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[ 5 7] ABSTRACT 
A submersible ?uid transporting watercraft which may 
be self-propelled or towed and which is separable into 
segments with the segments having means for compen 
sation for bouyancy and for shifting the segments ‘one 
relative to the others to facilitate assembly and disas 
sembly of a single unit. ‘The invention further includes 
improved means for navigating ice covered waters 
which is capable of cutting through ice of substantial ' 
thickness or which can travel beneath the ice in waters 
of adequate depth. 

8 Claims, 41 Drawing Figures 
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MEANS FOR THE WATER TRANSPORT OF 
LIQUIDS 

This is a divisional of U.S. Application Serial No. 
14,482, ?led April 26, 1970 and now U.S. Pat. No. 5 tion of the power 
3,698,339. 
This invention concerns the water transport of liquids 

and is especially adapted to the transport of oil through 
ice-choked waters such as are encountered in high geo 
graphical latitudes. 

In ‘the past the transport of oil has been effected by 
surface ships to which great resistance to forward mo 
tion was offered by the need to displace surface water 
thereby creating bow and stem waves. When these 
ships had to travel through ice-choked water, and espe 
cially so, under winter ice conditions, they either re 
quired the services of a specially designed icebreaker 
to make a path through the ice, sometimes in 10 to 15 
foot thick new ice, at such low speeds as 1 mile a day, 
or they required an ice-breaker construction permitting 
them to provide their own surface passage through ice, 
but the inordinately long length required for large 
cargo made maneuverability of such craft among sev 
eral different types of normally encountered ice condi 
tions so difficult ‘that in such cases not only would the 
services of an icebreaker be imperatively required, but 
even then success would not always be assured. The use 
of submarine transport has been considered, but ‘not 
yet tried and presents the double disadvantage of, 
firstly, requiring an inordinately large battery capacity 
or nuclear propulsion for prolonged under ice travel, 
and secondly, requiring a relatively thin vertical pro?le 
of inordinately low height and inordinately great width, 
in order to utilize existent docking facilities which 
would be incredibly expensive to replace and in which 
a draft of the order of 30 feet is available, while‘having 
a large enough tank capacity to make the operation 
profitable. 
By contrast, this invention provides surface and sub 

mersible ?exible means adaptable to the entire range of 
conditions normally encountered in the frigid high lati 
tudes, relatively‘speedy transport through thinner sur 
face ice and under thicker ice islands and icebergs, as 
well as ef?cient overall operation in conditions of 
heavy seas. I 

. In one embodiment of the invention a single vessel is 
utilized and acts as both icebreaker and tanker. In an 
other embodiment, the functions of ice-breaking and 
fast propulsion on the one hand, and of large liquid 
cargo carrying capacity on the other, are separated, 
and are performed respectively by what will be termed 
a “power module" and a “barge.” It will become ap 
parent from the description that the ?rst embodiment 
is attained by the mere enlargement of the power mod 
ule to include oil storage compartments. 
The above and other objects of the invention will be 

come more apparent from the following description 
and accompanying drawings forming part of this appli 
cation. 

In the drawings: 
FIG. 1 is a side view of the power module and the 

barge in normal underwater travel with snorkel opera 
tion in accordance with the invention; 
FIG. 2 is a plan view of the structure shown in FIG. 

1; 
FIG. 3 is a front view of the power module of FIG. 1 

breaking ice of 1 foot to 5 feet in thickenss; 
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2 
FIGS. 4, 5, and 6 are cross-sectional views of FIG. 1 

taken along the lines 4-4, 5-5, and 6—-6tof FIG. 1; 

FIG. 7 is a cross-sectional view of a fragmentary por 
module illustrating retractable con 

ning tower; ‘ 

FIG. 8 is a cross-sectional view of FIG. 7 taken along 
the‘line‘8-—8 thereof; 
FIG. 8a is a cross-sectional view of the electromag 

netically held conning tower braces taken along the 
line ‘8a ~—8a of FIG. 7; ‘ 
FIG. 9 is a side view of the stern. of the power module 

and the bow of the barge; 
FIG. 10 is a plan view‘of the rear of thepower mod 

ule taken along the line 10--l0 of FIG. 9; 
FIG. 11 is a rear view of the power module taken in 

‘the direction of the arrows ll—ll of FIG. 9; 
FIG. 12 is a front view of the barge taken in the direc 

tion of arrows 12-12 of_FIG. 9; 
FIG. 13 is a fragmentary side view of the stern of the 

barge shown in FIG. 9; ‘ 
FIG. 14 is a cross-sectional view of the barge taken 

along the line 14-14 of FIG. 13;. 
FIG. 15 is a rear view of the barge stern shown in 

FIG. 13; 
FIG. 16 is a side view in partial section of a segment 

of the barge shown in FIG. 9 and 13; 
FIG. 17 is a cross-sectional view of the barge segment 

of FIG. 16 taken along the line l7—l7 thereof; 
FIG. 18 is a cross-sectional view of the ‘barge segment 

through the forward portion of the screw facilities 
housed in a “nacelle” and taken along the line 18—18 
of FIG. 16; 

‘ FIG. 19 is a farther aft section of a barge segment 
through the battery compartment of the nacelle and 
taken along the line 19-—l9 of FIG. 16; 
FIG. 20 is a still farther aft section of a barge segment 

through the engine room of the nacelle and taken along 
the line 20-—20 of FIG. 16; ‘ 

FIG‘. 21 illustrates in plan view the ?rst step in the as 
sembly of two barge segments; ‘ 
FIG. 22 is a view of the barge segments of FIG. 21 

taken along the line 22-22 thereof; - 
FIG. 23 illustrates one type of assembly bolt for inter 

connecting barge segments; 
FIG. 24 illustrates the assembly bolt of FIG. 23 in the 

locked position; 
FIG. 25 illustrates another type of bolt for segment 

assembly; 
FIG. 26 is an end‘view of the assembly bolts after as 

sembly of two segments; 
FIG. 27 illustrates diagrammatically two segments 

before ?rst rotation previous to ?rst connection; 
FIG. 28 illustrates diagrammatically two segments 

after ?rst rotation and ?rst connection; 
FIG. 29 illustrates diagrammatically two segments 

after second rotation and second connection; 
FIG. 30 illustrates diagrammatically two double seg 

ments, or half barges after ?rst connection and before 
rotation; , 

FIG. 31 illustrates diagrammatically the completed 
barge after ?nal bolt connection. 
FIG. 32 is a side view of a modi?ed form of power 

module with the barges or oil carrying elements 
adapted to be carried about the periphery thereof, the 
barges in this view having been removed, 
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FIG. 33 is an end view of the structure shown in FIG. 
32; 
FIG. 34 is an end view of a set of barges intended to 

be carried about the periphery of the structure shown 
in FIG. 32; 
FIG. 35 is still another modi?cation of the invention 

showing a side elevation of a barge formed of individual 
horizontal sections of different con?gurations to form 
in assembly a streamlined self-powered unit; 
FIG. 36 is a front elevational view of the structure 

shown in FIG. 35; 
FIG. 37 is an end view of the individual sections of 

the barge of FIG. 35 in a disassembled but connected 
position for navigating shallow water; 
FIG. 38 is a transverse cross-sectional view of one of 

the individual sections of the structure shown in FIGS. 
35 to 37 and showing the individual compartments; 
FIG. 39 is an enlarged cross-sectional view of one of 

the compartments shown in FIG. 38; and 
FIG. 40 is a central longitudinal fragmentary cross 

sectional view of the compartment of FIG. 39 with por 
tions in elevation. 
Referring now to FIGS. 1 and 2, which illustrate gen 

erally in side and plan views the snorkel operation of 
the power module 10 towing the barge 11, the num 
beral 12 denotes a watertight retractable conning tower 
raised for this operation and braced by braces 13 held 
in place by electromagnetic clamps 14. Conning and 
snorkel operation of the power module in this con?gu 
ration is insured through the conning tower and intake 
and exhaust ports 15 and 16. Retractable ?ns 17 serve 
to control, in cooperation with suitable ballast tanks, 
not shown, the depth, diving inclination and aspect and 
roll of the power module, 18 are two of its four propel 
lers, 19 are two of its four rudders, placed immediately 
one each behind each propeller to insure maximum 
steerability when in dif?cult ice. Four extensible and 
retractable links, supported by messengers carried by 
one of the upper hawsers 20 and not shown, serve to 
provide the barge with power, air and communication 
with the power module. 
The barge is made up by the assembly of four seg 

ments to which a nose piece 22 and a stern piece 122 
are affixed. Nose piece 22 can be brought to nest into 
receptacle 22' which forms part of the power module, 
by means of towing hawsers 20 as will be detailed be 
low. Each barge segment by itself is an integral vessel 
with its own means of propulsion, the several essential 
elements of which will be shown in subsequent draw 
ings, as well as retractable radio and radar antennae, 
not shown, and means for normal overboard discharge 
of waste. Retractable diving ?ns 23 are shown as car 
ried by two barge segments which in cooperation with 
ballasting tanks serve to control the depth, inclination, 
aspect and roll of the barge. These retractable diving 
?ns are located in each segment just below the edge of 
the port side ?at portion. Also shown in FIGS. 1 and 2 
are propellers 24 and rudders 25 of the barge segments. 
Not shown in FIGS. 1 and 2 but shown in FIG. 26 are, 
on the starboard ?at side of each segment, compart 
mented sealing ridges which, in cooperation with the 
port flat side of an adjoining segment when assembled, 
divide the two adjoining ?at portions into a multiplicity 
of thin, watertight compartments which may be each 
individually pumped out as the segments are assem 
bled, or ?lled by sea-valves or pumps to assist the disas 
sembly of the segments. 
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As shown, the barge is a relatively large cylindrical 

body. This arrangement provides relative ease of as 
sembly and disassembly of the barge segments by 
means of the long parallel hinge construction shown. 
This departs from the tear-drop pro?le which would 
permit minimum resistance to motion, though it will be 
clear to those skilled in the art that a more streamlined 
pro?le could be utilized at the expense of shortening 
the structure which would require more complicated 
assembly means, and would also increase hull diameter 
for equivalent capacity. 
As shown in FIG. 1, conning tower or snorkel opera 

tion is well suited for open water, where it provides 
minimum resistance to motion at higher speeds for 
both power module and barge, or through thin ice, typi 
cally up to one foot in thickness. For intermediate ice, 
typically from 1 to 5 feet in thickness, ice plow 26 car 
ried by the reinforced upper fore portion of the power 
module, illustrated in front view in FIG. 3 and in sec 
tion in FIGS. 4 and 6 serves to lift and break up this ice, 
and throw it outwardly to provide an ice-free passage 
for the barge. Thicker ice, typically from 5 to 15 feet, 
can be broken by the reinforced lower fore portion 27 
of the power module with the barge temporarily de 
tached. Bow height adjusting ballast tanks, not shown, 
serve to place the bow at the proper height for plowing 
ice upwardly or breaking ice downwardly. Alternately, 
and in the event of still thicker ice, the power module 
can retract its conning tower and proceed completely 
submerged, with the barge nose nested in 22' or not, as 
reqired, to a point where ice is known to be thinner or 
already broken. The functions of intelligence required 
to assist sight for the safe operation of the power mod 
ule and barge in these conditions can be accomplished 
by the well established techniques of sonar, radar, laser 
radar and helicopters with foldable blades normally 
housed under watertight hatches in the power module, 
and when submerged, small pilot submarines of the 
order of a few feet in length preceding the power mod 
ule by several hundred yards and tethered to it by ca 
bles of zero buoyancy which supply the power required 
for their propulsion, for the emission of the sound sig 
nals utilized by the power module for the measurement 
of their azimuth and elevation, and the servoing opera 
tion of their directional controls. 
FIGS. 7 and 8a illustrate the retractable conning 

tower in more detail. The outer portion of the conning 
tower consists of a cylindrical body having the cross 
section illustrated in FIG. 8 and designed to provide a 
cutting edge 29 effective against thin ice, as well as a 
streamlined shape for minimal water resistance. Water 
tightness is provided by the seal 30. The lifting and re 
tracting of the conning tower is provided by hydraulic 
lift 31 energized by motor and pump means 32. Snorkel 
intake and exhaust are through ports 15 and 16 and 
lowered conduits 33 and 34. Vertical companionway 
35 provides access to the control and command space 
36 of the conning tower. As the conning tower is lifted 
braces 13 lift freely, pulling behind them the armature 
14 of electromagnets 37. After the conning tower has 
reached the desired height, electromagnet 37 is ener 
gized by coils 37' and effectively clamps the position of 
the lower ends of braces 13. 
FIG. 9 illustrates the method and means for connect 

ing the power module to the barge and towing it, and 
FIGS. 10 and 11 are the plan and rear views of the aft 
portion of the power module. Propulsion and steering 



3,805,729 
5 

are effected through four propellers l8 and four rud~ 
ders 19. Four hawsers 20 are reeled out from four reels 
38. Not shown is a ?fth reel for paying out barge supply 
links 21. All ?ve reels are designed for immersion 
below nominal ice-island depth‘ and are energized 
through water-tight seals not shown. Extensible and re 
tractable cranes 39 are utilized to assist the initial con 
nections to the barge which is then close up to the stern 
of the power module, after which the hawsers are 
reeled out or withdrawn as required with the barge as 
sisting with its own propellers. The barge may assist in 
this operation by lifting its nose or stem and rolling on 
one side or the other to bring up successively its several 
towing rings, using for this procedure its several ballast 
and balancing tanks as will be detailed below. 
FIG. 12 illustrates the fore portion of the assembled 

barge, showing nose piece 22 in which provisions are 
made for the through connections of barge supply links 
21, and the four towing rings 40 for connecting hawsers 
20. Nose piece 22 can be nested in the receptacle 22', 
heavily lined with resilient material 22", by drawing up 
hawsers 20 for the purpose of forming an articulated 
assembly of the power module and the barge when con 
ditions demand careful and precise maneuvering of the 
assembly. I 

The four segments forming the completed barge each 
have its own propulsive, maneuvering, and other self 
sustaining means as will be described below. 
FIG. 13 illustrates the rotatable nacelles 41 of two 

barges. These nacelles house control facilities, power 
plant, battery-charging generator plane and crew’s 
quarters and each is equipped with a propeller and rud 
der. As each segment can rotate on itself, each nacelle 
can be given a counter rotation designed to keep crew’s 
quarters, batteries and rudder in a proper upright posi 
tion, as will be described below. 
FIG. 14 illustrates a cross-section of the assembled 

barge showing the arrangements of the tanks. In each 
segment there are shown three balancing tanks of equal 
capacities 43', one ballast tank 43, and three cargo 
tanks 44. The three equal balancing tanks, the total 
content of which is one and one half tankfuls, control 
the rotational positioning of the segments or pairs of 
segments for assembly purposes, and of the assembled 
barge to assist connection with the power module. As 
this control is effected by transferring liquid from one 
balancing tank to the other, these tanks also may be 
used for liquid cargo, during cargo runs, and contain 
sea water on return voyages. The ballast tanks on the 
other hand must be ?lled or blown as the needs for div 
ing or surfacing arise, and hence must be used for sea 
water only. In each segment the ballast tanks are lo 
cated near the narrow ?at portion which will be termed 
the “deck" of the segment and which emerges when 
the segment travels as an individual vessel. In principal 
there should be, in each segment, a minimum of two 
ballast tanks to control the nose ‘height i.e., fore and aft 
balance of the barge, and in practice, these two ballast 
tanks as well as the three balancing tanks will be com— 
partmented in accordance with principles of good sub 
marine naval architecture. 
FIG. 15 is a rear view of the assembled barge and il~ 

lustrates all nacelles in their'normal positions for opera 
tion which provides maximum effectiveness of the 
barge rudders when the barge propellers are powered. 
Quartered stern cone 122 is shown in place with its 
snorkel connections. 
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FIGS. 16 to 20 illustrate the general arrangement of 

a barge segment in position for travel as an individual 
vessel, between loading or unloading areas and assem 
bly and dis-assembly points. The upper balancing tank 
42 is shown divided into several compartments which 
are connected through pumps to the corresponding 
compartments of the two balancing tanks 42 in the 
same fore and aft locations. Ballast tank 43 is likewise 
partitioned into compartments which can be individu 
ally ?lled or blown. Alternately, water may be trans 
ferred between fore and aft ballast tanks to control the 
nose height or the fore and aft angular position of the 
segment, or of the assembled barge. Companionway 45 
of circular cross-section is located in the approximate 
center of each segment. The remaining portions of 
each segment are utilized for cargo, with the exception 
of small spaces near the top which are utilized for 
power and communication cables and for air intake 
and engine exhaust. 
FIG. 17 shows in cross-section the several tanks, the 

companionway and the cable and air intake and ex 
haust spaces. 
The stem of the segment houses the rotatable na 

celle, on bearing rings 48’, within which are the crew 
facilities and a small power plant designed to give the 
segment, when used as an individual vessel, low speed 
propulsion to and from the loading and unloading 
points and to provide steera'ge-way when decoupled 
from the power module during ice-breaking operations. 
Also housed within the nacelle are the batteries de 
signed to give the assembled barge the power required 
for propulsion if accidentally detached while sub 
merged. Sections shown at FIGS. 18, 19, and 20 are re 
spectively taken through the screw compartment, the 
battery compartment, and the generating and propul 
sive power plant compartment. The rotation of the na 
celle is effected through electric motor 46 coupled to 
the nacelle through pinion 47 and tooth-wheel 48. The 
motor 46 as well as all pump motors and other powered 
devices outside the nacelle incorporate a lubrication 
system capable of 360° rotation around fore and aft 
axes. Communication with and power from the power 
module are provided through cables 49 and air intake 
for the crew and the engines is through airduct 50, and 
rotating manifold 50’. Power and communication ca 
bling is’not shown. Used air and engine exhaust is 
through duct 51, manifold 51' and ;demountable snor 
kel 52. For underwater travel during which power is 
obtained from power module so that the internal com 
bustion engines are not used, air exhaust is through a 
small compressor not shown. Also shown on FIGS. 17 
to 20 are two stabilizing, hullstrengthening keels 52' on 
each segment. 
For surface travel a portable control‘house 53’ com 

municating with the segment’s central control commu 
nication center in the nacelle and the remainder of the 
segment and all other segments in any assembly 
through cable 53 is placed on the deck by an assisting 
lighter not shown in the drawing. A second location for 
a control house in the fore portion of the apex of the 
segment is provided but not shown. Other control sta 
tions connecting positions, not shown, are provided on 
the starboard large ?at side of each segment and on the 
outer surface ‘of its hull, to be used during the assembly 
operation, or when double segments are to be utilized, 
in rivers or otherwise, as individual liquid transport. 
The provisions of these control points, similar ‘to the 
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provision of the conning tower of a submarine, present 
no unsolved dif?culties and are within the scope of 
conventional naval architecture. 
FIGS. 21 and 22 illustrate the methods and means of 

joining two barge segments into a half barge. The bal 
ancing tanks are utilized as will be described below to 
cause the segments to roll 45° so as to have the port flat 
face of one with its male hydraulic hinge mechanism 
abreast of the starboard ?at face of a second one, with 
its female hydraulic hinge mechanisms, and in a hori 
zontal plane as shown in FIG. 22. At this juncture 
spring lines 54 are arranged so they do not interfere 
with hydraulic hinges and are extended between turk 
heads and winches of the two vessels, so recessed in 
each hull that no interference exists after assembly, are 
used to bring the two segments in closer proximity, 
while suitable fenders, not shown, are used to prevent 
hull damage from wave action. When the straight por 
tions of the outer edges of the two segments are in the 
proper position, bolt 55 of hydraulic hinge lock of a 
?rst type shown in FIG. 23 is moved home in female 
portion 71 by means of the springlines and winches, 
and when its position is signalled by telltale 59, the sec 
ond bolt 55' is sent home by means of hydraulic cylin 
der 56 and piston 57 which causes bolt 55’ to enter ap 
erture 58, thereby locking the two segments at one 
point and preventing any sideways motion of the two 
segments, as illustrated in FIG. 24. This also operates 
telltale device 59’ which signals the successful end of 
this part of the operation to the control house. Further 
taking up of the spring lines insures that the remaining 
portion of the straight edge of the hulls of the two seg 
ments are aligned whereupon single ended bolts of the 
male portions 72 of hinge of a second type as shown in 
FIG. 25 are also sent home, in the female portions 73, 
?rmly tying together the two segments except for the 
1° of freedom left which permits them to rotate with re 
spect to each other along the axis defined by the bolts 
operated thus far. The hinge thus formed serves to 
stiffen the two segments against any bending of one 
with respect to the other, while acting as a hinge for the 
two segments. 
After this initial operation, liquid is transferred be 

tween the balancing tanks within each of the two seg 
ments so as to cause the hinged portion of the two 
hinged segments to sink while the two formerly hori 
zontal ?at portions of the segments rotate around the 
hinge toward each other. This operation can be assisted 
by spring lines and, as the starboard sealing ridges de 
scribed earlier begin to touch the ?at port side of the 
adjoining section, this operation can be further aided 
by the pumps provided to empty the compartmented 
space between the segments, until the two deck edges 
60 of the two segments are in the proper position to 
lock them together by means of bolts of the second 
type distributed along edges 60. Further, bolts of the 
second type distributed along the curved portions of 
the outer edges of the segments are then sent home to 
strengthen and complete the entire assembly. Other 
pumps may be utilized [to pump water into the compart 
mented space between segments to assist the disassem 
bly operation. 

In order to promote maximum interchangeability of 
the segments, the male portions of the bolts are on the 
port side of each segment, for instance, and the female 
portions are on the starboard side. 
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While the assembly of the two segments has been 

shown here to be effected by means of bolts, it will be 
realized that other means may be utilized, such as, for 
instance, a multiplicity of ?xed bolts in one segment ?t 
ting into a multiplicity of corresponding V-shaped 
pieces in the other segment, and a multiplicity of short 
hawsers and associated winches extending along the 
entire periphery of the ?at portions of the segments to 
be connected together. Whether hydraulically oper 
ated bolts, or ?xed bolts, V-shaped pieces and hawsers, 
or a combination of both, or even electromagnetic 
means are utilized to bring together and hold these 
edges will depend upon design considerations, and it 
is not intended to restrict this invention to the use of 
any speci?c type of bolt. 
FIG. 27 illustrates the normal orientation of two seg 

ments when travelling to and from the assembly points, 
and 61 indicates the approximate waterline in these 
conditions. It will be noted that the draft required for 
these segments is approximately one-third the diameter 
of the assembled barge. Typically said draft will be 30 
feet when the diameter of the assembled barge is 90 
feet, said diameter being adequate for the efficient 
transport of, typically, l60,000 tons of crude oil. 
When the segments are about to be assembled, their 

ballast tanks are ?lled until the waterline is as illus 
trated at 62, and then they are assembled as illustrated 
in FIGS. 27 to 31 which show the use of the balancing 
tanks in that operation. It is predicated that after the 
ballasting tanks have been ?lled for near submersion, 
the centers of gravity of the segments without the con 
tribution of the liquid in the balancing tanks coincide 
approximately with their respective metacenters, so 
that the liquid in the balancing tanks can serve to place 
the center of gravity of each segment in any position of 
the segment with respect to its metacenter, and ade 
quately distant from it for stable balancing. Under 
these circumstances, the two segments shown in FIG. 
27 will be in the position indicated when the two lower 
tanks are each ?lled to 75 percent capacity, it being re 
called that the three tanks of equal capacity are 50 per 
cent ?lled on a time average. As liquid is transferred 
from one of the lower tanks to the other, as indicated 
by the arrows of FIG. 27, the decks of the two segments 
will tip away from each other, until their respective 
starboard and port ?at sides are horizontal, when the 
balancing tanks are ?lled as indicated. The two seg 
ments are then hinged, after which they are rotated 
toward each other by transferring liquid as shown by 
the arrows of FIG. 28 until the situation shown in FIG. 
29 obtains, at which point the remaining assembly 
means are effected as described earlier. The other half 
barge having also been made by the assembly of two 
segments, and the two half barges having been hinged 
as illustrated by FIG. 30 with edges adjusted vertically 
by balancing tanks as required for this function, liquid 
is transferred between the tanks in the direction of the ' 
hinge, as shown by the full arrows, and subsequently, 
for two of the four segments, as shown by the dashed 
arrows and ?nally, as shown by the dotted arrows, until 
the situation shown in FIG. 31 has been achieved. It 
must be understood that the percentage ?lling ?gures I 
shown in FIGS. 27 to 31 for the several angular position. 
of the segments are approximate, and that the eventual 
?gures will be those determined by the speci?c design. 
It must be understood also that nose and stem pieces 
are assembled after this to effect a complete assembly 
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at which time necessary cable and air duct connections 
from the power module are made. 
A further modi?ed embodiment of the invention is 

shown in FIGS. 32 through 34. In this form of the in 
vention, the power module 80 has a rounded nose 81, 
a tapered aft portion 82 having propellers 83 and a 
narrowed central portion 84 about which oil carrying 
segments or sections are normally carried. The seg 
ments denoted by the numeral 85 are shown in end ele 
vation in FIG. 34 and are releasably hinged one to the 
others at 86. The position of the segments in FIG. 34 
facilitates navigation of shallow water, and while under . 
normal ocean-going conditions, they are carried se 
curely about the narrowed module section 84. The seg 
ments 85 each carry suitable ?uid carrying tanks, ?uid 
balancing tanks and bouyancy control tanks as may be 
desired together with appropriate means for shifting 
the positions of the segments for assembly of the seg 
ments about and removal from the module 80. 
The embodiment of the invention shown in FIGS. 35 

through 40 is a segmented or longitudinally sectioned 
submersible module or barge and is generally denoted 
by the numeral 90. It consists of longitudinal segments 
with the top and bottom segments being denoted by the 
numeral 91 while the intermediate segments are de 
noted by the numeral 92. Each of the segments 91 and 
92 are releasably hinged one to the others at 93, are 
completely separable and include means for varying 
their buoyancy about zero value. More speci?cally 
each segment includes a ‘plurality of compartments 94, 
95, and 96. Each compartment includes an oil gravity 
compensating tank 97 and one or more tanks 98 for 
ballast or machinery such as pumps and the like as may 
be desired. By dividing each segment into compart 
ments which are multi-sided such as square or hexago 
nal and with the bouyancy of each compartment ap 
proximately zero, the mechanical support for the com 
partments is greatly minimized since a decrease in com 
partment height or width by a factor of 2 reduces the 
strength requirements by a factor of 4. The oil gravity 
balancing tanks 97 must be of suf?cient size and weight 
relative to the volume of the associated compartment 
to enable the speci?c gravity of the compartment to be 
maintained near that of sea water. Two sets of three 
balancing tanks 198 are shown. ‘ 
The invention described above embodies a module to 

be towed which is separable into longitudinal segments. 
It is understood, however, that it may be formed of sep 
arable longitudinal portions of other configurations 
provided, however, that such portions are joinable to 
form a substantially unitary module. Accordingly, the 
word segment as used in the claims is intended to mean 
a portion of the module having any desired con?gura 
tion. 
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While only certain embodiments of the invention 

have been illustrated and described, it is apparent that 
alterations, modi?cations and changes may be made 
without departing from the true scope and spirit 
thereof as de?ned by the append-ed claims. 
What is claimed is: 
1. A submersible ?uid transporting Watercraft com 

prising a smooth streamlined outer shell, a retractable 
conning tower, ice cutting means at the bow- of said 
craft, said ice cutting means forcing said ice upwardly 
and outwardly of said craft, means for driving said 
craft, a ?uid carrying module, means releasably cou 
pling said module to said water craft, said module being 
formed of a plurality of individual longitudinal seg 
ments and means releasably securing said segments to 
each other, each of said segments including ?uid carry 
ing tanks, a plurality of ?uid balancing tanks, means for 
transferring fluid from one balancing tank to another 
and at least two bouyancy controlling tanks, and said 
releasable securing means comprises releasable hinging 
means along the longitudinal edges of said segments. 

2. A submersible ?uid transporting watercraft ac 
cording to claim 1 wherein said craft includes a con 
cave receptacle carried by the stern and said module 
includes a convex nose resting in said receptacle for 
pivotal movement of the craft and module. 

3. A submersible ?uid transporting watercraft ac 
cording to claim 1 wherein the center of gravity of each 
segment with said ?uid carrying tanks and said bouy 
ancy tanks full approximately coincides with its meta 
center whereby angular position of said segment about 
its longitudinal axis can be changed through approxi 
mately 360°. 

4. A submersible ?uid transporting watercraft ac 
cording to claim’ 1 including water sealing means car 
ried by said segments to seal the segments. 

5. A submersible ?uid transporting watercraft ac 
cording to claim 4 wherein said segments include com 
panionways all watertight hatches closing said compan 
ionways whereby said hatches may be opened between 
joined segments to provide access from one segment to 
the other. 

6. A submersible ?uid transporting watercraft ac 
‘ cording to claim 1 wherein each-segment includes indi 
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vidual propulsive, steering and piloting means. 
7. A submersible ?uid transporting watercraft ac 

cording to claim 6 wherein said propulsive, steering 
and piloting means are carried by‘a rotatable nacelle. 

8. A submersible ?uid transporting watercraft ac~ 
cording to claim 7 including means for simultaneously 
controlling the propulsive and steering means of at 
least two joined segments from a single location. 

* * * * * 


