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RECOMMENDED PRACTICES FOR DIVERTER SYSTEMS
EQUIPMENT AND OPERATIONS

FOREWORD

8. These recommended practices were prepared by
the Subcommittee on Diverter Systems Equipment and
Operations. They represent a composite of practices
employed by various operating, drilling, and equipment
manufacturing companies. In some instances, reconciled
composites of these practices are included in this publi-
cation. This publication is under jurisdiction of the
American Petroleum Institute Production Department’s
Eixecutive Committee on Drilling and Production
Practices.

b. The goal of these voluntary recommended prae-
tices ig to assist the oil and gas industry in promoting
personnel safety, public safety, integrity of the drilling
rig and associated equipment, and preservation of the
environment for land and marine drilling operations.
These recommended practices are published to facili-
tate the broad availability of proven, sound engineering
and operating practices. Recommendations presented
herein are based on extensive and wide ranging indus-
try experience. This publication does not purport, how-
ever, to present all of the operating practices which can
be employed to successfully install and operate diverter
syatems in drilling operations, Practices set forth herein
are considered acceptable for aceomplishing the job as
described, however, equivalent alternative installations
and practices may be utilized to aecomplish the same
objectives. The formulation and publication of API
recommended practices is not intended to, in any way,
inhibit anyone from using other practices. Every effort
has heen made by API to assure the accuracy and reli-
ahility of data contained in this publication. However,
the Institute makes no representation, warranty, or
guarantee in connection with the publication of these
recommended practices and hereby expressly disclaims

any liability or responsibility for loss or damage result-
ing from use or applications hereunder.

¢. Users of recommendations set forth herein are
reminded that constantly developing technology and
specialized or limited operations do not psrmit complete
coverage of all operations and/or alternatives. Recom-
mendations presented herein are not intended to inhibit
developing technology and equipment improvements or
improved operational procedures. These recommended
practices are not intended to obviate the need for guali-
fied engineering and operations analyses and sound
judgments as to when and where these recommended
practices should be utilized to fit a specific drilling
application.

d. This publieation includes use of the verbs “shail”
and “should”, whichever is deemed most applicable for
the specific situation. For the purposes of this publica-
tion, the following definitions are applicable:

Shall. Indicates that the “recommended practice(s)”
has universal applicability to that specifie activity.

Should. Denotes a *recommended practice(s)”
1) where a safe comparable alternative practice(s) is
available; 2) that may be impractical under certain
circumstances; or 3) that may be unnecessary under
certain eircumstances or applications.

Changes in the uses of these verbs are not to be effected
without risk of changing the intent of recommendations
set forth herein.

e. Suggestions for revisions or additions are invited
and should be submitted to; Director,- Production
Department, American Peiroleum Institute, 2535 One
Main Place, Dallas, Texas 75202-3904.

Requests for permission to reproduce any part of the
material published herein shall be addressed to: Director,
Production Department, American Petroleum Institute,
2538 One Main Place, Dallas, TX 75202-3904,

COPYRI GHT 2000 Anerican PetroleumlInstitute
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SPECIAL NOTES

API PUBLICATIONS NECESSARILY ADDRESS
PROBLEMS OF A GENERAL NATURE. WITH
RESPECT TO PARTICULAR CIRCUMSTANCES,
LOCAL, STATE, AND FEDERAL LAWS AND
REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET DUTIES
_OF EMPLOYERS, MANUFACTURERS, OR SUP-
PLIERS TO WARN AND PROPERLY TRAIN AND
EQUIP THEIR EMPLOYEES, AND OTHERS
EXPOSED, CONCERNING HEALTH AND SAFETY
RISKS AND PRECAUTIONS, NOR UNDERTAKING
THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICA-
TION IS TO BE CONSTRUED AS GRANTING ANY
RIGHT, BY IMPLICATION OR OTHERWISE, FOR
THE MANUFACTURE, SALE, OR USE OF ANY
METHOD, APPARATUS, OR PRODUCT COVERED
BY LETTERS PATENT. NEITHER SHOULD ANY-
THING CONTAINED IN THIS PUBLICATION BE

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handling Services, 2000

CONSTRUED AS INSURING ANYONE AGAINST
LIABILITY FOR INFRINGEMENT OF LETTERS
PATENT.

GENERALLY, API STANDARDS ARE RE-
VIEWED AND REVISED, REAFFIRMED, OR
WITHDRAWN AT LEAST EVERY FIVE YEARS.
SOMETIMES A ONE-TIME EXTENSION OF TWO
YEARS WILL BE ADDED TO THIS REVIEW
CYCLE. THIS PUBLICATION WILL NO LONGER
BE IN EFFECT FIVE YEARS AFTER ITS PUBLI-
CATION DATE AS AN OPERATIVE API STAND-
ARD OR, WHERE AN EXTENSION HAS BEEN
GRANTED, UPON REPUBLICATION. STATUS OF
THIS PUBLICATION CAN BE ASCERTAINED
FROM THE AUTHORING PRODUCTION DEPART-
MENT (TELEPHONE 214-748-8841). A CATALOG
OF API PUBLICATIONS AND MATERIALS IS PUB-
LISHED ANNUALLY AND UPDATED QUAR-
TERLY BY AMERICAN PETROLEUM INSTITUTE,
1220 L ST., N.W., WASHINGTON, D.C. 20005 (TELE-
PHONE 202-682-8375).
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RECOMMENDED PRACTICES FOR
DIVERTER SYSTEMS EQUIPMENT AND OPERATIONS

SECTION 1
SCOPE

1.1 The purpose of these recommended practices is to
provide aceurate information that can serve as a guide
for selection, installation, and operation of diverter
equipment systems on land and marine rigs (barge,
platform, bottom-founded, and floating). Diverter sys-
tems are composed of all subsystems required to oper-
ate the diverter under varying rig and well conditions.
A general deseription of operational procedures is pre-
sented with suggestions for the training of rig person-
nel in the proper use, care, and maintenance of diverter
systems. Refer to Appendix A for discussion of some
alternative methods for shallow gas well control.

1.2 Some operations are being conducted in areas of
extreme low temperatures. Since eurrent general prac-
tices usually result in protecting diverter systems

COPYRI GHT 2000 Anerican PetroleumlInstitute
I nformati on Handling Services, 2000

equipment from that type environment, an applicable
section has not been included for that service.

1.8 Recommended equipment installations, arrange-
ments, and cperations as set forth in this publication
are deemed adequate to meet specified well conditions
and intended uses. Examples presented herein are sim-
plified embodiments and are not intended to be limiting
or absolute, These recommended practices have been
prepared recognizing that alternative installations,
arrangements, and/or operations may be equally as
effective in meeting well requirements and promoting
safety of drilling personnel, public safety, integrity of
the drilling equipment, protection of the environment,
and efficiency of ongoing operations.
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SECTION 2

DIVERTER SYSTEMS — GENERAL

2.1 Function. The funetion of a diverter system is to
provide a low pressure well flow control system to
direet controlled or uncontrolled wellbore fluids away
from the immediate drilling area for the safety of per-
sonnel and equipment involved in the operation, The
diverter system is not designed to shut in or halt well
flow, rather it permits routing of the flow to a safe
point away from the rig personnel and eguipment.

2.2 General Description. Components of diverter
gystems inelude: 1) annular sealing device, 2) vent
outlet(s), 8) vent line(s), 4) valve(s), and 5) control sys-
tem (refer to Par. 8.25).

2.8 Guidelines for Use of Diverter Systems, These
are general guidelines for possible use of diverter sys-
tems, It should be stressed that there may be other
alternatives that are as acceptable or more acceptable.
Some possible applications for diverter systems are
listed in Pars. 2.8.1 through 2.3.5.

2.8.1 If due to inadequate data or if determined,
via a previously drilled well(s), seismic data, or other
means, that there exists a reasonable possibility of
enpountering gas in quantities sufficient to cause well
control problems while drilling below the first casing
string, i.e., drive pipe, conductor pipe or structural
casing, ete., a diverter system, in the absence of posi-
tive well control means, should be considered for use
in the event the well flows.

2.8.3 In drilling operations utilizing subsea pre-
venter equipment where gas may have passed the
blowout preventers immediately before they are
closed on a kick or where gas may surface after being
trapped below the blowout preventer in normal kill
operations, a diverter system should be considered to
divert gas and wellbore fluids when the marine riser
unloads.

2.8.4 On drilling locations where personnel and/or
equipment cannot readily evacuate the immediate
location in the event of a complete loss of well control
with or without blowout preventers in use, a diverter
system should be considered as additional redun-
dancy and safety to divert uncontrolled well flow
while evacuating personnel and/or taking corrective
action.

2.3.6 A rotating head diverier system can be used
to advantage in conjunction with a blowout preventer
stack and choke manifold system in certain special-
ized drilling operations, including but not limited to,
hydrogen sulfide service, continued drilling opera-
tions with gas-cut drilling fluid, air/gas drilling, ete.

2.3.6 Diverter systems equipment which is exposed
to a hydrogen sulfide environment shouid comply
with NACE Sid MR0175: Material Requirements Sul-
fide Stress Cracking Reststant Metallic Materials for
Oil Field Equipment (check latest revision),*

2.8.2 A diverter system should also be considered
if a situation exists as described in Paragraph 2.8.1
when drilling below the conductor casing on floating
ingtallations with or without the use of a biowout
preventer stack, when the anticipated formation frac-
ture gradient is insufficient to permit circulating
and/or spotting kill weight fluid. If the well is com-
pletely shut in with the blowout preventer at this
stage of drilling operations, uncontrollabie flow *Available from National Assoclation of Corrosion Engineers,
around the outside of the casing string may result. P.0. Box 218340, Houston, Texas 77218,

2.4 Subsea Diverter Systems. In some situations,
subgea positioning of the diverter may be beneficial.
Subsea diverters have been deployed with the vent
outlet located just above the mudline, Use of subsea
diverters should be evaluated on a case-by-case basis.

COPYRI GHT 2000 Anerican PetroleumlInstitute
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SECTION3
DIVERTER SYSTEMS DESIGN AND COMPONENT CONSIDERATIONS

3.1 DIVERTER.

3.1.1 General. The diverter is an annular sealing
device used to close and pack off the annulus around
the drill string assembly when wellbore fluids are
diverted from the rig, The diverter and all individual
components in the diverter system shall have a min-
tmivm rated working pressure of 200 pai.

8.1.2 Annular Packing Element Types, The
annular packing element serves to effect a seal and
stop the upward flow path of well fluids; the diverter
housing provides outlets for these (diverted) fluids to
travel out the vent lines. Ordinarily, the annular
packing element is torus shaped and made of steel
and rubber (natural or synthetic) and moves radially
inward when a hydraulic “close” pressure is applied
to the diverter, Though some diverters and their
annular packing elements are designed for complete
pack-off, the device may not do so on open hole. Three
types of sealing devices or packer elements commonly
used in diverters are;

3.1.2.1 Annular Packing Element (Fig. 3.1).
An annular packing element can effect a seal on
any pipe or kelly size in the bore or on open hole if
no pipe is present and divert well fluids flow. The
annular packing element should be of sufficient
internal bore to pass the various bottom-hole
assemblies required for subsequent drilling opera-
tions.

3.1.2.2 Insert-type Packing Element (Fig. 8.2).
An insert-type packing diverter element uses inserts
which are designed to close and seal on ranges of
pipe diameters. A hydraulic function serves to latch
the insert in place. The correct size insert should be
in place for the size pipe in use. The insert must be
removed to run or pull the bottom-hole assembly.

3.1.2.3 Rotating Head (Fig. 3.8). A rotating
head can be used as a diverter to complement a
blowout preveunter system. The stripper rubber is
energized by the wellbore pressure to seal against
the drill pipe, kelly, or other pipe to facilitate
diverting return well fluids and can be used to
permit pipe movement.

3.2 Mounting of Diverter, An important considera-
tion for diverters is to structurally secure the mounting,
since the device receives the full force of diverted well-
bore fluids, When the diverter is installed, the connec-
tion should be made up in accordance with the appli-
cable provisions of Appendix D, API Spec 6A:
Specification for Wellhead and Christmas Tree Equip-
ment (check latest edition)*. Diverters attached to the
rig's substructure should be designed such that the
upward force is directed into the substructure.

COPYRI GHT 2000 Anerican PetroleumlInstitute
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3.3 Vent Outlet(s). Vent outlet(s) for the diverter
system is located below the annular packing element.
One or more vent outlet(s) can be used. Vent outlet(s)
may either be incorporated in the housing of the annu-
lar device or may be an integral part of a separate
spool located below the diverter housing. In either ease,
the vent outlet(s) should have equal or greater internal
eross sectional area than the diverter vent line(s).
Design considerations for the connection between the
vent outlet(s) and vent line(s) should include ease of
installation, leak-free construction, and freedom from
solids aceumulation.

3.4 DIVERTER VALVES,

3.4.1 Valve Types. Valves used in the diverter vent
line(s) or in the flow line to the shale shaker should
be full-opening, have at least the same opening as the
line in which they are installed, and be capable of
opening with maximum anticipated pressure across
the valve(s). Several types of full-opening valves
which can be used are as follows:

1. gate valves (various types),

2. ball valves,

8. knife valves,

4. switchable three-way target valve, and
5. valves integral to the diverter unit.

Mainienance is .2 major factor in valve selection.
Valves which provide little or no space for solids to
acecumulate are preferred over valves which allow
this to oceur, as such accumulation can impede effi-
eient operation. :

8.4.2 Actuators. Remote actuators capable of
operation from the rig floor should he installed on ali
non-integral diverter vent valves and flow line valves
where these valves are located below the diverter
packer. Either hydraulic actuators, operated with

" hydraulic fluid from their own c¢losing unit or the
blowout preventer closing unit, or pneumatic (air)
actuators operated from rig air may be used. An
actuator fitted to a diverter valve should be sized to
open the valve with the minimum rated working
pressure of the diverter system applied across the
valve (for example, for a diverter system rated work-
ing pressure equal to 200 psi, the actuator should be
designed to open the valve(s} under a differential
pressure of 200 psi or more across the valve: for a
diverter system rated working pressure equal to 500
psi, the actuator should be designed to open the
valve(s} under a differential pressure of 500 psi or

*Available from American Petroleum Institute, Publications

and Distribution Section, 1220 L 8t., N.W., Washington, D.C.
20005.
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FIGURE 3.1
EXAMPLE DIVERTER WITH ANNULAR PACKING ELEMENT
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FIGURE 3.2
EXAMPLE DIVERTER WITH INSERT-TYPE PACKER
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more across the valve). Excessive resistance due to
drilled solids in the valve should be kept in mind,
especially on pneumatic systems where variations in
rig air pressure are common. In systems utilizing
pneumatic operated valves, an independent power
source should be provided to supply the necessary
air/gas required in the event of reduction or loss of
rig air pressure.

3.6 Diverter Piping. The “ideal” diverter piping
would be without bends, as large in diameter as prac-
tical, and internally flush. Deviations from the “ideal”
tend to increase wellbore back pressure and create con-
ditions which can increase sand blast and erosion dur-
ing diverting operations.

8.56.1 Sizing. Diverter piping should be sized to min-
imize, as much as practical, back pressure on the
wellbore while diverting well fluids. Data in Table
3.1 can be useful as a reference to compare vent line
sizes for various operating conditions of steady state
flow and anticipated back pressure (friction pressure
drop) for gas and liguid mixture flow rates in various
systems. Back pressure contributed by bends, tees,
ells, sonie velocity restrictions, ete., when applicable,
should be included in the calculation of total back
pressure, The friction loss must not exceed the diver-

ter system rated working pressure, place undue pres-

sure on the wellbore, and/or exceed other equipment's
design pressure, etc. ¢.g., marine riser. For rigs with
two (2) vent lines, each line should be capable of
diverting wellbore fluids and still maintain an accept-
able back pressure, Changes in diameter of the vent
line(s) should be minimized or eliminated. Changes in
flow pattern at such diameter changes lead to exces-
sive erosion of the flow line and vent line(s). Where
changes in line diameter exist, back pressure calcula-
tions should be based on modeling the various diame-
ter lines used in the system.

3.5.1.1 Flexible Lines. Diverter sysiems may
employ flexible lines with integral end couplings to
connect the vent line(s) outlet(s) on the drive or
conduetor pipe, diverter spool, or diverter housing
to the vent line(s). Such flexible lines are accept-
able provided their resistance to fire and erosion, is
compatible with the associated piping and provided
they are supported and connected in adequate
fashion.

3.5.2 Routing. Diverter vent line(s) should be
routed so that at all times one (1) line can vent well
fluids downwind of the drifling rig. For certain float-
ing drilling operations where one end of the vessel is
always downwind, a single exhaust line may suffice,
The vent lines should be routed ds straight as possible
with a minimum of bends and branches to minimize
erosion, flow resistance, fluid/solid settling peints,
and associated back pressure. Routing changes should
be as gradual as practical. Due to lack of space on
some rigs, it may not always be possible to utilize
large bend radii. As a comparison gnide, for pipe to
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be considered “straight,” the bend radius should be
20 times the inside diameter of the pipe. Long radius
bends are preferred over short radins bends; how-
ever, when 90 degree bends are used, they should be
targeted running tees equipped with a blind flange or
plug to minimize effects of erosion. Use of “Y” type
branches is preferable to using tees, to reduce the
possibility of erosion at the intersection. The vent
line(s) should be sloped along their length such that
low spots, which may accumulate drilling fluid and
debris, are avoided. -

3.6.83 Support. The vent line(s) should be firmly
gecured fo withstand the dynamie effects of high
volume fluid flow and impaet of drilling solids. Sup-
poris located at points where piping direction changes
must be capable of restraining pipe deflection. Spe-
cial attention should be paid to the end sections of the
vent line(s) beeause the diverter piping will tend to
whip and vibrate at this location.

8.5.4 Cleanouts. Provisions for cleaning and flush-
ing any accumulated debris from the vent line(s)
should be made. Cleanouts should be placed upstream
of all valves and sharp direction changes, with flush-
ing jets localed to aid removal of debris and drilling
solids. Cleanouts and flushing ports should be ade-
quately sealed to prevent the escape of any gas or
well fluids when the diverter is in use. The cleanouis
should have the same rated working pressure as the
piping in which they are installed. Well monitoring
devices (flow indicators, etc.), pumbo busters, ete.,
which are exposed to diverting fluids should be able
to withstand the anticipated back pressure without
leaking or failing.

8.5.4.1 Fill Lines. Fill and/or kill lines posi-
tioned below the diverter unit should be valved
with an independent aetuated or check valve near
the wellhead and have a rated working pressure
equivalent to the system exposed to well fluids.

3.6 CONTROL SYSTEM.,

3.6.1 General, The diverter control system is usually
hydraulic or pneumatic or a combination of both
types which may be electrically controlled and eapa-
ble of operating the diverter system from two or
more control units, Control units should be available
for ready access to operating personnel. The diverter
control system may he self-contained or may be an
integral part of the blowout preventer control system.

3.6.2 Volumetric Capacity. As a minimum, it is
recommended that all diverter control systems should

" be equipped with sufficient volumetric capacity to

provide the usable fluid volume (with pumps inopera-
tive) required to open and close all functions in the
diverter system and still retain a 50% reserve, Usable
fluid volume is defined as that fluid recoverable from
an accumulator befween the limits of the accumula-
tor operating pressure and 200 psi above the pre-
charge pressure or the shut off pressure for- the
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TABLE 8.1*
STEADY STATE PRESSURE DROPS IN PSI FOR VARIOUS GAS AND
" LIQUID FLOW RATES AND PIPE DIAMETERS

4-IN, NOMINAL (8.25-IN. ID)

MILLION GPM GPM GPM GPM GPM GPM
SCF/D 0 100 200 800 600 1000
0 0 1.82 | 6.13 12.6 31.2 108
5 20.9 108 155 203 297 561
10 49.5 179 251 327 474 860
50 348 1086 1367 . 1655 2230 3692

6-IN. NOMINAL (5.25-IN. ID}

MILLION GPM GPM GPM GPM GPM GPM
S8CF/D 0 ) 100 200 300 500 1000
0 0 0.15 0.68 1.28 3.156 10.8
10 9.86 38.3 54.1 67.6 88.9 188
50 74.6 161 194 226 286 419
100 167 : 377 429 481 588 £26

8-IN. NOMINAL (7.25-IN. ID)

MILLION GPM GPM GPM GPM GPM GPM
SCF/D 0 100 200 300 500 1000
0 0 (.04 0.14 - 0.27 0.68 2.31
10 2.36 11.9 17.8 22.8 31.6 48.1
50 27.0 57.9 68.8 78.8 96.9 136
100 62.6 119 133 147 173 232
10-IN. NOMINAL (9.25-IN. ID) §
g
- - 4 2
MILLION GPM GPM GPM - GPM GPM GPM 2
SCF/D 0 100 200 300 500 1000 - b
0 0 0.01 0.04 0.09 0.21 0.72 W
10 0.76 4.27 6.69 8.87 12.8 21.0 b-§
50 11.2 26.2 314 86.1 44.7 62.8 B
100 290 56.0 62.0 67.9 79.0 104 g
12-IN. NOMINAL (11.25-IN. ID) |k
E~1
MILLION GPM GPM GPM GPM GPM GPM §
SCF/D 0 100 200 800 500 1000 bl
0 0 0.005 0.02 0.08 0.08 0.28 =
10 0.30 1.78 2.79 3.80 5.67 9.88 i
50 5.06 12.9 166 18.2 23.0 88.1 k
100 148 80.0 33.2 86.4 426 55.9 s
DATA EMPLOYED IN CALCULATING TABLE 3.1 VALUES: 'g s
[+

Line Length = 160 ft. Mud Density = 9.6 lb/gai

Ouitlet Pressure = 0 psig Plastic Vis. =8 ¢p

Gas Speeific Gravity = 0.7  Temperature=80 F

Begga and Brill correlation; sonie velocity restrictions ignored,

*Reprinted courtesy of Exxon Corp., from Blowout Prevenition and Well Control Manual, Floating Drilling Supplement, Copyright
February 1984,
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hydrautic operating system. The minimum recom-
mended sceumulator volume should be determined
by multiplying the accumulator size factor times the
calculated volume to close and open the diverter sys-
tem and still retain a 560% reserve (refer to API RP
583: Recommended Practices for Blowoul Prevention
Equipment Systemns,* Second Edition, May 25, 1984).
For a cloging unit used for both subsea blowout pre-
venter and surface diverter control, the required
accumulator volumetric capacity for diverter control
should be supplied through a check valve. On systems
utilizing pneumatic-operated valves, an independent
power source should be provided to supply the neces-
sary air/gas required in the event of reduction or loss
of rig air pressure.

8.6.3 Primary Response Time. A primary diver-
ter closing system should be capable of operating the
vent line and flow line valves, as necessary, and clos-
ing the annular packing element on pipe in use
within thirty (30) seconds of actuation if the packing
element has a nominal bore of twenty (20) inches or
less. For elements of more than twenty (20) inches
nominal bore, the diverter eontrol system should be
capable of operating the vent line and flow line
valves, as necessary, and closing on pips in use within
forty-five (45) seconds, Well conditions may require
faster closing times than those recommended. This
possibility should be considered and appropriate
action taken during the design or selection of new
diverter closing systems.

3.6.4 Diverter Closing Unit Backup System. An
alternate means (backup system) should be employed
to permit sequencing the diverter system should the
primary closing system become inoperative. This can
be accomplished by alternative pump system eapac-
ity. separate isolated accumulator capacity, nitrogen
backup capacity, or other means. The backup system
should be capable of mesating the reecommendations of
Par. 8.6.3 (refer also to API RP 16FK: Recommended
Practice for Design of Conirol Systems for Drilling
Well Control Equipment,* (check latest edition). The
backup system should be automatically or selectively
available on demand.

3.6.6 Diverter System Recharging Capability.
The pump system(s) should be eapable of rechargizig
the primary diverter contrel system aecumulators to
full system design pressure within five minutes or
less** after one complete divert mode operation of the
diverter control system. This should be verified by
fully charging the accumulators, isolating the pumps
from service, and sequencing the divert funections
using only the aceumulators.

*Available fromm American Petroleum Institute, Publieations
and Distribution Seetion, 122¢ L 8t., N.W., Washington, D.C.
20005,

#NOTE: The diverter system recharging interval of five min-
utes or less is considered acceptable because of the recom-
mended performance of the closing unit backup system as
stipulzated in Par, 8.6.4.
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8.6.6 Closing Unit Pressure Rating Recommen-
dations. Each closing unit should be equipped with a
pump(s)} that will provide a discharge pressure equiv-
alent to the rated working pressure of the closing
unit.

8.6.7 Pump Power Recommendations. Power for
the closing unit pump(s) should be available to the
accumulator unit at all times, such that the pump(s)
will automatically start when the closing unit mani-
fold pressure has decreased to less than 90 percent of

- the aceumulator operating pressure. Similarly, the

pump(s} should automatically stop when the full
design accumulator charging pressure is reached.
The automatic pressure control system should addi-
tionally include a secondary overpressure protection
device such as a relief valve. The relief valve should
be set to function at not more than 110 percent of the
design acecumulator charging pressure. Relief valves
should be designed to automatically reseat and shut
off within 26 percent below the pressure setting.

3.6.8 Closing Unit Valves, Fittings, Lines, and
Manifolds. Recommendations for closing units are
shown in Sections SA and 6B of API RP 58: Recom-
mended Practices for Blowout Prevention Equipment
Systems for Drilling Wells,* Second Edition, May 25,
1984. Each installation should be equipped as follows:

3.6.8.1 Each diverter control system should be
equipped with a full-opening valve into which a
separate operating fluid pump ean be easily con-
nected (refer to Figure 5.A.1, API RP 53%).

3.6,8.2 The diverter annular sealing device regu-
lators should be isolated from the primary closing
unit. The diverter closing unit should be equipped
with sufficient check or shut-off valves to separate
the primary closing unit pumps and accumulators
from the primary closing unit manifold.

8.6.8.8 The closing unit should be equipped with
accurate pressure gauges to indicate the operating
pressure of the elosing unit both upstream and
downstream of the annular sealing device pressure
regulating valve,

3.6.8.4 The closing unit should be equipped with
necessary pressure regulators to permit manual
control of the system components within their rated
operating pressure,

3.6.9 Recommendations for Closing Unit Fluids
and Capacity. A suitable hydraulic fluid (non-
flammable petroleum or water base) should be used
as the closing unit control operating fluid. Sufficient
volume of glycol must be added to any eclosing unit
fluid containing water if ambient temperatures below
82 F (0 C) are anticipated. Use of diesel oil, motor oil,
chain oil, or any other similar flhuid is not recom-
mended due to the possibility of an explosion or resil-
ient seal damage. Each closing unit should have s
fluid reservoir with a capacity equal to at least twice
the usable fluid eapacity of the diverter system.
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3.6.10 Recommended Locations for Closing Unit
and Control Units.

8.6.10.1 Closing Unit. The main pump aceumu-
lator unit should be located in 2 safe place which is
easily accessible to rig personnel in an emergency.
It should also be located to prevent excessive drain-
age or flow back from the operating lines to the
reservoir. Should the main pump accumulator be
located a substantial distance below the preventer
stack, additional accumulator veolume should be
added to compensate for flow back in the closing
lines,

8.6.10.2 Conirol Units, Bach installation should
be equipped with at least one control unit located
such that the operation of the diverter system can
be controlled from a position readily accessible to
rig personnel in an emergency. In some ecases, it
may be desirable to have more than one control
unit with the additional unit(s) located at an access-
ible point a safe distance away from the rig floor.
The function of each control valve or regulator on
the control unit shall be eclearly identified at the
control unit.

3.6.10.3 Each control unit should be located to
comply with the area classifications in API RP
5008: Reconunended Practice for Classification of
Locations for Electrical Installations at Drilling
Rigs and Production Facilities on Land and Morine
Fized and Mobile Plaiforms, chock latest edition,*

3.7 CONTROL SYSTEM OPERATIONS

8.7.1 General. The diverter control system shall be
operated such that the well will not be shut in with
the diverter system. For instaliations with the annu-
lar sealing deviee below the flow line, equipment
should be set up such that the desired vent valve(s) is
opened before the annulus is closed. On installations
with more than one vent valve, both valves should
remain open during this operation with the upwind
valve being subsequently closed, if so desired. For
non-integral valve installations where the flow line is
below the annular sealing device, the desired vent
valve(s) should be opened (if not already open) while
simultaneously closing the shale shaker (flow line}

*Available from Ameriean Petroleum Institute, Publications
and Distribution Section, 1220 L 8t., N.W., Waghington, D.C.
20006. )
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valve and the divérter. Regardless of the vent valve
sequencing, at least one vent valve should remain
open at all times to prevent a complete shut in of the
well if there is a partial failure of the control system
and/or vent controls. Regardless of the sequencing
method used, competent, trained, and experienced
personnel should be used for design, installation,
operation, and maintenance of the system. The diver-
ter control system manufacturer should be consuited
for recommended proper installation of any sequenec-
ing devices, ag improper installation can negate any
benefits of such safety devices.

3.7.2 Types of Control Sequencing.

8.7.2.1 Automatic Sequencing, Typically, hy-
draulic sequence valves, mechanical linkage, and/or
limit switches are used in an automatically
sequenced diverter system. Actuation of a single
pushbutton or lever automatieally initiates the
entire sequence. One automatic method using con-
trol valves that are tripped by the physical eyeling
of the vent and flow line valve gates is shown in &
very simplified skeich in Fig. 8.4. As shown, the
sequencing action is executed by the vent line valve
opening, thereby tripping the control valve that
enables the flow line valve to close, which in turn
trips the control valve governing the annular seal-
ing device allowing it to close. This is only one
example. Many other automatic sequencing methods
for diverters and associated valves are in use. For
inatance, there are diverter systems that do not
require associated vent line valves (refer to Fig.
3.5). Some automatically sequenced diverter sys-
tems require interlocks in the controls to prevent
continuation of the sequence if one function should
fail to operate.

3.7.2.2 Manual Sequencing. Another way to
execute the divert sequence depends on trained
personnel to properly execute manual operation of
the functions, in correct order, by means of push-
buttons or levers. This method permits the ohserva-
tion and judgement of the operating personnel to
guide the timing between component actuation. A
manual interlock system is sometimes utilized such
that operation of one function is used to enable
another to operate. A typical arrangement would
prevent fluid from being supplied to the diverter
" unless at least one vent line valve has been opened
and the insert (if needed) is lateched down,
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SECTION 4
DIVERTER SYSTEMS — ONSHORE AND/OR BOTTOM-SUPPORTED OFFSHORE
INSTALLATIONS

4.1 Onshore and/or Bottom-supported Offshore
Drilling Operations. When diverter systems are
deemed necessary (refer to Paragraph 2.3), they should
be installed on the drive or conduetor pipe.

4.1.1 Annular Packing Element Types. Refer to
Par. 8.1.2.

41,2 Diverter Systems Piping. Refer to Para-
graph 3.5 for recommendations on diverter systems
piping. The vent line outlet(s) and vent line(s) should
be installed below the diverter and extended a suffi-
cient distance from the rig to permit safe venting of
flow from a diverted well. For onshore drilling opera-
tions, 4 single vent line oriented downwind from the
rig and facilities is typically used and discharged to
the pit. However, it may be desirable to provide a
second vent line which discharges into a second pit
and is oriented in a different direction as a precau-
tion againat ¢hanges in prevailing wind(s). For moest
hottom-supported drilling operations, two (2) vent
lines oriented in different directions” are normally
used. In the case of some offshore platforms, one vent
line is used due to prevailing wind.

4.1.3 Diverter Systems Valves. If a valve(s) is
used in the diverter system, it should be full opening
and can be operated either manunally (onshore opera-
tions only) or remotely. The valve(s) should be
installed close to the annular sealing device to mini-
mize the space for cuttings to collect and plug the
vent line(s). If a valve(s) is not used in the diverter
system or if the valve cannot be installed close to the
annular sealing device, the diverter system wvent
line(s} or riser pipe should be eguipped to aliow for
flushing drill cuttings from the vent line(s).

4.1.4 Diverter System Sequencing. Sequencing of
the diverter system (refer to Par. 2.7) shouid be such
that the vent line valve(s), if used, would be fully
open prior to closure of the annular sealing device.
This is important to ensure the well is never shut in.
If multiple vent lines are used it is then possible {o
select the proper downwind vent line fo gdivert the
flow, -

4.1.56 Example Diverier Systems for Onshore
and/or Bottom-supported Offshore Loeations, Fig-
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ures 4.1 through 4.8 illustrate example diverter sys-
tems for onshore and/or bottom-supported offshore
drilling loeations.

4.2 Specailized Onshore and/or Bottom-supported
Offshore Drilling Operations. A diverter system when
used in conjunction with a blowout preventer stack can
also provide an added degree of protection during spe-
cialized onshore and/or bottom-supported offshore drill-
ing operations, which include but are not limited to,
sour gas drilling, handling sweet gas-cut drilling fluid,
and air, aerated fluid, or gas drilling operations.

4.2.1 Sour Gas Drilling Operations. When drilling
in an area where sour gas is present, the addition of a
rotating drilling head to the blowout preventer stack
should be considered. This diverter system will min-
imize the amount of personnel exposure to hydrogen
sulfide gas on the rig floor or under the substructure
when circulating out drilling breaks or bottoms-up
gas. The diverter system wuses the drilling fluid
return flowline as a vent line constructed such that
the fluid flow can be directed, by valves located in
the flowline, to a mud/gas separator and then vented
to a safe distance from the rig (refer to Fig. 4.5).

4.2.2 Gas-cut Drilling Fluid. A rotating drilling
head ean also be used to advantage where high-
pressure, low-volume sweet gas shows are frequent
and it is desirable fo continue drilling while handling
gas cut drilling fluid. This diverter system is similar
to that described in Par. 4.2.1 and iliustrated in Fig.
4.5,

4.2.3 Air, Aerated Fluid, or Gas Drilling Opera-
tions. A diverter system is required in all air/gas
drilling service and consists of at least a rotating
drilling head and a blooey line (vent line). This diver-
ter system could also be used with the blowout pre-
venter stack as illustrated in Fig. 4.6. In areas where
gas i3 used as the circulating fluid or where hydro-
carbon bearing formations will be drilled, the use of
a full opening valve installed on the rotating drilling
head should be considered. This valve will allow
repairs to be made to the blooey line while diverting
any flow through the choke line(s).
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SECTION 5
DIVERTER SYSTEMS — FLOATING INSTALLATIONS

5.1 General. Floating drilling operations include
operations from drillships and semisubmersibles that
drill in the floating mode. These vessels are distin-
guished from other types of drilling units by the use of
subsea blowout preventer stacks. The subsea blowout
preventer stack and associated equipment are con-
nected to the drilling vessel via the marine riser
system.

5.2 Installation. Diverter systems on floating drill-
ing rigs are typically mounted to the drill floor sub-
structure and are at the upper end of the marine riser
system (refer to Figs. 5.1 and 5.2). Vent line piping
length, configuration (i.e., fittings, ells, ete.), and size
are critical factors in determining fluid head loss of the
system (refer to Pars. 3.5.1 and 3.5.2) Features of the
auxiliary equipment such as the sealing pressure limit
of the telescopie {slip) joint packer, the burat and col-
lapse rating of the marine riser tube, ete,, are impor-
tant links in the overall design of diverter systems
(refer to Section 8, “Diverter Systems Design and Com-
ponent Considerations”) and should receive particular
attention to prevent leaking or failure.

5.8 Criteria for Use of Diverter Systems, The
diverter system is installed when the marine riser is
run. However, the decision te run the marine riser on a
particular casing string must take into account certain
factors, including assessment of the formation fracture
gradient at the shoe of the easing string and the pullout
resistance of that casing. The formation fracture gra-
dient and casing string pullout resistance is sometimes

inadequate, which could rule out the use of the marine ~

riser/diverter system. When the hole is drilled below
the structural easing, a pilot hole ean be drilled to the
next easing seat depth. The deeision to drill a pilot hole
is generally based on anticipated geological conditions
and the drilling practices best suited for these condi-
tions. A secondary consideration would be whether a
pilot hole would permit use of a dynamie kill procedure
should a well’ control problem cecur (refer to Appendix
A, “Shallow Gas Well Control”).

5.8.1 Use of a Diverter System Without a Blow-
out Preventer Installed. The overburden pressure
from sea level to the casing shoe is less than the over-
burden pressure at comparable land drilling depths.
This is because for a given depth the sea water head
plus the soil overburden pressure below the sea floor
is less than the total soil overburden pressure at the
same depth for a land location. Similarly, the over-
burden pressure of the water head plus the soil over-
burden pressure to easing shoe depth can be less than
the hydrostatic pressure of the drilling fluid in the
marine riser system. In addition, the marine riser
system extends above mean sea level and the hydro-
static pressure of the {tuld column in that part of the
riser results in added pressure at the casing shoe.
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Thus, circulation of fluid to the drilling vessel with-
out sufficient fracture gradient at the shoe of the last
casing string can cause the formation to fracture.
This may result in partial evacuation of drilling fluid
from the marine riser tube. In turn, since hydrostatic
pressure via the marine riser has been reduced, the
well may kick, A pressure equalizer valve (dump
valve or drilling fluid discharge valve) is sometimes
used to allow discharge of heavy returns drilling
fluid at or near the sea floor to reduce hydrostatic
head on the formation. The same valve could be used
to flood the riser with sea water should it become
evacuated due to gas expanding.

Water depth is a primary factor in the decision to
install a marine riser and diverter system on the
structural casing, since the weight of the blowout pre-
venter stack is not available to help counteract
marine riser overpull and the structural casing string
is short and may not be cemented. Assessment of pull-
out resistance is usually critical. Generally, the deeper
the water depth the more impractical use of a diver-
ter system on the structural casing string becomes, In
conjunction with Par. 2.1, use of a marine riser and
diverter system is nof recommended on the struetural
easing when using a dynamieslly positioned drilling
vessel, since the vessel can readily evacuate the drill-
ing location and, thus, ensure the safety of equipment
and personnel in the event of an uncontrolled kick,

5.3.2 Use of a Diverter System With a Blowout
Preventer Installed. - Subsequent to running the
second casing string (typically 20 inch OD and
referred to as the conductor casing), a blowout pre-
venter stack is instailed (refer to Fig. 5.2). Use of a
diverter system in conjunction with a blowout pre-
venter stack should be considered because on closing
the blowout preventer the marine riser may unload
gas if the bubble is above the closed blowout pre-
venter. Alse, gas may surface after being trapped
below a blowout preventer in normal well kill opera-
tions. The deeper the water depth (the longer the
marine riser) the more likely the occurence of the
riser unloading (refer to Par. 2.8.3).

In drilling below conductor casing and before set-
ting surface casing, the formation fracture gradient
may not permit use of standard well control tech-
niques. In whieh ease, priorities in well control tech-
niques are: 1) close the blowout preventer recognizing
that the formation may break down, 2)attempt
dynamie well control procedure (refer to Appendix A,
“Shallow Gas Well Control” for dynamic kill analy-
sis), and 3) use of the diverter system,

5.4 Auxiliary Equipment Applicable Only to
Floating Drilling. Floating drilling requires equip-
ment that allows for relative motion between the subsea
blowout preventer stack and drilling vessel. One
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flex/ball joint is usually located above the blowocut
preventer stack. Additional flex/ball joints may be
located at the bottom and the top of the telescopic joint.
Flex/ball joints permit relative angular movement of
the riser elements to reduce bending stresses caused by
vessel offset, vessel surge and sway motions, and
environmental forces.

The telescopic (slip) joint packer is an important con-
sideration of the diverter system operation, It seals the
inner barrel (attached to the vessel) and outer barrel
(attached to the marine riser) and must have sealing
eapacity if diverting is required. Only the minimum
operating pressure required fo effect a seal should be
used as excessive pressure may cause damage to the
telescopie joint inner barrel or telescopic joint packer.

5.6 Example Vent Line(s) and Flow Line(s)
Arrangements, Figures 5,1 and 5.2 illustrate example
arrangements for vent line(s) and flow line(s). The vent
line(s) is illustrated at an elevation above the flow line.
The diverter line valves allow venting to one side of the
drilling vessel and closing of the upwind diverter line,
if desired. These systems allow drilling operations to be
condueted with all vent lines and valves open.

5.5.1 Figures 5.8 and 5.4 illustrate other example
vent -line(s) arrangements where the flow line is
above or in line with the vent line(s). In these arrange-
ments, the vent line valve(s) remains closed during
normal drilling operations. For this fype sysiem,
valves in the vent line(s) must be open prior to closing
the flow line valve to prevent pressure build up in the
marine riser. The diverter control system shall be

operated such that the well will not be shut in with

the diverter system (refer to Par. 8.7.1).

5.5.2 The example arrangement in Figure B.5
shows the flow line outlet above the vent line(s), but
the vent line(s) subsequently extended above the flow
line. This type arrangement permits the valves in the
vent line(s) to remain open, which is preferable, dur-
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ing routine operations. Vent line valves provide a
meahs to selectively close an upwind vent line so the
fluid discharged can be directed downwind. In sub-
freezing operations, routing of vent and flow lines fo
eliminate freezing of standing drilling fluid should be
considered.

5.8 Diverter Piping Sizing. In conjunction with
Par. 3.5, for rigs engaged in exploratory drilling where
anticipated well flows are unknown or unpredictable,
normal 10” ID is the recommended minimum vent
line(s) size, with 12" 1D or larger lines preferred. Table
8.1 can he useful as a reference to compare vent line(s)
sizes for various operating conditions of steady stafe
flow and anticipated back pressure (friction back pres-
sure) for gas and liguid mixture flow rates in various
systems,

5.7 Installation of Vent Lines. Vent line(s) in the
system should be arranged so as to extend past the
extremity of the drilling vessel (refer to Par. 3.5.2).

5.7.1 Moored Drilling Vessels. Many moored drill-
ing vessels have limited capability to change the ves-
se] heading during routine operations and thus should
be equipped with more than one vent line. Figures
5.6 and 5.7 show schematic illusirations of example
vent line arrangements for vent lines on drill ships
and semisubmersibles. Normally, the vessel will be
anchored in the direction of the prevailing wind,
however, a dominant current may dictate a different
heading to preserve station keeping, Figure 5,7 illus-
trates example optional arrangements of vent lines on
semi-submersible drilling vessels. :

5.7.2 Dynamically Positioned Drilling Vessels.
These vessels have the capability to maintain head-
ings into ehanging prevailing winds, thus, the diver-
ter line(s) may extend to the vessel’s stern. Figure 5.8
illustrates example vent line(s) layout for dynamieally
positioned drilling vessels. It may be desirable to
have other vent lines (refer to Par. 5.7.1).
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