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(57) Abréegée/Abstract:
Method and device for preventing a primary relief valve (12) in a mud system (1) from opening at a pressure lower than a nominal
opening pressure, and where the mud system (1) Includes a mud pump (2), wherein the method Includes: - installing an flow

restrictor (16) between the mud pump (2) and the primary relief valve (12); and -providing a cavity (20) between the flow restrictor
(16) and the primary relief valve (12).
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(57) Abstract: Method and device for preventing a primary relief valve (12)
1 in a mud system (1) from opening at a pressure lower than a nominal opening

pressure, and where the mud system (1) includes a mud pump (2), wherein
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Fig. 1

the method includes: - installing an flow restrictor (16) between the mud
pump (2) and the primary reliet valve (12); and -providing a cavity (20)
between the flow restrictor (16) and the primary relief valve (12).
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CORRECT OPENING

There 1s provided a method

H
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L]

FROM IN-

for preventlng a primary mud re-

lief valve from incorrect opening. More precisely there 1s

~—

provided method for preventing a primary relief valve 1n a

mud system from 1ncorrect opening,

cludes a mud pump

where the mud system 1n-

The 1nvention also 1ncludes a device for accomplishing the

method.

Mud systems, as known

from drilling rigs, normally include a

I

mud pump, a pulsation dampener and a relief valve, the latter

herein termed “primary relief

cally a triplex pump.

H

ﬁ

which 1s far from constant but

This kind of

valve”. The main pump 1s typl-

pump delivers a flow rate

H

fluctuates much because of 1)

variable piston speed - the pump 1s crank shaft driven, 11)

mud compressibility and 1ii)

pulsation dampener 1s there:

rate and mitigate the resu.

H

primary relief valve may be of

valve” 1n the 1ndustry,

H

H

lief valves are also known.

I

The primary relie:

valve 1s a sa:

ting pressure

a design known as a “pop-o0

valve and fluid i1nertia. The

I

"ore 1ncluded to smoothen the flow

—~ -

uctuations. The

HH

H

or a rupture disk. Other types of re-

ety valve that 1s designed

to prevent excessive pressure and possible hazards 1n the

case the pump pressure exceed the certified pressure limit

for the system. Normally the so-called trip pressure, at
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H

which the primary relief valve shall switch from a closed to

an open state, 1s set slightly higher that the system pres-

H

sure of typically 5000 psi (345 bar).

It 1s a well-known problem i1in the i1ndustry that the primary

H

5 relief valve sometimes trips frequently even though the rec-

orded pressure levels never reached the nominal trip pressure

level.

H H

Tripping of a primary relief valve represents a costly and

H

highly undesired disruption of the drilling process, both be-

H

10 cause of the time 1t takes to refit a new rupture disk or to

H

reset a resettable primary relief valve and because the well

H

can be damaged during long periods of no circulation. To low-

F

er the risk for primary relief valve tripping one can there-

I

fore reduce maximum workling pressure to say 80 per cent of

15 the system pressure limit. This 1s also a costly solution be-

H

cause flow rate and pressure 1s often a limiting factor that

can lead to slower drilling and even cause well stability

F

problems. The opposite solution of 1ncreasing the nominal

F

trip pressure to compensate for the dynamic effect 1s also a

20 highly undesirable solution that may lead to damage 1in other

H

parts of the mud system. It may even be 1llegal to raise the

ﬁ

nominal relief valve pressure to more than a few per cent

over the certified system pressure.

~—

The purpose of the 1nvention 1s to overcome or reduce at

I I

25 least one of the disadvantages of the prior art.

The purpose 1s achieved according to the i1nvention by the

features as disclosed 1in the description below and 1in the

following patent claims.

H

According to a first aspect of the invention there 1s provid-

H

30 ed a method for preventing a primary relief valve in a mud

system from opening at a pressure lower than a nomilnal open-
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1ng pressure, and where the mud system 1ncludes a mud pump,

wherein the method 1ncludes:

- 1nstalling a flow restrictor between the mud pump and the

~—

primary relief valve; and

-providing a cavity between the flow restrictor and the pri-

ﬁ

mary relief valve.

H

A field study of above stated problem has revealed that the

H H

reason for the tripping of the primary relief valve at a

pressure lower than the nominal opening pressure, most likely

I I
o ——

line.

1s relatively large pressure fluctuations 1n a pop-o:

ﬁ ﬁ

Despite of the damping action of a pulsation dampener, there

are substantial residual pressure fluctuation present 1n a

h
h

discharge pipe between the pump and the dampener. The pop-o0:

H

line 1tself represents a hydraulic resonator that can signif-

)

1cantly amplify these residual fluctuations at frequencies

close to resonance frequencies. This explanation 1s supported

by special pressure measurements just below the primary re-

H

lief valve showling that the peak dynamic pressure can some-

H

times exceed 115 per cent of the mean pressure.

These pressure fluctuations can lead to undesired primary re-

I

lief valve trips, both because the peak pressure are really

higher than seen on the standard pressure sensors, and be-

H

cause they can lead to fatigue and lowering of the real trip

H H

pressure. This fatigue effect 1s especilially relevant 1f the

H

primary relief valve 1s a rupture disk.

ﬁ

It has thus been found that the opening of the primary relief

)

valve 1s related to pressure variation at higher frequencies,

H

tyvpically 1n the region of 40Hz. Pressure fluctuations at

this frequency has been measured to be up to 40 bars. Such

fluctuations are superimposed on the mean pressure and are

I I

believed to cause the tripping of the primary relief valve at

a pressure lower than the nominal openling pressure.
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The high frequency pressure fluctuation components appear to

be generated by the mud pumps and are related to the pump

valve action. Both mud compressibility and pump valve 1nertia

tend to cause sudden changes 1n the pump flow rate when the

s pump discharge valves open and closes. The changes gilve rise

to a pressure pulse that 1s enhanced at fregquencies close to

ﬁ ﬁ

the resonance frequencies of the closed primary relief valve

line.

By 1nstalling a flow restriction between the mud pump and the

I

10 primary relief valve 1n combination with a cavity positioned

— = f—

between the ow restriction and the primary relief valve,

these higher frequency pressure fluctuations are dampened.

H

The pressure acting on the primary relief valve 1s then the

H

mean operating pressure of the mud system. The relation be-

~—

15  tween the size of the flow restrictor and the cavity volume

should be calculated according to known principles, or 1t

ﬁ

should be found experimentally by testing different

size/volume ratios.

~—

The flow restrictor may be 1n the form of a tubing having a

20 diameter much smaller than the so called characteristic di-

I I

mension of the cavity, say smaller than the cubic root of

sald cavity, and a length much longer than the diameter of

the flow restriction.

~—

Said flow restrictor may be 1n the form of an opening 1n a

25  plate where the opening has a diameter much smaller than the

ﬁ

characteristic dimension of the cavity.

ﬁ

The method may i1nclude placing a second relief valve 1n par-

allel with the flow restrictor, preferably with a lower nomi-

H

30 nal trip pressure than the primary relief valve.
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H

This second relief valve will normally only experience the

H

dynamic pressure difference as 1t receives the mud pump pres-

sure on one side and the smoothed pressure at the cavity on

the other side.

H H

che primary relief valve trips, the second relief valve

H

ference and also trip 1f the

H

will experience full pressure di:

pressure still is too high.

I

According to a second aspect of the invention there 1s pro-

ﬁ

valve 1n a mud

vided device for preventing a primary relie:

system from opening at a pressure lower than a nominal open-

1ng pressure and where the mud system 1ncludes a mud pump,

wherein a flow restrictor 1s positioned between the mud pump

~—

and the primary relief valve, and where a cavity 1s provided

I

between the flow restrictor and the primary relief valve.

H H

A second relief valve may be placed 1n parallel with the flow

restriction.

)

The flow restriction may be provided 1in the second relief

H

valve. The flow restriction and the second relief valve may

thus constitute a single unit.

~—

A rupture disk may constitute the second relief valve. The

rapture disk may be equipped with one or more flow re-

strictions.

H

In a practical embodiment of the 1nvention, the primary re-

~—

lief wvalve, the flow restriction, the second relief valve and

the cavity may be produced as one unit that 1s failrly compact

and suitable for installation i1n a mud system.

The method and device according to the invention render 1t

~—

possible to overcome the long felt problem of i1ncorrect open-

1ng of the primary relief valve of a mud system.
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H

of a preferred method and device 1s ex-

plained under reference to the enclosed drawings, where:

H H

F'ig. 1 shows a principal sketch of a part of a mud system

that has a

invention;

flow restriction placed according to the

F1g. 2 shows an embodiment where the flow restriction 1s

F

placed 1n the second relief valve; and

F1g. 3 shows at a

larger scale a detail in fig. 2.

~—

On the drawings the reference number 1 denotes a part of a

mud system that includes a mud pump 2 that draws mud from a

mud reservolir 4 and discharge the mud via a discharge pipe 6

1into a so-called stand pipe 8. A pulsation dampener 10 1s

H

connected to the discharge pipe 6. A primary relief valve 17

1s connected to the discharge pipe 6 via a so-called pop-o:

line 14. In this

valve 12 1s a pop-o:

the primary relie:

sultable valve.

H H
e o——

~—

exemplary embodiment, the primary relief

e B ]

f valve. However, 1n other embodiments,

ﬁ

- valve 12 may be a rupture disk or another

According to the present i1invention a flow restriction 16 1s

~—

provided between the mud pump 2 and the primary relief wvalve

12, or more precisely between the discharge pipe 6 and the

ﬁ

primary relief valve 12.

H

H

A second relief valve 18, which may be of a type similar to

~—

the primary relie:

the flow restriction 1lo. A cavity 20 1s closed o:

ﬁﬁ

POP~0.

H

- valve 12, 1s positioned 1n parallel with

e B ]

f 1n the

ﬁ

f line 14 between the primary relief valve 12 and the

second relief valve 18. The cavity 20 communicates with the

discharge pipe 6 through the flow restriction 16.

I

The second relief

valve 18 1s preferably set to open at ap-
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proximately the same or a slightly lower pressure than that

H

H

of the primary relief wvalve 12.

I

As stated 1n the general part of the description, the cavity

20 1n relation to the size of

be determined according

dampen the dynamic

cles.

ﬁ

the flow restriction 16 should

co well known principles 1n order to

frequency pressure at the actual frequen-

This done, as the mud pump 2 operates, the high frequency

—~ -

pressure

uctuation components are dampened 1n the

—~ -

OW Ye-—

striction 16/cavity 20 dampener system. Thus, the primary re-

H

lief valve 12 only experiences the average pressure present

1n the cavity Z20.

ﬁ

The second relief valve 18 has the pressure from the mud pump

2 acting on the side facing the discharge pipe 6, while the

average pressure 1s acting on the side of the second relief

valve 18 facing the cavity 20.

~—

H H

The resultant pressure across

the second relief valve 18 equals the dynamic pressure fluc-

tuations 1n the discharge line 6, normally with zero mean.

p— g

H

mary relief valve 12,

Then, as the

flow through the

~—

H

f the average pressure exceeds the trip pressure of the pri-

H

the primary relief valve 12 opens.

flow restriction 16 1s minute

~—

compared to that of the primary relief valve 12, the pressure

over the second relief valve 18 will equal the full pressure
from the mud pump 2. The second relief valve 18 will then al-
so open 1f the high average pressure 1s still present. To en-

H

H

sure tripping of the second relief valve 18, 1ts trip pres-

sure may pre:

~—

‘erably be slightly lower than the trip pressure

~—

In an alternative embodiment,

H

of the primary relief wvalve 12.

— 1

see f1g. 2, the pressure sens-

H

1ng component of the second relief valve 18 1s a rupture disk

22. A flow restriction 16 1s 1ncorporated 1in the rupture disk
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H

22, see fig. 3. Aside from the second relief valve 18 being a

HH

f valve,

rupture disk 1in this embodiment, rather than a pop-o:

mud system 1 and 1ts functioning are as previously described.
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Claims
The invention claimed is:
l. A method for preventing a primary relief valve in a mud system from opening at a

pressure substantially lower than a nominal opening pressure, wherein the mud system includes a

mud pump, the method comprising:
installing a flow restrictor between the mud pump and the primary relief valve;
providing a cavity between the flow restrictor and the primary reliet valve; and

placing a second relief valve in parallel with the flow restrictor.

2. The method of claim 1, wherein the flow restrictor comprises a tubular having a diameter

smaller than a characteristic dimension of the cavity and a length greater than the diameter.

3. The method of claim 2, further comprising:

selecting the characteristic dimension of the cavity to equal the cubic root of the cavity.

4, The method of claim 1, wherein the flow restrictor comprises an opening 1n a plate,

wherein the opening has a diameter smaller than a characteristic dimension of the cavity.

J. The method of claim 4, wherein the characteristic dimension of the cavity equals a cubic

root of the volume of the cavity.

6. The method of claim 1, wherein the second relief valve has a nominal opening pressure

that 1s less than or equal to the nominal opening pressure of the primary reliet valve.

7. A device for preventing a primary relief valve in a mud system from opening at a
pressure lower than a nominal opening pressure, wherein the mud system includes a mud pump,
the device comprising:

a flow restrictor positioned between the mud pump and the primary relict valve;

a cavity provided between the flow restrictor and the primary reliet valve; and

a second relief valve positioned in parallel with the flow restrictor.

8. The device of claim 7, wherein the flow restrictor is provided in the second relief valve.

9. The device of claim 8, wherein the second relief valve is a rupture disk.
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10.  The device of claim 9, wherein the flow restrictor is provided in the rupture disk.

11.  The device of claim 7, wherein the flow restrictor comprises a tubular having a diameter

smaller than a characteristic dimension of the cavity and a length greater than the diameter of the

tubular.

12.  The device of claim 7, wherein the flow restrictor comprises an opening in a plate,

wherein the opening has a diameter smaller than a characteristic dimension of the cavity.

13.  The device of claim 12, wherein the characteristic dimension of the cavity equals the

cubic root of the cavity.

14. The device of claim 7, wherein the second relief valve is in series with the cavity.

15.  The device of any one of claims 7 to 14, wherein second relief valve has a nominal
opening pressure that is less than or equal to the nominal opening pressure of the primary reliet

valve.

16. A mud system, comprising;
a mud pump:
a primary relief valve configured to prevent excessive pressurization of the mud system;
a dampener system positioned between the mud pump and the primary reliet valve,
wherein the dampener system compriscs:

a flow restrictor; and

a cavity positioned between the flow restrictor and the primary reliet valve;
wherein the dampener system further comprises a second relief valve arranged 1n parallel

with the flow restrictor.

17.  The mud system of claim 16, wherein flow restrictor includes an opening having a

diameter smaller than a characteristic dimension of the cavity.

18.  The mud system of claim 17, wherein the second relief valve is arranged 1n series with

the cavity.
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