Publication Date: July 2023

Affected Publication: API Specification 16D, Control Systems for Drilling Well Control Equipment and
Control Systems for Diverter Equipment, Third Edition, November 2018

Addendum 1

The reference to the Monogram Program shall be removed from Section 1 and elsewhere throughout the
document, including the the entire contents of Annex A. The Annex A title will remain as a placeholder, until the
next edition, so that Annex B through Annex C citations remain correct.

Section 4.5: The section heading shall be renamed “Auxiliary Equipment Control Systems”.

Section 5.7.2 was duplicated within the document. Duplicated section shall be removed.

Section 5.7.3: The section shall be updated to:
5.7.3 Ethylene Glycol Reservoir

The ethylene glycol reservoir, if installed, shall be sized using the maximum anticipated ethylene
glycol/water ratio for the minimum anticipated ambient temperature to which the control fluid is to be
exposed. The reservoir shall have sufficient capacity to contain enough ethylene glycol to mix at least 1.5
times the power fluid volume of the main accumulator system.

Section 5.10.1: The second sentence shall change as indicated by the highlighting:

5.10.1 Close and seal is the process to close a ram BOP with the operator pressure required to seal the
wellbore (MOPFLPS) and lock the rams.

NOTE MOPFLPS is not a single number, as environmental conditions can include elevated wellbore pressures at
different temperatures.

Section 5.15.3.2: The section shall be updated to:

5.15.3.2 The main accumulator system shall be designed such that the loss of an individual accumulator
or bank does not result in more than 25 % loss of the total accumulator system capacity.

Section 5.15.7.4: The section shall be updated to:

5.15.7.4 Relief valves shall additionally be tested to determine the maximum flow rate through the relief
valve without exceeding 115 % of the relief valve’s set pressure.

Section 5.16.3.1: The section shall be changed as shown below:

5.16.3.1 Visual position indication shall be installed on remote control stations for all function positions
that are operable from the remote control station. Control station lamps (or other means of visual indication)
that are used to indicate function status shall track the position of the hydraulic control valves. Red, amber,
and green shall be used as standard colors for control station indicator lights (or displays). Green shall
indicate that the function is in its normal drilling position.

Red shall indicate that the function is in an abnormal position. Amber shall indicate that the function is in a
“block” or “vent” position. On functions that have three or more positions, red or green shall be on



whenever the “block” or “vent” (amber) indication is on and thereby indicate the function’s last selected
position.

NOTE Other indicator colors may be used for information display on functions such as selection of yellow or blue for
subsea control pods.

Section 5.16.3.3: The section shall be updated to:

5.16.3.3 Control station functionality and external control functionality, excluding the regulator controls,
shall require a two-handed operation (e.g., the use of an “ENABLE” or “PUSH and HOLD” in addition to the
function).

Section 5.16.3.4: The section shall be updated as shown by the highlighting:

5.16.3.4 Physical arrangement of the control station shall be as a graphic representation of the flow path
of the BOP stack or diverter, or both. The placement of the function for button and screen arrangements
and visual indications shall be laid out such that the function on the right-hand side closes the BOP or
choke or kill valve, and the function on the left-hand side shall open the BOP or choke or kill valve.

Section 5.16.5.3: The first sentence shall be updated to:

5.16.5.3 The following summary alarms shall have local visual indication with an audible alarm when the
listed event(s) condition is met:

Section 5.16.5.3 (d): The section shall be updated as highlighted in yellow:

d) control manifold pressure LOW (surface, discrete hydraulic, MUX):
1) BOP manifold (control of ram BOPs, choke/kill outlet valves);
2) wellhead connector manifold;
3) LMRP connector manifold;
4) dedicated shear manifold.

Section 5.16.5.3 (e): The section shall be updated to:

e) control manifold pilot pressure LOW (surface, discrete hydraulic, MUX):
1) BOP manifold (control of ram BOPs, choke/kill outlet valves);
2) wellhead connector manifold,;
3) LMRP connector manifold,;
4) dedicated shear manifold.

Section 5.16.5.3 (j): The section shall be updated as highlighted in yellow:

j) pump system FAULT for electric-driven pump systems (surface, discrete hydraulic, MUX):
1) pump system electric power LOSS;
2) pump FAULT.

Section 5.16.6 (k): The section shall be updated as highlighted in yellow:

k) regulator pilot pressures (surface, discrete hydraulic, MUX);



Section 5.16.7.1: The section shall be updated to:

5.16.7.1 A safety cover or other means (e.g., pop-up controls, mechanical restraint) that does not obstruct
visibility of function status, shall be installed to avoid unintended operation of critical functions (where
installed) including:

a) connector(s) (LMRP, wellhead, choke & kill) retract / unlock;
b) shear ram(s) close;

c) emergency disconnect sequence activate;

d) deadman/autoshear arm;

e) deadman/autoshear disarm;

f) pod stabs retract / unlock;

g) diverter packer close.

~ ~— ~ ~—

Section 5.16.7.2: The section shall be updated to:

5.16.7.2 To prevent operator complacency, noncritical functions shall not have the safety cover or other
means described above.

Section 5.17.1.3: The section shall be updated to:

5.17.1.3 No more than 130V RMS shall be connected to any component mounted on the face of an
electrical enclosure that the user directly interfaces with to make routine adjustment.

NOTE This requirement does not apply to components that do not require routine adjustment, such as glanded cable
entries or power switches/disconnects.

Section 5.17.3.3.2: The section shall be updated to:

5.17.3.3.2 When a subsystem is integrated, the test procedures shall specify all parameters that can be
measured in a partial test to verify conformance to the specifications. The test shall be considered in
process, and documentation that specifies the final integrated test requirements shall be supplied to the
purchaser.

Section 6.5.1.2.b: The section shall be updated as shown in yellow:
b) Provide the power fluid volume and pressure required to close the following functions in sequence:
1) close the annular (largest by operator volume);
2) close and seal with a pipe ram.

This is a quick discharge event, and the accumulator sizing calculations shall be performed using Method
C, calculated with the beginning pressure at the pump start pressure.

Section 7.2.1.4: The section shall be updated as shown in yellow:

7.2.1.4 There shall be two or more means of surface to subsea power fluid supply (e.g., hydraulic
conduits, hydraulic umbilical hoses) as follows:

a) at least two power fluid supplies shall individually satisfy the response time requirements specified in 7.1;



b) at least two (or more) power fluid supplies shall be selectable from each control station.

NOTE LMRP-mounted accumulators (if installed) in conjunction with the required surface to subsea power fluid
supplies are an acceptable means to satisfy response time requirements.

Section 7.3.1.8: The section shall be updated to:

7.3.1.8 All dedicated subsea accumulator systems shall have an ROV-readable pressure gauge. MUX
control systems shall also have a pressure readback of the dedicated subsea accumulator systems.

Section 7.3.3.2: The section shall be updated to:

For main control systems that do not use a dedicated shear accumulator bank for high-pressure shear ram
closure, the ACR (with the same precharge pressure) shall be the greater of the following:

a) The power fluid volume and pressure required to perform the accumulator drawdown test as defined in
API 53. The accumulator pressure after the APl 53 drawdown test shall equal or exceed the required
MOP. The accumulator capacity required for this test correlates with the results obtained using calculation
Method B.

b) The power fluid volume and pressure required to operate the following functions, in sequence:

1) close the annular (largest by operator volume);
2) close and seal with a pipe ram;
3) shear and seal.

The accumulator sizing calculations shall be performed using Method C, calculated with the
beginning pressure at the pump start pressure.

c¢) Provide the power fluid volume required to perform an EDS (if installed). If the control system has more
than one EDS mode, the EDS that requires the greatest accumulator capacity shall be used.

This is a quick discharge event, and the accumulator sizing calculations shall be performed using Method
C, calculated with the beginning pressure at the pump start pressure.

Section 7.3.3.3: The section shall be updated to:

For main control systems that use a dedicated shear accumulator bank for high-pressure shear ram
closure, the ACR (with the same precharge pressure) shall be the greater of the following:

a) The power fluid volume and pressure required to perform the accumulator drawdown test as defined in
API 53. The accumulator pressure after the API 53 drawdown test shall equal or exceed the required MOP.
The accumulator capacity required for this test correlates with the results obtained using calculation
Method B.

b) The power fluid volume and pressure required to operate the following functions, in sequence:

1) close the annular (largest by operator volume);
2) close and seal with a pipe ram.



The accumulator sizing calculations shall be performed using Method C, calculated with the
beginning pressure at the pump start pressure.

c) Provide the power fluid volume required to perform an EDS (if installed). If the control system has more
than one EDS mode, the EDS that requires the greatest accumulator capacity shall be used.

This is a quick discharge event and the accumulator sizing calculations shall be performed using Method C,
calculated with the beginning pressure at the pump start pressure.

Section 7.4.9: The section shall be changed as highlighted in yellow:

Software controlled discrete hydraulic control systems shall be equipped with automatic data logging as
specified in 7.5.2.

Section 7.5.1.3: The section shall be updated to:

7.5.1.3 For a subsea one-atmosphere housing where a failure due to temperature would cause the
inability to operate BOP stack functions or regulate function pressures, a sensor shall be required that
triggers an alarm when the temperature exceeds the operational range of the housing components. This
requirement does not apply to secondary and emergency control systems.

Section 7.5.1.4: The section shall be updated to:

7.5.1.4 For a subsea one-atmosphere housing where a failure due to humidity would cause the inability to
operate BOP stack functions or regulate function pressures, a sensor shall be required that triggers an
alarm when the humidity exceeds the operational range of the housing components. This requirement does
not apply to secondary and emergency control systems.

Section 7.5.1.5: The section shall be updated to:

7.5.1.5 For a subsea one-atmosphere housing where a failure due to fluid ingress would cause the
inability to operate BOP stack functions or regulate function pressures, a sensor shall be required that
triggers an alarm when there is an ingress of fluid (control fluid, saltwater, dielectric fluid) that is detrimental
to system performance per the manufacturer specifications. This requirement does not apply to secondary
and emergency control systems.

Section 7.5.2: The section shall be moved (renumbered) to become Section 7.6 and renamed to “Auxiliary Subsea
Devices” and subsequent subsections renumbered. The precise following text shall be used:

7.6 Auxiliary Subsea Devices

7.6.1 Auxiliary devices shall not disable the BOP control system in the event of a failure in the auxiliary
devices.

NOTE 1 Auxiliary subsea devices support drilling operations but are not required for well control.

NOTE 2 The transmission of auxiliary device data and power may be through independent conductors in
the subsea umbilical (MUX) cable, integrated into the BOP control system or through an independent
umbilical cable.



NOTE 3 Auxiliary subsea devices are not required by this standard to comply with the requirements of
7.5.

NOTE 4 Typical auxiliary devices may include but are not limited to the following:
a) measurement of riser angle;

b) measurement of riser stresses;

)

)
¢) measurement of BOP stack angle;
d) measurement of sea bottom currents and water temperature;
)

e) measurement of wellbore fluid temperature at the wellhead;

f) measurement of wellbore pressure at the wellhead;

g) transmission of underwater television images;

h) control of TV camera functions (pan, tilt, etc);

i) control and power of underwater TV lights;

j) valve and BOP position indicators.
Section 7.6.2: The section shall be renumbered (and located appropriately) to be 7.5.2
Section 7.6.3: The section shall be renumbered (and located appropriately) to be 7.5.3
Section 7.6.4: The section shall be renumbered (and located appropriately) to be 7.5.4
Section 7.6.5: The section shall be renumbered (and located appropriately) to be 7.5.5
Section 7.6.6: The section shall be renumbered (and located appropriately) to be 7.5.6
Section 7.6.7: The section shall be renumbered (and located appropriately) to be 7.5.7
Section 7.6.8: The section shall be renumbered (and located appropriately) to be 7.5.8
Section 7.6.9: The section shall be renumbered (and located appropriately) to be 7.5.9

Section 7.6.10: The section shall be renumbered (and located appropriately) to be 7.5.10

Section 10.3.2.14: The section shall be updated to:



10.3.2.14 There shall be a manual override mode in which the diverter can be closed without operating
the diverter sequence or performing interlocked functions. The manual override shall be operable from the
driller’'s remote control station.

Section 10.3.4.2: The section shall be updated to:

10.3.4.2 Separate panel controls for a common hydraulic manifold shall have a mode to select between
BOP mode and diverter mode on the panel.

Section 10.4.5: The following new section shall be added:

10.4.5 Diverter control function valve handles and button/screen arrangements shall be placed in the
orientation per 5.15.6.

Section 10.6.4: The section shall be changed as highlighted in yellow:

10.6.4 For diverters controlled by the BOP control system, the accumulator system shall also meet or
exceed the requirements listed in 6.5.1.

Section 14.3.10: The section shall be changed as highlighted in yellow:

14.3.10 Electrostatic discharge control shall be in accordance with ANSI/ESD S20.20 or an
equivalent recognized national or international standard.

Section 14.3.11.1: The section shall be changed as highlighted in yellow:

14.3.11.1 Ground conductors shall be sized in accordance with NFPA 70 or an equivalent recognized
national or international standard.

Section 14.4.2: The first line shall be changed as highlighted in yellow:

Control Pod equipment shall conform to the following:

Section 14.8.5: The section shall be updated as shown below:

14.8.5 A certificate of the relief valve setting and operation shall be provided indicating the set point and
the pressure at which the relief valve re-seats.

Annex D: The annex title shall be updated to “Summary of Accumulator Sizing Examples”

Section D.1: The heading shall be deleted.

The remaining Addendum updates are related to the Accumulator Sizing Examples (Examples being updated: 2, 3,
5, 6, 7, 8, and 12). Please see the following sheets.



Table D.1: The content shall be updated to reflect the updated volumes for the related examples, and shall be
replaced with the following:

Minimum
System Equipment . Circuit Required
Example Case Case DESIQ" Method Pressure @ Notes Accumulator
Velume (gal)
B (drawdown) 3000 perat
1 Land Rig M ain Accumulators temperature 79.5
C (well contral) 2700 range
considered
B (drawdown) 3000 =30 °F
2 M ain & ccumulators (dramsown. temperature 2477
C (well contral) 2700 range
considered
5 30 °F
3 Pilot Accumulators (dose all EOPS) 3000 te”ﬂgﬁrgag'-”e 0.097
Offshore Surface Sack closed considered
with dedicated shear
accumulatar Dedicated Shear +30 °F
Accumulators (not temperature
4 supplied by main c 4500 range 907
accumulators) considered
=30 °F
5 Diverter Accumulators C 3000 te”?gﬁrgag“re 140.1
considered
Offshore Surface Stack B (drawdewn) 3000 ten?enr:t:ure
G without dedicated shear M ain A ccumulators c (wel iral) 2700 rgnge 546.6
wel contro
accumulator considered
i B (drawdown) 5000 —
7 M ain & ccumulators C (wel contral) AS00 975.5
B (open and close all
g Pilot Accumulators 3000 — 1.449
Subses Stack C (EDS)
DMASIShear
9 Accumulators c 5000 - 1576.9
10 Acoustic Accumulators B 5000 — 530.0
ik Diverer Accumulators c 5000 — 90.5
Depth Compensated o
12 Accumulators c 5000 657.9
Special Purpose Choke and Kill Valve
13 Closure A ssist cC 3000 — ha34
Accumulators
2 Based on pump start and stop pressures orregulated pressures.




Table D.4: The content shall be replaced with the following:

Examples 2, 3, 4, & 5. BOP Stack Configuration and Parameters for Offshore Surface Sfack

The following examples size accumulator systems for a surface BOP. The main, pilot, dedicated shear and dverter
accumulators will be sized. This example will take a 307 F temperature range inte consideration.

Stack Flated'i'l'orhu Presﬂleﬂsqti_ed.f Clasing Volume Opening Closina/S i Rati
Pressure (psia) | MOPFLPS (psig) (gal) Wolume (gal)
LIl TN g ] 501 -
[Bind Shear Ram. 13 10,000 5%‘%“ 21.50 16,00 "E-"jf ! E'SE“_’I—"E-'Eill
Urger Pipe e, 10 10,000 A00 1230 T ?kﬁ
Middle Pipe Ram, 13° 10,000 800 12.30 10.ED 785
Lower Pipe Ram, 127 10,000 800 12.30 10.ED 785
|Choke & Kill Vahe 10,000 780 [ 0.85 -
Pt - Wolume o pilot all BOPs dosed Diverter System
; Total Volume 2 Pressure | Waolume
Funcfions | GOTY 5i Function -
= (gal} (psig) | (gal)
1% fnnular | 1 15 S oo | Sequence| 1,000 L]
4X Rams 4 1.7 SPM 00130 Diwerier 1,500 25
—_— ; EE— S
2 I
SYSIET] DalamELErs
Systern Fressure 000 s
System Pressure (HP shear circuit) 5,000 osig
Emaronments] Condibons —
Surface T rature at on °F
Emperature - T °F
e Surface e rafure @ :F
IFILIT ace re i °F
Relevant References
Pump System

- Primary pump start at 30% of system RWF
- Primary pump siop between 88%-100% of system RWF

Ex. 2 Main Accurmulator System
- Example rig uses dedicated shear accumulators for high pressure shear ram closure

Drawdown Test

- Close all rams, open valve, close annular
- Use pump stop pressure

- Method B

Well Control Sequence

- Close anmular

- Use pump start pressure

- Method C

" \obume for shear rams provided by dedicated shear accumulators

Ex. 3 Pilot Accumulators

- 200% of volume to dose all BOPs

- Method B

- Minimum Pressure Reguired to pilet control valee: 1,500 psig

- Minimum Pressure Reguired by hydraulically piloted regulators: 1,500 psig

Ex. 4 Dedicated Shear Accurmulatons
- Example rig's dedicated shear accumulators are not supplied by the main accumulator system and, therefore, pump start
pressure is used
- Method C

Ex. 5 Diverter Accumulators

- Example rig's diverter accumulators are supplied by the main accurmulater system and are checked in, therefore, pump siop
pressure is used
- Method C



Table D.5: The content has been updated to remove the pipe ram from the well control sequence, and shall be
replaced with the following:

Example 2: Surface Stack - Main Accumulator Sizing

Main Accumulator

Thiz worksheel detais the sizing calculafions for the Main Accumulator ulizing AT 160 drd. Edilion calculiahons.

c _ Rated Warking . o 3 3 Pressure to Close

Operator Funclion(s) - Accumulater Drawdown (Method B) P — [ = Opening Vaolume (gal) Closing Volume (gal) Closing Ratio™ faainst RWE (osi
Annular BOP, 13% 10,000 24.30 28.50 - 1,500
Blind Shear Ram. 13" 10,000 18.00 21.50 520 1611
Upper Fipe Ram, 13" 10,000 10.80 12.30 785 1,305
Middle Pipe Ram, 13" 10,000 10.80 12.30 V.85 1,305
Lower Fipe Ram, 13" 10,000 10.80 12.30 7.65 1,305
Choke & Kill Valve 10,000 0.65 .85 = 780
Prescure Reaul Pre 0

Total Functonal Volume Reguirement (FVHg) | B5.55 | gal 1

Pressure Reguired | 1,811 | psig 1

*Use the sealing rafio for the drawdown test calculations when a shear ram has a different closing ratio for shearing and sealing.

" _ Rated Working Pressure Required / - X " Adjusted Pressure

Operator Funclion(s) - Well Confrel Sequence (Method C)® Pressure (psia) MOPFLPS (psig) Closing Volume (gal) Closing Ratio Required {psig)
Annular BOP, 13° 10,000 1.500 26.50 — 1,500

*Rig has dedicated shear accumulators that will supply shear and seal functions.
[Tt Fanctional Valume Tequirement (F re) | 26.60 | gal 1
|Eressure Required ] 1,500 | psig ]
IErM'mrInEn‘iaI Conditions

Atmospheric Prescure 147 psia

Surface Temperature at Precharge a0 “F

Temperature Range (+-) 30 “F

| Accumulators | Imput R specific data

Precharge Gas MNitrogen Transferred within workshest

Accumulator RWP 3,000 psig (Calculated from table data

Pump Stop Pressure (Method B - 100%) 3,000 psig Data from MIST reference program

Pump Start Pressure (Method C - 90%) 2700 psig

1. Calculate accumulator conditions at charged state
Lise N]STMdpmpedyrefemnces to deﬁerrmne gaa denadyand’enfmpy based upan ga& .rerr‘peramre and absolute presauwre.
ad B : oo Q00 + 147 = w
Accumulator Pressure
{psia)
3.015

(Condition 1 - Charged Accumulator Densities

Charged Condition - High Temp (Method B)
Charged Caondition - Normal (Method B)
(Charged Condifion - Low Temp (Method B)
(Chal ‘Caondition - High Temp (Method C)
(Charged Condition - Mormal (Method C)

(Charged Condition - Low Temp (Method G)

2. Calculate minimum operating pressures
Ca]'cdaﬂe the nmnmmoperahngpwe {psra th.\reanh case.

Minimum Operafing Pressure - {(Method B)
Minimum Operafing Pressure - (Method C)

3. Calculate minimum operating densities
U'se NIST fluid properfy references to determine gas denaily at MOP based upon absaolufe pressure and Condition 1 femperature (for Method B) or Condition 1 enfropy (for Method G).

Temperaiure

Accumulator Pressure

(Condition 2 - MOP Dansities Acx:.lnmlain.rFressure

Minimum Operafing Density - High Temp (Method B)
rMnimum Operafing Density - Mormal {Method B)

Mimimum afing Density - _owTemei Aithu:l B)
dinimum afing Density - High Temp (Method C)
dinimum afing Density - Nermal {Methed C)

Minimum Operafing Density - Low Temp (Method C)

4. Calculate optimum precharge density

‘Opdimum precharge denaily

- Method B: pg = 1.00 1.4 25 - 1.0 351 + 1.0 350)
- Method C:pp = 1.001.0M0 ace - 1000 e + 1.0 10m)

- See Annex G for Denvation

L'ge NIST fluid references fo defermine gas abeolufe

(Condition 0 Accumulator Pre-Charge Accumulator Pre-Charge

Density (lbm/ft) Pressure (psig) Pressure (psia)

(Opfimum Precharge Pressure - (Method B) 8517

‘Opfimurn Prechamge Pressure - (Method ©) 5837

Calcwiate the overall opfimum precharge that salisfies requirements for both Method B and Method G. See Annex C for explanation.

Condition 0 Optimum Precharge Temperature ADmnmIa‘horFre—Fharge Accumulator Pre-ﬂ_:ha:ue
ndtion Density (lbm/ft’) [*F) Pressure (psig) Pressure (psia)

(Cwerall Opfimum Precharge Pressure 8.517




3. Determine precharge density
Acﬁuﬂxedmrgewwenﬂnmyﬁum optimal precharge pressuve for reasons such a5;
below

l.._..g-ptenharge,_

the imum rated working pressure

abave?ﬂ%nf:y:hemwrh‘rgmsm

Selected Precharge P

at Precharge | emperature

Selected Frecharge Fi

at Memsmum Temperaturs

Selected Frecharge Pressure at Maximum Temperature

Method B Volumetric Efficiencies. Ilet'hodc \I'ulumelnc E‘Iﬁeml:les
[Fressure Dimited Vep, = [Py, - PaPied 10 0.345 s 1-1 0.172
[Volume Limied VE,, = 11 D-pal Pl 1.4 0348 1.|’|:||ume Timited VE,, = {1 u-p,,lp,.,,.m [E
[Telurneinc Efcency WEs = minl Ve, Vew) T35 [Velurnetnc Efmciency WE== min(Ves. Ve 0172
[Accurmuiator Viclume Required (gal) AUR, = FVRpVES 2477 Accurmulator Volume Required (gal) AR = PVRSVES 154.5
| 2370 ]
Figure D.2: The content shall be replaced with the following:
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S ] e Iyt TV
o L]
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Table D.6: The content has been updated to change text from “200 % of volume to open and close all BOPs (FVR)” to

“200 % of volume to close all BOPs (FVR)”, and shall be replaced with the following:

Example 3: Surface Stack - Pilot System Accumulator Sizing

| Pilot Accumulator

This worksheet details fhe sizing calculations for the Pilot Accumulator ufiizing AP 160 3rd. Edition calcuations.

Operator Function(s) Vale Size in)  |Pilet Open Violume {gal) Pilot Close Volume (gal) | 't Pm“ﬁ”vr;f:?::;? by

Annular BOP, 13” I DD 0K 200

[Blind “hear Nam, 13 0 00 00 500

[Upper Pipe Ram, 13 ] il

Middle Pipe Ram, 13" 1.0 0.003 0.003 1.500

|L|:|werF'iéE Ram,_13" 1.0 IE] .03 1500

Violurme to close all BOPs 0.0180 gal Mimimurn pilot pressure

200% of volume to close all BOPs (FVR) 0.0360 Required by Hydraulically

Fressure Required T.500 B Fioted Regulator (psig)
1500

Enwironmental Conditions

[Rimosphenc Fressure 2T psia

Surface Temperature at Precharge ag °F

lemperature Hange [+ 30 F

Accurmulators

msas I\Imgen

Accurmeator RWE 3,000 psag

Hegulated Supply Pressure 3,000 psig

1. Calculate accumulator conditions at charged state
LheMSTﬂrm'pmpedyre!amnesmﬂ‘em gasdemffyhasedlmmgas netqugrah.nre andabsnue prasm

Condition 1 - Charged Accumulator Density

Charged Condition - High Temp
on - Nommal

Chaﬂ Condition - Low Temp

2. Calculate minimum operating pressure
Ca.l'wiaﬁe the minimum aperamg pressure [pma}

Condition 2 - MOP Density

Minimum Cperating Density - High Temp
Minimum Operating Density - Momal
Minimurm Operating Density - Low Temp

4. Calculate optimum precharge density

Optimumn precharge densily

P = 1001.4/py - T4lpy + 1.00py)

- See Annex C for derivation

Lise MIST fiuid propery references o determine gas sbsolufe pressure based upon gas femperafure and densify.

condgition 0 Optirmum Precharge Temperature Accumulator Pre-Charge | Accumulator Pre-Charge

Density bm/ft’) 'F) Pressure (psig) Pressure (psia)
Optimum Precharge Pressure .041




3. Determine precharge density
ir :..:..gpml#mrge helow the imum rated working pressure

Selected Precharge Pressure at Precharge Temperaturs
Selected Precharge Pressure at Mmamum Temperature
Selected Frecharge Pressure at Maximum Temperature

(Condition 1: Charged accumulators

Condition .2: Minimum Pressure
Pressure Limibed Vi = (pg/pe - po'py 1.0 0.372
Volurne Limeted Ve, = (1.0-py/py 1.4 0.372
U c = [T 0.372
nimam BrUiTe = Toar

Figure D.3: The content shall be replaced with the following:
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Table D.8: The content has been updated to correct over-writing text, and shall be replaced with the following:

Example & Surface Stack - Diverter Accumulator Sizing

| Diverter Accumulator I
This workshee! delans He sizing calculabions Jor the Diverier Accumulator ubitzing APT 160 Jrd_Edifon calculahons.
Operator Funclion(s) Fm Wa'kjpg Pressure Required (psig) Funetion Violume (gal)
UDivert Mode Functional Sequence ]é[ﬂ] '1,5)0 11.00
Diverer 500 1500 2500

UENCE -

unctignal Volume Hequrement (FVH) | 36.00 1

|Plessure Required | 1,500 1
EnvirGnmental Gongnons
Atmospheric Pressure 14.7 psia
Surface Temperature at Prech o0 *F
| emperature Kange [+-] 30 °F
Accumulaiors Ing Rig specific data
Precharge Gas Nitrogen ransferred within worksheet
Accumulator RWP 3.000 psig Calculated from table data
Fump Stop Pressure | T007G] 3,000 psig Diata from MIST reference program

1. Calculate accumulator conditions at charged state
Lise MIST fiwid property refersnces fo defermine gas density and entropy based upon gas femperature and absofule pressurs.
Charged Accumulator Pressure {psial= Surface Sul Pressure + Atmospheric Pressure = 3000 + 147 = 3014.7

Condition 1 - Charged Accumulator Density ““""";‘:'J"E“”" Accumadator Pressure (psia)

Temperature

[*F) Density (lbmift*) g,

Charged Condition - High Temp 3 M5
Charged Condibion - Normal 3015
Charged Conditicn - Low Temp 3015

2. Caleulate minimum operating pressure(s)
Calculate the minimum operafing pressures for each a‘ep within the sequence and adjust for hydrosiatic effects.
Minimum O il ric Pressure = 1500 + 14.7 = 1514.7

Minimum Operating
Calculate MOPYs) Fozee o il
[Minimum Operating Pressure

1515
3. Caleulate minimum operating density(s)
Lise MiST fiwid property refersnces fo defermine gas density at MOP based upon absolute pressure snd (Condition 1 entropy.

Condition 2 - MOP Density(s)

Temperature
o

Accumulator Pressure (psia)| 5 Density (Ihml'ﬂ’: B2

inimum Uperating Density - High Temp
Minimum Operating Density - Normal
inimum Uperating Density - Low Temp

4. Calculate optimum precharge density

Cpfimum precharge density
-p0 = 1.071.0px - 1.0 + 1.0 )
- See Annex C for denvafion
Lise MiST flwid property references to defermine gas absolufe pressure based upon gas femperature and density.
- Optimum Precharge Temperaiura Accumulator Pre-Charge ﬂnwmulalanm—Chame
e Hilhmﬂﬁ {°F) Pressure Pressure
Uptimum Frecharge Fressure - Sequence 1 i

3. Determine precharge density

Actual precharge pressure can vary from opfimal prechange pressure for reasons such as:
- mainfaining precharge pressure below the maximum rafed working pressure
- mainfaining precharge pressure above 23% of system working pressure
- permilting & range of precharge pressures dunng operations
- following manufscturer’s recommendations.

Surface precharge
Precharge Gas Properties
Selected Prechange Pressure at Prech Temperature

Selected Precharge Pressure at Minimum Temgerature
Selected Precharge Pressure at Maximum Temperature

Prech, ‘Verification
n of Accumulator Ch Fressure
umuiator Fre e Pressure axirmum | em| re

6. Determine volumetric efficiencies

pressure should equal Optimum Precharge

Density (lbmif’)

Condition Summary
Condition [ Precharged Accumulators

Condition 1: Charged accumulators
Condition 2: Minimurn Operating Prassure

Minirmum Accumulator Vofume Heguired (g3




Figure D.5: The content shall be replaced with the following:
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Table D.9: The content has been updated to remove the pipe ram from the well control sequence, and shall be

replaced with the following:

Example 6: BOP Stack Configuration and Parameters for Offshore Swface Stack

The following example sizes accumulators for a surface BOP. The main accumulators will be sized. This example will take a 30°F

temperature range into consideration. Rig does not have dedicated shear accumulators.

Stack Rated Working Pressure Required !  |Closing Violume|  Opening ClosingiShearing
Pressure (psia) MOPFLPS (psig) {gal) Volume (gal) Ratio
Annular BOP, 13" 10,000 1,500 26.50 2430 -
- - 1,600 18.20 | Shearing
Blind Shear Ram, 13 10,000 530 21.50 16.00 890 | Sealing
Upper Pipe Ham, 13 75 1220 ik
Middle Pipe Ram, 13° 75 2.30 7.85
Lower Pipe Ram, 13" 75 2.30 7.85
Choke & Kill Valve T 0.65 .65 -
Systemn Parameters
siem Fressure RN 5
nmental Uonditions
ce | emperature at Frecharge ] *F
Temperature Range (+/- °F) 30 *F
Mimimum Surface Temperature 60 *F
aomum Surface |emperature 120 °F
IAtmthEric Pressure 147 psﬁ
Relevant References
Pump System
- Primary pump siart at 80% of system RWP
- Primary pump siop between 83%-100% of system RWP
Ex. 6 Main Accumulator System
- Example rig does nof use dedicated shear accumulators for high pressure shear ram closure
Drawdown Test
- Close all rams, open valve, chose annular
- Use pump stop pressure
- Method B
Well Control Sequence
- Close annular and blind shear ram
- Use pump start pressure
- Method C
Example 6: Surface Stack - Main Accumulator Sizing
| Main Accumulator
i5 worksheel defans fhe sizing calculations for 3im ACEUm r utiizing AFT 160 Jrd. Edrbon calculsfions.
: Rated Working ; - - . Pressure io Close
Operator Function(s) - Accumulator Drawdown (Method B) Pressure {psia) Opening Voleme |gal) Closing '\I'ul:me {gal) Closing Ratio! Against RWP (psig)
Annular BOF, 13 10,000 24,30 26.50 1,500
Bind Shear Ram, 13° 10,000 18.00 21.50 6.20 1,811
Upper Fipe Ham, 13 10,000 10.80 12.30 785 1,305
Middle Pipe Ram, 13" 10,000 10.80 12.30 785 1,305
|Lower Fipe Ram, 13 10,000 10.80 12.30 .85 1,306
|Chulte £ Kill Vahe 10,000 [0.65 0.85 780
SUre uired [psig) to Close against Hated Working Pressure = Hated Working Pressure [ Closing Habo = 10000 /6.2 = 16105
[Total Functional Volume Reguirement (Vg | 85 55 | gal 1
[Eressure Feguired | 1611 | Esig |
*Use the sealing ratic for the drawdown test calculations when a shear ram has a different closing rafic for shearing and sealing.
- R Rated Working Fressure Required | . ) . . Adjusted Pressure
Operator Function(s] - Well Control Sequence (Method C) P i) MOFFLPS (psig) Closing Volume (gal) Closing or Shearing Ratio Required (psig)
Annular BOF, 13" 10,000 1,000 26.50 1,500
1,600 |  Shear 18.20 2,148
Blnd Shear Ram, 13° 10,000 ] I orees 21.50 590 FRET]
Pres g Reguired Pre e/Shearing Rati
| l'otal Funchional Volume Reguirement [FWRe) 1 L0 | gal 1
|Pressun=_- Reguired | 2 148 | Esig 1
Environmental Conditions
zlmnspﬁenc Fressure 14.7 psia
Surface Temperature at Precharge [£1] °F
lemperaturs Hange (+-] 30 °F
Accumulators ________Input _____|Rig specific data
Precharge Gas Mitrogen Transferred within workshest
Accumulator RWE 3,000 psig Calculated from table data
Pumg Stop Pressure (Method B - 100%) 3,000 [rsig Data from NIST reference program
P\.IHE Start Pressure ;Me‘md C - 8% 2 ?llﬂ paq




1. Calculate accumulator conditions at charged state
UsEMSTMprq:edy reﬁamnnesfadeﬂennmgm dﬁuﬁyaﬂdﬁﬁwhﬁs&dmmgﬁs Bﬁ'rpevae‘ureandabmn\apvme

(Condition 1 - Charged Accumulator Densites

Ch Condition - High Temp (Method B)
El{%mﬁm ~Formal (Wethod B)

(Charged Conditon - L(mT o

Ancunula‘hoersm AmlﬂulaherssurE }

emp (Ve
3rged T ondibe -Nnumal{Me(hndG}
Ch Condition - Low Temp (Wethod C)

2. Calculate minimum operating pressures.
Cimaememmmmnopﬂaﬁngwemefm}breadmﬂe

Pressure Required Minimum Operating
(psig| Pressu i

[Minimum Operating Pressure - iMethod B)
[Minimum Operating Pressure - (Method C)

3. Calculate minimum operating densities
Lise MIST fluid propery references fo determine gas density at MOP based upon absofude pressure and Condition 1 temperafure (for Method B) or
Condition 1 entropy (for Method C).

- . hnwnula‘horPresm Accumulator Pressure Temperature .
(Condition 2 - MOP Densiti
ndi es (psia) {psia) E) Density (Ibm/f) py

4. Calculate optimum precharge density

Optimum precharge densify
- Method B: po = 1.001.4/p aas - 1.4/ 1a + 1.000 ren)
-Method G:py = 1.041.000 g0y - 1.00 gy # 1.00 pcwi)
- See Annex C for Denvafion

AcmnulmrPreEhatge AmmulmrPreEhatge

(Condition 0

(Optirmum Precharge Pressure - Method B

[Optirmum Precharge Pressure - Method

(Condition 0
[Cwerall Uptimum Precharge Pressure

3. Determine precharge density
Actual precharge pressure can vary from apfimal precharge pressure for reasons such as:
- mainfaining precharge pressure below the maximum rated working pressune
- mainfaining precharge pressure above 25% of sysfem nwlnngpms.sure
- permitfing & rRnge of precharge pressures during operafions
bﬂlmmgmamn‘acﬁm recommendations.

Precharge Gas Properties Precharge (psig)

Zelected Precharge Pressure at Frecharge | emperaiure
Selectad Precharge Pressure at Minimum Temperatura
Selected Frecharge Pressure at Maximum Temperature

Precharpe Verification

Accumulator 2 Pressure at Minamum Temperature |
miui e Pressure @ximum | emperature |

6. Determine volumetric effici

Condition Summary

[Condsmon 0. Frech d Accumulaiors

Condition 1: Charged accumulators & 3000 psi
Condition 1: Charged ac-:unmlah:rs i@ 2700 psi
Condstion 2: Minimum

Meathod B Volumetric Efficiencies Method C \.'nhln!lric Efficiencies

mlnlmum Eccumulator volime nequrea Ea 5 = mar!lCRg,ACRc) 1 s 1

ure Lim = - Do gy 1.0 0523 ressure = - 0.088
olurme Dimite =1 [(ILE] 0157 olume Limited VE 4, = (1. D'-pd'pm..}fl 0.131
[Volumetnic EMciency VEg = Min{VEp, VEad 0.157 [Tolumetnc Efciency WEz = Min{WEp, Veud D.088
Accumulator Volume Required (gal) ACRs = FVReVEs 5468 [Accumulator Volume Reguired (gal) ACRe= FWRe/VE: 5466




Figure D.6: The content shall be replaced with the following:
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Table D.10: The content shall be replaced with the following:

Example 7, 8, 9, 10 & 11: BOP Stack Configuration for Subsea BOP Stack

The following examples size accumulators for a subsea MUX BOP. The main surface, pod pilot, deadman/autoshear, acoustic

and diverter accumulators will be sized.

Rated Working | Pressure Required /| Closing Volume Opening . . :
o Pressure (psia) | MOPFLPS (psig) (gal) Volume (gal) | CloSing/Shearing Ratio
Upper Annular BOP, 18-3/4" 10,000 1,500 85.30 64.80 -
Lower Annular BOP, 18-34" 10,000 1.500 85.30 64.80 -
. R 1,710 15.24 Shearing
Upper Blind Shear Ram, 18-3/4 15,000 520 40.30 35.00 54D Sealing
Casing Shear Ram, 18-3/4" 15,000 2,035 40.30 35.00 1524
" apan 1,710 1524 Shearing
Lower Blind Shear Ram, 18-3/ 15,000 =50 40.30 35.00 540 Sealing
Ipper Pipe Ram, 18-3/4" 15,000 750 20.75 17.30 720
Middle Pipe Ram, 18-3/4" 15,000 750 20.75 17.30 7.20
Lower Pipe Ram, 18-3/4" 15,000 750 20.75 17.30 7.20
- ) . [ Pod Pilot System - Vollme to piot all
Pod Pilot System - Volume to pilot EDS with Largest Yolume Demand BOPs closed and
! Total Volume . Total Volume
aTy Size (aal) aTy Size (gal)
1 1.5" SPM 0.0059 1 1.5" SPM 0.0119
1 1.0" SPM 0.0026 1 1.0" SPM 0.0052
1 05" SPM 0.0016 1 0.5" SPM 0.0000
Total 0.0102 Total 0.0171
200% 0.0204 200% 0.0342
Acoustic Functions Yolume (gal)
Upper Blind Shear Ram* 40.30
Casing Shear Ram®* 40.30 *Volume fo operate UBSR and CSR not
Upper Pipe Ram 2075 included in sizing of acoustic accumulators.
Middle Pipe Ram 2075 Volume for shear rams will be shared with the
All Stabs Retract 5.00 deadman/autoshear accumlators.
Riser Connector Primary + SecondaryUnlatch 25100
Total 15210
Total* 7150
Systemn Parameters
System Pressure 5,000 psig
Regulated Supply Pressure 3,000 psig
Riser Air Gap fiks] ft
Control Fluid Air Gap 75 fi
Control Fluid Weight 8.3 ppa » 5463 psia
Sea Water Weight 8.54 ppag = 5560 psia
Water Depth 12,500 ft
Environmental Conditions Diverter Sysiem
Surface Temperature at Precharge ad °F Function P:f}ﬁ;; ;-E Yolume {gal)
Maximum Surface Temperature 120 °F Sequence 1,500 11.00
Subsea Operating Temperature 35 °F Diverter 2.000 25.00
Atmospheric Pressure 147 psia Total 36.00




Relevant References
Pump System

- Primary pump start at 90% of system RWP
- Primary pump stop hetween 98%-100% of system RWP

Ex. ¥ Main Accumulator System
- Example rig uses dedicated shear accumulators for high pressure shear ram closure

Drawdown Test

- Close and open largest annular and 4 smallest ram BOPs
- Use pump stop pressure

- Method B

Well Control Sequence.

- Close annular and pipe ram

- Use pump start pressure

- Method C

*Wolume for shear rams provided by dedicated shear accumulators

Ex. 8 Pod Pilot Accumulators

- 200% of volume to close and open all BOPs (Method B)

- 200% of volume to operate most demanding EDS sequence. (Method C)

- Minimum Pressure Required to pilot control valve: 1,500 psig

- Minimum Pressure Required by hydraulically piloted regulators: 1,500 psig

Ex. 9 DMAS Accumulators

- Example rig's emergency accumulators are supplied by the main accumulator system and are checked in, therefore, pump stop
pressure is used
- Method C

Ex. 10 Acoustic Accumulators

- Shear and seal function (casing shear ram and blind shear ram) volume shared with DMAS accumulators

- Example rig's acoustic accumulators are supplied by the main accumulator system and are checked in, therefore, pump stop
pressure is used

- Acoustic EDS not utilized by example rig.

- Method B

Ex. 11 Diverter Accumulators

- Example rig's diverter accumulators are supplied by the main accurmulator system and are checked in, therefore, pump stop
pressure is used
- Method C



Table D.11: The content shall be replaced with the following:

Example 7: Subsea Stack - Main Accumulator Sizing

Main Accumulator
This worksheet details the sizing calculations for the Main Accumulator utilizing APV 160 3rd. Edition calculations.

Operator Function(s) - Accumulator Drawdown (Method B) m:’:?pr:;?‘ Opening Volume (gal) ‘Closing Volume (gal) Closing Ratio™ ﬁ?ﬁﬁpﬁmn
Upper Annular BOP, 18-3/4" 10.000 64.80 85.30 1,500
Upper Blind Shear Ram, 18-3/4" 15.000 35.00 40.30 6.40 2,344
Upper Pipe Ram, 18-3/4" 15.000 17.30 20.75 7.20 2083
Middle Pipe Ram, 18-3/4" 15.000 17.30 2075 720 2083
Lower Pipe Ram, 18-3/4" 15.000 17.30 20.75 7.20 2083

|Tom| Functional Volume Requirement (FVRs) | 339.55 | gal |

|Pressure Required | 2344 | psig |
* Rated working pressure for the main accumulators on a subsea stack is taken as a gauge pressure. See annex section B4
*Use the sealing ratio for the drawdown test calculations when a shear ram has a different closing ratio for shearing and sealing.

Operator Function(s) - Well Confrol Sequence (Method CJ** FRME‘::“{’:;;?‘ Pmﬁp?&ﬁ v Closing Volume {gal) Closing Ratio A‘:ﬂ:ﬁ;’;’g{e
Upper Annular BOP, 18-3/4" 10,000 1,500 85.30 1,500
Middle Pipe Ram, 18-3/4" 15.000 750 2075 7.20 2833
Minimum Pressure Required ipsin) to Seal with Pipe Ram = MOPFLPS + (Rated Working Pressure - Seawater Static Pressure) / Closing Ratio = 75! .

+#/olume for shear rams provided by dedicated emergency accumulators.
[Total Functional Volume Requirement (FVRc) I 106.05 [ gal |
[Pressure Required | 2833 | psig |
Environmental Conditions
Water Depth 12,500 ft
Control Fluid Air Gap 75 ft
Riser Air Gap 75 ft
Control Fluid Weight 8.24 PPO
Seawater Weight 8.54 ppg
Control Fluid Static Pressure 5463 psia
Seawater Static Pressure 5 560 psia
Atmospheric Pressure 14.7 psia
Surface Temperature at Precharge 90 °F
Subsea Operating Temperature 35 “F
Maximum Surface Temperature 120 “F
| Accumulators | Input  [Rigspecific data
Precharge Gas Nitrogen Tranzferred within worksheet
Accumulator RWP 5,000 psig Calculated from table data
Pump Stop Pressure (Method B - 100%) 5,000 psig Data from NIST reference program
Pump Start Pressure (Method C - 90%) 4 500 psig

1. Calculate accumulator conditions at charged state

Use NIST fiuid property references fo defermine gas density and enfropy based upon gas femperature and absolute pressure.

Charged Accumulator Pressure (psia) = Surface Supply Pressure + Atmospheric Pressure = 5000 + 14.7 = 5014.7

Entropy

Condition 1 - Charged Accumulator Densi Accumulator Pressure | Accumulator Pressure

(psig) (psia) Density (lbm/ft’) p,

Charged Condition - (Method B)
Charged Condition - (Method C)

2. Calculate minimum operating pressures

Calculate the minimum operating pressures for each case and adjust for hydrostatic effects.

Mlnlmum Ogratlng Pressure [psla] = Surfaoe Pressure Required + Seawater Hydrostatic Absolute Pressure = 2834 + 5560 = §393.4
O P sia) - Control FIU|d Head = 53594 - 5463 = 7930.4

Minimum Operating Minimum Operating
FEErEELERE Pressure (psig)** Pressure (psia)*™*
Minimum Operating Pressure - (Method B) 2441 7904
Minimum Operating Pressure - (Method C) 2930 8,393

*** When stack is on surface
*=When stack is subsea

3. Calculate minimum operating densities

Use NIST fiuid property references fo defermine gas density aft MOP based upon absolute pressure and Condition 1 femperature (for Method B) or Condition 1 entropy (for Method C).

- - Accumulator Pressure | Accumulator Pressure Temperature
Condition 2 - MOP Densit - 5

on =8 (psig) (psia)
Minimum Operating Density - (Methed B)

Minimum Operating Density - (Methed C)

4, Calculate optimum precharge density

Optimum precharge density

-Method B: p, = 1.041.4/p, - 0.4/p,)

-Method C:p; =p:

Use NIST fiuid property references fo defermine gas absolute pressure based upon gas temperature and density.

Density (lbm/ft’) p.

Condition 0 Optimum Precharge Temperature Accumulator Pre-Charge Accumulator Pre-Charge
Density (lbm/ft®) (°F) Pressure (psig) Pressure (psia)
Optimum Precharge Pressure - (Method B) 9.533
Optimum Precharge Pressure - (Method C) 15.249
Calculate the overall optimum precharge that satisfies requirements for both Method B and Method C. See Annex C for explanation.
Condition 0 Optimum Precharge Temperature Accumulator Pre-Charge Accumulator Pre-Charge
Deensity (Ibmift®) (°F) Pressure (psig) Pressure (psia)

Owerall Optimum Precharge Pressure 10.255




5. Determine precharge density

Actual precharge pressure can vary from opfimal precharge pressure for reasons such as:
- miaindaini pressure below fhe maximum rafed working pressume

- maintaining prechange presaure abowve 25% of sysfem working pressune
-pemﬁfﬁngalangeu(pmdla:gep:mdwingcpeﬁaﬁom

2T dations.

m Precharge

Pressure at Precharge Temperature

Selected Prech

Selected Prech

Pressure at Maximum Temperature

“erification

Accumulator Precharge Pressure at Maximum Temperature

Precha
|Greatu'1han 25% of Accumulator Charged Pressure

Method C Volumelric Efficiencies
TTog

Method B Volumetric Efficiencies
Ure = PP - PYPiEr 10 302 TESEUNe = \Oo'Pac - PO Prol T
[Tolame Tried Ve, = [T D rpal T T [Tetame Drr=d Ve, = [T pyp T N
[Volumetne Emciency Weg = min|vis, VEg) [ VEL = min(VEy, Ve 08
[ﬁllmumhx:.lmldnl olume Fequired (gal) ACHg = FWHgVEg a75 58 Min. Accumulator Volume Hequired (gal) ACH. = FWHVE. 0755
[Chverall WMin_ Accumulator Volume Fequired (gal] = maxiPerg, Ao | @755 ]
Figure D.7: The content shall be replaced with the following:
3,500 T
\ 1
\ !
\ |
\ i
3,000 : ;
\ !
1 I
A\ !
A [
2,500 : ;
\ 1
\ ]
hl I
2,000 5 i
A ','l s Drawdown
- = Well Control

Accumulator Volume (gal)

1,500

1,000

500

Ay
. i !
~ I — ) ptimum
~ i
g 4

™~ -~ ra
ey S - 4
T o &
S - 7
T ~-a ol
] 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Precharge Pressure (psig)



Table D.12: The content has been updated to incorporate regulator setting for MOPFLPS at RWP and shall be
replaced with the following:

Example 8: Subsea Stack - Pilot System Accumulator Sizing

Pilot Accumulator
Thiz worksheet defailz the sizing calculations for the Pilot Accumulator utilizing AP! 16D 3rd. Edition calcwlations.

- - " . Pilot Pressure Required by
[Operator Function(s) - Open & Close all BOPs (Method B} Valve Size (in.) Pilot Open Volume (gal) Pilet Close Volume (gal} Control Vaive (psig)
Upper Annular BOP, 1B-3/4" 1.5 0.008 0.008 1.500
Lower Annular BOP, 18-3/4" 1.5 0.008 0.006 1.500
Upper Blind Shear Ram, 18-3/4" 1.0 0.003 0.003 1.500
[Casing Shear Ram, 18-3/4" 1.0 0.003 0.003 1.500
Lower Blind Shear Ram, 18-3/4" 1.0 0.003 0.003 1.500
Upper Pipe Ram, 18-3/4" 1.0 0.003 0.003 1.500
Middle Pipe Ram, 18-3/4" 1.0 0.003 0.003 1,500
Lower Pipe Ram, 18-3/4" 1.0 0.003 0.003 1.500
Volume to open and close all BOPs 0.080 gal
200% of velume to open and close all BOPs (FVR g) 0.120 gal
Pressure Required 1,500 psig
Pilot Pressure Required by Minimum pilot pressure
(Operator Function(s) - Emergency Disconnect Sequence (Method C) Valve Size (in.) Pilot Violume Required (gal) . Required by Hydraulically
Control Valve (psig) » .
Piloted Regulator (psig)
DMAS system Arm 0.5 0.002 1.500 1,500
[Casing Shear Ram Close 1.0 0.003 1,500
[Choke & Kill Stabs Retract 0.5 0.002 1.500
(Wetmate Connector Retract 0.5 0.002 1.500
Acoustic Stabs Retract 0.5 0.002 1.500
Blind Shear Rams Close 1.0 0.003 1,500
Riser Connector Unlock - Primary 1.0 0.003 1.500
Riser Connector Unlock - Secondary 1.0 0.003 1.500
Violume to pilot largest demand EDS 0.020 gal
200% of volume to pilot largest demand EDS (FVR ) 0.040 gal
Pressure Regquired 1.500 psig
Environmental Conditions
Water Depth 12,500 ft
Control Fluid Air Gap 75 ft
Riser Air Gap 75 ft
Control Fluid Weight 8.34 PPg
Seawater Weight 8.54 PPa
Control Fluid Static Pressure 5463 psia
Seawater Static Pressure 5.560 psia
[Atmospheric Pressure 14.7 psia
Surface Temperature at Precharge a0 °F
Subsea Operating Temperaturs 35 °F
Mazimum Surface Temperature 120 °F
Accumulators Rig specific data
Precharge Gas Nitrogen Transferred within worksheet
|[Accumulator RWP 7.500 psig Calculated Calculated from table data
Subsea Regulated? Yes Data from MNIST reference program
|ﬁegulated Supply Pressure 3,000 psig

1. Calculate accumulator conditions at charged state
Use NIST fiuid property references fo determine gaz density and entropy based upon gas temperature and abzolute pressurs.
Charged Accumulator Pressure (psia) = Regulated Supply Pressure + Seawater Head = 3000 + 5560 = 8560

Charged Accumulator Pressure (psig) = Charged Accumulator Pressure {psia) - Seawater Head = 8560 - 5560 = 2000
. ; Accumulator Pressure Accumulator Pressure Temperature . 3 Entropy
[Condition 1 - Charged Accumulator Dens - - Density (lom/fit
e o ipsig) ipsia) ’F) DUEAE 5,
Charged Condition - (Method B) 3,000 8,560
Charged Condition - {Method C) 3.000 2.5680

2. Calculate minimum operating pressures
Calculate the minimum operafing pressures for each case and adjust for hydrosfatic effects.

Minimum Operating Pressure {psia) = Pressure Reguired + Seawater Hydrostatic Absolute Pressure = 1500 + 5560 = T0&0

[Calculate MOPs Frassure I.?equired Minimum Oper:aljng
(psig) Pressure |psia)

Minimum Operating Pressure - (Method B) 7.080
Minimum Operating Pressure - (Method C) 7.080

3. Calculate minimum operating densities

Use NIST fluid property references fo defermine gas density at MOP based upon absolute pressure and Gondition 1 temperature {for Mefhod B) or Gondition 1 entropy (for Method G).

Entropy
=2

Accumulator Pressure
(psia)

Accumulator Pressure
(psig)

Temperaturs

(F)

[Condition 2 - MOP Densities Density (Ibm!ﬁs] P2

Minimum Operating Density - (Method B}
Minimum Operating Density - (Method C)

4. Calculate optimum precharge density
Optimum precharge density

- Method B: pgy = 1.0/1.4fp .- 0.4fp )
-Method C:ps =pa

Use NIST fiuid propery references fo determine gas absolute pressure based upon gas femperature and density.

Condition 0 Optimum Precharge Temperature Accumulator Pre-Charge | Accumulator Pre-Charge
Density (lomft’ {°F) Pressure (psig) Pressure (psia)
Optimum Precharge Prassure - (Method B) 28.309

Optimum Precharge Pressure - (Method C) 28 .541

Calculate the overall opfimum precharge that satisfies requirements for both Method B and Method C. See Annex C for explanation.
Optimum Precharge Temperature

Density (bmift® (°F)
Overall Optimum Precharge Pressure 26.300

Accumulator Pre-Change
Pressure (psig)

Accumulator Pre-Change
Pressure [psia)

[Condition D




5. Determine precharge density

Actual precharge pressure can vary from optimal prechange pressure for ressons such as:
- mainfaining precharge pressure below the maximum rated working pressure
- mainfaining precharge pressure above 25% of system working pressure
- itting & range of precharge pressures during operations

- foill g ‘s recomr
Surface precharge pressure should equal Optimum Precharge Pressure unless the volume of the accumulator supports a range of precharges
. Accumulator Pre-Charge
Pracharge Gas Properti
= == Precharge (psig) Pressure (psig) Pressure (psia)
Selected Precharge Pressure at Precharge Temperature 6000
Selected Precharge Pressure at Operating Temperature
Selected Precharge Pressure at Maximum Temperature
NOTE: The opti precharge the RWF at i 1 fie i Therefore, a lower precharge has been selecied.
Precharge Verification
|Acc:umulamr Precharge Pressure at Minimum Temperaturs | F (5844 psia) is greater than 25% of {2140 psia). |
[Accumulator Precharge Pressure at Maximum Temperature | P (7478 psig) is less than rated ing (7500 psig). |

6. Determine volumetric efficiencies

Usze the NIST fluid property references o determine accumulator absolufe pressure using the Condifion 0 density and Gondifion 1 enfropy or temperafurs
» 3
Condition 3 Densllypilbmrﬂ }

Total Discharge - (Methed B)
Total Discharge - (Method C)

Usze the NIST fluid property references to determine gas denszity using Gondition 1 eniropy or 15
. Density (|bllll‘ﬂ3} Entropy Accumulator Pressure Accumulator Pressure Temperature
[Condition 3 N N N
Pz S lpsig) (psia) (°F}

[Seawater Hydrostatic Limit - (Method B}
|Seawaner Hydrostatic Limit - (Method C)

. Temperature Accumulator Pressure Accumulator Pressure "
[Condition Summary cF) = (psia) Density (Ibrru"ﬂ’}

[Condition O: Precharged Accumulators

| Condition harged accumulators - (Method B)
[Condition harged accumulators - (Method C)
[Condition 2: Minimum Operating Pressure (Method B)

[Condition 2: Minimum Operating Pressure (Method C)
[Condition 3: Total Discharge - (Method B)
[Condition 3: Seawater Hydrostatic Limit - (Method C)

Method C Volumetric Efficiencies

Method B Volumetric Efficiencies

Pressure Limited VE p= (pg/p2g - Pp/peah/1.0 0.083 Pressure Limited VEp = (pp/pac - po/pach/1.1 0.042
Wolume Limited VEy = (1.0-po/pe)l 1.2 0.131 Volume Limi=d VEy = (1.0-pg/prci1.1 NR
[Cond. 3 - Hydrostatic Limited VEy = (pa/pap - Pos/pea)d1-4 MR Cond. 3 - Hydrostatic Limited VEy = (poc/Pac - Poo/pachi1.1 0.009
WVolumetric Efficiency VEg = min(VEz. VE) 0.083 Volumetric Efficiency VE - = min{WVEg, VE,) 0.042
Minimum Accumulator Volume Required (gal) ACR g = FVRg/VEg 1.448 Minimum Accumulator Volume Required (gal) ACR ¢ = FVR/WVE: D0.857
[Overall Min. Accumulator Volume Required (gal) = max (ACR 5. ACRg) I 1.449

Figure D.8: The content shall be replaced with the following:

3 \
\
\ ! ——Method B
\ ! — —Meathod C
N 1 —— Optimum
1 = = Chosen

Accumulator Volume (gal)

1

- "--T_._______ P

i
I
1 ===
I
I
I
I
I
1

500 1,000 1500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6500 7,000 7,500 8,000 8500 9,000 9,500 10,000
Precharge Pressure (psig)

o]



Table D.16: The content shall be replaced with the following:

Example 12 & 13: BOP Stack Configuration for Special Purpose Accumulators

The following examples size accumulators for special purpose functions. The deadman/autoshear (with Depth Compensated
Bottles) and choke & kill valve closure assist accumulators will be sized.

Relevant References

Pump System

- Primary pump start at 90% of system RWP
- Primary pump stop between 98%-100% of system RWP

Ex. 12 DMAS Accumulators

Stack Rated Working | Pressure Required /| Closing Opening Closing/Shearing
Pressure (psia) | MOPFLPS (psig) | Volume (gal) | Velume (gal) Ratio
Upper Annular BOP, 18-3/4" 10,000 1,500 8530 64.80 -
Lower Annular BOP, 18-3/4" 10,000 1,500 85.30 64.80 -
- " 1,710 1524 Shearing
Upper Blind Shear Ram, 18-3/4 15,000 550 40.30 35.00 540 Sealing
Casing Shear Ram, 18-3/4" 15,000 2,035 40.30 35.00 1524
Lower Blind Shear Ram, 18-3/4" 15,000 1,710 40.30 35.00 15.24 | shearing
! ' 520 ' ) 6.40 Sealing
Upper Pipe Ram, 18-3/4" 15,000 750 20.75 17.30 7.20
Middle Pipe Ram, 18-3/4" 15,000 750 20,75 17.30 7.20
Lower Pipe Ram, 18-3/4” 15,000 750 20.75 17.30 720
Choke & Kill Valve 15,000 780 0.65 0.65 -
System Parameters
System Pressure* 5,000 psig *For Example 12
Regulated Pressure™ 3,000 psig **For Example 13
Riser Air Gap 75 ft
Control Fluid Air Gap 75 ft
Control Fluid Weight 834 ppg » 5463 psia
Sea Water Weight 8.54 Ppg > 5561 psia
Water Depth 12,500 ft
Envirenmental Conditions
Surface Temperature at Precharge a0 °F
Maximum Surface Temperature 120 °F
Subsea Operating Temperature 35 °F
Atmospheric Pressure 14.7 psia

- Example rig's emergency accumulators are supplied by the main accumulator system and are checked in, therefore,

pump stop pressure is used
- Method C

Ex. 13 Choke & Kill Closure Assist Accumulators

- Hydraulic charge pressure (regulated 3 KSI)

- Method C

- accumulator system to close all inner choke & kill valves (gty 6)




Table D.17: The content shall be updated to remove the term “Bladder” from “Depth Compensated Bladder
Accumulator”, and shall be replaced with the following:

Example 12: Special Purpose - Subsea Depth Compensated Accumulater Sizing

| Depth Compensated Accumulator
This worksheet details the sizing calculations for the Depth Compensated Accumulator utilizing API 160 3rd. Edition calculations.
Operator Function(s) Sequence AR LI TrerefenrelrD) | Erernae i | e S ey Fry || R R
pel q oo e psig g g g =
Casing Shear Ram, 16-3/4" 1 15,000 2035 | Shear 40.30 1524 2,654
Timing Circuit 2 3,000 psig 1,500 1.00 - 1,500
) . 1710 | Shear 1524 2,329
Upper Blind Shear Ram, 18-3/4' 2 15,000 =50 [ MOPFLES 4030 590 5.042

Sequence 1 2
|Total Functional Volume Requirement (FVR) | 40.30 | 41.30 | gal |
|Pressure Required | 2,654 | 2,329 I psig |

Environmental Conditions

‘Water Depth 12,500 ft

Control Fluid Air Gap 75 ft

Riser Air Gap 75 ft

Control Fluid Weight 8.34 pPpg

Seawater Weight 8.54 ppg

Control Fluid Static Pressure 5,483 psia

Seawater Static Pressure 5,581 psia

Atmospheric Pressure 14.7 psia

Surface Temperature at Precharge 90 °F

Subsea Operating Temperature a5 °F

Maximum Surface Temperature 120 “F

Accumulators Rig specific data
Precharge Gas Nitrogen Transfemed within worksheet
Accumulator RWP 10,000 psig Calculated from table data
Area Ratio (AR) 1.1738 Data from MNIST reference program
Gas Volume (per accumulator) 155.3330 gal

Hydraulic Yolume (per accumulator) 206600 gal

Quantity of accumulators 3

Subsea Regulated no

Pump Start Pressure (100%) 5,000 psig

1. Calculate accumulator conditions at charged state

Use NIST fiuid property references to defermine gas density and entropy based upon gas temperature and absolute pressure.

Charged Hydraulic Accumulator Pressure (psia) = Surface Supply Pressure + Control Fluid Hydrostatic Absolute Pressure = 5000 + 5463 = 10463

Charged Hydraulic Accumulator Pressure (psig) = Charged Hydraulic Accumulator Pressure (psia) - Seawater Hydrostatic Absolute Pressure = 10463 - 5561 = 4902
Charged Gas Accumulator Pressure (psia) = (Charged Hydraulic Accumulator Pressure (psia) - Seawater Head) / Area Ratio = (10463 - 5561) / 1.1738 = 4176.2

- . Accumulator Pressure | Accumulator Pressure Temperature . Entropy
Condition 1 - Charged Accumulator Densi 5
rg ty {nsia) e °F) Density (Ibm/ft) p, s,
Charged Condition - Gas NR 4178
Charged Condition - Hydraulic 4902 10,463 MR NR MR
2. Calculate mini operating p

Cafcr..lrate the minimum operating pressu.res for each step within the sequence and adjus! for hydrostatic effects.

Minimum Operating
Pressure (psia)

Calculate MOP(s)

Minimum Operating Pressure - Sequence 1
Minimum Operating Pressure - Sequence 2

3. Calculate minimum operating density(s)
U'se NIST fiuid property references to defermine gas density at MOP based upon absolute pressure and Condition T entropy.
Condition 2 - MOP Density(s) Accumulatc.r Pressure Accumulator Pressure
(psig)
MR

Minimum Operating Density - Seqguence 1 Gas
Minimum Operating Density - Sequence 1 Hydraulic
Minimum Operating Density - Sequence 2 Gas
Minimum Operating Density - Sequence 2 Hydraulic

4. Calculate optimum precharge density
Optimum precharge density pg = 5.
U'se NIST fiuid property references fo defermine gas absolufe pressure based upon gas temperature and density.

- Optimum Precharge Temperature Accumulator Pre-Charge | Accumulator Pre-Charge

Condition 0 y = 5 -
Density [Ibmﬂ’(}) (°F) Pressure (psig) Pressure (psia)

Optimum Precharge Pressure - Sequence 1 15.007

Optimum Precharge Pressure - Seguence 2 14.076

If sequence consists of 2 functions, then calculate the opti precharge that satisfies both functions, otherwise use the optimum precharge for the single function. See Annex C for

explanation of two function opfimum precharge.

Condition 0 Optimum Precharge Temperaturs Accumulator Pre-Charge | Accumulator Pre-Charge
Density (Ibmift’) (*F) Pressure (psig) Pressure (psia)

Optimum Precharge Pressure 14.076




5. Determine precharge density

Actual precharge pressure can vary from optimal precharge pressure for reasons such as:

- maintaining precharge pressure below the r i 1 rated
- preventing accumulator piston from stroking out.

- maintaining total discharge pressure above seawater hydrostatic pressure
- permitfing a range of precharge pressunes during operations

- following I

g pr

NOTE: Depth Compensated accumulators are intended for use in deeper depths. If a system designed for desper depth is used at shallower depths, calculations should be performed fo verify they are

sufficient for the application.

Precharge Gas Properties

User- Selecied

Selected Precharge Pressure at Precharge Temperature

Selected Precharge Pressure at Maximum Temperature

Surface precharge pressure should equal Optimum Precharge Pressure unless the volume of the accumulator supports a range of precharges

Accumulator Pre-Charge Accumulator Pre—Charge
Pressure (psig

Selected Precharge Pressure at Op ing Temp Ire

Precharge Pressure at full stroke of piston®

Precharge Verification

* A check is done to ensure that piston does not reach the mechanical sfop in the charged state. If

it does, the pre-charge is adjusted fo prevent this from occurring.

Densny (omit)

P

4226 peig] is Ie=s than Tated working p (10000 psig).

|Accumulator Precharge Pressure at Maximum Temperature

does not cause piston to reach full stroke.

|Hydraulic Stroke Verification Check

6. Determine volumetric efficiencies

Use the NIST fiuid property references to defermine accumulator absolufe pressure using the Condition 0 densil

Condition 3

Total Discharge - Gas

Total Discharge - Hydraulic

and Condition 1 entropy

Accumulator Pressure
(psia)

NR

Condition Summary

Condition 0: Precharged Accumulators - Gas

Condition 0: Precharged Accumulators - Gas (Subsea)

Condition 1: Charged accumulators - Gas
Condition 1: Charged accumulators - Hydraulic

Condition 2: Mlnlmum Operahng Pressure - Sequence 1 Gas

quence 1 Hyd

Condition 3: Total Dlschage Gas
Condition 3: Total Discharge - Hydraulic

uence 1
Pressure Limited VE== (pg/Ps - Dg/p (1. 1’AR§ =

0.206
Volume Limited VEy = (1.0-po/p (1. TPAR) = 0119
Volumetric Efficiency VE; = min{VEz, VEy) 0.119
Gas Volume Required (gal) ACR; = FWVR/VE, 3397

** The area ratio of the accumulator must be included in the efficiency calculation as shown.

|Min. Acct Gas Volume Required (gal) = max (ACR,, ACR,)

687.9 |

5 ]

IMinimum Quantity of accumulators required

Figure D.12: The content shall be replaced with the following:

Sequence 2
Pressure Limited VEP = (pQip2 - p0/p1y{1.1"AR) ** 0.263
olume Limited VEY= (1.0-pWVp1)/{1.1*AR) = 0.119
‘\folumetric Efficiency VEz = min{VEg, VEy) 0.119
Gas Volume Required (gal) ACR; = FVRWVE- 6879
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