cannot see 
much above the horizontal  plane of the a i r c r a f t .  
search radars cannot elevate appreciably f o r  a i r  search. Ranges f o r  shipOs 
radars have been estimated. on the basis ~f l imited d a t a  available,  D i f -  
ferent  radars are &board vessels of the same class .  Assuming ships w i t h  the 
more powerful radars are assigned,, it is  estimated that 60 miles skin track- 
ing and 160 miles chaff tracking can be achieved. w i t h  destroyer type vessels. 

Also cer ta in  surface 

When the capsule i s  i n  the water, i t s  free space r e f l ec t iv i ty  must be replaced. 
by the effect ive skin-water re f lec t iv i ty ,  since the water w i l l  r e f l ec t  energy 
onto and f r o m  the capsule. However, the improvement of additional "corners" 
which  tend t o  augment detection, i s  obscured 'by the large mount of water 
ref lect ions ( c lu t t e r )  i n  the nei@borhood. of the t rue target .  
approach taken w a s  t o  compare the capsule w i t h  a typical  snorkel and t o  find. 
the detection capabili ty of various radars against a typical  snorkel. 

Hence the 

Restriction/Classification 
Cancelled
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frequency 
(KIn cps) 

1.3 
2·9 
5·5 
9.4 

cross section 
(m2) 

0.08 
0.4 
1.4 
4.1 

The metalized. d.rogue parachute was assumed. to have a cross section of 1. 3m2 

based upon half a spherical reflector of 6 feet diameter (Ref. 59 ). Open­
ings in the drogue and variations in viewing aspects were neglected, and. it 
was assumed that during the period. of drogue d.eployment, skin and. chute 
cross sections will be additive. 

According to Ref. 59 , the chaff is specified. by MIL-R-5253 and 58WCLG-1877. 
By whatever dispensing means is used., it is assumed. that 600 ft2 (56m2 ) of 
echo area result wi thin a matter of second.s and. that the effect lasts for 
several minutes before d.ispersal by wind .. 

K = Boltzmann's constant = 1. 38 x 10-23 watt sec/ deg Kelvin. 

T = Absolute temperature in degrees Kelvin (taken as 300). 

1: = Pulse wid.th in second.s. 

Nf = Noise figure of the receiver (d.imensionless). 

S = Integration factor (d.imensionless). Integration factor involves the 
improvement in d.etection by adding returns from successive hits in 
the same scan. In estimating ranges, the following assumptions were 
mad.e: a loss of 6 db to cover antenna beam shape, lack of operator 
alertness, non-optimized. scope sweep speed.. Non-optimum band:wid.th 
and. an integration factor for 50% probability of d.etection with a 
given number of hits per scan, were treated. according to Ref. 54. 
The cumulative probability of detection for a given number of scans 
is plotted in Figure 10. The number of scans d,epends upon operating 
cond,i tions: early warning, horizon limitations, etc. 

Certain types of aircraft have antennas mounted, und.erneath, and. cannot see 
much above the horizontal plane of the aircraft. Also certain surface 
search radars cannot elevate appreciably for air search. Ranges for ship's 
radars have been estimated. on the basis of limited. data available. Dif­
ferent radars are aboard vessels of the same class. Assuming ships with the 
more powerful radars are assigned., it is estimated that 60 miles skin track­
ing and 160 miles chaff tracking can be achieved. with d,estroyer type vessels. 

When the capsule is in the water, its free space reflectivity must be replaced. 
by the effective skin-water reflectivity, since the water will reflect energy 
onto and from the capsule. However, the improvement of ad.d.i tional "corners" 
which tend to augment detection, is obscured by the large amount of water 
reflections (Clutter) in the neighborhood. of the true target. Hence the 
approach taken was to compare the capsule with a typical snorkel and to find. 
the detection capability of various radars against a typical snorkel. 

ttlll r Ilii' hlll.mll ;trrlJlt 
"-



41 

Reference 56 lists "sweep wid.ths" against snorkel targets for three types 
of ASW radars, ind.icating effects of sea state andaltitud.e. Reference 57 
d.efines "sweep wid.thl1 as the wid.th of a band. centered. about the radar which 
contains the same number of targets as the radar, on the average, d.etects 
regardless of the lateral ranges at Which the d.etection occurs. It is, 
therefore, a measure of d.etectionprobability. In fact, at a range cor­
responding to half the sweep wid.th, the probability of d.etections of a snorkel 
type target is 50% or better. 

The projected. lateral area of the capsule in the water has been compared to 
that of a snorkel. The resulting ratio of two to one repre sents a range 
improvement of 18% for the capsule. Other, more tenuous factors exist 
(i.e. J the fact that snorkels are purposely d.esigned. to be difficult to 
d.etect), but they are assumed. to cancel or be negligible 0 

The ranges given in Table 8 are those for zero sea state. 

The effect of sea state on range varies wid.ely with weather and. radar type 
as shown by the spread. in the sketch below: 

LO 

.8 
Range .6 

Relative to 
Zero Sea State .4 

.2 

o 

Sea State 

It is difficult to d.raw conclusions from the ranges on the capsule as an 
airborne and. water-based. target. 

Passive Rad.ar 

It appears that very effective ranges are possible by receiving theC- and. 
S-band beacons by radar. Since the radar acts passively and. no synchron­
ization between radar and. beacon transmissions is assumed, only angular 
information is obtained and. no pulse-to-pulse integration exists as beacon 
signals would be distributed. on the display along the azimuth to the capsule. 

Passive radar detection is possible only with a radar Whose receiver can be 
tuned. to the beacon' s transmitting freq,uency. According to Reference 60, 
the C- and S-band. beacons for the "Big Joe" shots will transmit at 5555 Mc 
and. 2940 Mc respectively. These freq,uencies are too high for reception by 
C- andS-band. radars in the aircraft und.er consid.eration but not for shipboard. 

PRELIMINARY 
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rad.ars. 
borne radar considered.. The APS-20 S-band. radar has beacon receiving 
channels on 2820 Mc and, 2880 Mc. (Reference 8 0 ) .  I n  calculating range 
f o r  beacon reception on S-band., it was  assumed that the beacon transmitter 
would, be compatible w i t h  receiving radars, that the beacon's repet i t ion 
rate would, correspond t o  the Mod.. I1 radar and. that attenbation a t  504 
h u m i d i t y  and. 70°F sea l eve l  conditions would. not e x i s t  f o r  more than 200 ' 

m i l e s  of radar range. 
detection probabili ty was included. i n  the range calculations. 

In  f a c t  the FPS-16 band. i s  incompatible w i t h  the only C-band. air- 

The e f f ec t  of no pulse-to-pulse integration for 50$ 

It i s  presumed that a f t e r  drogue parachute deployment, the capsule will 
have essent ia l ly  a ve r t i ca l  descent, and. that range as d e t m i n e d . b y  the 
Mod. 11's w i l l  no longer change. If the capsule a t  this point i s  greater 
than 300 miles from the nearest Mod.. 11, no triggering w i l l  occur and. the 
beacon w i l l  no longer serve as a detectable device. Therefore, bat tery 
capacity permitting, it i s  recommended, tha t  the S-band.beacon become free- 
running from drogue deployment t o  impact and. possibly a f t e r .  (Flotation 
bags should. keep the antennas c lear  of the water). It i s  fur ther  recom- 
mended., i n  the event that a special  code i s  used. f o r  interrogation, that 
a f t e r  drogue d.eployment, the interrogation requirements be changed. to be 
compatible w i t h  AN/AF'S-20, t o  permit ranging a t  d,istances far exceeding 
those available from chaff. 

ECM Receiving and, Homing 

ECM receiving equipment serves the general purpose of detecting, analyzing 
and. homing on the electromagnetic radiations of radar and. rad.io type equip- 
ment. As an aid. t o  Mercury recovery, the capabi l i ty  of ECM type equipment 
against the rad-iations of the capsule w a s  examined. 

Airborne ECM receivers cover the RF spectrum i n  two sections, generally: 
50 to1030 Mc and. 1000 to 10,750 Mc. AN/ALR-5 and. AN/ALR-3 have wid.e open, 
crystal-type receivers and each uses four antennas t o  cover i t s  respective 
frequency section. AN/APR-l3 and APJ/APR-g have tuneable superheterodyne 
receivers and. u t i l i z e  respectively f ive  and. four R-F tuners t o  cover the 
low and. high sections.  
able antenna system and, indicator f o r  the l a t t e r  p a i r  of ECM receivers. 
AN/AIB-~ i s  a combination of APR-13 and, APR-9. 

Direction find.er group AN/APA-~~ provides a rotat- 

Characterist ics of the above uni t s  are given i n  Table 
The effectiveness of these ECM receivers t o  home on the Mercury radiations 
w a s  calculated. using equation (2).  

9. 

Equation (2) 
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rad.ars. In fact the FPS-16 band. is incompatible with the only C-band. air­
borne radar considered.. The APS-20 S-band radar has beacon receiving 
channels on 2820 Mc and. 2880 Mc. (Reference 80). In calculating range 
for beacon reception on S-band., it was assumed that the beacon transmitter 
would. be compatible with receiving rad.ars, that the beacon I s repetition 
rate would. correspond to the Mod.. II radar and. that attenlilation at 50% 
humidity and. 70°F sea level conditions would. not exist for more than 200 . 
miles of radar range. The effect of no pulse-to-pulse integration for 50% 
d.etection probability was included. in the range calculations. 

It is presumed that after d.rogue parachute d.eployment, the ca'psule will 
have essentially a vertical d.escent, and that range as d.etermined. by the 
Mod. II r s will no longer change. If the capsule at this point is greater 
than 300 miles from the nearest Mod .• II, no triggering will occur and. the 
beacon will no longer serve as a d.etectable d.evice. Therefore, battery 
capacity permitting, it is recommended. that the S-band beacon become free­
running from d.rogue d.eployment to impact and. possibly after. (Flotation 
bags should. keep the antennas clear of the water). It is further recom­
mend.ed, in the event that a special cod.e is used. for interrogation, that 
after d.rogue d.eployment, the interrogation requirements be changed. to be 
compatible with AN/APS-20, to permit ranging at distances far exceeding 
those available from chaff. 

ECM Receiving and Homing 

ECM receiving eqUipment serves the general purpo.se of detecting, analyzing 
and. homing on the electromagnetic radiations of radar and. radio type equip­
ment. As an aid. to Mercury recovery, the capability of ECM type eqUipment 
against the rad.iations of the capsule was examined. 

Airborne ECM receivers cover the RF spectrum in two sections, generally: 
50 to 1000 Mc and 1000 to 10,750 Mc. ANI ALR- 5 and ANI ALR-3 have wide open, 
crystal-type receivers and each uses four antennas to cover its respective 
frequency section. ANI APR-13 and ANI APR- 9 have tuneable superheterodyne 
receivers and. utilize respectively five and four R-F tuners to cover the 
low and. high sections. Direction finder group ANI APA-69 provides a rotat­
able antenna system and indicator for the latter pair of ECM receivers. 
AN/ALR-8 is a com~ination of APR-13 and. APR-9. 

Characteristics of the above units are given in Table 9. 
The effectiveness of these ECM receivers to home on the Mercury radiations 
was calculated using equation (2). 

Equation (2) 



Where R = range in meters 

o( .~ attenuation in decibels per kilometer, making the same assump~ 
tions as for active radar at C- and S-band. and neglecting 0( 
at UHF and. VHF. 

PT = power transmitted by the Mercury transmitter in watts. 

G.r;::: gain of the Mercury transmitting .antenna (dimenfJionless) • 

. ~;::: gain of the recovery vehicle receiving antenna (dimensionless). 

A = wavelength in meters. 
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PR = required. received. pOwer in watts for the minimum signal to noise 
ratio for d.etection. 

The resulting ranges listed. in Table 8 are not necessarily those for 50% 
probability of d.etection, but those Which yield. the minimumd.etectable signal. 

In calculating ranges, it was assumed. that the peak signal would be d.etect­
a ble in the case of pulsed. emissions. Calculations are based. on APR-9 and 
-13 data since these are more .sensi ti ve than ALR-3 and. - 5. 

Since the freqUencies of the capsule will be known, it will not be necessary 
to scan in freq,uency. Antenna scan should. be employed until information is 
relayed. from the tracking network in What d.irection to expect the capsule; 
then manual sector search should be used. until a signal is found. . The 
strongest antiCipated. signal should. be sought first. The only need for chang­
ing frequency should. be in the event that the strongest signal is absent. 

Details on shipboard. ECMequipment were not available during the study, but 
BuShips personnel (Ref. 61 ) indicate that Shipboard. capability is com­
parable to airborne capability. 

UHF Homing 

The standard airborne UHF homer is AN/ARA-25. It operates in connection 
with a UHF receiver such as AN/ARC-27 or Jill/ARC-52. 

Tests made at Grumman, (References 75 and. 76 ) on the ARA-25 installation 
in the UF-l and. F9F-8Paircraft ind.icate /that homing can be accomplished. 
at 110 nautical miles against an ARC ... 27 transmitter (9 watts output, 2 db 
antenna). Ranges for homing on the capsule I s UHFrad.iations (voice, 
beacon/voice and. telemeter) were obtained. by appropriate ratio using 
equation (2) with 0( = O. . 

The shipboard. UHF homer, AN/URD-4, is said. to be equivalent to ARA-25. It 
is generally available on d.estroyer type vessels. . 
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TABLE 9 

CHARACTERISTICS OF AIRBORNE ECM RECEIVER-DIRECTION FINDERS 

Receiver NOIIIBnclature At¥ALR-, At¥ALR-5 At¥APR-l, At¥APR-9 At¥ALR-8 AWBLR-l AWSLR-2 

J 

Frequency ~ IIb~ AI 1000-2600 A: '8-135 A: 50-100 A: 1000-2600 
tUlling banda in McpS) B: 23C>0-4450 B: 125-300 B: 90-180 B: 2300-4450 Combination or 90 to 10750 90 to 10750 C: 4300-7350 C: 290-550 C: 160-320 C: 4300-7350 APR-13 &lid APR-8 in 8 bands in 8 bands D: 7050-10750 D: 530-1000 0: 300-600 D: 7050-10750 

E: 550-1100 

Sensitivity 10 microvolts from 10 microvolts from AI 100 dbm A,B,C,D: 80 dbm 
,0 ohm source for 50 ohm source for B,C: 97 dbm 
3 db gain over noise 3 db gain over noise D,E: 90dbm 

on all banda 

Recei't'8r Type Wide opan Wide open Super Heterodyne Super Heterod,ne 

Recei't'8r Reference 68 69 72, 73 72, 73 72, 73 80 80 

Antenna System Part or ALR-3 APA-69 APA-69 APA-69 

Antellll& Characteristic 50· beamwidtb to hali' 140-1500 me, ±5· 1000-5000 me, ±3., See APR-13 &lid 
pover points in eacb accuracy, -3 db 3 db: 4000-12000 me, APR-8 
of bands A tbru D gain i5·, 7 db 

Antenna Reference 68 74 74 74 



The ARA-25 is not capable of homing on the SARAH beacon because of its 
low (200 cps) repetition rate. If the frequency is increased'to 500 cps 
Or more" then it is reported.' (Ref. 71 ) that ARA-25 homing is possible. 

SARAH Receiver 

The SARAH beacon is intended. for use with as.ARAH receiver and appropriate 
two-lobe antenna. ,According to Reference 77 J the SARAH system is capable 
of 70 miles range subject to horizon limitations. For ships having antenna 
heights of 30 or 40 feet, the range is about 6 miles. A null iIi the antenna 
pattern permits location of the transmitter to within ±100 feet by an air­
craft flying ,over the transmitter at 500 feet. The only aircraft believed 
to have SARAH receivers as permanently installed. equipme:p.t are the JC-54' s 
at .AMB. The Air Rescue Service is experimenting with two SARAH receivers 
(Reference 71). ' 

H.F. Homer 

H.F. homing devices are not carried. on ships and aircraft. Shore based. high 
frequency direction find.ers are operated. by the military services and. FCC. 
The Navy HF/DF network uses AN/GRD-6 which receives amplitude mo9.ulated. 
signals from 2 to 32 Mc (Reference 61). The National Search and. Rescue 
Manual (Reference 18) states that fixes from the HF/DF nets are available 
within 10 minutes. The 8.364 Mc SEASAVE frequency is a standard. SAR fre­
qu~ncy for life boat, life raft and. survival craft and. should be regularly . 
monitored.. The HF voice frequency is 9.lso wi thin the HF /DF net's frequency 
band. Proced:ure for using the voice transmitter as a distress call is given 
inReference 18. 

Acoustic Detection 

Destroyer type ships and. some helicopters and. lighter than aircraft have 
sonar sets for acoustic echo ranging on objects below the surface. Ranges 
of sonar against large ships is of the order .of 10 to 20 miles. Since the 
Mercury capsule bas such a small underwater surface, it is estimated that 
sonar ranges would be vanishingly small. 

Sonar can be used. passively as a means of ranging. However, it is expected. 
that the only significant sound generated. by the Mercury capsule will come 
from SOFAR bombs designed. to explod.e at consid.erable depth to take ad.vantage 
of known sound channels. The only sound expected. to rea.ch the surface is in 
the immediate vicinity of the capsUle. DireC'tionalsound. receiving heads 
which can be lowered to several thousand. feet should be useful. 

Sonobuoys are non-directional listening devices which pick up sound.s in the 
water and relay them to sonobuoy receivers in aircraft. From the geometry 

'of sonobuoys' and. aircraft, location of sound sources can be determined. by 
timing corresponding signals from several buoys. Since the SOFAR bombs are 
expected to explode in a deep sound. channel, conventional sonobuoys which 
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l i s t e n  near the surface are  useful only i n  the immediate v i c in i ty  of the 
capsule. Deep l i s t en ing  sonobuoys are  known t o  be under test .  If such 
are  available at the t i m e  of Mercury's t e s t ,  the sonobuoy system should. 
provide an addi t ional  means of detection and,homing, Effective ranges are 
believed t o  be restr ic ted.  by l ine-of-sight transmission, buoy-laying 
capabi l i ty  of the a i r c r a f t  involved. and. ba t te ry  l i f e  of the buoy. 

The shore based. SOFAR l i s t en ing  network and, the MILS network a re  believed. 
t o  be ef fec t ive  w i t h  SOFAR bombs , but securi ty  r e s t r i c t ions  have prevented. 
any estimates of i t s  ef fec t ive  a rea  of coverage. 

VHF Homing 

VHF homing is  accomplished. i n  a limited. number of a i r c r a f t  by AN/ARA-~ 
i n  conjunction w i t h  a VHF receiver as AN/ARC-l. A major d i f f i c u l t y  i n  
evaluating the usefulness of homing on the minitrack beacon (108 Mc) i s  
that ARA-8 is  designed, for operation between 120 and. 140 Mc, although the 
required receiver has  capabi l i ty  bwn t o  100 Me. 
d a t a  have been found at 108 Mc . No specification o r  tes t  

It is noted. that tests made a t  Grumman ind,icate tha t  homing on VHF trans- 
mi t te rs  using the ARA-25 homer w i t h  appropriate VHF receivers i s  effect ive.  
The modification t o  connect the VEF receiver t o  the ARA-25 i s  a simple f ie ld .  
change 

However, because of the very low power of the minitrack beacon, it i s  
estimated, that ranges of l e s s  than 10 miles w i l l  r e su l t ,  

Miscellaneous 

Certain other d.evices may be of value i n  detecting the capsule. I n  the 
event that impact occurs i n  darkness o r  the search continues past  sunset, 
some a i r c ra f t ,  as l i s ted .  i n  Table 6 , have searchlights t o  help pinpoint 
the capsule when other  homing devices have brought them t o  the v i c in i ty  of 
the capsule. 

It has been reported, (Reference 71 ) that ACR Electronics, 551 West 22nd. 
Street ,  New York City, has under tes t  an automatic infrared,homing d,evice 
capable of d-etecting flashing l i g h t  beacons a t  ranges equal t o  o r  greater  
than eyeball  d.etection. 
increasing detection probabi l i ty  on the flashing l i g h t  t o  be carr ied by 
the capsule. 

Anti-coll ision li@ts are  carried, aboard. aL1 a i r c r a f t ,  Und.er the proper 
viewing conditions they may be v i s ib l e  up t o  15  o r  20 miles. Blue white 
strobe list, such as the Atkins Relative Danger L i g h t  (Reference 78 ), 
although not yet approved. as a standard. warning l i g h t ,  i s  reported. t o  be 
v is ib le  a t  2& t o  3 times the dAstance, 
t o  be dlstinguishable a t  50 miles or  more. The Mercury astronaut, ii'.ihe 

It i s  mentioned. here as a possible means of 

Such a l ight has been demonstrated. 
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listen near the surface are useful only in the imrned.iate vicinity of the 
capsule. Deep listening sonobuoys are known to be under test. If such 
are available at the time of Mercury's test, the sonobuoy system should. 
provid.e an additional means of detection and. homing. Effective ranges are 
believed to be restricted. by line-of-sight transmission, buoy-laying 
capability of the aircraft involved. and. battery life of the buoy. 

The shore based. -SO FAR listening .network and. the MILS network are believed. 
to be effective with SOFAR bombs, but security restrictions have prevented. 
any estimates of its effective area of coverage. 

VHF Homing 

VHF homing is accomplished. in a limited. number of aircraft by AN/ARA-8 
in conjunction with a VHF receiver as AN/ARC-l. A major difficulty in 
evaluating the usefulness of homing on the minitrack beacon (108 Mc) is 
that ARA-8 is designed. for operation between 120 and. 140 Mc, although the 
required receiver has capability down to 100 Mc. No specification or test 
data have been found at 108 Me. 

It is noted. that tests mad.e at Grumman ind.icate that homing on VHF trans­
mitters using the ARA-25 homer with appropriate VHF receivers is effective. 
The mod.if'ication to connect the VHF receiver to the ARA-25 is a simple field. 
change. 

However, because of the very low power of the minitrack beacon, it is 
estimated. that ranges of less than 10 miles will result. 

Miscellaneous 

Certain other d.evices may be of value in d.etecting the capsule. In the 
event that impact occurs in d.arkness or the search continues past sunset, 
some aircraft, as listed. in Table 6 , have searchlights to help pinpoint 
the capsule when other homing d.evices have brought them to the vicinity of 
the capsule. 

It has been reported. (Reference 71 ) that ACR Electronics, 551 West 22nd. 
Street, New York City, has u,nder test an automatic infrared. homing d.evice 
capable of d.etecting flashing light beacons at ranges equal to or greater 
than eyeball d.etection. It is mentioned. here as a possible means of 
increasing detection probability on the flashing light to be carried. by 
the capsule. 

Anti-collision lights are carried. aboard. all aircraft. Und.er the proper 
viewing conditions they may be visible up to 15 or 20 miles. Blue white 
strobe light, such as the Atkins Relative Danger Light (Reference 78 ), 
although not yet approved. as a stand.ard. warning light, is reported. to be 
visible at 2~ to 3 times the distance. Such a light has been d.emonstrated. 
to be d.istinguis:tlable at 50 miles or more. The Mercury astronaut, if.' he 



were able to open the capsule; might sight a searching aircraft carrying a 
strobe light before it sighted him, particularly if the electronicdeviees 
in .the capsule had failed. Equipped with a compass and a battery-powered 
radio, he could then direct the aircraft by radio. 

Communication Equipment 

Later, when most appropriate··, the requirements and capabilities of the means 
of communicating between and. among the tracking and. ground instrumentation 
system, the recovery forces and. the capsule are consid.ered..Characteristics 
of the capsule I s communication equipment have already been described In 
this section applicable communication equipments of the recovery vehicles are 
tabulated and. d.escribed.. Tables 11 and. 12 contain listings of airborne and 
shipboard. communications equipment respectively, divid.ed. into frequency 
band.s. These are high frequency (HF - 2 to 36 Mc), very high frequency 
(VHF - 100 to 156 Mc) and. ultra high frequency (UHF - 225 to 400 Mc). HF radio 
signals can travel over the horizon by ground. wave (short range) and sky wave 
(long range). VHF and. UHF signals are limited. to line-of-sight. 

Calculations of ranges of communication capability are by means of equation (3), 
PT C1r ~A2 
(411")2 PR 

where the I?ymbols are d.efined und.erequation (2). The range derived. from 
equation (3) represents maximum possible range. It does not account for pro­
pagation losses or eqUipment losses nor does it consider horizon limitations. 
Maximum ranges for communication from the capsule to typical aircraft receivers 
are given in Table 13; the values are based. on the characteristics of Table 10. 
Ranges for other communication links are also ' d.iscussed. in that section. 

Table 10 

Characteristics of Receivers Used. to Calculate Ranges pf Table 

Receiver Sensitivity 

Antenna Gain 

Reference for Receiver 

ARC-27 
5 microvolts into 50 ohms 
provid.es 6 db phon~ Signal 
to noise ratio. 

d.ipole = 2 db 

81 

ARC-38 
5 microvolts into 50 
ohms provid.es 6 db phone 
signal to noise ratio. 

Assumed. unity gain. 
Varies with size of 
aircraft. 

82 
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TABLE' 11 

AIRCRAFT COMMUNICATIONS AND NAVIGATION EQUIPMENT 

P5M-l P2V-5F UF-l 
S2F-l -6 WV-2 ZPG-2 ZPG-2W ZS2G-l 

-2 
-7 

-2 

UHF Transmitter- ARC-27A ARC-27A ARC-27(A) ARC-27 ARC-27 ARC-27(A) ARC-27 ARC-27A 
Receiver Q) 
225-400 me 

VHF Transmitter- -- ARC-l(A) ARC-l(A) ARC-l(A) ARC-l(A) ARC-l(A) -- --
Receiver (in - 1 only) 
100-156 mc 

HF Transmitter- ARC-2(A) ARC-2(A) ARR-1SA 
Receiver ® (in - 1) (1.5-l1!.5 me) 
2-9.05 me and ART-13 

HF Transmitter- -- ARC-38 ARC-38 ARC-37 ARC-38 ARC-38 ARC-38 (2-15 me and 
Receiver ® (2-36 me) (in - 2) .2 to 1.5 me) 
2-25 me 

Loran Receiver -- APN-4 APN-4 APN-70 APN-4 APN-4 APN-70 APN-7O 
or or or or 

APN-70 APN-70 APN-7O APN-70 

TAGAN Receiver ARN-21A ARN-2l ARN-2l ARN-2l ARN-2l(A) -- -- --
Radio Compass ARN-6 ARN-6 ARN-6 ARN-6 ARN-59 ARN-6 APN-6 ARN-6 

Reference 56,61,70 56,61 56,61 61 61,70 56 61 56 
I 

~: 1. 
2. 
3, 
4 

ARC-52 which has a more powerful transmitter and lowr wight than ARC-27(A) "'1' be installed. 
ARC-39 "'1' be used in place of ARC-2(A). ARR-15. ARR-41 and ART-13 have been used in II~ aircraft_ 
The equipent listed is based on the latest references obtainable during the brier period o! the stooy_ 
A 'Vacant space indicates a lack of data on that particular equipaent_ 

HU5-l 
SC-54 &-16 511-19 511-2l JC-54 HR2S-l HS5-l 

-IN 

ARC-27 ARC-27 ARC-27 ARC-27 ARC-55 ARC-27 
or or 

ARC-27A ARC-55 

ARC-3 ARC-3 ARC-1 -

- ARC-2(A) ARG-2(A) 

-

APN-4 - --
-9 
-70 

Yes ARN-2l(A) ARN-2l ARN-2l 

ARN-6 ARN-6 AM-lolA ARN-1olA 
or or 

ARN-44 ARN-59 

71 71,83 71 71 6J. $6,61 
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TABLE 12 

SHIPS COMMUNICATION AND .NAVIGATIOO EQUIF!(ENTBY CLASS OF SHIPS 

DD DDE* AlL 

UHF Communications ORR-13 GRC-27 TED 
URR-35 ARC-27 MAR 
TDZ SCR-300 URR-13 
TlID URR-35 

HFCommunications SRR-l3 SRT-15 TDE, ROO 
Rffi, TBX TCS 
TBL, . ROO TCZ 
SSa.l RAL 
TCS RAO 
RAL 

Lor8.Jl DAS DAS DAS 

This tabulation. taken from Ret. (79), is not considered. a cClllplete list. 

~ ::n * Plus items on DD Te.sel type listing. 
~ 

~ 
:::0 
"'< 

AP 

-

RAL, TDE 
RAO 
ROO 
DCH 
TBK 

SPN-7 

LSD 5S 

t1RR-lJ URR-lJ 
URR-35 ARC-27 
ImZ TID 
TDZ 
TID 

BAL RAL 
BAO, TCS RI5 
RB: TBL 
TBL TCS 
1'OZ TCZ 

DAS DAB 
SPN-7 



Navigation Equipment 

Navigation systems such as LORAN, TACAN and radio compass are generally w e l l  
known. Tables 11 and 12 l i s t  cer ta in  types of airborne and shipboard 
navigation equipment. 
i s  shown i n  Figure 26, which accompanies a la ter  discussion of navigational 
capabi l i t ies .  

A chart of the usefulness of LORAN i n  the North Atlantic 
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Navigation Equipment 

Navigation systems such as LORAN, TACAN and radio compass are generally well 
known. Tables 11 and 12 list certain types of airborne and shipboard 
navigation equipment. A chart of the usefulness of LORAN in the North Atlantic 
is shown in Figure 26, which accompanies a later discussion of navigat~onal 
capabilities. 
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LOCAL DETECTION AND TRACKING TO IMPACT 

General 

Before impact, the capsule travels through the following flight regimes: 

* Orbital flight (except in all abort area.s, where the vehicle is travel­
ing on a path to orbit) 

* Re-entry, from firing of retro-rockets to opening of drogue parachute 
(approximately 14 minutes). 

* From opening of drogue to opening of main chute (2.4 minutes). 
* From main parachute opening to water impact (5-3 minute.s). 

Orbital Fli&Ut 

51 

Detection and tracking while the vehicle is in orbit must be performed. by the 
tracking ,and ground instrumentation system (TGIS) stations. Very few recovery 
area vehicles in the local recovery areas can d.etect it since the capsule passes 
over the likely impact areas rarely, and. then for only a short time. Inform­
ation transmitted to the local area from the TGIS stations can be employed to 
shrink the probable impact area" so that greater effort can be concentrated on 
d.etecting the vehicle in this smaller region. 

Re-entry 

l-1.hen the retro-rockets fire, the vehicle travels over a long d.escend.ing path, 
over most of which the only tracking possible is with the TGIS stations. Only 
the terminal portion of this path passes near or over a local area. The two 
most useful d.etection means in this flight regime are visual and. radar detection . 
It is possible, however, that some radio or beacon homing aids would be useful 
d.espi te the ionization layer which accompanies the capsule through this free 
flight portion of its descent. Because of radar range and altitud.e limitations, 
Visual d.etecting may be the only method available to the local force. 

Parachute Descent 

If the capsule has been d.etected and. tracked. to the point where the drogue 
parachute opens ;the uncertainty in the impact location can be red.uced. to a 
few miles ,since the travel from this point along the track to the point of im­
pact is only approximately 20 miles . The portion of' the flight from opening 
of drogue chute to the opening .of the main parachute, is very short, but radar 
detection may be possible to aircraft within line of sight of the capsule. 
After the main parachute opens, and until water impact, the d.escent of the cap ... 
sule is essentially-vertical. A d.etection in this flight regime assures an 
excellent fix after impact when wind. velocity effects have been taken into 
account. Detection in this regio:aensures a very short search on impact, and 
prompt capsule recovery. 
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Visual Detection 

Figure 3. shows a plot of the vehicle trajectory from retrofire to impact. 
This figure indic.ates that the expected incand.escence of the capsule occurs 
over approximately one minute of flight time,. and within approximatelY 50 miles 
of the impact point,. assuming that incandescence, will occur between 150,000 
'and 100,000 feet altitud.e. It will be brighter than the background stars if 
the descent occurs at night. Under these conditions, the vehicle will be visible 
to sea.rchers for about one minute, anywhere within the capsule I s horizon. Since 
this portion of the flight regime is generally higher than the detection limi t­
ationsofmost radar sets, visual detection becomes a very important aid. A 
detection at this point consid.erably red:uces the size of the probable impact 
area, since total travel from the start of incand.escence to impact is less than 
about 50 miles along the capsule track. 

Below about 100,000 feet, the capsule cools so that the glow is extinguished .• 
From this pOint, the contrast between the capsule and, the sky is greatly 
diminished.. Before an impact by day or night, this portion of the flight will 
represent great difficulties in visual d.etection. In addition to the very low 
contrast between the capsule and the background., there will be an element of 
glare from the remaind.erof the sky. Figure 8 ,taken from Reference 20, 
ind.icates the visual angle required. to attain a 9% probability of d.etection 
of a target against a uniform background. as a function Of contrast and back .. 
ground. brightness. Typical background. values have been includ.ed. on thi.s 
figure. Figure 9 shows the attainable . ranges to the capsule as a function of 
visual angle required.. As an example of the use of these two figures, assuming 
the capsule contrast with the sky is 100%, then in moonlight, the required. visual 
angle is 101 .7 (or approximatel y 50) minutes of arc. The capsule presents this 
visual angle at about one-tenth mile from the observer. 

Because of the problem of glare when visually searching for the capsule before 
impact, and in view of the increased d.etection capability due to capsule incandes­
cence, launch should be made so that the capsule impacts . after sunset but before 
dawn, toobta.inmaximtlm detection probability. 

Electronic Detection 
i 

The previous section of this report entitled. "Applicable Electronic Equipment" 
has tabulated. ranges for various equipments aboard detection vehicles. Radar 
ranges have been calculated for a single scan probability of detection of 0.5. 
The probability of detection for several scans is a function of the number of 
scans, and of the single scan probability. It can be stated. by 

P{d,n) = l-(l~Pd)n 

where: n= number of scans 
P(d.,n) = cumulative probability of d.etection 
P d = single scan probability of detection 
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Figure 10 shows this relationship for up to 10 scans. With this figure, and. 
knowing the time the capsule is within line of sight, the scan rate of the 
electronic detection equipment and the range for 0.5 d.etection probability, 
the probability of detection can be ascertained. for each piece of detection 
equipment at the indicated range. 
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SEARCH aFTER IMPACT 

General 

After capsule impact, i t s  exact location must be ascertained t o  permit p m p t  
recovery. If the capsule has been tracked t o  impact the detection problem 
should be re la t ive ly  simple. 
ously w h i l e  it proceeds t o  the impact'area, or it i s  proceeding t o  a point 
within a few miles of impact position. 
when tracking t o  impact i n  the  loca l  area has been incomplete, or lacking a l to-  
gether. 
30 miles i n  radius, when all impact prediction has been done ashore and for- 
warded t o  the loca l  area command (Reference 60 ) o 

Either  the  tzacking aircraft has contact continu- 

Impact position i s  known less accurately 

The la rges t  s i ze  area of uncertainty appears t o  be a c i r c l e  of about 

When the capsule must be located a f t e r  impact, the searching forces have three 
major detection methods available, namely, acoustical, v isual  and electronic.  

Acoustical Detection 

It appears t ha t  the loca l  area forces w i l l  not be capable of u t i l i z ing  under- 
water acoustical  detection methods or equipments f o r  search. The capsule has 
none of the desirable character is t ics  of a sonar ta rge t  f o r  act ive acoustical  
search. The ta rge t  i s  a l so  producing v i r tua l ly  no noise due t o  e i the r  machinery 
or water t rave l  so tha t  nom& passive techniques would be ineffective.  
would be difficult t o  alter the capsule character is t ics  t o  improve i ts  qua l i t i es  
as an effect ive acoustic target  f o r  l o c a l  area forces. 
of such an additional t2apabill"ty 3ronld be questxkonable due t o  the  limited range 
and changeable nature of underwater acoustics. 

It 

In addition, the value 

However, the presently configured capsule contains explosive charges, which 
can indicate i t s  location t o  shore tracking s ta t ions.  
forwarded t o  the  local. area, t o  a id  i n  search. 
able through t h i s  technique varies with distance from the shore statiorls, so 
information obtained through the use of t h i s  equipment varies i n  accuracy from 
approximately what the loca l  forces can do with good descent tracking, t o  
accuracies somewhat b e t t e r  them the  impact predictions at ta inable  by the sa t e l -  
l i t e  trackirrg system. f k i s  detection a id  is, however, only available with the 
above mentioned accuracies i n  the f i n a l  o rb i t a l  impact area. 

Although it i s  not now i n  the  capsule, a fog horn would help provide all-weather 
recovery capability. Electrorric a ids  cm lead retrieving yehicles close enough 
f o r  v i s u a l  sighting under n o w  conditions, but a ship mTght pass within a f e w  
yards of the capsule i n  a thick fog without anyone detecting it unless an 
acoustic device were i n  operation. S m a l l ,  compact, pre-pressurized uni ts  a r e  
available f o r  small-boat use and might be added t o  the p i lo t s  survival gear. 

This information can be 
The posit ional accuracy a t t a in -  

c o n  f i d e n t i a l  
-.. 
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SEARCH AF1'ER IMPACT 

General 

After capsule impact, its exact location must be ascertained to permit prompt 
recovery. If the capsule has been tracked to impact the detection problem 
should be relatively simple. Either the tracking aircraft has contact continu­
ously while it proceeds to the impact'area, or it-is proceeding to a point 
within a few miles of impact position. Impact position is known less accurately 
when tracking to impact in the local area has been inc omplet.e , or lacking al to­
gether. The largest size area of uncertainty appears to be a circle of about 
30 miles in radius, when all impact prediction has been done ashore and for­
warded to the local area command (Reference 60 ). 

When the capsule must be located after impact, the searching forces have three 
major detection methods available, namely, acoustical, visual and electronic. 

Acoustical Detection 

It appears that the local area forces will not be capable of utilizing ~Lder­
water acoustical detection methods or equipments for search. The capsule has 
none of the desirable characteristics of a sonar target for active acoustical 
search. The target is also producing virtually no noise due to either machinery 
or water travel so that normal passive techniques would be ineffective. It 
would be difficult to alter the capsule characteristics to improve its qualities 
as an effective acoustic target for local area forces. In addition, the value 
of such an additional capability WOuld be quest~onable due to the limited range 
and changeable nature of underwater acoustics. 

However, the presently configured capsule contains explosive charges, which 
can indicate its location to shore tracking stations. This information can be 
forwarded to the local area, to aid in search. The positional accuracy attain­
able through this technique varies with distance from the shore stations, so 
information obtained through the use of this equipment varies in accuracy from 
approJdmately what the local forces can do with good descent tracking, to 
accuracies somewhat better than the impact predictions attainable by the satel­
lite tracking:system. This detection aid is, however, only available with the 
above mentioned accuracies in the final orbital.impact area. 

Although it is not now in the capsule, a fog horn would help provide all-weather 
recovery capability. Electronic aids can lead retrieving vehicles close enough 
for visual sighting under normal conditions, but a ship might pass wi thin a few 
yards of the capsule in a thick fog without anyone detecting it unless an 
acoustic device were in operation. Small, compact, pre-pressurized units are 
available for small-boat use and might be added to the pilots survival gear. 
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Another acoustic d.evice that could. aid recovery, in the unlikely event that the 
capsule were damaged enough to sink in shallow-water, is a small sonar-type 
beacon. Although~none are available as off-the-shelf items, SUch devices have 
been built for "laboratory" use and. would. be capable (with little power required) 
of provid.ing a homing signal to aid. a diving party to find. the capsule if the 
general impact area were known. There is considerable shoal water off near 
Bermuda and. in the final landing areawb.ere d.iving operations arp. practical. 

Visual Detection 

Visual d.etection has always been, and. is now, the primary method for finding an 
object at sea. As such, it can be employed. to good. adyantage in capsule re­
coverY, particularly by air anti-submarine crews, and. Search and. Rescue person­
nel. The techniques have been refined. through.. years of use, and. have been 
standardized. throughout the world .• 

Reference 19 gives the values of the several search parameters, and. is tl;:te 
guid.ing directive for Naval operating technique. Sweep wid.th is defined. in 
Reference 19 .as a "mathematically determined. measure of detection capability 
that varies with method. of' lfietection, eqUipment employed., character of object 
or target being sought, search speed, and. weather cond.itions. It is a measure 
that is reduced. arbitrarily at the maximum range of any given sweep so that 
the scattered. targets which may be detected. beyond. those limits are equal in 
number to the targets which may be missed. within the same limits." 

In this report ffsweep wid,th" is interpreted. as twice the range which satisfies 

where: 
P d.(out) 1 - Pd.(in) Equation 4 

Pd,(out) == probability of ~etection of a target 
outsid.e given range 0 

Pd,(in) probabili tyof Ifi.etection of a target 
insid.e given range. 

If nothing .about the d.etection probability function is assumed. except that 
detection is at least as probable inside the given range as outsid.e, that is 

Pd.(in) == Pd.(out) Equation 5 

then, the given range can be seen to be one at which 

Pd.(in) == 0.5 Equation 6 

Sweep widxh, throughout this report, has been taken at twice the range to 0.5 
probability of detection. For this purpose, the capsule without location 
aid.s has been taken as equivalent to a one man raft. Sweep wid:ths attainable 
with various aid.s are tabulated. later in this section. Figure 11 shows values 
extracted, from Reference 19 for visual sweep widxh and. recommended. search 
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altitude, f'or air-to-surf'ac.e search f'or the capsule. Generally, this f'igure 
shows that search altitude should be approximately 1000 f'eet, and that attaina­
ble sweep width is approximately one half' mile. Searchal ti tudes may be changed 
slightly to conf'or.m to requirements f'or electronic detection means, without too 

_ great a degradation in reasonable visibilities. This point will be discussed 
later in this section. 

Figure 12 shows single-pass probability of' detection as a function of' sweep 
width and track spacing f'or search throughout an uncertainty area. Single-pass 
probability is the probability of' detection when the area is searched only once. 
Subsequent searches increase the overall detection probability. This f'igure 
shows that single-pass probability of' detection can be varied by changing search 
track spacing. Since a change in track spacing implies a change in time required 
to search once through the uncertainty area, and since probabili ty( ;of'detection 
is enhanced. bym.ultiple searches in an area, the question arises as to whether 
there is a minimum search time to attain a given probability of' detection. To 
answer this properly, the relation between search time (t), track spacing (S) and 
sweep Width (W)must be developed •. Figure l3 shows a diagram of'a parallel 
sweep search of'a square area of' size "Aft. In this f'igure, the search vehicle 
begins its search in the upper lef't hand corner of' the area, spaced one half' track 
spacing f'rom each side forming that corner. The vehicle proceeds parallel to one 
side of' the area until one half' track spacing f'rom the bOunding edge on the right, 
then turns, proceeds parallel to this edge a distance equal to track spacing, 
turns again and proceeds parallel to the Original course. This procedure is con­
tinued unti.l the entire area is searched. It is clear that the length of' the 
f'irst search leg is At - S, while that of' the leg perpendicular to this is S. 
The aircraft searching this square area f'lies a distance expressed as: 

Time, of' course, is 

1 ( 1., (' 1 L' d = (A2- s) '~J+~ - ) S 

= ~:.; S 
S 

t = d 
Vs 

Equation 7 

Equation 8 

probability of detection on subsequent ~earches, when the single search 
prob.abili tyis known, can be represented, grossly, by: 

Pd,n= 1- (1 - Pd,l)n 

where: Pd,l = Single-pass detection probability 

Pd,n = detection probability over n passes 
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n = number of searches through area 

so that: n = In (1 - Pd,n) 
In (1 - Pd,l) Equation 9 

Total search time to attain a given probability of detection is, then, 

t= n (! "':S) =(A- S2) In (1 - Po"n) 
Vs S (SVs) In (1 -Pd,l) Equation 10 

If sweep width is taken equal to track spacing and desired detection probability 
is 0.99, then equation 10 reduces to 

t = o 
(A-w2) 

WVs • -2 
loge .15) 

= 2.42 (A .. W~) 
WVs 

Taking this time as the standard, then the ratio of search time to this standard 
time is 

= -.824 
log.(l-Pd,l) 

A"'S2 

A-w2 
1-1 . -s Equation 11 

where Pd,l is obtained from Figure 12 as a function of wis. Examination of 
equation 11 shows that as area increases the time ratio approaches w/s times 
the constant term (in brackets), while as area decreases, the time ratio 
approaches s/w times the same constant term. 

\ 

Figure14 shows this relationship for the probability function shown in 
Figure 12 ,where time is relative to the time required to perform the same 
search with sweep width equal to track spacing. A final probability level of 
.99 has been chosen in presenting these data. This figure shows that for most 
areas, a minimum occurs at a spacing ratio of approximately 2.5,that is, at 
track spacing about 0.4 times the sweep width. If this track spacing is 
employed, equation 10 reduces to: 

t = (A _S2) 
(S Vs) 

= 1.47 A 
WVs 

--{-~?) 
r::3.1iT 

.24 }L 
Va Equation 12 
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1 
A s  W approaches AZ, t h a t  is, as the sweep width covers an ent i re  s ide of the 
search area, equation 12 reduces to: 

I 
A -  t = 1.23 - vs Equation 13 

showing tha t  the aircraft needs s l igh t lymore  than one sweep t 
uncertainty area tolassme a detection probabili ty of .99. A s  
s m a U  compared t o  A2,equation 12 reduces to: 

t = 1.47 A . 

w vs Equation 14 

suggesting that approximately two t r i p s  through the uncertainty area are 
rfquired t o  a t t a i n  the desired detection probability. A s  W increases beyond 
AZ, t approaches zero, indicating t h a t  one look at  the area is suf f ic ien t  i n  
this case. This latest ease and the ease exemplified by equation 13 are 
typical  of a i r c r a f t  employing electromagnetic search systems of reasonably long 
range capabi l i t ies .  
and ships searcQing v isua l ly  i n  large,uncertainty areas. Figure 15 shows t as 
a function of A 2  f o r  some values of A2 . 

The case shown i n  equation 14 i s  reasonable f o r  a i r c r a f t  

3- - vs 
Visual Aids 

Previously i n  t h i s  section, visual  sweep width was seen t o  vary with v i s ib i l i t y ,  
and t o  average , f o r  the capsule, about 0.4 t o  0.5 miles. 
gives average values f o r  detection range when various v isua l  aids are incorpo- 
rated i n  the capsule: 

The following table  

Visual Aid 

Dye Markers 

Flash-Light (2  C e l l )  

Smoke 

Approximate Detection Rang e Remarks 

One t o  ten m i l e s .  A t  search Remains visible u p b  
al t i tude,  approximately three 2 hours i n  cdm sea, 
miles. but diss ipates  rapidly 

i n  rough water. 

Zero t o  11 miles. Blaximum Personal item. Bight- 
when beam up toward observer. time use. 

About 10 mlles. 

Capsule Flashing Light 

Mirror Visible t o  horizon. 

Up t o  about 50 miles. 

&pendent very strongly 
on wind velocity aear 
surface 

Night time use. 

Limited by haze. 
Daytime use. 

. 
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1 
As Vl approaches A2, that is, as the sweep width covers .a.nentire sid~ of the 
search area, equation 12 reduces to: 

1 

t = 1.23 A2 
Vs Equation 13 

showing that the aircraft needs slightly more than one sweep through the 
uncertainty area tO l assure a detection probability of .99. As W becomes very 
small compared to A"Z, equation 12 reduces to: . 

t = 1. 47 2::.­
Vl Vs Equation 14 

suggesting that approximately two trips through the uncertainty area are 
r~quired to attain the desired detection probability. As W increases beyond 
A2, t approaches zero, indicating that one look at the area is sufficient in 
this case. This latest case and the case exemplified by equation 13 are 
typical of aircraft employing electromagnetic search systems of reasonably long 
range capabilities. The case shovmin equation 14 is reasonable for aircraft 
and ships searc¥ing visually in largel uncertainty areas. Figure 15 shows t as 
a function of A2 for some values of Ag 

Va W 

Visual Aids 

Previously in this section, visual sweep width was seen to vary with visibility, 
and to average, for the capsule, about 0.4 to o. 5 miles. The following table 
gives average values for detection range when various visual aids are incorpo­
rated in the capsule: 

Visual Aid 

Dye Markers 

Flash-Light (2 Cell) 

Sinoke 

Capsule Flashing Light 

Mirror 

10_15 'AGt CO"''''·'N 
o· 1"1 IJNIf,C ST 
t ...... s. tlTlt It. 1,;1 
o. 1)'t Uvt\4f1 
fO .Uf U""AU'" 

Avproximate Detection ~e 

One to ten miles. At search 
altitude, approximately three 
miles. 

Zero to II miles. Maximum. 
when beam up toward observer. 

About 10 miles. 

Up to about 50 miles. 

Visible to horizon. 

Q W Ii "if e1 @ " j f 6 ,.. I 

Remarks 

Remains visible up in 
2 hours in calm sea, 
but diSSipates rapidly 
in rough water. 

Personal item. Night­
time use. 

Dependent very strongly 
on wind velocity near 
surface. 

Night time use. 

Limi ted by haze. 
Daytime use. 



Use of the aids listed on the previous page results in higner detection 
probabilities, for a given track spacing. -Employing .the results obtained as 
show in Figure 15, it can be Seen that their use can materially reduce seaI'ch 
time fora given desired level of detection probability. 

Electronic Detection 

Table 8 lists the ranges attainable when searching for thecapsl~e using vari. 
ous electronic equipments listed. These ranges are for detect.ion probability 
equal t.o 0 .. 5 per scan, and therefOre are considered .to be half the sweep width 
of the equipment and of the vehicles carrying those equipments. The previOus 
discussion in this section concerning sweep width, track spacing and detection 
probabili ty, applies equally to electronic equipment.. Since the ranges attain­
able with thiS equipment are larger, by order.s of magnitude, than those attain­
able employing visual search, search altitude should be that which optimizes 
probability of detection with the electronic detection equipment. 

Application to Search in Practice 

There are a number of established procedures for ~erforming a search, based on 
experience of all the military services and other sea-going and air agencies in 
general, and by the U.S. Coast Guard and Air-Sea Rescue Sercices in particular. 
The procedures have been set down in the form of a series of specific doctrines, 
which include lines of responsibility and authority and communications, as well 
as .operating tactics; Search and Rescue Manual,]Reference 18. 

Primarily, the many search and rescue doctrines have been established to handle 
the problem of locating aircraft,ships, and human beings lost at sea in an area 
which can be stated in some fashion (navigational fix, extrapolation of a known 
direction and speed of travel, for example). In the present problem, prediction 
of the capsule impact point within relatively narrow limits is expected, so that 
the area to be searched should be reasonably small., Secondly, it is desired 
that fairly short access times from impact to retrieve be obtained. Therefore, 
in certain respects, the established doctrines may not be usable without modifi­
cation. -Among other considerations would be the maneUVering limits of the search 
aircraft: if the actual area is very small, the aircraft may necessarily tra­
verse a substantially larger area in performing the required search. Also, 
excessive maneuvering might result in disorientation and confusion of the ObServ­
ers. However, the established doctrines do provide a frame of reference with 
which to operate. 

For aircraft, the most pro~slng searcn patterns delineated in the Search and 
ReSCUe Manual are the parallel track patterns, used by one aircraft alone Or by 
several aircraft working as a team. Use of other patterns such as expanding 
square 'Would probably result in excessive maneUVering when applied to a small 
area-
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AIRCRAFT SEARCH TIME vs  IMPACT AREA UNCERTAINTY 

99% PROBABILITY OF DETECTION 
WITH ONE SEARCH 

SINGLE VEHICLE SEARCH - SEARCH SPEED = 120KNOTS -- SEARCU SPEED = iao KNOTS 

SWEEP TYPE OF SEARCH 
WIDTH APPLICABLE TO: 

0.5 N.Mi. 

20 N.Mi. 
10-30 N.ML RADAR,SEA STATE 3-4 
100 N Mi. 

VISUAL, DAY, CAPSULE AIDS 
NOT OPERATING 

VISUAL, DAY, CAPSULE SMOKE 

VISUAL, NIGUT, CAPSULE 
FLASHING LIGHT 

Fig. 16 
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Based on the search pattern data presented in the Search and Rescue Manual, the 
effect of search area size on time to locate the capsule has been estimated for 
a range of conditions of particular interest: day.-tirrre visual search both with 
no capsule visual aids operating and with capsule s..J.oke operating, active radar 
search for the capsule in Sea State 3 to 4, and night..;.time visual search with 
the capsule flashing light operating. Figure 16 shows search time vSarea 
for these conditions, assuming single vehicle search and a track spacing for 
99% probability of detection in one search. The effect of searchaircraf't speed 
during search is shown for each condition illustrated; the effect of drift after 
impact, which would increase the area to be searched, .and the corresponding time , 
has been estimated to be at most of the sa;m.e order of magni tud.e as that shown for 
airspeed. 

The variation in impact area si~e, uncertainty to be eJq)ected is from almost 
3,000 sq.n.mi. inarea,about 30 n •. mi. in radius, estimated by NASA for ground 
tracking during re-entry, down to about 40 sq. n.mi. for a local radar contact, 
assuming an Al?S-20 radar (carried by P2V, WV-2, .and ZPG-2) located 120 n.mi. 
from the capsule. Figure 16 indicates that the 3,000 sq.n.mi. area would 
fall within reasonable capability of a single search aircraft using radar search 
or using visual means against .operating location aids,requiring about two hours 
of search or less, but quite thoroughly beyond reasonable capability using visual 
search against the capsule alone. The 40 sq.n.mi. area would be within reaSon 
in .anyevent, requiring only about one and one-quarter hours of search for the 
worst condition shown. 

It is anticipated that should the capsule location aids fail to operate after 
impact, the capsule would be contacted first by radar, and dependence on visual 
search means would be left to the final moments of search. Following such a 
sequence, the area to be searched visually should be very small. 

Thus, it appears that contact with the capsule may be reasonably expected to 
occur wi thin about two hours or less after search of the impact area uncerta.inty 
is begun. The' primary means of location would presumable be the capsule flashing 
light should impact and the beginning of search take place at night, and the use 
of active radar search techniques during the daytime. Daytime SInoke emission 
from the capsule would provide a back-up means roughly equivalent to active radar, 
itself a secondary m.eans at night. 

If impact occurs at night and the capsule flashing light does not operate, there 
is no reasonable expectation of success using a visual search. This would also 
be the case were there to be a very heavy overcast, which would tend to obliterate 
the light at night or the smoke during the daytime. The usefulness of smoke would 
also deteriorate with wind. Therefore, to a great extent, the main reliance may 
fallon the use of radar. In order to supplement the radar detection capabilities, 
espe.ciallY under overcast conditions, use of infra-red means might be attractive; 
a device for this purpose is understood to be under current test by the Air Rescue 
Service. 
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RETRIEVING FtEQUIREE/IENCTS A I D  TECHNIQmS 

This Part  describes the  vdrious equipmeats and techniques that may be 
retrieve the Mercury c a p s h e  from the water. It i s  divided into four 
as follows: 

1 - General Considerations 
2 - Types of Retrieving G e a r  and Operational Techniques, of 

Becovery Vehicles 
a) Fixed Wing Aircraf t  
b )  Helicopters 
c )  Airships 
a)  Surface Vessels 
e )  Submarines 

4 - Swrmary i 
3 - Weather andEnvironment - Effect;; of 

General Considerations 

Recovery vehicles should have capabi l i ty  of re t r ieving the capsule from the sea 
and suitable provisions on deck f o r  stowage or a b i l i t y  t o  transport  capsule quick- 
l y  t o  a suitable base. 
made available t o  the proper medical and interrogation personnel as soon as possi- 
ble after retrieving. 

It i s  highly desirable tha t  the occupant be examined and 

It i p ,  desirable that the techniques f o r  re t r ieving the capsule not require special 
t ra in ing  or skil ls .  This means tha t  special  gear required t o  engage, hold, or  
accommodate the capsule should be simple and readi ly  understood by competent seamen 
or a imen* 
vehicles and personnel.. 
basis. 
f o r  the uni t s  "on station" w i l l  undmbtedlybe required. 
be rotated w i t h  others which are serving a duty of national defense. A l l  of these 
uni t s  nust be equally capable of carrying out their  assignment i n  the Mercury pro- 
gram and t h i s  can only be done i f  the requirements are simple and easy  t o  understand. 

The Mercury Program w i l l  involve a large number of mi l i ta ry  and Maval 
Many of these w i l l  necessarily be on a standby or  r e l i e f  

Postponements and delays i n  the o rb i t a l  shots are inevitable. Replacements 
I n  cer ta in  cases un i t s  may 

It i s  important that instruct ions on how t o  enter the capsule, while it is  f loa t ing  
i n  the water, and reraove the occupant, who may be unconscious, should be widely 
disseminated t o  all agencies, mi l i ta ry  and civilan,  who might be involved i n  the re- 
covery ak t iv i t i e s .  If it i s  impossible t o  do t h i s  safely i n  the water it i s  
equally important that this also be made generally known1 A special  harness o r  pro- 
vision on the p i l o t % s  clothing t o  a t tach a rope should be provided so khat he could 
be hoisted or pulled out of %he capsule. Removal of the man from the capsule while 
in the water should be consideredbn emergency only and attempted only i f  the capQ 
sule  re t r ieving gear is inoperative or, as i n  the case of the available seaplanes, 
t h i s  re t r ieving gear is  not available. Even then the decision of separate removal 
must be based on (1) weather and sea state3 (2) proximity of vehicles carrying ,cap- 
sule recovery gear; (3) condition of capsule, i .e.  damaged, sinking, e tc .  A fourth 
consideration m i g h t  be the  condition of the man inside.  If, by radio or  v i s ib l e  
signals, it is learned t h a t  he i s  i n  need of immediate medical a t tent ion o r  t h a t  
the in t e r io r  of the capsule has become uninhabitable then the speed with which he 
can be evacmted would be the dominating factor .  

Restriction
/
Classificati
on 
Cancelled

R
e
s
t
r
i
c
t
i
o
n
/
C
l
a
s
s
i
f
i
c
a
t
i
o
n 
C
a
n
c
e
l
l
e
d

Restriction/Classification Cancelled

66 
.JiE I ifF f -" ri III. J ; 6 , Jili¢ 

RETRIEVING REQUIREMENTS AND TECHNIQUES 

This Part describes the various equipments and techniques that may be used to 
retrieve the Mercury capsule from the water. It is divided into four (4) parts 
as follows: 

1 - General Considerations 
2 - Types of Eetriev.tng Gear and Operational Techniques. of 

Recovery Vehicles 
a) Fixed Wing Aircraft 
b) Helicopters 
c) Airships 
d) Surface Vessels 
e) Submarines 

3 - Weather and Environment - Effect;; of 
4 - Summary } 

General Considerations 

Recovery vehicles should have capability of retrieving the capsule from the sea 
and suitable provisions on deck for stowage or ability to transport capsule quick­
ly to a sui table base A It is highly desirable that the occupant be examined and 
made available to the proper medical and interrogation personnel as soon as possi­
bleafter retrieving. 

It is desirable that the techniques for retrieving the capsule not require special 
training .or skills. This means that special gear required to engage, hold, or 
accommodate the capsule should be simple and readily understood by competent seamen 
or airmen~ The Mercury Program will involve a large number of military and Naval 
vehicles and personnel. Many of these will necessarily be on a standby or relief 
basis. Postponements and delays in the orbital shots are inevitable. Replacements 
for the units lion station" will undoubtedJybe required. In certain cases units may 
be rotated with others which are serving a duty of national defense. All of these 
units must be equally capable of carrying out their assignment in the Mercury pro­
gram and this can only be done if the requirements are simple .and easy to understand. 

It is important that instructions on how to enter the capsule, while it is floating 
in the water, and remove the occupant , who may be unconscious, should be widely 
disseminated to all agencies, military and civilan, who might be involved in the re­
covery activities. If it is impossible to do this safely in the water it is 
equally important that this also be made generally known. A special harness or pro­
vision on the pilot's clothing to attach a rope should be provided so that he :could 
be hoisted or pulled out of the capsule. Removal of the man from the capsule while 
in the water should be consideredjn emergency only and attempted only if the capQ 
sule retrieving gear is inoperative or, as in the case of the available seaplanes, 
this retrieving gear is not available. Even then the deciSion o~ separate removal 
must be based on (1) weather and sea state; (2) proximity of vehicles carrying ,cap­
sule recovery gear; (3) condition of capsule, i.e. damaged, sinking, etc. A fourth 
consideration might be the condition of the man inside. If, by radio or visible 
signals, it is learned that he is in need of immediate medical attention or that 
the interior of the capsule has become uninhabitable then the speed with which he 
can beevaeuated would be the dominating factor. 



Evacuation of the man on the water is dangerous except in the smoothest seaa 
Shipping of water in the top hatch is inevitable in rough seas even with the float­
ation bags and with the occupant in normal physical vigOr. If, however, he cannot 
assist himself, the side opening must be used and the rescue is likely to become 
a race of effecting his removal befOre the capsule has shipped enough water to c.ause 
it to sink. It is recommended that such evacuation be done from a life boat or a 
life raft of not less than 10 men capacity. A life boat or 10 man raft offers 
sufficient size and buoyancy that the to]> o.f th~, ,,JZapsulecan b.~ pulled over into 
it and lashed in placevm.ile the rescue i.s being accomplished. This arrangement 
would prevent the shipping .of harmful amount.s of water while the side hatch is open .. 
A 10 man life raft weights 114 pounds and all large seaplanes and amphibians are 
equipped with this size or larger. Helicopters too ~mall to lift the .capsule can 
also carry this raft and drop it and a rescue crew near the capsule. After the 
rescue is effected, they can all be hoisted up into the helicopter. 

The Air Rescue Service of the USAF has two-man, para-rescue teams trained for all 
emergencies except surgery. These men could drop an MA-l kit, conSisting of two 
20-man life rafts one at each end of an BBO-foot line with survival bundles located 
each 200 feet along the line. The rafts, having a greater freeboard than the 
bundles (or the capsule), would cause the line to fOr:m a horseshoe shape. If proper­
ly dropped it would encircle the capsule. The para-rescue team could assist the 
capsule pilot and render first aid, if necessary. 

Types of RetrieVing Gear and OPerational Techniques of Recovery Vehicles 

a) Fixed Win~ Aircraft 

There are no fixed wing amphibians or seaplanes in service large enough to load 
the capsule from the water. Therefore, the only role these aircraft can take, 
aside from aiding in the search, is to rescue the man separately from the capsule. 

The techniques for effecting such rescue are time honored and simple. Theair­
craft is taxied. nearby and" if there is a wind, held in position with engine 
power. A life raft secured to the aircraft with a long painter is put overboard 
and one or two men row to the capsule. As an aid to rescue, some aircraft carry a 
portable platform which can be attached on the outside below the main entrance 
door at approximately thE; water level. One or two men secured to this platform 
with safety belts and provided with boat hooks and snatch lines can retrieve life 
rafts or floating personnel under very adverse sea states. In calm weather it 
would be possible to contact the capsule from this platform and make a direct 
rescue of the man inside. 

There are two large Navy seaplane types that do have the capability of retriev­
ingthe capsule. Unfortunately, they are not now in s.ervice. The ten Convair 
R3Ys (Tradewinds) in mothballs at Alameda have a side door aft of the wing which 
is large enough to admit the capsule. An overhead hoist can beswung.out ·of 
this opening for lifting the capsule from the water. The four Martin JRM (Mars) 
flying boats, which are being modified for another use, have an ideal retrieVing 
system. A monorail extends outboard along the undersurface of the wing (hoist 
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FIG* 17 

CAPSULE PICK-UP FLOATING RETRIEVING LINE 

(a) Long Line Technicpe - Orbiting Aircraft  

(c) Helicopter 
(d) Airship 

(b) =P 
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CAPSULE PICK-UP - FLOATING RETRIEVING LINE 

(a) Long Line Technique - Orbiting Aircraft 
(b) Ship 
(c) Helicopter 
(d) Airship 
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capacity = 5;000 .lbs.) The capsule could be picked up at a safe distance 
from the hull and pulled along tnis rail directly into the hull through a 
92" x 99" opening exis'ting under the wing for this purpose. Neither sea­
plane was designed for rough seas operation, but the R3Y has somewhat 
greater capability than the JRM in this respect. The JRM is generally 
thought to have a sea state 3 limit. 

Fixed wing aircraft using "snatch'! techniques either in the air during the 
descent of the capsule or after it reaches the water may bring an impOrtant 
contribution to the recovery effort (Figures 1.8 and 24). These systems are 
in use now on C-ll9 aircraft and have been used for a.ir-to-air pick-up of 
objects weighing up to 1000 pounds and ~Orwater pick-ups of weights up to 
800 pounds. The techniques ,for recovering the capsule would be similar to 
these pick-ups but the retrieving gear would have to be stronger and larger 
aircraft might be required.. (see FigurE;' 18) It is doubtful that develop­
ment of either one of the above recovery systems for effective operational 
use could be accomplished prior to the first orbital shots. However, the 
potential savings in recovery time and .overall cost for water-to-air snatch 
techniquewohld'seem to'justify immediate'further development. This system 
is considered in the category of future improvements to recovery and is dis­
cussed in a later section of this report. 

Another type of aerial recovery from fixed wing aircraft which might be appli­
cable to the Mercury Program is the "long line" technique -Figure 17. This 
consists of a long line - over 1000 feet - attached to an airplane with a hook 
or grappling device at the lower end. When the aircraft circles. in a small 
orbit, the device on the lower end of the line is impelled to the center of 
the orbit where it remains relatively motionless except for the rotatio~ im­
parted by the circling~ aircraft. Very accurate placement of the device can 
be attained in this manner but so fari t has been used only for light weights 
and it is not at present applicable for capsule recovery. This system is also 
discussed later. 

In addition to the advantages mentioned above for the snatch-off-the-water 
technique, this "l.ong line" system might be adaptable to many more types of 
aircraft if the line ,need not be reeled in and the capsule landed by the same 
technique. Also, this method is one of the very few, if not the only one, that 
might be used successfully in remote inacessible areas on land. The advantages 
that either the !1 snatchfl or "long linen techniques would appear to offer in 
terms of reduced access time and number of vehicles, as discussed elsewhere in 
this Ieport, indicate the advisability of a maximum development effort to make 
them available as soon as possible.' 

b) Helicopters 

Helicopters, in the largest sizes, are well suited to retrieve the capsule under 
any but the most adverse weather conditions. Helicopters used by the Navy, 
Marines, Air Force and Coast Guard have played a large role in the recovery of 
objects and persons from the water,and recovery of the capsule does not present 
a problem except that its weight eliminates the use of the smaller types. 
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FIG, 18 

CAPS- PICK-UP - WATER-TO-AIR SNATCH 

(a) All American System - Suspended Line on Aircraft Engages 
Elevated Hook on Capsule. 

(b) AU. American System - Suspended Hook on Aircraft Engages 
Elevated Retrieving line on Capsule. 
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CAPSULE PICK-UP - WATER-TO-Am SNATCH 

All American System - SUspended Line on Aircraft Engages 
Elevated Hook on Capsule. 
All American System - SUspended Hook on Aircraft Engages 
Elevated Retrieving line on Capsule. 
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FIG. 19 

CAPSULE PICK-UP - MANUAL ATTACHMENT SYSTEMS 

Attachment to Helicopter or AirShip Hoist. Bailor 
Lifting Eye on Capsule. 
Attachment to Ship Boom or Davit. Bailor Eye 
on Capsule. 
Attacbmentto Ship Boom or Davit. Hinged Eye on 
Capsule. 
Attachment to Ship Boom or Davit. Special Connection 
on side of Capsule. 
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(b) 

FIG. 20 

CAPSULE PICK-UP - HELICOPl'ER AND AIRSHIP ACCOMMODATIONS 

(a) Sikorsq Arrangement .. HR2S-1 Helioopter 
(b) Naval Air station, Lakehurst, Arrangement .. ZPG-2 

Airship. 
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Navy, Marine, Coast Guard and Air Force helicopter pilots and ,crews are 
accus.tomedandtrained to operate over water and ship bases. The Army, 
also, has a large number of helicopters available, but their personnel may 
require certain specific over-water training. According to Army authorities 
this should be no problem. 

Three types of helicopters standout in having the capability of retrieving 
the capsule without costly modification and they exist in sufficient quantity 
to satisfy reasonable logistics requirements. One is the SikorskyHR2S ... 1 
(Marines), H-37A(Army), another is the Sikorsky HSS-l(Navy), H-34(Army), 
HUS-l(Marines), and the third is the Vertol H-2lB(USAF), H-21C(Army). 

The perf' erred method Df attachment to the capsule is by .means ·of a hook 
connected to a bail or eye on the capsule. A crewman would effect this attach­
ment from a sling while the helicopter hovered overhead. Reference Figure 19. 
TheHR2S-1 (H-37A) is equi:ppedwith a hoist which according to Sikorsky Air­
craft Company, can be easily adapted to lift the capsule partially through 
a hatch in the floor. A platform can be provided to obtain access to the in­
terior of the capsule while in this position and the occupant may be removed. 
(Reference Figure 20 ) • The capsule flotation bags will be destroyed when 
the capsule enters the hatch unless they can be deflated or jettisoned prior 
to hoisting. At a normal radius of action of 165 nautical miles, 1500 pounds 
of useful load including medical personnel and supplies can also be carried. 

The Sikorsky HSS-l (H-34) (HUS-l) and the Vertol H-2lB (H-21C) do not have a 
hoist winch of sufficient capacity to lift the capsule but they are equipped 
with a 5000 pound, four ':point suspension cargo sling. This four point sus­
pension can be connected to a single hook for attachment in a manner similar 
to the Sikorsky HR2S-L In this arrangement, the capsule would be carried 
slung below the helicopter to a suitable landing spot. In a calm. sea, re­
covery of, the occupant of the capsule could be effected prior to pick+up- by 
means of a hydraulic personnel rescue hoist. A helicopter crew man would ride 
the sling down to the capsule and assist the occupant. Reference Figure 19. 
Due to the flotation bags at the to~ of the capsule, the down-wash from the 
rotor blades at normal hovering heights may have an adverse disturbing effect. 
Greater hovering heights may be required. It is highly desirable that the 
occupant wear a harness or provision for attaching a hook. Special attention 
should be paid to the interior arrangment of the capsule so that rescue of an 
unconscious occupant can be easily made under these conditions. At a radius 
of action of 120 nautical miles, appro~imately 500 pounds of useful load can be 
carried in these helicopters in addition to the capsule. This inclues two 
crewmen, life raft, etc. 

Helicopter pick-up can also be made by dragging a grappling hook through the 
water on the end of a cable until it engages a retrieving line attached to the 
capsule as shown in Figure 17. This procedure would be used if (1) no shackle 
is provided for attaching a hook, (2) the seas were too rough to lower a crewman 
for manual connection, (3) threatening weather makes it advisable to remove the 
capsule as qUickly as pOSsible, (4) the capsule is ina sinking condition and 
must be gotten out of the water as quJcklyas possible. With this type of 
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C A P S U  PICK-UP - HEMISPHERICAL IIRAG NET 

(a) Airship or Helicopter 
(b) ship 
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FIG. 21 

CAPSULE PICK-UP - HEMISPHERICAL DRAG NET 

(a) Airship or Helicopter 
(b) Ship 
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pick-up special provlslons would be required for theHR2S-1 crew to hoist 
the capsule up to the cabin because of the interference from the retrieving 
line float and end connections> or it would have to be carried slung below 
the helicopter to a suitable landing spot. 

If no provision is made on the capsule for attachment of a hook or the instal­
lation of a retrieving line or other grappling device, the use of aI1et de­
vised so that it can encompass the capsule from underneath would be required. 
Two ideas for this type of net are shown on Figure 21 and 220 They are too 
large to house within the helicopter but can be carriedbel.ow in in a reefed 
condition ready for immediate release. It would not be possible to hoist this 
net into the cabin of an $28-1. helicopter and the cap.sule would have to be 
carried slung below to a sui tabl.e landing spot. The drag of this net in the 
waterwil.l require higher power in the hovering position and a higher than 
usual hovering altitude may be I1ecessar;y to avoid disturbing the capsule from 
the rotor downwash while the net is being maneuvered under it • 

. A method used by the Marines in tests of retrieving a dummy capsule is to drag 
a flat net suspended by a helicopter or shipls boom across the capsule to en­
gage hooks .on the sides near the top.. See Figure 24a This system would be 
very effective provided the capsule was configured without the flotation bags 
and the hooks were installed. 

c) Airships 

Airships presently in use by the United States Navy have characteristics -of 
endurance, hovering ability, cabin space, winch capacity, detect.ion capability 
and staging versatility which justify them for a role in the capsule recovery 
operation. 

The Model ZPG-2 airship is the most available type. It has a normal radius of 
action of 1100 nautical miles (plus reserve) at a speed of 40 knots.- Hoist 
winch capacity is 4000 pounds. With 1800 pound load, reel-in rate is 1.60 feet 
per minute. 

The size of the winch opening is too small to permit entry of the whole capsule 
into the car, however, NAS personnel. at Lakehurst, New Jers.ey,have proposed. 
fa.bricating a special. external platform at the rear of' the car as shown in 
Figure 20. The capsule would be pull.ed up through the open bottom after which 
the platform flooring would be set in place and the -capsule lowered on it. This 
arrangement would permit easy and comfortable removal of the man. 

Techniques of retrieving are similar to those described for helicopters. The 
drag l.ine method for engaging the capsule retrieving l.ine can also be used as 
it is now used to pick-up 1000 pound floating .fuel bags. An advantage the air­
ship has over the helicopter is the absence of downwashfrom the rotor blades. 
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CAPSUU PICK-UP - CAGE TYPE NET 

(a) Pucker Line 
(b) Clam Shell - Ship Mounted 
(6) C l a m  Shell - Carried on Helicopter or Airship 
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(a) 

(b) 

(c) 

FIG. 22 

~-

CAPSULE PICK-UP - CAGE TYPE NET 

(a) Pucker Line 
(b) Clam Shell - Ship Mounted 
(c) Clam Shell - Carried on Helicopter or Airship 
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After the capsule is hooked, water ballast is released from the airship to 
compensate for the wei~t and the lifting is steady and easy. Due to their 
greater size, hi~ cost and lower speed, airships have not been used for air­
sea rescue missions as .extensively as helicopters and aprograJIl of tests in 
dwnmy capsule recovery.mi~t be necessary before they could be given an 
assignment in the Mercury operations... They have long endurance - normally. 55 
hours - and ideaL searchcapabili ties - both electronic and visuaL TP-ere are 
substantial savings to be realized when the detection vehicle. can also be used 
for retrieving and tests of this system should be expedited. 

d) Surface Vessels 

Surface ve.ssels }:lave the adv&ntage over other recovery vehicles ·of being able 
to stay lion station" much longer and under much 'Worse weather and sea conditions 
than aircraft. They offer a stable and.$ in most cases, roomy platfo:J:"Ill for re­
trieving ,gear and the weight of this gear is .not asimpar;tant as it would be 
on aircraft. 

Most ships have hoist or winch capacity large enough to lift the capsule out 
of the water and deposit it on deck; however, in all but a few cases, this 
hOisting means is a life boat davit. Davits are relatively short and Navy ex­
perience with dummy full scale capsules has shown that they may bump the side ( 
of tne Ship-while being hoisted. In a rolling or rough sea the side of the 
Ship must be thickly' padded to prevent damage to the capsule. 

Buoy tenders are considered to be the best surface vessels for retrieving of 
the capsule. They are equipped with long booms so that there is no danger of 
the capsule striking the side while being hoisted and their crews are well 
trained in retrieving buoys weighing up to several times that of the capsule. 
However, buoy tenders are not plentiful and it is doubtful if an effective 
number could be employed in some of the .more remote areas to be covered in the 
Mercury program.. Their relat:tvely low speed While traveling to the capsule is 
a .handicap when minimum recovery time is a requirement. 

All vessels are provided with hooks of various sizes, and .if .the capsule is 
equipped with a bailor shackle for hoisting, the recovering.operationwould not 
be difficult in moderate sea states. The standard procedure 'Would be to heave"" 
to a Short distance from the capsule and let the hook be attached by frogmen 
or a crew in a small boat - reference sketches, Figure 19- After that the 
capsule would be drawn to the vessel and hOisted aboard. 

If no hoisting bailor shackle is provided on the capsule, a cage of the type 
shown on Figures'2l through 23 could be used for the retrieve. Iri this instance, 
the capsule would be Illassoed" by the boat crew a.ndthen pulled in close enG:p,gh 
to the vessel so that the cage could be dropped over it from a davit or boom. 

PRELIMINARY· 
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FIG. 23 

CAPSULE PICK-UP - SHIP MOUNTED SIDlE NET 

Net in Position. 
Intercepting the Capsule. 
Met Drawn around Capsule 
Heisting CapemLe frm Water 
Capsule deposited 013. Deck. 
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FIG. 23 

CAPSULE PICK-UP - SHIP MOUNTED SIDE NET 

(a) Net in Position. 
(b) Intercepting the Oapsule. 
(c) Net Drawn around Oapsule 
(d) Heisting Oapsule from Water 
(e) Oapsule deposited on Deck. 

(b) 

(e) 
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In the event of rough seas, the comma~der of the rescuing ressel would pro· 
bably heave-to upwind from the capsule in order to provide smoother water for 
his crew to effect the attachment and retrieve. Oil might be released~o 
further reduce the roughness • However, in this ,operation, the ship, du.e to 
its larger wind area, will drift down on the capsule and extreme careand.skill 
must be used to avoid a damaging contact. 

To save time and to eliminat.e the necessity for the ship to heave-to close to the 
capsule, a device that permit.s retriev~ng While the ship is underway is de­
sirable. An idea for such a device is. shown on Figure 21. This consists of 
a special net~owed behind the ship one. cOurse to intercept the capsule. After 
"netting", the capsule is drawn to the ship and attached to a boom hoist Or 
boat davit. This device does not require alteration to existing ship, structure. 

Another arrangement that permits retrie¥~ ·01' the capsule while the ship is 
underway is shown on Figure 2@.. This consists of a large net mounted on an . !'An 

frame extending approximately 50 feet from the side of the ship and supported on 
its outer end by a floating pontoon. As soon as the capsule is flnetted l' , the 
entire frame is rotated upward and inward and the capsule is deposited on the 
deck. This arrangment is easy to handle and control and Should prove ef:f'i·cient 
in all kinds of weather. However, it is a structural device that must be fitted 
and instal1.edon each ship and will require alterations Or revisions to these 
Ships. It would be adlnirable where the expected capsule impact area could be 
covered by only a small number of ships or the ships were the fast hydrofoil 
type. Reference $ec~t10n on future developments. 

If the capsule is provided with a floating retrieving line, as shown in Figure 
17, an underway pick-up can be made by dragging a grappling hook through the 
water on the end of a cable so that it engages the line • This cable could be 
suspended from a boom or outrigger. Due to the length ·01' the retrieving line 
and possible interference of the small float on the end.of the line with hoist 
pullies, it would be necessary to use a snatch block or open block on the line 
below the float in order to permit hoisting the capsule to the deck. Whe.n the 
size·of the float is known, the subsitition of rollers for the pulleys .would 
simplify the hOisting procedure. 

e) . Submarines 

Submarines have long played an important roleinrescuing.flyers do'Wtl at sea 
and they have characteristi.cs, of lion station ll endurance, personnel accommoda­
tions and detection capability that also fit them ·for a part in the capsule re­
covery program. 

Retrieving operations are unique yet comparatively simple. The sub:rr.arine would 
heave-to nearby and send a program or crevr in a life raft to fllasso ll or attach 
a line to the capsule • The capsule would then be brought alongside the sub­
marine which would then submerge sufficiently to permit the capsule to be floated 
onto the deck (the capsule draws less then 2 feet) and be lashed in place. The 
submarine would then rise and the capsule would be high and dry on a secure deck 
and ready for easy egress of the occupant. 

PRELIMINARY 
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FIG. 24 

CAPSUIE PICK-UP = AIR-TO-AIR SNATCH 

(a) Approach 
(b) Pick-Up Pass 
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FIG. 24 

CAPSUIE PICK-UP - AIR-TO-AIR SNATCH 

(a) Approaoh 
(b) Piok-Up Pass 
(od) Contaot 
() Retrieve 
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The submarine would not be able to submerge with the capsule on deck because 
of possible damage or loss and would have to proceed on the surface to the 
nearest ship or base where it could be taken off. In an emergency, the cap­
sule would be remoyed·from the submarine deck by means of the water retriey~ 
ing methods on yehiclespreViously discussed, Le., helicopters, airships, 
air snatch, long line pick-up, etc. 

Adyantages ·ofsubmarine retrieve are that it is comparatively simple in 
normal conditions and no special retrieving gear is required on either the 
capsule or submarine _ Ordinary lines can be used from the submarine and if 
no handlingproyisions are incorporated on the capsule these lines can be 
lashed around it- and securely tied to the deck. 

Weather and EnYironment - Effects of 

This ~art will describe the applicability of the foregOing recovery systems in re­
lation to weather and sea conditions and will pOint out the limiting factors that 
may govern in each case. 

a) Time of Day 

Daylight· is'.best by"·far for all pick-up' operat:i:oils. Howeyer, it is realhed 
that other factors such as search and detection may outweigh the advantages 
of daylight for the actual retrieving operations. Radar detection is equally 
efficient in day or night but a flashing light on the capsule can be noticed 
at a much greater distance at night than the capsule can be seen by day_ The 
best hours for daylight detection are between 10:00 A.M. and 2:00 P.M. 

water landings with fixed wing aircraft at night in the open sea regardless of 
wind or wave conditions are hazardous and should not be attempted except in 
emergency. Air-to-air snatch requires high visual acuity and judgment and. 
must be restricted only to daylight in clear weather. Water-to-air snatch us­
ing theeleyated hook on the capsule as described previously is feasible 
provided the capsule has a flashing light and the aircraft is equipped with a 
radio altimeter coordinated with an automatic pilot. It would be des:i:rable to 
have a powerful searchlight typeAN!AVQ-2or equivalent as used on anti-sub­
marine aircraft mounted on the recovery aircraft. Water-to-air pick-up using 
the "long linetl techniques must, at the present time, be limited to clear day­
light. Howeyer, it is possible that electronic aids can be developed which will 
make this technique less dependent upon visibility conditions. 

Most helicopters are equipped with or have provision for the installation of 
downward facing lights .which are suitable for normal rescue work at hovering 
altitudes. RetrieYing times for the capsule using either the hook and Shackle, 
retrieving line or cage net would be roughly doubled for night as compared to 
day. When using a grappling hook, it might be necessary to make several passes 
at the capsule to determine the orientation of the retrieving line in relation 
to the capsule. 

PRELIMINARY 
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The same general considerations apply t o  a i rships  as $or helicopters i n  night 
operations. 

Ships w i l l  have the  fewest problems of a11 vehicles f o r  effect ing night time 
retr ieving as compared w i t h  day t h e .  
searchlights spaced apart  so t h a t  the e f f ec t s  of shadows are minimized. 

They are usually equipped w i t h  multiple 

b )  Wind and Waves 

Wind and waves are considered together because the  lat ter i s  dependent on the 
former except for the e f f ec t s  of tldes or earthquakes. 
l y  caused by winds it is often possible t o  have a large wave system w i t h  l i t t l e  
or no wind or the  wind direction could be i n  a differeht direetion from the 
waves. 
of energy &ue t o  the viscosi ty  of the water i s  low but as they leave the generat- 
ing area they become smoother and are known as swells. 

Although waves are most- 

Waves generated by storms can t rave l  great distances because the loss 

Long Swells w i t h  heights of up t o  9 or 10 feet and wind ve loc i t ies  of up t o  12 
knots do not degrade normal recovery capabi l i t ies  appreciably. But wind veloci- 
t i e s  of 16 t o  21 knots can generate waves of between 6 t o  9 f e e t  i n  height which 
w i l l  be much steeper than swells and w i l l  contain many white caps and a chance of 
of spray which m i g h t  a t  times obscure the capsule. 
hazardous. And the poss ib i l i ty  of removing the occupant from the capsule i n  the 
water by means 
occupant wd the rescuers. 

Seaplane landings wollJId be 

of a l i f e  raft  or small boat would be dangerous t o  both the 

Retrieving by  helicopter or airship would bes t  be done by grappling the capsule 
re t r ieving l i n e  w i t h  a cable. 
under possible gusty conditions. 
i n  Figure 22 would be more d i f f i c u l t o f o r  helicopters o r  a i rships  i n  winds of 
more than 16 knots. 
t o  the waterdrag and the wind d r i f t  would require s k i l l f u l  control of the vehicle 
t o  insure accqrate placeaent of the net  under the capsule. 

This permits a mininm of t i m e  a t  low a l t i tudes  
Retrieving by use of the submerged net  as shown 

The abrupt ve r t i ca l  accelerations due t o  the waves added 

Surface vessels have the highest capabili ty of a l l  vehicles i n  re t r ieving the 
capsule i n  winds up t o  21 knots or greater. 
on Weather and Environment notes that  the probabili ty of enountering winds of 
t h i s  velocity or greater during the months of Ju ly  and August are  about 15% of 
the time i n  the Canary Islands abort area and only $ t o  4% i n  the other expected 
Inpact areas. Therefore, surface ships having bad seas re t r ieving gear, 
ne t s  and grappling means forretriev'ingwhile underway,should be considered for  the , 

Canary Island area' 

A subsequent Section of t h i s  Report 

c )  Other Weather Considerations 

The Mercury capsule impact areas are i n  temperate or t rop ica l  zones, and there- 
fore, cold weather problems w i l l  not be enountered. 
which have been discussed above, the  worst e f f ec t s  of weather w i l l  be fog and 
rain.  
of a i r c r a f t  - part lcular ly  helicopters - but allowance fo r  these factors  i s  made 
i n  the applicable Sectians of t h i s  study. 

Aside from wind conditions, 

Bgh temperatures and humidity w i l l  influence the range and performance 
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Tne same general considerations apply to airships as for helicopters in night 
operations. 

Ships will have the fewest problems of all vehicles for effecting night time 
retrieving as compared with day time. They are usually equipped with multiple 
searchlights spaced apart so that the effects of shadows are minimized. 

b) Wind and Waves 

Wind and waves are considered together because the latter is dependent on the 
former except for the effects of tides or earthquakes. Although waves are most­
ly caused by winds it is often possible to have a large wave system with little 
or no wind or the wind direction could be in a different direction from the 
waves. Waves generated by storms can travel great distances because the loss 
of energy due to the viscosity of the water is low but as they leave the generat­
ing area they become smoother and are known as swells. 

Long swells with heights of up to 9 or 10 feet and wind velocities of up to 12 
knots do not degrade normal recovery capabilities appreciabl¥_ But wind veloci­
ties of 16 to 21 knots can generate waves of between 6 to 9 feet in height which 
will be much steeper than swells and will contain many white caps and a chance of 
of spray which might at times obscure the capsule. Seaplane landings would be 
hazardous. And the possibility of removing the occup.ant from the capsule in the 
water by means of a life raft or small boat would be dangerous to both the 
occupant aJ;ld the reSCUErs. 

Retrieving by helicopter or airship would best be done by grappling the capsule 
retrieving line with a cable. This permits a minimum of time at low altitudes 
under possible gusty conditions. Retrieving by use of the submerged net as shown 
in Figure 22 would be more difficult,for helicopters or airships in winds of 
more than 16 knots. The abrupt vertical accelerations due to the waves added 
to the waterdrag and the wind drift would require skillful control of the vehicle 
to insure accurate placement of the net under the capsule. 

Surface vessels have the highest capability of all vehicles in retrieving the 
capsule in winds up to 21 knots or greater. A subsequent Section of this Report 
on Weather and Environment notes that the probability of enountering winds of 
this velocity or greater during the months of July and August are about 15% of 
the time in the Canary Islands .abort area and only 2% to 4% in the other expected 
impact areas. Therefore, surface ships having bad seas retrieving gear, :i; ~,e ., 
nets and grappling means for retrieving while underway, should be considered for the _ 
Canary Island area. 

c) Other Weather Considerations 

Tne Mercury capsule impact areas are in temperate or tropical zones, and there­
fore, cold weather problems will not be enountered. Aside from wind conditions, 
which have been discussed above, the worst effects of weather will be fog and 
rain. lli gh temperatures and humidity will influe.nce the range and performance 
of aircraft - particularly helicopters - but allowance for these factors is made 
in the applicable Sections of this study. 



The greatest problem posed by fog and rain is, of course~ visibility.,.. for 
search and detection - and electronic aids, some of wh.ichare also affected 
by themoist'ure content of the air;m.ustbe relied OIl allnost exclusively. 
Aircraft, hellcopterJ;! and airships must be carefully controlled from a cen.,.. 
tral authority in the local search area in order to prevent collision with 
each other if more than one is involved. Surface ships have the best cap­
ability for retrieve in these conaitions. Almost all of the methods des­
cribedpreviously could .be used. Since the actual retrieving operations 
are conducted at very close hand only the very densest fog ,might slow the 
work. Usually at such times the wind and sea are calm and the retrieving 
would be helped if the capsule were eCiuippedwi th fog horn or bell. 

Suiml1ary of Retrieving Vehicle Capability 
I 

This summary is based solely on the retrieving capaoili ty of the \various 
vehicles .. Transit speed, availability, search anddetectiQn capabilities 
of the vehicles are not considered in the evaluations. It should be re:rnem­
bered too" that a second-choice system ,when handled by a highly competent 
crew may do a better job than can be done with the best syste:rn u,nderthe 
control of a less-skillful operator. 

a) The best retrieving vehicle is a ship of a Size large enough to load and 
accommodate the capsule. Examples of such ships aredestroyers.1 cruisers, 
small carriers,buoy tenders" etc. 

These ships can carry and use any or a combination of all retrieving gear 
that can be carried on the other vehicles. Inaddi tion, they can carry 
gear that cannot be carried on anythi ng else, i . e., large side mounted nets 
as shown in Figure 23, thus making them more adaptable for all-weather con­
ditions. In short, a surface vessel can retrieve under normal weather con­
ditionsas well as any other vehicle I:!lld can retrieve under bad weather con­
ditions better than any other type of vehicle. 

b) .Submarines are considered almost equivalent to ships .in retrieving capa­
bility. The relatively simple way in which this can be aCcom.plished under 
ordinary conditions is an advantage. HOWever, due to their lower freebOard, 
submarines, in bad sea states, would not be as capable as ships. 

c) Next in order of capability is the HR2S-1 helicopter . ',This machine can 
be easily modified so that the capsule can be drawn part way into the cabin 
and permit release of the occupant in flight and it is large enough to con­
tain emergency medical equipment and personneL If there is no provision on 
the capsule for the attachment of a hOisting hook this vehicle could carry a 
basket type net as shown in Figure 2.1. 

d) The smaller helicopters, Sikorsky HSS-l (H-34) (HUS-l) and Vertol H-21B 
(H-21C) follow the HR2S-1 in retrieving capability. They are ,not able to 
house the capsule and the occupant cannot be removed except in good weather 
conditions prior to the pick-up. 
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e)  
have b e t t e r  f a c i l i t i e s  f o r  caring f o r  the astronaut, but they have been 
placed, below helicopters u n t i l  pertinent t e s t s  have been made t o  substantiate 
t h e i r  capabi l i t ies  f o r  this operation. They are l e s s  maneuverable than 
helicopters.  

Airships seem t o  be equal t o  helicopters i n  re t r ieving capabili ty and. 

f )  Large seaplanes, such as the Martin JRM (Mars), which has an idea l  in- 
s t a l l a t ion  f o r  re t r ieving the capsule, are  placed lower on the l i s t  than 
might otherwise be deserved. because of t h e i r  limited. sea s t a t e  capabili ty.  
If  sea s t a t e  3 o r  less were assured., the Mars would.closely follow ships 
i n  re t r ieve capabili ty.  

g) 
i n  capabili ty f o r  the following reasons: 

Fixed. wing a i r c r a f t  using "snatch" o r  "long l i ne"  techniques place l a s t  

The capsule must be equipped. with provisions t o  elevate a hook and/or 
e j ec t  a retr ieving l i n e  a f t e r  entering the water. 
a re  not a t  present i n  e f fec t .  

Such provisions 

Much design and t e s t  work is  required. t o  d.emonstrate capabili ty of 
picking-up the capsule w i t h  these techniques. 

FIG. 25 

CAPSULE PICK-UP - FLAT TPPE DRAG NET 
Operable from Airship or Helicopter 
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e) Airships see~ to be equal to helicopters in retrieving capability and. 
have better facili tie s for caring for the astronaut, but they have been 
placed. below helicopters until pertinent tests have been made to substantiate 
their capabilities for this operation. They are less maneuverable than 
helicopters. 

f) Large seaplanes, such as the Martin JRM (Mars), which has an ideal in­
stallation for retrieving the capsule, are placed. lower on the list than 
might otherwise be deserved. because of their limited sea state capability. 
If sea state 3 or less were assured., the Mars would. closely follow ships 
in retrieve capability. 

g) Fixed. wing aircraft using "snatch" or "long line" techniques place last 
in capability for the following reasons: 

1) The capsule must be equipped. with provisions to elevate a hook and/or 
eject a retrieving line after entering the water. Such provisions 
are not at present in effect. 

2) Much design and test work is required. to demonstrate capability of 
picking-up the capsule with these techniques. 

FIG. 25 

CAPSULE PICK -UP - FLAT TYPE DRAG NET 

Operable fram Airship or Helicopter 



COORDINATION 

For the rapid. recovery of the first manned. satellite from Wherever it lands on 
the surface of the earth, it is imperative that arrangements be made in advance 
for close coordination of world-wid.e force.s. Smooth coordination will d.epend., 
of course, on the proper planning for division of responsibility, staging, 
logistics, tracking, computing and communications. Of first importance is the 
requirement that there be a plan of action for every conceivable land.ing place. 
In this study primary emphasis is placed. on coordination among the U.S. Govern­
ment forces involved in covering the "high probability" areas, all of which 
are in tropical and. temperate parts of the North .Atlantic Ocean. Arrangements 
should. be mad.e in ad.vance, however, with as many countries as possible over 
which the satellite might pass, to use their forces and. facilities andjorto 
allow us to use ours for the searCh and. recovery of the capsule, should it 
appear to land in a low probability area und . .-::r their control. Similar arrange­
ments are currently in effect between the U.S. and. Some neighboring countries 
for search and. rescue operations.o (Appendix E of Reference 18 ), and. might 
be extended through the cooperation of such existing international organizations 
as the ICAO, NATO, SEATO, etc. 

Major roles will be played. by the computing and. communication center in the 
Washington, D.C. area and. main control center at Cape Canaveral. Direct lines 
will connect these two, as well as other important points more fully described 
in the following section on Communications. The computing and communication 
center will serve as the main communications terminal. It will contain appro­
priate switching and. monitoring facilities and. will be in continuous contact 
with all field. stations. It will transmit the parameters d.escribing the tra­
jectory and. the pred.icted. location of the capsule. During re-entry, it will 
provid.e and. transmit to the control center at Cape Canaveral a continuous pre­
diction of the landing point on essentially a real time basis (Reference 26). 
During the flight a Recovery Officer or Supervisor will continuously monitor 
the predicted. impact areas from a control station within the main control room 
and. supply information to the group Which will conduct the search and. recovery 
operations. It is assumed that this group will be made up of representatives 
of the NASA and the various organizations which have contributed. forces to this 
operation, such as the Air Force and. the Navy. 

Arrangements should. be made for alerting the Coast Guard., ARB, CAP, FAA, FCC, 
Forestry Service, and. other official and. civil groups (Reference 18). 

It is expected that information regard.ing capsule beacon frequencies, progress 
of preparations, hold.-fires, postponements, launchings and. flight progress will 
be relayed. from the control center and. communications center by appropriate means 
(see next section) to the local connnand.ers who are responsible for the ships and. 
aircraft covering their particular impact areas. These lOCal command.ers should. 
be designated. according to their overall effectiveness in handling communications, 
their navigational accuracies,and ability to direct the local search and. recovery 
operation. In increasing order of preference, vehicles for this crc function 
would be fixe d.-wing aircraft,"airship, and. surface ship, with the possibility of 
a land-based installation being best when it is in close proximity to a particular 
land.ing area. 
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The loca l  commander would, be responsible f o r  maintaining a p lo t  of the impact 
point predicted a t  the main control center,together w i t h  any sightings during 
re-entry, descent o r  after landing m a d e  f r o m  local craft within h i s  o r  
neighboring areas or f r o m  any DF s ta t ions  including Navy SOFAR indications. 
He would, re lay  a l l  appropriate information t o  the vehicles under his command. 
and. keep the main control center ad.vised. on progress. If the capsule passed. 
by without landlng he would reposition h i s  forces, when possible, t o  cover 
another possible 1and.ing area fo r  a subsequent orb i t .  He would desimate search 
pat terns  and. assist a i r c ra f t ,  i f  necessary, w i t h  navigational checks. 
designate an On-Scene-Commander and request additional vehicles or  f a c i l i t i e s .  
Each loca l  commander should. have meteorologists t o  assist i n  the recording and 
forecasting of l o c a  weather and. sea cond.itions and should, re lay this inform- 
at ion t o  the control center at  Canaveral for use i n  the sched.uling o r  delaying 
of the launch. 

He may 
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The local commander would. be responsible for maintaining a plot of the impact 
point pred.icted at the main control center, together with any sightings d.uring 
re-entry, descent or after landing made from local craft within his or 
neighboring areas or from anyDF stations including ;Navy SOFAR ind.ications. 
He would. relay all appropriate information to the vehicles llllder his command. 
and. keep the main control center ad.vised. on progress. If the capsule passed. 
by without landing he would reposition his forces, When possible, to cover 
another possible landing area for a subsequent orbit. He would designate search 
patterns and. assist aircraft, if necessary, with navigational checks. He may 
designate an On-Bcene-Commander and request ad.d.! tional vehicles or facilities. 
Each local commander should. have meteorologists to assist in the record.ing and. 
forecasting of local weather and. sea cond.i tions and should. relay this inform­
ation to the control center at Canaveral for use in the sched.uling or delaying 
.0 f the lallllch. 



COMMUNICATIONS 

In general the communications capabili t:ie s of the ships and aircraft of the U.S. 
Navy, which are suitable for the job of locating and. retrieving the Mercury 
capsule, are quite satisfactory for the task. However, to insure the best pos­
sible naval communications, two recommendations are mad.e: that NASA request 

1) that ships with the latest communication equipment be assigned to the 
Mercury recovery task force or that the latest equipment be put aboard. 
the ships assigned., 

2) that well qualified. technicians ad.just and. maintain at peak. performance 
whatever equipment is aboard .. 

For convenience of discussion, the communica~ions requirements for Mercury re­
covery are di vid.ed. by geography and nature of the terminals into the four groups 
below: 

A) Tracking Network Communications 
B) Communications Between Shore and. Recovery Forces 
C) Communications Between Capsule and. Recovery Forces 
n) Communications Among Vehicles in the Recovery Forces 

A. Tracking Network Communications 

The communications network for the "tracking and ground. instrumentation system 
for Project Mercury'f is covered by NASA Specification S-45 (Ref. .26), paragraphs 
4.1.4 and 4.2.4, and. is discussed here only for the sake of completeness. It is 
understood. that capsule position information, certain telemetered. data and. in 
some cases voice will be transmitted on a real time basis to the communications 
and Gomputing center at Beltsville, Md .. , and. the control center at Cape Canaveral, 

,Fla. It is assumed. that certain of this information, after editing and, computing, 
will be relayed. to the recovery task force along with other data generated. at the 
control or computing center. In particular, it is believed. that during insertion 
into orbit and. during re-entry, tracking data will be used. to make impact point 
predictions and. that these,on a real time basis, will be transmitted. to the 
recovery vehicles to provid.e early warning before impact and. a final fix afterward.s. 

B. Communications Between Shore and Recovery Forces 

Information generated. at th.e command and. computing centers for relay to recovery 
vehicles in the North Atlantic can probably best be handled. by Navy FOX broadcasts.* 
The FOX transmitters located in the vicinity of Washington, D.C., aqd.Panama use 

* Naval communications are emphasized. here because ships and. aircraft of the U.S. 
Navy are appropriate as the primary means of d.etecting the capsule and. effecting 
recovery in the high probability areas of the Atlantic. However, the other 
mili tary services, the U.S. Coast Guard., Federal Aviation Administration, and 
certain commercial communication companies have networks which could. back up or 
augment the Navy's communication system (Ref. 18 ). 
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various low andhigh frequencies t o  cover different  pa r t s  of the Atlantic.  
b i l i t y  of this system is very good, being a function of the 
equipment, the sh i f t ing  of the re f lec t ing  layers  of the ionosphere, and the 
vagaries of magnetic storms. 

Relia- 
dividual vehicles 

NASA should request t h a t  the navy assign t o  the recovery task ships w i t h  the 
latest  single s i d e  band (SSB) communications equipment, o r  that the Bureau of 
ships  be authorized. t o  i n s t a l l  such equipment on the ships assigned. 
also request that whatever equipment i s  used, be adjusted. t o  optimum performance 
before assignment to the task force, and. maintained i n  that condition. 

The shifts i n  the ionosphere occur primarily during sunrise and. sunset as the 
air warms and cools andhence changes density and.height. 
of communications should. be avoided., other factors  being equal, d.uring sunrise 
and. sunset. 

NASA should. 

Thus, c r i t i c a l  periods 

I n  regions where the HF ground. and. sky waves are nearly equal, a t  about a few 
hundred. m i l e s  from the transmitter, fading o r  interference sometimes occurs, but  
such regions do not include the normal recovery areas. 

Since many forms of communications w i l l  be affected,by magnetic storms, it is 
assumed. that the Mercury capsule would,not be launched. a t  a time when such storms 
are  anticipated.. 

It i s  assumed that the type of information t o  be transmitted.to the recovery forces 
would.be capsule posit ion and impact point pred.ictions, time of various events i n  
the launch and re-entry sequence, and..general comments on the operation, all of  
which could.be sent by teletype message o r  coding and d-ecoding Morse code. 

A s  a means of assuring the most reliable communications, regular FOX broadcasts 
( s i l en t  periods not t o  exceed. a few minutes duration) fo r  some stated period, 
(perhaps a f e w  hours) p r i o r  t o  launch and. thereaf ter  u n t i l  impact, should, be 
m a d e  so a a t  each ship 's  radio watch can monitor f o r  equipment performance and. f o r  
the most sui table  feceiving frequency. 

Messages w h i c h  would. be transmitted. ship to  shore would include posit ion and. 
readiness of the ship and any vehicles under the command. of that ship, the sighting 
of the capsule o r  messages received. from it during insertion, o r b i t  o r  re-entry, 
the detection and. recovery of the capsule and. the s t a t e  of the astropaut. Since 
shore-based receiving charnels are limited, it is  recommend.ed, that frequencies 
be allocated and a reporting sequence established. t o  guarantee m a x i m u m  r e l i ab i l i t y .  
The par t icu lar  arrangements would. presumably be recmmended. by N a v y  Operations 
personnel t o  NASA after the requirements have been determined. 
a t ions beyond,those already assigned f o r  Navy use would be subject to FCC rulings.  
Certain a i r c r a f t  i n  the recovery force having sui table  HF receivers, as AW/ARc-38, 
could receive the Morse code transmissions from FylX also.  

r- 
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various low and. high frequencies to cover different parts of the Atlantic. Relia­
bili ty of this system is very good, being a function of the individual vehicles 
equipment, the shifting of the reflecting layers of the ionosphere, and the 
vagaries of magnetic storms. 

NASA should request that the Navy assign to the recovery task ships with the 
latest single side band (SSB) communications eqUipment, or that the Bureau of 
Ships be authorized. to install such eqUipment on the ships assigned. NASA should. 
also request that Whatever equipment is used. be adjusted. to optimum.performance 
before assignment to the task force, and maintained in that condition. 

The shifts in the ionosphere occur primarily during sunrise and. sunset as the 
air warms and cools and hence changes density and. height. Thus, critical period.s 
of communications should. be avoided., other factors being equal, during sunrise 
and. sunset. 

In regions Where the HF ground. and sky waves are nearly equal, at about a few 
hundred. miles from the transmitter, fading or interference sometimes occurs, but 
such regions do not include the normal recovery areas. 

Since many forms of communications will be affected. by magnetic storms, it is 
assumed. that the Mercury capsule would. not be launched. at a time When such storms 
are anticipated .. 

It is assumed that the type of information to be transmitted. to the recovery forces 
would. be capsule position and. impact point predictions, time of various events in 
the launch and re-entry sequence, and .. general comments on the operation, all of 
which could. be sent by teletype message or coding and d.ecoding .Morse code. 

As a means of assuring the most reliable communications, regular FOX broad.casts 
(silent periods not to exceed. a few minutes duration) for some stated period. 
(perhaps a few hours) prior to launch and. thereafter until impact, should. be 
made so that each ship's radio watch can monitor for eqUipment performance and. for 
the most suitable receiving frequency. 

Messages which would. be transmitted. ship to shore would include position and. 
readiness of the ship and any vehicles und.er the command. of that ship, the sighting 
of the capsule or messages received. from it during insertion, orbit or re-entry, 
the detection and. recovery of the capsule and. the state of the astronaut. Since 

I 
shore-based receiving channels are limited, it is recommend.ed. that f;requencies 
be allocated and a reporting sequence established. to guarantee maximum reliability. 
The particular arrangements would. presumably be recommended. by Navy Operations 
personnel to NASA after the requirements have been determined. Frequency alloc­
ations beyond. those already assigned for Navy use would be subject to FCC rulings. 
Certain aircraft in the recovery force having sui table HF receivers, as AN/ARC-38, 
could receive the Morse code transmissions from FOX also. 
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C. Communications Between Capsule and Recavery Forces 

The UHF radio (298.6 Mcps) and the HF radiO' (15 to' 18 Mcps) aboard the capsule 
shauldbe receivable by all naval vessels. All aircraft can receive on tJIIF' and 
many an !IF. Transmi tting ,facilities are carrespondingly available. A list:ing 
af thecO'mmunicatiO'ns equipment :in the capsule ,is gi venin Table 6 ,a list of 
aircraft and ship comm.unication,s equipment is ,giyen in Tables 11 & 12, and maxi­
mum communicating ranges to aircraft ai"e,given in Table 13. The UHF ranges in 
Table 13 will be less where the horizan becames the limiting factaI', in which 
case Figure 7 may be used to' estimate range from the effective antenna 4eights. 

Certain rules shauldbe established regarding the times during ,which recavery 
forces may attempt to transmit to the astronaut, and which vehicles in a given 
recovery areas should havepriarity, in arder to minim±ze interference at the 
capsule 1 s receiver. Such rules might be (1)110 transmissions during insertian 
and arbit, (2) when it is knawn at the command center in which recovery area the 
capsule will land, the command center shauldauthorize the cammander af the area's 
recavery farces to' attempt cammunicatians with the astranaut, (3) the area cammander 
if several vehicles are in his command, should direct in what sequence they shauld 
attempt communication depending upon their altitude and praximi ty to the capsule, 
(4) when it is not known at the command center in which area the capsule has landed, 
the command center may assign a sequence for attempting communicatian, ar it may 
autharize cammunicatian by any area cammanderwhose vehicles can detect any of the 
capsule's recavery aids. 

D. Cammunications AmangVehicles in the Recovery Forces 

Ship to' ship communication is generally by HF radio. 

The groundwave of a ship 1 sHF radio will carry 150 to' 300 miles (6~) under normal 
weather conditians. The lawer limit applies to' the standard radio in It average II con­
ditian. If the radiO' is in "peak!! condition, the upper limit is applicable. The 
latest SSB equipment wauld easily reach the upper limit. Beyond the limit of a 
strang groundwave, and before the reception af a strong sky wave, a dead zane or 
an interference zone ,may accur depending upon frequency and time af day. If direct 
cammunicatian between two ships is not pOSSible, then anather Ship ar a share 
statian can almast always be used as a relay paint with passibly some delay. Basic 
fleet operational communicatian doctrine is discussed in Reference 63 and is 
supported and.ampli:eied in References 6~66. 

Narmal ship-aircraft communications is by vaice over UHF radio. Since UHF is line 
of sight, aircraft altitude will be the primary limit. Distancesaf 200 miles 
shauld be possible,depend:ingupon the ship's antenna installatian, for altitudes af 
20,000 feet or higher. Figure 7 permits estimates for lower altitudes. 

UHF radio voice is also used for air to' air communication. Ranges up to 200 miles 
may be pas sible under favarable condi tians unless bath aircraft are flying law. 
Consult Figure 7 
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TABL;E: 13 

MAXIMUM COMMUNICATIONS RANGES FROM CAPS- VOICE LIMXS 

From Using Antenna TO Range (Naut .Mi. ) 

UHF Biconicd 
,trans/recv Horn (BH) 

n 

A i r c r d t  with 100 
ARC-27 or ARC-52 

Dement Recovery 
(D x ) tl 140 

UHF 
trans/recv .l- BH 
(recovery/backup) 

11 
D/R 

11 

11 

50 

70 

HF 
trans/recv. 

I1 

BH 

Ballom-borne 
(BB 1 

Aircraft  w i t h  
ARC .. 38 2,000 

I! 4,800 

HF BB 
trans/recv 
( recovery/backup ) 

n 1,500 

I1 I? BH 700 

Notes: (1) Communications in  the apposite direction should be equal lljo w greater 
than those shorn. 
receiver s e n s i t i v i t i e s  axe not known. 
additional transmitted power of the recovery vehicles should overcome 
any lower receiver s ens i t i v i ty  i n  the capsule. 

Aircraft  w i t h  ARC-2 E? t ranmi t te r / rece iver  cannot receive the c 
voice transmissions since ARC-2 receiving band is 2 - 9.05 Mcps. 
Ships' receiving range f o r  UHF vaice should be greater than a i r c r a f t s '  
because of improved antenna system, but ltne-of-sight r e s t r i c t ions  w i l l  
be greater.  
H!? receiving range f a r  ships should be greater than fo r  a i r c r a f t  be- 
cause of improved antennas, but i n  both cases, at over-the-horizon dis- 
tances consideration m u s t  be given t o  the r e l a t ive  e f fec ts  of ground 
and sky waves. 

Ranges have not been calculated since the capsule's 
However, it i s  believed that the 
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TABLE 13 

MAXJMUM COMMUNICATIONS RANGES FROM CAPSULE VOICE .LINKS 

From Using Antenna To R~ge (Naut.Mi. ) 

UHF Biconical Aircraft with 100 
,trans /recv • Horn (EH) ARC-27 or ARC-52 

" Descen~Recovery tl 140 
(D ) 

UHF 
trans/recv. BH " 50 
(recovery/backup) 

n D/R rt 70 

HF Aircraft with 
trans/recv. BH ARC-38 2,000 

.11 Balloon-borne " 4,800 
(BB) 

ItF BB " 1,500 
trans/recv. 
(recovery/backup) 

II BH " 700 

Notes: (1) Communications in the cpposite direction should be equal to Qr greater 
than those shovrn.. Ranges have .not been calculated since the capsule 1 s 
receiver sensitivities are not known. However, it is believed that the 
additional transmitted power of' the recovery vehicles should overcome 
any lower receiver sensitivity in the .capsule. 
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(2) Aircraf't withARC-2 RF transmitter/receiver cannot receive the capsule's 
voice transmissions since ARC-2 receiving band is 2 - 9.05 Mcps. 

(3) Ships' receiving range f'or UHF vOice should be greater than aircraf'ts' 
because of improved antenna system, but line-of'-sight restrictions will 
be greater. 

(4) HF receiving range f'or ships should be greater thanf'or aircraf't be­
cause of' improved antennas, but in both cases, at over-·the-horizon dis­
tances consideration must be given to the relative ef'f'ects of' ground 
and sky waves. 
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NAVrG~rON 
i 

Navigation as used in this section. refers to the ability to detertrtine the 
position of a vehicle in the latitude-longitude coordinate system of the earth. 
It is assumed that the position of the capsule during flight and the predict:ed 
and measured impact points will be reported to the local recovery-forces in 
the lat .... longsystem. The total uncertainty of theeapsule's position relative 
to a recovery vehicle will b:e the combined errors· of the reported posi tionand 
the navigation system. 

In the event that an aircraft detects the capsule and reports the position to 
a retrieving vehicle, the error in capsule position with respect to the latter 
will include both vehicles l navigational errors • Thus, navigational errors 
should be kept as small as possible in order to minim±.ze .search time. 

Three syst.ems of navigation are currently used at sea. One, base4 on direction 
finding from the stars, is called celestial navigation. A second, commonly 
lmown as LORAN, utili~es the time difference ofa signal from two known radio 
transmitters. The third, which requires sounding of the Ocean bottom, establishes 
position with respect to known contours of ocean depth. 

Celestia.l. navigation, it is generally agreed, is accurate to within two miles; 
many mariners claim one mile. Between star sightings, dead reckoning from 
com:pass, speed and windindica:tions updates position. Errors accumulated from 
dead reckoning depend upon the weather, the current and errors in compass and 
speed indicator. By the~use of charts of ocean currents, dead reckoned positions 
can be corrected to give estimated positions, the' errors in which could probably 
be kept to 0.5 miles per hou.r under average seacondi tion;s . 

Not all small aircraft are equipped with canopies or viewing ports to take the 
necessary star sights. Wind is the major source of uncertainty in aircraft 
dead reckoning. Where a doppler naYigator is available, ground track and speed 
can be directly detennined. Where it is not,charts of the average winds and 
local meteorological data are used. 

LO:RfU'{ coverage (Reference 67) for the North Atlant.ic on which Mercury's orbits 
have been superimposed is sho'WD. in Figure 26. The areas shaded dark grey 
represent regions where groundwave (day and night) lines of position have .an 
average error of one mile or less. Areas shaded light grey show regions where 
skywave (night only) lines of posl tion haVe an aVerage error of two miles 
or less. Comparing Mercury's first three paths across the Atlantic with the 
shaded areas indicates three rough,ly equal distances with one-mile, two-mile, 
and poor LOR.A.N coverage, respectively. 

LORAN receivers (DAB series equipment or equivalent- .see Table 12) are 
carried aboard all ships. Airborne LO.RAN sets (AN/APN-40r Al'N-70 ) are aboard 
most aircraft considered for Mercury recoVery. Airborne equiPment list, 
Tab.le 11 shows which aircraft have WEAN. capabili ty. 
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FIG. 26 

LORAN COVERAGE OF THE NORTH ATLAN 

Limits Of Ground Wave (Day & Night) Lines Of Position 
Having Average Error Of 1 Mile Or Less 

Limits Of Sky Wave Tabulated On Charts And Tables (Night Only) 
Lines Of Position Having Average Error Of 2 If.{iles Or Less 

I 
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Ocean bottom sounding, available to ships only, permits the navigator to 
establish on which contour of a sounding chart his ship is located. Sounding 
is generally leSS· accurate than the other means of navigation due largely to 
limitations in ocean bottom charting. 

Short ran6e systems are also used for aircraft homing. TACANis widely used 
for ranges of less than 200 miles. All carriers and certain other ships carry 
TACAN transmitters (as URN-3). TACAN includes distance measuring equipment, 
so that bearing and range may be obtained with respect to the transmitter. 
If the ship relays its position to the airCraft, then the aircraft is fixed 
wi thin the errors of TACAN (3/4 <l, less than 1 mile) and the ship. 

Radio compasses, providing bearing only, found on most aircraft can be used 
out to 150 miles from the low frequency transmitters. 

Inertial Navigation systems which can maintain extreme accuracy for many hou!'l3 
are becoming available to ships and aircraft. It is not expected that such 
systems will be aboard the vehicles used in the Mercury program. 

In areas of satisfactory LORAN coverage or in weather permitting frequent star 
Sighting, navigational errors should not exceed two miles. Since this error 
is small compared to uncertainties in the predicted impact point or the sweep 
widths involved in detecting the capsule after impact,it is concluded that 
navigational errors should not add to the retrieval time of the capsule. 
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RELIABILITY 

Performance, r e l i ab i l i t y ,  access t i m e  and cost are considered i n  this study 
t o  be the major parameters which determine the operational effectiveness of 
a recovery system. I n  ord.er t o  maximize effectiveness, it must be possible 
t o  measure and. evaluate the ef fec t  of each of these parameters on the a b i l i t y  
of the system t o  recover the capsule. 

W i t h  this objective i n  mind., an attempt i s  mad.e t o  provide a measurement of 
recovery vehicle and. equipment reliabil i ty and show how these inkeract t o  ad.d. 
o r  d.etract f r o m  the effectiveness of the recovery operation. 
and, equipments involved, i n  each phase of operation are identified, in  a functional 
block diagram i n  Figure 27, The block diagram shows a l l  the combinations of re- 
covery mod.es which a re .  l i k e l y  t o  occur. By t racing any mode path f r o m  l e f t  t o  
riat, the specif ic  ind.ivid,ual functions, vehicles, and. equipment essent ia l  t o  
the successful achievement of recovery are  identified.. 
b i l i t y  evaluation of each of these items are summarized i n  Table lbc. 

A l l  of the functions 

The re su l t s  of a re l ia -  

The capsule detection and. search operations of recovery, shown i n  block diagram 
form i n  Figure 2 9 ,  are the most c r i t i c a l  f r o m  a r e l i a b i l i t y  viewpoint. The 
functional diagram indicates that the capsule can be detected. by numerous de- 
tect ion devices, andsthe probabili ty of a t  l e a s t  one of these operating success- 
f u l l y  i s  extremely high. Obviously, however, r e l i a b i l i t y  without consid.eration 
of performance cannot be used, t o  appraise the f u l l  value of each equipment. 
Reliabil i ty parameters f o r  the various detection, homing and communication 
equipments are  d.etermined. i n  this section. The effectiveness of the d.etection 
equipments including r e l i a b i l i t y  and. performance considerations i s  evalmted 
i n  a subsequent section enti t led.  "Operational Effectiveness". 

Vehicle Flight Availabil i ty 

F l i & t  ava i l ab i l i t y  i s  defined. i n  this study as the probabili ty t h a t  a vehicle 
w i l l  be operable a t  the beginning of i t s  mission. 
quency of repairs,  other maintenance actions, and. the efficiency of the maintain- 
ance and. support system. 

It is  a function of the fre- 

If  it is  assumed. that the m i l i t a r y  services w i l l  al locate  fo r  the Mercury recovery 
operation vehicles f r o m  mong those which are  already '*in commission" on the 
launch date, f l ight ava i l ab i l i t y  will be loo$ and no problem. 
ships, it is  assumed,that this w i l l  be the s i tuat ion andno attempt i s  made t o  
obtain service ava i l ab i l i t y  d a t a  f o r  this study. 

I n  the case of 

Regarding airborne vehicles, however, it i s  possible that groups of a i r c r a f t  
may be assigned. t o  this project  but continue t o  operate i n  service up t o  the 
date of deployment on s ta t ion.  
assigned t o  assure a high probabili ty of having a given number available. 

In this event, spare a i r c r a f t  would. have to be 

Average ava i lab i l i ty  factors  f o r  a i rc raf t ,  airships,  and. hel icopters  appear i n  
Table 1 5  . All but the H - 2 1  ava i lab i l i ty  values were based, on one month of 
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RELIABILITY 

Performance, reliability, access time and cost are considered in this study 
to be the major parameters Which d.etermine the operational effectiveness of 
a recovery system. In ord.er to maximize effectiveness, it must be possible 
to measure and. evaluate the effect of each of these parameters on the ability 
of the system to recover the capsule. 

With this objective in mind., an attempt is mad.e to provid.e a measurement of 
recovery vehicle and. equipment reliability and show how th.ese interact to ad.d. 
or d.etract from the effectiveness of the recovery operation. All of the functions 
and. equipments involved in each phase of operation are id.entified. in a functional 
block diagram in Figul';'e2? The block d.iagram shows all the combinations of re­
covery mod.es which are· likely to occur. By tracing any mode path from left to 
right, the speCific individual functions, vehicles, and. equipment essential to 
the successful achievement of recovery are id.entified.. The results of a relia­
bility evaluation of each of these items are summarized in Table l~o 

The capsule detection and. search operations of recovery, shown in block diagram 
form in Figure 29, are the most critical from a reliability viewpoint. The 
functional diagram indicates that the capsule can be d.etected. by numerous d.e­
tection devices, and. the probability of at least one of these operating success­
fully is extremely h:j..gh. Obviously, however, reliability without consid.eration 
of performance cannot be used. to appraise the full value of each equipment. 
Reliabili ty parameters for the various d.etection, homing and communication 
equipments are d.etermined. in this section. The effectiveness of the detection 
equipments including reliability and. performance consid.erations is evalw. ted. 
in a subsequent section entitled. "Operational Effectiveness". 

Vehicle Flight Availabilitx 

Flight availability is defined. in this study as the probability that a vehicle 
will be operable at the beginning of its mission. It isa function of the fre­
quency of repairs, other maintenance actions, and. the efficiency of the maintain­
ance and. support system. 

If it is assumed. that the military services will allocate for the Mercury recovery 
operation vehicles from among those which are already "in commission"on the 
launch date, flight availability will be 100% and no problem. In the case of 
ships, it is assumed. that this will be the situation and no attempt is made to 
obtain service availability data for this study. 

Regarding airborne vehicles, however, it is possible that groups of aircraft 
may be assigned. to this project but continue to operate in service up to the 
date of deployment on station. In this event, spare aircraft would. have to be 
assigned to assure a high probability of having a given number available. 

Average availability factors for aircraft, airships, and. helicopters appear in 
Table 15. All but the B-21 availability values were based. on one month of 
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TABLE 14 
RELIABILITY EVALUATION SlOO'.ARY 

Reco\'er'y 
Function MiIIimum Asseaoed 'rext or Rallabili t;r Unde RESULTS Phase Equipment Conditions Noted Reference 

D Vebicle MiIIimum night 
K 1. night .. ""Uabilit;y f .. ctors for air vehicles range from 1.6% to 87% according to a sample of NaT.t operat.ional data. Table 15 
P 

night A .... Uabilit;y 

L 
Aw.1l.&billt;r ~pends on No. of 2- Plot .. are developed to show the number of spare aircraft required to assure .... rious probabilities of baTing the required number of Figure 28 

0 
Spares Ass1,gned auilab1e aircraft for staging and deployment. 

I 
M 
E .996 

1. Estillated abort l'Iltes for aircraft range from 1 to 20 per 10,000 flight-houra based on accident statistics. Table 16 
N Vehicle {Rallabillty of 
'! 2. Absolute ..... lues are all toe low to receive consideration 1n selection of 'fehiel .. " for reeOYer;r operations. Rates are of inte rest in Table 1.6 

Relisbility WV-2 otI (, hour estillating vehicle accidents and losses in a given recover;y operation. night to 
station) 3. Sbip relisbility (s .. a""rthinsss) is considered to be loo;g for all practical purposes. Page 101 

CAl'SULE 
1. Numerical assessment of relisbUi ty is not attempted in tbis study due to lack of empirical da ts. Page 101 

Assume 
D Capsule All 2. Failure effect analysis of present "apsule reco""r;y aid operating functionsindicatee two areas r~ed tor lION detaUed s....utin;y; Page 1.O3 
E lieCO""l'J' Capsule Aid. (a) Switeh .... 'ftr from main to descent antenna, single failure of which appear!! to "ause loss of all 1lJIF transmission. 
T Aids Failed 
E (b) Intentional switching off of 0&5 hand beacons upon capsule impact. This action eliminates a !!iI.jor directi"" findingC&p'bil1ty 
C """1lS search aircraft. 
T 
r 

Redar. Ie!! homing, 0 1. Present a1renft have t""or three of the following prillar;y electrorde dstection aM direction finding !IIIthods: Page 103 
Ii I • 9:3 and UHF homing • 

AN:l Detection (Probability of 
2. The probabUity of at least one of these operating on an aircnft following l/2 hour equiJmilut warm-Up and check_t or tra .... l to Figure 30 

Airborne ndar 
and operating l/ 2 station is at least. 9997. Evaluation, to be complete,considers equipment effecti'tlles.: probability of "qui_nt operati'll Also see 

;; Homing hour before (rel.isbility) X probability of detection (performance). Table 30 
E Equipment impact and 1 • A Reliability hour during 3. Assuming the ""st critical condition, i.e., all capsule aids not working, the only reu.ininJ electron1e detection aid is radar. It is F1;!ure 30 
R _ter search) tbe lesst reliable of, detection equipments, and has a .976 probabilit;r of operating after 2 hOIlr operatiOll. After an additio .... l 
C hour of search opention, the probability of operation is .93. 
II 

J.. Shipborne directional finding equipment is e •• entiall;r limited to radar, which is more rel.isble thlllla.1J:'emf't ~.' Onl;r a few IIlIips' Table 19 
have ECM and UHF homing ec.uipment. 

C~catior .991. 1. All vehicles,ebips and aircraft haTe both UHF and HF comnranication equipment. The probability or at least one equi):lllel1t operating Fignre 30 
Among . (Probability of on an aircraft 1'ollowingl/ 2 hour equipment warm-up and eheck-out on travel to station is at lesst .9999. 

Vehicles and I HF communicatioru 
Table 19 S~~fc,n ! ~:":tizt~r!r"r 2. Shipborne c_1eation equipment is slightly more relisble than corresponding aircraft equipment. 

R 1. RelisbUlty evaluation of the retrieving opsration 1enot attempted in this stuiy due to lack 01' emp1rieal data. Page 107 
E I .991. 
'! I Capsule 

(RallabUit;y 01' 2. Relishility ot this phase 1. depsndent on tbe same p'rallleters or the DeplOyment ,Phese: Tebicle nlg11t aft1labUity and ....... and Tables 15 
R I an !lR2S ona airworthiness. and 16 
I Iletriltrl:og 3 hour night) 
E 3. Because of the high abort rate of some helicopters, consideration must be gi'¥Sll to operating them in psiN as' retriot'l1.n!! .... bloln. PagsI07 
V I I I N ! G 

T;ypical Reco...,r;y Minimum probability ot an aircraft reaCh;'" station without inCident
J 

airborne radar and !IF comnranication equipalilftt operating for 1-l/2 
Operation Bbovn in .92 bours, and retrieTing helicopter ",.k1ng a hour flight vi thout inci ent. 
FilZ\l1'E\ ?7· 
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operation as reported, by eNO in Reference (37). AJ:though the sample si2:e is 
small, the data are ind,icative of the range and, relative values ofoperation~ 
availability that one might expect from the variety of air vehicles presented,. 

For the recovery operation, it is anticipated, that maintenance effort will be 
increased, to assure maximum availability. An example of this was recently 

. given in Reference (38) wherein it was reported, that a· squad,ron of S2F aircraft 
maintained, an availability of 73'fo arOWld, the clock. On the basis of thiS 
example, the availabiiity of all the vehicles was upgraded, and, grouped, into 
three availability levels as ind.icated, in Table 1,5 " 

Using these three levels of availability, the probability of having at least 
1,2,3 .••••• naircraft available among N inventory aircraft is given by the 
following binominal fWlction and, plotted in Figure 28. 

P(n) 

P(n) 

N! 
i! (N-l)! 

N 
n 
p 
q 

N 

~ 
N! i N=l 

P q where: i! (N-i)! 
i=n 

the probability of at leastn available among N aircraft. 

= the number of combinations involving i available among ~ 
a.ircraft. 

= Number of aircraft on hand,. 
= Number of available aircraft. 

Probability of an aircraft being available. 
= 1 - p= probability of an aircraft being unavailable. 

The example in Figure 28 ind.icates that at a 55% availability level, 8 aircraft 
are reqUired, to assure a 90% probability of having 3 ready to fly at anytime. 
Although aircraft flight availability factors may not be precisely as presented, 
the plots serve as aguid,e in determining the number of aircraft required, to 
carry out a given staging plan. 

Vehicle Airworthiness 

Since reiiability is the probability that a vehicle will operate satisfactorily 
for a given time, the intended. purpose of the vehicle in the recovery operation 
must be established in ord.er: to judge "satisfactory performance". Accomplish­
ment of the mission involves several d.istinct functions 'Which .are d.ivid.ed, into 
two categories: 

1. Those involving the integrity of the vehicle as an equipment carrier 
such as flight control, structure, and, propulsion systems. 

2. Those provided, by the equipments essential to the ul tiroate accomplish­
ment of the mission. These include capsule d,etection, location, com­
mWlication, and, retrieving gear. (These functions are d.iscussed, 
separately in subsequent sections.) 

PRELIMINARY 
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AIlli30ilNE VEHICLE FLIOlfrAVAILAI3ILITY FACTORS 

(1) 

Avera.ge 
Availability Estimated 

Vehicle Model % of Inventory Availability 
Type Aircraft in a with Increased 

Flyable Mainten~c~ 
Condition Effort 4 

( 5) 
Helicopter HR2S M.5 87 

Helicopter H-21 84.0 
(2) ( 5) 

84 

Aircraft R5D 77.5 89 

Aircraft UF 72.0 82 

Helicoptf)r HUS 68.0 
(3 ) 

78 

Aircraft P2V 67.8 77 

Aircraft P5M 64.2 73 

Aircraft S2F 64.0 73 

A!. rc raft WV-2 51.1 58 

Helicopter HSS 50~8 58 

Airship !ffi-l,2,2W 45.6 52 

Availability figures, except (2) and (3). are from reference 37. 
Obtained from Vertol Service Department (G. Cucore, 7/9/59 phone message) 
baaed on 130-150 hours of a!.rways fly!.ngjmonth. 
Represents avaUabUityfor lID class. HUS data not available. 

Group 
Availability 
Level For 

Calculation 
Purposes 

85 

75 

55 

Column 3 figure x 73/6J~, the ratio of maximum maintenance effort availability 
to normal. effort availability obtained QuringS2F operations, referenc" 38. 
EsUmatedto be maxirm.un effort availability. 

PRELIMINARY 
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TAELE 16-  ZSTIWITED ACCIDENT AND MISSION ABORT RATES 
FOR AIRBORNE VEHICLES 

(Table Arranged with Lowest Abort Hate at Top) 

TYPe 
and 

Model 

Airship 

Aircraft  

ZPG-l/2/2N 

RSD 

Aircraft  
UF 

Aircraft  
P2V-5/7 

Aircraft  
S2F 

Helicopter 
HUS 

Aircraft 
P5M 

Helicopter 
HSS 

Aircraft 
wv-2 

Helicopter 
HR2s 

Helicopter 
H -21 

Accidents and F L I G A ' s  (1) Fer 10,000 Hrs(3) 

Accident Rates 

T o t a l  
Mission (2  

Abort Type 
Accidents 

Col .A 

0 

0.2 

0.9 

0.4 

0.5 

0.4 

1.7 

1.3 

0.8 

3 07 

- 

FLIGA Rates 

Total  

10.4 

2.3 

5.0 

7.2 

9.1 

9.9 

u.3 

1 7  .6 

13.7 

52.0 

- 

Mssion(2) 
Abort Type 
FZIGAf 8 

Col .B 

1.0 

1.0 

2.0 

3.3 

3.7 

3.9 

5.1 

5.9 

6 .  7 

16.5 

- 

Estimated 
Relative 

Mission Abor 
Rates 

Col. A & B 

1.0 

1.2 

2.9 

3.7 

4.2 

4. 3 

6.8 

7.2 

7 05 

20.2 

- 
(1) FLIGA - Forced Landing, Incident, or Ground Accidents. 

Take-off, Flight, and Auto-Rotation (Helicopters only). 

Reference 35.. 
Phases of operation included i n  abort type accidents and F'LIGBrs are: (2 )  

( 3) Reference 41. 
(4) Reference 42. 

Restriction/Classification 
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TABLE 16 - E~TIMATED ACCIDENT AND MISSION ABORT RATES 

FOR AIRBORNE VEHICLES 

(Table Arranged with Lowest Abort Rate at Top) 

Accidents and FLIGA's (1) Per 10,000 Hrs(3) 

Accident Rates FLIGA Rates Estimated 
Relative Type Mission (2) Mission(2) 

and Total Abort Type 
Mission Abor1 

Total Abort Type Model ! Rates 
Accidents FLIGA's Col. A & B Col.A Col.B 

Airship 
ZPG-1/2/2N 2.8 0 10.4 1.0 1.0 

Aircraft 
R5D , 0.3 0.2 2.3 1.0 1.2 

I 

Aircraft 
UF 0.9 0.9 $.0 2.0 2.9 

Aircraft 
p2v-5/7 0.1 0.4 7.2 3.3 3.7 

I 
Aircraft 

1 S2F 1.6 0.5 9.1 3.7 4.2 

Helicopter 
HUS 1.7 0.4 9.9 3.9 4.3 

Aircraft 
P5M 2.6 1.7 14.3 5.1 6.8 

Helicopter 
HSS 1.7 1.3 17.6 5.9 1.2 

Aircraft 
WV-2 0.9 0.8 13.7 6.7 7.5 

Helicopter 
HR2S 9.2 3.1 52.0 16.5 20.2 

Helicopter 
3.2(4) H-21 - - - -

(1) 
( 2) 

FLIGA - Forced Landing, Incident, or Ground Accidents. Reference 35· •. 

( 3) 
( 4) 

Phases of operation included in abort type accidents and FLIGAls are: 
Take-off, Flight, and Auto-Rotation (Helicopters only). 
Reference 41. 
Reference 42. 
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Accid.ent and. Ferced Landings, Inc id.ent , and. Greund. Accident (FLIGA) statistics 
provid.e a geed yardstick for d.etermining the relative frequency .of expected . 
.occurrences Which might result in failure te accomplish the missien due te 
ma.terial d.eficiencies .or .other reas.ons. Accid.ents and. FLIGA' s per 10,000 
flight h.ours cempiled. in Reference (41) by the U.S. Naval Safety Center are 
listed in Table 16. :fer applicable aircraft med.els. 

Frem these data, missienabert rates are estimated. by .omitting these aecid.ents 
and. incid.ents .occurring during static, taxi, wave-.off, and landing phases .of 
eperatien. Net includ.ed, hewever, are intentienal aberts which aveid accid.ent, 
f.orced.landing .or incident. Even c.onsid.ering these additienal inCidents, the 
frequency .of ab.orts is net expected te appreciably influence the recevery 
eperatien When censid.ering the lew flight time per aircraft. Fer example, using 
the maximum ab.ort rate, 20.2 per 10,000 heurs fer the HR2S helic.opter, and. a 
maximum missien .of 3 heurs, the probability .of ne ab.ort is .9940 

Fer the WV-2 en a 6 heur missien, the probability .of ne ab.ort is - 1 - .00075x6 
.or .996. 

Ship Seawerthiness 

The abert rate fer a ship sheuld. be much lewer ferairberne vehicles and. theref.ore 
is net analyzed. fur~er fer the purpese .of this study. 

Capsule Recevery Aids 

At present there are few ern.o empirical data en capsule rec.overy aids en 
which te base a quantitative assessment .of reliability. As an alternative,. 
this study is cenducted. en the assumptien .of varieus cembinatiens .of capsule 
aid.s .operating .or net .operating. P.ossib.le cembinatiens .of capsule aid. failures 
are determined from a review .of all available d.esign infermatien en the func­
tienal arrangement .of the recevery eqUipment. Fer example, failure .of a single 
antenna .or switch might result in less .of all HF and. UHF transmissien. 

A cursery failure effect analysis .of the capsule recevery system design ind.icates 
that censid.era.ble emphasis has been placed. en assuring red.undant paths fer the 
eperatien .of the recevery aid.s. This is particularly true for the electronic 
recevery aid.s "Where redundant circuits with cress-ever features have been pro­
vided. fer mest equipment. As a result .of the failure effect analysis, it appears, 
hewever, that twe areas might be subject te a mere critical review: (1) the 
switch-ever from the main antenna t.o thE? descent antenna and. (2) the switching 
.off .of the C !md. S band beacens up.on capsule impact. 

The transfer .of UHF transmissien from the main te d.escent antenna appears to be 
accemplished by a single switch. Sheuld. this switch fail, all UHF transmissien 
weuld. be lest including beth cenventienal and. Sarah beacens. Less .of the UHF 
beacens fer directien find.ing ceupled; with the intentional turning .off .of the 
C and. S band. beacens en impact, leaves .only HF transmissien ameng the electrenic 
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FIGURE 29 - CAPSULE DEl'ECTION AND LOCATION - FUNCTIONAl. DIAGRAM 
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aid.s. Since few aircraft and. ships have HF d.irectionfind.ing equipment, 
electronic homing capabilities after impact would. be reduced. to skin tracking 
by rad.ar. 

This lead.s to the second. area of concern which invol'Ves the switching off of the 
Cando S band. beacons. In normal operation d.irection finding method.s after im­
pact, other than visual, are essentially limited. to rad.ar and. UHF equipments. 
If switch-over from main to d.escent antenna fails as mentioned. aoove, only rad.ar 
homing remains 0 In this light the advisability of turning off the C and. S band 
beacons is questioned., and. it is recommend.ed. that NASA arrange for a review of 
this area and the antenna switching area. It is further recommend.ed. (although 
it mostprobably has already been done) that a thorough failure effect analysis 
be conducted on the entire capsule recovery equipment functions in ord.er to 
assure that the operation of a primary recovery item is not d.epend.ent on a 
single component or function. 

It is also ad.visable to review the results of all testing prior to the manned 
flight to obtain the latest assessment of recovery equipment reliability. In 
turn this information should. be compared. with the assumptions made in this 
study to check the valid.i ty of the results and. conclusions. 

Airborne Electronic Detection EqUipment Reliability 
\ 

The reliability of this equipment vs. operating time is plotted. in Figure 30 
The detection and. homing equipment configuration for each of the airborne 
vehicles is also shown in the figure. Note that while the capsule has a cap+ 
abili ty of six d.ifferent electronic d.irection find.ing mod.es, present aircraft 
can only accommod.ate a maximum of three. HF and. UHF equipment are not includ.ed. 
in this category inasmuch as their capability of direction find.ing by aud.io 
means is highly questionable. However, augmented. by voice communication with 
the capsule occupant, these equipments have .some value as detection and possibly 
location aid.s. 

The reliability of the primary d.etection and. homingequipments (rad.ar, ECM hom­
ing, and. UHF homing) is d.etermined. on the basis of mean-time-between-failure 
(MTBF) d.ata which reflect current operating experience. These d.ata and. sources 
of information are contained. in Tables 17 and. 18. The reliability plots shown in 
Figure 30 are derived. from the following mathematical expressions. 

- t 
R = e .~, is the expression for equipment reliability R, in terms of operating 

time, t and. MTBF, T. When two equipments whose reliabilities are Rl and. R2 are 
operating simultaneously, the probabilityRo ' that either or both will be operat­
ing after time tis: 

Equation (1.9) 

For three equipments operating Simultaneously, the probability of at least one 
operating after time tis: 

Ro = 1 - (l-Rl ) (l-R.2 ) (1-R3) Equation (it) 

PRELIMINARY 
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RELIABILITY OF AIRBORNE ELECTRONIC EQUIPMENT vs OPERATiNG TIME 
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For maximum effectiveness in detection before impact, it is d.esirable to have 
as many detection equipments operating as practical in the high probability 
impact area.s. It is obvious from Figure 30 that the probability of having at 
l.east one equipment operating on any given airborne vehicle is high. It is 
assumed. that regardless of the d.istance from station, equinments will be turned. 
on ! hour before arriving on station to allow for warm-up and. checkout. For 
this equipment .operating time period., the probability of having at least one 
operating is greater than .9997. If each of the equipments had equal perform­
ance capabilities and. all capsule recovery aid.s worked. properly, it could. be 
concluded that there is adequate assurance of having at least one primary 
electronic detection and. homing ~ethod available .at each station. Since per­
forrnance capabilities among equipments are unequal, they are analyzed. under the 
most cri tical situation, i. e ., where all electronic capsule recovery aid.s fail 
and. capsule d.etection is depend.ent on radar andlor visual methods. 

Figure 30 shows that the probability of search radar being available upon arrival 
of an aircraft or station following 1/2 hour equipment operating time is .976. 
Consid.ering that this is an extreme cond.ition which assumes multiple capsule 
failures and neglects visual capabilities and. d.etection information from other 
vehicles, the criterion is probably too stringent. To arrive at a more realistic 
and. valid evaluation, equipment reliability and. performance must be consid.ered. 
jOintly. This is accomplished. in the section of this study entitled tfOperatlonal 
Effectiveness" where the effect of this parameter on optimization of vehicle spac­
ing is determined .. 

For water search after impact, the ECM beacon is no longer on as ind.icated in 
Figure 29, and the primary modes of electronic d.etection are reduced. to two, 
rad.ar and. UHF homing. On the other hand., a number of other recovery aids 
become available to offset the loss of the ECM beacon. The.se are smoke gener­
ators, dye marker, flashing light, HF beacon, and. SOFAR bombs. 

As was assumed. above, the worst cond.ition would. be if only radar were available 
for d.etection among the prime electronic aid.s. Und.er these cond.i tions, the pro­
babili ty of airborne rad.ar operating for a ! hour warm-up period. and. an hour of 
search is .93. 

Once impact occurs, however, it is highly probable that the general area would 
be known either through d.etection by local vehicles or by ground. tracking 
stations. 

If equipment is allowed. to remain operating during a hold, reliability decay 
will occur as shown in Figure 30. To d.ecrease chances of eqUipment failure, 
equipment should. be turned off if the hold. is known in ad.vance to be long. It 
is believed that hold.s will present more of a staging problem thana reliability 
problem. 
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APS-31, OS-38, or  
APS-2OE 

@A-69 d t h  

APR-9B 

(1) 

186 (1) 

685 (1) 

10 6 
TABLE 17 - MEAN TIME BETWEEN FAILURES (MPBF) FOR 

AIRBORNE DETECTION, HOMING, AND COMMUNICATION EQUIPMENT 

W.BF for  Function, T 
Where 

I.EBF(~) 
Ti 
Hours 

Model 

Radar Detection 

ECM Homing 

UHF Homing 

HF Homing 

ARC-27 wlth 
47 

50 (2) 

ARA-25 
I 

Audio Only - Aircraf t  considered 
are not equipped wlth adapters 
f o r  d i rec t ion  finding except fo r  

ARA-8 on some aircraft. VHF Homing 

ARC-27 or  
ARC-34 UKF Communications I 
ARC-2, ARC-8, o r  
ARC-5s HF Communi cat ions I 
ARC-1 VHF C o m i c a t i o n s  

467 (1) L 467 (1) APR-26 

(2) I.EBFts are conservatively estimated t o  be representat ive of t h e  funct ion shown 
based on emperical da t a  of Table 18 
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TABLE 17 - MEAN TIME BEl'WEEN FAILURES (MrBF) FOR 
AIRBORNE DEl'ECTION, HOMING, AND COMMUNICATION ~UIPMENl' 

Equipnent Ml'BF for Function, T 
Where 

Function Ml'BF(l) 1-1- +1- e· •• L 
Model Ti T T1 T2 Ti 

Hours 

Radar Detection 
APS-31, APS-38, or (1) 21 (2) 
APS-20E 

.-
APA-69 with 186 (1) 

ECM Homing 
685 (1) 

146 
APR-9B 

ARC-27 with 50 (2) 
UHF Homing 

880 (1) I 47 
ARA-25 I 

! 

HF Homing Audio Only - Aircraft considered 
- are not equipped with adapters 

for direction finding except for 
VHF Homing AHA-8 on some aircraft. 

UHF Communications ARC-27 or (1) 50 (2) 
ARC-34 

HF Communications 
ARC-2, ARC-8, or (1) 260 (2) 
ARC-58 

VHF Communications ARC-1 (1) 200 (2) 

Sonar APR-26 467 (1) 467 (1) 

(1) MrBFts from Table 18 • 

(2) MrBFt s are conservatively estimated to be representative of the function shown 
based on emperical. data of Table 18 • 
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Communication Among Vehicles and. Ground Stations 

The communication among vehicles and. shore stations is important for overall 
coordination of the recovery effort and. particularly in the .situation Where 
the local area forces must be informed. of the predicted impact area or When 
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an aircraft has located. the capsule and. must transmit this information to the 
retrieving vehicle. Success of this operation is dependent on the communication 
equipments operating on both vehicles. 

Most aircraft have both HF and. UHF communication equipment, and the'probability 
of either or both sets operating is high,as shown in Figure 30. In the worst 
situation, Where an aircraft has located. the capsule but cannot communicate, 
this would. not necessarily mean failure of the recovery operation; for the air~ 
craft can d.rop a sea marker, sonobuoy, etc. and obtain assistance. 

The reliability of shipborne communication equipment appears in general to be 
higher than equivalent airborne equipment. This relationship is expected. be­
cause shipborne equipment can be heavier and. the environments are less severe. 
Reliabili ty data for shipborne equipment in terms of MTBF are listed. with source 
information in Table 19. The r-eliabili ty of this eqUipment is in no way 
critical to the recovery operation because (1) most ships have more than two 
sets of gear and (2) maintenance can be accomplished. While und.erway to maintain 
a high level of availability. 

J 

Retrieve Operations 

No attempt is made to numerically assess the reliability of this £unction as 
there is relatively little experience in this area and. much less empirical 
reliabili ty data than there is in the other phases of recovery 0 It is appro­
priate, however, to point out that for the first time in the recovery cycle, 
the success of the operation is now dependent on singular functions: one 
vehicle picking up the capsule and d.eli vering it to the home base. This oper~ 
at ion may be particularly critical for the helicopter in view of its having the 
highest abort rate and. (except for the HR2S) its being a single engine vehicle. 
Back~up may be ad.v:isable to cover a possible forced. d.itching. 

Reliability o~ Electronic. Equipment 

Reliability is d.efined. as the probability that an eqUipment will operate 
satisfactorily under specified. conditions for a given time. When failures 
occur randomly, that is, ind.epend.ent of equipment age, reliabili ty R, can be 
expressed by the trad.itional exponential formula: 

t 
R = e 'T Where: Equation (1~) 

e = 2.71828, the Naperian log base 
t = operating time 
T = Mean time between failures (MTBF) 

T f ·IIP's HPJ[ " 
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TABLE 18 

- AIRBORNE ELECTRONIC EQUIPMENl' RELIABILITY DATA AND SOURCE 

ME:AN TIME BEnlEEN FAILtJREl (Ml'BF) IN HOURS 

Equirment 
Description 

Model GAEC tl) 
OTHER SOURCES. REFERENCES: Group Designation Observ;ations 

S2F' UF 28 29 30 31 32 33 

ARC-2 357 260 

HF ARC-S 525 

Radio ARC-58 167 

Conmunications VHF ARC-l 135 38-295 

ARC-27 76 55 51 57 50 
UHF 

27.4 -
ARC-34 40.3 45 

APS-31 35(2) 

Detection, 
APS-38 24 (2) 

Radar 
HOming, and 

APS-20E 20.9 
Direction 

186(2 
EC1.f !PA-69 

Finding 
Receivers 

APR-9B 685(2) 
Equipment 

UHF Homing ARA-25 880(2) 

Sonar APR-26 467(2) 

Misc. Searchlight AVQ-2A,2C 500(2) 

(1) Reported Ml'BF x 50% to correct for incomplete reporting. 

(2) Based on ratio of equipment "on" time to aircraft night time of 112. 

34- 35 

24.8 

67 

36 

44 

I-' 
o 
00 



Thus, if the equipment mean time between failures is known (a convenient 
reliabili ty ind.ex in itself), i ts reliability can be calculated .simply for 
any given operating time. There are numerous examples of field. evaluations 
of electronic equipment reliability to SUbstantiate the use of equation ~a 
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to mathematically express the reliability of airborne and shipborne equipment. 
Among these are References (3.:1), (3?), (3~, t£l), and. 0.0) and. GAEC r s own observ­
ations. 

Once the failure pattern is established. as being random, i.e., failures occur­
ring at a constant failure rate per hour, the mean time between failures, T 
can be estimated as follows: 

T = Total operating time on failed. and. non-failed.equipments 
No. of failures 

The estimated. mean-time-between-failures for the electronic eqUipment essential 
to the recovery mission are listed. in Table 17. These estimates are based. on 
the substantiating empirical d.ata contained in Table 18. No attempt is made 
to associate an MTBF wi tha specific equipment mod.el since this would. imply 
that MTBF values can be d.etermined. accurately with a high degree of confidence. 
Where a range of values exists for an eqUipment type, such as HF communication 
eqUipment, a conservative value within the range is selected. to represent the 
current IIstate of -the art" for roat group. It is important that the relative 
values among equipment groups be maintained. for comparative evaluation purposes. 
Substantiation of the MTBF values selected. to represent equipment groups follows. 

For radar, although data are not available for all the radarmod.els installed. on 
the vehicles under consid.eration, there are sufficient data to ind.icate a range 
of values from 21 to 67 hours,.MTBF. Both values were determined. for the APS-20E 
rad.ar on the P2V aircraft and. ZW-l airship, respectively. The .spread in ¥alues 
can be a result of the d.ifference.s in d.efinition of a failure and. in operating 
environments., In roe former case, a failure was d.efined byARINC in Reference 
(3<) as any in-fl:ight or ground. malfunction reported. by the operator or mainten­
ance man, respectively. TheMT:BF was computed. on the basis of 1l,031 "heater 
hours". 

In the latter case, a failure was reported. by Goodyear in Reference ~ij whenever 
the airship was forced. to leave its station because of unavailability of the 
radar. Only "on-station" c>perating time (937 hours) was included. in the cal­
culation of MTBF'. 

From the above, it is concluded. that 21· hours and 67 hours are mlnlmum and. 
maximum MTBF values for the APS-20. Oroer radar MTBF' s, 35 hours for the 
APS-31 and. 24 hours for the APS-38 fall wi thin rois range. For c([)llservatism, 
21 hours are used. in all reliability calculations to represent the MTBF for 
airborne radar. 

ECM homing on roe majority of vehicles is accomplished by the combination of 
APA-69 and. APR-9B components. Based. on 123,096 hours ofS2F operation, theMTBF 
for the combination is estimated. to be 146 hours as noted. in Table 17. 
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TABLE 19 - SHIPBORNE ELECTRONIC EQUIPMENT RELIABILITY DATA AND SOURCE 

Equipment 
Group Description 

Radio HF 
Communication 

UHF 

Detection, Radar 
Homing and. 
Direction 
Finding ECM Equipment Receivers 

(1) Reference 46 

(2) 1 
To 

Mod.el 
Designation 

SRR-13 
SRR-J.,3A 
SRT-14 
SRT-15 
URT-4 
URR-13 
URR-35 
TDZ 

SPS-5B 
sps":6 
SPS-10 
SLR-2 
BLR-l 

Mean Time Between Failures 
MTBF, In Hours Average 

MTBF 
BuShips Other Sources for 
Data(l) / Component 

1740 1881 (Tl ) 2022 
652 133 
418 281(T2) 
136 67 
696 726 
756 
215 215 

354 
263 
214 
308 
657 

Average 
MTBF 
For 

System 

(2) 

245(To) 

166 

277 

482 
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UHF homing is accomplished. on the majority of the airborne vehicles by an 
ARC-27 communication set and an ARA-25 adapter to provid.e the direction finQ,ing 
function. TablelBshows excelle.nt correlation among the various seurces of 
data for UHF communication equipment, and. 50 hours MTBF:i,sa good. representative 
value for UHF communication equipment. 50 hours combinedwit'b. 880 hours MT13F 
for the ARA-25 adapter gives 47 hours MTBF for the combination (Table l7). 

There are ample empirical data in- Table l8 to indicate that the MTBF of HF 
communication equipment is several ord.ers ofmagni tud.e greater than that of 
UHF equipment. 260 hoursMTBF is consid.ered. to be representative of this 
class of equipment as compared. with 50 hours for UHF equipment. Similarly, 
200 hours MTBF is representative of VHF equipment. 

All available MTBF data onshipborneelect.ronic equipment are compiled in TabLe l~. 
Most of the data were obtained. direct ly from BuShips in .Reference (49' specif'i~ 
cally for this study. The values appearing in the right hand. column of the . 
table are estimated to be representative of their corresponding equipment groups. 
In most cases they represent averages of all theMTBF values in the group. 

By comparison of these MTBF values with the MTBF values in Table l7for correspond.­
ing airborne equipments, it is evid.ent that shipborne equipments are more reliable. 
As indicated previously, the reasons are obvious. 

\ 

I 

Very little d.irection finding equipment data are listed in the table because other 
than radar and SLR-2 or BLR-l ECM receivers, which are not very effective as 
a.irection find.ers, there is a scarci tYOf other direction finding eqUipment among 
the ships consid.ered. for recovery. Inasmuch as ships are not being considered. 
primarily for capsule detection and. homing,thisfactor is of secondary import­
ance. 
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COSTS 

Dollar costs are used i n  t h i s  study t o  evaluate the re la t ive  merits of alter- 
native approaches, systems, and vehicles. Consideration of the dol lar  costs  
provides a framework i n  which the commitment of vehicles, equipment, material, 
and personnel may be measured i n  commensurable uni ts .  Together with the evalu- 
ation of the effectiveness of the system, determination of the cost  of i t s  com- 
ponents provides a c r i te r ion  by which the efficiency of i t s  design may be 
measured. It w i l l  be desirable t o  d is t r ibu te  the available resources i n  a 
manner which insures equal effectiveness throughout; no weak l inks  i n  the chain 
are desired. On the other hand, there i s  nothing t o  be gained by the excessive 
allocation of resources t o  a single element i n  the system, desirable system re  
dundancies duly considered. Extra-strong l inks  i n  a chain do not add t o  i t s  over- 
a l l  strength. Regardless of the l eve l  of resources which may be available f o r  the 
Project Mercury recovery operation, it w i l l  be desirable t o  d is t r ibu te  these 
foxees f o r  maximum effectiveness; regardless of the l eve l  of effectiveness chosen, 
it w i l l  be desirable t o  se lec t  forces fo r  minimum cost.  

From the standpoint of cost-effectiveness, therefore, the dis t r ibut ion of forces, 
whatever t h e i r  avai labi l i ty ,  should be optimized on a '?ninimum cost" basis .  
"absolute" minimum cost system - that which obtains i f  the most austere l imita-  
t ions a re  placed on NASA, given a minimum effectiveness l eve l -  is  of par t icular  
i n t e re s t  f o r  two reasons: 

The 

1. For i t s  own sake, as  the l e a s t  expensive system which w i l l  do the job, and 
2. For i t s  value as a standard by which the additional cost  of a l ternat ive 

forces - considered desirable on an in tu i t i ve  or intangible bas i s  - may be measured. 

It would seem, f o r  example, t ha t  considerations of national prestige may lead t o  
"over-rescuing" the astronaut (at  l e a s t  the first one) by saturat ing the probable 
impact areas with recovery forces regardless of cost .  

Should the resources available Project Mercury be changed, knowledge of the mini- 
mum cost  system provides a guide by which the forces may be replaced or augment8d 
i n  a manner which w i l l  lead t o  maximum overall  system effectiveness. 
made t o  provide operational cost information i n  suf f ic ien t ly  general form so tha t  
the e f fec t  on t o t a l  system cost resul t ing from changes i n  individual elements may 
be estimated. 

An attempt is  

Granting then tha t  the minimum cost recovery system is  of primary interest ,  the 
question remains: minimum from whose standpoin-t;? 

The cost  of capsule recovery may be evaluated on a t  l e a s t  three levels: 

1. 
2. 

and services are provided by other Federal agencies with forces-in-being, 
3. 

c les  and services are provided by forces specif ical ly  ou t f i t t ed  and manned f o r  
t h i s  purpose. 

Actual cost t o  the taxpayer, 
Cost t o  NASA, assuming a short  se r ies  of t e s t s  i n  which the vehicles 

Cost t o  NASA, assuming a continuing se r i e s  of t e s t s  i n  which the vehi- 
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COSTS 

Dollar costs are used in this study to evaluate the relative merits of alter­
native approaches, systems, and vehicles. Consideration of the dollar costs 
provides a framework in which the commitment of vehicles, equipment, material, 
and personnel may be measured in commensurable units. Together with the evalu­
ation of the effectiveness of the system, determination of the cost of its com­
ponents provides a criterion by which the efficiency of its design may be 
measured. It will be desirable to distribute the available resources in a 
manner which insures equal effectiveness throughoutj no weak links in the chain 
are desired. On the other hand, there is nothing to be gained by the excessive 
allocation of resources to a single element in the system, desirable system r~ 
dundancies duly considered. Extra-strong links in a chain do not add to its over­
all strength. Regardless of the level of resources which may be available for the 
Project Mercury recovery operation, it will be desirable to distribute these 
forces for maximum effectivenessj regardless of the level of effectiveness chosen, 
it will be desirable to select forces for minimum cost. 

From the standpoint of cost-effectiveness, therefore, the distribution of forces, 
whatever their availability, should be optimized on a I!minimum costl! basis. The 
I!absolute" minimum cost system - tllat which obtains if the most austere limita­
tions are placed on NASA, given a minimum effectiveness level- is of particular 
interest for two reasons: 

1. For its own sake, as the least expensive system which will do the job, and 
2. For its value as a standard by which the additional cost of alternative 

forces - considered desirable on an intuitive or intangible basis - may be measured. 

It would seem, for example, that considerations of national prestige may lead to 
"over-rescuingll the astronaut (at least the first one) by saturating the probable 
impact areas with recovery forces regardless of cost. 

Should the resources available Project Mercury be changed, knowledge of the mini­
mum cost system provides a guide by which the forces may be replaced or augmented 
in a manner which will lead to maximum overall system effectiveness. An attempt is 
made to provide operational cost information in sufficiently general form so that 
the effect on total system cost resulting from changes in individual elements may 
be estimated. 

Granting then that the minimum cost recovery system is of primary interest, the 
question remains: minimum from whose standpoin~1 

The cost of capsule recovery may be evaluated on at least three levels: 

1. Actual cost to the taxpayer, 
2. Cost to NASA, assuming a short series of tests in which the vehicles 

and services are provided by other Federal agencies with forces-in-being, 
3. Cost to NASA, assuming a continuing series of tests in which the vehi­

cles and services are provided by forces specifically outfitted and manned for 
this purpose. 



113 

Considered on these three levels, the costs of the Project Mercury recovery opera­
tion are not the same. 

Cost to the Taxpa;yer. The 11 actual II cost of the operation will be the expenditure 
of material and services beyond that which would occur if there were no Project 
Mercury. This cost includes: 

- All development costs 
Cost of additional special equipment unique to this operation 

- Cost of fuel, Oil, and other consumables beyond that which would 
normally be expended during this period. 

Costs which are not relevant include: 

Personnel costs, since it is not anticipated that military personnel 
in addition to those already on active duty will be required. 

- Amortized procurement cost of vehicles or equipment in being. 

Presumably it should be the actual cost to the taxpayer which is minimized. De­
termination of this cost, however, requires that the "normalll operating costs of the 
agencies involved be known as well as the expected commitment to the capsule re­
covery program. Since this involves consideration of the disposition of forces in 
the field prior to the recovery, and other information of a nebulous and perhaps 
highly classified nature, it is not considered that this cost can be practically 
determined within the scope of this study. 

Cost to NASA Using Existing Facilities. Inasmuch as the recovery operations for the 
short series of tests planned are expected to be provided by the forces-in-being 
of other Federal agencies, the direct costs incurred by these forces provide another 
basis for measuring the expense of the recovery oper.ations. These provide an in­
dication of the actual commitment of these forces and should be useful in evaluat­
ing one system involving different numbers and kind,s of aircraft, ships and person­
nel with another. In addition, these costs represent the maximum amount which NASA 
might reasonably be billed by other agencies.* They include: 

- Cost of fuel, oil, and other consumables directly chargeable to the 
operation 

- An apportioned share of the maintenance required for the continued 

2 

) 
operation of the ships and aircraft used 7 

- Pay and allowancE;s of personnel directly involved in the recovery --
- Cost of special equipment unique to this operation 
- Cost of special training 
- Development costs 

*This discussion is not intended to define what is or is not appropriate for other 
Federal agencies to actually charge NASA for the recovery operation. The costs 
enumerated are intended to provide a reasonable basis for comparing one system with 
another or one vehicle with another. The matter of the apportionment of Federal 
costs among the several government agencies for services rendered to the public is 
certainly not within the scope of this study. 
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No attempt is made t o  evaluate quantitatively the cost  of special  t ra ining or de- 
velopment costs.  With the exception of the cost  of special equipment, the remain- 
der are  vehicle costs which vary d i rec t ly  w i t h  operating time. 

It i s  anticipated that these operating costs will be the major expenses incurred i n  
the recovery program. 
and systems i n  t h i s  study. 

They w i l l  be used as the primary basis f o r  comparing vehicles 

Cost t o  NASA of Future Tests. To provide f o r  continuing o rb i t a l  tests, it may be 
necessary t o  establish f a c i l i t i e s  whose primary function w i l l  be the recovery of 
o rb i t a l  vehicles, such as those operating from- Cape Canaveral and the Pacific 
Missile Range. 
include, i n  addition t o  the d i rec t  operational costs  described above, the cost  of 
procuring and possibly r e f i t t i n g  ships and a i r c r a f t .  
crews would be d i f fe ren t  from those of mil i tary crews.* 
purpose of th i s  study t o  select  vehicles or recommend a system f o r  continuing opera- 
tions, however, these costs  w i l l  not be evaluated i n  t h i s  study. 

The elements of cost  which would be encountered i n  t h i s  event would 

Personnel costs fo r  c iv i l ian  
Since it is  not a primary 

Conceivably, the selection of vehicles and systems m i g h t  vary w i t h  the cost  standard 
chosen. This is not necessarily the case, however. Large ships generally cost  more 
t o  procure or r e f i t ,  require larger  crews, and burn more f u e l  than small ones. It 
i s  expected that d i rec t  operating cost  t o  the cognizant agency provides a reasonable 
basis f o r  the selection of vehicles, and tha t  the choice of vehicles would not be 
substant ia l ly  different  using either of the- other standards mentioned.. 

Cost of Staging and Aecycling. The principal operational costs a re  those incurred i n  
staging the detection and re t r i eva l  forces and recycling them t o  their s ta t ions i n  
the high-probability impact areas as  required u n t i l  the  Mercury capsule i s  successfull: 
launched and recovered. The operating costs  of feasible  ships and a i r c r a f t  are ex- 
amined SO tha t  t h e i r  a l ternat ive costs  as detection and retr ieving vehicles may be 
evaluated. 
and accident r a t e  among the models considered. 

The costs  do not take in to  account differences i n  r e l i ab i l i t y ,  ava i lab i l i t :  

The following discussion of operational costs consists of four principal parts: 

1. 
t e r e s t .  

2. 
as  re t r ieving vehicles. 

3. Several models of aircraft a re  evaluated as detection vehicles, 
4. 

Operational un i t  costs  a re  developed f o r  the  ships and a i r c r a f t  of in- 

Helicopters, a i r sh ips  and several types of surface ships are evaluated 

The ef fec t  of changes i n  t o t a l  recovery system cos t  resul t ing from vary- 
ing numbers of detection and retr ieving vehicles i s  considered. 

* Data on labor r a t e s  f o r  c iv i l ian  marine personnel a re  given i n  Refereices 51 
and 52. 
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No attempt is made to evaluate quantitatively the cost of special training or de­
velopment costs. With the exception of the cost of special equipment, the remain­
der are vehicle costs Which vary directly with operating time. 

It is anticipated that these operating costs will be the major expenses incurred in 
the recovery program. They will be used as the primary basis for comparing vehicles 
and systems in this study. 

Cost to NASA of Future Tests. To provide for continuing orbital tests, it may be 
necessary to establish facilities whose primary function will be the recovery of 
orbital vehicles, such as those operating from Cape Canaveral and the Pacific 
Missile Range. The elements of cost which would be eD,countered in this event would 
include, in addition to the direct operational costs described above, the cost of 
procuring and possibly refitting ships and aircraft. Personnel costs for civilian 
crews would be different from those of military crews.* Since it is not a primary 
purpose of this study to select vehicles or recommend a system for continuing opera­
tions, however, these costs will not be evaluated in this study. 

Conceivably, the selection of vehicles and systems might vary with the cost standard 
chosen. This is not necessarily the case, however. Large ships generally cost more 
to procure or refit, require larger crews, and burn more fuel than small ones. It 
is expected that direct operating cost to the cognizant agency provides a reasonable . 
basis for the selection of vehicles, and that the choice of vehicles would not be 
substantially different using either of the' ot~er standards mentioned .• 

Cost of Staging and Recycling. The prinCipal operational costs are those incurred in 
staging the detection and retrieval forces and recycling them to their stations in 
the high-probability impact areas as required until the Mercury capsule is successfull~ 
launched and recovered. The operating costs of feasible ships and aircraft are ex­
amined SO that their alternative costs as detection and retrieving vehicles may be 
evaluated. The costs do not take into account differences in reliability, availabilit; 
and accident rate among the models considered. 

The following discussion of operational costs consists of four ·principal parts: 

1. Operational unit costs are developed for the ships and aircraft of in­
terest. 

2. Helicopters, airships and several types of surface ships are evaluated 
as retrieving vehicles. 

3. Several models of aircraft are evaluated as detection vehicles. 
4. The effect of changes in total recovery system cost resulting from vary­

ing numbers of detection and retrieving vehicles is considered. 

*Data on labor rates for civilian marine personnel are given in References 51 
and 52. 
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Operatio.nal Unit Co.sts 

Direct costs per ho.ur o.f o.peration are presented fo.r aircraft in Table 20 and. 
ships in Table 21. The Co.st o.f Navy vessels is drawn fro.lI1 the best available 
data which are given in the fo.rm o.fannual o.perating Co.sts. These are reduced to. 
Co.st per hOur o.foperatio.n o.n the basis of the average number o.f ho.urs underway per 
year fo.r the particular type of vessel, as described belo.w. Ho.urly Co.sts fer air­
craft have been sythesized fro.m available data on the principal co.mpo.nents o.f direct 
o.perating costs. Altho.ugh they are derived in different fashio.ns, it is believed 
that theho.urly o.perating costs, as given, represent a co.mparable level of , 
direct cests fo.rthe two types of vehicles. Where aircraft are co.mpared with ships 
fo.r the same missio.n, ho.wever, co.nclusiens sho.uld be drawn with cautio.n, particularly. 
if the difference between the calculated Co.sts is small. 

Direct Co.sts are determined o.n the basis o.f the number of hours o.fo.peration re+ 
quired of the vehicles fo.r staging and recycling the necessary fo.rces. This is be­
lieved to.pro.vide the mo.stsatisfacto.ry criterio.n fer measuring the co.mmitment o.f re­
sources to this operatio.n. It is pro.bably no.t themo.st convenient unit for billing 
Co.sts between Federal agencies where vehicle ..days, fo.r example, might bemo.re appro.P­
riate. Average daily Co.sts, ho.wever, are not co.nsidered to. pro.vide a sufficiently pre­
cise stand.ard fo.r discriminating between vehicles and systems. 

It perhaps bears mentio.n that use o.f o.nlythe numbers o.f vehicles as a standardo.f 
Co.st implies that the o.perating Co.stsof the vehicles are substantially equal. An 
o.perating system using the minimum number o.f vehicles is the minimum Co.st system only 
if all the vehicle unitco.sts are the same. 

Average hourly o.peratingco.sts in themselves hide a co.nsiderable Po.ssible variatio.n 
in o.perating Co.sts, o.f co.urse. High speed o.perating ho.urs of an aircraft Co.st mo.re 
than long endurance ho.urs, £:er example. The ho.urly cost determined from annual o.pera­
ting Co.st and annual hoUrs underway exaggerates the expense o.f a tender which per­
forms itsmajo.r service at ancho.r. A cempro.misebetween precisio.n and practicality 
must be made, ho.wever. 

Aircraft Unit Co.sts.Direct o.perating Co.sts fo.r aircraft are generally co.nsidered to. 
include the Co.st of fuel and o.il, the flight crew, maintenancelabo.r, and maintenance 
material including the co.nsumptio.n o.f spare parts .. Inasmuch as we are interested in 
consideringbo.th Navy and AirFo.rce airplanes, the summary Co.st in Table 20 in.,. 
cludesall o.f these direct Co.sts except fo.rmaintenance material, fo.rwhich data were 
no.t available fo.r mo.st airplanes co.nsidered. It is no.t likely that additio.n o.f these 
figures would affect the relative Co.sts o.f the airplanes, ho.wever.* 

Fuel and eil Co.sts have been drawn fro.m references 48 and 53. Maintenance manho.ur.s 
for USAF airplanes were o.btained fro.m reference 47. In o.rderto shew maintenance 
labo.r Co.sts fo.r Navya;!.rcraft co.nsistent with the USAF figUres, an equation based on 
the USAF facto.rswas used to. estimate them. Flight crew Co.sts are based o.n the .number 
o.f crewmen required fo.r this mission. ·Annual pay fo.r flight crews is assumed. to 
average $7,750 fo.r o.fficersand $4,440 for enlisted crewmen. This annual pay is 
assumed to' be allo.cated o.ver the annual flying ho.urs o.f the crew which are estimated 
to. vary amo.ng the types o.f aircraft as fo.llo.ws: 

* Ad.d.i tio.nal d.ata, received to.o. late to. be ).lsed. in 
this study, are given in Append.ix C. 
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TABLE 20 

AIRCRAFT DIRECT HOURLY OPERATING COSTS 

Fuel & Maintenance Maintenance Flight Crew 
Aircraft Model Oil. (a,b) Man-Hours (c) Labor Cost 

@$2.25/Rour 
No. Cost Total 

B47 $227.49 51.2 $115.20 3 $77·40 $420.09 

B52D 356.90 115·6 260.10 6 133·00 750.00 

C54(R5D) 41.47 18.0 40·50 3 39·90 l.2l..87 

KC-97G 139·52 33·9 76.28 4 ~.30 308.10 

C119 51.05 26·3 59.18 5 64·30 174·53 

.RCJ.21D (wv-~) 93·01 25·4 57.15 t 5 min. 64·30 214.46 t 
26 max.310.30 460.46 

c124 113.68 33.4 75·15 5 64.30 253·13 

C130A ~·57 31.0 69.75 4 55.40 217·72 

C133A 195.18 41.2 ~·70 4 55·40 343.28 

KC-135 223.06 (64,7) .45·58 4 92·30 460·94 

P5M-2 39·17 (21.9) 49·28 11 168.00 256.45 

P2V-6 51.18 (21.7) 48.82 7 117·00 217·00 

S2F 17.54 (16.6) 37.35 4 75·00 129·89 

SA-16/UF· 25.01 22.6 50·85 4 85·30 161.16 

R19, BRS, HOljs, S-55 6.42 14.0 31-50 3 83·15 l.2l..07 

H21 16.16 15·0 33·75 3 83.15 133.06 

H43 9·57 13·0 29·25 3 83.15 121.97 

HR2B-1, H37A, 5-56 45·05 25·1 56.48 3 83.15 184.68 

HSS-1, HUB, H34, s-58 14.S8 21·5 1«3·38 3 83.15 146·51 

ZPG-2 (d) 25.60* (33.0) ·74.25 24 272·70 372·55 

Hydrofoil. Boat 93·55 (30.0) 67·50 14 29.25 190·30 

Note: Maintenance man-hours are based on USAF planning factors. Navy airplanes are estimated. 
For additional data on Navy aircraft, se~ also Tab1e 3"(, Appendix C. 
Source: (a) Reference 48 {c} Referer~e 47 

(b) Reference 53 (d) Reference 34 

* Includes Helium 

Cruise Speed 
(Knots) 

410 

460 

156 

205 

160 

215 

-
290 

-
455 

150 

170 

130 

135 . 
-
85 

-
90 

85 

40 

80 

Cost Per 
Mile 

$1.025 

1.630 

.781 

1.503 

1.091-

t 1.000 
2.140· 

-
·750 

-
1.013 

1·710 

1.278 

1.000 

1.196 

-
1.565 

-
2 .• 052 

1.724 

9·300 

2·379 

..... ..... 
0-



Long range bo.mber 

Tran.sPo.rt 

Patro.l 

Search 

Helico.pter 

Airship 

300 ho.urs per flight crew per year 

500 

350 

325 

200 

500 
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As a result, flight crew Co.sts per ho.ur are co.nsidered to. be greater fo.r heli­
co.pters, which are flo.wn relatively few ho.urs per year, than fo.r transPo.rts which 
are flo.wn a great deal. 

Ship Unit Co.sts. Operating Co.sts o.fU.S.Navy ships are based on the data in re­
ference 49. These annual Co..sts have been co.nverted to. anho.urly basis by allo.cat­
ing them o.ver annual ho.urs underway as indicated in reference 50. Data fo.r U.S. 
Co.ast Guard ships were o.btained fro.m USCG autho.rities. 

It may be no.ted that fo.r similar vehicles - such as WAVP and AVP - Co.ast Guard Co.sts 
per ho.ur are lo.wer than Navy Co.sts. In part, this may be due to. the fact that the 
Navy figures are based o.n fiscal year 1959 do.llars while tho.se o.f the Co.ast Guard are 
based o.n .fiscal 1958. The larger part o.f the discrepancy, ho.wever, is due to. the 
higher ship utilizatio.n andlo.wer manning requirements o.f theCo.ast Guard resulting 
fro.m the difference in the peacetime missio.ns o.f the two. services. The effect o.f 
current o.peratio.nal usage on the apparent Co.stso.f the vehicles sho.uld be taken into. 
co.nsideratio.n in evaluating their co.mparative Co.sts fo.r this missio.n. 

Costs for hydro.foil bo.ats, o.n which no current o.peratio.nal data are available, have 
been estimated using aircraft estimating methods and are sho.wn in Table 20 with 
aircraft. 

Co.mparative Co.st o.f Retrieving Vehicles 

The vehiclesco.nsidered suitable fo.r use as retrieving vehicles include surface 
ships, airships, and helico.pters. Their comparative Co.sts depend uPo.n the number 
required to' mo.nito.r a given area fo.r a specified access time, and the o.perating Co.sts 
incurred in reaching and maintaining statio.n. 

The number o.fvehicles required depends 'upon the speed capabilities o.f the vehicles. 
The greater their speed, the .fewer will be required to. co.verthe areas. 

The to.tal o.peratio.nal cost o.f the retrieving portion o.f the o.peratio.n may be ex­
presssedas: 
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AD 
AGe 
AK 

AKA 
AKL 
APA 
APD 
Am 
ASR 
ATA 

! 
ATF 
AV 
AVP 
CVA(f) 
CVS(f) 
DD 
DDE 
DDR 
DE 
DER 
1SD 

1ST 
mo 
PC 
PCER 
SS 

WAGL 
WAT 
WAVP 
WJ?G 

Destroyer Tender 
Amphibious Force Flagship 
Cargo Ship (Inc. CI-M-AVJ.) 

Attack Cargo Ship 
Light Cargo Ship (Inc. FS) 
Attack Transport 
High Speed Transports 
Repair Ship (EC2 Liberty Billl) 
Submarine Rescue Vessel. 
Auxiliary Ocean Tug 
Fleet Ocean Tug 
Seaplane Tender 
Small Seaplane Tender 
Attack Aircraft Carrier (Forrestal.) 
Support Aircraft Carrier (ASW) 
Destroyer 
Destroyer Escort 
Badar Picket 
Escort Vessel. 
Radar Picket Escort Vessel. 
Landing Ship - Deck 

Landing Ship - Tank 
Minesweeper Ocean (non-mag.) 
Submarine Chaser 
Rescue Escort 
Submarine 

Tender (u.S.C.G.) (e) 
Ocean Tug (U.S.C.G.) (e) 
Tender (U.S.C.G.) (e) 
Gunboat (U.S.C.G.) (e) 

Nates: (a) Reference 49 
(b) Reference 22 

Total. Annual Annual Author. 
080MCost Personnel. Cost 
($ Thsd. )(a) ($ Thsd.)(a) 

$3262 $2551 
2160 1587 
7Eb 402 

1385 892 
179 116 

lEb8 1251 
767 474 

lCb7 1436 
499 275 
231 135 
417 222 

2925 2150 
971 524 

11538 7962 
6650 4643 
1255 757 
1265 760 
1288 778 

908 531 
935 551 

1387 853 

648 389 
336 189 
269 146 
410 245 

1285 395 

258 168 
377 236 
648 425 
683 426 

(c) Reference 50 
(d) Reference 23 

TABLE 21 

SHIP OPERATING & MAIN'l!ENAl'lCE COSTS 

Annual other Annual Hours Total. Cast Bated Speed Average S~eed (c) 
0& M Cast underway (c) Per Hour (Knots) (b,d) (Knots 
($ Thsd.)(a) underway 

$711 1008 $3236 18 13·3 
573 1860 1161 16.4 10·9 
378 2592 3'1 fll·5 13·3 U5·5 
493 2196 631 16 11·9 
63 2:>88 857 12 10.1 

557 2:>40 886 16 11·5 
293 1848 415 23·6 11·7 
371 888 2:>35 12·5 9·1 
224 13'8 381 15 11.0 
"96 1584 146 13 10.1 
195 2:>04 2:>8 16 11.0 
775 1932 1514 19 13·3 
l!47 2:>52 473 18 13·1 

3576 3276 3522 33 16.2 
2J07 2772 2399 33 14.1 
498 2Eb8 447 33 14.2" 
505 2616 484 33 14·3 
510 2844 453 33 14.4 
377 1848 491 21 13·3 
384 3348 279 21 9·6 
534 2184 635 '24 

U5 
1l.4 

259 2:>28 32:> 11 ~.3 
147 1212 277 15 .4 
123 102:> 264 16 12.0 
165 1068 384 16 10.6 
890 22:>8 582 2) 9·1 

90 2)00 129 12 
141 232:> 162 18 
223 3381 192 18 
257 4051 169 18 

(e) USCG data from Mr. M.B. HopkinS, Cost Analysis Branch USCG. 
(f) Aircraft carrier casts include only ship operating costs, 

exclusive of embarked air group. Aircraft support costs 
are considered to be included in hourly aircraft operating 
casts. 

Total. Cost Per 
MUe @ Aversge Speed 

$243.3 
106.5 

22.6 

53·0 
84.9 
77·0 
35.5 

223.6 
34.6 
14.5 
18.9 

113.8 
36.1 

217.4 
170.1 

31·5 
33.8 
31.4 
36.9 
29.1 
55·7 

34.4 
33·0 
22.0 
36.2 
64.0 

...... 

...... 
00 
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TC = N (C s + Ct ) 

where N = the number of retrieval stations re~uired 

Cs = cost per vehicle on station 

Ct :::: cost per vehicle in transit to and from station . 
The cost per vehicle on station may be expressed as 

Cs :::: C x ts 

whecre C = operating cost per hour 

ts :::: on time on station in hours. 

The cost per vehicle en route to and from station from its base or previous station is 
2DC 

Ct= rV 

where D :::: distance from base to station 

v :::;: rated speed of the vehicle 

r= a factor which, multiplied by the rated speed of the vehicle, gives its 

normal cruising speed; r is considered to be the same for all vehicles. 

The total operational cost is then given by 

( 
2D 

'1'C =CN ts + rv-) 

Vehicles Disposed Over an Area. Where the vehicles are disposed over a broad area,the 
number of vehicles is given by 

where 

N? A 
kV2ta.2 

A= the area 

td== "dash time", that is, the access time less allowance for delays, 

etc.; the time the recovery vehicle is actually travelling from 

its station to the capsule. 

k :::: a constant, depending on whether the vehicle search areas are 

located in a s~uare or hexagonal arrangement. 
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Nmay be greater than the expression given for two reasons. Unless the vehicle 
coverage exactly coincides with the edges of the area, additional vehicles must 
be assigned to account for these edge effects. Also,an integral number of 
vehicleS must of course be assigned. For consistency in the general cost compari­
son of vehicles, however, the minimum number will be assumed, Le. 

N::::: A 

kV2t d
2 

The total cost using any type vehicle then is 

TC::: AC 
kV 2td2 

The ratio of total cost, comparing two vehicles, is therefore 

TCl Cl (~~ l ts + 2D 
::::: 

TC2 S2 rVl 

ts + 2D 

rV2 

where the subscripts denote the two vehicles. 

Two limiting cases are of interest: 

1.. Where the distance from the point of departure of the vehicle to its stat­
ion is negli.gibly small. This might be the case where the assigned area is close to 
the home port of a ship, or where a ship is already at sea nearby and is temporarily 
diverted to its retrieval station. 

2. Where the distance from the point or departure is very great and the time 
on station, by comparison, is very small. 

Examining first the case where the distance is small, D may be assumed to go to zero. 
In this event, the comparative costs are given by 

The comparative cost of possible recovery vehicles under these circumstances is illus-
trated in Figure 31. The vehicles are plotted according to their rated. speed 
(assumed to be the dash speed) and their hourly operating cost. 

The relative cost of a system using anyone af these vehicle types may then be read 
by reference to the slanted cost index lines. For ~ample, any system USing vehicles 
faund platted along cost index 1 will cost the same as a system using vehicles found . 
anywhere else along the cast ind.ex 1 line. A system using ships found along the 
cost index 2 line costs twice as much. The cost index lines pr0vide a basis for com­
parison in anyone of the Figures 31, 32, 34 and. 35. They should not be con 
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to be consistent between figures, however. 

Among the surface ships, the least expensive of the existing service types is 
seen to be the destroyer and similar vessels (DD, DDE, DDR)~ A number of auxiliary 
ships, however, approach the same general range of cost (between cost index 1 and 
cost index 2)* These include the typea: APD, ATF, ATA, DER,and the Coast Guard 
ships WAT, WPG, WAVP, and WAGL. It can be seen that relatively small change.s in 
the values used for hourly cost could affect the relative standing of these types. 
The high current utilization of Coast Guard ships, for example, probably results in 
the WPG and WAT appearing less expensive in comparison to the DD than they might 
actually be when used for the same mission. Although the unit costs are not to be 
con.strued as highly precise values, the general conclusion her'e is that the destroyer 
types are to be preferred among surface vessels. 

It is seen that vehicle velocity is critical in the cost comparison of these 
vehicles.' At 40 knots, therefore, the airship can be seen to be less expensive 
than any of the surface vessels. The high speed of hydrofoil boats shows them to 
be a potentially attractive vehicle at the operating cost assumed. 

Helicopters .and helicopter~ship combinations are discussed below. 

In the other limiting situation when the vehicles are to be stationed at a considera­
ble distance from their home ports, the term ts may be considered to approach zero. 
In the limit, 

The comparative cost of the vehicles for this situation is shown in Figure 32. 
Vehicle Velocity can be seen to be even more critical under these circumstances. The 
superiority of the destroyer types among surface vessels becomes more pronounced. 
Other high speed vesselS such as the DE and higher speed LSD's are competitive 
economically with the small auxiliary types. Inasmuch as the hourly costs shown 
do not include a prorated cost of any tender or refueling vessel, those types which 
are self-sufficient for extended missions will have an advantage beyond that indicated 
in the plot. 

Vehicles Disposed Along a Track • Amore typical recovery area may conSist ofa re­
lati vely narrow band along the orbit track. Such bandS can be covered by stationing 
the recovery vehicles in one column along the track. The area which these Vehicles 
can reach within the reqUired acces.s times may include considerable sectors of their 
search circ~es on both sides of the high-probability band. The number of stations 
required to monitor the desired area under these circumstances, as illustrated in 
Figure 33 is given by 

L 

N= 
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GEOMETRY 
NUMBER OF VEHlCLES REQUIRED PER LENGTU OF TRACK 
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where L = length of the area along the track 

W = width of the area 

S = radius covered by the recovery vessel in a given access time. 

The radius S is given by 

S;::: Y (access time - .25) = Ytd 

The number of stations required is therefore given by 

and the total cost is 

TC = CL 2D 
(ts + rY) 

l25 

Again, the relative cost of .retrieve vehicles disposed along the track may be 
examined in two limiting conditions: where the distance from base may be con~ 
sidered negligible and D is considered zero, and where the distance from base is 
considered overruling and ts approaches zero. The ratio of cost in these two ex­
tremes is given, respectively, by 

(D = 0) 

and 

(ts = 0) 

The cast of alternative vehicles under these circumstances is shown in Fig- . 
ures 34 and 35 for a dash time of 5-3/4 hours and a track width of 40 miles. Super­
imposed on the plot is a diagonal reference line by which comparative number of vehi­
cles reqUired for a given track length may be read at the right-hand margin. 
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The comparative cost  of vehicles arranged along a narrow band d is tan t  from their 
home bases, i l lustrated i n  Figure 35 , i s  seen t o  be v i r tua l ly  ident ica l  with 
t h a t  which occurs when the vehicles are disposed over an area close t o  home, 
Figure 31 e The destroyer types continue t o  show t o  advantage among the surface 
vessels. The economy of a i rships  and potent ia l ly  of hydrofoil boats i s  apparent. 

When the vehicles are arranged i n  column close t o  base, the higher speed vessels 
lose some of t h e i r  cost advantage,&S indicated i n  Figure 34, although the same 
re la t ive  numbers are required. This type of recovery area would appear t o  pro- 
vide the most sui table  application of the low-speed auxiliaries. 

A e r i a l  Pick-up. 
aerial pick-up of the f loa t ing  capsule. 
and a cost  of $175 t o  $225 per hour, it i s  apparent that  it would have a decided 
cost  advantage over any other r e t r i eva l  system. This also applies t o  seaplanes. 

Not appearing i n  the graphs are fixed-wing a i r c r a f t  capable of 
Operating a t  speeds of 150 knots or more 

Helicopters as Retrieving Vehicles. 
other re t r ieving vehicles, it should be noted that they are  peculiar i n  requir- 

I n  comparing the cost of helicopters with 

ing no substant ia l  station-keeping cost  of themselves. Whereas surface ships 
and airships  a re  "operating" and incurring operating costs  while they are  hold- 
ing  station, helicopters remain a t  t h e i r  base and incur no more costs  than it 
takes t o  warm them up. Unless the capsule actual ly  impacts i n  t h e i r  assigned 
area and they are dispatched t o  re t r ieve  it, no additional expenses are incurred 
on s ta t ion.  A system using helicopters does incur a.variab1e support expense: 
that of the ship or land base from which they operate. Unless a ship keeping 
s ta t ion  a t  sea i s  required, however, t h i s  support expense w i l l  be assumed t o  be 
no mure than that normally allocated t o  d i rec t  operating cost. It is  assumed 
that the support expense of a ship-based helicopter is  that of a typical  ship 
capable of use as a helicopter carr ier ,  considered t o  be the LSD. 
that the cost  of transporting a helicopter t o  a land base w i l l  be that of the mini- 
mum sui table  transport  ship, considered t o  be the LST, or of a C-124 
whichever costs less .  

The primary cost of a helicopter system then i s  t h a t  of the support vehicles re- 
quired t o  place them on s ta t ion ,  The d i rec t  operating cost  of the one o r  two vehi- 
c l e s  which may be dispatched fo r  the actual  pick-up is re la t ive ly  insignificant 
compared t o  the overall  system cost. On t h i s  basis, the helicopter may be exmined 
within the cost  framework shown i n  Figures 3S , 32 , 34 and 35 a t  the operat- 
ing cost  l eve l  of the support ship and a t  an "effective" rated speed which depends 
upon i ts  own speed and range, and the speed of the  ship on which it may be based. 
Although access t o  the capsule may be gained i n  f l ight  w i t h  the larger  helicopters, 
it w i l l  be assumed for the purpose of cost  comparison that return t o  base is  neces- 
sary f o r  complete r e t r i eva l  of the capsule, 

It i s  assumed 

aircraf t ,  

Ship-based Helicopters, The number of r e t r i eva l  vehicles, we have seen, depends 
upon the radius which can be reached by the vehicle within a given access t i m e .  
Basing a helicopter aboard ship reduces the number of s ta t ions required by giving 
the ship longer legs.  Within the range capabi l i t i es  of the helicopter, the ef- 
fec t ive  radius f o r  a given access time may be determined as a function of the speed 
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The comparative cost of vehicles arranged along a narrow band distant from their 
home bases, illustrated in Figure 35 , is seen to be virtually identical with 
that which occurs when the vehicles are disposed over an area close to home, 
Figure 31 • The destroyer types continue to show to advantage among the surface 
vessels. The economy of airships and potentially of hydrofOil boats is apparent. 

When the vehicles are arranged in column close to base, the higher speed vessels 
lose some of their cost advantage,e.g indicated in F=l:.gure 34, although the same 
relative numbers are required. This type of recovery area would appear to pro­
vide the most suitable application of the low-speed auxiliaries. 

Aerial Pick-Up. Not appearing in the graphs are fixed-wing aircraft capable of 
aerial pick-up of the floating capsule. Operating at speeds of 150 knots or more 
and a cost of $175 to $225 per hour, it is apparent that it would have a decided 
cost advantage over any other retrieval system. This also applies to seaplanes. 

Helicopters as Retrieving Vehicles. In comparing the cost of helicopters with 
other retrieving vehicles, it should be noted that they are peculiar in requir-
ing no substantial station-keeping cost of themselves. Whereas surface ships 
and airships are lIoperatingll and incurring operating costs while they are hold-
ing station, helicopters remain at their base and incur no more costs than it 
takes to warm them up. Unless the capsule actually impacts in their assigned 
area and they are dispatched to retrieve it, no additional expenses are incurred 
on station. A system using helicopters does incur a variable support expense: 
that of the ship or land base from which they operate. Unless a ship keeping 
station at sea is required, however, this support expense will be assumed to be 
no 'more than that normally allocat~d to direct operating cost. It is assumed 
that the support expense of a ship-based helicopter is that of a typical ship 
capable of use as a helicopter carrier, considered to be the LSD. It is assumed 
that the cost of transporting a helicopter to a land base will be that of the mini­
mum suitable transport ship, considered to be the LST, or of a c-l~4 aircraft, 
whichever costs less. 

The primary cost of a helicopter system then is that of the support vehicles re­
quired to place them on station. The direct operating cost of the one or two vehi­
cles which may be dispatched for the actual pick-up is relatively insignificant 
compared to the overall system cost. On this basis, the helicopter may be examined 
within the cost framework shown in 'Figures 31 , 32 ,34 and 35 at the operat­
ing cost level of the support ship and at an lIeffective lf rated speed which depends 
upon its own speed and range, and the speed of the ship on which it may be based. 
Althougn access to the capsule may be gained in flight with ,the larger helicopters, 
it will be assumed for the purpose of cost comparison th~t return to base is neces­
sary for complete retrieval of the capsule. 

Ship-based Helicopters. The number of retrieval vehicles, we have seen, depends 
upon the radius 'Which can be reached by the vehicle within a given access time. 
Basing a helicopter aboard ship reduces the number of stations required by giving 
the ship longer legs. Within the range capabilities of the helicopter, the ef­
fective radius for a given access time may be determined as a function of the speed 
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capabilities of the aircraft and ship and the access time. The helicopter may be 
assumed to be in flight for the previously described "dash time" reduced by an 
additional six minutes for heJ4copter launch, capsule pick-up, and helicopter re­
covery. Neglecting .reduction in speed resulting from the capsule load, the dis­
tance covered by the helicopter is 

where Vh is helicopter speed. 

During the same period the ship.travels a distance equal to 

Where Vs is ship speed. 

The effective radius is therefore 

S ~ Vh (td - 0.1) + Vstd 
2 

The "effective" rated speed is therefore 

Vh· (1 - °td·l ) + Vs Veff ~ 
2 

The term (~~l) may be neglected without prejudicing the precision of this compari­

son.The effective speed, then, is the average speed of the helicopter and the 
ship on which it is based. 

For a 90-knot helicopter based on a l5-knot ship, the effective speed is therefore 
52.5 knots. This combination is shown for reference in Figures 31, 32, · 34 , 
and 35 at the operating cost of an LSD. For a 9O-knot helicopter based on a 
33-knot CVS aircraft carrier, the effective speed is 61.5 knots, as also indicated 
in the figures. Although the carrier is in fact capable of supporting many aircraft, 
its entire operating cost is allocated to the single helicopter Which retrieves the 
capsule if the carrier serves only as a retrieving vehicle support vessel. In areas 
where the permissible access time is so great that the helicopter, because of its 
range limitations, cannot be used during the full time that the ship is clOSing on 
the capsule, the effective radius of the combination is curtailed and the cost ad­
vantage over the ship operating without a helicopter is reduced. For this reason, 
the effective speed of the LSD-liS combination may extend from that of the LSD alone 
to the average speed of an LSD and helicopter, as indicated in Figures 31 ,32 , 
34 ,and 35 • The choice between the LSD-liS combination and the destroyer types 

(DD, DDE, DDR) will therefore depend upon the degree to which the helicopter maybe 
utilized under the particular circumstances of area size and shape and allowable 
access time. 
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Land-based Helicopters. 
the advantage of a base which closes on the capsule as they re t r ieve  it. 
event, the effect ive speed of the helicopters may be considered simply one-half 
t h e i r  cruise speed. On the other hand, they are not penalized by the cost  of a 
susport vehicle which may be at  sea 24 hours a day i n  order t o  maintain a r e t r i eva l  
s ta t ion  for, at  most, 4 t o  8 hours daily.  
shown i n  Figures 31, 32 34 , and 35 the helicopter carapares very favor- 
ably w i t h  the  most economical surface ships. Inasmuch as t h i s  i s  a high estimate 
of its cost on station, the land-based helicogter is in  f a c t  much more economical 
than the figures suggest, 

When the helicopters operate from land bases, they lack 
In  t h i s  

Considered at the cost  of an LST as 

Co-arative Cost of Detection Vehicles 

The operating cost  of the detection system depends upon the number of detection 
s ta t ions  required and the cost  of maintaining the detection vehicles on stat ion.  
These i n  turn depend upon the 

1. 
2. Tue-radius curve of the vehicles 
3. Endurance on s ta t ion  required 
4. 
5 .  

Hourly operating cost  of the vehicles 

Distance of the s ta t ion  from the vehicle base 
Alti tude a t  which the vehicle operates. 

Number of Stations Required fo r  Continuous Coverage. 
t ions  required depends upon the detection range. 

The number of detection sta- 
The primary means of detection 

include visual  search, radar search, and radar or radio homing on a beacon. To 
provide an appreciable search radius fo r  surface targets,  the detection vehicles 
must operate a t  a l t i t ude j  airborne vehicles ohly are therefore appropriate f o r  
t h i s  purpose. 
ing in to  consideration atmospheric refract ion as indicated in Figure 7. 

Line of s ight  r age  is taken as themeasure of search radius, tak- 
a 

Feasible search radi imay be much greater than the width of the areas t o  be moni- 
tored, i n  which case the detection vehicles w i l l  be arranged In a column along 
the o rb i t  track. 
kept under continuous surveillance, the number of detection s ta t ions  per un i t  
length of t rack is gsven by 

If a l l  portions of the high probabili ty impact areas are t o  be 

N=,J?==?+= 

N= ,* as illustrated i n  Figure 33 where N = number of detection stations,  S = detec- 
t i on  radius, and L and W are a8 defined above. 
radius i s  a function of a l t i tude,  the number of detection s ta t ions  required is 

Since line of sight detection 

where h = a l t i t ude  
k = a constant, defined by Figure 7. 
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Land-based Helicopters. When the helicopters operate ~rbm land bases, they lack 
the advantage o~ a base which closes on the capsule as they retrieve it. In this 
event, the effective speed of the helicopters may be considered simply one-half 
their cruise speed. On the other hand, they are not penalized by the cost of a 
support vehicle whiCh may be at sea 24 hours a day in order to maintain a retrieval 
station for, at most, 4 to 8 hours daily. Considered at the cost of an LST as 
shown in Figures 31 , 32 , 34 , and 35 , the helicopter compares very favor­
ably with the most econonlical surface ships. Inasmuch as this is a high estimate 
of its cost on station, the land-based helicopter is in fact much more economical 
than the figures suggest. 

Co~arativeCost of Detection Vehicles 

The operating cost of the detection system depends upon the number of detection 
stations required and the cost of ~intainingthe detection vehicles on station. 
These in turn depend upon the 

1. Hourly operating cost of the vehicles 
2. Time-radius curve of the vehicles 
3. Endurance on station required 
4. Distance of the station from the vehicle base 
5. Altitude at which the vehicle operates. 

Number o~ Stations Required for Continuous Coverage. The number of detection sta­
tions required depends upon the detection range. The primary means of detection 
include visual search, radar search, and radar or radio homing on a beacon. To 
provide an appreciable search radius ~or surface targets, the d~tection vehicles 
must operate at altitude; airborne vehicles only are therefore appropriate for 
this purpose. Line of sight range is taken as the measure of search radius, tak­
ing into consideration atmospheric refraction as indicated in Figure 7. 

Feasible search radii may be .much greater than the width of the areas to be moni­
tored, in which cas~ the detection vehicles will be arranged in a column along 
the orbit track. If' all portions of the high probability impact areas are to be 
kept under continuous surveillance, the number of detection stations per unit 
length of track is given by 

N = L 

J4s2
- W

2 

as illustrated in Figure 33 where N = number of detection stations, S = detec­
tion radiUS, and L and Ware as defined above. Since line of sight detection 
radius is a function of altitude, the number of detection stations required is 

N= L 
J 4 kh - w2 

where h::; al ti tude 
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k = a constant, defined by Figure 7. 
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,// 
Cost Per R~ On Station. The cost of using a particular vehicle to man a given 
detection station depends upon the time it spends in transit to and from its base 
as well as the time required on station. Vehicle operating cost may therefore be 
expressed to advantage in terms of cost per hour on station. This is given by 

Cs~ C x Time on station + transit time 
Time on Station 

Cs ~ cost per hour on station 

C ~ operating cost per hour 

When the airplane is operating at the limit of endurance, this may be expressed as 

C = s 
Endurance 
Time on Station 

Vehicle Cost Comparison at Limit of Endurance. A comparison of the detection sys­
tem cost using the several aircraft of primary interest at maximum endurance is 
developed in Figure 36 0 The time-radius curves for the airplanes are given in 
section (a) showing the endurance on station at any distance from base. The vehi­
cle cost per hour on station for this combination of radius and time on station is 
shown in section (b). The number of detection stations is given in section (c) 
as a function of operating altitude for several of the specific areas discussed in 
the following section. The detection system cost for a given area may be plotted 
as in section (d). Section (d) gives the vehicle operating cost for an area 40 
miles wide by 200 miles long. Costs for areas of different size may be established 
following the method described in the example. 

It can be seen that, except for short radii where there is little to choose between 
several models, the WV-2 operating with minimum crew gives the lowest detection 
system cost among land-based aircraft. This is primarily due to the fact that it 
is considered to operate at 15,000 feet; the remaining fixed-wing aircraft operate 
at 10,000. If the WV-2 is operated with full complement aboard, including relief 
crew .and radar observers, it becomes more expensive than the SA-16 and P2V, even 
with its altitude advantage. The airship, operating at 1500 feet, would be by 
far the most expensive if used only as a detection vehicle. It should be kept in 
mind,however, that if the airship is included in the system as a retrieving vehi­
cle, its contribution to the detection system is without additional cost. 

Vehicle Cost Comparison for Fixed Time on Station. It is probably unrealistic to 
c.ompare vehicles on the basis .of their maximum endurance, particularly at sh.ort 
ranges. Airborne detection aircraft are likely to be on stati.on from a few minutes 
before the scheduled launch of the capsule, through any required hold period, and, 
in the event of capsule impact in their assigned area, f.or a period approximately 
equal to the access time. It is anticipated that any shot which is delayed beyOnd 
a few hours is likely to be postponed until the following day. While surface ships 
may be required to remai.n in the vicinity of their stations until the following 
day, the aircraft (perhaps excluding airships) would return to base. On-station 
capability of 4 to 8 hour should be sufficient under these circumstances, and a 
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cost comparison based upon maximum endurance militates unduly in favor of long 
endurance aircraft. 

To provide a more realistic comparison for short ranges, the detection system 
operating cost is determined for the same aircraft for 4 and. 8 hours on station, 
as shown in Figures 37 and 38. Up to a rad.ius of about 200 miles, the land.~ 
based. S2F is seen to provid.e the least expensive system. Beyond that radius,the 
WV-2 with minimum crew continues to be the least expensive, followed by the SA-16 
and. P2V. The cost per aircraft per hour on station increases with radius inasmuch 
as the aircraft spends a greater portion of its misSion time in transit to and 
from station. The cost for any of the airplanes shown increases at about the same 
rate as rad.ius is increased. up to the point where the limit of enduran.ce of the 
airplane is reached.. System costs increase sharply at this point, the radius at 
which relief on station is required to maintain the minimum station time specified .• 

Ship-based. Aircraft as .Detection Vehic.les. If detection aircraft are ship-based, 
they may be permitted to remain on d.eck during any delays in the firing. Even 
where continuous surveillance of the high-probability impact areas is required., 
it should. not be necessary to launch aircraft which are capable of reaching their 
assigned. stations before the capsule arrives overhead.. Also, a d.elay between the 
possible impact of the capsule in an area and. the arrival, on the scene of the de­
tection aircraft may be permissible. Where d.eck-hold.s are feaSible, the cost of 
the d.etection system will be less than if the d.etection aircraft were required. to 
be airborne during firing holds. The system cost under these circumstances is 
determined. in a manner similar to that used. for evaluating the cost of heli­
copters as retrieving vehicles. The operational cost of the system is that of the 
support vehicle allocated. to the stations for which its aircraft are responsible 
during the alert period. If, on the other hand., the aircraft are required to be 
airborne during this period., their operating cost must be ad.d.ed. to that of the 
support vehicle to determine the total cost of maintaining the station. 

If the capsule impact may take place in a broad. area around. the carrier, the ship 
will be capable of maintaining a number of stations: equal, at most, to the num-
ber of d.etection aircraft it is capable of accommodating. However, if the probable 
impact area is a narrow band., the carrier is handicapped. since only one or two of 
its aircraft may be able to reach useful d.etection stations. If a carrier is used, 
presumably it will also carry helicopters so that it can also~'man one retrieving 
station. At most, however, it will be capable of supporting two or three stations 
altogether, and. the entire cost of the carrier must be bo~e by these few airplanes. 

Further, it must be assumed that the aircraft carrier, like other ships used., will 
remain in the area of its assigned station from one d.ay to the next, in the event 
of d.elays in the firing. The entire d.aily cost of the carrier, therefore:; must be 
allocated. to those relatively few hours when it is on alert status. The effective 
operating cost of the ship must be increased. in inverse proportion to its hours 
on alert •. That is, if it must stand. by for four hours per day for firing hold.s, 
its operating cost is effectively multiplied. by 24/4 = 6. If eight-hour hold.s are 
anticipated., its effective cost is three times its hourly operating cost. The 
shorter the daily holds anticipated. in the event of firing d.elays, therefore, the 
less economical the carrier appears as a support vessel. 
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To compare the absolute cost of'the carrier for this mission to land-based aircraf't, 
its hourly operating cost per station isshovm in Figures 37 and 38 together with 
the on-station cost of' theland-base!i airplanes. It i.sapp~rent that the carrier 
is economically preferable only at ranges 1800 mile.s orm,ore f'rom possible land 
bases f'or the aircraft indicated. 

Aircraft on Ground Standbl' . The economies of deck-holds apply as well to land­
based aircraft which are able to satisfy theirdet.ection mission requirements by 
taking off after the actual firing. Since there is no support ship,the only costs 
incurred are those required fOr warm-up and standby: virtually nothing,. Detection 
stations which can be manned by aircraft on the ground are therefore the least ex­
pensive to maintain. The longer the delays anticipated, the more desirable it is 
to have airplanes on ground standby. 

Effect on System Cost of Increased Spacing of Detection Vehicles 

The cost of the detection system derived in the previous section is Predicated .on 
complete surveillance of the high-probability areas at all times. The detection 
vehicles are located close enough to each other along the orbit track so that any 
high-probability impact point is constantly within the detection range of at least 
one of them. Greater spacing of the detection vehicles may reduce the system cost. 
Reduction ·in the cost of' the detection system, however, is bought at the price of 
an increase in the cost of' the retrieval system. The minimum cost system occurs 
where the savings achieved by using fewer detection vehicles are just offset by 
the increase in cost due to the nee!i for additional retrieval vehicles. 

Increased spacing of the detection vehicles implies that they are permitted time 
to reach the scene after impact of the capsule. Assuming that the detection vehi­
cle closest to the impact pOint has general knowledge of its location, that is, 
he knows whether to proceed in or out along the orbit track em the basis of' pre­
dicted impact point intelligence, his effective range is increased by the distance 
he travels along ·the track before coming within detection range of the capsule. 

On the other hand, the effective radius of the retrieving vehicles is reduced if 
tra.vel timelspermitted the detection vehicles inasmuch as access time is to re­
main the same. It must be assumed that the retrieving vehicle is not steering 
directly toward the capsule until vectored to it by the detection vehicle. (If' 
it were capable of doing so, there would be no need for a separate detection sys­
tem.) The operational situation may be described as in Figure 39. 

Figure 39 (a) shows the situation when there is complete surveillance by the 
detection vehicles. The spacing between detection vehicles is 2R and between 
recovery vehicles is 2r. If'the impact is considered to occur midway between ad­
jacent vehicles,that is, at the point most remote f'rom them, vehicle spacing is 
determined by the track width, the speed of the retrieving vehicle, and the search 
range of the detection vehicle~ 
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where M a =  number of detection vehicles per length of track L 

N,= n@er of re t r ieving vehicles per length of %rack L 

= search range of the detectian vehicle. 

d 

N d =  2 (R +AR) - V d t t  + 

W = track width 

Vr = speed of the ret r ieving vehicle 

2 wd 
Ls - 

t d  = dash time, as defined above. 

F i g r e  39 (h)  shows the s i tuat ion when the detection vehicle i s  permitted t i m e  
t o  t rave l  t o  within range of the capsule. 
impacts, both vehicles proceed along the o rb i t  track in  the direction of the 
impact. The spacing of the detection vehicles i s  then increased by an amount 
(2 xAR) where b R  is the distance the detection vehicle moves along the track 
during the t rave l  time ( t t ) .  

It i s  assumed tha t  when the capsule 

The number of detection vehicles required is there- 
fore  reduced t o  T I* 

where 

During the period ( t t ) ,  the re t r ieving vehicle has been proceeding along the o r b i t  
track. 
period (tf) u n t i l  the detection vehicle conducts a loca l  search and is able t o  
vector the re t r ieve  vehicle t o  the capsule. 
has been reduced by an mount  (2 x h r )  . 

Vd = speed of the detection vehicle. 

The retr ieving vehicle is  asswed t o  continue i n  t h i s  direction during a 

The spacing of the ret r ieving vehicles 
The distance (r - A r) is  given by 

as  shown i n  Figure 39 (b). 
fore 

The number of re t r ieving vehicles required i s  there- 
L/2 

- - 2 2 w2 V r  ( t t + t f )  + vr (ta - Q - t f )  - 
I 

- L/2 
Nr- (r -4.) 

It is possible, of course, that the recovery vehicle, such as  a surface ship, w i l l  
see the capsule during the f i n a l  descent with its own detection equipment and w i l l  
have a be t t e r  interim heading t o  s teer .  Less ground w i l l  be l o s t  under these c i r -  
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where Nd """ numbero:f detection vehicles per length o:f track L 

Nr :;; number of retrieving. vehicles per length o:f track L 

La·:;; search range o:f the detection vehicle, 

w:: track width 

Vr = speed of the retrieving vehicle 

td = dash time, as defined above. 

Figure 39 (b) shows the situation when the detection vehicle is permitted time 
to travel to within range of the capsule. It is assumed that when the capsule 
impacts, both vehicles proceed along the orbit track in the direction of the 
impact. Thespaclng of the detection vehicles is then increased by an amount 
(2 x~R) where ~R is the distance the detection vehicle moves along the track 
during the travel time (tt). The number of detection vehicles required is there­
fore reduced to 

L 
Nd == 2 (R +AR) 

where Vd: speed of the detection vehicle. 

Durlng the period (tt), the retrieving vehicle has been proceeding along the orbit 
track~ The retrieving vehicle is assumed to continue in this direction during a 
period . ( tf) until the detection vehicle conducts a local search and is able to 
vector the retrieve vehicle to the capsule. The spaclng .o:f the retrieving vehicles 
has been reduced by an amount (2 x 6. r ) • The distance (r - A r) is given by 

(r - Ar) = Vr (tt + tf) +J ~; (td - tt-tf )2 - ~ 
as shown in Figure 39 (b). The number of retrieving vehicles required is there­
fore 

N _L/2. _ 
r-~) -

It is possible, of course, that the recovery vehicle, such as a surface ship, will 
see the capsule during the final descent with its own detection equipment and will 
have a better interim heading to steer. Less ground will be lost under these cir-
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cumstances than if the retrieving vehicle steers along the orbit track. This ana­
lysis will indicate closer retrieving vehicle spacing and a. greater number of re­
trieving vehicles per length of track than if greater retrieving vehicle intel­
ligence is granted. 

For a given set of conditions, then, the numbers of detection vehicles and retrieval 
vehicles may be determined over a range of permissible travel times. This is ±l ... 
lustrated in Figure 40 for two sets of conditions, representing the extremes of 
detection airplane capabilities: 

Situation A 

V d::::;: 200 knots 

Lg ::::;: 150 miles 

tf== 0 hours 

w == 40 miles 

Vr ::::;: 25 knots 

Situation B 

V d::::;: 150 knots 

Ls == 35miles 

tf::::;: 1. 5 hours 

To determine the optimum travel time which minimizes the cost of the combined de­
tection and retrieval systems, it is necessary to take into consideration the rela­
tive costs of the detection and retrieving vehicles. If the cost of detection 
vehicles is high compared to retrieving vehicles, for example, the optimum ratio 
of detection vehicles to retrieving vehicles will be comparatively loW'. The opti­
mum travel time may be expected to be greater under these circumstances than if 
the cost of detection vehicles were low. 

If the operating cost of the detection and retrieving vehicles a.re the same, the 
minimum cost system will also be the system in which the number of vehicles is a 
minimum. 

The total cost of the combined detection and retrieval system is 

where 

TC == TCd + TCr 

TC== CdNd + C~r 

Cd := operating cost 

Cr ::::;: operating cost 

TCd := total cost of 

TCr ::::;: total cost of 

on station of the detection vehicle 

on station of the retrieving vehicle. 

the detection system 

the retrieval system. 
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The condi tion.s for· minimum cost are determined by diffe~entiating the total cost 
with respeGt to the travel time (tt) and setting the result equal to zero. The 
ratio of operating .costs of the detection and tetrievingvehicles as a function 
of travel time is found to be 

Cd. V.d .[£j lX+ FJ2 -=......- B- 1 x+B Cr VI' 

where the simplifications 
W 

A = 2Vrt d 

B::= Ic2 ... A2 ::= IJ .. (f .• td - t2t - tr'2 ._ (. w. )2 
i ~ ------::: ...... --) . \ 2V rtd 

c '= to. - tt ... tf 
to. 

w 
E= 2Vdtd 

F=J G2 _ E2= 

Ls 
G= Vdtd 

x= tt 
to. 

have been made. This relationship is shown in Figure 41 for the typical con­
ditions previously described. For any ratio of vehicle operating costs, theopti­
m.um. travel time for a minim1.lll( cost system is specified as a percentage of the dash 
time. It may be seen that in the case illustrated, the all~wable travel time 
exceeds 40% of the dash time whenever the cost of the detection vehicles is more 
than 7 to 1'2$ of that of the retrieving. vehicles. 

The trave~time which permits the minimum number· of vehicles is determined by as­
suming the ratio of costs is ~.Oand is seen to range between 54.5 and 72.5~ fOr 
the extremes considered. 

The total system cost may be shown as a multiple of the cost.of detection system 
with complete surveillance: 
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TCdo = 

where the subscript 110" denotes the complete surveillance system.Tot~ sys.tem 
cost is prese~ted in this manner in Figure 42 to describe Situation A for a 
range of ratios of the operating costs of the detection and recovery vehicles. 
The minimum total cost for a range of vehicle cost ratios is shown as a diagonal 
broken line. 

It may be seen that minimum cost is obtained when the number of detection vehicles 
is reduced to 15 to 37% of that required for complete surveillance for the range 
of cost ratios considered. The greater the cost of the retrieving vehicles, the 
more detection vehicles required for minimum system cost. The cost of the total 
system, however, is relatively insensitive to the number of detection vehicles, 
particularly when they are inexpensive compared to retrieving vehicles. The 
minimum number of vehicles (read where the cost ratio equals 1) .is obtained where 
the number of detection Vehicles is reduced to about 15% of that required for com­
plete surveillance. This minimum is approximately 60% of the total number ofvehi· 
cles required for a system which requires complete surveillance. 

Summary. The major operational expenditures incurred in the recovery of the Pro­
ject Mercury capsule will be due to the staging and possible recycling of the de­
tection and retrieving forces to and from their stations preparatory and subse­
quent t.o the capsule firing. The measure of these expellditures is taken as the 
operational cost of the vehicles used based on the number of operating hours they 
are required, including fuel, oil, and other consumables, an apportioned share of 
the maintenance required, and the pay and allowances of the personnel directly 
involved. Ships and aircraft which appear suitable for the detection and retriev­
ing missions are evaluated on this basiS. 

Among the feasible retrieving vehicles, land-based helicopters appear to be the 
most economical wi thin their range limi tati ons, primarily because· they incur vir­
tually no cost during delays and holds. Beyond the range of the land-based heli­
copter, the airship offers the most economical alternative up to the limit of its 
operational suitability. Among surface ships, the destroyer-types appear the 
most economical for general application. Small auxiliary vessels may be suitable 
for monitoring narrow tracks close to their home ports. The .ship-based helicopter 
compares favorably with the destroyer provided that the permissible access times 
are such that the endurance capabilities of the helicopter are not greatly exceeded. 
Very high speed vehicles such as the hydrofOil boat and the airplane capable of 
water pick-up of the capsule would be very economical operationally-

The comparative costs of aircraft cOn.sidered suitable for detection vehicleS de­
·pend upon the range at which they must operate. For ranges out to about 1800 
miles, the WV -2operatillg with minimum crew appears .most economical of the air­
craft considered, although land-based S2F t s are cheaper within their range capa­
bilities for reasonable firing delays. If the WV-2is operated with full crew, 
however, it is more expensive than the SA-16 .and P2V at intermediate ranges. The 
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use of carrier-based a i r c r a f t  appears j u s t i f i ed  only fo r  areas more than 1800 
miles from land bases, and would be most appropriate where the area t o  be moni- 
tored i s  not l imi ted  t o  a narrow band along the o rb i t  track. 

Substantial savings i n  t o t a l  system cost may be achieved i f  complete, continuous 
surveillance of the high-probability impact areas by the detection vehicles i s  
not required. If the detection vehicles a re  required only t o  locate the capsule 
i n  t i m e  t o  d i rec t  the ret r ieving vehicle within a'given access time, they may be 
reduced i n  numbers considerably without causing an appreciable increase i n  the 
number of re t r ieving vehicles required. Further savings may be achieved by per- 
mitt ing them t o  stand by on the ground during f i r i n g  holds rather than maintain- 
ing airborne s ta t ions.  
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use of carrier-based aircraft appears justified only for areas more than 1800 
miles from land bases, and would be most appropriate where the area to be moni­
tored is not limited to a narrow band along the orbit track. 

Substantial savings in total system cost may be achieved if complete, continuous 
surveillance of the high-probability impact areas by the detection vehicles is 
not required. If the detection vehicles are required only to locate the capsule 
in time to direct the retrieving vehicle within a "given access time, they may be 
reduced in numbers considerably without causing an appreciable increase in the 
number of retrieving vehicles required. Further savings may be achieved by per­
mitting them to stand by on the ground during firing holds rather than maintain­
ing airborne stations. 
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OPERATIONAL EFFECTIVENESS CONSIDERATIONS 

The foregoing .sections discuss the elements of an oyer all recovery operation in 
some detail, cast in a fairly general frame of reference so as to be broadly a.p .. 
plicahle to any recovery of a manned orbital capsule from the ' sea. Eachand 
every element serves a.s a necessary source of inforznation for deriving.orevalu­
ating a system forperforzning a particular recovery operation. 

The context for deriving or evaluating a recovery system is provided by three 
principle criteria: 

L Frobabili tyof succe.s.s of theoperatlon, includ,ing:capsule and 
capsule equiPIllent reliability, vehicle and vehicle equlPI1lent perform.­
ance and reliability, probability of detection before impact, proba ... 
bility of successftul search, reliability Of cormnunications, naviga­
tional accuracy, and probability of locatlonof iIIlpact occurrence 
(not known in the present problem). 

2. TiIIle required to perforzn and complete the actual recovery operation 
from its initiatipn at impact, including tiIlles for: cormnunications, 
iIIlpact prediction computation (where necessary), coordination, travel 
from vehicle station to iIIlpact location, search of an impact area 
uncertainty, and the actual mechanics of retrieve, some of which may 
take place siIIlultane.ously, others of which must take place successively. 

3. Cost of the operation, including: equiPIllent, vehicles, and personnel 
cost both during the actual operation and during staging periods before 
arid after. 

In the next major part of the report, to follow,the above-discussed elements are 
applied to the specific frame of reference pertinent to the early three-orbit mis­
sions of Project Mercury, beginning with a description of the geographical areas 
involved, moving through a derivatiotJ.Of illustrative systems, and thence to an 
evaluation of those systems. The means of analysis is that set forth in the fore ... 
going general treatment of the recovery problern. 

In thi,s section are deri vedsome additional general relationships : 

1. The equiPIllent perforznance and reliability which may be expected from 
particular detection aircraft. 

2. The effect of detection time on retrieve vehicle spacing, and 

3. The effect of search and retrieve vehicle spacing on the cost of the 
combined operations. 
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EQUIPMENT DETECTION CAPABILITIES 
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Detection Before Impact 

It was concluded previously that visual detection outside the region of capsule 
incandescence is very short ranged, and that electronic detection means must be 
employed to assure high detection probability at reasonable distances. Perform .. 
ance and Reliability of the electronic equipment employed in search must be 
evaluated to obtain a figure of relative value for various search techniques. 

Detection probability can be defined as: 

P(d) - ~lE­-,,2 Tra- .ooe 

X
2/2cr

2 
dx Equation 19 

where E is excess of signal to noise plus recognition differential, in deCibels, 
o-is standard deviation of total noise, in deCibels, x is signal level. 

Figure 43 shows detection probability as a function of distance from the search 
vehicle. Sigma is taken as six decibels, and the range to .5 probability of de­
tection is taken from the data of Table 8. In this figure, Radar "A" is typi­
cal of the radars aboard S2F, UF, SA-l6, ZPG-l and C54 type aircraft. Radar 
"B" is typical of that aboard P5M, P2V, WV-2and PG-2W aircraft. Radar"B" is 
capable of receiving beacon information on "c" or "s" Bands, while Radar "A" is 
X-band radar. The Curves titled "S-band beacon" and I1C"';band beacon" list ranges 
to these beacons withECMEquipment installed aboard .most military aircraft 
listed above. However, Figure 43 shows that far better ranges are obtained by 
employing radar equipment as passive beacon receivers . It is unfortunate that 
although most of the available Navy aircraft have X-band equipment there is no 
such beacon in the capsule. Consideration should be given to including X-band 
beacon equipment aboard the capsule if vehicles with X-band equipment are to be 
employed. 

These probabilities of detection must be degraded by consideration of the relia­
pility of the search equipment. The question of reliability has been considered 
in d.etail, and Figure 30 shows this reliability as a function of time that equip­
ment has been operating. Since the detection vehicle can warm up its equipment 
and have it available by the time of expected impact, it need not be kept operat­
ing longer than is necessary to detect. For vehicles located close enough to de­
tect the capsule before impact, operating times in the order of one half hour or 
less are attainable. The values of equipment reliability used in the analysis 
for detection before impact are, then: 

Radar; 0.975 
UHF receivers; 0.99 
ECM receivers; 0.9965 

In the event that the capsule is not detected before impact, the electronic equip­
ment reliability will continue to falloff with increase in search time. 
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Figure 44 shows probability of detection before impact modified by these values 
of equipment reliability. This figure shows that at longer detection ranges, the 
highest detection probabilities are attainable when radar equipment is used to 
receive beacon signals from the capsule. Higher detection probabilities are at-

. tainable at modest distances, when the effects of combinations of various detec­
tion devices aboard search aircraft are considered. Earlier.., this report con­
tained, a tabulation of some of the equipment carried aboard various aircraft, and 
from this tabulation, five basic detection vehicle types can be studied. These 
types, and the aircraft included in each,are: 

Type one: 

Type two: 

Type three: 

Type four: 

Type five: 

Carries Radar "Bit, UHF homing equipment and ECMhoming 
equipment. Aircraft included are P5M, P2V, WV -2 and 
ZPG-2W. 

Carries Radar "A It, UHF homing equipment and ECM equip ... 
ment. The S2F is of this type. 

Carries Radar "Alt and UHF homing equipment. The UF is 
of this type. 

Carries Radar "A II and ECM homing equipment. The ZS2G-l 
airship is of this type. 

Carries Radar IIAII, UHF equipment and a SARAH Receiver. 
Aircraft included are SA-16 and C54 types. 

Figure 45 shows probabilities of detection before impact for the vehicles in these 
groups when all capsule aids are working properly. 

These probabilities of detection are all for single scan with all equipment. They 
can be considerably improved by increasing the number of scans. Figure 10 shows 
the improvements possible as a function of the number of scans available while the 
target is within range. 

Figure 44 shows the advantage in range obtainable by employing radar as a passive 
beacon receiver. The aircraft capable of receiving the C-orS-band beacon signals 
have a very large probability of detection o~tXQ line of sight, when these aids 
are operating. As a result of the probability of detection figures shown here, 
assuming 7 scans on the capsule, the aircraft can be rated in effectiveness. The 
following table gives relative numbers of vehicle types which are required to at­
tain 95% probability of detection along a track of arbitrary length. Line of 
sight for fixed wing aircraft is taken at 150 miles, while for lighter~than-air 
ships, it is considered to be 45 miles,since they operate at lower altitudes. 
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Search Vehicle 

P2V, WV-2 
S2F, UF 
8;' ... 16, C54 
ZPG-2W 
Z82G-l 

Relative Number of Vehicle 

1 
2.05 
1.58 
3·33 
3.49 

The above table considers all the capsule aids .to be available. The following 
table shows the degra~tion to system effectiveness when the only capsule aid 
available is chaff, and when .no capsule aids are available. 

Search Vehicle 

P2V, WV2 
S2F, UF, 8A-16, C54 
ZPG-2W 
ZS2G-l 

Retrieve 

Relative Number of Vehicles 

Chaff Alone Available 

L07 
2.63 
3·33 
3.49 

No Aids Available 

2.63 
7·15 
3·33 
7·15 

151 , 

Retrieve vehicles have three requirements; to proceed to the impact area, pick 
up the pilot and capsule, and provide aeromedical services for the pilot, all 
within stated time limitations. '!'he ability of vehicles to retrievethecapsu.le 
and provide medical attention have been discussed in previous sections. Of those 
vehicles capable of retrieving the capsule, ~hose which have the higher veloci­
ties have been shown to be most promising. ~e previous section contains a dis­
cussion of cost and number of vehicles required in various areas, as function of 
vehicle velOCity. 

For any given velocity vehicle, there lsonly a small rl;Ulge in the numbers re­
quired to operate in a given area. This range is a function of the time required 
for the detecting vehicle to vector the retrieve vehicle to the immediate area 
of the target. If the detection vehicle locate.s the target immediately, the 
maximum spacing can be obtained. This spacing can easily be seen to be: 

Lmax. = 

where ~x. 
::;:: 

Vr == 

Tt ;:: 

w = 

2 J Vr2 Tt2 - (w/lf 
maximum spacing between vehicles along area centerline 

velocity of retrieving vehicle 
total time required for recovery 
width of impact area 
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I f  the detecting vehicle dDes not vector the ret r ieve vehicle because of d i f f i -  
cul ty  i n  detection o r  short  range of d-etection i n  areas of non-continuous detec- 
t i on  coverage, then the minimum spacing is: 

b i n  = 2 V r t s ( m a x )  = 2 (V, T t -  W/2) Equation 20 

= maximum time spent searching f o r  capsule a f t e r  impact. ( m 4  where t 

Since 

where 

the number of vehicles t o  cover an area can be expressed. i n  most areas by: 

N =  2 
L 

D = length of area 
L = vehicle spacing 

then the r a t i o  of number of vehicles at maximum spacing t o  number a t  minimum 
1. spacing is: - w 2 

%lax. V r  T t  - W / 2  - N(Lmax* ) - 
N(Lmin. Q'Lmin. 

That this r a t i o  is  generally close t o  one can be seen by a prac t ica l  example 

Let 

Then 

w = 40 miles 
Vr= 25 knots 

Tt=  6 hours 

The above example shows t h a t  under extremes of times t o  detect  the capsule, the 
number of vehicles does not vary by more than about ll$ for  the values 
given. 

From equation 20 the maximum allowable search time can be seen t o  be: 

For the e x q l e  given above, max imum search time is, then, 5.8 hours. 
represents as much as 870 miles of ad.ditiona1 spacing f o r  a search vehicle t ravel-  
ing a t  150 knots. I n  t h i s  case the poss ib i l i ty  of trading search t i m e  fo r  system 
cost must be consid,ered,. Given previously is  a discussion of this trad-e-off, and, 
applications t o  the specif ic  recovery areas of high impact likelihood, are  
s i d e  red. below. 

This t i m e  

con- 
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If the detecting vehicle does not vector the retrieve vehicle because of diffi­
culty in detection or short range of d.etection in areas of non-continuous d.etec­
tion coverage, then the minimum spacing is: 

ECluation 20 

where ts (max) = maximum time spent searching for capsule after impact. 

. ' . 
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Since the number of vehicles to cover an area can be expressed. in most areas by: 

where: 

N = 12 
L 

D = length of area 
L = vehicle spacing 

then the ratio of number of vehicles at maximum spacing to number at minimum 
spacing is: 

= 
D/Lmax. 

D/~in. 
Vr Tt - W/2 

= VV / T
t
2 _(~)2 = 

) 

W 
1- 2Vr Tt 

1 + =W_-=-_ 
2Vr Tt 

That this ratio is generally close to one can be seen by a practical example 

Let 

Then 

W = 40 miles 

Vr= 25 knots 

Tt= 6 hours 

. N( 
Lmax. ) 

N(Lmin. ) 
= .89 

The above example shows that und.er extremes of times to detect the capsule, the 
number of ~ve vehicles does not vary by more than about 11% for the values 
given. 

From eCluation 20 the maximum allowable search time can be seen to be: 

W 
- ZVr 

For the eXBflIPle given above, maximum search time is, then, 5.8 hours. This time 
represents as much as f}70 miles of ad.di tional spacing for a search vehicle travel­
ing at 150 knots. In this case the possibility of trading search time for system 
cost must be consid.ered.. Given previously is a d.iscussion of this trad.e-off, and. 
applications to the specific recovery areas of high impact likelihood. are con­
sidered. below • 
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Example of Reduced Detection Vehicle Spacing 

What is the vehicle spacing Which will minimize the operating cost of the com­
binedsearch and retrieval systems? Consider the eastern end of Area 2, defined. 
in Section II • The detection vehicle is assumed to be the P5M; the retrieving 
vehtcle the destroyer (DD). The width of the ;~rack to be monitored is 40 rniles. 
The radius of the detection equipment1.s·:-35 mi1es. TheP5M's are considered to 
require 1.5 hours of search time after coming within range of the capsule to 
locate it and direct the retrieving vehicle towards it •. 

The operating cost of a P5M station at a radius of 610 miles, maintained for 4 
hours, is seen to be $690 per hour per 200 miles of track in Figure 37 
This cost is pred.icated.onthe need for 0.826 aircraft per 200 miles of track (as 
shown in Figure 36c); the operating cost of one P5M is therefore $690/0.826 ~ 
$835 per hour on station. 

If the destroyers are on station for 4 hours daily and their entire daily operat­
ing cost is to be allocated to the recovery program, their cost per hour on sta­
tion is 24 hours/4·hours x $447 per hour ~ $2,682 per hour on station. The cost 
ratio (Cd/Cr) is therefore 835/2,682 = 0.311. For this cost ratio, Figure 41 
indicates that minimum combined system cost will be achieved if the travel time 
permitted the detection vehicles is 48~ of the dash time. This is 2.76 hours 
for a dash time of 5.75 hours. 

With this much travel time, the number of detection vehicles per 200 miles of 
track is 

L/2 

Stated in another way, a single detection vehicle can monitor 885 miles of track. 

If the retrieving vehicles were able to proceed directly to the caps~e immediately 
on impact, the number of vehicles required per 200 miles of track would be: 

L/2 200 2 

On the other hand, if the detection vehicle is permitted 2.76 .hours of tTavel time 
and 1.5 hours of search time before it can vector'the retrieving vehicle, thenum­
bel' required per 200 miles of track is increased to: 

Nr = 

L 2 

v rCtt+tf) + Vr 2( tao -tt -tf)2 _ (~)2 
200 2 

(-25-)-(-2--.7-6 ..... + ........... 1.-5-) --'"F(===)::::=2 =(====6==:;::::)SiF==n:r;=:;;:r::; 0.724' 
. . . ·25 5·75 - 2·7 - 1·5 
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T h i s  represents an increase of about 3$ 
negligible amount when the p rac t i ca l i t i e s  of assigning vehicles t o  par t icular  
areas are considered. 

i n  the nwdber of re t r ieving vehicles, a 

mine  the arrangement which muld minimize the number of vehicles r e  
t r a t i o  (Cd /Cr )  is taken a s  1.0. The t rave l  time permitted the dete 

vehicles is 3,13 hours under these circumstances, A single Pw can monitor 9 0  
miles of track, and the number of re t r ieving vehicles per 200 miles of track is  
0.738, an additional 2$ increase. 
cost  would therefore seem t o  be re la t ive ly  insens%tWe t o  vehicle operating cost .  
For prac t ica l  purposes, the minimum cost dis t r ibut ion of vehicles is the SaJne 
dver a reasonable range of vehicle cost r a t io s .  

The spacing of detection vehicles for minimum 

--. 
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This represents an increase of about 3% in the number of retrieving vehicles, a 
negligible amount when the practicalities of assigning vehicles to particular 
areas are considered • 

. To determine the arrangement which would minimize the .number of vehicles required, 
the cost ratio (cd/cr) is taken as 1.0. The travel time permitted the detection 
vehicles is 3.13 hours under these circumstances. .A single P5M can monitor 980 
miles of track, and the number of retrieving .vehicle~ per 200 miles of track is 
0.738, an additional 2% increase. The spacing of detection vehicles for minimum 
cost would therefore seem to be :relatively insensitive to vehicle operating cost. 
For practical purposes, the minimum cost distribution of vehicles is the same 
over a reasQnab1e range of vehicle cost ratios. 

hUS. 'AG! CON 
O' flit u.uut 
\ ........ 10. f"lf \I 

• 01 IH1 nv 
TO "A'" U .... 



II RECOVERY IN HIGH PROBABILITY IMPACT AREAS 



155 

II. RECOVERY .IN HIGH PROBABILITY IMPACT AREAS 

In this section the results of the previous section are applied to the, specific 
a.reas where the Mercury ca.psule is most ,likely to impact. Detailed support 
requirements are evolved for each area, with consideration given to area size, 
location and proximity to support bases. Expected environmental conditions 
and the limitations they may place on the .operation are outlined. Numbers and 
types of vehicles for each i:rnpact area are recommeIJ.ded,:consi.dering all· the recovery 
functions to be performed" with altern~te choices noted. 

" 

Since the exact size, location, and impact probability of each impact area,· as 
well as actual recovery techniques, are subject to change, depending on the 
results of continuing studies and tests by other .Project Mercury contractors 
and the NASA, the recommendations made in this section should be considered 
flexible and indicative of the order of magnitude of the necessary recovery 
support. As details of the operation l:>ecome m.ore certain, the recommendations 
of this study may be adjusted to provi4e more precise values for numbers of 
vehicles, access time, limiting environmental conditions, and other factors 
affecting the recovery. 
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LOCATION AND SIZE OF IMPACT AREAS 

The precise ground track and possible capsule impact areas will depend on the 
results of studies and tests yet to be conducted. The Project Mercury buildup 
program, culminating in unmanned orbit shots with capsule re-entry and pickup, 
will contribute much information about the size and location of the planned 
final recovery area' as well as the various possible abdtt impact areas. Present 
estimates of these areas, however, should be sufficiently dependable to permit 
determination of specific recovery operational requtrements without demanding 
e~tensive revision when later information becomes available. 

The map given in Figure 46 shows the e~pected ground track of the Mercury 
capsule over the North Atlantic. Planned impact of the vehicle is to be at 
the conclusion of the third orbit, in a 120 by 400 nautical mile area north of 
Puerto Rico (recovery area #8, see table). An abort on the firing pad or 
during booster phase will result in firing of the emergency escape rocket which 
will lift the capsule sufficiently to allow parachute deployment and impact 
wi thin a 100 x' 300 nautical mile, area just east, of Cape Canaveral (Area #1). 
Extending along the launch track from the launch abort area to the mid-Atl~tic, 
an area (#2) 40 x 1600 nautical miles represents possible capsule impact during 
an abort of thesustainer stage. Two other possible sustainer abort impact 
areas (#3 and #4), 40x 200 nautical miles each, are located farther along the 
launch track. A final impact area along the launch track (#5), 40 x 200 nautical 
miles, is located just off the African Coast, and represents re-entry from a 
mission abort just after orbit injection .attempt (if unsuccessful). Flight 
emergency recovery areas of 50 x 210 miles each are located at the intersections 
of the launch track with the ends of the first (area #6) and second (area #7) 
orbit tracks. The three orbits of the capsule fall between 32koN and 3~oS 
latitude. 

Number 

1 

2 

3 

4 

5 

Mer~ury Irn;pact Area Desie;nation 

100 x 300 NM 

40 X 1600 NM 

40 x 200 NM 

40 x 200 NM 

40 x 200 NM 

Location 

Pad or Booster Abort - From Cape Canaveral Eastward 

Sustainer Abort - From Area #1 to Mid-Atlantic 
Along Launch' Track 

Sustainer Abort - Just East of Area #2 Along 
Launch Track 

Sustainer Abort - Just East of Area #3 Along 
Launch Track 

Injection Abort - Just South of the Canary IslandS 
along Launch Track 
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Number 

6 

7 

8 

Mercury Im12act Aref1.J)esi~ation (Cont.) 

50 x 210 NM 

50 x 210 NM 

120 x 400 NM 

Location 

1st Orbit Landing - Just East of' Bermuda where 
1st Orbit Track crosses Launch Track 

2nd Orbit Landing - .Just East of' Area =If=l where 
2nd Orbit Track cro.sses Launch Track 

3rd Orbit Landing - Northof Hispaniola fJ,nd 
Puerto Rico along 3rd Orbit Track 

159 

Figure 46 illustrates the location of' the capsule track in the North Atla.t1tic, 
the locations of the various high-probability impact areas, and the area desig­
nations. The numerals refer to the imp.act areas them:sel ves, and the lett.ers 
indicate areas of similar environmental conditions, as discussed in the follow­
ing section. 

Figure 47 shows the locations of possible bases which may be used for support 
of the recovery forces. The relationships between the various bases and 
recovery areas are discussed in detail in later sections of the report. 
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W E A m  AND m 1 m m  
The capsule recovery w i l l  be strongly influenced by the environmental co&tions 
during the operation. Heavy cloud cover would preclude visual observation and 
tracking of the capsule during re-entry. 
cu l t ies  i n  many areas - some of the support vehicles maybe unable t o  maintain 
s ta t ion  o r  search properly, the bobbing capsule may have adverse gffects  on the  
occupant, shielding by the waves would degrade both v i s u a l  and electronic search, 
and capsule pick-up would be d i f f i cu l t .  
include v i s ib i l i t y ,  wind veloci ty  (closely a l l i e d  t o  sea s t a t e ) ,  and ocean currents. 
Water depths a re  important both f r o m  the standpoint of navigation+ hazarcls 
(especially i n  the f f d  impact area), and the capabi l i t ies  of the SOFAR bomb 
location techniques. 

High sea states would create  d i f f i -  

Other environmental factors  of importance 

Accurate weather and sea s t a t e  prediction must be available t o  j e c t  Mercury 
w e l l  i n  advwce t o  the actual  launching. Ma%ers of t h e  prediction section of 
the  Xavy's Hydrographic Office estimate that wave heights f o r  any area i n  the 
north Atlantic can be predicted t o  within one foot, up t o  48 hours i n  advance, 
with 855 accuracy. Weather pred ic t im was  f e l t  t o  be re l iab le  up t o  48 hours i n  
advance, f o r  the areas of i n t e r e s t  t o  this study. Since preparation f o r  the 
capsule recovery, including aspa tch ing  ships t o  the middle Atlantic, will require 
more than 48 hours, longer range forecasts must be u t i l i zed .  
the launching must consume weeks and months before the shot. 
obvious d i f f i cu l ty  of providing detailed weather forecasts of significQnt accuracy 
so f a r  i n  advance, the launching should be planned f o r  that period of the year 
during which the probabili ty of favorable conditions i s  the highesk. 

Preparations f o r  
Eecquse of the 

Table 22 shows the probabili ty of winds equal o r  l e s s  than force 4 (16 knots) 
and force 5 (2l knots) f o r  the various impact areas (note the area breakdown) 
and for  each month of the year. 
represent about the maxFnrum values which can be tolerated by the recovery fomes 
without excessive d i f f icu l ty .  
are about 6 and 9 feet, respectively, and the table  m y  be used t o  indicate the 
approximate probabili ty of not exceeding these sea s t a t e s .  

These wind veloci t ies  were chosen because they 

Wave heights associated with 16- and 21-knot winds 

E n v i m m n t  k e a  Designations 

Area m a t i o n  

Pad or Booster Abort - Cape Canaveral (Recovery Area #1) 
Sustainer Abort - West Atlantic (Area #j' and West th i rd  of 

2nd Orbit Abort - Vest  Atlantic (Area j$$' and West th i rd  of 

Sustainer Abort - Be (Area #6 and Central th i rd  of Area #2) 
1st Orbit Abort - Bermuda (Area j@ and Central t h i rd  of Area #2) 
Sustainer Abort - West Cehtral Atlantic (East t h i rd  of Area $2) 
Sustainer sort - East Central Atlantic (Areas #3 and #) 
Injection Abort - C a n a r y  Islands (Area 6) 
Final &pact - ~ r t o  RCO (Area #€I . 

(b 
Area #2 

(3 
(4 

jij €3) 
These Areas are i l l u s t r a t e d  i n  the  map af Figure /6 ' 
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'The capsule recovery 'Will be strongly influenced by the environmental conditions 
during the operation. Reavy cloud cover would preclude Visual observation and 
tracking of' the capsule duringre .. entry. High sea states would create dif'f'i-
cul ties in lJlar1y areas - same of' the support Vehicles may be unable to maintain 
station or search properly, the bobbing capsule may have adverse ~f'f'ects on the 
occupant, shielding ,by the 'waves would degrade both ns:ual and electronic search, 
and capsule pick-up would be diff'icul t. Other environnrenta,l f'actors of importance 
include Visibility, wind velocity (closely allied to sea state), and ocean currents. 
Water depths are important both from the standpoint ofnavigation~ hazards 
(especially in the f'inal impact area), and the capabilities of the SOFAR bomb 
location techniques. 

Accurate weather and s'ea state prediction must be available to Project Mercury 
well in advance to the actual launching. Members of' the prediction section of 
the Navy's Hydrographic Of'f'ice estimate that wave heights f'or any area in the 
North Atlantic can be predicted to within one f'oot, up to 48 ,hours in advance, 
with 85% accuracy. Weather prediction was felt to be reliable up to 48 hours in 
advance, f'or the areas of' interest to this study. Since preparation for the 
capsule recovery, including dispatching ships to the middle Atlantic, Will require 
more than 48 hours, longer range f'orecasts must be utilized. Preparations f'or 
the launching must consume weeks and months bef'ore the shot. Bec~use of' the 
obvious diff'iculty of' providing detailed weather f'orecasts of' signif'icl:fnt accuracy 
so f'ar in advance , the launching should be planned f'or that period of' the year 
during which the probability of' f'avorable conditions is the highest. 

Table 22 shows the probability of'winds equal or less than f'orce 4 (16 knots) 
and f'orce 5 (21 knots) f'or the various impact areas (note the are~ breakdown) 
and f'or each month of' the year. These wind velocities were chosen because they 
represent about the maximum values which can be tolerated by the recovery f'orces 
without excessive dif'f'iculty. Wave heights associated 'With 16- and 2l-knot 'Winds 
are a.bout 6 and 9 f'eet, respectively, .and the table may be used to indicate the 
approximate probability of' not exceeding these sea sta.tes. 

Environment Area Desipations 

Area I.ocation 

(a) Pad or Booster Abort - Cape Canaveral (Recovery Area #1) 
(b) Sustainer Abort - West Atlantic (Area Irand West third of 

Area =/Ie. 
2nd Orbit Abort -West Atlantic (Area Ir and West third of' 

Area =/Ie. ' 
(c) Sustainer Abort - Bennuda (Area #6 and Central third of' Area 1/Q) 

1st Orbit Abort - Bennuda (Area #6 and Central third of Area lie) 

!d) SU,stainer Abort - WestCehtral Atlan,tic (East third of Area lie) 
e) Sustainer Abort - East Central Atlantic (Areas #3 and 1/4) 
f') Inje'Ction Abort - Canary Islands (Area #5) 
g) Final Impact - Puerto Fico (Area 1/8) 

These Areas are illustrated in the map 'Of' Figure 46. 
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Table 22 

Percent Probab.ili t~ of' Eorce 4 Wind· or Less (~16 Kts.) 

Month 
Area J F 14 A M J J A S 0 N D 

(a) 75 72 72 78 B9 94 94 93 88 78 79 75 
(b) 74 69 71 82 91 96 96 93 88 81 72 82 
(c) 57 47 60 73 86 85 93 92 82 70 63 58 

~d} 47 33 36 66 72 77 92 89 73 67 57 46 
e) 58 52 64 13 80 93 86 94 83 74 65 64 

(f') 74 73 72 75 78 74 58 58 80 87 78 77 
(g) 72 82 80 90 88 90 84 88 88 sr 82 79 

Percent ProbStbilit;x: of' Wind Force 50r Less {L.a KtS·L 

(a) 90 89 90 94 98 99 98 98 96 91 93 91 
(b) 90 85 86 94 98 99 99 98 96 93 89 93 
~ c) 76 63 77 sr 96 97 98 98 95 90 82 76 
d) 70 55 57 83 88 92 98 97 89 88 78 64 

(e) 74 72 81 86 93 98 99 98 93 89 83 80 

( f'~ 93 91 89 92 94 91 sr 85 95 98 93 93 
(g 91 95 95 99 99 99 97 96 98 94 95 95 

E:x:amining the tables, it may he noted that there are noticeable seasonal 
variations in wind speed f'or each area, and sizable dif'f'erences between .areas. 
In general, the best chance f'or low wind velocity occurs in June, July, and 
August, and the strongest winds occur in December,January, February, and 
March. Thee:x:ceptionto this trend is the injection abort area near the 
Canaries (f), where the winds blow hardest inJ'uly and August and .least in 
September .and October. The strongest winds during the Winter and Spring months 
occur in the Illiddle Atlantic (c) d, and e) and .are suf'ficient to seriously 
hamper recovery efforts during these seasons • On the basis· of' expected wind 
velocities, then, preferable time for the planned launch 'Would be from May 
through September, with June probably the optimum. month. 

As mentioned in a previous section of this report, a hazard exists where the 
wind isinsuf'ficient to blow the Parachute clear, and the canopy settles over 
the capsule. Pe.rcent probabilities of low wind velocities for each month and 
area are shown in Table 23 • It may be seen that 'Wind speed is less than 6 
knots in many of the areas fora large proportion of' the time, especially in 
sunmrer. Occurrence of' wind speed of' only 4 knots or less is signif'icant for 
the Middle Atlantic areas in sunmrer. Furthe:r.more, the haZard of' having the 
parachute coyer the capsule is possible even during generally higher wind 
conditions f'or momentary lulls can occur 80S the capsule lands. 
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Table 23 

Month 
Area J F M A M J J A S Q W D  

a a. 16 22 26 33 JT 40 34 28 22 22 

8 5 9 1 5 1 9 2 1 3 7 3 2 0 1 5 1 1  8 
16 17 17 24 32 38 49 55 36 q- 24 22 
~ ~ 2 3 2 2 2 2 1 8  8 8 2 3 3 2 2 7 2 5  
13  18 18 22 17 17 12 14  28 9 3 ; ~  26 

28 22 21 27 39 45 47 41 42 21 23 25 
16 7 14 26 34 29 42 45 32 23 19 12 (4 

(d) 
(4 

Percent Probability of Force, 1 or Less ( 4 4  K t s . )  

Month 
Area J F M A M J J A S O J Y D  

Other weather conditions a l so  appear t o  be generally superior i n  Summer t o  
those i n  the Winter. 
possible exposure hazard t o  the p i lo t .  
areas, especially i n  the f i n a l  impact area near Puerto Rico ( g ) 3  Summer appears 
s l i gh t ly  b e t t e r  than Winter, although the difference i s  s l igh t .  

Surface water temperatures a re  warmest i n  Summer, reducing 
Surface v i s i b i l i t y  i s  excellent i n  all 

Table 24 lists the mean cloud cover, that is, the average percentage of the 
sky covered with clouds, f o r  each area and f o r  each month. 
areas, l e a s t  mean cloud cover may be expected i n  June, July and August, with 
the maximum cloud cover appearing i n  Bovember t o  W c h .  

Considering a l l  
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Table 23 

Percent Proba:b,ili t;y: of' Force 2 'Wind or Less ~~6 Kts.) 
Month 

Area J F M A M J J A S ,0 N D 

(a) 21 21 16 22 26 33 3T 40 34 28 22 22 
(b) 28 22 21 2T 39 45 47 41 42 2.T 23 25 
(c) 16 7 14 26 34 29 42 45 32 23 19 12 
(d) 8 5 9 15 19 21 3T 31 20 15 11 8 
(e) 16 17 17 24 32 38 49 55 36 2.T 24 22 

~f) 21 21 23 22 22 18 8 8 23 32 2T 25 
g) 13 18 18 22 17 17 12 14 28 32 31 26 

Percent Probabilit;y: of FOrce 1 or Le~~ ( ~4 Kts.) 

Month 
Area J F M A M J J A S 0 N D 

(a) 6 6 5 7 9 12 12 15 11 10 7 7 
(b) 7 7 7 10 15 19 18 14 15 II 9 8 

. (c) 5 2 5 9 17 14 15 22 14 8 6 4 
(d) 2 2 3 5 6 7 12 10 7 6 2 3 
( e) 5 7 6 9 12 15 2l 29 16 8 9 7 
(f) 7 7 6 T T 5 2 2 6 12 9 8 
(g) 4 6 4 5 6 3 2 2 9 9 8 9 

Other weather conditions also appear to be generally superior in Summer to 
those in the Winter. Surface water temperatures are warmest in Summer, reducing 
possible exposure hazard to the pilot. Surface visibility is excellent in all 
areas, especially in the final impact area near Puerto Rico (g) j Summer appears 
slightly better than Winter, although the difference is slight. 

Table 24 lists the mean cloud cover, that is, the average percentage of the 
sky covered with clouds, for each area and for each month. Considering all 
areas, least mean cloud cover may be expected in June, July and August, with 
the maximum cloud cover appearing in November to March. 
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. Table 24 

Percentage Mean Cloud Cover 

Month 
Area J F M A M J J A S 0 N D 

a) 44 44 46 41 33 34 41 46 48 46 48 51 

~.~ 42 48 44 36 35 31 28 31 31 53 48 39 
56 66 56 59 55 45 26 28 33 46 59 65 

~~ 69 76 75 66 64 55 36 26 43 65 64 70 
57 53 53 49 41 39 25 23 28 39 53 54 

(!~ 24 24 25 26 28 26 29 20 19 24 28 26 
26 21 21 23 38 28 25 24 25 26 25 29 

Mean cloud cover during the Summer months is between 2010 and 3010 for the 
final impact area near Puerto Rico (g) and the inj.ection abort impact area 
near the Canaries (f), someWhat higher in the mid-Atlantic areas (c,d, and e), 
especially in June , and from :fJ'/oto 5010 near Cape Canaveral (a and b). Solid 
overcast must not be considered impossible for any of these areas, even in 
Summer, although it would be unlikely for all but the Middle Atlantic region. 

Ocean currents in all areas average around 1/2 knot, except that the Gulf 
Stream off Cape Canaveral (area a) exceeds 2 knots. Except in the Gulf Stream, 
the capsule drift 'Will probably be deteDnined largely by the wind, with rela­
tively little influence from the current. 

The annual hurriCane season in the Caribbean begins in June and lasts until 
November. ~is will necessitate possible holds in the launching schedule if 
tropical storms develop. during preparations for the launch. In spite of t~is, 
it is felt that the probability of overall favorable conditions during the 
operation is substantially higher in Summer than during the remainder of the 
year. Occurrence and duration of gale force winds, for example, is much less 
in Summer than in Winter, Particularly in the· mid-Atlantic. Recovery forces 
will provide weather monitoring and reporting functions so that the presence 
of any unfavorable conditions requiring launch delay can be detected. 

It is unrealistic to expect or require ideal weather in all the possible 
impact areas before launching the capsule,. On the other hand,severe weather 
which would make recovery from any area extremely difficult should be cause 
for .. delay until better conditions prevail. Probably the ~ost important single 
item, an~ perhaps the only Critical one, is the 'Wind velocity encountered, both 
during vehicle deployment to assigned areas, and .during the actual search and 
recovery for ease of operation. High winds create high sea states with short 
wave periOd, white caps, blown spray, and generally hazardous conditions for 
all ~covery forces. Although high wave heights can occur in ocean areas 
distant from where they are generated, even though the local wind is calm, 
the condition of' the sea usually is one of long swells which is much more 
preferable to a wind .. whipped choppy sea. It would be desirable to operate in 

PRELIMINARY 



164 

winds of less than force 4 (16 knots), but t o  avoid a high risk of post- 
ponement due t o  unfavorable weather, sat isfactory recovery capabi l i ty  with 
winds up t o  force 5 (21 knots) is highly desirable. This corresponds t o  a 
wave height of 9 feet ,  as previously mentioned. Any measured or predicted 
winds i n  excess of 21 knots f o r  any of the recovery areas should be cause 
f o r  postponing the launch u n t i l  conditions improve. 

The Mid-Atlantic Ridge separates the North Atlantic in to  two basins of 
roughly 3 miles depth. The water depth over the ridge i s  roughly 2 miles. 
Local variations are considerable, but the only areas where shoal water i s  
a navigational hazard are in the immediate v i c in i ty  of Bermuda and the 
Canary Islands, and t o  a greater  extent, i n  the f i n a l  impact area. In  the 
l a t t e r  area, shoals occur North of Hispaniola which ocean vessels must 
navigate with caution. 
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winds of less than force 4 (16 knots), but to avoid a high risk of post­
ponement due to unfavorable weather, satisfactory recovery capability with 
winds up to force 5 (21 knots) is highly desirable. This corresponds to a 
wave height of 9 feet, as previously mentioned. Any measured or predicted 
winds in excess of 2l knots for any of the recovery areas should be cause 
for postponing the launch until conditions improve. 

The Mid-Atlantic Ridge separates the North Atlantic into ··two basins of 
roughly 3 miles depth. The water depth over the ridge is roughly 2 miles. 
Local variations are considerable, but the only areas where shoal water is 
a navigational hazard are in the immediate vicinity of Bermuda and the 
Canary Islands, and to a greater extent, in the final impact area. In the 
latter area, shoals occur North of Hispaniola which ocean vessels must 
navigate with caution. 
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DEFINITION OF ACCESS TThm 

The term ,tAccess Time" refers to and is a measure of the time required to 
recover and rescue the occupant of the Mercury manned capsuJ.e. A particular 
definition has been established for use in this study: 

Access Time is the time from capsuJ.e impact in the sea to pick-up 
of the capsuJ.e bya vehicle large enough so that the caps-uJ.e may 
be hoisted all or part way into or onto the vehicle and. the occupant 
removed while the vehicle is returning to base. It is further stip­
ulated that the recovery or retrieve vehicle be large enough to carry a 
medical and interrogation team and to permit rendering of (as a minimum) 
first aid treatment on board. In the event that pick-up is performed. by 
a vehicle not able to fulfill this definition, access time shall be under­
stood to include delivery of the capsule by the pick-up vehicle to a pro .. 
perly qualified larger vehicle or land base. 

Access time includes a 5 minute period. immed.iately after impact to allow for 
communications, impact point prediction, and transmittal of instructions; 
transit time for retrieve vehicles to reach the impact point from their res­
pective station locations; and a 10 minute period just prior to pick-up to 
allow for maneuvering for proper approach and for the mechanics of the actual 
pick-Up operation. In ad.di tion, it is assumed. that location of the capsule by 
a search aircraft must precede arrival of the retrieve vehicle. 
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VEHICLE bEPLOYMENT 

The selection of a vehicle deployment complex for the Mercury ma.nnedcapsule re­
covery problem is a several' step process. As a beginning, it is 'a simplification 
to visualize a deployment complex as an array of circles, each representing the 
area coverage of one vehicle or vehicle station. This array may be made up by 
disposing the centers in a line or in a triangUlar or rectangular pattern. It may 
be shown that for a large area to be filled by small circles, the centers shoUld 
be disposed at the corners of equilateral triangles. It may also be shown that 
as the size of the circles approaches the dimension of the area to be filled, the 
triangular array tends to give way to the rectangular array. ~e reason is that 
the spaCing of centers may be varied between width and length so as to fit the 
area, whereas the equilateral triangular array is fixed in proportions, width vs 
length. 

The above prinCiple has been applied to each of the high prObability areas to de­
termine the number of vehicles required as a flJnction of the radius of the area 
coverage circle; the resUlts are presented in Figure 48 This figure discloses 
a rapia increase in numbers required as the radius coverage is reduced, indicating 
the advantages in over-all deploymenteconomyof attaining large radii of '{loverage 
per station. The breaks in the curves occur at the radii at which the array changes 
from a single row of vehicles to two rows, from two rows to three, etc. In the 
lower portion of Figure 48 ,the curves for Areas 2 and 8 are shown to reduced 
radius scale so as to include the radius values for which low numbers of vehicles 
would be required. 

Retrieve Vehicles 

Radius coverage may be made up of vehicle speed mUltiplied by time, access time for 
example. This is the case for retrieve vehicles, but not generally for search 
vehicles (as discussed below)~ Adopting this approach for retrieve vehicles, the 
variation in the number of vehicles required with access time and with vehicle speed 
is shown in Figure 49 fOr abort areas (Areas 1-5) and in Figure 50 for orbit 
landing areas (Areas 6-8). The premium which may be placed. on speed' in the inter­
ests of low numbers of vehicles required is quite eVident, as is the impracticality 
of obtaining short access time without recourse to high speed. These figures show 
quite forcefUlly. one of the advantages which woUld accrue to a recovery system us­
ingfixed wing aircraft for recovery pick-up, the advantage of short access time 
coupled with small numberS .ofvehicles required. 

The access times of 3 hours in Areas 1 and 5, and 6 hours in Areas 2 through 4 
suggested by NASA do not appear unreasonable, provided that 15 knot vessels are not 
relied upon, since the requiSite numbers of vehicles are not large; access time in 
the orbit landing Areas 6 through 8 have been kept as variables to be investigated. 
From Figure 50, it is apparent that access· times of less than 3 hours may not 
be of practical attainment, especially in Area 8, lJnless relatively high vehicle 
speeds can be Obtained, or the expected impact area reduced. An access time of 3 
hours does, however, seem reasonably attainable4 It shoUld be noted that these 
stated access times represent maximum values occurring at pOints (within the ,monitored 
area) most distant from a retrieve vehicle; throughout the greater part of the 
area, access time would be considerably less. 
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Thus far, the  discussim of vehicle deplapent  has revolved consideration 
of each m e a  as an individual ent i ty ,  without regard to its geographical loca- 
t ion  or praximity t o  other areas. Since Area l is  followed immediately by Area 
2, and since Areas 6 and 7 are f o r  the mst part  included within Area 2, a cer- 
t a i n  a;mount of two-way coverage may be expected. 
may be used for  redeployment of vehicles i n  Area 2 t o  A r e a  6, and 3 hours for 
Area 72 bringing i n  further poss ib i l i t i e s  of two-way caveragel Thirdly, portians 
of Areas 1,2,5,6, and 8 l i e  close enough t o  land t o  pe 
w i t h  t h e i r  relati?el.j. high speed, f o r  re t r ieve of the c e ,  I n  addition, the 
discussion has thus far considered use of only one vehi 

f n  the a c t k l ,  overal l  operation, the proximity of one area t o  another and t o  
land bases &d the poss ib i l i ty  of mixing vehicle t 
doing so, any of a number precepts can be employed. In  order t o  establish a 
bench maEk.for comparison ng various levels  of e f f o r t  and area coverage, the 
idea of a minimum acceptable system has been adopted as a basis for  deriving a 
preferred vehicle cornplex and a series of a l ternate  poss ib i l i t i es .  
mum is established, the penalty i n  terms of numbers of vehicles required (and the 
corresponding cost)  t o  provide additional or duplicate coverage can be evaluated 
i n  a proper context. Each of the vehicle complexes selected fo r  i l l u s t r a t ion  is, 
then, a minimum system i n  the sense that  it does not provide duplicate coverage, 
or vehicle back-up requixed f o r  over-all  systea reliabil i ty,  

Secondly, roughly 1.5 hours 

se of helicopters, 

ype at  a t i m e .  

must be considered. In  

Once the mini- 
.. 

I n  putting together several  i l l u s t r a t i v e  re t r ieve  vehicle complexes, several 
fac tors  were nsidered i n  addition t o  those already discussed: 

In  order t o  provide - land pick-up capabili ty where impact i n  rough 
areas is possible, helicopters would be most des i r ab le  the  
agpmpriate locations are Cape Canaveral, Bermuda, and the Canary 
Islands, and t o  a lesser extent, Area 8 ,  
Airships would be next i n  des i r ab i l i t y  i n  such circumstances. 
Since the HUS and H-21 helicopters cannot ho i s t  the capsule and 
remove the  occupant a f t e r  pi&-up but must carry the capsule a s  a 
suspended load, access time should include the return portion of a 
recovery f l igh t ;  s return f l ight  time res t r ic t ion  of approximately 
l ; 5  hours was  imposed, equivalent t o  an operating radius of about 
100 n. m i ,  including allowances f o r  a 20 knot wind. 
the access time would be about 3 hours. The HUS and H - 2 1  a re  con- 
sidered interchangeable: the operational radius value selected is 
approxinatjely the capabili ty of each using basic fue l  capacity and 
no extra  fue l .  
Since the  HE 

duration be limited. Therefore, the f u l l  radius oapabili ty may be 
utilized; including a l lowaces  fo r  a 20 knot wind, the radius is 

A t  t h i s  radius, 

can hois t  the  capsule and remoye the occupant, access 
include the return flight, nor need the return f l i g h t  

imately 130 n.mi. and the  access thae about 2 hours, 

ase because of i t s  superior performance and re- 

The HRa 
used anynhere the JIG3 is  speCified as a minimum, and would be 
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Thus far, the discussion of vehicle deployment has revolved about consideration 
of each area as an individual entity, without regard to its geographical loca­
tion or proximity to other areas. Since Area 1 is followed immediately by Area 
2, and since Areas 6 and 7 are for the most part included within Area 2, a cer­
tainamount of two-way coverage may be expected. BecoJadly, rougnly 1.5 hours 
may be used for red.eployment of vehicles in Area 2 to Area 6, and 3 hours for 
Area 7, bringing .in further possibilities of two-way coverage. Thirdly, portions 
of .Areas 1,2,5,6, and 8 lie close enough to land to permit use of helicopters, 
with their relatively high speed, for retrieve of the capsule. In addition, the 
discussion has thus far considered use of only one vehicle type at a time. 

In the actUal, overall operation, the proximity of one area to another and to 
land bases and the possibility of mixing vehicle types must be considered. In 
doing so, any of a number of precepts can be employed. In order to establish a 
bench.mar.k.for comparison among various levels of effort and area coverage, the 
idea of a minimum acceptable system has been adopted as a basis for deriving a 
preferred vehicle complex and a series of alternate possibilities. Once the mini ... 
mum is established, the Penalty in terms of numbers of vehicles required (and the 
corresponding cost) to provide additional or duplicate coverage can be evaluated 
in a proper context. Each of the vehicle complexes selected for illustration is, 
then, a minimum system in the sense that it does not provide duplicate coverage, 
or vehicle back-up requ~ for over-all system reliability_ 

In putting together several illustrative ~etrieve vehicle complexes, several 
factors were considered in addition to those already discussed: 
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1) In order to provide ~ pick-up capabilitl where impact in rough 
areas is possible, helicopters would be most desirable; the 
appropriate locations are Cape Canaveral, Bermuda, and the Canary 
IslandS, and to a lesser extent, Area 8. . 

2) Airships would be next in desirability in such circumstances. 
3) Since the HUB and H-21 helicopters cannot hoist the capsule and 

remove the occupant after pick-UP but must carry the capsule as a 
suspended load, acce.ss time should include the return portion of a 
recovery flightl a return flight time restriction of approximately 
1.5 hours was imposed, equivalent to an operating radius of about 
100 n. m1. including allowances for a 20 knot wind. At this radiUS, 
the access time would be about 3 hours. The HUS .and B-21 are con­
sidered interchangeable: the operational radius value selected is 
approximately the capability of each using basic fuel capacity and 
no extra fuel • 

. 4) Since the HR2B can hoist the capsule and remove the occupant, access 
time .neednot include the return flight, nor need the return flight 
duration be limited. Therefore, the full radius capability may be 
utilizedj including allowances for a 20 knot wind, the radius is 
approximately 130 n .mi. and the access time about 2 hours. The HR2S 
can be used anywhere the .JIUS is specified as a minimum, and would be 
preferred in any case because of its superior performance and re- . 
covery capability. 
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5) The suggested access tim:es of 3 hours in Areas 1 and 5 and 6 hOurs 
in Areas 2 through 4 are adhered to, and an access time of 3 hOurs 
in the orbit landing Areas 6 through a is assumed for illustrative 
purposes: it should be noted that these are maxinlUllI time values and 
that thrOughout most of each area the achieved access times would be 
substantially less. 

6) Ships are selected on the basis of operational speed, and are not 
Specified as to type in this section. However, of the 25 knot ships, 
destroyers are.most plentiful in the active fleet, have a developed 
retrieving technique, and show the lowest operating costs within their 
speed category: therefore, the 25 knot ships would presumably be des­
troyers. 

7) There is, however, a question of using helicopters in the relatively 
high winds occurring a good part of the time in the Canary Islands, 
as discussed previously in the section on retrieving considerations, 
and the considerably lesser sensitivity of ships in this respect. 
Therefore, it might be advisable to provide duplicate coverage: heli­
copters to provide for possible land pick-up and ships to provide for 
pick-up in high winds. -

The preferred retrieve vehicle complex is presented in Figure 51, as tlIllustra­
tive Retrieve Vehicle Complex No.1". This is a ship-aircraft-airship-helicopter 
combination, derived in accordance with the above factors (but for graphical sim­
plicity ignoring the last pomnt of duplicate coverage in the Canaries). Data 
developed in the cpsting section were also used asa guide to minimum missipn 
cost consideration~, so that this is a preferred vehicle complex in the sense of 
both minimum cost and minimum number of vehicles required. 

In detail, this complex consists of: 

1) An HR2S helicopter at Cape Canaveral, covering the first 130 n. mi. of 
the launch track. 

2,3) Two 25 knots Operational speed ships e.ach covering a 69 n. mL radius 
within a 3 hour access time. If there is no abort in this area, the 
second ship redeploys to the east to cover a part of Area 7 for a second 
orbit landing (thesecpndlocati6n is at the center of the dotted circle). 

4) An airship 250 n. mi.. west of Bermuda. If there is no abort in this area, 
the airship redeploys westward to cover the remainder of Area 7 for a 
second orbit landing. The first position is at the center of a 230 n. 
mi. radius, 6 hour circle; the second position is at the center of a 
110 n. mi. radius, 3 hour circle. 

5) An mJS helicopter at Bermuda, covering out to about 100 n. mi. from 
Bermuda- An H-21 would provide an interchangeable alternate. 
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6 )  An airship 250 n. m i .  east of Bermuda. 
area, the airsh 
6 which l ies  be ter  coverage f o r  a first o rb i t  landing. 
The first posit ion is  at the center of a 230 n. mi .  radius, 6 hour 
c f rc le j  the second i t i o n  is at  the center of a 110 n. m i .  radius, 
3 hour c i rc le .  

If there i s  no abort i n  this 
t o  the w e s t  t o  cover that portion of Area 

7,8) Two 25 knot ships giving 144 n,  m i .  radius, 6 hours coverage for  the  
remaining eastern end of Area 2. 

One 25 h o t  ship i n  Area 3 and one i n  Area 4 giving 144 n. mi4 radius, 
6 hour coverage. 

9 , l O )  

11) 

12,13) 

An HR2S helicopter a t  Las PaLmas i n  the Canary Islands t o  cover Area 5*  

Tpta airships on s ta t ion i n  Area 8 for  a th i rd  o rb i t  landing. 

It should be noted tha t  t h i s  deployment i s  intended t o  meet only the retr ieving 
requirements, Vehicle deployment fo r  detection and search is  discussed below. 

There are  a number of other complexes which might be considered on a minimum or 
non-dupllcate area coverage basis, but which would result i n  higher mission cost. 
Four a l ternate  arrangements have been selected t o  i l l u s t r a t e  the type of var ie ty  
possible and t o  indicate the e f fec t  of vehicle selection on the numbers of vehi- 
c les  required. 
Vehicle Complex No, 2" through "NO* 5". Briefly, and by . i l lustrative number, these 
complexes differ from the preferred arrangement: 

The a l te rna te  arrangements are presented as "-Illustrative Retrieve 

2 )  Use of an HUS or H-21 helicopter instead of an HR2S a t  Cape Canaveral 
results i n  the need fo r  One additional ship. Three HUS or H-21  heli-  
copters may be used fo r  Area 5 instead of one KR2Sr but new f a c i l i t i e s  
i n  two locations (Hierro Island and near Cab0 Bojador, Africa) would be 
required. Three Ba2s helicopters, one 25 knot ship, and one 15 knot 
ship (41 n. mi . ,  3 hour coverage) can replace two airships  in  Area 8. 

One 25 knot ship plus one 15 knot s h i E  (86 n. mi., 6 hour coverage) 
can replace one airship i n  Area 2. One HE33 helicopter plus one 25 
knot ship can replace one a i r sh ip  i n  Area 8. 

Six 15 knot ships can replace two 25 knot shi- i n  Area 1. 
knot ships can replace two 25 knot ships a t  the eastern end of Area 2, 
two vs  one i n  Areas 3 and 4. 
these could provide the duglicate cuverage discussed above. 
and one HUS or H-21helicopter plus three 15 knot ships ca32 replace two 
airships  i n  Area 8. The WS or H-21 helicopter might be omitted and 
the edge of the area lef t  mcovered, but for consistency it has been 
included. 

A large number of 15 knot ships may replace the airships, 25 knot ships 
and KR2S (Canary Islands) 

3) 

4) Four 1 5  

Two 25 knot ships are shown in  Area 5: 
Two HR2S 

5) 
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6) An airship 250 n. mi. east of Bermuda. If there is .no abort in this 
area, the airship redeploys to the west to cover that portion of Area 
6 which lies beyond helicopter coverage for a first orbit landing. 
The first position is at the center of a 230 n. mi. radius, 6 hour 
circl:.e; the second position is at the center of a llO n. mi. radius, 
3 hour circle. 

7,8) Two 25 knot ships giving 144 n. mi. radiUS, 6 hours coverage for the 
remaining eastern endoi' Area 2. 

9,10) One 25 knot ship in Area 3 and one in Area 4 giving 144 n. mi. radius, 
6 hour coverage. 

11) An HR2S helicopter at Las Palmas in the Canary Islands to cover Area 5. 

12,13) Two airships on station in Area 8 for a third orbit landing. 

It should be noted that this deployment is intended to meet only the retrieving 
requirements. Vehicle deployment for detection and search is discussed below. 

There are a number of other complexes which might be considered on a minimum or 
non-duplicate area coverage basis, but which would result in higher mission cost. 
Four alternate arrangements have been selected to illustrate the type of variety 
possible and to indicate the effect of vehicle selection on the numbers of vehi­
cles required. The alternate arrangements are presented as "illustrative Retrieve 
Vehicle Complex No. 2ft through "N0.5". Briefly, and by .illustrative number, these 
complexes differ from the preferred arrangement: 

, .. 1$ ".ot CONt, 
O~ T"I UNlrtO 
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2) Use of an HUS or H-21 helicopter instead of an HR2S at Cape Canaveral 
results in the need foroue additional Ship. Three HUS orH-21 heli­
copters may be used for Area 5 instead of one HR2S,but new facilities 
in two locations (Hierro Island and near Cabo Bojador, Africa) would be 
required·. Three HR2S helicopters, one 25 knot ship, and one 15 knot 
ship (41 n. mi., 3 hour coverage) can replace two airships in Area 8. 

3) One 25 knot ship plus one 15 knot ship (86 n. mi., 6 hour coverage) 
can replace one airship in Area 2. One HRBS helicopter plus one 25 
knot ship can replace one airship in Area 8. 

4) Six 15 knot ships can replace two 25 knptshipa in Area 1. Four 15 
knot ships can replace two 25 knot ships at the eastern end of Area 2, 
two vs one in Areas 3 and 4. Two 25 knot ships are shown in Area 5: 
these could provide the duplicate coverage discussed above. Two HR2S 
and one HUS or H~21 helicopter plus three 15 knot ships can replace two 
airships In Area 8. TheHU!3 or H-21 helicopter might be omitted and 
the edge of the area left uncovered, but for consistency it has been 
included. 

5) A large numbe~ of 15 knot ships may replace the airships, 25 knot ships 
and HR2S (Canary Islands)« 
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ILLUSTRATIVE RETRIEVE VEHICLE COMPLEX NO. 1 

1 = HR2S HELICOPTER AT CAPE CANAVERAL 
2 = 25 KNOT SHIP (470 NMI FROM NORFOLK) 
3 = 25 KNOT SHIP (440 NMI FROM NORFOLK) 
4 = AIRSHIP 250 NMI FROM BERMUDA 
5 = HUS AT BERMUDA 
6 = AIRSHIP 250 NMI FROM BERMUDA 
7 = 25 KNOT SHIP (1200 NMt FROM NORFOLK) 

3~ct 8 = 25 KNOT SHIP (1500 NMI FROM NORFOLK) 
• O~./J}o 9= 25 KNOT SHIP (1840 NMIFROM NORFOLK) 

<l' 10 = 25 KNOT SHIP (2200 NMIFROM NORFOLK) 
• J\.. :t>.b 

W "(~ 11 = HR2S AT LAS P ALMAS 
1 __ ~ ____ ~ ____ ~ ____ ~ __ ~n~~ __ ~C~~~~~~~~12 = AIR~W80NMIFROM~DTURK 

~ 280 NMI FROM ROOSEVELT ROADS 

TIO IS '401 <ON"" '" 
O~ fHI U"UUO If 
lAWI, t!'IU II. li l 
O' 'HI uvt U.f 
10 "'" IJ"'.U'" 

I 
75° 

o 

, 13= AIRSHIP 80 NMI FROM SAN JUAN 
~ , 120 NMIFROM ROOSEVELT ROADS • IJ 

FIG. 51 
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ILLUSTRATIVE RETRIEVE VEHICLE COMPLEX NO. 2 

1 = HUS HELICOPTER AT CAPE CANAVERAL 
2 = 25 KNOT SHIP (480 NMI FROM NORFOLK) 
3 = 25 KNOT SHIP (440 NMI FROM NORFOLK) 
4 = 25 KNOT SHIP (430 NMI FROM NORFOLK) 
5= AIRSHIP 250 NMI FROM BERMUDA 
6 = HUS HELICOPTER AT BERMUDA 
7 = AIRSHIP 250 NMI FROM BERMUDA 
8 = 25 KNOT SHIP (1200 NMI FROM NORFOLK) 
9 = 25 KNOT SHIP (1500 NMI FROM NORFOLK) 

.. 0 ,,...p i ~~ P t i 7 ( r 
! 

10 = 25 KNOT SHIP (1840 NMI FROM NORFOLK) 
-r'~;::1-:.::;;:4-T"''''''<;::''"';A=----1~------1f--------I----- 11 = 25 KNOT SHIP (2200 NMI FROM NORFOLK) I 

0 " , 
# 

J) .. 

'ii' " 'I"" 

12 = HUS HELICOPTER AT HIERRO ISLAND }NO FACILITIES) 
13 = HUS HELICOPTER NEAR CABO BOJADOR AT PRESENT . 

I 
14 = HUS HELICOPTER AT LAS PALMAS ie:> 
15 = HR2S HELICOPTER AT GRAND TURK I <to. 1! 

16 = HR2S HELICOPTER AT DOMINICAN REP. AAFB 
-t--'--~~ 17 = HR2S HELICOPTER AT SAN JUAN 

18 = 15 KNOT SHIP (760 NMI FROM KEY WEST) 
19 = 25 KNOT SHIP (840 NMI FROM KEY WEST) 

FIG. 52 
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ILLUSTRATIVE RETRIEVE VEHICLE COMPLEX NO. 3 

1 = HR2S HELICOPTER AT CAPE CANAVERAL 
2 = 25 KNOT SHIP (460 NMI FROM NORFOLK) 
3 = 25 KNOT SHIP (440 NMI FROM NORFOLK) 
4 = 25 KNOT SHIP (470 NMI FROM NORFOLK) 
5 = 15 KNOT SHIP (560 NMI FROM NORFOLK) 
6 = HUS AT BERMUDA 
7 = 25 KNOT SHIP (810 NMI FROM NORFOLK) 
8 = 15 KNOT SHIP (l000 NMI FROM NORFOLK) 
9 = 25 KNOT SHIP (1200 NMI FROM NORFOLK) 

Co 

10 = 25 KNOW SHIP (1500 NMI FROM NORFOLK) 
11 = 25 KNOT SHIP (1840 NMI FROM NOE,FOLK) 
12 = 25 KNOT SHIP (2200 NMI FROM NORFOLK) 
13 = AIRSHIP 60 NMI FROM LAS P ALMAS 

~ <6: -------t---

14 = HR2S AT GRAND TURK 
15 = 25 KNOT SHIP (760 NMI FROM KEY WEST) 
16 == AIRSHIP 80 NMI FROM SAN JUAN 

120 NMIFROM ROOSEVELT ROADS 

FIG. 53 

1] '.,. fjq( 

PRELIMINARY 

175 

- 1 



9
 

f; 

T t 
I 

I I 
I 

I I 

) I 

u II 

s d w a 2 0
 

- II I1 I1 
ll 

tl 
II 

I1 
I1 

II 
I1 

II 
I1 

I1 
I1 

It 
II 

II 
II'II 

Restriction/Classification 
Cancelled'''l S '''CI CON 

0 .' 'HIIIN'ttl 
\ 4 ¥f,. rll~' \I 
0" lOll tt~ 
10 .... UN 

• ' i_Jr. 

fi d j n t ; e ' 

o , 
# 

IJ 

I 
·60'0 

ILLUSTRATIVE RETRIEVE VEHICLE COMPLEX NO, 4 

1 = HR2S AT CAPE CANAVERAL 
2= 
3 = 
4 == 15 KNOT SHIPS (400-490 NMI FROM NORFOLK) 
5= . 
6 = 
7 = 
8 := AIRSHIP 250 NMI FROM BERMUDA 
9= HUS AT BERMUDA 

10= AIRSHIP 250 NMI FROM BERMUDA 
11 = 15 KNOT SHIP (1060 NMI FROM NORFOLK) 
12= 15 KNOT SHIP (1220 NMI FROM NORFOLK) 
13 = 15 KNOT SHIP (1380 NMIFROM NORFOLK) 
14 = 15 KNOT SHIP (1550 NMI FROM NORFOLK) 
15 = 15 KNOT SHIP (1800 NMI FROM NORFOLK) 
16 = 15 KNOT SHIP (1900 NMI FROM NORFOLK) 
17 :;: 15 KNOT SHIP (2150 NMI FROM NORFOLK) 
18 == 15 KNOT SHIP (2250 NMI FROM NORFOLK) 
19 == 25 KNOT SHIP (3000 NMIFROM NORFOLK) 
20 = 25 KNOT SHIP (3100 NMI FROM NORFOLK) 
21= HR2S AT GRAND TURK 
22= HUS AT DOMINICAN REP, AAFB 
23 = HR2S AT SAN JUAN 

24 -~ 25 .= IS ,KNOT SHIPS (770-850 NMI FROM KEY WEST) 
26 = 

45 0 

FIG. 54 
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ILLUSTRATIVE RETRIEVE VEHICLE COMPLEX NO. 5 

1 = HR2S AT CAPE CANAVERAL 
2 = 
3 = 
4= 
5 = 15 KNOT SHIP (400-490 NMI FROM NORFOLK) 
6 = 
7 = 
8 = 
9 = 

10= 15 KNOT SHIP (560 NMI FROM NORFOLK) 
11 = HUS AT BERMUDA 

~. 
I . 
J.,. 

I 

i , 
: 
I 

to 
.... 11 

12 = 15 KNOT SHIP.(760 NMI FROM NORFOLK) 
13 = 15 KNOT SHIP (860 NMI FROM NORFOLK) 
14= 15 KNOT SHIP (950 NMI FROM NORFOLK) 
15 = 15 KNOT SHIP (1060 NMI FROM NORFOLK) 
16 = 15 KNOT SHIP (1220 NMI FROM NORFOLK) 
17 = 15 KNOT SHIP (1380 NMI FROM NORFOLK) 
18 = 15 KNOT SHIP (1550 NMI FROM NORFOLK) 
19= 15 KNOT SHIP (1800 NMI FROM NORFOLK) 
20 = 15 KNOT SHIP (1900 NMI FROM NORFOLK) 
21 = 15 KNOT SHIP (2150 NMI FROM NORFOLK) 

-t .. ,;: .~~-+---

~!1::: ::::::S(::::O:Il~::~ :::~O:O:FOLK) 
2;1 . 
26= AIRSHIP 80 NMI FROM GRAND TURK 

280 NMI FROM ROOSEVELT ROADS 
27 = AIRSHIP80NMI FROM SAN JUAN 

120 NMI FROM ROOSEVELT ROADS 

FIG. 55 
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Area 

1,2,6,7 

3 

4 

5 

8 

Total 

TABLE 25 

Retrieve Vehicles Required.: Alternate Arrangements 

Helicopter 
HR2S HUS 

1 

1 
1 
1 

1 

3 
1 
2 

1 
2 
1 
1 
1 

1 

Airship 

2 
2 

2 

1 

2 

1 

Ship 
25 Knot 15 Knot 

4 
5 
6 

1 

1 

1 
1 

2 
10 
16 

2 

2 

1 

3 

Total 
Number 

8 
9 

10 
14 
18 

1 
2 

1 
2 

3 
5 
3 
2 
3 

2 
5 
3 
6 

Illustrative 
Complex .No. 

1 
2 
3 
4 
5~: 

1,2,3 
4,5 

1,2,3 
4,5 

1 
2 
3 
4 
5 

1,5 
2 
3 
4 

using 2 1 4 8 15 1 
Preferred. 
Complex 

Notes: (1) Required. helicopter facilities on Hierro Island and. near Cabo 
Bojador, Africa, not currently available. 

(2) No land search capability using ships, but may be required. for 
retrieve in relatively high wind.s. 
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The i l l u s t r a t i v e  retr ieve vehicle complexes presented i n  Figures 51 
through 55 are swnmarized. i n  Table 25 
vehicle and also of the t o t a l  number of vehicles required i n  each area or group 
of areas. The f i r s t  l i n e  shown f o r  each area represents the preferred complex, and 
the other l i n e s  represent the al ternates .  
contains the smallest t o t a l  number of vehicles and represents minimum cost. 
large disadvantage i n  numbers required of using 1.5 knot ships as contrasted t o  25 
knot ships i s  quite evident. The difference is  a fac tor  of between two and three 
t o  one. 

i n  terms of the numbers of each type of 

In  each case, the preferred complex 
The 

The t o t a l  number of re t r ieve  vehicles required using the preferred complex is 15: 
two HR2S helicopters, one HUS or H-21 helicopter, four airships, and eight 25 knot 
ships such as destroyers. In  the event t ha t  fewer than four a i rships  plus t h e i r  
necessary back-up were available, assignment of those available f i r s t  t o  the two 
s ta t ions west and east of Bxmuda would be recommended, because a t  each of those 
s ta t ions one airship is equivalent t o  two ships i n  coverage obtained. 
spects, the preferred complex appears quite modest i n  i t s  vehicle requirements. 

In  other re- 

Among the many ship types l i s t e d  e a r l i e r  i n  Table 3, those operated, i n  con- 
junction w i t h  the  Atlantic MLssile Range should log ica l ly  be considered fo r  in- 
clusion i n  the Mzrcury manned capsule recovery system, 
included thus f a r  i n  the discussion because of t h e i r  low speed capabi l i t ies .  
suggested t h a t  the AMR ships be deployed along the t h i r d  o rb i t  t rack beyond Area 8 
so as t o  give recovery coverage against a possible p a r t i a l  retro-impulse malfunction, 
for  the most par t  within or near t h e i r  usual operating region. 
a re  deployed i n  t h i s  fashion, the 1,000 nautical  m i l e s  beyond Area 8 could be covered 
fo r  a 5.5 hour access time; i f  6% or seven of the twelve are so deployed, a 9.2 
hour access time coverage could be obtained. A fur ther  reason f o r  t h i s  proposed 
use of the AMR ships i s  t h a t  deployed down-range of Area 8, the telemetry and other 
electronic equipment aboard would supplement the ground s ta t ions located along the 
island chain i n  providing very thorough tracking f a c i l i t i e s  i n  and around the 
scheduled th i rd  o rb i t  landing area. 

None have been specif ical ly  
It i s  

If a l l  twelve ships 

Detection and Search Vehicles 

The deployment of detection and search a i r c r a f t  depends on somewhat different  prin- 
c iples .  
i s  a s ignif icant  des i r ab i l i t y  t o  the use of a i r c r a f t  f o r  radar ear ly  warning cover- 
age of an area and f o r  performing a visual  search, so tha t  a i r c r a f t  are the pre- 
ferred vehicle types. Each high probabili ty impact area m u s t  be covered f o r  both 
electronic and visual detection and search e i ther  of which may govern deployment. 
Further selection of the extent of coverage may depend, i n  the f i n a l  analysis, on 
considerations of minimum mission cost .  
of detection and search forces i s  first t reated on an area coverage basis without 
par t icular  regard t o  minimum cost, followed by consideration of minimum mission 
cost  and i t s  e f fec t  on the number of vehicles t o  be depldyed. 

A s  developed previously i n  the section 6iscussing applicable vehicles, there 

In the discussion t o  follow, deployment 
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The illustrative retrieve vehicle complexes presented in Figures 51 
through 55 are summarized. in Table 25 in terms of the numbers of each type of 
vehicle and also of the total number of vehicles required in each area or group 
of areas. The first line shown for each area represents the preferred complex, and 
the other lines represent the alternates. In each case, the preferred complex 
contains the smallest total number of vehicles and represents minimum cost. The 
large disadvantage in numbers required of using 15 knot ships as contrasted to 25 
knot ships is quite evident. The difference is a factor of between two and three 
to one. 

The total number of retrieve vehicles required using the preferred complex is 15: 
two HR2Shelicopters, one HUS or H-21 helicopter, four airships, and eight 25 knot 
ships such as destroyers. In the event that fewer than four airships plus their 
necessary back-up were available, assignment of those available first to the two 
stations west and east of B2rmuda would be recommended, because at each of those 
stations one airship is equivalent to two ships in coverage obtained. In other re­
spects, the preferred complex appears quite modest in its vehicle requirements. 

Among the many ship types listed earlier in Table 3, those operated. in con-
junction with the Atlantic Missile Range should logically be considered for in­
clusion in the Mercury manned capsule recovery system. None have been specifically 
included thus far in the discussion because of their low speed capabilities. It is 
suggested that the AMR ships be deployed along the third orbit track beyond Area 8 
so as to give recovery coverage against a possible partial retro-impulse malfunction, 
for the most part within or near their usual operating region. If all twelve ships 
are deployed in this fashion, the 1,000 nautical miles beyond Area 8 could be covered 
for a 5.5 hour access time; if 60% or seven of the twelve are so deployed, a 9.2 
hour access time coverage could be obtained. A further reason for this proposed 
use of the AMR ships is that deployed down-range of Area 8, the telemetry and other 
electronic equipment aboard would supplement the ground stations located along the 
island chain in providing very thorough tracking facilities in and around the 
scheduled third orbit landing area. 

Detection and Search Vehicles 

The deployment of detection and search aircraft depends on somewhat different prin­
ciples. As developed previously in the section discussing applicable vehicles, there 
is a significant desirability to the use of aircraft for radar early warning cover­
age of an area and for performing a visual search, so that aircraft are the pre­
ferred vehicle types. Each high probability impact area must be covered for both 
electronic and visual detection and search either of which may govern deployment. 
Further selection of the extent of coverage may depend, in the final analYSis, on 
considerations of minimum mission cost. In the discussion to follow, deployment 
of detection and search forces is first treated on an area coverage basis without 
particular regard to minimum cost, followed by consideration of minimum mission 
cost and its effect on the number of vehicles to be deployed. 
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Basically, there are two :means for electronic deteetion, active radl;p:' seeking 
and passive radar or radio beacon reception, with the passiVe :modes offering 
substantially longer operating ranges than offered bya.ctive seeking. ~e capsule 
is scheduled tocarryC .. J3and and S'-Band radar beacons of high enough radiated 
power to yield very long operating ranges, when received by-matching . equipment 
located within line of' sight. Unfortunately, C- and S-Band radars are carried by 
only a lintited number of aircraft (P5M carries C-Band, and P2Y, WV-2, WF~2, ·.and air­
ships carry S-Band), so that the choice of aircraft must be restricted somewhat. 
Furthermore, under current planning, the beacons are to be available only upon 
inquiry by a special coded signal, and airborne equipment may not be able to sertd 
the requisi tecode. Therefore) ·the C- and S-:Ba.nd beacons may not be usable for 
local area detection and impact prediction. In order to make them available for 
these purposes, their control would have to be changed, at drogue chute opening 
perhaps, to freerun or to respond to a simple inquiry. The change to simple 
inquiry "Would be the more desirable s.ince range as well as bearing could then be 
obtained, whereas free-running would peI"IIli t only bearing. : 

The spacing between aircraft rna.y be selected incompliance with the extent of 
area coverage desired. There are three distinct "mile-stones If in the capsule 
descent: (1) drogue chute opening at 68,000 feet, (2) main chute opening at 
10,000 feet 2.4 minutes later, and (3) impact in the sea after another 5.3 :minutes. 
Continuous area coverage at anyone of these three1tmile-stones II :may be desirable, 
¥lith both advantages and disadvantages to each. The pri:me advantage of selecting 
continuous area coverage at one of the altitude points rather than at sea level 
would be increased line of sight distance to any station altitude, including the 
height ofa land or ship radar. Provided that useful operating radar range is 
not e::l\:ceeded, the increased line of sight distance would permit increasing the 
radius coverage of each aircraft and would permit the practical inclusion of 
land and ship radars in the~overage eomple::l\:, thus redu~ing the number of aircraft 
required. Based on the assumption that atmospheric refraction is equivalent to 
a one-third increase in earth radius, as is commonly ass.umed in determining line 
of Sight radio and rad.artransmissionranges, the variations in line of sight 
distance with station altitude and capsule altitude are: 

Station Altitude 

15,000 ft. 
10,000 

1,500 
60* 

Capsule Altitude 
68,000 ft. 10,000 ft.· Sea Level 

470 n.mi. 
443 
367 
330 

272n.mi. 
246 
170 
133 

150 n.:mi. 
123 

47 
10 

*represents height of land or ship radar antenna 

The effect of altitude is quite evident, particularly for the land or ship radar 
case. 

Additional points to be considered in this selection prOcess are, for continuous 
coverage at: 
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1) 68,000 f t .  - Vert ical  descent path i s  established. so impact pre- 
diction would not have t o  be corrected. f o r  re-entry trajectory,  but 
only f o r  wind. d , r i f t ;  E, there i s  probably only a-poor-chance-of 
making a loca l  detection by this point due t o  time l imitat ions re- 
su l t ing  from high velocity and. due t o  heating e f fec ts  which may inhibi t  
radSation of radar beacon signals; also, contact w i t h  the capsule would. 
be l o s t  below 68,000 f t .  u n t i l  such time as a sighting vehicle could. 
t rave l  t o  within horizon distance of the surface impact point; the 
indicated, 320 n. ani. difference i n  horizon dlstance between 68,000 f t .  
and, sea level is equivalent t o  1 . 5  t o  2.5 hours fU@t f o r  the a i r c r a f t  
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1) 68,000 ft. - Vertical d,escent path is established. so impact pre­
d.iction would not have to be corrected. for re-entry trajectory, but 
only for wind. d.rift; but, there is probably only a poor chanee of 
making a local d.etectIOii by this point due to time limitations re­
sulting from high velocity and. due to heating effects which may inhibit 
rad.iation of radar beacon signals; also, contact with the capsule would. 
be lost below 68,000 ft. uptil such time as a sighting vehicle could. 
travel to within horizon distance of the surface impact pOint; the 
ind.icated. 320 n. mit d.ifference in horizon d.1stance between 68,000 ft. 
and. sea level is equivalent to L 5 to 2.5 hours flight for the aircraft 
listed. in Table 4. , 

2) 10,000 ft ... Wind.s aloft below this altitude at the time of the operation 
would. be less uncertain than ·above l permitting a better wind. correction 
to impact pred.iction j the available time should. 'be adequate for radar 
lock-on to the capsule; but, contlltct with the clltpsule would. be lost 
until arrivM of a !:lighting vehicle; the ind.icated. 123 n. mi. difference 
in lu:rri~on d,htance i!:l equivalent to between one-half Md. one hour 
fliSht. 

3) ~ea Level ... With tracking to impacl't" wind.11!I aloft are immaterial to impact 
pred.1ctionJ continuoul1!I coverage il1!l for time al1!l well al1!l for areal l1!Iince 
contact wuld. not be lOl1!lt,; subl1!ltantiMly longer time would. be available 
for achieving ra4ar lo@k~on. 

It ~pear~ frem the abov@ that.d~tection vehiclel1!l ~hould be d~ployed. to give 
@ontinuou~ area coverage at either lOJlOOO ft. or ~ea level, in preference to 
~BIOOO ftq :for 'Whiilll the dhad,vantag~lI~ of ~h©rt time f©r tI'acking Md, long time 
out of c(;mta@t do not ~eem rea~onable to a@cept. Frem the t!!tandtBpoint ©f rad.a.r 
beacon c©veI'age~ the cholce betw@en 101000 ft. and, @ea level 111!1 a matter ©f Jud,. 
ment~ there belng no §tri@t te@hnl@M ad.vMtage for one oveI' the otheI'\ 

A@tlve ra.d.ar d~te@tion @on§ld@I'atlont!! m~ be u~ed at!! an ald. to l1!Ielection at thil1!l 
polnt. U~e or active te@hni~ue~ may' al~© pe~it In@lu~ion or m©r~ than a limlted 
nYmbeI' ©f alI'@I'aft type~1 be@au~e @@mpatlbl1ity with @~~ule beacon e~uipment 
would, not be I'e~uiI'ed'8 A~ d@vel©pfill.'1, el~e'Where in the I'eport,!l @aff ::!,11!1 relea~ed. 
with main illlute opening at lO~OOO ft. to give a manyefeld in@rea§e in effe~tive 
I'ad.aI' taI'get aI'ea, and, to double OI' more than double u§eful opeI'ating rad.ar 
I'Mgi. It wuld, appear to be a matter of rea~onable Jud~ent to deploy d~te@tion 
vehi@lel1!l ~o a~ to make u§e of the chaff. Ul1!Ieful rad.ar range~ againl1!lt chaff have 
been given a~ about 1~0 n. mi. for the AP~ ... ~O (P~, WV·~D WFB~I ~nd ~1r~h1p~, on the 
av~rrag@ ~bout th~ §M.I@ for r~c;!~rl1!l @aI'ri~d. by d'@l1!Itroy~rl1!l, I1!IliShtly 1,~11!I11!I for in€!) 
Mod,. 11 rad.ar (AMR greund, ~t~tionl1!l, C~'ija:ry If!land.I1!I)" and. 144 n. mi, for the 
W~ .. l~ (C~e Can~veI'al, GI'and. !Mmfla» Ban B~lvac;!crJJ and. Antigu~) J thes~ valu~11!I 
provide th@ r~d.ar rang@ 11mit§ to r~diul1!l @over~g~ of @ach veni@le or ground. ~t~tion. 

It i~ al§o n@~@~l1!Iary to ~@n~id~r the hori~on limit. Chaff il1!l to be r~l~a§ed. at 
10,000 ft., controlled. by a pr~l1!I~ure §~nsing d@vioe. Variations in weather con­
d,itions m~ l@ad. to vari~tionl1!l of almo~t 1,,000 ft. in the eJ.titud.e at Which a. 
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given pressure occurs 0 Includ.ing a like amount to allow for control tolerance 
and d.escent of chaff during the time necessary for obtaining a radar lock-on, 
it is assumed. that the chaff should. be above the observer's horizon until it 
has d.escend.ed. to 8,000 ft. altitude. The corresponding line of sight distance 
is about 120 n. mi. for a radar antenna located. at 60 ft. height; this is 
equivalent to the useful ranges of the d.estroyer and. Mod .• II radars and. less 
than that of the FPS-16, and. will now replace the last. 

It thus appears that a 120 n. mi 0 rad.ius coverage may be assigned. to land. 
stations and. ships, and to detection aircraft equipped. with the S-Band. APS-20 rad,ar 
(P2V, T{fV-2, WF-2, and. airships), based. on active d.etection of chaff, with the 
possibili ty of S-Band. radar beacon detection for ad.d.i tional information. For 
the P514', 'Which carries C-Band. radar, a 100 n. mi. rad.ius coverage may be used, 
again with a possibility of beacon d.etection.. Other aircraft, such as the S2F 
and. SAl6 for example, equipped with X-Band. radar, WOuld. be limited. to about 
35 n. mi. radius coverage, and. would. not have beacon reception capability in 
either C- or S-Band. At the operating ranges to be assumed., aircraft .station 
altitud.es would. not be critical, since only a sealevel observer would be 
horizon limited in coverage. 

The criterion for d.eployment·of search aircraft is that any point within the 
coverage area may be reached. and. an impact area uncertainty then searched. with 
a high probability of d.etection wi thin a reasonable total elapsed. time. The 
limiting coverage per search aircraft would. be that fo.r 'Which the total of 
initial time lost for communications, etc., trans:it time to a point on the 
perimeter of the coverage Circle, and. search time would. be enough less than the 
d.esired. access time to permit some ad.vance notice of exact position to a re­
trieve vehicle prior to its arrival in the general area of impact. 

Figure 56 presents an "Illustrative Detection and Search Complex" based on 
providing continuous area coverage for chaff d.etection, using the radar cap­
abilities of the retrieve vehicles in the preferred. complex, (Figure 51) , 
and. land stations along the track.. Each ship, airship, and. land. station has 
been consid.ered. to give 120 -no mi. radius co~erage as noted. above. Gaps exist­
ing between adjacent land. or retrieve vehicle rad.ars have been filled. by air­
craft, selection being on the basis of both airplane performance and. installed 
rad.ar equipment. In each instance, the aircraft specified. represents the 
minimum satisfactory level of time on station vs. station radius performance 
or the minimum radar range capability. A given station could. also be covered. 
by any other aircraft having greater time-radius performance or greater radar 
capability (e.g., C- or S-Band. vs. X-Band.). Thus, S2F's have been selected 
for search near Cape Canaveral, in the Canary Island.s area, and in the sched.uled. 
third. orbit landing area; eachS2Fcan remain on the ground until impact, fly 
to the pred.icted impact point, search the area of uncertainty, and locate the 
capsule well in advance of arrival of a retrieve vehicle, at points correspond.­
ing to the longest access time wi thin the assigned. coverage rad.ius. Moving up 
in capability, SA-16's (UFts) are assigned. to stations requiring no more than 
X-Band. radar and falling wi thin the performance capability of either the A or B 
mod.el of the airplane. East of the airship located. east of Bermuda, the required 
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radar range is  beyond. X-Band. equipment but within C-Band. capability, and the 
P5E/1 is  specified. There i s  no a i r c r a f t  s ta t ion  requiring S-Band radar range 
capabili ty f o r  chaff detection. 

Figure 56 includes consideration of detection i n  the event of over-shoot- o r  
undm-shoot of the landing areas. 
a t  68,000 f t .  a l t i tude  is  shown f o r  each land.  radar station, a 330 n.  mile 
radlus; ,-the land. radars can trigger the  capsule beacons and obtain range and. 
direction information. 
ends of the areas, are  : 240 n . m i .  beyond, Area 5, 80 n . m i  beyond. Area 6, 
n.mi. beyond, Area.7, and 530 n.mi. beyond. Area 8. Including a i r c r a f t  s t a t ion  5 
and. the next ship eastward., 380 n. m i .  beyond, Area 6, i s  covered.; additional 
over-shoot coverage f o r  Area 6 can be provided. by the Mid.-Atlantic Ship, t e l e -  
metry equipped, about 1050 n.mi. beyond.. . 

The radius coverage t o  drogue chute opening 

The over-shoot coverages gained, beyond the down-range 
450 

Over-shoot coverage of Area 8 can be gained. through use of the Antigua and. S t .  
Lucia ground stations,  plus  the equipment installed.  on the AMR ships. 
sible deployment of seven of the AMR ships i s  shown i n  Figure 56 t o  i l l u s t r a t e  
th i s  suggestion, s i x  of the FS's o r  C1-M-AVI's w i t h  t h e i r  telexletry plus the 
DAMP ship w i t h  i t s  high capabili ty radar being disposed. over a roughly 1,000 
n.mi. distance down-range; this i s  i n  l i n e  w i t h  the e a r l i e r  suggestion fo r  t h e i r  
use f o r  re t r ieve.  

A pos- 

Jus t  as each of several s ta t ions  and. ships c m  provide over-shoot coverage, they 
can also provide una-er-shoot coverage. 
Bermuda cover Area 6, Las Palmas Area 5, and. Cape Canaveral plus the island. 
chain along the AMR can cover Area 8. 

Cape Canaveral radar can cover Area 7, 

Therefore, there i s  quite complete coverage of a l l  h i @  probabili ty areas for 
detection both i n  and. around. each area. Within areas, active radar detection 
of chaff i s  the cr i ter ion;  f o r  over-shoot o r  under-shoot, detection is  possible 
a f t e r  the ve r t i ca l  descent is  established., using e i the r  active (available 
because of very high power i n  the land.-based. radars) o r  passive (beacon reception) 
means. 

For each detection a i r c r a f t  station, a second. (dotted) c i r c l e  i s  shown i n  
Figure 56 t o  indicate coverage f o r  search. Additional dotted. search c i r c l e s  
are  shown about Patrick AFB f o r  the Cape Canaveral end. of A r e a  1, about a point 
midway between Areas 3 and 4, about L a s  Palmas f o r  Area 5, and about We 
Dominican Republic AAFB f o r  Area 8. A dotted. c i r c l e  i s  also shown centered. a t  
A r t i g u a  to ind.icate search a i r c r a f t  coverage f o r  over-$oot of Area 8. 
event that such over-shoot coverage were t o  'tie provided, both Area 8 and the over- 
shoot could be covered. by one P2V o r  WV-2 (but not a slower a i r c ra f t )  stationed. 
a t  San Juan, Puerto Rico; this would be more economical i n  both vehicle number 
and. mission cost  than providing the separate coverage illustrated.. O f  the search- 
only a i r c ra f t ,  only the one between Areas 3 and 4 would. have t o  be i n  the air 
on s ta t ion  i n  advance of launch and capsule a r r iva l .  All search a i r c r a f t  deployed. 
as i n  Figure 56 could f u l f i l l  the c r i t e r ion  noted above fo r  search a i r c ra f t .  

I n  the 
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radar range is beyond. X-Band. equipment but within C-Band. capability, and the 
P5M is specified.. There· is no aircraft station requiring S-Band radar range 
capability for chaff detection. 

Figure 56 includ.es consideration of detection in the event of over-shoot' or 
under~shoot of the landing areas. The radius coverage to dxogue chute opening 
at 68,000 ft. altitude is shown for each land. radar station, a 330 n. mile 
radius; . the land. radars can trigger the capsule beacons and obtain range and. 
direction information. The·over-shoot coverages gained, beyond the down-range 
ends of ~e areas, are: 240 n.mi. beyond. Area 5, 80 n.mio beyond. Area 6, 490 
n .mi. beyond. Area. 7, and 530 n .mi. beyond. Area 8. Including aircraft station 5 
and. the next ship eastward., 380 n. mi. beyond. Area 6, is covered.; additional 
over-shoot coverage for Area 6 can be provided. by the Mid.-Atlantic Ship, tele­
metry equipped, about l050 n.mi. beyond .. 

Over-shoot coverage of Area 8 can be gained. through use of the Antigua and. st. 
Lucia ground stations, plus the equip:rnent installed. on the AMR ships. A pos­
sible deployment of seven of the AMR ships is shown in Figure 56 to illustrate 
this suggestion, six of the FS's or Cl-M-AVI's with their tele~etry plus the 
DAMP ship with its high capability radar being disposed. over a:roughly l,OOO 
n.mi. distance down-range; this is in line with the earlier suggestion for their 
use for retrieve. 

Just as each of several stations and. ships can provide over-shoot coverage, they 
can also provide und.er-shoot coverage. Cape Canaveral radar can cover Area 7, 
Bermuda cover Area 6, Las Palmas Area 5, and. Cape Canaveral plus the island. 
chain along the AMR can cover Area 8. 

Therefore, there is quite complete coverage of all high probability areas for 
detection both in and. around. each areao Within areas, active radar detection 
of chaff is the criterion; for over-shoot or under-shoot, detection is possible 
after the vertical descent is established., using either active (available 
because of very high power in the land.-based. radars) or passive (beacon reception) 
means. 

For each detection aircraft station, a second. (dotted) circle is shown in 
Figure 56 to ind.icate coverage for search. Addi tional dotted. search circles 
are shown about Patrick AFB for the Cape Canaveral end. of Area l, about a point 
midway between Areas 3 and 4, about Las Palmas for Area 5, and. about ~e 
Dominican Republic AAFB . for Area 8. A dotted. circle is also shown centered at 
Artigua to ind.icate search aircraft coverage for over-shoot of Area 8. In the 
event that such over-shoot coverage were to be provided, both Area 8 and the over­
shoot could be covered. by one P2V or WV-2 (but 'not a slower aircraft) stationed. 
at San Juan, Puerto Rico; this would be more economical in both vehicle number 
and. mission cost than providing the separate coverage illustrated.. Of the search­
only aircraft, only the one between Areas 3 and 4 w;ould.have to be in the air 
on station in ad.vance of launch and capsule arrivaL All search aircraft deployed. 
as in Figure 56 could fulfill the criterion noted above for search aircraft. 
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1 ::: S2F AT PATRICK, SEARCH 

3 ::: SA-16A/B# RADAR t SEARGH 2 -} 

4::: 
5 = P5M- 2. RADAR + SEARCH 
6 = P5M-2,RADAR + SEARCH 
7 = SA-16B, SEARCH 
8 ::: S2F AT LAS PALMAS,. SEARCH 
9 ::: S2F AT DOMINICAN REP. AAFB# SE 

10 ::: SA-16B AT ANTIGU~ SEARCH 

L = LAND- BASED RADAR. 
RS ::: RETRIEVE SHIP } FROM RETRIE 
RA::: RETRIEVE AIRSHIP . COMPLEX NO. 1 

* AMR SHIP f FS or CI-M-AVI 
TELEMETRY tRETRIEVE 

o DAMP SHIF. RADAR t RETRIEVE 
• MID-ATLANTIC SHIP# TELEMETRY 

o ::: RADAR COVERAGE 

(j ::: SEARCH COVERAGE 

* REPLACED IN MINIMUM COST COMPLEX BY SA-16 A/B 
** NOT -INCLUPED IN MINIMUM COST .COMPLEX 
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1 = P5M, PlY, OR WF-l AT 10.000 FT. 
WV-2 AT 15,000 FT. 2 = 

3 = 
4= 

AIRSHIP AT 1,500 FT. (ALSO RECOVERY) 

l P5M, PlY, OR WF-? AT 10,000 FT. 
5 = I 
6 = AIRSHIP AT 1,500 FT. 

~:} P5M OR P2V AT 10, 000 FT. 

9= WV-2 AT 15,000 FT. 
10= 
11= 
12 = 
13 = 
14 = 
15 = 
16 = 
17 = 

FIG. 57 

~ P5M OR P?V AT 10,000 FT. 

} P5M, PlV, OR W)i'-~!o-T 10,000 FT. 

} P5M OR P2.V !o-T 10,000 )i'T • 
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The resul tingaircraft d.eployment is as follows: 

1) S2F's at Patrick AFB (station 1), Las palmas in the Canaries (station 
8), and Dominican Republic AAFB (station 9). These aircraft are for 
search only, so that their short-range X-Band. radar is ad.equate. The 
SA-16/UF aircraft type would provid.e the next step up in airplane time 
on station vs. station radius performance capability. 

2) SA-16/UF I S at station numbers 2,3,4,7 and. 10; stations 2 through 4 re­
quire only short radar range, within X-Band capability, and. stations 
7 through 10 are for search only. The next up in airplane performance 
capability would. be the P5M-2, which also offers the next up in radar 
capability, C-Band .• 

3) P5M-2 r s are show for station 5 in consid.eration of radar requirement 
and. for station 6 because of airplane performance required.. In each 
case, the P2V would. provid.e the next step up in capability. 

In order to illustrate further the ways in which aircraft might be'd.eployed. for 
detection and. search, an "Alternate Detection and. Search Aircraft Complex" is 
presented. in Figure 57 This complex was derived assuming continuous radar 
beacon reception coverage of the entire surface in each area, with the exception 
of Area 8 over-shoot for which the area coverage is somewhat less than continuous. 
Because of capsule equipment, only the P5M with C-Band. radar and the P'2Jf, WV-2,WF-2, 
and. airships with S-Band radar are includ.ed. from the list of aircraft in Table 
4 However, a change in capsule beacon control from special cod.ed. signal to 
simple inquiry would. 'be required. so as to permit reception by the aircraft for 
range as well as bearing information. 

The unpressurized.P5M, P2V, andWF-2 are aSSigned station at 10,000 ft. altitude, 
but no higher in consid.eration of crew comfort and. operational efficiency; 
coverage of the sea surface is limited by the horizon to about 120 n.mi. radius 
about the station. The pressuriZed. WV-2 is assumed on station at 15,000 ft.,' 
close to its capabilities at engine power settings giving economical fuel con­
sumption; the horizon limit to sea surface coverage is about 150 n.mi. In each 
case, the assumed station altitude is we:U below service ceiling, which occurs 
generally between 20,000 ft. and 30,000 ft. Airships are assumed. on station 
at 1,500 ft. altitud.e, repre sentative of a reasonable operating height, giving 
about 45 n.mi. radius coverage of the sea surface. The three coverage rad.ii 
are very substantially less than the usable operating beacon reception range o 

Ships and.' land radar stations are not included. in Figure 57 because their 
possible coverage of the sea surface would be almost negligible. 

It is interesting to note that this alternate arrangement would. require 15 air­
craft in contrast to the 10 required by the previous, first illustration, in­
cludIng separate coverage of the over-shoot of Area 8. The coverage is more , 
extensive area-wise and. time-wise, but the choice of aircraft types is re­
strictive because of installed. equipments. The number of aircraft required. can­
not be reduced. noticeably except by decreasing the area coverage. As sho"WIl by 
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Figure 58 , the number of a i r c r a f t  required, cannot be reduced. very much by use 
of higher a l t i tudes,  since the greatest  benefit  of a l t i tude  i s  obtained be- 
tween sea l eve l  and.10,000 f t .  t o  15,000 f t . ;  Figure 58 w a s  obtained through 
a suitable combining of Figures 7 and. 48 . 
A minimum cost detection and. search complex of forces may also be derived. con- 
s i s t en t  w i t h  the desired. access times and. w i t h  the requirements f o r  a high 
probabili ty of successful recovery. Reduction i n  numbers of vehicles t o  t h i s  
end. would. e n t a i l  acceptance of gaps in loca l  detection coverage and making up 
fo r  the degradation i n  detection by increased. a i r c r a f t  t r a n s i t  plus search 
time. 
from s ta t ion  t o  predicted. impact location; the lack of a loca l  detection and. 
impact prediction would. r e su l t  i n  a la rger  area of uncertainty associated 
w i t h  impact prediction by a remote land,-based. radar s ta t ion.  The l imit ing 
radius coverage would. be approached. as the t r a n s i t  plus search time became 
not enough l e s s  than the desiredaccess  t i m e  t o  permit suf f ic ien t  advance t i m e  
fo r  re-directing an approaching retr ieve vehicle. I f  the advance time of cap- 
sule location by a search a i r c r a f t  p r io r  t o  a r r i v a l  of a retr ieve vehicle i s  
too s m a l l ,  a large change i n  direct ion of t rave l  may be required., resul t ing i n  
a s ignif icant  reduction i n  effect ive radius coverage per re t r ieve vehicle and 
a consequent increase i n  numbers required,. 
f o r  minimum cost may be made following the procedure discussed i n  the costing 
section. 

The la rger  radii covered. by the a i r c r a f t  would mean longer t r a n s i t  time 

Determination of the l eve l  of e f f o r t  

It i s  estimated. t ha t  one search a i r c r a f t  could. cover approximately 700 t o  800 
n. m i .  of track length within a 6-hour access time, consistent w i t h  a prac t ica l  
requirement f o r  ad.vance time and. consistent w i t h  the retr ieve vehicle cover- 
ages shown i n  Figure 51 f o r  the preferred. re t r ieve complex. Applying the 700 
t o  800 n a i .  track length coverage t o  the i l l u s t r a t i v e  detection and, search 
complex, Figure 56 ,would. permit deleting a i r c r a f t  s ta t ion  numbers 2 through 5 
and. replacing them by one a i r c r a f t  on the ground. a t  Bermuda. Because of the 
distances separating the several recovery areas, no fur ther  changes would be 
possible. 

!The ne t  change i s  a reduction by three i n  the number of a i r c r a f t  required, and. 
a reduction by four i n  the number of a i r c r a f t  i n  the air  on s ta t ion,  i n  favor 
of one ad.d.ed. on the ground.. The cost savings would be the operating costs of 
four a i r c r a f t  i n  the air  on s ta t ion  plus the staging costs, i f  any, of the 
three a i r c r a f t  deleted.. The savings inherent i n  having an a i r c r a f t  available 
on the ground rather  than i n  the a i r  on s ta t ion  wouldbe significant.  
be borne i n  mind. t h a t  the resul t ing minimum cost system does not represent any 
lowering of the probabili ty of success i n  the recovery operation, only a re- 
duction i n  continuity of area coverage for  l oca l  detection and impact prediction. 

It should 

Aircraft  ca r r i e r s  have not been included i n  any of the i l l u s t r a t i v e  vehicle 
complexes because t h e i r  possible contribution would,not be i n  keeping w i t h  
e i t he r  t h e i r  operating capabi l i t i es  o r  t h e i r  operating costs. 
four S2F a i r c r a f t  based. on the c a r r i e r  could. cover the eastern end. of Area 2 
between 45" and. 55" west la t i tude,  covered. by two ships and, one a i r c r a f t  i n  

A c a r r i e r  plus  
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Figure 58 , the number of aircraft required. cannot be reduced. very much by use 
of higher altitud.es, since the greatest benefit of altitude is obtained be­
tween sea level and. 10,000 ft, to 15,000 ft.; Figure 58 was obtained. through 
a suitable combining of Figures 7 and. 48. 

A minimum cost detection and. search complex of forces may also be d.erived. con­
sistent with the d.esired. access times and. with the requirements for a high 
probabili ty of successful recovery. Reduction in numbers of vehicles to this 
end. would. entail acceptance of gaps in local d.etection coverage and making up 
for the d.egradation in d.etection by increased. aircraft transit plus search 
time. The larger rad.ii covered. by the aircraft would. mean longer transit time 
from station to pred.icted. impact location; the lack of a local d.etection and. 
impact pred.iction would. result in a larger area of uncertainty associated. 
with impact prediction by a remote land.-based. radar station. The limiting 
rad.ius coverage would. be approached. as the transit plus search time became 
not enough less than the d.esired. access time to permit sufficient ad.vance time 
for re-directing an approaching retrieve vehicle. If the ad.vance time of cap­
sule location by a search aircraft prior to arrival of a retrieve vehicle is 
too small, a large change in d.irection of travel may be required., resulting in 
a significant reduction in effective radius coverage per retrieve vehicle and. 
a consequent increase in numbers required.. Determination of the level of effort 
for minimum cost may be mad.e following the proced.ure discussed in the costing 
section. 

It is estimated. that one search aircraft could. cover approximately 700 to 800 
n. mi. of track length within a 6-hour access time, consistent with a practical 
requirement for adyance time and. consistent with the retrieve vehicle cover­
ages shown in Figure 51 for the preferred. retrieve complex. Applying the 700 
to 800 n.mi. track length coverage to the illustrative d.etection and. search 
complex, Figure 56 ,would. permit deleting aircraft station numbers 2 through 5 
and. replacing them by one aircraft on the ground. at Bermuda. Because of the 
d.istances separating the several recovery areas, no further changes would be 
possible. 

The net change is a red.uction by three in the number of aircraft required. and. 
a reduction by four in the number of aircraft in the air on station, in favor 
of one add.ed. on the ground.. The cost savings would. be the operating costs of 
four aircraft in the air on station plus the staging costs, if any, of the 
three aircraft d.eleted.. The savings inherent in having an aircraft available 
on the ground rather than in the air on station would be significant. It should 
be borne in mind. that the resulting minimum cost system does not represent any 
lowering of the probability of success in the recovery operation, only a re­
d.uction in continuity of area coverage for local detection and. impact prediction. 

Aircraft carriers have not been includ.ed. in any of the illustrative vehicle 
complexes because their possible contribution would. not be in keeping with 
either their operating capabilities or their operating costs. A carrier plus 
four S2F aircraft based. on the carrier could. cover the eastern end. of Area 2 
between 45° and. 55° west latitud.e, covered. by two ships and. one aircraft in 
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Figure 56 , f o r  chaff detection and. f o r  search, but the a i r c r a f t  would, require 
r e l i e f  i n  case of a f i r i n g  hold.; the two more remote S2F's would, require r e l i e f  
irrespective of holds because of the long access times prevail ing i n  Area 2. 
The ca r r i e r  coUd. also a c t  as a base 
double duty. With a 6 hour access time specified., and, w i t h  an HR2S capable of 
a 130 n.mi. radius of action w i t h  a 2 hour access t i m e ,  a 25 knot operational 
speed. ca r r i e r  could. steam 100 n.mi. i n  the f i r s t  four hours f o r  a t o t a l  radius 
coverage of 230 n.mi. This amsuerage could. take 'the place of re t r ieve s ta t ion  7 
and. most of 8 i n  Figure 51 . The ne t  would. be: 1-a i rc raf t  car r ie r ,  4-S2F air- 
c r a f t  plus r e l i e f  f o r  each, and, 1-HR2S. 

f o r  a re t r ieve helicopter, thus doing 

This represents only a s m a l l  pa r t  of the a i r c r a f t  basing capabi l i ty  of a 
carr ier ,  and. would r e su l t  i n  a substant ia l ly  higher operating cost  than the 
one la rger  a i r c r a f t  and, two smaller ships included i n  Figures 
which provide the same coverage. The same negative r e su l t  could. also be ob- 
tained. i n  other portions of the several areas t o  be covered,, so tha t  a i r c r a f t  
car r ie rs  have been omitted. as not belonging s t r i c t l y  i n  the form of minimum 
system derived herein.  

~ 

51 and. 56 , 

A somewhat similar retr ieve system combining LSD's and,HUS helicopters m i g h t  
a l so  be used. Taking the HUS capabi l i ty  as 3 hours access time a t  100 n.mi. 
radius or 200 n.mi. range, in  accordance w i t h  previous discussion, and. assuming 
use of a Thomaston c lass  LSD w i t h  a 15  knot operational speed,, the radius cover- 
age would, be 45 n.mi. for the first three hours t r ave l  by the LSD plus 122 n.mi. 
outbound. distance f o r  the EUS, o r  167 n.mi. t o t a l .  
the operation is 9 n.mi. covered. by the LSD i n  6 hours, plus the remaining 78 
n.mi. of the HUS range. Since the t o t a l  i s  of the same order of magnitude as 
the 144 n.mi., 6-hour coverage of a 25 knot operational speed, ship, the two 
systems would, be approximately equivalent i n  the number of re t r ieve vehicles 
required.. 
than that of a destroyer, as may be seen by referr ing t o  the costing section of 
th i s  report .  

!!%e balancing return l e g  of 

However, the operating cost  of an LSD-HUS combination would, be higher 

In  order t o  provide emergency coverage against sinking of the capsule, ships 
such as sub rescue vessels m i g h t  be deployed,in shallow water areas. These 
areas would be close t o  Bermuda and i n  the t h i r d .  o rb i t  landing area, Area 8 
capsule sinking i n  deep water areas would not be coverable i n  the suggested 
manne r . 

. 
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Figure 56 , for chaff d.etection and. for search, but the aircraft would. require 
relief in case of a firing hold.; the two more remote S2F I s would. require relief 
irrespective of hold.s because of the long access times prevailing in Area 2. 
The carrier ·coUld. also act as a base, for a retrieve helicopter, thus doing 
double duty, Wi th a 6 hour access time specified" and. with an HR2S capable of 
a 130 n.mi. rad.ius of action with a 2 hour access time, a 25 knot operational 
speed, carrier could. steam 100 n .mi. in the first four hours for a total rad,ius 
coverage of 230 n.mi. This oeverage could. take 'the place of retrieve station 7 
and. most of 8 in Figure 51 • The net would. be: l-aircraft carrier, 4-S2F air­
craft plus relief for each, and. l-HR2S. 

This represents only a small part of the aircraft basing capability of a 
carrier, and. would. result in a substantially higher operating cost than the 
one larger aircraft and. two smaller ships included. in Figures 51 and. 56 , 
which provid.e the same coverage. The same negative result could. also be ob­
tained. in other portions of the several areas to be covered., so that aircraft 
carriers have been omitted. as not belonging strictly in the form of minimum 
systemd.erived. herein. 

A somewhat similar retrieve system combining LSD's and.HUS helicopters might 
also be used.. Taking the HUS capability as 3 hours access time at 100 n.mi. 
rad.ius or 200 n.mi. range, in accordance with previous d.iscussion, and. assuming 
use of a Thomaston class LSD with a 15 knot operational speed., the rad,ius cover­
age would. be 45 n.mi. for the first three hours travel by the LSD plus 122 n.mi. 
outbound. d.istance for the HUS, or 167 n .mi. total. The balancing return leg of 
the operation is 9On.mi. covered. by the LSD in 6 hours, plus the remaining 78 
n .mi. of the HUS range. Since the total is of the same ord.er of magni tud.e as 
the 144 n.mi., 6-hour coverage of a 25 knot operational speed. ship, the two 
systems would. be approximately equivalent in the number of retrieve vehicles 
required.. However, the operating cost of an LSD-HUS combination would. be higher 
than that of a destroyer, as may be seen by referring to the costing section of 
this report. 

In order to provid.e emergency coverage against sinking of the capsule, ships 
such as sub rescue vessels might be d.eployed. in shallow water areas. These 
areas would. be close to Bermuda and. in the third, orbit landing area, Area 8 
capsule sinking in deep water areas would. not be coverable in the suggested. 
manner • 



f· ( 
C 0 9 & '!Pi 

STAGING AND BE-CECING CONSIDERATIONS 

lSXJ 

Putting the Mercury manned capsule recovery program into operation will require 
a substantial amount of coordination . The high probability impact areas range 
from Cape Canaveral east to the Canary Island.s over 3,000 nautical miles distant 
and southeast to the vicinity of Puerto Rico 1,000 nautical miles .distant. Veh ... 
icles which may be involved in the operation may range all the way from 15 knots 
(or lower) operational speed to over 200 knots cruise speed for aircraft. Some 
vehicles have the operating range capability of proceeding unaided. to their 
assigned. areas, others may have to be d.eli vered. in advance. In certain cases, 
there may be no facilities currently available. In ad.dition, re-cyclingofsome 
vehicles may be necessary so as to provide the requisite coverage of certain 
stations. Thus, there are many facets to controlling the operation. This section 
of the report is intend.ed. to outline the necessary staging and. re-cycling problems 
and to serve as a guid.e to the overall mission planning • 

. Staging 

In order to establish a frame of reference, the following assumptions are made: 

1. Ships are staged. from Norfolk, Virginia, for d.eployment in Areas 1 
through 7 and. from Key West, Florida, for Area 8 ~ 

2. Aircraft are staged. from Brunswick, Maine, via Argentia, for deploy­
ment from the Azores and. Via Argentia and the Azores for d.eployment 
in the Canary Island.s,; from Norfolk, Virginia, for d.eployment from 
Bermuda, excepting SA-16/UF's and p~fS which are assumed. ordinarily 
based. at Bermuda; and from Miami, Florid.a, for d.eployment in Area 8, 
and Area 8 over-Shoot, with Guantanamo Bay used. as an intermediate stop 
between Miami and. Dominican .Republic AAFB, and Antigua. The three stag­
ingbases are representat:l.ve of northeastern, central eastern, and south­
eastern United States. 

3. Aircraft operating from Patrick AFB and. helicopters from Cape Canaveral 
do not require staging. 

4. Airships are staged. from Lakehurst, New Jersey, for deployment from 
Bermuda; and. from Glynco, Georgia, via Guantanamo Bay for deployment 
in Area 8 from Roosevelt Roads. 

5 .. Aircraft having insufficient range capabilities for travel to the 
assigned. d.eployment bases are d.elivered. in advance. 

6. A minimum two-hour ground time for refueling is assumed. for staging 
stops up to a limit of eight hours flight time for two successive 
route segments combined.; for longer flight times; an over-night stop 
is assumed., to allow for crew rest. 

PRELIMINARY 



7. Aircraft  are  assumed. t o  arr ive a t  the base f o r  operation one day 
i n  advance to  allow f o r  refueling, l i ne  maintenance, crew rest, and. 
last  minute coordination. 

8. Ships are assumed. t o  arrive on s ta t ion  somewhat in  adxance to  allow 
confirmation of locat ion and weather reporting. 

The staging distances appropriate t o  the selected. mo& of operation are: 

Brunswick t o  Argentia, Newfoundland TOO n.mi. 
Argentia t o  Lajes, Azores 1300 '' 
Lajes t o  Las Palmas, Canary I s l a n d s  860 ' 
Norfolk t o  Bermuda 640 '' 
Lakehurst t o  Bermuda 640 '' 
M i a m i  t o  Guantanamo Bay 460 '" 
Glynco t o  Guantanamo Bay 760 
Guantanamo t o  Dominican Republic MFB 330 
Guantanamo t o  Roosevelt Roads 500 
Guantanamo t o  Antigua AAFB 760 *' 

Tables 26 and.27 present staging d a t a  f o r  detection and search a i r c r a f t  and 
f o r  re t r ieve vehicles, respectively, f o r  the preferred i l l u s t r a t i v e  complexes 
d.iscussed. ea r l i e r .  Each vehicle is identified, by the number of i t s  s ta t ion  as 
used in  the appropriate i l lnstaat ion,  Figure 51 o r  56 ,base t o  be used. f o r  the 

. recovexy operation, staging base and distance, enroute speed., staging time, and 
d.eparture day. Both min imum time on s ta t ion  vs. s ta t ion  radius capabi l i ty  o r  
radar capabili ty a i r c r a f t  and next a l te rna te  are  shown. 

The staging departure days f o r  detection and search a i r c r a f t  range f r o m  l$ t o  
4 d.ays i n  advance f o r  a i r c r a f t  which are  able t o  proceed. unaidea.; if an S2F is  
t o  be used. in  the Canary Islands Area 5, it must be delivered, i n  advance. The 
staging departure days f o r  re t r ieve  vehicles range f r o m  1s t o  6$ days i n  
advance, except f o r  the helicopters based.at  Bermuda and. at  L a s  Palmas i n  the 
Canary Islands, these requiring delivery i n  advance. An enroute speed. of 15 
knots w a s  assumed f o r  the 25 knots operational speed. ships t o  represent a reason- 
able fue l  economy cruising condition. 

Table 28 presents a vehicle staging time table, resul t ing from a combination 
and re-arrangement of Tables 26 and. 27 . 
at ion required must regulate the departure of a i r c r a f t  and. ships a t  one half t o  
one day intervals  from f ive  different  areas. 

A s  may be seen, the staging coord.in- 

A similar staging i l l u s t r a t i o n  could, be s e t  up f o r  ea& of the al ternate  vehicle 
complexes discussed. earlier, and. would, show d e t a i l  differences i n  departure 
interval,  departure area, and e a r l i e s t  departure day. The e a r l i e s t  departure 
day, among a l l  the selected. complexes, would. be f o r  re t r ieve  vehicle No. 25 i n  
Figure 55 . Assuming a 10 b o t  enroute speed f o r  this 1 5  knot operational speed 
ship, departure would. be a t  -13 days f o r  an a r r iva l  a t  -1 hour. 
i n  the same location, Figure 54 ,  would. depart a t  -9 days f o r  an arrival. a t  -8 

A 25 knot ship 
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The 

7· Aircraft are assumed. to arrive at the base for operation one day 
in advance to allow for refueling, line maintenance, crew rest, and. 
last minute coordination. 

8. Ships are assumed. to arrive on station somewhat in ad~ance to allow 
confirmation of location and weather reporting. 

staging distances appropriate to the selected. mode of operation are: 

Brunswick to Argentia, Newfoundland 700 n.mi. 
Argentia to Lajes, Azores 1300 Jt 

Lajes to Las Palmas, Canary Island.s 860 If 

Norfolk to Ber-muda 640 Jf 

Lakehurst to Ber-muda 640 " 
Miami to Guantanamo Bay 460 If .-

Glynco to Guantanamo Bay 760 " 
Guantanamo to Dominican Republic AAFB 330 n 

Guaritanamo to Roosevelt Roads 500 » 

Guantanamo to Antigua AAFB 760 " 

Tables 26 and. 27 present staging data for detection and search aircraft and 
for retrieve vehicles, respectively, for the preferred illustrative complexes 
d.iscussed. earlier. Each vehicle is identified. by the number' of its station as 
used in the appropriate illust:£"ation, Figure 51 or 56 ,base to be used. for the 

. recove:ry operation, staging base and distance, enroutespeed., staging time, and. 
d.eparture day. Both minimum time on station vs. station radius capability or 
radar capability aircraft and next alternate are shown. 

The staging departure days for detection and search aircraft range from l! to 
4 d.ays in ad~ance for aircraft which are able to proceed. unaid.eo.;. if an S2F is 
to be used. in the Canary Island.s Area 5,' it must be delivered in advance. The 
staging departure days. for :retrieve vehicles range from l! to 6! days in 
advance, except for the helicopters based. at Ber-muda and. at Las Palmas in the 
Canary Island.s, these requiring d.elivery in ad.vance. An enroute speed. of 15 
knots was assumed for the 25 knots operational speed. ships to represent a reason­
able fuel economy cruising cond.i tion. 

Table 28 presents a vehicle staging time table , resulting from a combination 
and re-arrangement of Tables 2$ and. 27. As may be seen, the staging coord.in­
ation required must regulate the departure of aircraft and. ships at one half to 
one day intervals from five different areas. 

A similar staging illustration could. be set up for each of the alternate vehicle 
complexes discussed. earlier, and would. show detail d.ifferences in d.eparture 
interval, departure area, and earliest departure day. The earliest departure 
d.ay I among all the selected complexes) would be for retrieve vehicle No. 25 in 
Figure 55. Assuming a 10 knot enroute speed. for this 15 knot operational speed 
ship, departure would. be at -13 days for an arrival at -1 hour. A 25 knot ship 
in the same location, Figure 54) would. depart at -9 days for an arrival at -8 
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TABLE 26 
STAGING CI!' AIRCRAn' Fm DImX:TION AND SEARCH Ref, Fig. 56 'l'abla 29 

Station Vehicle Due For Stag1.D& Oi.tace &!route _~'n.- ~r Number Operation Due N. )Q.. SpMCl-irllDt. HDara I~ 
1 S2F Patrick No staging neee·ArT 

SA-l6A/B Patrick No .tag1na neee·ArT 
2 SA-l6A/B Patrick No .taging necellArT 

P5l(-2 Patrick No .t.&gin« nece!IArT 
RA Ai1'8hip BenllUda Lakehurst 640 40 16.0 -2 

) SA-l6A/B BenllUda No .taging nee··ArT 
P5M-2 BenllUda No .taging neee·aart 

4 SA-l6A/B BenllUda No ' .taging .nece8ArJ' 
P5l(-2 ' BenllUda No II~ nee··ArT 

RA Ainhip BenllUda Lakehunt 640 40 16.0 -2 

5 P5H-2 BenllUda No .taging neee·ArT 
P2V-5/7 BenllUda Nortolk I 640 I 170 ).8 -Ii 

6 P5K Bermuda No .taging n.c.8ArJ' 
P2V-5/7 Bermuda Nortolk 640 170 ).8 :~ WV-2 BenllUda Nortolk 640 215 .3.0 

7 SA-16l! Asore. Brunswick 2,0)0 135 15.~~~~ ill! 
-.3 

P5M-2 Asore. Brunswick 2;0)0 150 13.5 ~~ -.3 
P2V-5/7 ABOre. Brunllwick 2,0)0 170 12.0~2~ -) 
WV-2 ABOre. Brunswick 2,0)0 215 9.4 2 -) 

8 S2F Canar,r Muat be d.liwred in lICl_e 
21.4(2) )(4) SA-l6A/B Canar,r Br-Im8wick 2,890 135 -J. 

9 S2F Dam. Rep. M1ai 790 130 8.1~5 -.li SA-l6A/B Dem. Rep. K1ad 790 135 7.9(5) -1 

10 SA-16B Antigua Mia1 1,220 135 9.0(2) 2() 

:~t P5M-2 Antigua Mi-.1 1,220 150 10,On 
PZV-5/7 AnUgua M1ai 1,220 170 9.2 5 -1 
WV-2 Antigua MI.a.i 1,220 215 7.7 5 -1 

~l 1. aunch time taken a •• el'O t:lJlle reterence. 
2. Flight t:lJlle 01llY. 
3. Include. oneover-l\i~t .top. 
4. Include. tVa over-night stopll. 
5. Includell one two-hour IltoP. 

TABLE 27 
STAGING OF mmum p!iICLES - PREFl!RRID C<JU>LEI 

Reterence, Figure 51 

Station Vehicle a-se For i Staging Dilltance Enroute Staging T~ De~~ NUllber Operation SUe N. Mi. Speed-~t. noun Uq'II 

1 HR2S canawral No Staging NecellArT 

2 2511: Ship - Norfolk 470 15 1.) -li 

) 2511: Ship - Norfolk 440 15 1.2 -li 

4, 6 Airship(2) Berwruda Lakehunt 640 40 16 -2 

5 11m BenllUda Muat be delivered in advance 

7 2511: Ship - Nortolk 1,200 15 .3.) -.3i 
8 2511: Ship - Norfolk 1,500 15 4.2 -4i 
9 2511: Ship - Nortolk 1,840 15 5.1 -sf 

10 2511: Ship - Nortolk 2,200 15 6.1 -6f 
11 HR2S Canar,r Must be delivered in ad_e 

l2,13 Ainhip Roollewlt R. G~o I 1,260 40 )2{) 2.5(4) -)i 

~l l..a'UDCh time taken &8 sero time reterence. 
2. Also part ot detection end lIearch complex. 
3. Flight time onl7. 
4. Includes one pw..-nigbt lltop. 
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Table. 28 

Departure 
Day 

-6.g 
4 
-44 
-4 

-3% 
-3% 
-3 
-3 
-2 
-12 
-12 

1 

1 

1 

1 
-12 
-15 

From - 
Rorf olk 
Norfolk 
Norfolk 
Brunswick 

Norfolk 
Glynco 
Brunswick 
M i a m i  
Lakehurst 
Norfolk 
Norfolk 
Norfolk 
M i a m i  

Vehlcle Staging Time-TabZe 

Detect ion Retrieve 

10 

9 
8 

8(1> 

Enroute Departure 
Day From 

-3 Argentia 
-2 Azores 

-@ Guantanamo 
-2 Argentia 
-2 GuantanamO 

No staging 1,2,3f 4, 1 

AdVanee delivery 8(3) 5, 11 

5(3) f 6(3) 

Notes: I, Alternate, next t o  lowest time-radius capabili ty,  
2. 
3 .  
4. 
5. 

Coverage for  overshaot of Area 8. 
Lowest usable time-radius capabili ty a i r c r a f t  choice* 
Applies t o  P2V or WV-2. 
Except for lowest capabi l i ty  a i r c r a f t  at  -3 days. 

Arrival 
Time 

-10 hours 
-10 horns 
- 7 hours 

- 1 day - 5 hours 
- 1 day 
- 1 day 
- 1 day 
- 1 day 
- 1 day 
- 5 horns 
- 7 hours - 1 day 

Restriction/Classification 
Cancelled
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Table 28 

Vehicle Sta~ing Time-Table 

Departure Enroute Departure 
Dal From Detection Retrieve Dal From 

-~ Norfolk 10 
.. ~ Norfolk 9 
-4! Norfolk 8 
-4 Brunswick 8(1) -3 Argentia 

-2 Azores 
-3! Norfolk 7 
-3! Glynco 12,13 -~ Guantanamo 
-3 Brunswick 7 -2 Argentia 
-3 Miami 10(2)(3) -2 Guantanamo 
-2 Lakehurst RA 4,6 
-l! Norfolk 5,6(4) 

-l~ Norfolk 2 
-l~ Norfolk 3 
-l! Miami 9,10(5) -1+ Guantanamo 

No staging 1,2,3,4, 1 
5(3) ,6(3) 

Advance delivery 8(3) 5,11 

Notes: 

j~:s .~A.<>i co';fot, 
o' n.t VNJrfD 
l"W$. lltl! I, 
0' IHI UVh 
IQ ... '" UH4lJ 

1. Alternate, next to lowest time-radius capability_ 
2. Coverage for overshoot of Area 8. 
3. Lowest usable time-radius capability aircraft choice. 
4. ·Applies to P2V or WV-2. 
5. Except for lowest capability aircraft at -3 days. 

Arrival 
. Time 

-10 hours 
-10 hours 
- 7 hours 

- 1 day 
- 5 hours 
- 1 day 
.. 1 day 
- 1 day 
- 1 day 
- 1 day 
- 5 hours 
- 7 hours 
.. 1 day 
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hours; the adYantage over the slower ship would. be 4 days each way, or 8 fewer 
days required. for the complete operation. There would, therefore, be a total 
commitment time advantage to use of faster~hips, as well as the previously 
discussed. advantage in numbers of ships required. 

Within the over-all mission staging problem, there is the smaller problem of 
staging aircraft to cover the required. stations and. to perform the detection 
and. search taskso It is necessary to consider also the question of re-cycling 
since relief might be required so as to cover some stations adequately. 

Recycling 

Table 29 presents aircraft cycle d.ata correspond.ing to Figure 56 , showing , 
data for both the minimum capability aircraft and. the next as well. For 
.stations located. substantial d.istances from base, longer time-rad.ius perform­
ance aircraft are also included., since they might be considered. more suitable 
operationally, in such areas. The maximum hold. tolerable using one aircraft 
without relief is shown for each case; the shortest hold. noted in this table is 
two hours, for a minimum capability aircraft. Otherwise, it is apparent that 
quite substantial firing holds could. be tolerated. without recycling, especially 
since short time in the air capability aircraft types can be assigned. to stations 
for -which take-off may be d.elayed until after impact. Therefore, Since it is 
unlikely that there will be a hold. for more than two hours without postponement 
for a d.ay, all of the aircraft specified appear sufficient to cover even the 
most marginal stations. If there is to be a long hold., on the other hand., the 
entire aircraft complex includ.ing the airships could. be recycled. in 12.5 hours 
(6:15 hours travel each way for the first airship) plus turn-around. time; for 
the fixed. wing types along, recycling could. be accomplished. in 11.6 hours (5:47 
hours travel each way) plus ground. turn-around.. Thus, in the event of a 24 
hour d.elay, there should. be no difficulty recycling the entire airborne vehicle 
complex. 

With respect to a minimum cost complex, it is noted in Table 29 that aircraft 
numbers 2 through 5 would. be d.eleted. in favor of one aircraft on the ground. at 
Bermud.a. Inasmuch as the aircraft specified. for those stations are assumed not 
to require staging, with the exception of the P2V alternate for number 5, there 
would be no change in staging for the minimum cost complex vs. the more com­
prehensi ve coverage. Recycling, on the other hand., would. be simpler in that the 
number of aircraft recycled. would. be four less. 

Just as certain aircraft would. require relief so as to cover their stations 
adequately, some of the ships involved. in the recovery effort would. require 
re~supply, or logistics support. For example, it is estimated. that the fuel 
capacity ofa destroyer would. permit about nine days operation at 15 knots 
(a good representative enroute cruising speed) plus six hours at 25 knots 
(operational speed), without dropping below 50% tankage. Customarily, for 
reasons of water stability in rough weather, d.estroyers do not operate at all 
wi th less than 5010 fuel for ballast; there is a decid.ed. preference for refueling 
substantially in adyance of the 50% point. Therefore, a destroyer covering the 
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TABLE 29 
DETECTION AND SEARCH AmCRAFT CYCLE DATA 

Reference: Figure 56 

Area ! Station Distance to Station Capsule ~ct Distance From Latest 
Number Number(l) N. Mi. From Base Arri"",1(2) Station Base Retrieve(2) 

1 1 0 Patrick 0:00 220 220 3:00 

2,7 2* 420 Patrick 0:0q/3:24 40 410 6:24{6) 

2,7 Retrieve Airship 250 Bermnda 0:06 (7) (7) -
2 3* 140 Bermuda 0:06 60 90 5:48 

~,6 4* 120 Bermuda 0:09/1:42 50 90 4:42(9) 

2,6 Retrieve Airship 250 Bermuda 0:09 (7) (7) -
2 5* 440 Bermuda 0:09 40 480 6:09 

2 6 750 Bermuda 0:12 260 1,010 5:12 

3,4 7 610 Lajez, 0:15 290 820 4:15 
AZores 

5 8 0 Canar;y Is. 0:20 130 130 2:20 

8 9(10) 0 Dominican 5:00 270 270 8:00 
Rep. liFB 

Area 8 10(10)** 
Overshoot 

0 Antigua 5:00 790 790 14:12 

NOTES: 1. Reference Figure 56 
2. Launch taken as 0:00 time reference, all times in hr.:min. 
3. No relief, time interval given. 
4. Search contact obtained in advance of arrival of retrieve vehicle, time interval given. 
5. Take-off 5 min. after impact. 
6. Orbit 2 Landing at 3 :24, plus :3 hours. 
7. Airships not used for search. 
8. Airship time in air capabilities exceeds two da~. 
9. Orbit 1 landing at 1:42, plus :3 hours. 

10. One P2V-5/7 or WV-2 on ground at San Juan could cover both Area 8 and 
overshoot, impact distances of 370 n. mi. in Area 8 an:!. 1,050 n. mi. in overshoot. 

* Not required in mini:mum cost complex; replaced by one SA-l6A/B on ground. stand.by at Bermuda. 
** Not included. in minimum cost complex. 

Aircraft 
Type 

S2F 
SA-l6A/B 

SA-16A/B 
P5M-2 

. Airship 

SA-l6A/B 
P5M-2 

SA-l6A/B 
P5M-2 

Airship 

P5M-2 
P2V-5/7 

P5M-2 
P2V-5/7 
WV-2 

SA-16B 
P5M-2 
P2V-5/7 
WV-2 

S2F 
SA-l6A/B 

S2F 
SA-l6A/B 

SA-16B 
P5M-2 
P2V-5/7 

Installed Take...,rr Time to Permissible Ad"",nce 
Radar Time(2) Station Hold(3) Time(J.) 

X-Band (5) - - 0:55 
I-Band (S) - - 1:00 

I-Band -3:39 3:39 3:5q/8:50 2:34 
C-Band -3:23 3:23 8:47 2:37 

S-Band -6:15 6:15 (8) -
I-Band -1:13 1:13 10:21/15:42 5:00 
C-Band -1:05 1:05 14:32 5:04 
X-Band -1:00 1:03 ll:37/16:49 2:29 
C-Band -0:52 0:55 15:40 2:32 

S-Band -6:12 6:15 (8) -
C-Band -3:20 3:23 8:17 5:28 
S-Band -2:53 2:56 10:39 5:30 
C-Band -5:40 5:46 2:00 2:43 
S-Band -4:54 5:00 5:13 3:00 
S-Band -3:45 3:51 6:13 3:23 
I-Band -5:10 5:19 4:30 1:09 
C-Band -4:33 4:42 5:49 1:26 
S-Band -3:55 4:04 8:43 1:44 
S-Band -2:59 3:08 9:22 2:ll 

X-Band (5) - - 0:31 
X-Band - - 0:34 
X-Band (5) - - 0:28 
X-Band (5) - - 0:34 
X-Band (5) - - 2:15 
C-Band (5) - - 3:02 
S-Band (5) - I - 3:51 



ship station most remote from Norfolk, over six days travel, will require 
refueling and peroaps other 10gistic.6support quiteind.ependent of ' the length 
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- of time spent on -station through whatever holds and. delays tha.toccur. Even 
stopping.at Bermuda for fuel between:Norfolk. and. station would. not avoid. the 
need for refueling because almost four &nd.one-half days travel each way would 
be required between. Bermuda and. station, or almost nine days fOr the round. trip. 
Thus, even if there were to be no d.elaywhatsoever, the operation would be 
marginal. 

The same situation would be fOlIDd applicable to other ship stations, with con­
siderable variation in severity because of the widely differing .enroute times 
required.. However, there would. still be a very real need. for normal logistics 
support of fuel supply. Additionally, ord.inary caution would call for support 
being made available to guard against attrition d.ue to equipment or vessel mal­
function. 

As an alternative procedUre, one might logically consid.er recycling in place of 
continued logistic support at sea in the event of long delays. Referring to 
Table 28 , the longest staging time shown is somewhat in excess of six days. 
Therefore, the entire ship complex could be recycled. in about thirteen days 
travel, plus the t i me in port necessary for re-supply. 
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OPERATIONAL EPFECTIVENESS 

A high probabili ty of recovery in a short  time and at  
emphasized i n  t h i s  study, 
has been discussed i n  its own chapter, i n  t h i s  section the interact ions among 
these three main factors  are evaluated and t h e i r  interrelationshi2s a re  shown. 
A procedure i s  developed and i l l u s t r a t ed  w i t h  an example t o  indicate how a 
given vehicle deployment complex Bay be analyzed and the answers found t o  the  
que a t  ions : 

are the goals 
While previously each of the many considerations 

What are the chances of recovering the  capsuLe? 
How long w i l l  it t&e? 
What w i l l  it cost? 

Three different  vehicle corrrplexes have been studied i n  t h i s  repart .  
cribed i n  some detai l ,  beginning on- page 171, they are characterized by: 

A s  des- 

1. Exclusive use of aircraft f o r  detection and search; detection pos- 
s ib l e  t o  the surface throughout the high probabili ty impact areasr  
Any poss ib i l i ty  of detection from the re t r ieve  surface vehicles i s  
neglected. 

24 U s e  of both aircraft md ships f o r  detection; continuous detection 
capabili ty i n  the high prababi l i ty  impact areas f o r  chaff, 10,000 
feet t o  8,000 f e e t  a l t i tude .  

3. Minimum cost system similar t o  (2), above, except that the detection 
vehicles are  spaced fur ther  apart .  

The first of these systems d i f f e r s  from the other two i n  that it permits the 
u t i l i za t ion  of re t r ieve  vehicles which do not possess sui table  detection equip- 
ment. The th i rd  system differs from the previous two i n  that continuous cover- 
age f o r  detection before impact i s  no longer a systea requirement. 
amination of these systems can show the  re la t ive  values of: 

Thus, ex- 

1, Continuous detection coverage i n  the high probabili ty impact areas as 
opposed t o  a system without t h i s  requirement. 

2. E$lysloying all vehicles as detectors as opposed t o  using only especially 
designated detection vehicles, 

M a x i m u m  spacing of detection a i r c r a f t  as crpposed t o  spacing for  minimum 
search t i m e . .  

3. 

The relationship between the  assumed t o t a l  recovery time and the allowable search 
t i m e  i s  shown i n  the following expression: 

Restriction/Classification 
Cancelled
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OPERATIONAL EFFECTIVENESS 

A hisr probability of recoverl in a short time and at low cost are the goals 
emphasized in this study. While previously each of the many considerations 
has been discussed in its. own chapter; in this section the interactions among 
these three main factors are evaluated and their interrelationships are shown. 
A procedure is developed and illustrated with an example to indicate how a 
given vehicle deployment complex may be analyzed and the answers found. to the 
ques.tions: 

What are the chances of recovering the capsule? 
How long will it take? 
What will it cost? 

Three different vehicle complexes have been studied in this report. As des­
cribed in some detail, beginning .o~.page 171, they are characterized by: 

1. Exclusive use of aircraft for detection and search; detection pos­
sible to the surface throughout the high probability impact areas. 
Any possibility of detection from the retrieve surface vehicles is 
neglected. 

2. Use of both aircraft and ships for detection; continuous detection 
capability in the high probability impact areas for chaff, 10,000 
feet to 8,000 feet altitude. 

3. Minimum cost system Similar to (2), above, except that the detection 
vehicles are spaced further apart. 

The first of these systems differs from the other two in that it permits the 
utilization of retrieve vehicles which do not possess suitable detection eqUip­
ment. The third system differs from the previous two in that continuous cover­
age for detection before impact is no longer a system requirement. Thus, ex­
amination of these systems can show the relative values of: 

1. Continuous detection coverage in the high probability impact areas as 
opposed to a system without this ~equirement. 

2. Employing all vehicles as detectors as opposed to using only especially 
deSignated detection vehicles. 

3. Maximum spacing of detection aircraft as oppOSed to spacing for minimum 
search time. 

The relationship between the assumed total recovery time and the allowable search 
time is shown in the following expression: 

h'l$ "'GI 
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Tt 
l + S + ts +!L + l 
l2 Vs Vr b 

where Tt- assumed total recovery time (hOurs) 

s - + ts:=: allowable search time :=: Ta 
Vs 

S :=: initial distance from detection or search vehicle to predicted 
impact point 

Vs• :::: velocity of the search vehicle 

ts = time required to search the uncertainty area 

R = radius of uncertainty area 

velocity of retrieve vehicle Vr .~ 

l 
12 = 5 minutes immediately after impact to allow for local coordination 

of search effort 

1 
'b== 

( 

lO minutes for final maneuvering of the retrieve vehicle and for 
pick-up of the capsule from the water 

S 
11; .= time for search vehicle to travel from initial station to pre­

dicted impact point 

= time for retrieve vehicle to travel from predicted impact 
point to circumference of uncertainty area 

System effectiveness~ E~ is here defined as the probability that the capsule will 
be located in sufficient time for recovery to be completed within the assumed 
total recovery time. The values shown for E are derived from: 

1. The probability of detection before impact averaged over the distance 
from the nearest detectiOn vehicle. 

2. The search time actually available to the search vehicle after travel 
to impact area~ and the corresponding probability that the search re­
sults in a successful detection within the allowable search time. 

3. The reliability of detection and search equipment. 

Since a local area detection results in almost certain success in search and 
retrieval, system effectiveness may be considered to be the s~e as theproba­
bili ty of detect.ion of the capsule by the local recovery forces: 
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TABLE 30 
REX::OVERY SYSTEM EFFEX::TIVENESS 

0 '® CD ® CD ® CD ® ® @) @ @ @ 
Recovery Area 

I 
Assumed Est1natsd Retrieve Vehicles Allowable Detection and Search Svstems 

Total Radius of Search Complete Coverage Complete Surface 
No. Dimensions Recovery Uncertainty No. Type Velocity Average Time for Chaff at 8000 t Coverage 

I' Time (n. mi.) Velocity (hrs. ) Aircraft and Shins Aircraft Onlv 
(hrs. ) (knots) Capsule Location Aid Availability 

No ea: nsule Aids 
After Total Impact (E) (ps '8.2) 

1 100 x 300 3 3.6 1 HR2S 90 47 2.63 0.94 0.96 
2 DD 25 

2 40 x 1600 6 ~ 30 2 ZP 40 43 5.05 0.90 0.94 
1 HUS 85 
2 DD 25 

3 40 x 200 6 30 1 DD 25 25 4.55 0.90 0.94 

4 40 x 200 , 6 30 1 DD 25 25 4. 55 0.90 0.94 

5 40 x 200 3 3.6 1 HR2S 90 90 2.71 0.94 0.96 

6 50 x 210 3 3.6 1 ZP 40 40 2.66 0.94 0.96 

7 50 x 210 3 30 1 ZP 40 33 1.84 0.49 0.67 
1 DD 25 

8 120 x 400 3 ]1.6 2 ZP 40 40 2.66 0.94 0'96 

E - Recovery System Effectiveness (including equipment performance, reliability, recovery time ani search vehicle velocity) 
- Pd'Rl + (1 - Pd'Rl) PS'R2 (where Rl and R2 are reliability factors as a function of time before and after impact, respectively) 

(where Pd is probability of detection before .impact as a function of equipment performance capability and 
time available for detection.) 

Pd from Figures 43 and 10. 

Rl and R2 from Figure 30. 

Ps from section on search 
after impact. 

(whereP" is probability of detection after impact as a function of equipment performance capability, 
time available for searching, size of area to be searched and search vehicle Yelocity.) 

- (0.35) (0.98) + (1 - 0.35 x 0.98) 

- (0.01) (0.98) + (1 - 0.01 x 0.98) 

- (0.99) (0 .. 98) + (1 - 0.99 x 0.98) 0.49 :Ill all cases. 

After 
Impact 
(Ps R.2) 

0.94 

0.90 

0.90 

0.90 

0.94 

0.94 

0.55 

0.94 

Total 
(E) 

0.94 

0.90 

0.90 

0.90 

0.94 

0.94 

0.55 

0.94 

@ 

Either 
System 

'All Aids or 
Chaff Only 

Total 
(E) 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 
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where Pd- Probability of detection before impact as a function of equipment 
performance capability and time available for detection 

Ps = Probability of detection after impact as a function of equipment 
performance capability, time available for searching, size of 
area to be searched and search vehicle velocity 

RI and R2 = Reliability factors as a function of particular equipment 
and the length of time during which it operates before and after 
impact, respectively. 

Table 30 lists the high-probability impact area parameters and shows the recovery 
system effectiveness for each area for the preferred deployment of retrieve vehi­
cles (Figure 51). Two different vehicle arrangements for detection before impact 
are assumed (Figures 56 and 57) with three conditions of capsule location aid 
availability. The two detection systems give 1) complete radar beacon coverage 
of the surface and 2) complete radar coverage for chaff down to 8,000 feet alti­
tude. 

With either detection system there is a greater than 99% probability of recovery 
within the assumed recovery time when the capsule location aids work. Probabil­
ity is still 99% if all capsule electronic aids fail and only the chaff functions 
as planned at the main parachute opening. If no location aids function (no 
C-band, S-band, UHF, .HF or SARAH beacons, no chaff, smoke, dye marker or flashing 
light), the probability of locating the capsule within the assumed 3 hour or 6 
hour maximum recovery time is reduced to 90 - 94% throughout most of the area. 
It can be increased either by adding more vehicles or more search time. For area 
7, with no capsule aids or chaff detection, the 55% probability can be increased 
to 99% by the addition of one-half hour to the originally assumed 3 hour recovery 
time. 

It is considered beyond the scope of this brief study to include the probability 
of various capsule location aids operating. The probability that the capsule is 
more likely to land in one of the high-probability areas than in another is ne­
glected also except insofar as recovery forces are reduced in abort areas 2, 3 
and 4 consistent with a maximum recovery time of 6 hours in contrast with the 
3 hour maximum assumed for all the othe~ areas. 

The third detection and search vehicle complex, based on mInImum cost, is similar 
to that for complete chaff coverage except that the four aircraft at flight sta­
tions 2,3,4 and 5 (for Area2) shown in Figure 56 are replaced by one on the ground 
at Bermuda. The maximum search vehicle spacing is reached when further reduction 
in the number of search vehicles would result in an increase in total system cost 
due to the need for additional retrieval vehicles. 

PRELIMINARY 
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This case is examined. in th.e following example 'Which serves to show a procedure 
for checking the recovery system effectiveness for a given deployment of vehi­
cles in a particular area. 

Example: 

P d. , 

P d., 

Area: Area No.2 
Dimensions: 40 x 1600 miles 
Assumed. total recovery time (Tt): 6 hours 
Estimated rad~us of uncertainty (R): 30 miles 

Retrieve Vehicles: 
(Fig. 51) 

Two a.irships, 40 knots 
One HUS helicopter, 85 knots 
Two ll.estroyers, 25 knots 
Average vehicle velocity (Vr ): 43 knots 

Detection stations for chaff: One fixe d.-wing aircraft 
Two airships 
Two d.estroyers 
One ground. station (Bermuda) 

Total = 6 

Detection station range = 120 miles (line-of-sight limited. against chaff at 
10,000 - 8,000 ft.) 

Average detection station spacing = 1600/6 = 267 miles. 
Because of some overlapping coverage, spacing is assumed. to be 300 miles. 

Av~rage range per station re~uired. for complete coverage = 300/2 = 150 miles. 

wheh chaff iSJavai.l.able· for fietection,::' from shipboard., airship or land.­
based. radar-.99 x 120/150 =.79 (A 99% probability is assumed over the 
line-of-sight range of 120 miles and. 0% over the remaining 30 miles) based. 
on radar performance. 

If no chaff or other location aid.s operate, probability of d.etection before 
impact is assumed = .99 x 60/150 = .40, based. on a range skin tracking of 
capsule alone of 60 out of the 150 miles total. (An assumed. average range 
for the airborne, shipboard., and. ground. radars). 

= Reliability of the shipboard. and. land.-based. rad.ars d.uring the short time 
before impact is assumed. to be at least 99%. ) 

Pd. x Rl = Minimum probability of detection before impact 
against chaff = .99 x .79 = .78 
no location aid.s= .99 x .40 = .39 
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Search vehicle stations: one aircraft at Bermuda 
(Fig. 56) one aircraft at eastern end. of area 2 

Maximum search vehicle spacing::: 800 miles 
Length of track to be covered by each::: 400 miles to either side 
Search vehicle velocity = 150 knots 
Maximum time to pred.icted impact point::: 400/150 ::: 2.67 hours 

Allowable search time = Ta ::: Tt - 1 - R - 1 (From the equation on 
12 Vr b page 193) 

::: 6 - 1 - 30 - 1 
12 18 b 

5.05 hours 

Time remaining to search uncertainty area ::: 5.05 - 2.67 == 2.38 hours 

Sweep wid.th of search vehicle (all aids), W::: 124 miles (Figure 45) 
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2)(62 mile range capability of UF or S2F aircraft. It can be seen 
from Figure 45 that several other aircraft have greater equipment 
capability. The va;Lue from Figure 45 is the range for 0.5 probability 
of detection ina single scano It is assumed. there will be time to get 
at least 7 scans and. so raise the probability to a level greater than .99. 

Sweep wid:th of search vehicle (no aid.s), W == 25 miles;> d.erived. as follows: 

1) Radar range against capsule (as a snorkel) ::: 18 miles (Table 8) for 
50% probability of detection, for a single scan, for zero sea state. 

2) For average sea conditions (state 2-3) range reduction factor::: .70, 
giving an effective range of .70 x 18 == 12.5 miles (see sketch on page 41) 
or sweep wid.th = 2 x 12.5 ::: 25 miles. 

Track spacing (all aids) :::0.4 x 124::: 50 miles. 

Track spacing (no aid.s) = 004 :x 25· = 10 miles. Figure 14 shows that track 
spacing should be approximately 0.4 x sweep width for minimum time to 
obtain aO.99 detection probability. 

Time required. to search the 30 mile radius uncertainty area: 

1) All capsule aids functioning, t==O hours (Detection range is over twice 
the radius of uncertainty area) • 

2) No capsule aid.s functioning, t ::: 1.88 hours::: d. = 
search of the completion area. V; 

A 
0. 4wvs 

A search with .99 probability of detection could be made in 1.07 hours 
(Equation 12, page 61). 

f· , 
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Ps = Probability of detection during remaining search time (neglecting 
r e l i a b i l i t y )  

1) AU. capsule a ids  = .99 
2) No capsule a i d s  = .99 (1.88 2.38 hours allowed.) 

R2 = Rel iab i l i ty  of the a i r c r a f t  equi-pment during the search. 

1) 
2) No a i d s  = .89 (Fig. 30, f o r  radar a t  1.88 + 0.5 hours) 

All aids = .95 (Fig. 30, f o r  radar at-0.5 hours) 

Ps x P2 = Probability of detection a f t e r  impact within allowed t i m e .  

All a i d s ,  >.99 x .95 or > .94 
2 ll No a ids ,  = .99 x .89 or = .8$ 

E = Recovery System Effectiveness ( f r o m  the equation on page 199) 

1) A l l  capsule a i d s  fuuctioning, = .78 I- (1-.78) .94 
= 999 

= -97 

= *93 

- 
2) Only chaff available, = .78 + (1-.78) .88 

- 
3) No capsule a ids  available, = a39 + (1-*39) e 8 8  

- 
The above Bffectiveness values f o r  this minimum cost type of detection system, 
with more widely spaced. detection vehicles, compare w i t h  .99, .99 and. .94, 
respectively, for  the d,eployment that gives complete coverage for  chaff (Table 30). 
The slight difference between the two systems, f d r  the cases where the capsule 
location a i d s  are not fknctioning, is explained by the f ac t  that i f  no i n i t i a l  
loca l  contact is mad.e before impact, a greater area of uncertainty must be searcihed.. 
This w i l l  take more t i m e  aud. the r e l i a b i l i t y  of the search equipment continues t o  
drop of f  w i t h  time. The difference is not important fo r  the short  search times tha t  
are  +due t o  combining these prcaposed, recov.ery forces and small-uncert,ainty areas. 

Total Cost,of the Recovery Systems. 
Tor the 3 complexes described. is  itemized i n  Tables 31 and. 32 and. is  shown in  
Figure 59 as a function of the number of dai ly  postponements. 
summary i s  given i n  Appendix A. 

The t o t a l  operational cost  of the recovery 

The detai led cost  

The t o t a l  cost  may be summarized as follows: 

Minimum Mission Mission includ.ing 
10 Daily Postponements 

Complete Surface Detection Coverage $740,500 $1,641,600 
Complete Chaff Detection Coverage 689,700 1,510,300 
Minimum Cost 679,300 1,458,300 
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P s = Probability of d.etecti~n .during remaining search time (neglecting 
reliability) 

1) All capsule aids "" • 99 
2) No capsule aid.s = .99 (1.88 2.38 hours allowed.) 

R2 = Reliability of the aircraft equipment during the .search. 

1) All aids = .95 (Fig. 30, for radar at"0.5 hours) 
2) No aid.s = .89 (Fig. 30, for radar at 1.88 + 0.5 hours) 

P s x P2 = Probability of d.etection after impact wi thin allowed. time. 

All aid.s, 
No aid.s, = 

> .99 x .95 or >.94 
.99 x .89 or = .8B 

E = Recovery System Effectiveness (from the equation on page 199) 

1) All cap sule aid.s functioning, = .78 + (1-.78) .94 

2) Only chaff available, 

3) No capsule aids available, 

=~ 

= .78 + (1-.78) .88 
= ..:2L 
= .39 + (1-.39) .88 
= ·93 

The above Effectiveness values for this minimum cost type of detection system, 
wi th more wid.ely spaced. detection vehicles, compare with. 99, .99 and .. 94, 
respectively, for the deployment that gives complete coverage for chaff (Table 30). 
The slight difference between the two systems, for the cases where the capsule 
location aid.s are not functioning, is explained by the fact that if no initial 
local contact is mad.e before impact, a greater area of uncertainty must be searched .• 
This will take more time and. the reliability of the searGh eqUipment continues to 
d.rop off with time. The difference is. not important for the short search times that 
are, due to. combinin.g these. proposecL recovery forces an:dsmall. uncert,ainty areas. 

Total Cost of the Recovery Slstems. The total operational cost of the recovery 
~or the 3 complexes described. is itemized in Tables 31 and. 32 and. is shown in 
Figure 59 as a function of the number of daily postponements. The detailed cost 
summary is given in Append.ix A. 

The total cost may be summarized as follows: 

Complete Surface Detection Coverage 
Complete Chaff Detection Coverage 
Minimum Cost 

1 .. 1$ .AGI CONT 
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Minimum Mission 

$740,500 
689,700 
679,300 
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Mission includ.ing 
10 Daily Postponements 

$1,641,600 
1,510,300 
1,458,300 
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The cost f o r  the m i n i m u m  r ecove rydss ion  - assuming no delays o r  postponements - 
i s  therefore about $700,000 i n  d i rec t  expenses: including fuel, o i l ,  and other 
consumables, an apportioned share of the maintenance, and pay and allowances 
of the mi l i ta ry  personnel involved. 
ponements are required. 

The eommitaru3116 of vehicles t o  the operation can be reduced substant ia l ly  i f  
complete loca l  detection coverage i s  not required. .The minimum cost complex 
requires from 20 t o  25% fewer vehicle-days than tha t  for complete surface de- 
tect ion coverage. 
fo r  complete loca l  detection coverage i s  re la t ive ly  s m a l l :  a 1 t o  4% increase 
f o r  complete coverage f o r  chaff, and a 9 t o  13% increase f o r  complete coverage 
for surface detection. 

The cost w i l l  double i f  8 o r  9 dai ly  post- 

On the other hand, the increase i n  operational cost  required 

Xecomended Recovery System 

The three vehicle complexes dciscussed are considered t o  be minimum systems f o r  
the type of l oca l  detection coverage they provide. The choice as t o  the 
optimum selection and alloeatlon of recovery forces i s  l e f t  t o  the authority 
responsible f o r  the safe recovery of the Mercury capsule and i t s  occupant, t o  
be decided on the basis  of t h e i r  effectiveness, t h e i r  cost, t h e i r  avai labi l i ty ,  
and whatever intangible factors  a re  construed t o  be significant.  
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The cost for the minimum recovery mission - assuming no delays or postponements 
is therefore about $700,000 in direct expenses: including fuel, oil, and other 
consumables, an apportioned share of the maintenance, and pay and allowances 
of the military personnel involved. The cost will double if 8 or 9 daily post-
ponements are required. . 

The commitment of vehicles to the operation can be reduced substantially if 
complete local detection coverage is not required •. The minimum cost complex 
requires from 20 to 25% fewer vehicle-days than that for complete surface de­
tection coverage. On the other hand, the increase in operational cost required 
for complete local detection coverage is relatively small: a 1 to 4% increase 
for complete coverage for chaff, and a 9 to 13% increase for complete coverage 
for surface detection. 

Recommended Recovery System 

The three vehicle complexes discussed are considered to be minimum systems for 
the type of local detection coverage they provide. The choice as to the 
optimum selection and allocation of recovery forces is left to the authority 
responsible for the safe recovery of the Mercury capsule and its occupant, to 
be decided on the basis of their effectiveness, their cost, their availability, 
and whatever intangible factors are construed to be significant. 
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TABLE 31 

TOTAL COST SUMMARY - MINIMUM MISSION 

OPERATING COST IN TfDUSANDS OF DOLLARS AND (VEHICLE-DAYS) 

Vehicles/~a 1 2 3 4 5 

Retrievin~ Vehicles 
(All Complexes) 

Helicopter (HS) $ 0 (2) $ 2.0 (12) - - $ 8.6 (20) 
Airship (zp) - 58.4 (12) - - -
25-knot Ship (DO) 29.6 (3 ) 201.4 (19) $116.8 (11) $139.5 (13) -
Total Retrieving Vehicles $29.6 (5) $261.8 (43) $li6.S (11) $1J9.5 (13) $ 8.6 (20) 

Detection Vehicles 
(Mi.'1inrum Cost Complex) 

S2F - - - $11.6 (14) 
SA-16 (OF) $ 0 (2) $ 0 (2) $11.5 (10) -
P5H - 3.1 (2) - -
Total Detection Vehicles $0 (2) $ 3.1 (4) $11.5 (10) $11.6 (14) 

(Complete Chaff Detection Complex) 
S2F $0 (2) - - $11.6 (14) 
SA-16 (OF) - $ 2.6 (6) $U.5 (10) -
PSH - 5.1 (4) - -
Total Detection Vehicles $ 0 (2) $ 7.7 (10) $11.5 (10) $11.6 (14) 

(Complete Surface Detection Complex) 
P5M - $ 7.0 (7) - - -
P2V $ .4 (2) - $12.8 (10) $12.1 (10) $17.6 (14) 
1'lV-2 - 12.3 (4) - - -
Total Detection Vehicles $ .4 (2) $ 19.3 (11) $12.8 (10) $12.1 (10) $17.6 (14) 

Total System Cost 
Minimum Cost Complex $29.6 (7) $264.9 (47) $267.8 (34) $20.2 (34) 
Complete Chaff Detection Complex $29.6 (7) $269.5 (53) $267.8 (4) $20.2 (34) 
Complete Surface Detection Complex $30.0 (7) $281.1 (54) $129.6 (21) $151.6 (23) $26.2 (34) . 

(a) Included in Area 2 

6 7 8 

(a) Ca) -
(a) (a) $ 93.6 (28) 
(a) (a) -
(a) (a) $ 93.6 (28) 

(a) (a) $ 3.2 (6) 
(a) (a) -
(a) (a) -
(a) (a) $ 3.2 (6) 

(a) (a) $ 3.2 (6) 
(al (a) -
(a) (a) -
(a) (a) $ 3.2 (6) 

(a) (a) -
(a) (a) $ 9.6 (12) 
(a) (a) -
(a) (a) $ 9.6 (12) 

(a) (a) $ 96.8 (34) 
(a) (a) $ 96.8 (34) 
(a) (al $103.2 (40) 

Overshoot 

--
-
-

-
--
-

-
$ 5.8 (6) 

-
$ 5.8 (6) 

-
$18.8 (18) 

- I 
$18.8 (18) 

-
$ 5.8 (6) 
$18.8 (18) 

Total 

$ 10.6 
152.0 
487.3 

$649.9 

$ 14.8 
11.5 
3.1 

$ 29.4 

$ 14.8 
19.9 
5.1 

$ 39.8 

$ 7.0 
$ 71.3 

12.3 

$ 90.6 

$679.3 
$689.7 
$740.5 

. (:34) 
(40) 
(46) 

(120) 

(20) 
(14) 
(2) 

(:36) 

(22) 
(22) 
(4) 

(48) 

(7) 
(66) 
(4) 

(77) 

(156) 
(168) 
(197) 

tv o 
0' 
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VEHICLES/AREA 1 

Retriemll Ve!li~;!.es 
(All Complexes) 

Helicopter (llS) $ 0 (22) 
Airship (ZP) -
25-KnotShip (DD) 135.9 (13) 

Total. Retrieving Vehicles $135.9 (35) 

Detection Veh~cles 
(lfurllmun Cost Complex) 

S2F -
SA.-16 (UF) $ 0 (22) 

P5M -
Total. Detection Vehicles $ 0 (22) 

(Complete Chaff Detection Complex) 
S2F $ 0 (22) 

SA-16 (UF) -
PSM -
Total. Detection Vehicles $ 0 (22) 

(Complete Surface Detection Complex) 

P5M -
P2V $ 4.3 
WV-2 -
Total. Detection Vehicles $ 4.3 (22) 

TOT AI. SYSTEM COST 
MiniJmIm Cost Complex $135.9 (57) 
Complete Chaff Detection Complex ru5.9 (57) 
Complete Surface Detection Complex $140.2 (57) 

(a) Included in Area 2. 

TABLE 32 

TOTAL COST SUMMARY - MISSION INCLUDING 10 DAILY POSTPONEMENTS 

OPERATING COST IN TIDUSANDS OF DOLLARS AND (VEHICLE-DAYS) 

2 3 4 5 

$ 2.0 (52) - - $ 8.6 (60) 
155.4 (52) . - - -
520.5 (49) $223.2 (21) $245.9 (23) -

$(m.9 (153) $223.2 (21) $245.9 (23) $ 8.6 (60) 

- - $11.6 (.34) 
$ 0 (22) $27.6 (30) -

30.8 (22) - -
$ 30.8 (44) $27.6 (30) $ 11.6 (34) 

- - $11.6 (34) 
$ 26.0 (66) $27.6 (30) -

51.0 (44) - -
$ 77.0 (110) $27.6 (30) $ 11.6 (34) 

$ 70.1 (77) - - -- $ 34.7 (30) $ 27.5 (:30) $ 17.6 (34) 
73.9 (24) - - -

$l44,0 (101) $ 34.7 (30) $ 27.5 (30) $ 17'.6 (34) 

flOS.7 (197) $496.7 (74) $ 20.2 (94) 
fl54.9 (263) $496.7 (74) $ 20.2 (94) 
$82l.9 (254) $257.9 (51) $273.4 (53) $ 26.2 (94) 

6 7 8 

(a) (a) -
(a) (a) $ 93.6 (68) 
Ca) (a) -
(a) (a) $ 93.6 (68) 

(a) (a) $ 3.2 (26) 
(a) (a) -
(a) (a) -
(a) (a) $ 3.2 (26) 

(a) (a) $ 3.2 (26) 
(a) (a) -
(a) (a) -
(a) (a) $ 3.2 (26) 

(a) (a) -
(a) (a) $ 9.6 (52) 
(a) (a) -
(a) (a) $ 9.6 (52) 

(a) (a) $ 96.S (94) 
(a) (a) $ 96.S (94) 
(a) (a) $103.2 (120) 

Overshoot 

---

-
-
-

-
$ 5.8 (26) 

-
$ 5.8 (26) 

-
$18.8 (78) 

-
$lS.8 (78) 

-
$ 5.8 (26) 

$18.S (7S) 

Total. 

$ 10.6 
249.0 

1125.5 

$1385.1 

$ 14.8 
27.6 
30.8 

$ 73.2 

$ 14.8 

59.4 
51.0 

$ 125.2 

$ 70.1 
112.5 
73.9 

$ 256.5 

$1458.3 
$15.10.3 
$1641.6 

(134) 
(120) 
(106) 

(360) 

(60) 

(74) 
(22) 

(156) 

(82) 

(122) 
(44) 

(248) 

(77) 
(21.6) 
(24) 

(347) 

(516) 
(60s) 
(707) 

N 
o 
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III. RECOVERY IN LOW PROBABILITY AREAS 

The planned Mercury three~orbit mission is to include provisions for abort 
during launCh or at insertion into orbit, and. for landing at the end of each 
orbi t should that be necessary. It is from these points that the eight high 
probability impact areas ~ their locations, their sizes, their access times -
have been derived. Thus far, the report has been devoted primarily to 
recovery of the manned capsule from any of the high probability areas, all of 
which lie within the Atlantic Ocean between 18° and. 33° north latitud.e and. be­
tween Florida and. the northwestern coast of Africa, roughly one~sixth of the 
eartn's circumference. 

There still remains the lesser probability of an impact occurring somewhere 
in the other five-sixths of the earth's Circumference, along the combined. track 
of the planned. three orbits. This might occur in the event of an in-flight 
emergency requiring an immed.ia.te return rather than a return at the next point 
provided. for in ad~ance. Sho~d such an impact occur, a recovery operation 
would. of course be required.; consid.eration of its importance has prompted. the 
incluSion of a brief d.iscussion of recovery in low probability areas. 

The world-wid.e network of communications and tracking stations has been set up 
to give very extensive coverage for the over-all three-orbit mission track. 
With this total network., it is antiCipated. by NASA that if a re-entry occurs 
anyWhere along the track: 

1. It will be known that re-entry has occurred .• 
2. The approximate location of re-entry will be known. 
3. The approximate area and. time of impact will be known. 

The amount of uncertainty associated. with each one of these "known" facts may 
be appreciable. However, the important point is that a completely random .im­
pact location need. not be anticipated.; although one could. occur if there were 
a communications and. tracking system failure as well as a. failure of an emer­
gency nature in the capsule, an extremely imprqbable eventuality. 

It may therefore be assumed. that no world.-wid.e recovery effort would have to be 
mounted., merely world.-wid.e provisions of a secondary or back-up nature. Among 
the attractive world.-wid.e facilities and agencies would. be: 

1. strategic Air Command. aircraft d.isposed at SAC and other military bases 
around. the world.. The U.S. operated. bases are located. prinCipally north 
of the equator, as ind.icate dby Figure ~O I but certain types of SAC 
aircraft have very long range capabilities which WOuld. permit substantial 
operation in the southern hemisphere. 

2, Other United. States military forces using aircraft types ordinarily based 
world.-wid.e • 

PRELIMINARY 
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3 . Military force.sand bases of friendly nations, including possible 
temporary basing of U.S. forces. 
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4. Civil operated aircraft and. merchant shipping vessels. Under customs 
and. internationally recognized laws of the sea, virtually all ships 
would be bound. to lend assistance to a vessel in distress, and. the cap­
sule could be considered as such in the event of impact in a low pro­
babilityarea. 

All of these possible areas of support should. be obtainable on a stand.-by or 
back-up basis, given .sufficient and proper advance coordination and notification 
of planned firing time. 

The first possibility", use of SAC capabilities", has been examined. briefly in 
the form ofa survey of aircraft performance, Tables 4 and 5, and. Figure 6 , 
andofairbase locations on a world map, Figure 60. The world. map is' repeated. 
in somewhat less detail as Figure 61, with circles ad.d.ed. to bracket thema.x.imUlll 
mission radius capabilities o·f the SAC aircraft types considered herein (KC-97, 
B-52, B-47, K:C-135). As may be seen" the entire three-orbit mission track may 
be covered by SAC aircraft operating from Florida, Morocco, Saudi Arabia, Manila, 
Guam, and Honolulu. The circles includ.ed. in Figure 61 apply specifically to 
the B-47 (smaller circle) and B-52(larger .circle), and indicate the lowest and. 
highest rad.ius· ext:remes of the spread. in ma.x.imUlll radius capabili tyamong the 
four SAC aircraft types. 

Perhaps the most serious question with regard. to recovery in the low probability . 
part of the track is that of capsule location aid.s. The area uncertainty as­
sociated. with impact may be extremely large as compared with aircraft search 
rates, but more important, the combination of high speed. and. high altitude Eigot 
tend. to prevent successful visual search. Of the four SAC aircraft types cou­

.sidered., none would be able to operate at good. search speed.s, and. only the KC"'97 
could operate at the required very low altitude without great penalty in range 
or radius. Other types of long range aircraft, sucilas fue long-range Douglas 
DC-7C and LoCkheed Super Constellation commercial transports, which might be 
considered., also are characterized by high search spee.d.s,; further, their range' 
capabilities, although substantial, .are considerably less than those of the four 
SAC types. Inad.dition, all of the longer range aircraft types, both military 
and civil, exhibit consid.erably less than id.eal window number, size, and. location 
for use of visual search obseryers. 

It therefore becomes evident that far greater reliance will be placed. on the 
electronic location aids of the capsule in the event of impact in a low pro­
babilityarea than.need.be the case with a planned impact in a. monitored. high 
probability area. Insofar as the electronic a.ids operate and can be homed on, 
success in the final visual search should be'less sensitive to the aircraft 
operating speed",alti tude characteristics . Because of fe'the critical nature of 
the electronic location aidS ; aircraft to be considered for detection and. sea.rch 
should be checked carefully for compatibility 'of their installed equipments to 
the capsule aid.s. 

PRELIMINARY 
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In order to guard. against confusion in homing, such as might be caused. by 
weak signal, atmospheric interference, or transmission by others on the cap­
sule frequencies, it might be advisable to equip the c~psule with some means 
for d.etermining geographical position. Then, if the occupant is able, he 

212 

could. determine his approximate position and. transmit the information through 
the voice communications channels available. This procedure :Imight thus .obviate 
the need. for strict d.epend.ence on homing the beacons or other electronic radia­
ti.on) and give a measure ofad.ditional back-up to the system. 

Retrieve in the low probability areas along the track is more difficult to 
visualize. Once the capsule is found by a detection and search aircraft, that 
aircraft could. vector other vehicles to the scene. Retrieve might be effected 
by: 

1. Military forces, United ·StateS:Oi':flr.Len<;uy cn~tion.· c'·. 
2. Merchant .ships in the general area. 
3. Seaplanes able to land and. reScue the occupant from the capsule. 
4. Para-medical team, .large raft, and. supplies d.ropped. near capsule to 

remove and. care for occupant while awaiting the arrival of a ship. 

The adNantage of a fixed. wing aircraft retrieve technique workable by the de­
tection and search aircraft would be quite substantial in terms of the: amount 
of time required. for completion of the recovery effort. 

It is recommend.ed. that the problem of reGovery in low probability areas of the 
world., especially along the three-orbit mission track, be subjected. to further 
study in its own right. 
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IV. FUTURE DEVELOJ:'ME:NT. CONSIDERATIONS 

The success of any recovery system is depend.ent upon how accurately the land.­
ing area can be pred.icted.. It is obvious that if the present recovery areas 
could. be reduced in size, the number of recovery units could be reduced. accord.­
ingly. At the same time, the costs would. be greatly d.ecreased. and more effort 
could. be put into making the fewer recovery units more effective even to the 
point of d.esigning and. building vehicles with just the specific purpose of 
recovery. The ultimate in recovery efficiency and. economy will, of course, be 
achieved. when the impact are.a can be reduced, through accurate guid.ance or 
control means, to a size which would. permit a land.ing in a small prepared. area. 

For the purposes of this study, however, it is assumed. that the impact areas 
are the same as those currently conceived. Emphasis is placed. on the id.eas or 
systems found. during the course of the study which, while possibly not ready 
at present for the first orbital flights, show the greatest promise for improv­
ing the recovery operation in the future. The improvement is shown as a re­
d.uction in either vehicles req,uired. or access time. 

FIXED WING AIRCRAFT ." \ 
There are several ways in which the use of fixed. wing aircraft for retrieve 
would. be an'attractive development. First and foremost is the possibility of 
obtaining very short access times, or short access times combined. with a small 
number of vehicles re q,ui red.. Second., there is the possibility of using the same 
vehicle for d.etection and search and. for retrieve, thus ren1Q ving one vehicle 
complex from the over-all scheme. A third attractive teatul"e of such a system 
would. be .its greater Versatility with respect to location Of areas to be 
monitored., as compared. with .a system containing ships, which are slow,and. heli­
copters, which are relatively' slow and. limited. in range. 

In d.eploying aircraft for use of one of the retrieve techniques d.iscussed. below, 
a d.istinction must be made between an air-to-air snatch and. a water-to-air 
pick-up, the latter being either a snatch or a long-line procedure. If an air­
to-air snatch is to be mad.e, time and. timing are very critical, whereas for the 
water-to-air pick-ups, time and. timing are of consid.erably less important!.e, 
though positional accuracy will still be critical. 

Air-To-Air Retrieve 

All American Engineering Company, Wilmington, Delaware, has pioneered. in this 
type of recovery. Their method of .recovering a parachute-borne object is shown 
in Figure 25. The system consists of two booms about 10 feet apart at the top 
and. 20 feet apart at the oottom and. extend.ing downward. 30 feet from the opened. 
rear cargo door of a C-l19, C-l30, or similar cargo type airplane. Suspend.ed 
across the tips of the booms is a:q.ylon-·line containing several special hooks. 
This line is carried. up the booms to a powered. winch in the hull. The pilot of 
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the a i r c r a f t  f l i e s  a course so as t o  intercept the drogue parachute with the 
hooks. This drogue parachute i s  made with special ly  reinforced. shroud. l i n e s  
extending over the canopy and. down t o  the main parachute and. capsule and 
strong enough t o  support it. 
chutes, shroud. l ines ,  etc.,  i n  order t o  bring the capsule into the a i r c r a f t  
through the cargo door, 

The winch system i s  capable of reel ing i n  para- 

This system i s  a t t r ac t ive  because (1) it i s  fast; (2) it eliminates the hazards 
of the sea, and. (3) it i s  re la t ive ly  inexpensive. However, the heaviest w e i g h t  
retrieved. so f a r  i n  the air  i s  1000 pounds, using C-ll9 a i r c r a f t .  All American 
has, a t  one time, estimated 6 t o  8 months t o  engineer and. develop a prototype 
system i n  a C-130 airplane suitable f o r  retrieving the Mercury capsule. Pro- 
duction ins ta l la t ions  and. a t ra ining progran would. then follow. 

Disad,vantages of the a i r - to-a i r  pick-up are (1) special  red,esign (and, therefore 
r e l i a b i l i t y  tes t ing)  of a new stronger parachute system, (2) specialized t ra in-  
ing and. skilled. p i lo t ing  required, fo r  a i r c r a f t  crew, (3) not sui table  f o r  night 
o r  poor v i s i b i l i t y  cond.itions, (4) d.ensity of recovery a i r c r a f t  i n  predicted. 
impact area must be great enough t o  insure interception within the re la t ive ly  
short  time during which the capsule i s  within the a i r c r a f t ' s  altitud.e capabi l i t ies .  
The bulk of the stronger parachute system may prove a problem of storage and. 
e ject ion i n  the capsule. 
t o  intercept the descending capsule and,gui.de the pick-up l i n e  t o  the drogue para- 
chute. 
electronic a i d s .  

Much t ra in ing  and. s k i l l  would.be required. f o r  the p i l o t  

The problems of poor v i s i b i l i t y  may be overcome with the use of sui table  

A s  presently configured., the capsule drogue chute opens a t  68,000 f e e t  a l t i tude ,  
the main chute opens a t  10,000 f e e t  about 2.4 minutes l a t e r ,  and. impact i n  the 
sea occurs about 5.3 minutes a f t e r  that, a 7.7 minute period. from drogue chute 
opening to  impact. Assuming that the f i r s t  precise indication of impact loc- 
ation i s  obtained. when the dsogue chute opens, the time available f o r  performing 
an a i r - to-a i r  snatch would,be only about seven and. one-half minutes. I n  that 
length of time, a 300 knot cruising speed. a i r c r a f t  such as the C-130 could.trave1 
37 nautical  miles. 
the numbers required. t o  cover each high probabili ty area considered. i n  this 
study would. be: 

Giving each a i r c r a f t  a radius coverage of 37 nautical  miles, 

A r e a  
1 
- 

2,6,7 
3 
4 
5 
8 

Number 
12 
26 
3 
3 
3 
18 

Total = T i r e r a f t  

The t o t a l  of 65 a i r c r a f t  i s  a large number. The number might be reduced. by 
increasing the time available, through an e a r l i e r  main chute opening o r  through 
an increase i n  main chute size, f o r  example. If the time available can be 
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the aircraft flies a course so as to intercept the d.rogue parachute wi th the 
hooks. This d.rogue parachute is made with specially reinforced. shroud. lines 
extending over the canopy and. down to the main parachute and. capsule and 
strong enough to support it. The winch system is capable of reeling in para­
chutes, shroud. lines, etc., in order to bring the capsule into the aircraft 
through the cargo door. 

This system is attractive because (1) it is fast,. (2) it eliminates the hazard.s 
of the sea, and. (3) it is relatively inexpensive. However, the heaviest weight 
retrieved. so far in the air is 1000 pounds, using C-119 aircraft. All American 
has, at one time, estimated 6 to 8 months to engineer and. d.evelop a prototype 
system in a C-130 airplane suitable for retrieving the Mercury capsule. Pro­
duction installations and a training program would then follow. 

Disad.vantages of the air-to-air pick-up are (1) special redesign (and. therefore 
reliability testing) of a new stronger parachute system, (2) specialized train­
ing and skilled. piloting required. for aircraft crew, (3) not sui table for night 
or poor visibility cond.i tions, (4) density of recovery aircraft in predicted. 
impact area must be great enough to insure interception within the relatively 
short time during which the capsule is wi thin the aircraft IS al ti tude capabilities. 
The bulk of the stronger parachute system may prove a problem of storage and. 
ejection in the capsule. Much training and. skill would. be required. for the pilot 
to intercept the descending capsule and. guid.e the pick-up line to the drogue para­
chute. The problems of poor visibility may be overcome with the use of sui table 
electronic aids. 

As presently configured, the capsule d.rogue chute opens at 68,000 feet altitude, 
the main chute opens at 10,000 feet about 2.4 minutes later, and. impact in the 
sea occurs about 5.3 minutes after that, a 7.7 minute' period, from d.rogue chute 
opening to impact. Assuming that the first precise ind.ication of impact loc­
ation is obtained. when the drogue chute opens, the time available for performing 
an air-to-air snatch would. be only about seven and. one-half minutes. In that 
length of time, a 300 knot cruising speed. aircraft such as the C-130 could. travel 
37 nautical miles. Gi ving each aircraft a rad,ius coverage of 37 nautical miles, 
the numbers required. to cover each high probability area considered. in this 
study would. be: 

Area 
-1-

2,6,7 
3 
4 
5 
8 

Total = 

Number 
12 
26 

3 
3 
3 

18 
65 aircraft 

The total of 65 aircraft is a large number. The number might be reduced. by 
increasing the time available, through an earlier main chute opening or through 
an increase in main chute size, for example. If the time available can be 
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doubled. to 15 minutes, giving a radius cove-rage of' 74 nautical miles, the total 
could. be red:uced. to about 25; a further doubl.:l.ng to 30 minutes, l48 no miles­
radius, would yield a total of' about 13. Each of' the numbers quoted. here was 
obtained. f'rom Figure 48; Areas 6 and. 7 were· assumed. to be covered by redeploy­
ment of' aircraf't f'rom their initial positions inArea 2. It should be noted. 
that the numbers d.erived. above are optimistically low in that no allowances were 
included. f'or such i tem.s as the reaction time necessary between obtaining the 
actual descent location and. acting on that inf'ormation, f'or maneuvering f'or 
correct direction of' travel to the proper location, f'or acceleration back to 
cruise speed. af'ter said maneuver, f'or the presumably necessary red:uction in air­
speed during the approach prior to snatch, or f'or making a second pass if' the 
f'irst one misses, etc. 

Water-To-Air Retrieve 

If' an air-to-air snatch is not taken, as the guiding rule f'or d.eployment, smaller 
numbers of' aircraf't could. be employed.. The aircraf't may be d.eployed. in accord­
ance with f'actors af'f'ecting d.etection and search, considering both line of' sight 
as it varies with altitud.e, active radar range, and radar 0r rad.io beacon re­
ception range. To take an example, ref'erring to Figure 7 , a 212 n.mile radius 
circle on the sea surf'ace could. be covered f'or beacon d.etection by an aircraf't 
such as the C-130 on station at 30,000 f'eet, a reasonable altitude f'or grGss 
weights prevailing at an early point in a f'light. The 212 nautical mile value, 
while beyond. active rad.ar range capabilities of' current airborne eqUipment, is 
within the intended. capabilities of' equipment currently under development,so 
that cJ:;taf'f' detection would. also be possible. At 300 knots cruising speed., 
the 212 n. mile distance could. be traversed. in about 43 minutes, so that an 
access .time in the neighborhood of' one hour should be wi thin achievement. The 
vehicle requirement at 212 n. mile rad.ius coverage would. be: 

Area 
-y-

2,6,7 
3 
4 

.5 
8 

Total ::: 

Number 
l 
4 
1 
l 
l 
1 

9 

The total of' 9 aircraf't is noticeably less than the totals given above f'or an 
air-to-air snatch. As compared to the pref'erred. retrieve and. detection and 
search vehicle deployments discussed previously, it is 9 aircraft in place of' 
9 aircraf't plus 3 helicopters plus 4 airships plus 8 ships, or 9 total vs. 24 
total, a two-thirds red:uction in numbers of' vehicles required.. Also, the access 
time would. average'less than one hour as against up to six hours. The adYantages 
of' a f'ixed. wing aircraf't water-to-air retrieve system are suf'f'icient to indicate 
the d.esirability of' pursuing that line of' d.evelopment. 
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Water-to-air re t r ieve has been developed by the A l l  American Engineering 
Company. 
as f o r  the air - to-air  system except t h a t  the pick-up is f r o m  the ground or 
water. 
elevating device t o  suspend. a hook at  l e a s t  10 feet above its top. 
shows how this pick-lip can be ma& from a low f lying C-130 airplane. 
approach and, intercept is at  a constant l o w  leve l  a l t i tude.  
provides for the a i r c r a f t  t o  carry a hook which engages a l i n e  extending from 
the capsule t o  a f l o a t  i n  the water. 

One system u t i l i z e s  the sane retr ieving gear and the same a i r c r a f t  

The scheme is  to  equip the capsule w i t h  a telescoping boom or other 
Figure 18 

The 
Another scheme 

Figure 17. . 

Water-to-air pick-up has been successfully accomplished f o r  objects weigjhing 
up t o  800 pounds. 
gear are ut i l ized.  f o r  this pick-up as f o r  the a i r - to-a i r  pick-up, essent ia l ly  
the same engineering and development program would. apply to  both. 

Since the same a i r c r a f t  and the same so r t  of re t r ieving 

Disadvantages of this recovery system are  the need. t o  incorporate devices f o r  
elevating a hook on the capsule and, problems of poor v i s i b i l i t y .  
Engineering Company has t e s t ed  a system which uSes a water-sensitive material. 
t o  generate Xhe gas  required,to extend. the telescoping m a s t .  Electronic a ids  
should make poor v i s i b i l i t y  pick-ups eas ie r  t o  accomplish than i n  the air-to- 
air  recovery. 
d-esirable. 

A l l  American 

A t  ni@t, searchlights on the a i r c r a f t  would. be prac t ica l  and. 
I n  winds of  16 knots o r  more, the capsule w i l l  pi tch and roll con- 

probably r e su l t  i n  several  missed. interceptions before pick-up is 
ss suitable s tab i l iza t ion  of the capsule can be obtained. 

Another type of water-to-air re t r ieve is the use of a long l i n e  attached.to an 
airplane c i r c l ing  overhead. 
Up t o  the present Sime, it has been used. t o  suspend underwater l i s ten ing  devices 
f r o m  the orbi t ing airplane and, the wei&ts of these devices have been in  the 
order of only a few hundred pounds. As f a r  as is  known, no actual  retrieve of 
an object the s ize  of, the Mercury capsule has been made by this method, but 
those who are using it believe tha t  pick-up of the capsule could be accomplished 
provided a suitable a i r c r a f t  and gear are  available. 
e i t he r  be winched into the airplane or it could be car r ied  on the end of the l i n e  
t o  a ship where it can be redeposi tedin the water f o r  subsequent pick-qp by a 
ship.  
gear would. be much l e s s  than i n  the snatch technique. One of the foremost pro- 
blems is one of v i s ib i l i t y .  
at tach t o  the capsule must be over l000 f ee t  long and the a i r c r a f t  must c i r c l e  
so that the hook is  in  the center of the o rb i t  and close enough t o  the capsule 
t o  enable its attachment e i t h e r  manually or by engagement with a retrieving l i n e  
shown in  Figure 17. A t  this a l t i tude  the capsule w i l l  be d i f f i c u l t  t o  see, even 
undeEl ideal  weather conditions, but a t  night or i n  haze or wind. blown spray, 5% 
w i l l  be impossible. However, eleetrasulic a ids  may a s s i s t  the visual  control of 
the operation.. It is  believed that an engineering study and analysis of the pre- 
sent u t i l i za t ibn  of this long l i ne  technique having as the end. r e su l t  the recovery 
of the Mercury capsule muifd show whether such a retrseving means is  possible and 
pract ical .  

This type of operation is shown in  Figure 17 . 

The capsule would then 

Pick-up should, be gradmil ,  and load factors on .the capsule and. suspension 

The l i n e  containing the hook or grappling d.evice to 
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Water ... to-air retrieve has been developed by the .All American Engineering 
Company. One system utilizes the same retrieving gear and the same aircraft 
as for the air-to-air system except that the pick-up is from the ground or 
water. The scheme is to equip the capsule with a telescoping boom or other 
elevating device to suspend. a hook at least 10 feet above its top. Figure 18 
shows how this pick-Up can be made from a low flying C-130 airplane. The 
approaCh and. intercept is at a constant low level altitude. Another scheme 
provides for ~Qe aircraft to carry a hook Which engages a line extending from 
the capsule to a float in the water. Figure 17. . 

Water-to-airpick-up has been successf'ully accomplished for objects weighing 
up to 800 pound.s. Since the same aircraft and the same sort of retrieving 
gear are utilized. for this pick-up as for the air-to-air pick-up, essentially 
the same engineering and development program would. apply to both. 

Disadvantages of this recovery system are the need. to incorporate devices for 
elevating a hook on the capsule and. problems of poor visibility. All American 
Engineering Company has tested a system Which uses a water-sensitive material 
to generate the gas required. to extend. the telescoping mast. Electronic aids 
Should make poor visibility pick-ups easier to accomplish than in the air-to­
air recovery. At night,..,. searchlights on the aircraft would. be practical and 
d.esirable. In wind.s of 16 knots or more, the capsule will pitch and roll con­
siderably and. probably result in several missed. interceptions before pick-up is 
effected unless suitable stabilization of the capsule can be obtained. 

Another type of water-to-air retrieve is the use Ofa long line attached. to an 
airplane circling overhead. This type of operation is shown in Figure 17 • 
Up to the present time, it has been used. to suspend underwater listening devices 
from the orbiting airplane and. the weights of these device.s have been in the 
order of only a few hundred pounds. As far as is known, no actual retrieve of 
an object the size of, the Mercury capsule has been made by this method, but 
those Who are using it believe that pick-up of the capsule could be accomplished 
provided a sui table aircraft and gear are available. The capsule would then 
either be winched into the airplane or it could be carried on the end of the line 
to a ship Where it can be redeposited. in the water for subsequent pick-up by a 
ship. :Pick-up shOUld, be gradual, and load factors on :the capsule and. suspension 
gear would. be much less than in the snatch technique. One of the foremost pro­
blems is one of visibility. The line containing the hook or grappling d,evice to 
attach to the capsule must be over 1000 feet long and the aircraft must circle 
so that the hook is in the center of the orbit and close enough to the capsule 
to enable its attachment either manually or by engagement with a retrieving line 
shown in Figure 17. At this altitude the capsule will be difficult to see, even 
und.el' ideal weather cond.itions, but at night or in haze or wind. blown spray, it 
will be impossible. However, electmnic aids may assist the visual control of 
the operation.: It is believed that an engineering study-and analysis of the pre­
sent utilizatidm of this long line technique having as the end. result the recovery 
of the Mercury capsule 'WDu1.d show Whether such a retrieving means is possible and 
practical. 
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Although the above discussion revolves about the assumption of usingC-130 i s, 
similar figures can also be developed for other aircraft such as the higher 
speed pif3ton-engine commercial transports: e.g., DC-7 and DC-7C, Super Con­
stellation, etc. Thef3e types would tend to show competitive or f3lightly higher 
speeds than the C-130 when operating at their higher cruise altitudes, but woUld 
be .limited at cruising fuel mixtures to about 20,000 feet altitude. As are­
sult, given the requisite radar equipment capabilities, deployment for line of 
sight coverage of the water surface for beacon detection and active chaff de­
tection at the same range would be in 173 n. mile radius circles, reading from 
Figure 48 ,and the total requirement would be 10 aircraft vs. the 9 mentioned 
above for the C-130. It should be noted that this discussion does not include 
the question of aircraft modifications which might be necessary. It is recom­
mended that any development program be set up to inclUde the evaluation of 
several types of aircraft for relative suitability and desirability, both mission­
wise and cost-wise, including the question of aircraft modifications necessary, 
as well as development of the relative technique. 

Large Seaplanes 

Many of the advantages of the water-to-air retrieval system would also character­
ize a recovery system based on the use of the large seaplane capable of taking 
the capsule aboard, such as the JRM and the R3Y. While not currently operational 
in the services, both of these type aircraft are in existence. They woUld doubt­
less require some modification and reconditioning to prepare them for the Mercury 
recovery, but no major development program would be needed to prove out their re­
trieval capabilities. 

The principal advantages of the use of large seaplanes include: 

1. Equipped with suitable electronics equipment, the large seaplane can 
function both as a search and retrieval vehicle. 

2. Comparatively few vehicles will be required, although more than higher­
speed water-to-air snatch airplanes for a given access time. 

3. Little or "no special modification of the capsule itself will be re­
quired to adapt it to the retrieving devices which may be used. 

The primary limitation of large seaplanes is their sea state capability. Inasmuch 
as weather conditions are generally consistent throughout the contemplated high­
probability areas - with the exception of the Canary IslandS area - this may not 
be disqualifying, however. The economy of operation they promise certainly merits 
further evaluation of their sea-state limitations and their pos~ible availability 
to NASA. 

SURFACE SHIPS 

We have seen in the case of fixed wing aircraft that future reductions in vehi­
cles, cost and access time required for recovery can come from a development of 
techniques which permit the high speed detection and search aircraft also to re­
trieve the capsule. 
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Present surface ships, while they already have good retrieve capability, lack 
speed, An exmple is  given i n  t h i s  section, then, t o  show the improvements i n  
recovery that would r e su l t  from the use of surface ships having operational 
speeds of 80 instead of the normally assumed 25 knots. Although t h i s  speed is 
not now at ta inable  w i t h  ships capable of par t ic ipat ing i n  the Mercury program, 
current progress i n  the development of hydrofoil hlaning devices and air  cushion 
machines indicates t ha t  the time when such vehicles w i l l  be available i s  not far 
away. 

The deployment arrangement assumes: 

1. H i g h  speed ships having 80 knots operational speed and radar range 
capabi l i ty  of a t  least 120 n. m i .  against chaff, the horizon would be 
l imit ing f o r  act ive detection of the chaff at  8,000 fee t .  

2. Search a i r c r a f t  w i t h  the performace character is t ics  of the C-130 
may have radar range capabi l i ty  of a t  least 200 n. m i .  against C h d f j  
t h i s  i s  beyond capabi l i t i es  of currently operated airborne radar 
equipment, but is  within the capabili ty of eqaipment under current 
development. 

The resul t ing arrangement, based on chaff detection, search by a i r c ra f t ,  and 
retr ieve by high speed ships, includes: 

1. 

2. 

3. 

4. 

5.  

Land radar detection coverage as shown i n  Figure 56. 

Search a i r c r a f t  a t  Pat i ick AFB and Las  Palmas i n  the Canary Islands. 

Detection plus re t r ieve  high speed ships east of the Cape Canaveral 
and Bermuda radar coverages, a t  the eastern end of Area 2, and i n  
Area 4. 

Retrieve high speed ships i n  Areas 5 and 8. 

Detection plus search a i r c r a f t  between the first high speed ship and 
the Bermuda radar coverage, between the second and t h i r d  high speed 
ship a t  the eastern end of Area 3 ( t o  cover Area 3 and the distance 
between Areas 3 and 4), and i n  Area 8 t o  cover the area lying outside 
of land-based coverage. 

The ta ta l  number of vehicles i s  6 high speed ships, 4 a i r c ra f t  f o r  detection 
and search, and 2 a i r c r a f t  fo r  search only; the two search-only a i r c r a f t  need 
not have the  airplane performance and radar range capabi l i t i es  s t ipulated above, 
but rather, could be re la t ive ly  modest capabili ty types such as the S 2 F ,  f o r  
exanrple, With t h i s  arrangement, access times vary up t o  about hours i n  areas 
f o r  which 3 hours has been suggested, and up t o  abaut 5$ hours where 6 hours has 
been suggested. 

This  corsposite 12-vehicle system may be contrasted w i t h  the 24-vehicle ship- 
aircraft-airship-helicopter system derived i n  the e a r l i e r  vehicle deployment sec- 
t ion  
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Present surface ships, while they already have good retrieve capability, lack 
speed. An example is given in this section, then, to show the improvements in 
recovery that would result from the use of surface ships having operational 
speeds of 80 instead of the normally assumed 25 knots. Although this speed is 
not now attainable with ships capable of participating in the Mercury program, 
current progress in the development of hydrofoil planing devices and air cushion 
machines indicates that the time when such vehicles will be available is not far 
away. 

The deployment arrangement assumes: 

1. High speed ships having 80 knots operational speed and radar range 
capability of at least 120 n. mi. against chaff, the horizon would be 
limiting for active detection of the chaff at 8,000 feet. 

2. Search aircraft with the performance characteristics of the C-130 
may have radar range capability of at least 200 n. mi. against chaff; 
this is beyond capabilities of currently operated airborne radar 
equipment, but is within the capability of equipment under current 
development. 

The resulting arrangement, based on chaff detection, search by aircraft, and 
retrieve by high speed ships, includes: 

1. Land radar detection coverage as shown in Figure 56. 

2. Search aircraft at Patrick AFB and Las Palmas in the Canary Islands. 

3. Detection plus retrieve high speed ships east of the Cape Canaveral 
and Bermuda radar coverages, at the eastern end of Area 2, and in 
Area 4. 

4. Retrieve high speed ships in Areas 5 and 8. 

5. Detection plus search aircraft between the first high speed ship and 
the Bermuda radar coverage, between the second and third high speed 
ship at the eastern end of Area 3 (to cover Area 3 and the distance 
between Areas 3 and 4), and in Area 8 to cover the area lying outside 
of land-based coverage. 

The total number of vehicles is 6 high speed ships, 4 aircraft for detection 
and search, and 2 aircraft for search only; the two search-only aircraft need 
not have the airplane performance and radar range capabilities stipulated above, 
but rather, could be relatively modest capability types such as the S2F, for 
example. With this arrangement, access times vary up to about ~ hours in areas 
for which 3 hours has been suggested, and up to about 5~hours where 6 hours has 
been suggested. 

This composite 12-vehicle system may be contrasted with the 24-vehicle ship­
aircraft-airship-helicopter system derived in the earlier vehicle deployment sec­
tion. 
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A. DE'l'AILED COST SUMMARy 

The principal. costs of the ProJect'Mercury recovery operation are due to staging 
the ,vehicles required. and recycling them to their stations ~ as required" until 
the project is completed.. These costs are summarized. for the vehicles of primary 
interest in Tables 33 through 36 of this append.ix and. Tables 31 and 32 
in the Section "Operational Effectiveness". 

Retrieving Vehicles. The retrieving vehicles of interest includ.e: 

l.Lend.-based helicol?ter. In a.Ucases, the land.-based. helicopters are 
assumed. to be on ground. standby during the alert period.. The cost of 
the one or two helicopters which may .actually be dispatched for the 
retrieval is insignificant, compared, to the staging costs and. is not 
shown. 

2. Ail;'shiP. (zp) • Airships are assumed. to be airborne on station during 
al.ertperiod.s except for those which may be uaed. in the final recovery 
area. (Area 8) • 

3. DD DER ATA. The destroyer (DD), radar picket escort 
veasel DER, and, auxiliary OCean tug (ATA) are taken as typical examples 
of the 25~knot,l5-knot, and. 8-knot surface ships, respectively. Surface 
ships are assumed. to be at. sea, on station, during the alert period.. It 
is assumed, that they remain at sea in the viCinity of their station from 
day to day in the event of firing postponements, and. that the entire cost 
of their operation during this time is charged. to the recovery program. 

4. Aircraft Carrier (cvs,). The aircraft carrier is assumed. to be maintain­
ing three stations d.uring the recovery operation: one helicopter retrieval 
station and. two aircraft detection stations with the aircraft on deck 
standby. (Although more than 2 aircraft may be used to ad.van'tage for con­
tinuous chaff coverage, a maximum of 2 stations can be maintained at the 
increased. spacing which occurs when travel time is permitted. the detection 
aircraft.) The operating cost of the evs is therefore d.ivid.ed. by three 
to compare its cost with other vehicles capable of maintaining only one 
station. If it is unable to maintain these three stations because of 
range limitations, its operating cost is, of .course, higher. 

5. Shi -based. helico ter LSDtHS. The cost of the Ship-based. helicopter 
aside from those based. on aircraft carriers) is assumed. to be the 

operating cost of the typical ship suitable for sea-going helicopter 
operations, the Dock Land.ingShip (LSD). 

Detection Vehicles, The aircraft suitable for detection which are evaluated. are 
the S2F, SA-l6 (UF), P2V, P5M, end. WV-2. In determining the cost of the operation, 
d~tection aircraft are assumed. to be on ground. standby during delays wherever this 
is possible. The WF-2 cost is assumed. comparable to that for the S2F. 
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Number of Vehicles Required.. The t o t a l  cost i s  determined f o r  three of the com- 
plexes d.escribed i n  the section "Vehicle Deployment": those f o r  complete surface 
d.etection coverage, f o r  complete chaff detection coverage, and. f o r  minimum cost.  
The numbers of vehicle s ta t ions and. the types of vehicles are  summarized. i n  
Table 36. 

I n  order t o  allow f o r  l e s s  than 100% avai lab i l i ty  of the a i r c r a f t  which may be 
required f o r  day-in day-out use w i t h  postponements, additional a i r c r a f t  must 
be assigned t o  the operation. Figure 28 shows the number of a i r c r a f t  which 
must be on hand. t o  assure a specific number of available a i r c ra f t ,  based. on 
a sample period of time i n  1956 and. the ava i lab i l i ty  of a i r c r a f t  f o r  t h e i r  
normally assigned.mission. 
and. Aircraf t  Early Warning a i r c r a f t  among those shown may require tha t  a 
great deal of complex electronic equipment be operating: more than tha t  required. 
fo r  the Mercury search. Also, all of these a i r c r a f t  mod.els w i l l  have been i y  
service f o r  a longer period. of time when the Mercury recovery occurs and. pre- 
sumably w i l l  have increased. ava i lab i l i ty  as a r e su l t  of greater service experience 
with them. 

The normal missions of the Anti-Submarine Warfare 

On this basis,  the ava i lab i l i ty  of  all of the a i r c r a f t  models of i n t e re s t  w i l l  
be assumed,to be a t  l e a s t  75%. 
of a i r c r a f t  assigned. t o  the operation assures an ava i lab i l i ty  of over 93% und.er 
these circumstances. It will be d,esirable t o  over-assign a i r c r a f t  rather than 
risk d.elays i n  the f i r i n g  due t o  unavailable a i r c ra f t ,  inasmuch as a i r c r a f t  on 
standby are re la t ive ly  cheap while ships a t  sea a re  re la t ive ly  expensive. 

Figure 28 indicates t ha t  doubling the number 

Where appropriate, the staging cost  of the additional vehicles - determined. f r o m  
Tables 33 and 34 - are added. t o  the summary of un i t  costs i n  Table 35 t o  deter- 
mine t o t a l  cost  of the operation. The cost  of staging the standby airplanes i s  
includ.ed. i n  the t o t a l  cost  described. below. 

Total  Cost. Total cost  is d.etermined for two condLtions: 

1. Minimum mission, i n  which %he vehicles are  assumed t o  proceed, t o  t h e i r  
staging bases, from there t o  t h e i r  s ta t ions,  remain on s ta t ion f o r  two 
hours, return t o  staging base, and return home. 

2. Mission including 10 d a i l y  postponements, i n  which  the vehicles a re  as- 
sumed t o  be recycled.-to %heir s ta t ions on each of ten successive days, 
maintaining s t a t ion  f o r  two hours each day. 
t o  be a t  sea, charging t h e i r  cost t o  the recovery program during the 
en t i r e  t i m e .  

Surface ships are assumed 

These costs  a re  itemized, i n  Tables 31'a;d. 32 i n  "Operational Effectiveness". 
The t o t a l  cost  as a function of the number of da i ly  postponements is  shown there 
i n  Figure 59. 
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Number of Vehicles Required.. The total cost is d.etermined for three of the com­
plexes d.escribed in the section lfVehicle Deployment": those for complete surface 
d.etection coverage, for complete chaff detection coverage, and. for minimum cost. 
The numbers of vehicle stations and. the types of vehicles are summarized in 
Table 36. 

In ord.er to allow for less than looi availability of the aircraft which may be 
required for day-in day-out use with postponements, ad.ditional aircraft must 
be assigned. to the operation. Figure 28 shows the number of aircraft which 
must be on hand. to assure a specific number of available aircraft, based. on 
a sample period. of time in 1956 and. the availability of aircraft for their 
normally assigned. mission. The normal missions of the Anti-Submarine Warfare 
and. Aircraft Early Warning aircraft among those shown may require that a 
great d.eal of complex electronic equipment be operating: more than that required. 
for the Mercury search. Also, all of these aircraft mod.els will have been i~ 
service for a longer period. of time when the Mercury recovery occurs and. pre­
sumably will have increased. availability as a result of greater service experience 
with them. 

On this baSiS, the availability of all of the aircraft mod.els of interest will 
be assumed to be at least 75i. Figure 28 indicates that doubling the number 
of aircraft assigned. to the ope:ration assures an availability of over 93i und.er 
these circumstances. It will be d.esirable to over-assign aircraft rather than 
risk d.elays in the firing due to unavailable aircraft, inasmuch as aircraft on 
standhy are relatively cheap while ships at sea are relatively expensive. 

Where appropriate, the staging cost of the add.i tional vehicles - d.etermined. from 
Tables 33 and 34 - are ad.d.ed. to the summary of unit costs in Table 35 to d.eter­
mine total cost of the operation. The cost of staging the standhy airplanes is 
includ.ed. in the total cost described. below. 

Total Cost. Total cost is d.etermined. for two conditions: 

1. Minimum mission, in which the vehicles are assumed to proceed. to their 
staging bases, from there to their stations, remain on station for two 
hours, return to staging base, and return home. 

2. Mission includinfi 10 daily postponements, in which the vehicles are as­
sumed. to be recycled. to their stations on each of ten successive days, 
maintaining station for two hours each day. Surface ships are assumed 
to be at sea, charging their cost to the recovery program during the 
entire time. 

These costs are itemized. in Tables 31' and. 32 in l'Operational Effectiveness" • 
The total cost as a function of the number of daily postponements is shown there 
in Figure 59. 
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Total cost in Vehicle-Day$. In addition to the cost ind.ollars as described. 
earlier, the total cost of the recovery operation may be measured. by the number 
of vehicles committed. ~d. the number of d.ays they are required.. The number of 
days required. inclUd.es th.e time needed. for staging, as well as the ·,time required 
for the operation. The number of vehicles includ.es st~dby aircraft as des­
cribed above 0 

The required. staging time is round.ed. to the next ,larger integral number of 
days. For aircraft, it is assumed. that the minimum mission includes a full 
day's operation from the staging base with departure for home d.elayed until 
the folloWing day. The number of days required includes. consideration of over .. 
night stops. Ships are assumed. to head m.ome"iIilrned.iately following their two 
hours on st.ation for the 1llinimummission,; hours und.erway are assumed. to be con­
secuti ve and. the number of days required. for the mission is obtained. by rounding 
to the next number of integral d.ays larger than the cons.ecuti ve hours und.erway. 

For helicopters based. at Bermuda and. the Canary Islands, airlift from the U.S. 
by a C ... 124 is assumed. The airlift airplane is assumed. to remain at the base 
during the recovery operation so that two vehicles are committed. to the oper-
ation for each land.-based. helicopter station outsid.e the continental United. states 0 
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Restriction/
Classification 
Cancelled

Veh1<:les Cost 1 
Mil~ 

Ml.J.es '110 Gtagl.llg J:lB,se \ une way} 

HS Land-Based Helicopter 0 
ZP A1rship 180 

Surface Ships 0 
! 

Miles From Staging Base To Station ~ One Wall 

HS Land-Based Helicopter I 
i 

0 
ZP A1rship I 150 

Surface Ships I 455 

Cost Per Veh1cle In Transit To & From Staging Base 

HS Land-Based Helicopter I $ .75.(a)\* 0 

I 
ZP A1rship 9 • 33 3.3 

Surface Ships : i 0 

TABLE 33 
RE'1'RIEVING VEHICLE DETAILED COSTS 

(MII.liII & TROllSANIS OF DOLLAm) 

2(West) & 7 2(:Bermuda) & 6 2(East) 

- 640 -
640 640 640 

0 0 0 

- 0 -
250 0 ~ 
455 640 1350 

- $ 1.0 

I 
$ -

$ 1l.9 1l·9 1l.9 
0 0 0 

Cost Per Vehicle In Transit :Between St!!5!!!!!i Base & Station. 

i HS Land-Based Helicopter 
ZP A1rship 1$9.33 
DD Destroyer 

CVS A1rcraf't Carrier 
(3 Stations) 

llER .Radar Picket Escort 
Vessel 

ATA Auxiliary Ocean Tug 
IBD 
+HS Ship-Based Helicopter 

(a) Assumed A1rll:f"ted ByC-124 
«b) Assumed To Stand By On Ground 
c) Zero, For Ground Standby 

31·50 

56.70 

29·10 
14·50 

55·70 

$ 0 
2.8 

28.7 

51.6 

26.5 
13·2 

50·7 

$ - $ 0 $ -
4.6 0 4.6 

28.7 40.3 85·0 

51.6 72.6 153·1 

26.5 3r.2 78.6 
13.2 18.6 39·2 

50·7 71·3 150·4 

3 4 5 8 

- - 2890 960 - - 2890 l260 
0 0 0 0 

- - 0 0 
- - 60 150 

1840 2200 3200 720 

-
I 

- $ 4.3 $ 1.4 
- - 53·8 23.4 

$ 0 $ 0 0 0 

2 Hours 22 Hours 
And For--- -- on Station Delay 

$ - $ - $ 0 $ g(b) $ 0 $ 0 
- - I 1.1 .7(c) 0 ! 

115.9 138.6 I 201.6 45·4 ·9 9.8 

I 
208.7 249.5 ]62.9 81.6 1.6 17.6 

107,1 .128.0 186.2 41·9 .6 6.1 
53·4 63.8 I 92.8 20.9 ·3 3·2 

'245.1 
I 

356.5 80.2 14.0 205·0 ; 1·3 
! 
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u=. ""rmuaa 
Cost 1 2 Ground Base 

CONUS to Base-Round Trip 
Miles 0 0 1280 

Base to Station-Round Tr1 
Miles 0 840 0 

A-16 Between CONUS and Base $0 $0 $0 (a) 
$1.1%/Mi Between Base & Station 0 1005 0 
161.16/llr 2 Hours on Station 322* 322 ()If 

Total-Minimum Mission 322* 1321 ()If 

Total-l0 Daily Recycles 322()1f 13210 ()If 

P2V Between roNUS & Base 0 0 1636 
$1.278/Mi Between Base & Station 0 1074 0 

- 217.oo/Hr 2 Hours on Station 43"" 434 ()If 

Total-Minimum Mission 43"" 1508 163Ei1' 
Total-l0 Daily Rec:l;c1es 434Q1f lsoBo 163Ei1' 

"!"-2 Between CONUS SIld Base 0 0 2139 
$2.1~Mi (Full Between Base & Station 0 17~ 0 
460. (ar rew) 2 aours on Station 921* 921 ()If 

Total-Minimum Mission 921* 2119 2139" 
Total-l0 Daily Recycles 921()lf 27190 2739" 

1P5M Between CONUS & 'BaSe 0 0 o Ca) 
$1.710/Mi Between 'Base & Station 0 1436 0 

. 256.45/lIr 2 Raul's on Station 513" 513 ()If 

Total-Minimum Mission 513" 1949 Q!t 
Total-l0 Daily Recycles 513()1f 19490 Q!t 

$l.ooo/Mi 
~2F (Land 'Based) 

12Bo ' Between CONUS and 'Base 0 
129.89/Hr Between Base & Station 0 0 

2 Rours on Station 260* Q!t 
Total-Minimum Mission 260* I 128Q!t 
Total-l0 Daily Recycles g6oQ!t 128()1O: 

(a) Use existing airplanes based on Bermuda 
"* Will needrel1et On station it imPact occurs 111 a1'ea. 
* Zero, tor stSlldbybn g:rcund. 

3 

1280 

280 

$ 0 (a) 
335 
322 
651 

6510 

1636 
358 
434 

2428 
9556 

2139 
599 
921 

4259 
1939 

o (a) 
479 
513 
992 

9920 

128b 
280** 
260 

1820 
6680 

TABLE 34 
DE'l'ECTION VE!lIGLE m:l'AILl!:D COS'l'S 

(MILES 80 DO!.LAll5) 

4 5 6 

1280 1280 1280 

240 880 1500 

$ 0 (a) $ 0 (a) 
281 1052 
322 322 
609 1314 

6090 3140 

1636 1636 $1636 
307 1125 1917 
434 434 434 

2311 3195 3~1 
9046 1226 25146 

2139 2139 2139 
514 1883 3210 
921 921 921 

4114 5543 6810 
17089 30119 44049 

0 (a) 0 (a) 0 
410 1505 2565 
513 513 513 
923 2018 3078 

9230 olBo 30780 

1280 
24OH-
260 

1780 
6280 

••.. on' 

1 

4060 

1220 

$4856 I 1459 
322 

6631 
22666 

51B9 
1559 

434 
1182 

25119 

8688 
26ll 

921 
12220 
44008 

(a) 6943 
2086 

513 
9542 

32933 

1a(Area 3) 1b(Area4) 8 9 10 

4060 4060 5780 1;80 2440 

1560 1000 0 0 0 

$4856 $4856 $6913 $lB9O $2918 
1866 ll96 0 0 0 

322 322 ()If ()If ()If 

7044 6314 6913 1890 2918 
26136 20036 6913 1890 2918 

5189 5189 8835 2415 3118 
1994 1278 0 0 0 

434 434 ()If ()If ()If 

1611 6901 8835 2415 3118 
29469 22309 8835 2415 3118 

8688 8688 12369 3381 5222 
3338 2140 0 0 0 

921 921 Q!t ()If ()If 

12947 ll749 12369 3381 5222 
51278 392~ 12369 ~3B1 5222 

6943 6943 sea4 2102 4172 
2668 1110 0 0 0 

513 513 ()If ()If ()If 

10124 9166 sea4 2702 41'72 
38753 29173 sea4 2102 4172 

5780 1580 2J.hO 
0 0 0 
Q!t Q!t ()If 

5780 1580 2440 
5780 1580 2440 
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Restriction/
Classification 
Cancelled

MINIMUM MISSION (2 Ho urs o Stat1 ) n on 

Retrieving Vehicles/Area 

liS 
ZP 
DD 

.:x:vs (1 Retrieve + 2 
Detection Stations) 

DEll 
MA 
LSD + lIS 

Detection Vehicles/ 
Station 

S2F (Land-Based) 
SA-16 
P2V 
P5M 
1/\T-2 (Full Crew) 

MISSION INCLUDING 10 DAILY 
HOLDS 

I 

RetrieVing Vehicles/Area] 

HS 
ZP 
DD 
evs (1 Retrieve + 2 

Detection Stations) 
DEII' 
MA 
ISD + lIS 

Detection Vehicles/ 
Station 

S2F (Land-Based) 
&-16 
P2V 
P5M 
;IV -2 (Full Crew) 

1 

$ 0 
6·9 

29·6 

53·2 
27·0 
13.5 
52.0 

1 

0 
0 
0 
0 
0 

1 

$ 0 
38·7 

135·9 

243·6 
93·4 
48.2 

203·1 

1 

0 
0 
0 
0 
0 

2(West) & 7 

-
$ 17·3 

29·6 

53·2 
27·0 
13·5 
52·0 

Bermuda 
2 Ground Base 

- 1.3 

I 
1.3 0 
1.5 1.6 
1.9 0 
2·7 2·7 

I 2(West) & 7 i 

-
65·8 

l.35·9 

243·6 
93·4 
48.2 

203·1 

Bermuda 
2 Ground Base 

- 1.3 
13·3 0 
15.1 1.6 
19·5 0 
27·2 2·7 

TABLE 35 

SUMMARY OF UNIT COSTS 

(TI!OUSANI:S OF DOLLARS) 

2(Bermuda)& 6 2 (East) 

$ 1.0 -
12.6 $ 17·3 
41.2 85·9 

74.2 154.7 
37·8 79.1 
18·9 39·4 
72·5 151.7 

3 4 5 

1.8 1.8 -
·7 .6 1.4 

2.4 2.4 3·2 
l..0 ·9 2.0 
4.3 4.2 5·5 

2 (Bermuda)&6 2 (East} 

$ 1.0 -
19·3 $ 65.8 

147·6 1$2.3 

264.6 345·1 
104.2 145·5 

53·6 74.2 
223·7 302.8 

3 4 5 
6·7 6-:3 -
6.6 6.1 13·7 
9·6 9·0 17·2 
9·9 9·2 20.2 

17·9 17·1 30.8 

3 

--
ll6.8 

210·3 
107·6 

53·7 
206.2 

6 

--
4.0 
3·1 
6·9 

3 

--
$ 223·2 

400.7 
174.0 
88.4 

357·4 

6 

--
25·1 
30.8 
44.0 

4 5 8 Overshoot 

- .$ 4·3 $ 1.4 - 55·6 23.4 
139·5 202·5 46.3 

251.1 364.5 83.2 
128.6 186.8 42.5 
64.1 93·1 21.2 

246·3 357·8 81.5 

7 8 9 10 

- 5·8 1.6 -
6.6 6.9 1.9 2·9 
7·2 8.8 2.4 3·1 
9·5 9·9 2·7 4.2 

12.2 12.4 3·4 3·4 

4 5 8 Overshoot 

- .$ 4.3 $ 1.4 - 72.4 23·4 
$245.9 308.9 152.6 

441.5 554.9 273.6 
195·0 253·2 108·9 

98·8 127·8 55·9 
397·5 508.9 232·6 

7 8 9 10 

- 5·8 1.6 -
,,' 22·7 6·9" 1.9 2·9 

25·1 8.8 2.4 3·1 
32·9 9·9 2·7 4.2 
44.0 12·3 3.4 3·4 



TABLE 36 
SUMMARY OF STATION DISPOSITIONS 

Reference: Figure~ 51, 56, 57 

Area 1 2(West)&7 2 (Berinuda)&6 2(East) 3 4 5 8 OVershoot 

RetrieVing Vehicles I (All 3 Complexes) I 

Helicopter (HS) 1* 1* 1* 
Airship (ZP) 1 1 2* 
Destroyer (DO) 1 1 2 1 1 

Station 1 2 Bermuda 3 • 4 5 6 7 8 9 10 
Ground Base 

l 
Detection Vehicles 

(Minimum Cost Complex) 
S2F 1* 1* 
SA-16 (OF) 1* 1* 1 
P5M 1 

(Complete Chaff Detection Complex) 
S2F 1* 1* 1* 
SA-16 (OF) 1 1 1 1 1* 
P5M 1 1 

Station 1 2 4 5 7 8, 9 10, II 12 13,ll. 15-17 

(Complete Surface Detection Com-
plex) 

WV-2 1 1 
P5M 1 1 1 1 
P2V 1 (Area 3) 1 1 2* 3* 

(Area 4) 1 

* On Ground Standby- For Minimum Cost 
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C. U.S,. Navy Aircraft Cost Data 

Th~ direct hourly operating costs used. in this stud.y includ.e fuel and, oil costs, 
maintenance labor, and. the cost of the flight crew. It is pointed out that this 
is not a complete statement of the operating cost of an airplane - inasmuch as it 
does not includ.e the cost of spare parts and. other maintenance material - but 
should. be sufficient to provide a valid. comparison between aircraft. 

Additional data on the cost of operating U.S . Navy aircraft, Reference 84, were 
received. too late to incorporate in the bod.y of this report. This information 
is shown in Table 37. NSA (Navy Supply Account) cost is understood toinclud.e, 
in ad.ditionto fuel and oil, minor maintenance expendables, particularly for 
electronics eqUipment. For airships, it includ.es helium consumed.. APA 
(Appropriation Purchases Account) costisund.erstood. to consist primarily of 
SPare parts for the airframe, engines, and. electronic eqUipment. These ad.dit­
ional hourly costs have been ad.d.ed. to the cost of maintenance labor and. flight 
crew indicated. in Table 20 for the purpose of comparison of these total costs 
to the direct costs used. in thestud.y. Prorated. overhaul costs are not included. 
in the comparison. The result is shown in Figure 62. 

The prinCipal variation from the data used. occurs in the case of the HR2S heli­
copter where the APA cost is consid.erably out of proportion to the other oper­
atingexpenses. Helicopters are cons id.e red. as potential retrieval vehicles in 
this stud.yand the economic case for them is based. on the fa.ct that they are 
not required. to be airborne during delays in the firing. They are consid.ered. to 
be transported. to their stations by cargo aircraft or surface ships. They there­
fore incur no operational expense of their own, asid.e from the one or two which 
might actually be dispatched for the capsule retrieval, an insignificant amount. 
In spite of the relatively high operating cost of the RR2S helicopter, therefore, 
the economic ease for the use of helicopters as retrieval vehicles, includ.ing the 
HR2S, is not changed .• 

The operating cost of the ZPG-2" 2W aircraft is also seen to be higher than anti­
cipated. with respect to other aircraft. The airship is also conceived. primarily 
as a retrieval vehicle, however, so that its cost relative to ships and. other 
potential retrieval vehicles is the criterion by which it should be judged .. Although 
the cost ad.vantage of airships, with respect to surface ships, may not be as pro­
nounced.as indicated in Tables 31 and. 32, they would. still appear to be less ex­
pensive at ranges within the limits of their operational suitability. 

There is also a small variation in the cost of the HSS and. HUShelicopters, con­
sid.ered. to be interchangeable in this study. This occurs primarily as APA expense 
and. is probably due to the ad.ditional electronics eqUipment required. for the ASW 
mission of the HSS. The d.ifferencehas no relevance to this stud.y. 

Although some variation exists between the current operational costs of the Navy 
aircraft and the costs used. in this stud.y, therefore, the differences do not alter 
the conclusions reached. in the report. 
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,TABLE 37 

OPERATION AND MAINTENANCE COSTS OF U.S. NAVY AIRCRAFT* 
, ( Per f'light hour) , 

::m 
Other Total Aircraft Engine 

Model Fuel Oil NSA APA 0Eerating Cost Overhaul Overhaul 
:t::~5:;l 

HR2S-1 $35·98 $1.91 $ 8.30 $478.79 $524.98 $200.78 $32.38 

HSS-1,2 14.57 ·32 2.21 110.43 127·53 82. err 6.84 

HUB-1,lA 11.37 .44 3.49 73.54 88.84 77 .11 6.84 

P2V-6,7 48.55 1.75 9·51 114.20 174.01 85·63 41.20 

P5,M-1,2 51·32 1.94 12.09 259.94 325.29 226.01 18.66 

R6D-1 79·39 1.47 10.07 94.22 185.15 31.25 29·12 

R7V-1 87.28 2·35 12·79 230·73 333·15 50.00 44.04 

S2F-1 17·50 ·50 3·33 76.54 97.&7 43·82 9.34 

UF-1,2. 21.28 1.04 6·79 83.82 112.93 123·56 10.96 

WV-2 90.63 2·77 19.38 209.04 321.82 50.00 35.24 

~-2,2W 9.58 ·51 55.04 342.49 407.62 267.89 10.82 

*Of'f'icia1 Navy cost figures were received subsequent tOithe completion Of' this study. 
A comparison with the values used herein is shown in Figure 62, page C-3. 

NSA = Navy Supply Account 
APA = Appropriation Purchases Account 

See Ref'erence 84 

Total 

$758.1:4 

217·24 

172·79 

300.84 

569.96, 

245.52 

427·19 

151.03 

247·45 

407.06 

686.33 

n 
I 
I\) 
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