3. EQUIPMENT DESCRIPTIONS, OPERATING

CHARACTERISTICS,AND REQUIREMENTS

3-1 GENERAL

This section discusses the components of Classes Il
through IV BOPE systems as outlined in Section 2. The
components are grouped into the following classifica-
tions: preventers, the actuating system, the choke and
kill system, auxiliary equipment, and hole-fluid moni-
toring equipment.

Upon receipt of a proposal to conduct well operations,
division engineers use the guidelines contained in this
manual to develop BOPE requirements for the well,
which will be conveyed to the operator in a permit to
conduct well operations. The requirements stated on the
permit constitute the minimum standards for the BOPE
system when it is inspected in the field. Any proposed
deviation from these standards must be approved, in
writing, by the division prior to inspection. If any
component fails to meet these standards, the entire
equipmentarray mustbeconsideredinadequate and
no operations will be permitted until the inadequacy
has been correctedto the satisfaction of thedivision.

One of the most important components of the BOPE
array is the metal ring-joint gasket, or API ring. These
gaskets provide the pressure seal in a flange connection
and they are used at several points in BOPE systems.
Many of the system failures seen in the field by division
inspectors can be traced directly to poor practices by rig
crews inthe selection and use ofthese gaskets. Ifagasket
is to function properly, it must be in new, or near-new,
condition and the ring groove into which the gasket is to
be inserted must be undamaged, clean, and dry. At-
tempting to reuse a ring-joint gasket several times, or to
seat a ring-joint gasket in a damaged or contaminated
ring groove, increases greatly the chance of pressure
failure. Infact, API Specification 6A recommends against
reusing BX 150 through BX 160 rings. Another common
mistake is lubricating the ring groove before inserting
the gasket. Protecting the ring groove with lubrication
is acommendable practice while the flange is in storage,
but any protective coating must be removed completely
before attempting to seataring-jointgasketinthe groove.

3-2 PREVENTERS

Preventers are devices designed to prevent the uncon-
trolled flow of well bore fluids through the casing, by
either containing the flow completely or by diverting it
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to a more desirable location through a system of piping
and valves. Preventers are classified as annular or ram-

type.

a. Annular,or"bag" preventers are those designed
to completely fill any annular space in the well
bore by hydraulically extruding or inflating a
resilient packing elementinward from the hous-
ing of the preventer, sealing around virtually
any object that will fit in the throughbore of the
preventer. These preventers will also seal off an
open hole, but that is not their primary function,
and doing so might shorten the life of the packing
element. The following must be considered when
using annular preventers:

Annular preventer. This Hydril annular preventer contains an
elastomer packing element which, when compressed by
hydraulic pressure applied beneath a contractor piston, forces
the packing unit inward into a sealing engagement with any
part of the drill string. This enables the preventer to close off
any annular space, regardless of the size or cross-sectional
shape of the annulus, up to and including full closure on open
hole. Closing pressure should be regulated carefully at the
control manifold to prevent needless extrusion of the packing
element. Photo courtesy of Hydril Company.
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In Class | or Class Il installations, an annular
preventer may be the only blowout preventer on
the wellhead. Such a well must not be left
unattended with pipe in the hole and the annu-
lar preventer closed on the pipe. Instead, the
pipe must be removed, a bailing gate or some
other type of full-closing valve must be installed
above the annular preventer, and this valve
must be closed. This requirement is necessary
because aloss of pressure inthe closing chamber
of an annular preventer (due to any type of
failure in the hydraulic actuating system) will
permit the elastic memory of the packing ele-
ment to reopen the preventer.

Supervisory personnel should become familiar
with the basic design of the annular preventer
that is in use on their particular well because
there is an important difference in the way dif-
ferent designs respond to increasing well pres-
sure. Most annular preventers are designed to
close by having an operating piston driven up-
ward by hydraulic pressure applied beneath the
piston. In most cases, the piston has some lower
surfaces exposed to the fluidsinthe well bore. In
this design, an increase in well pressure under a
closed annular preventer will increase the clos-
ing force of the preventer against the pipe, etc.

Some designs, particularly those intended for
use in deep water subsea stacks, have isolated
the closing piston from the well bore or balanced
the riser pressures so the closing effect of a
wellbore pressure increase is reduced or elimi-
nated, and the increasing well-bore pressure
tends to open the preventer. Inthe Regan-type
annular preventer, an inner sleeve is inflated
into the well bore by injecting hydraulic fluid
behind it, and any increase in hole pressure will
work to open the preventer. In this situation, the
wellbore pressure must be monitored continu-
ally so the closing pressure may be adjusted
accordingly.

Also, all members of the rig crew should be
trained in the proper use of the pressure-regu-
lating valve on the accumulator unit control so
the closing pressure does notexceed thatactual-
ly required to keep the packing element pressed
against the pipe, considering the pipe size and
the pressure in the annulus. Tables of these
pressures are available from the manufacturers
and should be made available at the well site.
Using the lowest practicable closing pressure
will prolong the life of the packing element and
permit tool joints to be stripped through the
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preventer with minimum damage to the pack-
ing element. In fact, when attempting to strip
pipe or rotate while the annular preventer is
closed, the flow line should be monitored to
permit slight leakage of wellbore fluid between
the pipe wall and the closing surface of the
preventer. The leakage will lubricate the surface
of the pipe, reducing the rate of damage to the
packing element of the preventer.

4. Crews should also be trained to protect the
upper API ring groove on an annular preventer.
Normally, the upper connection is to the pitcher
nipple and pressure integrity at that connection
is not a consideration; however, supervisors
should be aware thatitmay become necessary to
attach additional preventers or a snubbing as-
sembly above the annular preventer during a
well-control emergency. In such cases, the con-
dition of the API ring groove becomes very
important. Particular attention must be paid to
protecting the upper surface of the annular
preventer during workover operations when
Class Il BOPE is employed and the annular
preventer may be used with nothing installed
above it. Unless the top surface of the preventer
is provided with a protective plate, the bolt
holes will fill with debris and any off-center tool
joints striking the preventer will damage that
surface, eventually compromising the useful-
ness of the API ring groove.

Ram preventers are gate valves utilizing two oppos-
ing horizontal sliding gates, or ram assemblies, that
are forced toward each other by pneumatic or hy-
draulic pressure or by mechanical screws. Eachram
assembly has an elastomerram rubber that seals the
upper surface of the ram assembly against the seal
seatin the preventer housing at the same time as the
closing surface seals against the pipe and/or the
opposite ram assembly.

A unique type of ram preventer that does not quite
fit the description given above is the slab gate used
while drilling some geothermal wells. This type of
preventer does not use two opposing ram assem-
blies. Instead, a single ram gate is employed and
driven completely across the well bore to accom-
plishfullclosure. When used, the slab gate is mounted
directly above the casinghead, forming the base for
the rest of the BOP stack.

Ram preventers are designed so the lower and rear
surfaces ofthe ram assemblies are always exposed to
the well bore. Any additional wellbore pressure
against the lower surface of the assembly increases
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Double ram-type preventer. Two ram-type preventers built
into one casting conserve vertical space, minimize the number
of connections, and simplify installation. Usually, choke and
kill connections are made to a drilling spool below the
preventers. Such connections may be made to the side outlets,
visible on the preventer body, but this is not common practice.
A flange failure at one of the side outlets might necessitate
changing the entire preventer. Photo courtesy of Hydril
Company.
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the pressure of the ram against the seal seat in the
preventer body, and the pressure against the back of
the ram assembly increases the effectiveness of the
seal against the pipe and/or the opposite ram.

Some rams will hold pressure effectively only when
the proper side of the assembly is facing up, making
it important that precautions be taken to ensure
correct installation. The body of the preventer is
designed sothe rams may be replaced or exchanged
easily.

The following points must be considered when us-
ing ram preventers:

Every ram-type preventer, with the exception of a
slab gate, must have some type of positive-locking
device. Some of the newer designs, particularly
those built for subsea service, have an automatic
locking feature that will prevent accidental opening
of the rams in the event of failure of the actuating
system; however, most of the hydraulically-oper-
ated ram-type preventers currently available for
onshore use must be locked mechanically in the
closed position with hand wheels or a socket device.
These manual-locking devices may also be used to

close a ram preventer in the event of an actuating
system failure, provided the four-way operating
valve to that preventer has first been placed in the
CLOSE position or the hydraulic lines have been
loosened to prevent the trapping of incompressible
hydraulic fluid in the opening chamber. These
preventers may only be opened hydraulically. Any
manual-locking device must be tested by full oper-
ation, at an interval not to exceed one month, while
the preventer is in use.

The ram body must be installed with the proper side
up. The top of the ram cavity contains a smooth seal
seat around the margin of the throughbore, while
the bottom of the cavity will usually be fitted with a
series of raised ramps upon which the ram assem-
bliesride. This provides the floating ram feature that
iscommonto all ram preventers, regardless of manu-
facturer.

If the ram body is installed with the raised ramps
uppermost, the rams will not provide a reliable seal
with pressure in the wellbore.

Three categories of rams are currently in use, each
designedforaspecificjob, as opposedto the general-
use nature of the annular preventer.

1. Blind (Complete Shutoff) rams are used when
there are no tools or pipe in the hole. Although
there are valid arguments against doing so, it is
often considered good practice to install the
blind rams above at least one set of pipe rams in
the stack so the blind rams may be isolated from
any hole pressures and exchanged for pipe rams
if a kick occurs. Because over half of all kicks
occur with pipe in the hole, blind rams are not
used in most kick situations. The overall useful-
ness of the BOP stack is reduced if the blind ram
assemblies cannot be isolated and exchanged
for pipe ram assemblies while there is pressure
in the well bore.

If the blind rams have been closed to permit the
alteration or repair of any equipment higher in
the BOP stack, the rams mustbe locked closed to
prevent accidental opening before the work has
beencompleted.

2. Piperams have asemicircular notch in the clos-
ing surface of the ram assembly that fits around
the body of the pipe when the rams are closed.
Guide tapers center the pipe in this opening as
the leading edges of the closing surfaces come
together.
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Many pipe-ram rubbers are designed to adjust
automatically for wear of the sealing surfaces.
Usually, this is accomplished by inlaying hori-
zontal metal extrusion plates into the upper and
lower surfaces of the ram rubbers, with reserve
rubber behind the plates. As the normal pipe
sealing surface of the ram rubber wears away,
the inner edge of the extrusion plate comes into
contact with the body of the pipe and the extru-
sion plate on the opposite ram rubber. The
closing motion of the rams will press the extru-
sion plates into the reserve rubber area and
drive the rubber into the well bore, rejuvenating
the sealing surface of the ram. This self-feeding
feature in the pipe ram requires that the pipe
sealing surface of the ram rubber have pipe to
press against, and is the reason that pipe rams
should not be closed on open hole. They may be
moved partially toward the CLOSE position to
check the installation and function of the control
lines, but they should not be allowed to close
completely.

Care must be exercised to ensure that external
upsets in the pipe string are clear of the rams
when they are closed, as areliable seal can only
be obtained on the OD of the pipe body. Unless
the BOP stack contains the newer variable-type
pipe-ramassemblies, which will close onarange
of pipe sizes, a different set of rams must be
installed in the stack for each pipe size used
(exclusive of the drill collars and any smaller-
diameter stinger pipe less than about 600 feet
long).

Blind-shear rams are bladed rams capable of
cutting through most pipe in the well bore and
effecting full closure in an emergency. At least
one setmust be installed in all ocean floor BOPE
stacks. Most ram manufacturers provide a spe-
cial, large-diameter operating cylinder, some-
times referred to as a shear booster, for use with
blind-shear rams to provide more operating
pressure on the blades. The added force in-
creases the probability that the blades will be
able to cut through heavy-wall drill pipe and
drill collars.

Usually, shear rams are installed in the upper-
most ram preventer. A set of pipe rams, desig-
nated as hang-off rams and installed below the
shear rams, may be closed and the pipe lowered
until an upset or collar is resting on the top of the
rams. Then, the blind-shearrams may be closed,
cutting the pipe. Hopefully, the severed pipe
string will be supported by the hang-off rams
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belowthe upset. Shearrams are designed soan
opening will normally remain in the cut-off
stub. This allows circulation to be reestablished
through the pipe still in the hole, using the choke
and kill systems.

Ifapreventer has been closed foranyreason, before
the preventer is reopened, the hole space below that
preventer must be vented through the choke line or
a relief valve to bleed off any trapped pressure.

3-3 THE ACTUATING SYSTEM

The actuating system provides the means of operat-
ing the preventers and, in many cases, other equip-
mentin the BOPE array from aremote location. The
actuating system for a hydraulically-operated
preventer stack consists of an accumulator unit, an
emergency backup system, a control manifold, one
or more remote stations, hydraulic control lines, and
hydraulic fluid.

Since the closing of a preventer may be an emer-
gency action, it must be accomplished quickly and
with sufficient force to overcome the pressure of any
fluid in the well bore. Therefore, the operating
system must be capable of providing adequate quan-
tities of closing fluid at reasonably high pressures.
The most effective actuating system currently avail-
able uses the hydropneumatic -- or liquid-gas --
accumulator as its source of energy.

Other, less-effective systems include the manual/
mechanical method in which the ram preventers are
screwed shut using hand wheels, and the direct-
acting hydraulic or pneumatic systems in which
annular or ram-type preventers may be forced shut
by pumping liquid or applying compressed gas
directly against the closing piston or the back of the
packing unit, without the use of a pressure accumu-
lator. The following discussion is limited to the
components of the hydropneumatic accumulator
system, the most common system in use.

a. Theaccumulator unit (closing unit) is a system of
pumps, valves, and pressure vessels designed to
provide an instantly available source of pressur-
ized hydraulic fluid for operating the preventers
and other equipment. The fluid is provided from
a reservoir and stored under pressure in one or
more accumulators. The accumulator is a pres-
sure vessel precharged with nitrogen, usually
above or within a movable barrier. Forcing hy-
draulic fluid into the vessel on the opposite side of
the barrier further compresses the gas until the
gas pressure rises from the specified precharge
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Typical Koomey accumulator unit. The upright bottles at the back of the unit are the hydropneumatic accumulators, each having

a total capacity of approximately ten gallons. The three gauges indicate, from left to right, the reduced pressure to the manifold,
the pressure in the accumulators, and the regulated pressure to the annular preventer. Pressure to the manifold and to the
annular preventer is regulated by the upright valves with the winged ball handles at each end of the unit. The fluid reservoir
is beneath the control handles and the charging pumps are in the foreground. Note that this particular unit, as shown, has no
emergency backup system. Such a backup system, e.g. high-pressure nitrogen cylinders, would not employ the accumulator(s)
as a source of operating pressure. Photo courtesy of Stewart & Stevenson Oiltools, Inc.
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pressure to the rated working pressure of the unit
(Fig. 9). Then, the energy of this compressed gas
is available to displace the hydraulic fluid from
the accumulator when a preventer-actuating valve
is operated.

The operating cycle of the accumulator unit is
composed of a discharge phase and a recharge
phase. The hydraulic fluid from the accumulator
flows through an actuating valve (four-way valve)
in the control manifold to an operating chamber
in the preventer, causing the preventer to open or
close. The hydraulic fluid in the opposing operat-
ing chamber is simultaneously vented through
the same actuating valve into the reservoir, where
it is available to be pumped back into the
accumulator(s), restoring the supply of pressur-
ized hydraulic fluid (see paragraph 3-3c).

1. Charging the accumulator is usually a matter of

slow compression. It may take 45 minutes or

longer to charge from the precharge pressure to
the working pressure, depending on the accu-
mulator capacity and the pump output. Except
in the case of very large accumulator volumes
(200 gallons or larger) the effect of temperature
change during the recharge phase can be ig-
nored; therefore, the pressure-volume relation-
ship during recharge is:

P.V,=P,V, Equation (1)
P, = initial pressure
P,=pressureatV,

V., = initial volume

V, =volume at P,

For an 80-gallon accumulator system (V,) in
good repair with a 750 psi precharge (P,) and a
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NOTE: Shown is an 80-gallon spherical accumu-
lator containing a bag-type elastomer diaphragm
that has been precharged at 750 psi (I). The
working pressure (full charge) is 1500 psi (lil).

80 gallons (V,)
750 psi precharge (P,)

75 gallons (V,)
800 psi (P,)

5 gallons (V,-V,)
800 psi

4

40 gallons (V,)
1500 psi (P,)

PRESSURE-VOLUME RELATIONSHIPS IN AN ACCUMULATOR
DURING THE RECHARGE PHASE
FIGURE 9

1 .
The hydraulic system is discharged (0 psi). The
diaphragm completely fills the accumulator (V,) and
contains the specified precharge of 750 psi (P,).

1

The accumulator pump has begun toforce hydraulic
fluid into the accumulator below the diaphragm. The
gas inside the diaphragm is being compressed (V,),
with a corresponding increase in pressure (P,).

]

The accumulator is fully charged with hydraulic fluid
to the rated working pressure. The gas above the
diaphragm has been compressed to a volume of 40
gallons (V,), and exerts a pressure of 1500 psi (P,)
on the hydraulic fluid.

PV.=PV,=PV

BLOWOUT PREVENTION IN CALIFORNIA
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USABLE FLUID
FLUID MOVED (V,-V,) BY GAS EXPANSION FROM V, TO V,,, RESULTING IN A PRESSURE DROP FROM P, TO P,

THE MINIMUM ACCEPTABLE PRESSURE FOR THE DISCHARGE PHASE, THE PRESSURE-VOLUME EQUATION IS
P,V,"=P,V," (n=1.4 FOR NITROGEN).

I

\Y

(40 GAL)
v, EXAMPLE 1
Fluid level 750 psi precharge
@ P, (1500 psi) *§ i 1500 psi working pressure
44 GAL.
Fluid level (13.44 GAL)
@ P, (1000 psi)
Fluid level
@ 750 psi
I‘
(40 GAL.)
vV EXAMPLE 2
Fluid level 2 1000 psi precharge
@ P, (2000 psi) ¥ 2000 psi working pressure
V,V, :
(17.61 GAL.)
Fluid level v
@ P, (1200 psi)
Fluid level
@ 1000 psi
’
Vl
(26.67 GAL.)
Fluid level n
@ P, (3000 psi) EXAMPLE 3
1000 psi precharge
Ve 3000 psi working pressure
USABLE FLUID 1 vy,
¥ (24.64 GAL.)

Fluid level
@ P, (1200 psi) —*

Fluid level
@ 1000 psi

RELATIVE VOLUMES OF USABLE FLUID DURING DISCHARGE
IN 80-GALLON ACCUMULATORS, SHOWING THE EFFECT OF

PRECHARGE AND WORKING PRESSURE
FIGURE 10
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1,500 psi working pressure (P,), Equation (1)
yields a total fluid capacity of 40 gallons (V,-V,).
When making any accumulator calculations, it
should be noted that the volumes in the equa-
tions are always those of the gas, not of the
hydraulic fluid. The volume of hydraulic fluid
involved in the change from one condition to
another is equal to the difference between the
initial and final gas volumes (V,-V,).

Discharging the accumulator by actuating a
preventer results in rapid expansion (cooling) of
the gas, and temperature becomes animportant
factor. Coolingthe gas during expansion causes
the pressure to drop more rapidly than would
be calculated by Equation (1), so the pressure-
volume relationship during the discharge phase
is:

P,V,"=P,V," Equation (2)
n = 1.4 for nitrogen.

The displacement of a hydraulic fluid volume
(V,-V,) is accompanied by the expansion of the
gasinthe accumulator fromV, to V,. Therefore,
the pressure remaining in the accumulator after
the discharge phase (P,) is:

P,=P,(V,/V,)** Equation (3)

For testing purposes, the most important P, is
the pressure that must remain in the accumula-
tor following the accomplishment of the actions
listed in paragraph 5-2a4. Equation (3) should
only be used to test the THEORETICAL ad-
equacy of any given accumulator unit for a
proposed BOP stack. The ACTUAL adequacy
of the accumulator unit depends on the condi-
tion of the unit and the preventers, and can only
be confirmed by field testing using the actions
required in paragraph 5-2a4.

SAMPLE PROBLEM FOR DETERMINING
ADEQUACY OF THE SYSTEM

An operator proposes to drill a new well with 4-
1/2" drill pipe. The wellhead is to be equipped
with 10", 3,000 psi equipment, including two
Shaffer LWS manual-lock ram preventers and a
Hydril GK annular preventer. No hydraulic
control valve is proposed for the choke line. Is
an 80 gallonaccumulatorwith a 750 psiprecharge
and a 1,500 psi working pressure adequate for
this system?

BLOWOUT PREVENTION IN CALIFORNIA

SOLUTION:

STEP1. Determine values for the terms in Equa-
tion (3).

a) P,=1,500psi.
b) V,=40gallons (Fig. 10, Example 1).

¢) V, =V, plus the volume of working fluid
required to cycle one of the ram preventers
and close the annular preventer onthe small-
est OD pipe for which pipe rams have been
installed (from Appendix A and Appendix
B, Table B.2). This is the working fluid
required by paragraph 5-2a4 of this manual.

Ram preventer-(1.75gal.toclose + 1.45gal.
to open) = 3.2 gal.

Annular preventer - gallons to close on 4-
1/2" drill pipe = 5.3 gal.

Total fluid required to perform all of the
above actions=(3.2gal. +5.3gal.)=8.5gal.

V, = 40 gal. plus the fluid required to per-
form the actions listed above= (40 gal. + 8.5
gal.)=48.5gal.

STEP 2. Calculate P, using these values in Equa-
tion (3).

P, = P,(V,/V,)" = 1,500(40/48.5)"* = 1,145
psi

(See Appendix F, Fig F-1 for a graphical
solution using V, - V, of 8.5 gal.)

This pressure is above the 1,000 psi mini-
mum acceptable pressure for this type of
accumulator, so the systemistheoretically
adequate. The graphs in Appendix F assist
in determining the theoretical adequacy of
various accumulator systems.

The type of accumulator unit used in this
problem, as shown in Example 1 of Figure
10 (750 psi precharge, 1500 psi working
pressure), indicates a usable fluid volume of
13.44 galat 1,500 psi. Therefore, the usable
fluid safety margin of the accumulator unit
in this problem is equal to the total usable
fluid (13.44 gal.) minus the working fluid
required forthe BOP stack (8.50gal), or4.94
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gal. A margin of this size can be diminished
or eliminated quickly by deficiencies such
as low precharge pressure or fluid leakage
in any part of the system.

Table 5A, APl Recommended Practice 53,
contains a listing of “size factors” for vari-
ous types of accumulator units. The size
factor is a number that must be multiplied
by the working fluid requirement of a BOP
stack to arrive at the total accumulator bottle
volume required for an adequate accumu-
lator unit for the stack. Although this factor
is a valid starting point in the selection pro-
cess for an accumulator unit, it results in a
number that would provide theoretical ad-
equacy only. A field test as outlined in
paragraph 5-2a4 will confirm the actual ad-
equacy of the accumulator unit in use.

The general requirements for any remote-
controlled actuating system are:

a) The source of actuating fluid must be
located atleast 50 feet from the center of
the well bore. The BOPE controls must
be clearly visible and readily accessible
to the crew.

b) If the actuating system includes a
hydropneumatic accumulator unit, the
accumulator vessel(s) must be
precharged to a pressure no lower than
the manufacturer’s design precharge.

c) The level of hydraulic fluid in the accu-
mulator unit reservoir, with the
accumulator(s) fully charged, must be
maintained at or above a point that
would permit draining the fluid from
the working bank without overflowing
the reservoir.

d) The volume of usable fluid, as defined
in the note to paragraphs 2-2d2 and 2-
2e2, must be sufficient to perform the
actions required by those paragraphs.

e) All actuating system valves, including
any pressure regulating valves, mustbe
in good condition and must be equipped
with satisfactory handles.

f)  Allpressure gauges mustbe reasonably
accurate and in good condition, and the
gauge faces must be fully readable.

g) Each hydropneumatic accumulator
must be equipped with an emergency
backup system as described in para-
graph 3-3b that follows.

Anemergency backup system mustbeincluded as
an accessory to the accumulator unit to provide an
additional source of energy that is independent of
the accumulators, themselves. This backup system
must be of a type that can be used in a potentially
explosive environment where the use of recharging
pump motors or engines might provide a source of
ignition.

Any backup system thatis capable of performing the
same emergency operations as the primary systemis
acceptable.

There are two principle types of backup systems: the
high pressure nitrogen system and the accumulator
system.

1. High-pressurenitrogenbackup. Atthistime, the
backup system most commonly used in Califor-
nia is the high pressure nitrogen system, em-
ploying a supply of bottled nitrogen as its en-
ergy source. When needed, this gas can be
released into the control manifold to restore or
increase the actuating pressure.

An advantage of the nitrogen system is that it
provides a ready source of compressed gas that
may be used to maintain or restore the accumu-
lator precharge pressure, provided the accesso-
ries for doing so are maintained at the well site.

The main disadvantage of the nitrogen backup
system is that its use requires special training
and discipline on the part of the crew, because
the actuation sequence is very different from
that employed when the accumulator unit is
operating normally. To operate the nitrogen
backup system, the following sequence of ac-
tions is employed:

a) Checktoseethattheisolationvalveisclosed
in the backup system line, from the nitrogen
bottles to the operating manifold of the ac-
tuating unit.

b) Decide which preventer is to be closed.

c¢) Move the 4-way actuating valve for that
preventer to the CLOSE position.
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d) Opentheisolation valve between the nitro-
gen bank and the control manifold.

e) SLOWLY open the valve on ONE nitrogen
bottle.

f) If there is not enough usable fluid equiva-
lent in one bottle, the valve on that bottle
should be closed and the valve on the next
bottle opened slowly. Note: No more than
one nitrogen bottle should be open in the
system atany time; otherwise, the pressure
from a full bottle will equalize into any
depleted bottle(s) without doing useful
work at the BOPE stack.

g) If the preventer must be reopened with
nitrogen, any open bottles should first be
closed off and then the pressure should be
bled from the manifold through the bypass
valve into the reservoir before attempting
to open the preventer.

The pressure in the nitrogen cylinders must be checked
periodically to ensure there is no leakage that would
affect their usefulness in an emergency (see paragraph
5-2b1).

The most common nitrogen cylinder in the field has a
length of 51 inches (L on Fig. 11) and is delivered with
acharge of between 2,015 psi and 2,490 psi, depending
on the type of cylinder. The larger, less common cylin-
dermeasures 55inches andis delivered with acharge of
2,400 psior 2,640 psi, depending on the type of cylinder.
A graph (Fig. 11) may be used to determine the usable
volume of working-fluid equivalent remaining in each
ofthese cylinder types at pressures above the minimum
acceptable pressure for the accumulator unit in use.

The general requirements for any high-pressure nitro-
gen backup system are:

(@ The system must be provided with an inde-
pendent, accurate pressure gauge.

(b) The accumulator unit must be provided with
anisolation valve betweenthe nitrogen bottles
and the operating manifold to isolate the
backup system from the accumulator(s), and
a check valve positioned between the isola-
tion valve and the nitrogen bottles to prevent
pressure equalization when the system is
used. The system may also be equipped with
a bleed valve upstream of the check and
isolation valves so the pressure may be bled
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from the nitrogen lines to check for an accu-
rate reading of “zero” on the backup system
pressure gauge, justdiscussed.

(c) Each nitrogen cylinder must contain a pres-
sure charge not less than 500 psi above the
rated precharge of the accumulator. How-
ever, the nitrogen cylinders, collectively, must
contain enough working-fluid equivalent to
fulfill the requirements of paragraphs 5-2a4.
If any nitrogen cylinder has a charge less than
the required pressure, the cylinder must be
disconnected from the backup system mani-
fold and its point of attachment to the mani-
fold must be plugged until a replacement
cylinder is attached. This requirement will
prevent the loss of backup system pressure to
the atmosphere or a depleted cylinder during
emergency operation.

(d) Each cylinder must have a shutoff valve thatis
hand-operable by a person standing on the
surface upon which the backup system rests.

Accumulator backup. In addition to the work-
ing bank(s), this type of backup system employs
abank (or banks) of accumulator bottles that can
be called into service if the charge in the working
bank fails for any reason, or if the working-fluid
volume is inadequate.

The principal advantage of this type of systemis
that it functions in the same manner as the
regular accumulator system. Before using the
system, the crew must disconnect any electric-
or gasoline-powered recharging pumps (to avoid
ignition of any gas from the well) and isolate the
backup bank from the working bank (to prevent
equalization of the backup fluid pressure into
the working accumulator bank).

The disadvantage of this type of system is that
nitrogen would have to be brought in if the
accumulator precharge needed adjustment.

The general requirements for any accumulator
backup system are:

a) Both the backup bank(s) and the working
accumulator bank(s) must be equipped with
line valves where they join the rest of the
accumulator unit piping. Then, the backup
bank can be isolated from the system during
normal use, and the working bank can be
isolated before the backup bank is brought
into use.
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b) The backup bank(s) must contain enough
usable fluid to fulfill the requirements of
paragraphs 5-2a4.

The control manifold has as its principal feature an
array of four-way valves, each of which regulates the
flow of hydraulic fluid to one of the preventers in the
BOP stack or to a remotely operated valve on the kill
or choke line. If the control manifold is not inte-
grated with the accumulator unit, two hydraulic
lines will connect the manifold to the unit. One of
these is the pressure line from the accumulator(s)
and the other is the return line to the reservoir. Each
of the four-way valves is connected to both of these
lines and to the closing and opening lines of one of
the preventers. If the manifold is integrated with the
accumulator unit, each four-way valve will have its
own return line to the reservoir .

When the four-way valve handle is moved to the
CLOSE position, the accumulator pressureis opened
to the preventer closing line and, simultaneously,
the preventer opening line is vented through the
return line to the reservoir. Fluid from the pressure
line enters the closing chamber of the preventer and
moves the actuating piston, which displaces the
fluid from the opening chamber. This process is
reversed when the handle is moved to the OPEN
position, so the preventer is always pressurized in
either the open or closed position by the working
pressure of the accumulator.

If the handle is centered in the neutral position,
halfway between the OPEN and CLOSE handle
positions, all lines except the return line are blocked
to the reservoir, and the valve acts as a locking
device. This presents a potentially dangerous situa-
tion, because the preventer will be locked in position
and the crew has no way of knowing what that
position is.

For this reason, the four-way valves must not be
maintained in a neutral position during normal well
operations. However, there are afew circumstances
in which neutral positioning of the valve handles is
acceptable. Theseare:

° When the accumulator unit has been discon-
nected from the preventer control lines, with
pressure in the accumulator lines.

This condition should only be tolerated for brief
periods during short rig moves, etc. The accu-
mulator lines should be depressurized before
the unit is hauled on any public road or placed
in storage. Operators, contractors, and rental
companies should be aware that a pressurized

BLOWOUT PREVENTION IN CALIFORNIA

accumulator is a hazardous load and must be
labeled according to DOT requirements when it
is transported.

° During accumulator-unit testing or trouble
shooting wheniitis necessary to isolate a portion
of the system.

°  During the final stages of circulating a gas kick
out of the hole, when the well has been shut in
with pipe rams and gas is passing through the
choke line.

Placing the four-way valve in neutral will offer a
measure of protection against gas that might bypass
the ram shaft packing, enter the opening chamber of
the preventer, and be vented to the accumulator unit
reservoir if the four-way valve is left in the CLOSE
position. Because the reservoir is vented to the
atmosphere, any electric- or gasoline-engine driven
recharging pumps would present a possible source
of ignition to the vented gas.

A system leak is indicated if neutral handle position-
ing is necessary to preserve the accumulator pres-
sure. It is probable that one of the four-way valves
is bypassing fluid directly from the pressure line to
the return line, or that the seal rings in the preventers
are defective. For these types of system leaks, by-
passing fluid can be seen entering the reservoir from
the return line outlet. This condition must be cor-
rected before the system can be approved, because
the accumulator pressure will decline, resulting in
intermittent starting and stopping of the accumula-
tor pump(s).

An important component of the control manifold is
the pressure-regulating valve on the pressure line
leading to the four-way valve that actuates the annu-
lar preventer. As mentioned in paragraph 3-2a3, this
valve should be used to regulate pressure in the
closing line at the lowest pressure actually required
to seal the packing element of the preventer against
the pipe inthe well bore. Once this reduced pressure
is applied, as indicated by the pressure gauge on the
regulated pressure chamber of the valve, it will be
maintained automatically.

When pipe upsets or tools of greater diameter than
the body of the pipe enter the packing element of the
annular preventer, as would happen if the pipe were
being stripped under pressure, the element will
move outward, exerting additional downward pres-
sure on the operating piston and causing higher
pressure in the closing chamber of the preventer.
When properly adjusted, the regulating valve will
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permit fluid to be displaced from the preventer into
the accumulator reservoir so the pressure against
the packing element will return to the adjusted value.
The ejected fluid is replaced automatically from the
pressure line after a larger-diameter tool or upset
has passed through the packing element.

Use of minimum closing pressure while working
pipe will permit a small leakage of hole fluid past the
packing element, evidenced by minor flow through
the flow line. This leakage will lubricate the walls of
the pipe string and prolong the useful life of the
packing element.

The general requirements for any accumulator-unit
control manifold are:

1. The manifold must be integrated with or posi-
tioned in the immediate vicinity of the accumu-
lator unit.

2. The manifold and accumulator unit should be
located so they are clearly visible from the rig
floor and easily accessible from all directions.
An exception to the visibility and accessibility
requirements may occur for rigs that are weath-
erized. These will probably have the accumula-
tor unitlocated inside a satellite enclosure where
it can be protected from the environment. Other
exceptions to one or both requirements may be
necessary when there is insufficient space atthe
rig location and when the drilling floor design is
incompatible with fulfilling the requirements.
However, in all cases, the manifold controls
must be located at a safe distance from the well
bore, along the primary exit route from the well.

3. All four-way valve handles must be properly
installed and maintained for rapid and reliable
operation, and each four-way valve must be
fully operable by one person without mechani-
cal assistance of any kind. If any type of device
has been installed to prevent accidental, manual
closing of the CSO rams, this device must not
prevent the valve from being operated from a
remote station.

4. The function of each four-way valve must be
identified by a clearly legible sign, with arrows
indicating the direction the handle must be
moved to close and open the preventer. The
BOP terminology used on the rig should agree
with the wording on the identification signs.

5. In both the open and closed position, each four-
way valve must be capable of holding the rated
working pressure of the accumulator without
loss of pressure.

6. All pressure-regulating valves must be fully
functional. Also, the pressure gauges on both
sides of the pressure-regulating valve of the
annular preventer must be functional and accu-
rate.

Pneumatic remote station. A pneumatic remote station is capable
of both opening and closing all of the wellhead BOPE. The
electricremote station, the type most commonly used in California
onshore rigs, can usually be used only to close the equipment.
Photo courtesy of Stewart & Stevenson Oiltools, Inc.
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At least one remote station must be provided for all
Class Ill and Class IV BOPE installations. These
assemblies may be operated electronically, pneu-
matically, or hydraulically. One of these assemblies
must be at the driller’s station so the preventers can
be closed from the drilling floor.

The remote stations encountered most often in Cali-
fornia are electrical and employ a solenoid for each
of the four-way valves. When the solenoid-oper-
ated valves are actuated, they divert fluid from the
accumulator pressure line into a hydraulic cylinder
thatis attached tothe valve-operating handle, thereby
driving the handle rapidly to the CLOSE position.
Because of the force of this movement, itis important
that personnel stay clear of the handles.

On some four-way valves, the position of the oper-
ating handle in the OPEN and CLOSE positions may
be regulated somewhat by adjusting the threaded
fittings on the hydraulic cylinders. This adjustment
will sometimes remedy fluid bypassing through the
four-way valve.

The general requirements for the remote station are:

1. One station must be within 10 feet of the position
occupied by the driller or head well-puller when
pipe is being pulled from the hole.

2. Access to this station must be completely unob-
structed.

3. Any indicator lights must be in operating condi-
tion.

4. The operating lines or cables running from the
remote station to the control manifold on the
accumulator unit must be protected from poten-
tial damage by vehicles or falling objects.

Hydraulic control lines should be large enough to
supply hydraulic fluid rapidly without excessive
friction loss, and all control lines must have a pres-
sure rating equal to or greater than the working
pressure rating of the accumulator. Additionally,
the hydraulic control lines and any component of the
controllines such as swivel-jointassemblies installed
within 25 feet of the well bore shall be capable of
meeting the fire test requirements of the current
edition of API Specification 16D. Any flexible hy-
draulic hose used in the well cellar area must be
protected properly from external mechanical dam-
age, and any flexible hoses installed within 25 feet of
the well bore must be shielded properly and insu-
lated so the fire test rating meets the current edition
of API Specification 16D.

BLOWOUT PREVENTION IN CALIFORNIA

When connecting the control lines to the wellhead
equipment, the following procedure may be fol-
lowedto checkfor seal-ringleakage inthe preventers
and to ensure as little air as possible remains in the
control lines and the preventer-operating chambers:

1. Drain the hole fluid from inside the stack by
opening the valve on the casinghead.

2. Move all of the accumulator unit, control-mani-
fold four-way valves to the NEUTRAL (center)
position.

3. Starting with the annular preventer, move the
four-way valve for that preventer to the OPEN
position. Ensure thatthe manufacturer’'s recom-
mended hydraulic pressure is shown on the
opening control line.

4. Lookdownthe hole (unlessthere is any possibil-
ity there may be pressure below any preventer)
into the preventer stack to ensure there is no
leakage of hydraulic fluid into the hole above
the packing element of the annular preventer.
Leakage would indicate failure of the down-seal
ring between the preventer opening chamber
and the well bore.

WARNING: Never look into the well bore if
there is any possibility there may be pressure
below any preventer.

5. Breakthe connection closestto the preventeron
the closing control line and watch the line from
the preventer for flow. Continued flow indi-
cates failure of the up-seal ring on the operating
piston between the opening chamber and the
closing chamber.

6. Reconnect the closing line (barely hand-tight)
and move the four-way valve for that preventer
slowly toward the CLOSE position to force hy-
draulic fluid through the line until clean fluid,
with no air contamination, is flowing from the
loose connection.

7. Return the four-way valve handle to the NEU-
TRAL position and tighten the connection.

8. Close the preventer on pipe (preferably using
the remote station at the driller’s position) and
repeat Step 4, just discussed, for the OPEN line
with pressure in the closing chamber. Check for
leakage past the down-seal ring on the operat-
ing piston between the closing chamber and the
opening chamber. Again, look inside the
preventer stack (see warning following step 4
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just discussed) to check for hydraulic fluid
leakage that would indicate failure of the up-
seal ring on the operating piston between the
closing chamber and the well bore.

9. Reconnectandtightenthe OPEN Iine. Itisnotas
important to purge air from the OPEN lines as
itis from the CLOSE lines, but it can be done (at
the operator’'s option) by repeating Step 6 for
each of the OPEN lines.

10. Repeat Steps 2 through 8 for each of the other
preventers and hydraulically operated valves
to check for seal leaks on the operating piston
between the opening chamber and the closing
chamberand, inthe case of ram-type preventers,
on the ram shaft between the opening chamber
and the well bore. Do not close the pipe rams on
open hole.

f.  The hydraulic fluid used in the actuating system
should possess as many of the following character-
istics as practicable:

1. Low compressibility.
2. Low viscosity.

3. Chemical and physical stability over a wide
temperature range.

4. Nonpolluting.
5. Noncorrosive.
6. Readily available.

Although fresh water possesses many of the charac-
teristics listed above, it should never be used as a
hydraulic fluid in the actuating system unless it is
first buffered with a soluble oil additive and, in most
cases, a glycol anti-freeze additive in accordance
with the supplier's recommendations. Unbuffered
fresh water is extremely corrosive when it is moving
at the velocities encountered inside the four-way
valves, and the valve bodies and rotors can be dam-
aged severely, rendering them useless. If a soluble
oil/water mixture is used without an automatic
mixing system, care must be exercised to ensure the
proportion of oil to water does not drop below the
manufacturer’'s recommended ratio.

Diesel oil is another liquid that should never be used

as accumulator hydraulic fluid because of its flam-
mability.

BLOWOUT PREVENTION IN CALIFORNIA

3-4 THE CHOKE ANDKILL SYSTEM

The Choke and Kill Systemis necessary because blowout
prevention is seldom a matter of simply sealing the hole
atthe surface and confining the fluids to the well bore. To
do so might cause a downhole pressure buildup that
could fracture the formation below the shoe of the an-
chor string or overpressure a shallow, incompetent for-
mation and permit fluid to come to the surface outside
the well bore. If this occurs, regaining control of the well
is a difficult and very dangerous process, which is usu-
ally extremely costly.

Only by circulating Kkill-weight fluid at or below the
depth of a kick, under carefully controlled pressure
conditions, can the kick fluids in the well bore be circu-
lated to the surface, thereby restoring primary control
over the formation pressures. Controlling and regulat-
ing well-bore pressure while circulating the kill-weight
fluid down the working string and up the annulus re-
quires the use of a choke line, manifold, and, in some
cases, akill line.

a. Aseparate chokelineand manifold are necessary
on Class Ill, IV, and V BOPE systems to control the
back pressure in the well bore and maintain a con-
stant bottom-hole pressure while circulating out a
kick.

If manually operated chokes are being used to con-
trol the drill pipe pressure (monitored at the
standpipe), the manifold area of the choke system
should, if practicable, be located so a person sta-
tioned at the manifold is visible from the driller's
station. This arrangement will facilitate the close
coordination required between the two stations. As
an alternative in tight locations, a drill pipe pressure-
repeater gauge should be mounted at the choke
manifold.

If a remotely operated choke is installed, the control
station will display both the drill pipe pressure and
the casing pressure. In this situation, the choice of
location for the choke manifold may be based on
convenience rather than visibility from the driller’'s
station.

The choke line and manifold must meet the follow-
ing requirements:

1. Allline pipe used in the choke line must meet the
conditions of the current edition of API Specifi-
cation 5L. If swivel joints are used in the choke
line, the joints must be of a long-sweep design
and must be mounted out of the cellar and
outside of an upward extension of the prism or
cylinder formed by the cellar wall(s). A long-
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sweep fitting is defined as one in which the
radius of curvature of the center line of each turn
is greater than the outside diameter of the pipe
body.

High-pressure, temperature-resistant flexible
choke and Kkill lines are used frequently in the
telescopingjointarea of asubsea BOPE system.
However, if these lines are to be used on a well
utilizing a surface BOP stack on an onshore well,
pressure rating must be at least as high as that
determined for the BOPE system, and their fire
test rating must meet the current edition of API
Specification 16C.

The pressure rating of the piping and valves
used in the choke line and manifold must be at
least as high as that determined for the BOPE
system by the method outlined in paragraph 2-
6.

With the exception of the wing lines in the choke
manifold described in subparagraph 3 that fol-
lows, the minimum nominal pipe size should be
determined according to the following:

a) 2,000 psi (2M) or lower — 2-inch nominal
pipe.

b) Higher than 2M -- 3-inch nominal pipe.

All chokes, valves, end connections, and fittings
must be made of steel or equivalent material,
meeting the conditions of the current edition of
API Specification 6A. They must have a rated
burst pressure atleastas high asthatdetermined
for the BOPE system by the method outlined in
paragraph 2-6.

Requirements for the type of choke line connec-
tions will vary with the division’s BOPE pres-
sure-rating determination.

a) Ifthe determinationis 3,000 psi(3M) or less,
threaded connections may be used.

b) All assemblies with a pressure rating above
3,000 psi must be fitted with welded, flanged,
or clamped connections only.

The straight through (blowdown) line of the
choke manifold must be at least the same diam-
eter as the choke line from the well bore to the
manifold. The wing lines to the chokes may be
2-inch lines, due to the reduced flow capacity of
the chokes, themselves. The blowdown line
must be staked down or otherwise secured, to
prevent whipping or vibration damage during
use.

The choke line should follow the most direct,
practicable route from the well head to the mani-
fold area.

The choke system must be secured wherever
necessary, to preventwhipping or vibration dam-
age during use. This is particularly important
where swivel joints or flexible lines are used.

All changes of direction involving steel lines
must be accomplished with welded tube turns,
plugged tees, or plugged crosses. No ells are to
be used. Iftees are used, the plugged or blanked
arm must be in line with the arm through which
fluid enters the tee during well-choking opera-
tions. (Exceptions to this requirement may be
approved by the division in developed fields
where proven, low, zone pressures would pre-
clude the likelihood of any high-velocity flow
during well-killing operations.)

All valves in the choke line and manifold must
be full-opening valves with straight-through
flow design, of at least the same ID as the line to
which they are fitted. They must be designed,
installed, and maintained for reliable, low-torque
operation. Inall cases, one valve mustbe located
between the well bore and any changes in direc-
tion or hammer unions.

If the BOPE pressure rating determination is
2,000 psi (2M) or less, at least one control valve
must be installed as close to the well bore as is
practicable.

If the BOPE pressure rating determination is
greaterthan 2,000 psi (2M), double control valves
must be installed at the wellhead. The valve
closest to the well bore is referred to as the
master valve, and the outer valve is referred to
as the control valve. Either valve may be re-
motely actuated.

If the BOPE pressure rating determination is
5,000 psi (5M) or lower, at least one valve must
be installed in the wing lines of the choke mani-
fold immediately upstream of each choke, and
in the blowdown line. For pressure ratings
higher than 5,000 psi, double valves must be
installed in the wing lines of the choke manifold
immediately upstream of each choke, and in the
blowdown line. Where double valves are in-
stalled, the master valve should be used only in
emergencies, forthe operational readiness checks
required by paragraph 2-6a3, or for the pressure
tests outlined in Section 5 of this manual.
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9. The choke manifold must contain an accurate
pressure gauge and the required number of
chokes. See paragraph 2-6a2 for operational
check requirements.

10. Adjustable chokes having a right-angle turn
configuration must be installed so fluid passing
through the choke exits through the opening in
line with the adjusting bonnet. (Note the orien-
tation of the adjustable chokes in Section 2,
Figures 4 and 5, for proper installation.)

11. The exitline from each choke must be equipped
with a full-closing valve. This valve has two
purposes:

a) Thevalve may be closed and pressurized to
test the integrity of the choke arrangement.

b) The choke may be isolated from the buffer
chamber or any other downstream mani-
fold arrangement, so each choke may be
removed from the system without affecting
the usefulness of the rest of the choke man-
ifold.

b. A separate kill line is required for Class Ill, IV, and
V BOPE so weighted fluid can be pumped into the
annular space of the well bore to replace lost fluid, to
establish reverse circulation while the preventers
are closed, or to circulate gas out of a subsea BOP
stack and fill the riser with kill-weight mud before
opening the preventer stack entirely.

This kill line should not be used for routine hole-
filling operations because the fittings may be dam-
aged by abrasion orimproper use. Thisisapressure
line and must fulfill the following requirements:

1. All lines and fittings must have a minimum OD
of two inches and a rated pressure greater than,
or equal to, the pressure rating of the BOPE
system as determined in paragraph 2-6.

2. The portion of the kill line located in the cellar
and rig substructure area must be made of steel
or equivalent material approved by the divi-
sion. All line pipe used in the kill line must meet
the conditions of the current edition of API
Specification 5L. If swivel joints are used in the
kill line, the joints must be of a long-sweep
design and mounted out of the cellar and out-
side of an upward extension of the cellar walls.
A long-sweep fitting is defined as one in which
the radius of curvature of the center line of each
turn is greater than the outside diameter of the
pipe body.

BLOWOU