SYSTEM TANK AND QUTPUT UNI T FOR TRANSPORTI NG UNTREATED
DRI LL CUTTINGS The present invention regards a system
for transport of untreated drill cuttings. 5
"Untreated" nmeans that the drill cuttings have not
undergone any significant treatnent wth a viewto
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From WO 01/38648 there is also known a system for removing dumped drill cuttings

from the seabed.

The systems currently used for transport are highly labour-intensive and there is general
30  unhappiness about the amount of crane handling involved, especially on the rig. The
systems on the supply ships are also labour-intensive and space-requiring. No current
proposals exist for systems that in a satisfactory manner could handle the transport of
untreated drill cuttings below deck. Today the most common mode of transport is for

the drill cuttings to be filled in open skips onboard the drilling platform (or ship), as



the drill cuttings to be filled in open skips onboard
the drilling platform (or ship), as 2 described in US
5971084, NO 20032400 (corresponding to US 6585115), WO
03/ 095789 and NO 19995270. Then the skips are lifted
onboard a supply ship by neans of a crane. The skips
are then transported to a shore receiving plant on the
deck of the supply ship. Such deck transport is not
consi dered safe. If the supply ship hits rough 5
meather there will be a risk of the skips ending up in
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Despite the problems of the method proposed in US 6345672 and GB 2330600, the

invention is still based on using tanks arranged below deck, e.g. in a supply ship, for the
25  transport of drill cuttings. Unlike in previous attempts, work on the present invention
has led to the conclusion that the design of the tank and the output mechanism has a
great influence on whether the drill cuttings can be delivered from the tank. The
agitation previously carried out when attempting to find a solution to the transport
problem, either during the actual transport or when feeding the drill cuttings from the
30 tank, has proven to have a very negative effect on the viscosity of the drill cuttings. The
greater the agitation of the drill cuttings, the greater the degree of petrifaction. This is

because the particles are compressed locally in the drill cuttings, causing displacement



30 tank, has proven to have a very negative effect on

the viscosity of the drill cuttings. The greater the
agitation of the drill cuttings, the greater the

degree of petrifaction. This is because the particles
are conpressed locally in the drill cuttings, causing
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density. Thus it is an object of the present invention
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A third aspect of the invention provides an output mechanism that achieves the intended

effect by the characteristics stated in the characterising part of the following Claim 9.

25  Preferably the pump has an independent variable speed feed screw. It is further possible

to add liquid containing chemicals and perform air blasting.

Preferably, the operation of the pump and the output process is controlled in terms of
pressure, rpm and torque, with monitoring of the level of drill cuttings in the feed

30  hopper and protection against dry running.



The invention wll now be explained in greater detail
wth reference to the acconpanying drawi ngs, in
which: Figure 1 is a longitudinal section through a
section of a ship containing drill cuttings 5 tanks
according to the invention; Figure 2 is a top view of
the ship section and tanks; Figure 3 shows two tanks
according to the invention w gh associ ated output punp
and 10 piping; Figure 4 shows an out put nmechani sm
accordi ng to the invention and an output punp for a
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shows a section through the output nmechani sm accordi ng
to the invention; 20 Figure 7 shows a nore detail ed
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be attankrespding tb theiinvetiioough an opening in the tank 2
bottom 6 to a m ni num of agitation during output.
Maxi mum utilization of the available 5 space is
15ac Higwes smsdqmrrgrfomamm thesinkentibw together with e fted hopreaand

croslsvg?i?c%%?ﬁto edlg‘?wiﬁﬁlgg t hem agai nst each ot her

However this will not give
eff|(:|ent out put of the nass, as a | ot of mass Wil |

CyI Fg]\gf, ngl%ﬂvsps]?aoslﬁgﬂmcfllrthrgggt\ﬂﬁ? ?]utglft gx%e?lga]nbsm accorgmg 10 hfe)mventlon,

woul d al so | eave nass up agai nst the side

20  Figure 7 shows a more detailed section through part of the output mechanism; and

Figure 8 shows a hydraulic diagram for the output mechanism according to the

invention and the pump.

25  Figures 1 and 2 show vertical and horizontal, respectively, sections of a ship 1 in which
there is disposed a plurality of tanks 2 according to the invention. Preferably, each tank
2 has a circular cross-section, where the upper part 3 is cylindrical and the lower part 4
is formed as the frustum of a cone having a side wall 5 that extends at an angle of
between approximately 20° and approximately 45° in towards a circular flat bottom 6.

30  This tank shape is a compromise between making good use of the available space and
managing to subject the mass to be transported out through an opening in the tank 2

bottom 6 to a minimum of agitation during output. Maximum utilization of the available



5 wall in the Iower part of the tank. The nobst

ef ficient output would probably be achieved with a

tank fornmed as a cone having an output orifice at the
cone point. The steeper the cone walls, the easier the
out put process will be. However, such a tank does not
make good use of the avail able_ 10 space. A conprom se
bet ween maki ng use of the spac% and achi eving a good
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The diameter D of the cylindrical portion 3 of the tank should as a minimum be 3
metres. Using a smaller diameter than this would not be expedient. Neither should the
25  diameter exceed half the width of the ship, as this would be making less than good use

of the available space. At present, 7 metres is considered to be the maximum practical

diameter.

In order to ensure satisfactory output of the mass being transported, the width of the
30  output orifice 8 (see Figure 4) should be at least 300 mm. However, output orifices
larger than 600 x 800 mm are not considered practical, as it will be difficult to design

valves that have an opening larger than this, while at the same time being able to bear



upper section 3 are not shown. The output unit 10 w |
be explained in greater detail below but reference
is here made to the fact that the output unit 10 has a
generally conical part 11 that takes up a small part
of the tank 2 volune. The conical part has an angle
approxi mately equal to or steeper than the angl e of
the side wall 5. Because of this 10 cone 11 only an
outer part of the bottom6 will be exposed to the mass
contained in the tank 2. The wwdth b of this outer
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is passed into a pipe or a hose 13 or a conbination of
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L Ll
C ONAIESAEARER] thefillinh earntaltelice piroeghssskip or by ehgbeing empha into a
hopper (not shown) above the filling device 9. The filling device may be common to all
the tanks 2 on board the supply ship 1 and be moved from tank to tank, or there may be
a separate filling device 9 for each tank.
25
The pumping equipment 12 will be explained in greater detail later. From the pumping
equipment 12 the mass is passed into a pipe or a hose 13 or a combination of a pipe and
hose. The pipe or hose 13 should have as few internal dimensional changes as altogether
possible. Also, it should not have too many or excessively sharp bends. This is to avoid
30  water being driven out of the drill cuttings, making it difficult to transport the cuttings
through the pipe 13. The pipe 13 runs to a receiving arrangement (not shown) on shore,

which may consist of skips, big bags, tanks or a land fill site.



easier for the output unit to nove the mass. 5 The
output unit 10 is shown in Figure 4, placed agai nst
the flat bottom6. It has a cone or dome | | that is
designed to rotate. Preferably the cone has the sane
angle as the side wall 5 of the conical part 4 of the
tank. On the done 11 there are out put arns 15, 16.

Two arns extend down al ong the’cone 11, along the flat
bottom 6 and up along the side wall 5. Preferably

these arns 16 are arranged so as to be dianetrically
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be WAe doypéovprdsihe e bedam 6sui ted for this appl i catl on
1@4s it can bear the high weight of the mass. The shaf t
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nentqtamneddab@me,ofthhermmfl ce 8 can be cl osed by a gate

val ve 19. The gate valve has a danper 22 operated by

an actuator 23. The actuator may be a hydraulic

2@ y| Pretteablyathe arms are formed to lie closer against the bottom at the leading edge, so as

to form a gap between the arm and the bottom, which expands towards the trailing edge

of the arm. This helps avoid wedging of particles between the arm and the bottom.

Figure 4 shows part of a supporting beam 17 for the tank 2.

25
Underneath the output orifice 8 there is a shaft 18 with a gate valve 19. A gate valve is
considered to be the type of valve best suited for this application, as it can bear the high
weight of the mass. The shaft 18 leads down to a receiving chamber 20, which in turn
leads to a displacement pump, preferably a screw pump 21. The pumping system will be

30  explained in greater detail with reference to Figure 5.



shown. The gate valve can be opened fromthe fully

cl osed position to the fully open position
corresponding to virtually 100% of the cross section
of the orifice, but may also 5 assune internediate
positions in order to control the discharge of mass
fromthe tank. The output is primarily controlled by
adj usting the gate val ve opengng. The anmount of nass
to be discharged is determ ned by the capacity of the
punp 21. For this reason a |evel gauge (not shown) is
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t hat of t he present invention. Preferably the feed
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protection, and small structural dinensions.

It may be appropriate to operate the feed screw of the pump 21 separately. As

25 mentioned above, there are preferably two feed screws (not shown); a first screw
located in the receiving chamber (as mentioned above) and a second screw placed after
the first, i.e. in the actual pump casing 21. The feed capacity of the first screw is slightly
greater than that of the second screw. This ensures that the entire working volume of the
second screw is filled up, thus reducing the risk of water being driven out of the drill

30 cuttings and the drill cuttings compressing into a concrete-like substance. A pump of
this type already exists, but is used for other purposes than that of the present invention.

Preferably the feed screws are driven directly by a hydraulic motor. This provides



Downstream of the punp use is preferably nmade of

aci dproof snooth steel pipes (optionally with a
transition to a hose) having gentle bends and as few
cross sectional changes as altogether possible. 5
Trials have shown that it worked well to have the

first feed screw running at a rotational speed of 50%
more than that of the second s2rew. This nmay be
desirable to a certain degree but causes an increase
in viscosity and | eads to an increased risk of
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bore pipes having the greatest possible bend radlus Dimensional changes in pipes and

between pipes and hoses should be avoided. It is probably sufficient for the pump 21 to
have a nominal pressure of 12 bar. The pump may have a guard against dry running and
25  awear monitor. An unloading line/hose with an internal diameter of between 6" and 8"
is suitable. The hose may have an internal plastic coating to make the hose smoother.
Preferably the ship is also equipped with these hoses (e.g. on a reel) so as to avoid

having to use standard unloading hoses with insufficient smoothness or restrictions.

30  Preferably there is a pressure gauge in the pump for monitoring the pressure in the

pump.



10 It is also possible to inject air, in addition to

wat er and/or polyner, preferably at the end of the

punp 21, as indicated by 25. Air injection in the form

of an air blast can break up hard setting of the

mass. It is also conceivable to use air blasts en

route in the unloading Iline, in order to help the

mass along. 5 The role of thegutput unit 10 is to
transport mass towards the output orifice 8 The mass
shoul d be noved as little as possible by the output

un

R S R Pl
Thofsthe pump %,ls at hdicatadibs 2 dritisisconde dedprmps apjis blastgan break up
boi t

B B Rt 3 AR BN E ik 8 s B e Bl
t alike, #h orderoo bidp theanasasdeng he nass novenent down

towards the bottom 6. As nentioned above, the output
orifice 8 extends all the way fromthe | ower edge of

t hFhe N ¢fahe Gt usit 10is tdreans put wads tqweards thd owput otlﬁez 8. The mass
out i nmechani s

i PRBASTEvaR 8 e = Rouble by £} i H00R gy Ry Rhecessary

t h@gifaBbR ATEHS ostp@labels 1516 bRecplaserihaflawbotdomd! This beaties the
one 15 revol ution alqﬁg t he H ottom 6. The .ou § ut . ...
o SHBTACETHH pderor B Ul e anf U feihe BHPYAFLRS Syl pfiion, two

10" ehihel %e@;ﬁa&és@ tHeQBnibal s S of the TH&En ShRWMolA&: tBOMaGAl
part 11 wth arns 15 and 16. The arns 15, 16 and the
comyamep dpwn towagdsdhedatigrtfeds msndoned Bboye, theyptpy oFifjce 8
t UL Diehd aﬁ%@l 56 R lé'wé}reﬂ eeofstlli@éohlcgl]sld%% B Yhe%ﬁ'i@ﬁ pﬁft 11 of
spllnes rive shaft directly driven
h y dircauitiiug megitapismaPhis W}dbmumwe diedmvlealﬁnts% drﬂ’rﬁ‘éﬂ%lplaﬁ the

¢ hbuESRRE B BT AL, s SRt Bp st ot fhan one
15UDdewmﬂanhkmgﬁwwouwoﬁ16 of the tank is a cover 35 that
seals a space 36 in which the 25 notor 32 is |ocated.

This space 36 is oil-filled. At the drive shaft
passlﬁ@etpufmmhgmsm el be:mdplaéuedsxsgﬂesexaietailpvignafere@ve toltagures 6

seal e oi Il ed f..
T hang 2 TesSinonishe ehital RS il fos 1PRRLE B AR 185 ang pre
an d:ohiﬁa patth 136 agacmme) esmmeso?;wmch iﬂ’tﬁl};ﬂ 1f1}:cemara¢d tﬁ(araielvéldhaft 31
the c r t
oy i 8 s st 5SS eV hor 2 v
t ank a c¥ikirGh. TRYoRE DS Y Abfentidl fagh WeRreridl eore 3] wkikh ratuin is

I 1 _ and
fixed to the bottom 6 of the tank 2.

5

Underneath the bottom 6 of the tank is a cover 35 that seals a space 36 in which the
25  motor 32 is located. This space 36 is oil-filled. At the drive shaft passage through the
collar 33 is a lip seal 37 that seals the oil-filled space 36 at upper end thereof.

The gap 38 (see Figure 7) between the conical part 11 and the hub 30 on one side and
the internal cone 34 and the collar 33 on the other, is filled with air. This is to prevent to
30 prevent the mass in the tank, which may penetrate in between the conical part 11 and

the internal cone 34, from penetrating all the way to the lip seal 37 and causing damage



the internal cone 34, from penetrating all the way to
the lip seal 37 and causing damage | | to this. In
order to maintain this air seal a channel 39 is
provided in the collar 33, through which pressurised
air may be supplied to the gap 38. In the exanple
shown, the notor 32 is installed from bel ow However,
with the 5 appropriate sizing I8f |eadthrough openings,
it may just as easily be installed from above. Above
the hub 30 and connected by bolts is a conical top 40.
Thetofhitdi prger tofmajrizin thinif teal 2 ehepnel 89 is pravided dmthe colkar 33,
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output unit 10 notor 32, ensuring that these notor
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20  pressure relief valve 53. The pump 21 motor 50 is connected in series with the output
unit 10 motor 32, ensuring that these motor speeds are always matched. In connection
with the motor 50 there is also provided a pressure sensor 54, a torque limiter 55 and a

proportional control valve 56.

25  The actuator 23 of the hydraulically operated valve body 22 is fitted with a three-way
valve 57 and pressure relief valves 58 and 59 which act in opposite directions. A
position sensor 60 is also provided. The actuator 23 can be operated independently of

the motors 32 and 50 and will be the most important means of controlling the output
from the tank 2.
30

Figure 8 also shows a compressed air system that has a two-way valve 61 and is

equipped with a pressure sensor 62 and a temperature sensor 63. This system is



Figure 8 al so shows a conpressed air systemthat has a
two-way valve 61 and is equipped with a pressure
sensor 62 and a tenperature sensor 63. This systemis
12 provided for inparting air blasts into the mass in
the punp in order to prevent hard packing of the mass
in the case of low viscosity drill cuttings. A level
sensor 64 is also provided, wh ch neasures the |evel
in the punp inlet chanber 5 and increases the feed
rate if other paraneters allow The above descri bes
th I \Y:
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would be appropriate to provide EX-protection for all components to allow transport of

20 flammable chemicals. For this reason, the use of electric motors is not preferred.



arranged at a level |lower than that of the tank bottom
for receiving the drill cuttings and advancing them

t hrough an unl oadi ng I'ine, which unloading |ine has an
essentially 10 uniform cross section and is shaped so
that the rate of flow near the internal wall of the
unloading line is substantially the sanme for the sane
cross-section of flow. 2. A systemaccording to Claim
1, char acteri zedi nthat the unloading
line js 15 made fromor has an internal coating of a
mat 1 a low friction coefficient, e.g. a
plastic material. 3. A systemaccording to Claiml or
Clain12, characteri zedi nthat the punp

is 120 a positive displacenent punp. 4. A system
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by a hub in an output unit, which conprises one or
norg arns arranged to rotate so as to transport the

drill cuttings towards the output orifice. 5 7.
system according to Claim 1, characterized in that the unloading line is

15 made from or has an internal coating of a material with a low friction coefficient, e. g.a

plastic material.

3.

A system according to Claim 1 or Claim 2, characterized in that the pump is

20  apositive displacement pump.

4.

A system according to Claim 3, characterized in that the pump has a first

feed screw with a greater feeding capacity than a second downstream feed screw.
25

5.

A tank for use in the system according to Claim 1, characterized in thatthe

tank has an upper, substantially circular cylindrical part and a lower frustoconical part

that ends in a substantially flat bottom, that the substantially flat bottom comprises an
30  output orifice that extends from the side wall of the conical part to an inner dome or

cone arranged essentially centrally on the flat bottom.



A tank according to Caim5 or 6, characterized in
that the output orifice has a valve, preferably a
gate val ve, arranged to assume several positions
between fully closed and fully open, in order to
control the output rate of the drill cuttings. 10 8.
A tank according to Cdaim5, 6 or 7, char acter
i zedi nthat the tank hasjga greatest dianeter of
at least 3 netres and no nore than half the avail able
inside width of the ship, that the side wall of the
cogical part has an angle of between 20' and 45', and
15 that the dome or cone has an angle that lies within
t ha tadraecdrding tosClaing3, ewa e peitiumi t1F Jhatgagedome or geoe is
Sy | . . i
YRR B Mol chit, it coptsd che & fiok aindarbangedtotoat
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scone or a done and is placed centrally in the bottom
of the tank, and that the at |east one arm extends
fremthe hub to the periphery of the bottom 10. An
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pak bRy, priferabl 9 A gata valivelarraidel td Msiancemralgosifiatstbeofeed ifidly
! arc]lié'sed and fully open, in order to control the output rate of the drill cuttings.
10
8.
A tank according to Claim 5,6 or 7, characterized in that the tank has a
greatest diameter of at least 3 metres and no more than half the available inside width of

the ship, that the side wall of the conical part has an angle of between 20° and 45°, and

15  that the dome or cone has an angle that lies within the same limits.

9.

An output unit for use in the system according to Claim 1, characterized in

that it comprises a hub and one or more arms projecting from the hub, which hub is
20 formed as a cone or a dome and is placed centrally in the bottom of the tank, and that

the at least one arm extends from the hub to the periphery of the bottom.

10.
An output unit according to Claim 9, characterized in thatatleast one arm

25  extends at least partway up along a side wall in a conical part of the tank.



