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AB ,TRACT

Simultaneously with eacﬂ phase of SATURN des.gn, studies werc made
to determine the most practical procedvres for shipping and recovering
the SATURN Booster. These procedures are, in effect, now established
and the required equipment and facilities are being procured as secheduled.

The purpose of this report 1s to present the .hlpplnz and recovary
procedures for the SATURN Booster as catabllcﬁod by the pnttic(yutllgv

Btapcheu and Laboratories.
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INTRODUCT ION:

Considerable effort has neen expended on the irdividus! phss«s of
.16 SATURN Booster shipment and recovery operetious., SimultaneouvJaly,
effoirts were directed toward obtaining equipmant and faciiities required
for each operation.’ Procedures have bcen established for the many pheves
of water recovery, Procurement of equipment and facilities to effect
shipment from MSFC tc AMR has been programmed.

The report describes the irdividual opsrations - preservatioa, ship-
ment, recoverv and return shipment. Each phase of these operations is
outlined presenting procedures, facilities, equipment and other pertineat
information.

SATURN Booster shipment is detalled from final checkout at SA&R
Laboratory to arrival at AMR, SATURN Booster recovery includes all the
principle phases of operation from water impact until return shipment
to Kedstone Arsenal.

The information contaived within this repnrt is based on studies
nade as reccymended in Report Kr. DLMI %=59, "SATURN (JUNO V) Water
Reccvery Fessibiiity Study',



DISCUSSION:

The two principal topics presented within this discussiorn are, pre-
servation, cshipment of the Booster from RSA to CCMTA and recovecy, in-
cluding returu shipment to RSA., Although many phases of each topic are
cxmilnr, each will he considezed separately in the following discussion.

SECTION I. SATURN BOOSTER PRESERVATION AND SHIPMENT:

A. Preservation:

A prcservation system has been developed for t+e SATURN Booster
to prevent internal corrosion and deterforation after fabrication and
final checkout is completed, This system will provide protectior from
" the eavirormantal elements and phys:cal protection to the extent that
excessive differential pressures will be 2liminated upon the container
skin due to temperature and barometric pressure changes duriag shipment.
Phyaical protection will be accomplished bv preferential handling of the
tranaporter and Booster. The apvlied preservation system was designed
to assure dclivery of the missile to AMR in the same state as when the
system is installed.

Since the container structures of the missile cannot withstand
the exrernal pressures that may be encountered during shipment due to
tenperature and barometric pressure changes without: caueing possible
damage, the SATURN missile requires some type of equalizing or venting
device. This required venting is to be accomplished with a small desic-
cator breather (See Figure 1, Netail A) whicl, besides reducing differ-
anti1yl pressu:es, also has the funciicns of maintaining a non-corrosive
atmosphere (30 to 40 per cent relative humidity) aud filters the enter-
ing air (Removes diust and any foreign matter)

The desiccator breathema (Two requxred) w#ill be installed on the

LOX Container Nr. 1 manhole and the Fuel Contiiner Nr. 1 manholc¢ after
firzl checkout and purging priocr to shipment. Prior to installing the
desiccator breathers, the missile tanks will be purged with dry afir or
nitrogen, The regular manhole cover that is removed will br »ackaged

and shipped sapara ely {f they cannct be sc red to the missile without
causing any damage. These manhole covers wi.l agein be installed wiian
the desiccator breathars ere removed at AMR.

Protectiv: form-fitting endcovers will be installed on the Inr-
ward and aft shrouds of the Bocster assembly tc help seal against mois-
ture, dust and cther air contaminates. They will be fabricated fiom
either a nylon vinyl or necpren» coated nylon material. TFor rase of
ingtallatiocn, the forward and aft endcovers will he :c¢mposed of three
and four sections respectively which can be joined t~gether with slide
fasteners. Access can be obtained to the tail and 2rd stage adapter
gectinns through provided openings without removing ¢he endcovers.
Humidity indicators will be installed in the endcovers. Desiccant static
thargss (See Figure 1, Detail B) will be placed within the compartments.
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s8c3lsd by these endcovers., Thie will zs3ist in preventing accumulation
of molsture within these areas and lower thz relative bumidity to a nun-
cerresive atmosphere, A light tarpaulin will bes avatlable for use in
adverse weather conditions (Rafr, sleet, sncw, etc,) to be usea in con-
Junction with the form-fitting endcovers to protect the area (Contalner
section) beiwesn the endc vers,

The above pregervation procedur=s will be adequate to protect
the missile Juriag road moverments. When the migsile is positicned on
the barpe for the water traaspcr: phase cr for exterded storage, addi-
tional precervation equipment is needed tc maintein » 30 to 40 per cent
relative humidity within the LOX and fuel systoems,  This equiprent con-
siets of two floor desiccator brezathers wihich are positicrod #nd secured
to the barge degk along sicd2 the miseiles and are connzcted in series to
thae tw: breatherse already instalie«l cn the LOX and {uel macholes. A
flexible hoso will be used to conrect the missile marhole breathers to
the floor treathers, A portable air dshydrator will be usad to reactivate
the deziccant {2 the breathera 4f nacessary, Aleo, the desiccant static
chargss may rejuire replacing with :cactivatezd charges, This can be de-
*erminsd by the humidity indicators installed in the breathers and end-
covera. - B

Ugcn completion of the water transpc:t phase, the floor bhreathers
are discorrected and rerain with the barge. fter checking the humility
indicatcrs and changing desiccest 1f necessary, the missile is veady for
removal fzorm the bavge and centinues by zroad te AMR, At AMR, the re-
maining preservation materials are r:moved, :

It 18 eattmated ths: cre dey will be sufficient time to com-
plete thes SATURW Bo:ster pregservalicn,

B. Road Tcranspor*ation - SALR Ladb to ZATIAN Dock: -

. Ir order to negetlate the efpht nilva of exiating Arsenal roads
from SA&R Lab t¢ thz SATURN dock site and th= approximate’™s 1% miles of
Cap:z Canav:ral "cad, a transporter 1is pr 1{ded., 1his traucnorter is
deplztad in Figure: 2 and described briefl, below.

The uae cf the tezward end aft assznbly jiss as the main sup-
pert for the trangporter areswers the cperational need for an assenbly
fixzer: ab any location, The ferward and afi assembly rings provide for
leteral reration during the initial asvemdbly of the irndividuzl tanks to
the cluater, " To preven! exc2ssive torsional fo-cus from being trans-
mitted tc the miesile during transportation, 1t wos decided to use this
rotstion ability. Truss members vhich jein the i.+ward and aft asseably
Mgs complete the structural frame cf the trarspnier., The dolly assem-
blies are attachied to the asseably jigs to provide the final mobility
raquizemcnts of the transjortes,
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in arder to meet the vhecl loads as established, the dolly
asscmplies ccnsist of two identical units, ceaci having a walking beam
supported by tandem aircraft tires. 1In all, ecight wheels are use! with
tire pressures no greater than 90 psi being required. A steering pa-el
control and driver are required for 2ach set of dollies, This provides
“the capability of independent steering and braking. Steering .comrands
are given through inter-commun._ation head .ets worn by the drivers.

The tow is made by a draw bar connecting the forward dolly
assembly and the M-26 tractor (See Figure 3), During road movemerts,
the spead of tow is kept at a maximum of 5 milés per hour. -Although the
transporter has capabilities of higher speeds, such speeds are unwar-anted.

There is no suitable storage availabie for the SATURN Boos:.at
at the dock sfite other than the SATURN barge. 7Tt is thereiore imperative
that all possible barge loading preparwtions be completed prior to move-
ment from SA’R Lab,

‘Upoa nctification that all preparations are complete, road trans-
prriation oX the SATURN Booster will commence along the selected route
from SA&R Lal to the SATURN dock site. All traffic along this route will
be controlled during the move to insure prompt and-safe delivery. 1t {is
estimated that a crew of eight can regotiate the eight mile route within
two hours. ‘

C. Barge lLoading:

To compleze the transportaticn syrtem between the road network
and waterways, a dock facility is necessary both it Redstone Arsenal and
Cape Canaveral. A roll-on/roll-off con:ept evolved as the most feasible
system to provice this requirement, A btarge loading facility is to be
bullt which will effect the r0ad to barge movement (Lne Figure 4),
fince the Teancssee River level has a seascnal fluctuation and & variable
current, a dredge slip is to be prcvided at Reds:rne. The barge will be
ctapable of b:ing ballasted by either end to augmeat the variation in
river level. In this way, a river height fluctuition of 8% feet can be
accanmodated. The situation at the Cape 18 much simplified, sinc the
wi'er level (s stable ‘ithin six Inches, with p ctically no current,
The dock faci{lity at the Cape will be similsr with the exception that a
slip will not be required,

Prior to arrival of the Bcoster at the RSGA dock site, the barge
will be securcly tied into loading position. .Also, the stael ramps which
spen from dock to barge will be set into place and other necessary load-
+ng preparations will be made,

_ Upcn arrival of the Kooster at the RSA dock sffy, ‘the M-26
tractcr 27ill be disconnected and removed from the immodiate area (See
Figure 4). A double drum, ceontinuous cable winch, is then attdched to
the tranaporter. A portable winch coutrel box is provided for more
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reliable and closer control cver movement. ‘The two iramsporter drivers,
the winch controlmen and two or three lockouts will then proceed to
negotiate the transporter within the barge. As the forward wheaels of
the transporter cross onto the barge, re-ballasting will be rejquired
before the rear whecly are allowad to cross, demanding an approximate
. ten minutes delay. .he Booster 18 then positioned into the storage com-
partment in conformance to guide lin:s painted on the deck. Cnocking
and tie-down will then proceed %mmedtately.

‘Once the SATURN Bocster 18 sufely tied down within the barge
(See Figure 3), irstrumentation and preservation equipment for vater
transportaticn must be fmmeliately atcached. ‘This will irclude:

1. _Explostvé gersers,

2.> HumiZity 1ndicators.‘

3. Pressure izdicatcrTs.

4, Tampera.n-e indicators.

5. Vibratloa and cther shock teqt equipment,

€. Additional hreathing equirment to LOX anJ fuel systems.

Tt 18 estimsted th:iZ gix te eig .t houra wlll be requir:d to
complete the barge loadiug,

D. Water Trensportatisn - RSA to CCHTA.'

The SATURN barge 1s, except {9 propulsion, a se=lf-auffi{cient
vessel cepable of numerous functizrs (Se2 Figuce 5). Many of these
functlious are depicted iIn Figure 4 ~d poir’ed cuZ in the following
digenseicon.

At the af? end of the SATURN storage compartment, an additional
stcrage area of approximately 900 square feet is availagble. This are
-may be used to ccnsilderable advantage to ghip equipment such as large
and bulky "esuppsrt equipmern:". Additional "missile breathing equipment"
18 lccated at the fowward end of the compartment. This equipment, which
controls the humidity withis the Booster's LOX and fuel systems, must
recsive regular inspection and servicirng cf {t« desiccant charge.

An instrumentaticn compartnsnt ie lecated immediately forward
of the storage cimpartment on the maia deck, The prime purpose of thiws
compariment 18- to maintain ccn2tant instrument check on the SATURN
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Boostecr. Also housed in this compartment is radio equipmcat to provide
contact with RSA and CCMTA as well as inland and coastal weather 3tations,

Below the radio compartment 1s the "Punp and Generatdr Room”,
Housed in thie compartment aleng with various pumps, are two diesel
driven 60 cycle AC generators to supply necessary current for i1ightlnag
and powe:r, A diesel fuel supply of ac least thirty days will be pro-
vided for these generators.

A work shop on the main deck is available for any emergency or
temporary repairs to the barge or Becoster "support cquipment"., This
work stop will be conveniently avaiiable during the return Zrip to R3A
following Booster recovery. :

i Ahove the maln deck, complete berthing for ten men ia'provided,
together with showera, galley and etores having a full thirty day ca-
pacity.

There 18 only cnz route available from RSA to llew Orleasns,
Loulgiana, ‘as shown in Figure 6, This route follows the Ternersee, Ohio
and Mississippi{ Rivers t> New Orleans, From this point to th= Cape,
three routes are availatlz; but the rmost advantagzsous at the present
appears to be as follows:

The Gulf Interccastal Watecway from New Orleans eac: for
s distance of 350 miles to St. Georges Soun?. The Gulf of Mexico 1is
then enterz1 £c~ a distance of 281 mil:s to Sar Carlos Bay, 20 miles
southwest of Fort Myers, Florida, From this poing, the Okeechobee
Waterway is f{ollcwad across Tlorida fer 147 miles to Stuart, Florida,
From nere, the Florida Interccastal Waterway lcads tor 138 milee to the
Canveral Barge Canal,

The total distance from RSA to CCMiA is approximately 2200 miles
which will rzjuire an estimated three weeks to traverse. Only 281 miles
are consic:red "sea miles", This route is wcver more than °" miles from
shore ard a few Liours from ahelter,

E. Barge ilnlcading - CCMTA:

Barge uniocading at the Cape is similar to the loading vperation
at R5A, bu:r simplified due to only a six inch filuctuation in water level
as comparcd to about an 8% foot fluctuation on the Tennessee River,  Very
little ballasting will be required to pouitica the barge for the unloading
operation,

The rear winch of the M-26 tractor (CCMTA fucility) will be
employed to unload the Beoster from the barge (Sce Figure 6, Detail 2).
When this {8 accomplisted, the winch will be disconnzcted and the M-26
tractor will then be used as towing vehicle for road transport.ation to
Complex 35,

11
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The total time required for the unloading operation at the Cape
1s estimated tc be fcur hours.

SECTION I1. SATURN BOOST™R WATER RECOVERY:

The recovery program for the SATURN missile Beosters will be con-
“ducted In unison with the U, S, Navy. Recovery methods may vary as the
prog-am alvances; however, a method is precented whizh, for the most
pert, shculd remain unchangad, with only refinements in procedvre being
dictated by future knowledge,

The "on-migssila" recovery peckage caploys drag and oxierntation
devices together with parachutes and retro-rockets fcr reducing the
terminal velocity sufficiently to niinimize damage to the Booster upon
impact. Since the impart will be on the ocean, approximately 200 miles
from shcve, it will be necessary to handle and transport the Booster on
the open sea to coupletely effect recovery., Tha SATURN will not be
fired during inclement weather exceeding a sea state three condition at
the predicted point of {npact. This can be determined by the extenled
weather fcrecast cf the impact area.

The follcwing are the nececsary sequence ¢f operations in the
successful recovery of the Booster (See Figure 7::

A, Tha2 Bopater will be 1scated Yy the us2 of radar and visuval
tbservation as well as the computed impact point, Once the Booster haa
been located arnd the retrievirg operatfcoa initiat:d, immediate visual
damage survelllance will be perforwsd while rem.falng at a safe distance.

B, Once the Booelar has been afifimed recoverable, an uunder-
water diving team will advance to *he site. The initial “ask is to
remove the Jestructer unil from ths Booetecs., Additional p-rsonnel and
equipmert will  hen arrive to a2ssiet ia * > followirg:

1. Atmaspheric veating cf the LOX and fuel systeﬁ.

2. .Installation of stabilizaticn equipment.

3. 1Installation of flotation equipment dxsigned to insure
that Bouster depth will not exceed limit dictatsd b recovery ship.

4, Connaction of all towing and teg iines.
5. Removal of parachuZes which have ¢caded to function as

effactive sea anchors.,
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C. 1In the meanwhile, the other recovery versels have teen pro-
ceeding to the impact peint, It is ant:cipated that the accrn:acy of
predicting the impact point will be such that the recovery tleet will be
at the pick-up point within a maximum of three hours,

The prime recovery vecsel, an LSD, 1s a ship £#58 fa=t in
length with a 72 foot beamn having a rnormal draft of 18 feet. However,
the stern of the ship can be ballasted in such a manner ru to make the
aft most decks become awash (See Figure 7, Detail 1). Thus, the ship
can ride in water in such a manner that a depth ¢{ about 17 feet of water
may be attained within the well. This well is 43 feet wide and trna
"removeable superstructure" does not place any overhead lirtics.

Upon arriving at the impact point, the LSD is deployed in
such a mauner that its stern faces the forward end of thu Booster, Then,
with the forward attached tow lines, the Booster is wioched into the well
>f the LSD (See Figure 7, Detsil 1), The aft scction of the LSD well
will be padded to cushion any contact between Rooster and the ship. The
well is then pumped dry as the Booster is pousitiioned upon support Jrives.

D. With the 1SD wall dry and the Booster secursly tied down,
the deconteimnination operation will commence (Sze Figure 7, Decail 2).

First, a complate freshwater wash down is zrploved over all
PBooster srrfaces that have been exposed to sa’t water. As much water as
possible 'vill then be removed with the aid of suction hoases, atc., The
LOX and fuel tanks should require no purzing bat will be vented to
desiccant charged "breathing” ~quipment.

Water ¢isplacing compounds are <hen cuployed to cpray the
exterior portions of the engine compurtmeat snd within the interior of
all engines. These water displacing cowpounds sctt as effoctiva preser-
vatives.

Simultaneous to water dispiacing applicat’ °n, critical or
special compcrients such as elecZronic -ar, black boxes und delicate
engine components will be closely checked for contamination, Uetermina-
tion will then be made to either leave compoients "as are" c¢r tc remove,
decortaminate, preserva, and package for return chipment.

7 It is recommended that personnel familiar with the Booster
and its ccmponents should be aboard the LSH to dire:t and pucform these
operdtions,

E. 1In the weanvhile, the LSD will be anroute to a large port
at which a 100 ton 1ift crane {s available. Cpon arrival at the port,
the overhead of the SATURN barge storage comnpartment is removed to
facilitate transfer of the Loos*er from within the LSD well to the barge
(See Figure 7, Detail 3),

14
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Return shipment may ncw be effected ir the same manner and
via the sare route as the i{nitial dzlivery to the Cape. Upon arrival at
RSA, the Booster w11l be o’f-lcaded aud taken to SASR Lab for reusability
analysis,
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