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OFFSHORE HEAVY OIL PRODUCTION 

BACKGROUND  OF T -E  .INVENTION  

Some undersea hydrocarbon reservoirs contain a high proportion of heavy 
i.;  ... crude oil (hydroCarbon0, so output from the reservoir (over a period of a plurality 

of days) comprises over 50% hydrocarbons of a density above that of water and 
with a high viscosity. Such heavy crude oil generally contains at least 00 carbon 
atoms per rhelecule andlor has a viscosity on the order of magnitude of over 0.5 

poise. Other liquid hydrocarbons (light oil or light liquid hydrocarbons) generally 
10 have about 5 to 10 carbon atom per molecule (light oil). Hydrocarbons with less 

than $ or 6 carbon atoms per moiecule are generally gas. Heavy oil hydrocarbons 
are difficult to treat and are difficult to pump into and out of storage tanks. The 
heavy crude can be cracked in refineries to produce light oil (generally oil having 
a specific gravity iess.than water and with a tow viscosity) which is usually the most 

16 desirable hydrocarbons, but considerable effort is required to handle and transport 

the heavy crude to the refinery. A system that could be used at an offshore heavy 
crude oil production facility to crack heavy crude oil so as to facilitate its transport 

and transfer through pipeato a further refining and treatment facility, would be of 
value, 

20 

SUMMARY OF THE  INVENTION  

IP accordance with the present invention. a .floating hydrocarbon production 
facility is provided that is anchored to the sea floor to tie near an offshore heavy 
hydrocarbon reseivoir, which treats the heavy hydrocarbons to facilitate their 

26 transport, transfer through pipes, and further treatment. The facility includes 	a 

separation station that separates the well effluent into Fight liquid oil, heavy crude 

oil, gaseous hydro cartoons, water, and solid materials (e.,g sand). The heavy oil (o0 

with a specific gravity greater than water and generally with a API of less than 20) 

passes to a cracking station on the floating facility that cracks, or breaks down. the 

30 heavy crude oil into light crude oi1. 	Such cracking can be accomplished in a 

number of ways. 	One approach is to use thermal cracking, such as "steam 
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crackin 	in which steam at about 80C C ($50 to 100C C) is applied to the crude 

oil. Another approach is to spray preheated heavy oil at a hot fluidized cata,yss to 

break down the oils into various light oils (referred to as a FCC process, or process 

that uses fluidized carbon cracking). The cracking methods require large amounts 

of hot pressured steam and produce more hot steam. The processes also require 

considerable amounts of electricity . Much of the pressured steam produced in the 

cracking process is used to drive a steam engine (piston or turbine) that, in turn, 

drives an electric generator. Water from the sea is used in operating the steam 

engine (to provide water that converts to steam, and to cool the steam after it 

10 passes through the Steam engine), and in the cracking process. 

There ate many other known methods for cracking heavy oil. 

The novel features of the invention are set forth with particuia.rity 	1 the 

appended claims. The invention will be best understood from the following 

description when read in conjunction with the. accompanying drawings. 

15 

BRIEF DESCRIPTION 	r..  THE DRAWINO:.  

Fio, 1 ls a diagrammatic view of an offShore hydrocarbon production facilit ' 

of the present invention, with a tanker shown in a reduced size. 

20 DESCRIPTION OF THE. PREFERRED EMBODIMENTS 

Fig. 1 illustrates a production facility .10 of the invention, which includes a 

floating structure 12 which carries treatment equipment that produces and treats 

heavy crude oil, or heavy hydrocarbons, from an undersea reservoir or well 14. 

Heavy crude oil can be considered to be oil having an API (American Petroleum: 
=N 25 Institute) rating of less than 20, so the oil floats on water. Such oil generally has a 

high viscosity such as on the order of magnitude of at least 0,5 poise., and/or has 

hydrocarbons with at !east 60 carbon atoms per molecule. Hurd from the seaflooc 

reservoir passes through an electrically-energized pump 20 that his within tubing 

extending down to the well or that lies in the downhote casing. The pump pumps 

30 the fluid through a riser 22 up to the vessel or other floating structure 12 at the sea 

surface: Part of the oil is light oil that passes through a conduit 30 from a cracking 
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station 32, towards a 'Christmas tree" 33 on the seabed, and helps in liftin 	heavy 

crude or: from the 'welt Heavy oil and gas from the reservoir pass through a conduit 

34 to a separation station 36. The separation station 36 separates out gas :which 

optionally flows through conduit 40 to a gas turbine power generator set 75. The 

5 set 75 is an engine-generator set that uses steam (which may be produced by gas) 

to chive a generator 74 that generates electricity. Produced water flows through a 

pipe 42 to a settling tank 44„ Other non-hydrocarbon material such as sand and 

stones, are released into the sea after treatment 

In Fig.. I, heavy crude oil entering the separation station 36 is delivered 

10 through outlets 51, 53 of conduits 50:  52 to the station 32, which is a cracking 

station that converts heavy crude oil to light crude oil: The cracking station uses hot 

(e. .$00' C) sand to break down heavy crude and uses a small amount of 

hydrocarbon gas and diluent to initially generate heat and steam. 	The process 

reuses the sand and creates additional heat Which creates additional steam. 

15 Applicant uses the *additional steam, as described below. 

A.pplicant provides a heavy oil storage tank, or buffer 60 that receives heavy 

crude oil from the  eparation station 36 and that can deliver 'heavy crude oil to  ti :(.: 

cracking station 32, Optimum operation of the cracking station 32 requires a steady 

flow of heavy crude oil into the station. When the flow through the conduit 34 

20 deceases, this .shortfall is made up by the flow of oil from the buffer tank 60 to the 

cracking: station. -The buffet tank 'preferably has a capacity to store more oil than 

the average flow of oil into the cracking station in one minute (more than 1,000 

gallons and preferably more than 5,000 gallons).. 	Heavy crude that has been 

cracked at the cracking station into light oil:  is delivered through conduit $1 to a 

25- light oil storage tank 62, and from the light oil storage tank the oil flows through a 

transfer system 64 to a tanker 66:  or to an export pipeline on the sea bed • not 

shown). The tanker 66 carries the oll to a distant refining facility where appropriate 

amounts of oil of selected densities are combined. The fact that oil in the storage 

tank 62 is light oil. means that it can be readily loaded into the tanker 6$, as by 

30 passing through a pipeline:  and later unloaded and further processed. Such further 

processing can be used to obtain the desired mix of light oils and additives, etc. 
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The cracking station 32 uses hot sand and/or steam to heat incoming heavy 

crude oil at 52 to crack it, with the process creating additional: heat which is carried 

away by additional steam. Applicant uses the steam to produce electricity. The 

steam produced by the cracking station is delivered through a conduit 70 to a 

5 steam powered engine 72, which can be a steam engine that has pistons or which 

can include a steam turbine 	The vessel can have boilers (78) that use 

hydrocarbons to create steam during startup of the process. The steam powered 

generator is COnnected: to an electrical generator 74 that generates electricity 

Alternatively, a closed loop heat transfer system can be used to deliver the steam 

10 to apparatus that heats it and .delivers the heated steam to the engine . 72. 

Steam is produced by the cracking station only attar a period of operation 

(e.g. quarter hour). During this time, applicant uses hydrocarbon gas that flows 

through conduit .40. to drive an .enginelenerator set such as 75 wherein electricity 

is obtained from the generator 74, The'  as can be ignited and used to energize the 

16 same .en.: ine $2 or an auxiliary one. In the present embodiment a steam generator 

is used, but as an alternative. steam from vessei steam boilers 78 can be used to 

start up the process. 

Applicant passes excess steam at the engine 72 through a conduit 82 to the 

buffer tank 	to heat heavy crude therein so it flows more easily. Excess heat also 

20 can be used to neat light oil ifl the light oil tank 62. 	It is well known that steam 

exiting a steam engine is .usually-  cooled in order to decrease its pressure so there 

is a :large pressure .0de:rental between incoming and outgoing steam. Applicant 

uses a seawater lift pump system $0 to deliver sea water - to a fresh water generator 

84 that uses heat to produce clean water (most salt removed). The clean water is 

25 passed to the steam engine to coot the exiting steam and to produce clean water 

for- the steam engine. Electricity from the generator 74 is used to power pumps that 

pump fluids into various stations. These include the pump 20 that pumps heavy 

crude up through a riser, an offloading pump that pumps light oil to the tanker (36 

that carries oil .away from the floating structure 1$, and a seawater lift pump 80 that 

30 provides water to the steam .engine„ 

Thus, the invention provides a method and system for handling oil that is 
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produced from an offshore reservoir or seabed pipeline that produces primal 	tat 

least 50%) heavy crude oil. 	The crude oil is produced from the reservoir by a 

floating structure, or .vessel., that includes a cracking station that cracks the .cnide 

oil after #t has been 	:fly
/ .

roc 	to remove water, sand, gas and light oil. The 

cracking station prate 	Ay uses high temperature (e..g. 800' C;  steam to crack the 

heavy oil to produce 	. oil. or lighter oil (less viscous .0) that can be more eas 

pumped or otherwise ::lowed through pipes for processing and transport Steam 

created by craddrib heavy 	. i iiito light oil, is used to energize a steam engine that 

powers an electricai. 	er eta, with sea. water used as a coolant for the steam 

10 engine. 	Electricity tram the electrical generator powers the cracking station and 

other facilities:  and electricity can be exported to consumers on shore or to another 

offshore system through: a cable. 

.Although particular embodiments of the invention have been described and 

illustrated herein, .it is. recognized that modifications and variations may readily 

15 occur to those skilled in the art, and .conseouently, it is intended that the claims he 

interpreted to Cover such modifications and equivalents. 
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WHAT S CLAIMED IS.  

A method for efficiently obtaining light oil from an undersea reservoir 

(14) which produces a reservoir fluid that contains heavy crude oil, compris 	g: 

passing said produced fluid from the undersea reservoir up from said 

reservoir through a riser .(22) to a structure (12) that floats at the sea surface; 

passing .Said pucouted fluid to a separation station (36) on the floating 

structure:  and, in said senaration station separating the heavy crude Oii 	t'il.ci 

hydrocarbonSand non-hydrocaibon materi.al, and separating the hydrocarbons into 

gaseous hydrocarbons, light oil, and heavy oil:  including disposing of said non-

hydrocarbon material into the sew. 

10 flowing said heavy oil to a.hydrocarbon cracking station . 32) on said floating 

structure wherein said cracking ...station is energizeable .in part by electricity:  and 

energizing said cracking station to crack said heavy crude oil to produce fig t od 

gaseous hydrocarbons, and heat; 

using said
{ 
 heat pioduded by sadcracking station to produce pressured 

.16 m stea, using said pressured .steam to:drive a steam engine (72), using said steam 

engine to drive an elfttrical generator (74)., and using a portion of electricity from 

said electrical generator to energize said cracking station. 

2. 	The method 'described in claim 1 including: 

using said :gaseous hydrocarbons to initially generate steam to drive said 

electrical generator, before steam is available. 

,. 	The method described in claim I includin • :. 

storing a quantity of heavy crude oil in a heavy crude oil buffer tank ,(60) t 	* 

is connected to said cracking- station, to enable the constant flow of heavy crude oil 

to said hydrocarbon cracking station (32), and using steam from said steam 

$ generator to heat oil in said crude oil buffer tank. 

4. 	The method described in claim 1 wherein: 

said cracking station has a crude oil storage tank, and including using steam 
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from said steam generator to heat crude oil in said crude o storage tank. 

w. 	The method described in claim 1 including 

using electricity from said electrical generator to energize a sea floor pump 

(20) that ties no higher than the sea floor to pump fluid from said reservoir to said 

structure. 

6. . The method described in claim 1 includinT 

flowing seawater from said sea and using said seawater as a coolino 

medium for said steam engine, 

7. The method described in claim 1 including: 

using heat from said :cracking station to generate freshwater from seawater:  

and using said generated freshwater to produce steam, 

8. Apparatus for producing hydrocarbons from an undersea reservoir 

Which produces ret amok fluids that contain heavy oil, comprising: 

a floating structure (12) that floats at a sea surface, and a riser (22) tl at 

connects said reservoitto said floating structure: 

a separation station (36) on said floating structure which is coupled to said 

riser and which separates fluid .from said reservoir into at least heavy oil and non-

hydrocarbon material, said separation station having a he • vy oil outlet (5 t 53) air 

said said separation station uses electrical power; 

a cracking station (32) on said floating structure which is connected tc a 

10 heavy oil outlet (53) of said separation station, said cracking station having 	light 

oil outlet (61) and a steam outlet (70); 

an engine-generator set that receives steam from said cracking station to 

drive a steam engine and which uses the steam engine to drive an electrical 

generator (74), said electrical generator having an electrical outlet connected to 

15 said cracking station. 
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9. 	The apparatus described in claim 8 including 

a buffer tank (60) which stores heavy oil and which has an inlet connected 

to said separation station to receive and store heavy oil therefrom and an 

connected'to said cracking station. 

10. The apw;Aus described in claim 8 wherein. 

said buffer tank :has 'a storage capacity of more than 1 :000 gallons. 

11. The apparatm dateribed in dam 9 includin: 

cutlet 

a conduit that carries from said steam outlet of said cracking station 

buffer tank to heat heavy of t Therein, 

to said 


