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ABSTRAK

Pemanfaatan gas alam sebagai salah satu sumber energi utama yang mendukung kebutuhan
energi nasional dan domestik, maka dalam peroses pengolahannya memunculkan aspek
keselamatan ‘dan keandalan operasi ‘menjadi hal yang krusial mengingat sifat LNG yang
cryogenic dan mudah terbakar. Penelitian ini bertujuan untuk memberikan gambaran kepada
perusahaan mengenai risiko peralatan yang digunakan, utamanya perangkat pelepas tekanan.
Penilaian risiko kegagalan ini dihitung dengan metode Risiko Berbasis Inspeksi menggunakan
Parameter Weibull. Berdasarkan hasil perhitungan nilai probabilitas kegagalan gagal membuka
F2-PSV-1A sebesar 0,00277 dan F2-PSV-1B sebesar 0,000004, nilai probabilitas kegagalan
kebocoran F2-PSV-1A sebesar 0,83 dan F2-PSV-1B sebesar 0,24, konsekuensi kegagalan area
sebesar 148,55 m? dan konsekuensi kegagalan finansial sebesar $.10554,51. Nilai risiko 4drea-
Based dari PRD F2-PSV-1A yang diplotkan dalam matriksrisiko berada pada kategori 3C yang
memiliki risiko menengah, sedangkan untuk PRD F2-PSV-1B berada pada kategori 1C yang
memiliki risiko rendah. Berdasarkan Financial-Based PRD F2-PSV-1A/B berada pada
kategori 5D yang memiliki risiko tinggi.

Kata kunci: Perangkat Pelepas Tekanan, Risiko Berbasis Inspeksi, Risiko
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ABSTRACT

The use of natural gas as one of the main energy sources.that supports national and domestic
energy needs, then in the processing process raises the safety.and reliability aspects of
operations to be crucial considering the cryogenic and flammable nature of LNG. This study
aims to provide an overview to the company. regarding. the risks of the equipment used,
especially the pressure relief device. This failure “risk “assessment is calculated by the
Inspection-Based Risk method using the Weibull Parameter. Based on the calculation results,
the probability value of failure to open F2-PSV-1A150.00277 and F2-PSV-1B is 0.000004, the
probability value of failure to leak F2-PSV-1A1s 0.83 and F2-PSV-1B is 0.24, the consequence
of failure area is 148.55m2 and the consequence of financial failure is $ 10554.51. The Area-
Based risk value of PRD E2-PSV=1Awplotted in the risk matrix is in category-3C, which has a
medium risk, while PRD F2-PSV-1B is in"category..lC,.which.has-aslow risk. Based on the
Financial-Based Risk, PRD F2-PSV-1A/B is in category 5D, which has a high risk.

Keywords: Pressure Relief Device, Inspection-Based Risk, Risk
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BABI
PENDAHULUAN

1.1 Latar Belakang Penelitian

Gas alam adalah salah satu sumber energi utama yang mendukung kebutuhan
energi nasional hingga global.-Selain digunakan sebagai bahan bakar untuk
pembangkit listrik dan‘industri, gas alam juga menjadi bahan baku utama dalam
produksi LNG (Liquefied Natural.Gas), pupuk, serta produk petrokimia lainnya.
Dalam pengelolaan dan prosesnya, aspek keselamatan dan keandalan operast
menjadi faktor yang krusial mengingat LNG merupakan cairan cryogenic dengan
potensi bahaya yang dapat ditimbulkan-akibat tckanan tinggi,dan ssifat-mudah
terbakar pada sistem pengolahan hingga distribusi gas (Animah & Shafiee, 2020).

PT Badak NGL menjadi salah satu perusahaan pengelola dan ekspor LNG
terbesar di Indonesia yang terletak di Bontang, Kalimantan Timur. Perusahaan ini
mengoperasikan fasilitas pengelolaan gas alam dengan skala besar dan teknologi
serta standar keselamatan terbaik. Dalam operasinya, perusahaan bergantung pada
integritas peralatan proses, utamanya peralatan bertekanan tinggi dengan potensi
menimbulkan risiko besar apabila terjadi kegagalan. Salah satu perangkat
pengaman pada sistem bertekanan.adalah Pressure Relief Device (PRD) yang
berfungsi untuk melindungi peralatan dan sistem dari tekanan berlebih dengan
mengalirkan tekanan berlebih keluar sistem secara otomatis dan terkendali (Crowl
& Louvar, 2019). Kasus kecelakaan proses karena kegagalan Pressure Relief
Device sudah banyak terjadi di berbagai industri dan tentunya hal ini.menjadi
pengingat untuk memastikankendisi PRD dalam kondisi yang.baik“agar dapat
berfungsi dan menghindari kasus PRD gagal membuka atau kebocoran sehingga

menyebabkan ledakan pada peralatan yang seharusnya dilindungi.
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Dalam riwayat hasil inspeksi PRD, ditemukan riwayat insiden kebocoran yang
berulang pada beberapa PRD di fasilitas PT Badak NGL. Kebocoran pada PRD
tidak hanya berpotensi menimbulkan kerugian material dan gangguan operasi,
tetapi juga dapat membahayakan keselamatan. personel.dan lingkungan sekitar.
Insiden-insiden tersebut menegaskan pentingnya evaluasi dananalisis risiko secara
berkala terhadap PRD untuk memastikan fungsi pengaman pada PRD tetap optimal
dan mencegah hal-hal yang dapat mengganggu proses pengolahan di perusahaan.
Pentingnya pengelolaan risiko peralatan proses, seperti PRD juga ditegaskan dalam
regulasi nasional Peraturan Menteri Energi dan Sumber Daya Mineral No. 18
Tahun 2018 tentang inspeksi Teknik keselamatan instalasi dan peralatan pada
kegiatan usaha minyak dan gas bumi. Dengan adanya regulasi ini, mewajibkan
seluruh pelaku industri migas untuk melakukan inspeksi berkala, evaluasi risiko,
dan pemeliharaan peralatan penunjang keselamatan sebagai upaya pencegahan

kecelakaan kerja.

Berdasarkan uraian diatas, penelitian mengenai Analisis Risiko Pressure Relief
Device Pada Unit Drier Separator Decanter dengan Metode Weibull Analysis
Berdasarkan API RP 581 menjadi relevan. Penelitian ini mengangkat unit Drier
Separator Decanter sebagai objek penelitian karena PRD pada unit ini memiliki
riwayat kebocoran yang cukup banyak dan juga pelaksanaan overhaul PRD yang
sudah cukup lama belum dilakukan kembali. Penelitian ini tidak hanya bertujuan
untuk mengidentifikasi dan mengevaluasi potensi risiko kegagalan PRD, tetapi
juga mendukung implementasi regulasi pemerintah guna menjaga keselamatan di
lingkungan industri. migas.  Seiring. perkembangan teknologidan kebutuhan
efisiensi, metode Risk-Based Inspection (RBI)=semakin banyak digunakan di
industri migas. RBI merupakan pendekatan sistematis untuk merencanakan
inspeksi berdasarkan tingkat risiko yang dimiliki oleh setiap peralatan. Metode ini
menggabungkan analisis probabilitas kegagalan (Probabilitu of Failure/POF) dan

konsekuensi kegagalan (Consequence of Failure/ COF) untuk menentukan prioritas
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& inspeksi dan interval waktu optimal. Standar internasional API RP 581
2‘. menyediakan pedoman kuantitatif dalam penerapan RBI, khususnya untuk
: peralatan kritis seperti PRD (API RP 581, Risk Based Inspection Third Edition,
. 2016).

1.2 Rumusan Masalah Penelitian

Rumusan masalah yang digunakan dalam penelitian ini adalah sebagai
berikut:

1. Bagaimana menghitung probabilitas kegagalan (POE) dari PRD unit Drier
Separator Decanter F2-PSV-1A/B menggunakan metode Weibull Analysis

Risk Based Inspection?

epie)yer aba Hiuyal

2/ Bagaimana menghitung konsekuensi kegagalan (COF) dari unit Drier
Separator Decanter F2-C-1 berdasarkan API RP 5817
3. Bagaimana menghitung level risiko pada PRD_unit Drier Separator

Decanter F2-PSV-1A/B berdasarkan API RP5817?

1.3 Tujuan Penelitian

Tujuan penelitian yang digunakan dalam penelitian ini adalah sebagai
berikut:

1. Menentukan probabilitas__ kegagalan _ (POF) darn F2-PSV-1A/B
menggunakan metode Weibull Analysis Risk Based Inspection.

2. Menentukan konsekuensi kegagalan (COF) berdasarkan API RP 581.

3. Menentukan level risiko pada F2-PSV-1A/B berdasarkan API RP 581.

1.4 Batasan Masalah

Batasan masalahryang digunakan dalam penelitian in1 adalah sebagai
berikut:

1. Data hasil inspeksi yang digunakan dalam penelitian ini mulai dari PRD

dipasang hingga tahun 2018.
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2. Perhitungan analisis risiko yang dilakukan menggunakan metode Weibull
Analysis RBI berdasarkan API RP 581 Third Edition Addendum 2, October
2020.
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3. Perhitungan dilakukan pada PRD.yang digunakan untuk melindungi unit

Drier Separator Decanter:

1.5 Sistematika Penulisan SKripsi

Sistematika penulisan proposal ini adalah sebagai berikut:

eyieyer uabap Niuyaijod uizi edue)

1. BAB I PENDAHULUAN
Berisi tentang latar belakang pemilihan topik, rumusan masalah, tujuan
penelitian, Batasan masalah, manfaat pemnelitian dan sistematika
penulisan.

2. BAB II TINJAUAN PUSTAKA
Berisi tentang landasan teori yang berhubungan dengan penelitian, kajian
literatur yang dijadikan acuan dalam penyusunan skripsi, dan kerangka
pemikiran yang digunakan dalam penelitian.

3. BAB III METODE PENELITIAN

Berisi tentang jenis penelitian yang digunakan, objek penelitian, jenis dan
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sumber data penelitian, metode yang digunakan dalam pengumpulan data,
dan metode analisis data yang digunakan dalam penelitian.
4. BAB IV HASIL PENELITIAN DAN PEMBAHASAN

Berisi tentang analisis berupa tahap pengolahan data untuk mendapatkan
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hasil penelitian seperti yang ditetapkan pada bagian tujuan penelitian.

5. BAB V KESIMPULEAN.DAN SARAN
Menjelaskan tentang jawaban ringkas hasil penelitian yang dilakukan. Bab
ini juga berisikan saran berupa pendapat atau temuan yang ditemukan agar

dapat menjadi rekomendasi bagi penelitian berikutnya.
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BAB V
PENUTUP

5.1 Kesimpulan

. Dengan seluruh perhitungan teknis didapatkan nilai, probabilitas kegagalan

gagal membuka untuk PRD F2-PSV-TA sebesar 0,00277 dansuntuk PRD F2-
PSV-1B sebesar 0,000004. Sedangkan untuk probabilitas kegagalan kebocoran
dari PRD F2-PSV-1A sebesar 0,83 dan untuk PRD F2-PSV-1B sebesar 0,24.

Didapatkan. nilai konsekuensi kegagalan apabila terjadi kerusakan cedera
personil’ yang ditimbulkan sebesar 148,55 m? dan konsekuensi kegagalan

apabila terjadi kebocoran sebesar $ 10554,51.

. Lewat matriks risiko, didapatkan hasil analisis risiko untuk PRD F2-PSV-1A

Area-Based berada pada kategori 3C yang memiliki medium risk sedangkan
untuk PRD F2-PSV-1B berada pada kategori 1C yang memiliki low risk. Untuk
Financial-Based PRD F2-PSV-1A/B sama-sama berada pada kategori 5D yang
memiliki igh risk

5.2 Saran
1.

Memastikan kondisi PRD tidak bocor pada inspeksi selanjutnya, karena PRD
memiliki riwayat kebocoran yang cukup sering pada inspeksi sebelumnya.
Memberikan perhatian lebih untuk PRD F2-PSV-1A karena belum dilakukan

overhaul selama kurang lebih 19 tahun dari pelaksanaan overhaul terakhir.

. Mempertahankan efektivitas pemeliharaan untuk memastikan PRD selalu

dalam kondisi aman dan andal.
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LAMPIRAN 1
DATA PRESSURE RELIEF DEVICE
PSV-1A/B
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POLITEKNIK
JAKARTA

ANALISIS RISIKO KEGAGALAN PRESSURE RELIEF
DEVICE PADA UNIT AMINE REGENERATOR DENGAN
METODE WEIBULL ANALYSIS BERDASARKAN API RP 581

Lampiran 1 : Data Pressure Relief Device

1 GENERAL

Tag Number
Service
P&ID
Design

Type
Bonnet Type

2 PROCESS CONDITIONS

Fluid Service

Fluid State

Required Capacity
Operating Pressure

Set Pressure

Operating Temperature
Reliefing Temperature
%Allowable Overpressure
Overpressure Factor
Compressible Factor
Laten Heat of Vaporation
Ratio of Specific Heats
Relief Density

Relief Viscosity:

Barometric Pressure

3 DESIGN CONDITION

Design Pressure

Design Temperature

: F2-PSV-1A

: 2C-1 DRIER SEPARATOR DECANTER
: F2D-A-24

: Safety

: Conventional

: Closed

::Hydrocarbon

: Gas
:117118,37 Ib/h
: 615,87 psig

: 699,62 psig
171,78 F

: 185 F

1 20%

12

|

10,5

: 699,62 psig
: 199,94 F
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LAMPIRAN 2.1
PROBABILITY OF FAILURE TO OPEN
CALCULATION
PSV-1A/B

LAMPIRAN 2.1
ANALISIS RISIKO KEGAGALAN PRESSURE RELIEF

DEVICE PADA UNIT AMINE REGENERATOR DENGAN
METODE WEIBULL ANALYSIS BERDASARKAN API RP 581
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PART 1 : CALCULATION OF PROBABILITY OF FAILURE TO OPEN

The fundamental calculation applied to PRD for fail to open case is the product
of an estimated overpressure demand case frequency (or demand rate), the
probability of the PRD failing to open on demand, and the probability that the
protected equipment at higher overpressures will lose containment.

prd _
i~ = Proaj-DR;.Fy,

Dengan :
PP .
f.J =PQF of PRD overpressures demand case, (failures/year)
Proa,j :
"= POFOD of PRD (failures/demand)
DR — demand rate (demands/year)

Fri  —por (loss of containment) (failures/year)

rd
The subscript j at equation above indicates that the POF for the 77" Needs to
be calculated for each of the applicable overpressure.demand cases associated
with the PRD.

STEP 1 Select an inspection interval, Linsp

tinsp = Agsesment date (year) — Last overhaul date (year)

CF pass | Date install Fe Ferw rdef 2 nmod
0,9 1992 0,75 1 50,5 1.8 37,875
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Inspection Fail to i )
No Date Open Leak Test | Effective |Overhaul| tinsp

(ddmmyyy] Status Status Ness Status (year)
1 07/01/1994 Pass Leak A Yes 2,02
2 04,/05/1996 Pass Leak A Yes 2,32
3 06,/03,/1999 Pass Moleak A Mo 2,83
4 07,/07/2002 Pass Moleak A Mo 6,17
5 25/11/2004 Pass Leak A Yes 2,38
& 19/04/2005 Pass Moleak A Yes 0,4
7 14/08/2006 Pass Moleak A Mo 1,32
8 08,/07,/2010 Pass Moleak A Mo 522
9 18/07/2014 Pass Leak A No 9,25
10 01,/10/2018 Pass Moleak A Mo 13,45
11 19/02/2025 19,83
12 19,/02/2035 29,83

Determine the default value for the weibull parameters, B and ndef
using able below
Fluid Service : Hydrocarbon

Temperature 271,78 F
Fluid Severity : Mild
Design Type PRD : Conventional

Discharge location : Discharge to flare with flare recovery system

Conventional and Ballanl:ed Pilot-operated PRVs 2 Rupture Disks ?
Fluid Severity Bellows PRVs
p Ndef p Ndef p def
Mild 1.8 50.5 1.8 33.7 1.8 50.5
Moderate 1.8 239 1.8 8.0 1.8 50.5
Severe 1.8 17.6 1.8 3.5 1.8 50.5

NOTE1 The Ndef parameter values for conventional PRV's are reduced by 25 % if the discharge is to a closed system or to flare; see
Section 7.2.4 g).

NOTE 2 The ndef parameter values for pilot-operated valves are currently based on the conventional PRV data; however, reduced by
a factor of 1.5,

NOTE 3 Without any failure rate data for rupture disks, the conventional PRV values for Mild services were used. This assumes that
the RD material has been selected appropriately for the fluid service; see Section 7.2.4 f).

3, and 5 for Mild, Moderate, and Severe services, respectively; see Section 7.2.4 e).

Based table above, with conventional PRD. The value :
4] 01,8
pdef : 50,5
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STEP 3

STEP 4
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Determine the adjustment factor, Fc. For conventional valve
discharge to closed system or to flare

F.=0.75 for conventional valves discharging to closed system or flare
F.=1.0 for all other cases
Fe=0,75

Determine the environment adjusted factor, fenv. Using table below

EnvironméhtModifier Adjustment to POFOD 1 Adjustment to POL 1)
parameter parameter
Operating Temperature 200 < 1.0 0.3
T<500F ’ ’
Operating Terr;perature > 500 1.0 0.8
Operating Ratio >90% for

spring lo(e)lrded PRD 1.0 0.5

>95% for pilot-operated PRD

STEP 5

STEP 6

Fenv =1,0

Determine modified characteristic life, ymod
Hmod = Ff‘ 'Fam' “Nder

Mmed = 0,75 x 1,0 x 50,5
= 37,875

Collect inspection PRD record and it must be graded using the PRD
inspection effectiveness table, part 2, annex 2.C, table 2.C.3.1.
Record the result of.each inspection record; PASS/FAIL and NO
LEAK/LEAK and determine confidence factors, CF . As applicable,
for each inspection history based on the results of the test. Determine
the time duration " of each inspection cycle.

STEP 6.1 Each inspection record. must be graded using. the-PRD inspection

effectiveness table, part 2, annex 2.C, table 2.C.3.1

Inspection
Effectiveness

Component Type Description of Inspection

Highly Effective

A

A bench test has been performed on PRD in the as-
Pressure-relief device | received condition from the unit, and the initial leak
pressure, opening pressure, and reseat pressure have
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been documented on the test form. The inlet and outlet
piping has been examined (e.g visual or radiographic
techniques) for signs of excessive plugging or fouling.

Usually Effective
B

Pressure-relief device

A bench test has been performed; however, The PRD
was cleaned or steamed out prior to bench test.
Additionally, a visual inspection has been performed
where detailed documentation of the condition of the
PRD internal components was made. The inlet and
outlet piping has been examined (e.g visual or
radiographic techniques) for signs wof excessive
plugging or fouling.

An in situ test has been performed using the.actual
process fluid to pressurize the system. The inlet and
outlet piping has' been examined (e.g visual, or
radiographic techniques). for. signs of excessive
plugging or fouling.

Fairly Effective
C

Pressure-relief device

A visual inspection has performed witout pop test,
where detailed documentation of the condition of the
PRD internal components was made. The inlet and
outlet piping has been examined (e.g visual or
radiographic techniques) for signs of excessive
plugging or fouling.

An assist-lift test or in situ test has been performed
where the actual process fluid was not used to
pressurize the system.

Ineffective
D

Pressure-relief device

Valve overhaul performed no' documentation of
internal component conditions; No pop test
conducted/documented.

Any test (bench, assist-lift, in situ, or visual test)
performed without «examining ‘the inlet and outlet
piping for excessive plugging or fouling.

STEP 6.2 Record the PASS/FAIL and NO LEAK/LEAK In order to determine
the confidence factorys CF as applicable, for each inspection history
where a test was conducted.

Confidence Factor That Inspection Result Determines the True Damage State, CF

Inspection Result
Ineffective Fairly Effective Usually Effective Highly Effective
Pass, CFpg.; Mo credit 05 0.70 0.9
Fail, CFmi Mo credit 0.70 0.95 0.95
No leak, CFyaisak No credit 0.5 0.70 0.4
Leak, CFlaak No credit 0.70 0.95 0.95
CF=09

STEP 6.3 Determine the time duration, ‘@i between inspection cycle
fauri = RBI Date — Last Overhaul

fduri = 19,83 year
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STEP 7 Starting at the earlist inspection record, update the modified
characteristic life, fmed, determine in STEP 5 as below

STEP 7.1 Calculate the prior POF using equatlon below. The time duration of the

1nspect10n cycle, i as dete : ep 6. Note that for the first
if ars med is used. Sub
sequent inspection rec acteristic life, Mupd,

N

P::; -

qmm"

—202

POLITEKNIK
NEGERI
IAKARTA

d
={1- CFpass) P;rpno

prd
f cond = (),0995

prd
STEP 7.4 Calculate weighted POF, Prwet using the appropriate equation from
table below
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Inspection Effectiveness and Result

Equation for Weighted POFOD

Highly effective pass

Usually effective pass

d i d !
P;’J‘y - P.f;lrcf _OQIPM { [;] +02_Pﬁ;mm‘ [f_}]

f.piar

Fairly effective pass

Highly effective fail

el rd
Pﬁ-.-.g! = 'P;J,fom'
Usually effective fail
Fairly effective fail Pf?‘dar =05- Pr?;m: +05- ‘Pf‘??{‘;n"
d prd prd prd )
24 —02.P k J +02.P ( J
wet — L f.prior rior f.cond
S e Sop Sop mod Mmod
Pprd 1,2
fwet =0,005 — 0,2 x 0,005 x + 0,2 x0,0995 x
37,875 37,875
prd
Provet = 0,0061

STEP 7.5 Determine the updated characteristic life, 7«»dusing equation below and

the weighted POF

Mupd =

t

(-2

The weighting factors assure a gradual.shift from default POFOD data
to field POFOD data and do not allow the characteristic life to adjust
upward too rapidly. They will, however, shorten characteristic life if the
device has repeated failures early in its.service,

Other points that are not accounted for in the calculation procedure
regarding inspection are as follows.

)
ii)

iii)

Test conducted at less than 1 year do not credit.

After a pass, the characteristic life cannot decrease. If the
procedure yields a decrease in characteristic life, this value should
not be used. The characteristic life should be kept equal to the
previous value.

After a fail, the characteristic life cannot increase. If the procedure
yields an increase in characteristic life, this value should not be
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Nupd

2,32

1
— [ ——
(In[1-0,0061])" 7

=35,373
Based point i1), after pass.the test and if the procedure yields decrease
in characteristie’ life, this value should not to be used. And the
characteristic life should be kept equal the previous value. So, the
characteristic life value is 37,875

86

used. The characteristic life should be kept equal to the previous
value.

STEP 7.6 Repeat step 7 for each of the inspection record available for the PRD

until a final updated value for the characteristic life, 7u»d is.determined

epeyer LabaN yiwjRi|od yijiw eydid yeH

ejieyer 1363 Yiuya3ijod Jefem Buek uebunuada] ueyibniaw yepny uedinbuad 'q

undede )ynjuaq wejep 1ui sijn} eAie) yninjas neje ueibeqas yelueqiadwaw uep ueywnwnbuaw buese|iqg 'z
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: J1aquins ueyngakuaw uep ueywnjuesuaw edue) 1ul sijn} eAi1e) yninjas neje ueibeqas diynbuaw Buese|iq °L

Nupdate

37,875

37,875 35,373

37,875 35,772

37,875 37,075

37,875 35,426
37,5 25,478
37,5 33,995
37,8 36,818
37.8 37,703

38,373 38,373

35,346 35,346

Inspection Fail to
No Date Open Leak Test | Overhau Pt.priar Pp.priar Pf.cond
Status Status
{ddmmywy) Status

1 07/01/1994 Pass Leak Yes 0,005 0,995 0,0995
2 04/05/1996 Pass Leak Yes 0,007 0,993 0,0993
3 06,/03/1999 Pass Noleak Mo 0,009 0,991 0,0991
4 07/07/2002 Pass Noleak Mo 0,037 0,963 0,0963
5 25/11/2004 Pass Leak Yes 0,007 0,993 0,0993
6 19,/04/2005 Pass MNoleak Yes 0,000 1,000 0,1000
7 14/08/2006 Pass Noleak Mo 0,002 0,998 0,0998
8 08/07/2010 Pass Noleak Mo 0,028 0,972 0,0972
9 18/07/2014 Pass Leak Mo 0,076 0,924 0,0924
10 01/10/2018 Pass Noleak Mo 0,144 0,856 0,0856
11 15,/02/2025 0,268 0,732 0,0732

The characteristic life can also change after pass the test and if the

procedure yields increase the characteristic life.

B
¢ )
P fod =1-exp -L—J
Mupd
P 19,83
fed=1—exp [—(—)"18
p[—(Go5.0) " 18]
Prod = 0268
STEP 8

The POFOD should beadjusted based on the overpressure scenario, the
overpressure factor e is an adjustment for the overpressure scenarios

higher than 1,3 times the set pressure.
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=0,268 =2,7 x 10"-
Estimates for the PRD initiating event frequencies, £¥7 based on the
various relief overpressure demand cases that the device is providing
protection. Examples of the initiating event frequencies are provided in
table below. Additional background on the default intiating event
frequency is provided in table below.
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STEP 11

STEP.12

STEP 13

STEP 14

88

EF;
Overpressure Demand Case Event Frequency ’
(events/year)
Fire 1 per 250 years 0,004

Determine credit for other layers of protection. The concept of a demand
rate reduction factor, PRRF;"is dntroduced. here.to account for the
difference in the overpressure demand case event. frequency and the
demand rate on.the PRD. Demand rate reduction factor.are'provide in

table below

DRRF;
Overpressure Demand Case Event Frequency
(events/year)
Fire 1 per 250 years 0,10

For each overpressure demand case, determine the demand rate placed

on the PRD, PR/, The demand rate on the PRD is calculated as the
product of the initiating eventfrequency and the demand rate reduction
factor in accordance with equation below.

DRj = EFJ-DRRFJ
= 0,004 x 0,10
DR; = 0,0004 = 4 x 10/-4

Determine the MAWP of the protected equipment.

Set pressure = 699,62 psig
% Allowable Pressure = 20%
MAWP = 139,924 psig

If an RBI Study has been completed for protected equipment, calculate
its damage adjustment POF, since the Df for the protected equipment is
a function time, the D¢ must be determined at the PRD inspection
interval, ‘»v Speeified.in step 1. If risk analysis for fix-equipment has

not been completed, a Df can be estimated using the values in table
below.
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STEP 16

overpressure, .7/ lusing equation below

P; ; =(00312881-gff, 101 D - Fygs |-e

g)fmmf
Dy

I(\?».-'464!3 37-

Ppi )
VF)

=3,06 x 10"-5

Fys =
Po, = 769,59
MAWP =139,924
P17 —(0,0312881,x3,06.x 107-5%% 20’ 1).x /(3,464837 x —173699;521
=256
=2,56.x 101

Calculate the POF, using equation below.

prd _ . B )
Pf,.,r' _Pfodaf DRJ Pf,,r

Proa.j - 2,7x 1071

DR;

—4x 10"-4

)
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DF Class DF Description
None 1 New vessel or inspection shows little if any damage.
Equipment has been in service for a reasonable amount of time and inspection
Minimal 20 shows evidence of minor damage. Damage mechanisms have been identified and
inspection data are available.
One or more damage mechanisms have been identified, limited inspection data
) available, and fairy minor evidence of damage.
Minor 200 ! . _ - . .
Single damage mechanism identified, recent inspection indicates minor evidence of
damage.
Moderate damage found during recent inspection.
Moderate 750 Low susceptibility to one or more damage mechanisms, and limited inspection
exists.
One or more active damage mechanisms present without any recent inspection
Severe 2000 history.
Limited inspection indicating high damage susceptibility.
D= 20
STEP A5 Calculate the POF of the protected equipment at the elevated
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2,7x 10M-1 x4 x 1074 x 2,56 x 10"

2,56 x 10"
2,77 x 10"-3

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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LAMPIRAN 2.2
PROBABILITY OF FAILURE TO LEAKAGE
CALCULATION
PSV-1A/B

LAMPIRAN 2.2
ANALISIS RISIKO KEGAGALAN PRESSURE RELIEF

DEVICE PADA UNIT AMINE REGENERATOR DENGAN
METODE WEIBULL ANALYSIS BERDASARKAN API RP 581

® ),

NEGERI
JAKARTA

© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta

POLITEKNIK
NEGERI
JAKARTA
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PART 2 : CALCULATION OF PROBABILITY OF LEAKAGE

The leakage case is different than the fail to open vase since the POF is not a
function of demand rate but rather is based on failure during continuous
operation. The industry data associated with the probability of leakage,
Data is in per year units (failure/year). Nomultiplication'by any demand rate is

necessary.

STEP 1 Select an inspection interval, Linsp

t

insp = Assesment date (year) — Last overhaul date (year)

CF pass | Date install Fz Fenu rdef 2 nmeod
0,8 1992 1 0,8 17,5 16 14
nspection Fail to Leak Test | Effective |Owverhaul| tinsp
M Date Open

(ddmmyyy] Status Status ness Status (year]

1 07,/01/1994 Pass Leak A Yes 2,02
z 04/05/1996 Pass Leak A Yes 2,32
3 06,03,/1999 Pass Moleak A Mo 283
4 07,/07/2002 Pass Moleak A Mo 6,17
5 25/11/2004 Pass Leak A Yes 2,38
= 19,/04,/2005 Pass Moleak A Yes 04
7 14/08/2006 Pass Moleak A Mo 1,32
8 08,/07,/2010 Pass Moleak A Mo 522
9 18/07/2014 Pass Leak A No 9,25
10 01,/10/2018 Pass Moleak A Mo 1345
11 19/02/2025 19,83
12 19/02/2035 29,83

STEP 2 Determine the default value for the weibull parameters, 3 and ndef

using table below.

Fluid Service
Temperature
Fluid Severity
Design Type PRD

Discharge location

: 71,78 F
: Mild

: Hydrocarbon

: Conventional

: Discharge to flare with flare recovery system

prd
P
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Balanced Bellows
Fluid Conventional PRVs ! PRVS 1 w Pilot-operated PRVs 2 Rupture Disks *
Severity
£ Hidef I Ndef B Hdef I Ndef
Mild 16 17.5 1.6 16.0 1.6 17.5 1.6 175
Moderate 16 15.5 16 14.0 16 15.5 16 17.5
Severe 16 131 16 115 16 1341 16 175

NOTE 1 The n4.fparameter values are increased by 25 % for conventional and balanced PRVs that have soft seats.
NOTEZ The lijef Paramatar values for pilot-operated valves are currently based on the conventional PRY data, since there are
currently no failure rate data to support otherwise.

NOTE3  Without any failure rate data for rupture disks, the conventional PRV values for Mild service were used.

Based table aboveywith conventional PRD. The value :

B 11,6

pdef : 17,5
STEP 3 Determine the adjustment factor, £'s. For conventional or balanced
bellows PRD contains.a soft seat design.
F.=125 for soft seated designs
F.=10 for all other cases
F 5 = 1,0
STEP4 Determine the environment adjusted factor, /env. Using table below.
Environment Modifier Adjustment to POFOD 1 Adjustment to POL 1
parameter parameter
Operating Temperature 200 <T 10 0.8
<500 F | ’
Operating Temperature > 500 F 1,0 0,8
Operating Ratio >90% for
spring logfed PRD 1.0 0.5
>95% for pilot-operated PRD

STEP 5

Fenv 20,8
Determine modified-characteristic life, 7mod
Mmod = Fs - Fenv - Ndef
tmod =1x0,8x17,5
=14
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STEP 6 Collect inspection PRD record and it must be graded using the PRD
inspection effectiveness table, part 2, annex 2.C, table 2.C.3.1.
Record the result of each inspection record; PASS/FAIL and NO
LEAK/LEAK and determine confidence factors, CF . As applicable,
for each inspection history based on.the results of the test. Determine
the time duration @i of each inspection cyele.

2
o
=
)
T
~*
Y

STEP 6.1 Each inspection record must be graded using the PRDuinspection
effectiveness table, part 2, annex 2.C, table 2.C.3.1

eyieyer uabap Niuyaijod uizi edue)

Inspection e .
Effectiveness Component Type Description of Inspection
A bench test has been performed on PRD in the as-
received condition from the unit, and the initial leak
Highly Effective pressure, opening pressure, and reseat pressure have
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A ressutegiglichdayics been documented on the test form. The inlet and outlet

piping has been examined (e.g visual or radiographic
techniques) for signs of excessive plugging or fouling.

A beneh test has been performed; however, The PRD
was cleaned or steamed out prior to bench test.
Additionally, a visual inspection has been performed
where detailed-documentation of the condition of the
PRD internal components was made. The inlet and
outlet piping has been examined (e.g visual or
Pressure-relief device | radiographic. techniques) for signs of excessive
plugging or fouling.

An insitu test-has been performed using the actual
process fluid'to pressurize the system. The inlet and
outlet piping has been examined (e.g visual or
radiographic» techniques) for signs of excessive
plugging or/fouling.
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A visual inspection has performed witout pop test,
where detailed documentation of the condition of the
PRDuinternal ‘components was made. The inlet and
outlet piping has been examined (e.g visual or
Pressure-relief device | radiographic techniques) for signs of excessive
plugging or fouling.

An assist-lift test or in situ test has.been performed
where the -actual process fluid was_noet-used to
pressurize the systems:
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internal component conditions; No pop test
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piping for excessive plugging or fouling.
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STEP 6.2 Record the PASS/FAIL and NO LEAK/LEAK In order to determine the
confidence factor, CF as applicable, for each inspection history where a

test was conducted.

Confidence Factor That Inspection Result Determines the True Damage State, CF
Inspection Result
Ineffective Fairly Effective Usually Effective Highly Effective
Pass, CFpg.. Mo credit 0.5 0.70 09
Fail, CFgmt Mo credit 0.70 0.95 0.95
Mo leak, CFugleak Mo credit 05 0.70 09
Leak, CF ek Mo credit 0.70 0.95 0.95

CEZ 009

STEP 6.3 Determine the time duration, '@ between inspection cycle
fari = RBI Date — Last Overhaul

fduri = 19,83 year

STEP 7 Starting at the earlist inspection record, update the
characteristic life, me<, determine in STEP'S. as below

modified

STEP 7.1 Calculate the prior POF using equation ... The time prior for use in
equation ... Is the time duration of the-inspection. cycle, “mi as
determine in step 6. Note that for the first inspection record, the
modified characteristic life, 7=z 1s used. Sub sequent inspection record

will use the updated characteristic life, 7«4, from step 7.5.

| ()
t =2,02
Hmod = 14,00
3 =1,6
Ppm'

f.prior =0,044

STEP 7.2 Calculate the prior probability of passing using equation below.

pd 4 pprd
Pp,p-n'o:' =1-P ,prier
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prd
Fpprior — 1 0,019

=0,956
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STEP 7.3 Determine the condition POF and“the conditional probability of pass
using equations below.

P prd

f.cond ~ (1 -CF

prd

pass

prd
]' Pp,pi'for

P cond (@ 0,9) x 0,956

=0,0956

STEP 7.4 Calculate weighted POF,

pra : .
lwet using the appropriate equation from table

Inspection Effectiveness and Result

Equation for Weighted POFOD

Highly effective pass

Usually effective pass

d 1 d !
- 022 (Leoz (Y]

f.miar 7 o

Fairly effective pass

Highly effective fail

P prd  _ P prd

Usually effective fail

fowat fcond

Fairly effective fail

+05-pF¢

f.cond

pr? -05-PF™

forgt f.prior

prd _ pprd pra [t ) prd 1
me‘g! = foprior — 02 Pf’pﬁor L "ﬂnodJ 02 Pf,cand ( T?r.u'a:m’J
prd
Fimer 0,044 - 0,2 x 0,044 x 222+ 0,2x 0,0956 x 22

=0,0442

STEP 7.5 Determine the updated characteristic life, 7«»@ using equation below and

the weighted POF

t

Muipd =

[—F}r[1—Pﬁ:‘;])ﬁ
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The weighting factors assure a gradual shift from default POFOD data
to field POFOD data and do not allow the characteristic life to adjust
upward too rapidly. They will, however, shorten characteristic life if the
device has repeated failures early in its service.

Other points that are not aecounted for in. thewcalculation procedure
regarding inspection are as follows.

1)  Test conducted at less than 1 year do not credit.

i1)  After-a pass, the characteristic, life cannot decrease. If the
procedure yields a decrease in characteristic life, this value should
not be used. The characteristic life should be kept equal to the
previous value.

1ii))  After a fail, the characteristic life cannot increase. If the procedure
yields an increase in characteristic life, this value should not be
used. The characteristic life should be kept equal to the previous
value.

_ 6,17
 (In[1-0,2274])" =

= 14,39

The characteristic life can change after pass the test and the procedure

yields increase. So, the value of characteristic life change to new value.

Nupd

STEP 7.6 Repeat step 7 for each of the inspection record available for the PRD
until a final updated value for the characteristic life, 7:»<'is determined.

Inspection Fail to Leak Test |Owverhaul
Mo Date Open Status Status Pf.prior Pp.prior Pf.cond Mupdate

[ddmmyyy) Status
1 07/01/1994 Pass Leak Yes 0,044 0,956 0,0956 14,00
2 04/05/1996 Pass Leak fes 0,055 0,945 0,0945 14,00 13,65
3 0g/03/1999 Pass Noleak Mo 0075 0925 00925 1400 13 88
4 07/07,/2002 Pass Moleak Mo 0,236 0,764 00764 14,35 14,39 I
g 7571172004 | Pass Teak Ves 0.057 0,045 | 0,0045 14,39 567 |
= 19/04,/2005 Pass Maleak Yes 0,003 0,997 0,0997 14,35 7,65
7 14/08,/2006 Pass Maleak Mo 0,023 0977 0,0977 14,39 1254
3 08/07/2010 Pass MNaleak Mo 0,186 0814 00814 14 39 14 32
9 18/07/2014 Pass Leak Mo 0,403 0,597 0,0597 1453 1453
10 01/10/2018 Pass Noleak Mo 0,609 0,391 0,0391 14 .81 14 81
11 19/02,/2025 0,825 0,175 00175 15,36 15,36
12 19/02,/2035 0,965 0,035 0,0035 17,35 17,39

_ [\
P{pad =1-ep -L
Tpd
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© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta

POLITEKNIK
NEGERI
JAKARTA
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t

‘F.m

the system is operating near the set pressure with equation below. The

set pressure factor, £ser is dependent on the PRD type.

= o)
w. =
AT g
Il <

. A

5. @&

A m A

> STEPS The probability of leakage needs to be adjusted based on the closedness

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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LAMPIRAN 3
CONSEQUENCE OF FAILURE
CALCULATION
PSV-1A/B

LAMPIRAN 3
ANALISIS RISIKO KEGAGALAN PRESSURE RELIEF

DEVICE PADA UNIT AMINE REGENERATOR DENGAN
METODE WEIBULL ANALYSIS BERDASARKAN API RP 581

® ),

NEGERI
JAKARTA

© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta

POLITEKNIK
NEGERI
JAKARTA
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PART 3 : CONSEQUENCE CALCULATION OF FAILURE TO OPEN

STEP 1 Determine the list of overpressure scenarios applicable to the piece
of equipment being protected by the PRD under evaluation. Table
below provides a list of overpressure demand classes specific
covered.

STEP2 For each overpressure demand case, estimate.the, amount of
overpressure, e.llikely to occur during the overpressure.event if the
PRD were to fail to open.

Initiating Event Equipment Owarpressuns Background and
Fra-qu%-n{:yr : T‘_u'pp-a FIRD DRAF Qualifiar Potential Comments
Owarpressure Scenario—Firs
—  ModHfled by
Indusiny data that
Indicabe demand
ra%2s on me oroer
of 1 per 400 years
— The DRRF faciar of
o1 "E'::}g""ZE‘E fthe
1 per 250 y=ars o4 Itmm:rl','grape@rce
- Caloulated burst I relamvely TEw
SeeLees page | AFequipment E;"il'-_'bwri;& A pressure or estimated ﬁsrgel:“e:p':ﬁedm
AT-7, states majar tyes JJEEH% o as design margh experlence a PRD
fire at plant 1 every value MAWF opening
D years —  ASEUMpHON I5
made that In those
rare Cases wWhnere a
PRI would apen
during a fre,
rupture will occur it
the PRD falled to
Dpen upon demand
Po,ﬁre =4 x MAWP
=4x699,62
=2798,5 Psig
STEP 3  For installation that have multiple PRDs, determine the total amount

b 2 rd |, 2 4
of installed PRD orifice area, ‘o« including the area of the PRD being
evaluated. Calculate the overpressure adjustment factor, Fol in
accordance with equation below.

d .
AP~ the orifice area of the PRD, mm?
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prd . . . . .
Aiotal = the total installed orifice area of a multiple device installation,

1’1’11’1’12

=2
F, :\F

2
Fa =0,7

Reduce the overpressures determined. in'step 3 by the overpressure
adjustment factor accordance with equation below.

POJ =F, -Po_j-

Po, fire =2798.5
Fa =0,7
Fo.s =1959

For each overpressure demand case, calculate the financial
consequence, c7;l of loss containment from protected equipment
using procedures developed in PART 3, use the overpressure for
demand cases as determine in STEP 4 in line of the operating
pressure, £s

Determine the Representative Fluid an Associated Properties
Fluid Properties

Sifat-sifat fluida yang dibutubkan yang diperkirakan untuk masing-
masing fluida representative disediakan dalam API 581 Bagian 3
COF dan bergantung pada fase simpanan fluida seperti ditampilkan
di bawah.

A) Stored Liquid

1. Normal Boiling Point (NBP)
2. Density (pt)
3. Auto-Ignition Temperature (AIT)

B) Stored Vapor or Gas
1. Normal Boiling Point (NBP)
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2. Molecular Weight

(MW)

3. Ideal Gas Specific Heat Capacity Ratio (k)

4. Constant Pressure Specific Heat

5. Auto-Ignition Temperature

STEP 1.1 Select Representative fluid group

(Cp)
(AIT)

103

Representative Fluid Fluid Type (See 4.1:5) Example of Applicable Materials
Cl-C2 TYPEO Methane, Ethane, Ethylane, LNG
C3 -4 TYPE 0 Propane, Butane, Isobutane, LPG

C25+ TYPE 0 Residum, Heavy Crude, Lube Oil
Fluid Composition Table
Well Composition Symbol Amount Unit
Nitrogen No 005 % maole
Methane CH4 88,82 % mole
Ethane C2He 5,67 % mole
Propane CsHs 3,19 % mole
i-Butane 1-C4H 1o 0,59 % mole
n-Butane n-C4H1o 0,69 % mole
i-Pentane 1-CsHi» 0,25 % mole
n-Pentane n-CsHio 0,17 % mole
Hexane Plus Co 0,39 % mole
Water H-O 0,18 % mole
TOTAL 100,0 % mole

Chosen Representative fluid : CL.— C2

STEP 1.2 Determine the store fluid phase, liquid or vapor, if two phase, a level

2 consequence analysis should be performed

Stored fluid phase : Gas

STEP 1.3 Determine.the stored fluid properties

* For stored liquid

MW — Molecular Weight, kg/kg-mol (Ib/Ib-mol), can be estimated
from table below.

k —1ideal gas specific heat ratio, can be estimated using equation ...

Cp values as determined using table ...
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Fluid

MW

Liquid

Density

(Ib/ft"3
)

NBP
(F)

Ambien
t
State

Ideal Gas
Specific
Heat Eq.

Cp

Ideal
Gas
Constant
A

Ideal
Gas
Constant
B

Ideal
Gas
Constant
C

Ideal
Gas
Constant
D

Auto
Ignition
Temperatur
e

(F)

Cl1-C2

23

15,64

-193

Gas

Note 1

12,3

1,150E-01

-2,87E-05

-1,30E-09

1036

. Molecular Weight (MW), kg/kg-mol (1b/Ib-mol)

The stored vapor Melecular Weight (MW) ean'be estimated form
table above.

MW = 23 (kg/kg-mol)
. Auto Ignition Temperature, K (°R)

The stored liquid Auto-Ignition Temperature (AIT) can be estimated
from API 581 Part 3 COF

R

=1,15E-01 J/kmol-K

= -2,87E-03 J/kmol-K.

AIT =1036 °F
AIT =830,928'K
AIT =446,2 °R
. Ideal Gas Specific Ratio, k
CpA = 12,3 J/kmol-K
CpB
CpC
CpD =
T =20,1°C
T =68,18 °F
T =29325K

. Universal Gas Constant (R)
= 8,314 J/kg-mol-K

Cp =A+BT+CT*2 +DT"3
= 12,3 + (0,115 % 396,15) % (-2,87 x 10A-3 x 396,15)"2 + (1,3 X

107-9 x 396,15)"3

=46,7 J/kmol-K

Cp

Cp-R

46,7

 46,7-8,314

=1,22

-1,30E-09 J/kmol-K
Operating Temperature Equipment (T) (F1-C-5)

STEP 1.4 Determine the steady state phase of the fluid after release to the

atmosphere, using Table below and the phase of the fluid stored in

the equipment as determine is STEP 1.2
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Phase of Fluid at Hormal Phase of Fluid at Ambient Determination of Final Fha_ls.e for
Operating (Storage) Conditions [After Release) Conditions Consequence Calculation
Gas Gas Model as gas
Gas Licuid Model as gas
Model as gas wnless the fluid baoiling point at
Ligquid Gas ambient conditions is greater than B0 °F, then
rmiodel as a liguid
Liquid Liquid Madel as liquid

The fluid is Gas«n the vessel, it’s post release 1s Gas

STEP 2 Release Hole Size Section

STEP 2.1 Based.on componenttype and table below; determine the release hole
size diameters, .

Release Release Range of Hole 1 d
Hole Hole Diameters Release Hole Diameter, ““n
Number Size (in) (in.)
1 Small 0.to V4 di=.0,25
2 Medium >Vito2 d2=1
3 Large >2 10 6 ds=4
4 Rupture >6 d4=min [D,16]

STEP 2.2 Determine the failure frequency, o, for the release hole size from
part 2, table 3.1, and the total generic failure frequency from this table
or from equation below.

=S,

n=l

Equipmént | Component GFF As a Fu}lctlon of Hole Size aff total
Type Type (failures/yr) (failures/yr)
R B Small Medium Large | Rupture Hresry
COLTOP
Vessel COLMID | 8.006E-06 | 2:00E-05 | 2.00E-05 | 6.00E-07 3.06E-05
COLBTM
gffow = 3,06 x 10"-5failures/year
Sffsmail = 8,006 x 10"-6 failures/year
Sffmedivm =2 x 107-5 failures/year
fflarge =2 x 107-5 failures/year
ffrupnre — =6%10°-7 failures/year
STEP 3 Release Rate Calculation

There are two regimes for flow gases through an orifice: sonic
(choked) for higher internal pressure, and subsonic flow for lower
pressure (nominally 15 psig (193,4 kPa) or less). The transition
pressure at which the flow regime changes from sonic to subsonic is
determined using equation below.
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STEP 3.2 For every release hole size, calculate the release hole size area based

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.
b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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Hak Cipta:

AN\ 1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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R =8,314 J/(kg-mol-K)
gc =9,8m/s"2
Ts =396,15K
MW= 23 (kg/kg-mol)
1. SMALL RELEASE HOLE SIZE AREA

k+1
cd kx MW 2 \k-1
Wi ==xAlxPs ( z x‘gc)( )kl
C2 RxTs k+1
122 +1
Wi =22x3,160107%x 108868 (5ot ) ()
1 8,314 x 396,15 1,22+1
=0,05284 kg/s
2. MEDIUM RELEASE HOLE SIZE AREA
k+1
Cd k x MW 2 \k-1
W, =—xA2xPs ( ad xgc)( )kl
C2 RxTs k+1

1,22 +1

W2 =22 x506x107*x10886,8 J(l'ZZXZ3x9'8) ()=

8,314 x 396,15 1,22+1

= 0,84614 kg/s
3. LARGE RELEASE HOLE SIZE AREA

k+1

Ccd kxMW x.ge 2 \k-
Wi =22 x A3x Ps ( g)( )1
C2 RxTs k+1

1,22 + 1

Ws | =22 x81x1073 x 10886,8 j(l'zz““"'s) (2)™

8,314 x 396,15 1,22+1

= 13,5449 kg/s
4. RUPTURE RELEASE HOLE SIZE

k+1

Ccd kx MW x gc 2 \k-
Wy =— xA4xPs ( g)( ) !
C2 RxTs k+1

1,22+ 1

W :0;19 x1,29 x 10~! x 10886,8 \/(1,22x23x9,8)( 2 )1_22_1

8,314 x 396,15 1,22+1

=215,715 kg/s
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STEP 4 Estimate the Fluid Inventory Available for Release

STEP 4.1 Group component and equipment items into inventory groups (see
annex 3.A)

Only one component is given;and total inventory for the group

STEP 4.2 Calculate the fluidmass; 7<ss.... in the component being evaluated

ID = 3353 mm Vgas  =80%
=3,353 m =71,06 m?

L = 10059 mm piq . =37,84 kg/m’
=10,059 m

Vot = 88,82 m*

MasScomp = Vigas X Pgas
=71,06 x 37,84
=2404,67 kg

STEP 4.3 Calculate the fluid mass in each of other components that are
included in the inventory group, "”<Seom:..

There are no other component, only an inventory group mass

STEP 4.4 Calculate the fluid mass in the inventory group, 45s;,, using equation

.':\"
mass, = Z masscamp.i

i=1

Where

mass,_,,.

». =18 theinventory fluid mass for the component or piece
of equipment being-evaluated, kgs [1bs]

mass,,, = is the inventory group fluid mass, kgs [1bs]
=2404,67 kg

STEP 4.5 Calculate the flow rate from a 203 mm (8 inch) diameter hole, "
using equation (STEP 3.4), as applicable, with A,, As = 50,3 inch?.
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Hak Cipta:

293,25 K

=1,22
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conversion factor.
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Ideal gas specifi
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1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :

a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun

tanpa izin Politeknik Negeri Jakarta

So

k+1
2 )k—1
k+1

xAnxPS\/(

Cd
Cc2

) (

kx MW x gc
RxTs

WmaxS
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1,22+ 1

Wnaxs =0;19 x 3,24 x 1072 x 10886,8 \/(1,22x23x9,8)( 2 )1,22—1

8,314 x 396,15 1,22+1

= 54,1796 kg/s

STEP 4.6 For each hole size, calculate the added fluid mass,”%ss..., resulting
from 3 (three) minutes of flow from inventory group using equation
below where Wy 1s the leakage rate for the release hole size being
evaluated and "a=s, is from STEP 4.5

mdass = 1 80 ) l']'lin [W: 2 PI/nmxS]

add .n

1. SMALL RELEASE HOLE SIZE AREA

Massadd 1 =180 . min [W1, Winaxs]
=180 . min [0,05284, 54,1796]
=9,51152 kgs
2. MEDIUM RELEASE HOLE SIZE AREA
MassSadd 2 =180". min [W2, Wmnaxs]
= 180 . min [0,84614, 54,1796]
=152,305 kgs
3. LARGE RELEASE HOLE SIZE AREA
MasSadd 3 =180 . min [W3, Wmaxs]
=180 . min [13,5449, 54,1796]
=2438,08 kgs
4. RUPTURE RELEASE HOLE SIZE AREA
Massadd 4 = 180 . min [W4, Wmaxs]
=180 . min'[215,715, 54,1796]
=9752,32 kgs

STEP 4.7 For each release hole size, calculatethe available mass for release
using equation below.

mass,, ., , = min I:{mass(mw + mas:s‘m,d‘n} s Mass;, ]

1. SMALLRELEASE HOLE SIZE AREA

MasSavait 1 =min . [{2404,67 +9,51152}, 2404,67]
=2404,67 kgs
2. MEDIUM RELEASE HOLE SIZE AREA
MasSavail 1 =min . [{2404,67 + 152,305}, 2404,67]
=2404,67 kgs
3. LARGE RELEASE HOLE SIZE AREA
MasSavail 1 =min . [{2404,67 + 2438,08}, 2404,67]
=2404,67 kgs
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nired to release 4536

\o\n\of fluid

pr instantaneous)

1536 k

min . [{2404,67 +9572,32}, 2404,67]
relea

2404,67 kgs

POLITEKNIK
NEGERI

A
)
wn

4536
0,84614
5360,83 s

time re
K(
13

=21

SI
45
=10

MassSavail 1

4. RUPTURE RELEASE HOLE SIZE AREA
2. MEDIUM RELEASE HOLE SIZE AREA

Determine the release type (con

Wn =T
size, kg/
Wi
W2
W3

STEP 5

Hak Cipta:

AN\ 1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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3. LARGE RELEASE HOLE SIZE AREA

C3
ty = —
" wn

4536
13,5449

=334,886's

4. RUPTURE RELEASE HOLE SIZE AREA

G3
ty 5=
" wn

" 4536
215,715

=21,03s

3

4

STEP 5.2 Determine the release type for each release hole size
For each release hole size, determine if the release type is
instantaneous or continuous using the following criteria. The release
is continuous if any of the following condition exist, otherwise the
release is instantaneous:
a. The release hole size is < 6.35 mm (0,25 inch)
b. The release mass is < 4,536 kg (10,000 Ib)
c. The release rate, W, is < 25,22 kg/s (55,6 1b/s)
d. The time required.to release 4536.kgs > 180 s

1. SMALL RELEASE HOLE SIZE AREA
di  =0,25 inch
ti. =85841,1 s = (Continuous)

2. MEDIUM RELEASE HOLE SIZE AREA
d> =1linch
t2  =15360,83 s > (Continuous)

3. LARGE RELEASE HOLE SIZE AREA
d3.. =4 inch
ts =334,886 s = (Continuous)

4. RUPTURE RELEASE HOLE SIZE AREA
ds =161inch
t4 =21,03 s = (Instantaneous)

STEP 6 Estimate the Impact of Detection an Isolation Systems on Release
Magnitude

STEP 6.1 Determine the detection and isolation systems presents in the unit
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STEP 6.2 Using Table below, select the appropriate classification (A,B,C) for
the detection system.

Iypaof Dataction Systam Dataction Classification
Instrumentation designed specifically to detect material losses by changes in A
operating conditions (i.e. loss of pressure or flow) in the system.
Suitably located detectors to determine when the material is present outside the B
pressure-containing envelope.
Visual detection, cameras, or detectors with marginal coverage. C
Jype of Isolation Svstem Isolation Classification
Isclation or shutdown systems activated directly from process instrumentation or A
detectors, with no operator intervention.
Isolation or shutdown systems activated by operators in the control room or other B
suitable locations remote from the leak.
Isclation dependent on manually operated valves. c

Detection.is A

STEP 6.3 Using Table below, select the appropriate classification (A,B,C) for
the isolation system
Isolation is A

STEP 6.4 Determine the release reduction factor;/’s using Table ... below.

System Classifications .
Release Magnitude Adjustment Reduction Factor, jac{d].
Detection Isolation
A A Reduce release rate or mass by 25 % 0.25
A B Reduce release rate or mass by 20 % 0.20
AcrB Cc Reduce release rate or mass by 10 % 0.10
B B Reduce release rate or mass by 15 % 0.15
C c Mo adjustment to release rate or mass 0.00

Release Magnitude Adjustment = 25%
Reduction Factor, fa<ta =0,25

STEP 6.5 Determine the total leak durations for each release hole size using
Table below:.
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Detection System Rating Isolation System Rating Maximum Leak Duration, Jra'w
20 minutes for 4 in. leaks
A A 10 minutes for d, :miu[D. 1] leaks
5 minutes for d, = mjn[D.41] leaks
30 MinUtes Tor 14 m. 1eaks
A B 20 minutes for d, =mjn[D. l] leaks
10 minutes for ¢, =mm[D_41]Ieaks
40 minutes for /4 in. leaks
A c 30 minutes for d, = mjn[[;l_ 1]Ieaks
20 minutes for d, = min[D.4l] leaks
40 minutes for /4 in. leaks
B AorB 30 minutes for d, = m.m[[l_ l]leaks
20 minutes for d, = min[D.4l] leaks
1 hour for Y4 in. leaks
B c 30 minutes for d, = mjn[D_ l]leaks
20 minutes for d; = min[D.4l] leaks
1 hour for Vs in_ leaks
c A B, orC 40 minutes for d, = mjn[D_ l]leaks
20 minutes for d, = rnin[D.4l] leaks

: Jaquuins ueyangakuaw uep uexwnjueduaw eduey jui sijn} efiey yninjas neje ueibeqas diynbuaw buese|iqg °L

STEP 7

1. SMALL RELEASE HOLE SIZE AREA
di =0,25 inch
t = 85841,1 s = (Continuous)
ldmax, 1 = 20 minutes for Y4 inch leaks

2. MEDIUM RELEASE HOLE SIZE AREA
d> =1 inch
t2 = 5360,83 s 2 (Continuous)
ldmax,2 = 10 minutes for Lanch leaks

3. LARGE RELEASE HOLE SIZE AREA
d3 =4 inch
t3 = 334,886 - (Continuous)
ldmax 3#+=.5. minutes for 4 inch leaks

4. RUPTURE RELEASE HOLE SIZE AREA
d4 =16 inch
tq = 21,03 s = (Instantaneous)
ldmax, 4 =5 minutes for 4 inch leaks

Determine the Release Rate and Mass for Consequence of
Failure
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STEP 7.1 Calculated the adjusted release rate, 7., for each release hole size

Reduction Factor, /s = 0,25

Wi =0,05284 kg/s

W2 =0,84614 kg/s

W3 =13,5449 kg/s

Wi =215,715Kkg/s

rate, =W, (1— fact,,)

1. SMALL RELEASE HOLE SIZE AREA

rate; = Wi (1 —factq)
=0,05284 (1 — 0,25)
— 0,03963 kg/s

. MEDIUM RELEASE HOLE SIZE AREA

rate; = Wa (1. factqi)
= 0,84614-(1— 0,25)
=0,6346 kg/s

. LARGE RELEASE HOLE SIZE AREA

rates = W3 (1 — factqi)
=13,5449 (1-10,25)
=10,1587 kg/s

. RUPTURE RELEASE HOLE SIZE AREA

rates = Wi (1 —factg)
—215,715 (1 - 0,25)
— 161,786°kg/s

STEP 7.2 Calculate the leak duration, . for each-release hole size

ldmax, 2 = 10 minutes for 1 inch"leaks

rate;

- }nassami’f n
]du =min : * {60 ' ldmur n }
rate, -

ldmax, 1 = 20 minutes for /4 inch leaks

20 MasSavait 1 = 2404,67 kgs
10 Massayaire=2404,67 kgs

ldmax, 3 = 5 minutes for 4 inch leaks 5 Massavaits = 2404,67 kgs
ldmax, 4 = 5 minutes for 4 inch leaks 5 Massavaita = 2404,67 kgs
=0,03963 kg/s
=0,6346 kg/s

rates
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rates = 10,1587 kg/s
rates =161,786 kg/s
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1. SMALL RELEASE HOLE SIZE AREA
. mass avail,1
1d, =min. [{W}, {60.. ldmax, 1}]

— mifl, [{2‘“’“7} {60 .20}]

03963
~fitin [{60678,02},{1200}]
=1200 s

2./MEDIUM RELEASE HOLE SIZE AREA

[{mii::_:ilz}, {60 .ldmax;2}]

240467}{ 60 . 10}]

~ min [{3789.27},{600}]
= 6005
3. LARGE RELEASE HOLE SIZE AREA

[ fe":“'3}, {60 . ldmax;3)]

1ds3 =min .
2404,67
=min.. [{7=1, {60 53]

= min [{236,71},{300}]
=236,71s
4. RUPTURE RELEASE HOLE SIZE AREA

My =min. [(FE (60 . ldmax, 4)]

B\ [{24-04- 67} { }]

161,786
= min [{14,86 {300} ]
= 14,36

1d» =min .

=min . [{

STEP 7 Caleulate the release mass, mass, for each release hole size

= mi l
mass, = mln[{rafeﬂ -ld, |, massm,m.a,‘"]
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1. SMALLRELEASE HOLE SIZE AREA

massS; = min . [{raten . ldn}, masSavail, n]
— min . [{0,03963 . 1200}, 2404,67]
= 47,56 kgs

2. MEDIUM RELEASE HOLE SIZE AREA
massy =min. [{rate; . ld2}, massavaii2]
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=min . [{0,6346 . 600}, 2404,67]
= 380,76 kgs
3. LARGE RELEASE HOLE SIZE AREA
mass3 = min . [{rates . ld3}; masSavaii3]
=min . [{10,1587 . 236,71}, 2404,67]
=.2404,66 kgs
4. RUPTURE RELEASE HOLE SIZE AREA
masss = min . [{rates . lds}, massavai.4]
=min . [{161,786 . 14,86}, 2404,67]
=2404,14 kgs

STEPS8 Determine Flammable and Explosive Consequence
1) Continuous Release
C'A;.'_":\"}' =a|rate, ]h
2) Instantaneous Release

~ g INST b
LA),_” —u{mu.\.\"}

STEP 8.1 Select the consequence area mitigation'teduction factor; /*'w from
Table below.

Consequence Area
Reduction Factor, fact

Mitigation System Consequence Area Adjustment

Inventory blowdown, coupled with

isolation system classification B or higher Reduce consequence area by 25 % 025
Fire water deluge system and monitors Reduce consequence area by 20 % 0.20
Fire water monitors only Reduce consequence area by 5 % 0.05
Foam spray system Reduce consequence area by 15 % 0.15
Mitigation system = = Inventory blowdown, coupled with isolation system
classification or higher
Consequencearea =~ = Reducer consequence area by 25%

Jact,, =0,25
STEP 8.2 Calculate the ‘energysefficiency, €"¢/, for eachshole size using
equation mentioned below.

Cun =2205 —
kg

eneff, =4-log,, [E'+_| -mm‘.ﬁ'“]—lﬁ

massi =47,56 kg
mass: = 380,76 kg
masss = 2404,66 kg
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mass4 =2404,14 kg
1. SMALL RELEASE HOLE SIZE AREA
eneffi =4 .log10 [C4a . massi]— 15
=4 .1log 10 [2205 . 47,56] — 15
=5,08
2. MEDIUM RELEASE HOLE SIZE AREA
eneff> =4..1og10[Csa . massy] — 15
=4.log 10 [2205 . 380,76] — 15
= 8,696
3. LARGE RELEASE HOLE SIZE AREA
eneff; =4410g10 [Csa . mass3] =15
=4 .1log 10 [2205 . 2404,66] — 15
= 11,898
4. RUPTURE RELEASE HOLE SIZE AREA
eneffy =4 .log 10 [Csa . masss] - 15
=4 .log 10 [2205 . 2404,14] - 15
=11,898

STEP 8.3 Determine the fluid type
Determine the fluid type, either TYPE 0 or TYPE 1 based on Table
... of API RP 581 Part 3 COF

Representative Fluid Fluid Type (See 4.1.5) Example of Applicable Materials
Cl-C2 TYPE 0 Methane, Ethane, Ethylane, LNG
C3-C4 TYPE 0 Propane, Butane, Isobutane, LPG

C25+ TYPE 0 Residum, Heavy Crude, Lube Oil
Cl-C2 =TYPEO
MW = 23 (kg/kg-mol)
AIT =1036 °F T =21,2°C
AIT = 830,928 K T = 68,18 °F
AIT =446,22 °R T =293,25K

Determine the appropriate constant a and b from the Table below.

Continuous Release Constant Instantaneous Release Constant
Auto Ignition Not Auto Ignition Auto Ignition Not Auto Ignition
Fluid Likely Likely Likely Likely
(AINL-CONT) (AIL-CONT) (AINL-INST) (AIL-INST)
Gas Liquid Gas Liquid Gas Liquid Gas Liquid
a b o b o b o b o b a b o b o b
Cl-C2 | 869 | 098 55,13 | 0,95 6,49 | 0,67 163,7 | 0,62
C3-C4 10,1 1,00 64,23 | 1,00 4,59 | 0,72 79,94 | 0,63
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STEP 8.4 For each release hole size, calculate the component damage
consequence areas for Auto-Ignition Not Likely, Continuous Release

(AINL-CONT), €42

rate;
ratez
rates
rates

=0,03963 kg/s
=0,6346 kg/s

=10,1587%kg/s
= 161,786 kg/s

v g AINL=CONT b
C'A('md.u =da (J"ut&'" ) : (l - ‘fa{"rmil )

1.

SMALL RELEASE HOLE SIZE AREA
CALe ™ = (rater)® . (1 — factyi)
= 8,60 (0,03963)°%.. (1-0,25)
=0,27552 m?
MEDIUM RELEASE HOLE SIZE AREA
CAL I =g (rates)° (1= factni)
= 8,69 (0,6346)"%% . (1 <0,25)
=4,17382 m?
LARGE RELEASE HOLE SIZE AREA
CAL. ™ = q (rates)?s (1 — factuid)
=8,69 (10,1587)>% (1 -0,25)
= 63,2093 m?
RUPTURE RELEASE HOLE SIZE AREA
CALr ™ = o (rates)®.. (1 — factmi)
8,60 (161,786)%% . (1 = 0,25)
=052.453 m?

STEP 8.5 For each release hole size, calculate the component damage
consequence areas for Auto-Ignition Likely, Continuous Release
(AIL-CONT), C4oi, ™
C‘Al'_'f:j:f'v‘w =a ( rate, )h . (1 — fact,,)

1.

SMALL RELEASE HOLE SIZE AREA
CAL = q (rate1)’ . (1 —factmi)
— 55,13 (0,03963)%%3 (1 — 0,25)
=1,92569 m?
MEDIUM RELEASE HOLE SIZE AREA
CALTT = o (rate2) . (1 — factmir)
= 55,13 (0,6346)>% . (1 - 0,25)
= 26,8427 m?

. LARGE RELEASE HOLE SIZE AREA
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CAL = o (rates)® . (1 — factmir)
— 55,13 (10,1587)%% . (1 — 0,25)
= 374,063 m*
4. RUPTURE RELEASE HOLE SIZE AREA
AL = o (rated)® (1= factu)
=55,13(161,786)"" . (1=0,25)
=5187,33 m?
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STEP 8.6 For each release hole size, \calculate the component damage
consequence areas for Auto-Ignition Not Likely, Intstantaneous

Release (AINL-INST), ¢4
massi

mass?
masss

mass4

= 47,5576 kgs
= 380,762 kgs
=2404,66 kgs
=2404,14 kgs

v § AINL—INST » [ 1— fact
CA, =a (mass" ) [ it

1.

eneff,
SMALL RELEASE HOLE SIZE AREA

C’H‘j’)".{-'\‘-“iﬂ—lﬁ'ﬁ'T 1-fac tmlt)
eneffn
1—0,25

= 6,49 (47,5576)"%7 . (—22)

5,08251
=12,734 m*
MEDIUM RELEASE HOLE SIZE AREA

+ g AINL—INST 1 — factmit
CAcmn‘ M (f—)
eneffn

= 6,49 (380,762)%67 | (12222

8,69625
= 29,9924 m*
LARGE RELEASE HOLE SIZE AREA

+ 4 AINL—INS 1 - factmit
AL 1-factmit,
eneffn

= 6;49.(2404,66)%57 (=222

11,8978)
= 75,3604'm>
RUPTURE RELEASE HOLE SIZE AREA

= o (massn)® . (

= o (massn)° .

= o (massn)® . (

CA;’:'{.{-'\:L“—M.W _ b 1 — factmit
: o (massn)® . (—ene n )
_ 0,67 1-0,25
6,49 (2404,14)™°" . (—11,8975)

= 75,352 m?

eneffr. =5,08251
eneff> = 8,69625
eneffs =11,8978
eneff; =11,8975
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STEP 8.7 For each release hole size, calculate the component damage
consequence areas for Auto-Ignition Likely, Instantaneous Release
(AIL-ISNT), C4...""

CAMINST = a(mass, )h ’[71_&;;,"“ ]
eneff,
1. SMALL RELEASE HOLE SIZE ARFA
CA’ :’uf :‘\s‘r - (massn)b ‘ (1 - factmlt)
1-0,25
5, 08251)

eneffn

= 163,7 (47,5576)"62 . (—=

= 264,794 m*
2. MEDIUM RELEASE HOLE SIZE AREA

A= :'wr _ b 1 — factmit
i o (mass,)’ . (—ene = )
-0, 25

=163,7 (380,762)"% (8 69625

= 562,061 m?
3. LARGE RELEASE HOLE AREA

1— factmit
eneffn

= 163,7/(2404,66)"?  (—222

=1287,94 m?
4. RUPTURE RELEASE HOLE AREA

CAME- INST _ b 1 - factmit
i o (massp)® . (—ene = )
=163,7 (2404,14)% o (===

10,25
11, 8975)
= 1287,81 m?
Determine the appropriate constant a and b from the Table below.

v g AIL—INST

g = o (massn)° . (

)

1-0, 25)
11,8978

Continuous Release Constant Instantaneous Release Constant
Auto Ignition Not Auto Ignition Auto Ignition Not Auto Ignition
Fluid Likely Likely Likely Likely
(AINL-CONT) (AIL-CONT) (AINL-INST) (AIL-INST)
Gas Liquid Gas Liquid Gas Liquid Gas Liquid
a b a |'b a b a b a b a| b a b a | b
Cl-C2 | 21,83 | 0,96 143,2.| 0,92 12,46 | 0,67 473,9°10,6
C3-C4 | 2564 | 1,00 171,4 | 1,00 9,702 | 0,75 270,4 | 0,63

STEP 8.8 For each release hole size, calculate the personel injury consequence
areas for Auto-Ignition Not Likely, Continuous Release (AINL-
CONT) CI,”H._(G.'I
Ctrﬂ'n'.—((:"n' _la {,f”eln'\f. CU'\I} ]'(l_jlfifl;m”}
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1. SMALL RELEASE HOLE SIZE AREA

CAy = [0 . (rate,™NECONDOT (1 — factmi)
=[21,83.(0,03963)%%€] . (1 — 0,25)
=0,7383 m?
2. MEDIUM RELEASEHOLE SIZE-AREA
Chp ™™ =[o(Fate,™N-CONDYT (L “factmi)
=121,83.(0,6346)%%°] . (1 —0,25)
= 10,5808 m’
3. LARGE RELEASE HOLE AREA
CA =o . (rate,MNECONTRY (1 — factmi)
=[21.,83 . (10,1587)*°%].. (1 —0,25)
= 151,593 m?
4. RUPTURE RELEASE HOLE AREA
Chp ™" = [o. (Fate, ANECONDOT {0 — fact i)
=[21,834(161,786)°°] . (1 =~ 0,25)
=2161,22 m?
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STEP 8.9 For each release hole size, calculate the personel injury consequence
areas for Auto-Ignition Likely, Continuous Release (AIL-CONT),

AlL-CONT
A
. i Y
AlL-CONT AIL-CONT i o
CA” = |:fr-[m:e' ] :|r|'ll— fact )
injm n J mil

1. SMALL RELEASE HOLE SIZE AREA

CAg = [o. (rate;ACONDOY (1 — factni)
= [143,2.(0,03963)*%] . (1 — 0,25)
=15,51061 m?
2. MEDIUM RELEASE HOLE SIZE AREA
CA ™ = [o . (rate, ™ -CONDOY (1= factmi)
=[143,2.(0,6346)*°?] . (1 — 0,25)
=70,6816 m?
3. LARGE RELEASE HOLE AREA
C = [o . (rate,M=CONDY (1" — factmir)
=[143,2.(10,1587)%?] . (1 — 0,25)
= 906,346 m?
4. RUPTURE RELEASE HOLE AREA
CA T = [a. (rate,"-CONTYOY (1 — factmi)
=[143,2.(161,786)*?] . (1 — 0,25)
=11567,3 m?
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STEP 8.10 For each release hole size, calculate the personel injury consequence
areas for Auto-Ignition Not Likely, Instantaneous Release (AINL-

INST), Capst

C"L::’\! —INST =[a (!”a“ AINL—. !\\l} ] [I—EJ::;:WH]
1. SMALL RELEASE HOLE SIZE AREA

v 4 AINL—INST 1 — factmit
CA: = [a . (maSS]AINL INST)b] ( en:fcf’rl )
_ 0,67 0,25
= [12.46 . (47,5576)*T] . G222

= 24,4477 m*
2. MEDIUM RELEASE HOLE SIZE AREA

(4 AINL=INST AINL- [NST)b] (1 factmlt)
eneff2
1-0,25

8, 69625)

= [a. (mass;

= [12,46 .(380,762)*7] . (—==

=57,5818.m°
3. LARGE RELEASE HOLE AREA

CATT L = ol (mass s TV-INSTyp) | (A=) et e,fj;;?lt)
= [12,46. (2404,66)%67] . (== 12,
= 144,683 m?
4. RUPTURE RELEASE HOLE AREA
A —[a . (massANFINSTYP] | (A2 ; ;Z;;Tt)
= [12,46 . (2404,14)%67] . (L‘;ig)

= 144,666 m*

STEP 8.11 For each release hole size, calculate the personel injury consequence
areas for Auto-Ignition Likely, Instantaneous Release (AIL-INST),

AIL—INST
CAfwj.u

Cer 1= fact .
C‘J‘;F.:}’jl’; -INST =[(I [f”'(("‘t AIL—INST ] ] [ . -r,lu.'

enef,

1. SMALL RELEASE HOLE SIZE AREA
C‘;,-:;_r,-,_}'\:w AIL-INST\b 1 factmlt
e R )
1-0, 25
5, 08251

= [o"(mass1

=[473.9 . (47,5576)*%] . (—=

= 709,58 m?
2. MEDIUM RELEASE HOLE SIZE AREA
CA T AIL-INSTYb] (1 f aCtmit)

= [a . (mass: P
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025

= [473,9 . (380,762)*9] . (868625

= 1444,8 m?
3. LARGE RELEASE HOLE AREA

C‘f,-':;_‘:"_}'\:w. _ ATL-INST\b 1- factmlt
[a . (masss3 SR, (—eneff3 )
=[47319 . (2404,66)"] N2

0 N

=3190,89 m?
4. RUPTURE RELEASE HOLE AREA
C'_‘I,.':;_f;]_f'w'r UL-INST\b 1 - factmit
1-0,25

11, 8975)

= [o . (mass

= [473,9 . (2404,14)*5] . (
=3190,58 m?

STEP 8.12 For cachrelease hole size; calculate the instantaneous// continuous

blending factor, /<
a. FOR CONTINUOUS RELEASE
Cs=25.2 kg/s

e | |rate
Sact, =min C =, 1.0

1. SMALL RELEASE HOLE SIZE AREA
. i tel
fact, = min [{m ° } 1,0]

0,03963

— min [{222241,0]
25.2
— min [{0,000088) : 1,0]
=0,00157
2. MEDIUM RELEASE HOLE SIZE AREA

fac® a4 [{ratez} 1 0]
— min [ {0265346} 1,0]

= min [{0,001415} ; 1,0]

=0,02518
3. LARGE RELEASE HOLE SIZE AREA
s te3
fact, = min [{ra c } 1,0]

= min [{102;587} 1,0]
— min [{0,022650} ; 1,0]
=0,40312
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4. RUPTURE RELEASE HOLE SIZE AREA

rate4

] 1
~ min [{161,786}' 1’0]

25.2
= min{%0,3607215:1,0]
='6,42009

b. FOR INSTANTANEOUS RELEASE

Sact’© =1.0

STEP 8.13 Q@aleulate the AJE. blending factor, /<’ using these optional
equation below;

fact™ =0 for T, + Cg = AIT
fact*™ _(LoAIT+C) ;”ér +Go) Jor T,+Cy> AIT > T, -C;
fact™ =1 for T, —Cg = AIT
Ts =21,1°C AIT ~=1036 °F
Ts = 68,18 °F AIT = 830,928 K
Ts =293,25 K AIT _=446,2°R
Ce =556 K
e Ti+Ce =29325K+556K
=348,85K
e 348,85 K= 830,928
fact™ =0

STEP 8.14 Calculate the continuous/instantaneous blended consequence area
for the component using equation below based on the consequence

) ﬁrc'ﬂ:{ '

areas calculated in previous steps,
A. Component damage for Auto-Ignition  Likely, Continuous -

Instantaneous release.

g, = CAL - fact, + CAZT - (1- fact,()

1. SMALLRELEASE HOLE SIZE AREA
CAL " =964,794 m”

CAL ™ =1,92569 m?
fae”  =0,00157
A =233909 m>

2. MEDIUM RELEASE HOLE SIZE AREA
CA,5" =562,061 m?
CALT™ =26,8427 m?
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faet =0,02518
CAnis  =27,6844 m>
3. LARGE RELEASE HOLE SIZE AREA
CAL5" =1287,94 m?
CALT = 374,063 m
fact' = 0,40312
cal, m?
4. RUP / RELEASE HOLE SIZE AREA
CA," =1287,81 m?

CA:{‘.;CONT — 5

fact,” -

A, =51812m?

. Personal o-
Instanta 3

AlL AIL—=INST I AIL=-CONT
CA,;, =CA4,.," " - fact, +CA,, -

s s ||
NEGERI
JAKARTA

CAL™ = 3190,89 m?

CA:{‘.;CONT 006 46 m2
fac.ff = ' ?
CAi =909,939 m>

4. RUPTURE RELEASE HOLE SIZE AREA
CALT™ 2 3190,58 m?
CALE = 11567,3 m?

faett = 6 42009
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CAy = 11554,1 m>

C. Component damage for Auto-Ignition Not Likely, Continuous —
Instantaneous release.

’ 4

3.

4.

CAJ INL =CA AINL-INST | ﬁw!:('- +CA .l!f_\'f_—t'(}_\']" s (1 _ fﬂl’.,'f:c )

1.

cmd n cml it cmad

SMALL RELEASE HOLE SIZE AREA
CAnr™ = 12,734 mP

CAL T =10,27552 m?

Jact, 7 4210.00157

Ct, = 0,29512.m?

MEDIUM RELEASE HOLE SIZE AREA
CALET™ =29,9924 m?

CAL,0 7" = 417382 m?

faet” T =10,02518

Chonis = 421442 m?

LARGE RELEASE HOLE SIZE AREA
CALT 1 =175,3604 m”

CALaT "= 63,2093 m>

Jaet” = 0,40312

CAis - = 63,2284 m?

RUPTURE RELEASE HOLE SIZE AREA
CALLT™ = 75,352 m>

CAua ™ =952,453 m?

Jaet” = 6 42009

CAras  =951,074 m>

D. Personal injury for Auto-Ignition Not  Likely, Continuous -
Instantaneous release.

2.

Ci’i..-h’.ﬂ_ — C}l. INL=INST | ﬁi(.'fm + ('A..\lf.\'.f_—(.'(}_\']r s (l _ fﬂffﬂ-)
3j. J n nf . n

1.

infj.n inf inf.n

SMALLRELEASE HOLE SIZE AREA
CALT 208 8477 m?

CAL™ = 10,7383 m?

Jael =0,00157

CAys' =0,77559 m?
MEDIUM RELEASE HOLE SIZE AREA

C_‘;;:;__:’L—.r_\-_s—r- _ 57’58 18 mZ
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CAZT =10,5808 m?
fact” =0,02518
CAi' =10,6547 m?
3. LARGE RELEASE HOLESIZEAREA
CAT = 144,683 2
CAZT™ =1511593'm’
faell = 040312
CAy," 7=151,582 m?
4. RUPTURE RELEASE HOLE SIZE'AREA
LT = 144,666 m?
CALT™ =2161,22 m?
fael” = 6,42009
CAy, | =2158,05m’

STEP 8.15 Calculate the AIT blended consequence arcas for the component

using equations below based on the consequence areas determined in

STEP 8.14 and AIT blending factors, Jact" Gatculate in STEP 8.13.

The resulting consequence areas-are the component damage and

o . ~ g flam -0 g flam
personnel injury flammable consequenceareas, C4n.. and “4v» for

each hole size selected in STEP 2.2

A. Component damage

A, = AL, fuer™ +CAS, (1 faer ™

"

1. SMALL RELEASE HOLE SIZE AREA

CAnis — =2,33909.m>
CAy | =0,29512 m?
fact"m ~0

C4,7,  =0,29512 m?
2. MEDIUM RELEASE HOLE SIZE AREA

CAy 0=27,6844 m?
Chin Z821442.m°
fa ot _ 0

CALT,  =421442 m?

3. LARGE RELEASE HOLE SIZE AREA
CApin  =3755m>
Chon  =63,2284 m?
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fact™™  _ 0

CALT,  =63,2284 m
4. RUPTURE RELEASE HOLE SIZE AREA

AlL
CA.:M" n 2

POLITERNIK
NEGERI
JAKARTA

=11554,1 m?

CASY =2158,04 m?
STEP 8.16 Determine the consequence areas (probability weighted on release
hole size) for component damage and personnel injury using
equations below based on the consequence area form STEP 8.15



VANAVE
LERELE
HINMILNOd

eyieyer uabap Niuysljod uizi eduey

undede )ynjuaq wejep 1ui sijn} eAie) yninjas neje ueibeqas yelueqiadwaw uep ueywnwnbuaw buese|iqg 'z
ejieyer 1363 Yiuya3ijod Jefem Buek uebunuada] ueyibniaw yepny uedinbuad 'q

132

. @
= )
x
N
e = -
Y e . :
v E x> o Equipment | Component GFF As a Fu.nctlon of Hole Size off total
55D 3 Type Type (failures/yr) (failures/yr)
a3 T = y y Small Medium | Large | Rupture y
se o = COLTOP
g3 - Vessel COLMID | 8.006E-06 | 2.00E-05 | 2.00E-05 | 6.00E-07 3.06E-05
33 ) COLBTM
5 =
3 =
ST m
= = A. Consequence Area for Component Damage
(1)
25 2 :
=~Q = Z gff . CA_J’?{HM
=~ z n cmd .n
% = C flam | np=l
g ) 3 f.emd gﬁ‘
=] total
5c (1]
Qe =
= E ; i
T 7, - A
sg 1 -[ ggﬁ ]
55 I
‘:ﬁ CA;f_ff,Ls 4 (((0,2951 x 8 x 1076)4(4,2044 % 20 207° ) +(63,228 %2 x 107°)+(951,07.% 6 X 10-7))
T £ 3,06 x 1075
3@ flam
% ;' CA_,I".Cmn‘ = 62’8 1 m2
5 g B. Consequence Area for Personnel Injury
TT
g o igff‘ . CAﬁam
< % n inf.n
@ 5 flam | p=1
E 2 cAlm =
g % gff;r:mf
<
93
- _ 3| y _
g_ o CA;—{T:; _ (((0,7756 x8x107%)+(10,655 x 2 x 1075)+(151,58 x 2 x 1075)+(2158,05 x6 x 10 7))
T ' 3,06 x 105>
g = CA_ﬂam
53 fin = 148,55 m?
£o ?
g3
> M
-0
& .
T STEPY9 Calculate the Toxic Consequences Area
oo
= 3 o o oo .
:3 @ The final toxic consequence is determined as a probability weighted average of
g g_ the individual toxic calculated for each release hole size. A consequence area
z e calculation is performed for the personnel injury areas only since toxic releases
= .
= do not result in component.damage.
:x_'.
o
&
<
!
>
;-
<
Q
=
w
s
Y
<
3
o
w
Q
v
=
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Release Gas Release Constants Liquid Release Constants
gl < ’ e /
Chl‘;'rli‘;”e":::gm Al 17.663 0.9411 NIA NIA
3 41412 1.15 NIA NIA
5 279.79 1.06 NIA NIA
Carbon 10 53448 113 NIA NIA
monexide (CO) 20 29159 1.11 NIA NIA
40 5.346.8 117 NIA NIA
60 6.293.7 1.21 NIA NIA
3 21548 1.09 NIA NIA
5 536.28 1.15 NIA NIA
Hydrogen 10 23975 1.10 NIA NIA
chioride (HCI) 20 40270 1.18 NIA NIA
40 75345 1.20 NIA NIA
60 8.625.1 123 NIA NIA
3 53,013 1.25 5,110.0 1.08
5 68,700 1.25 9,640.8 1.02
10 96,325 1.24 12,453 1.06
Mitric acid
20 126,942 123 19,149 1.06
40 146,941 122 31,145 1.06
60 156,345 122 41,999 1.12
3 6,633.1 070 21,329 0.98
5 92214 068 2,887.0 1.04
Nitrogen dioxide 10 11,965 068 6,194.4 1.07
(NO2) 20 14,248 072 13,843 1.08
40 22,411 070 27,134 1.12
60 24,994 071 41,657 1.13
3 12,902 1.20 34148 1.06
5 22,976 1.29 6,857.1 1.10
10 45,985 1.24 21,215 1.12
Phosgene
20 108,298 127 63,361 1.16
40 244,670 1.30 178,841 1.20
60 367,877 1.31 314,608 123
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Release Gas Release Constants Liguid Release Constants
Chemical Duration -
(Minutes) € ’f € f

3 MIA MIA 36925 1.06

5 MNIA MNiA 38492 1.09

Toluene 10 NIA NIA 45649 1.10

diisocyanate

(TDI) 20 NIA NIA 47775 1.06

40 MIA MIA 49532 1.06

60 MIA MiA 59721 1.03

15 3819 1171 MNIA MNIA

3 7438 1.181 MNIA MNIA

i—:thylene glycol 5 17.735 1.122 MNIA MNIA
n_jonoethyl ether 10 33721 1111 3.081 1.105
‘ €8 20 122.68 0.971 16.877 1.065
f 40 153.03 0.995 43.292 1.132
60 315.57 0.899 105.74 1.104

15 2083 1222 MNIA MNIA

3 12.32 1.207 MNIA MIA

5 s 1.271 MNIA MNIA

Ethylene oxide 10 185 12909 NIA N/A

(EQ)

20 926 1.2849 MNIA MNIA

40 4,563 1.1927 MIA MIA

60 7.350 1.203 MNIA MNIA

3 0.0019 1913 MNIA MNIA

5 0.3553 1217 10.055 1.198

10 0.7254 1.2203 40.428 1.111

Propylene oxide

20 1.7166 12164 77.743 1.114

40 3.9449 1.2097 152.35 1.118
60 49155 1.2522 18128 0.9855

Fl
Z ,? CA o
gf n’ g m
~ gtor n=l
C A.F inj ia
g}f Fertead
C fox
1 = ()

Because if no chemical toxic in this equipment, so this step will not calculate.

STEP 10 Calculate The Non-Flammable, Non-Toxic Consequences Area

STEP 10.1 For each release hole size, calculate the non-flammable, non-toxic

COl
for steam calculate; 4.

A.

“ONT

,.CAu. using equation.below:

FOR STEAM

Steam represents a hazard to personnel who are exposed to it high
temperatures. In general, steam is at 100°C (212 °F) immediately
after exiting a hole in an equipment item. Within a few feet, the
steam will begin to mix with air cool, and condensed. The approach
used here is that injury occurs above 60°C (140 °F). in this case of
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e
o
x
a)
I T o )
29% pressure vessel, the temperature inside working at 123°C (253,4
g0 3 °F). So, steam leak potentially occur at this situation.
39 = =45
2éag = rate; =0,00223 fact; =0,000088
A rate; = 0,03566 fact? =0,001415
=
=8 S rates  =0,57078 facts' =0,022650
5 o rates =9,09012 fact/<= 0,360720
L) Co = 0,123 m?. sec/kg
=@ = Cio = 9,744 m?/kg"34
£5 | = CALT =, -rate,
[0S}
z_; 5 ‘g 1. SMALL RELEASE HOLE SIZE AREA
£8 E C4." = Q. rate;
3 § g_ =0,004875 m*
é: o 2. MEDIUM RELEASE HOLE SIZE AREA
f% Y C4," = Courates
=]
-2 =0,078056 m*
M =
2 & 3. LARGE RELEASE HOLE SIZE AREA
-+ CA2 | = Cy. rates
22 =1,249516 m’
Do
g3
g § CA4,") = Cy (mass, }D'ﬁ”_
53 4. RUPTURE RELEASE HOLE SIZE AREA
§§ CALT = Cio (masse)" 03
38 = 250,568 m’
5o
-~ 9
§ ; B. FOR ACID AND CAUSTIC
=0 CONT . .
5% For acids or caustics-compute, ¢~ using equation below. Note
%g‘ that the data is not provided for anvinstantancous release;
S ;’5 Therefore, no acid or causticy thus value are O
33 CONT
3£ o e
2 3. STEP 10.2 For ‘each release hole size, calculate instantaneous/continuous
§Q blending factory“ for steam, use equation below.
5 For acid or causties; s =0
S STEP 10.3 For each release hole size, compute the blended non-flammable,
c non-toxic personnel injury consequence area for steam or acid leaks,
g CAjj’,j‘j_ﬂ,C’Af;‘f, using equation below based on the consequence are
5 from STEP 10.1 and the blending factor, faet,” from STEP 10.2. Note
s there is no need to calculate component damage area for the level 1
3 non-flammable release (steam or acid/caustic) :
=
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‘(e

CA leak = 0'0

cmd .n
CALS = CAY - fact,® +CALY (1 fact)€)
1. SMALL RELEASE HOLE SIZE AREA
CARS= CARGT. facti® + CARN . (1 — facti

A" =0,004875.m>

:exdidyeH

ey er HaBaN IURM|od Nijtw e3did ey )

CAyl =0
fuel_=0,00157
CA4, 1= 0,004867 m?

2. MEDIUM RELEASE HOLE SIZEAREA
CAES%= CAINTS. facty + CALY . (1 — facty’

CA" =0,004386 m>
cA4,s =0

inf.n

fues=0,02518

AL =0,078056 m?
3. LARGE RELEASE HOLE SIZEAREA
CALK = CAINST Fact’C + CASONT. (1 — factlf

inji3= nj3* inj,3
CONT

¢4, =0,070205 m?

~ 4 INST

C4,. 1 =0

inf.n

faelt = 0,40312
CAL | =1,249516 m?

4. RUPTURE RELEASE HOLE SIZE AREA
CARSS= CADTL. factis + CAGDN . (1 — factf
47" =

CA, | =250,568 m?
faet = 6,42009

: Jaquuins ueyangakuaw uep uexwnjueduaw eduey jui sijn} efiey yninjas neje ueibeqas diynbuaw buese|iqg °L

CTA!r(‘fik _ 2
w.n - =1608,668 m
STEP 10.4 Determine the final non-flammable, non-toxic consequence areas
CA

for personnel injury, /. usingequation  below based” on
consequence areas calculated foreachrelease hole size in STEP 10.3.
Note that there is no need to calculate a final-flammable, non-toxic
consequence area for component damage area for the level 1 non-
flammable release (steam or acid/caustic), or :

car =00
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Equipment | Component GFF As a Fu.nctlon of Hole Size off total
Type Type (failures/yr) (failures/yr)
P P Small Medium Large | Rupture y
COLTOP
Vessel COLMID 8.006E-06 | 2.00E-05 2.00E-05 6.00E-07 3.06E-05
COLBTM
4
- v gleak
Z gf;ﬂ i [ /.]‘a'.'_r,l'.u
T gl m=1
C L it = -
g‘ﬁmmf

_ ((0,004867 x 841078)+(0,076091 x 2 x 1075)+(0,745809:x 2 x 107°)+(1608,668 x 6 x 10‘7))
- 3,06 x 10~5

=32,1 m?
STEP 11 Calculation of Final Consequence Area

CA

STEP 11.1 Calculate the final component.damage consequence area, —/.cmd
Note that since the component damage consequence areas for toxic
CTAmr C‘Arrfirf

releases, ““*r.cnd and-non-flammable, non-toxic releases, ““*s.ema are
both equal to zero. Then, the final component damage consequence
area is equal to the consequence arca calculated for flammable

~ g flam
releases, € Loma
v —_ v 4 flem
CA_F',:-md - CA}‘ Lo
~ g Ham
CALL =62,81 m?

-

STEP, 11.2 Calculate the final personnel injury consequence area, <.
C'1'/:1{1';_;' = max‘:C‘A_fﬁem’ C“/jiﬂ-t (?Ap!_,rj;f ]

S Linf S uing 2 S i

CAf |2 48155 i
CA7L  =0,0m?
CATLN =321 m?
c4,, — 148,55'm?

STEP 11.3 Calculate the final consequence area, ¢4,
CA, =max[C4,,,. CA,,, |
cAaLT = 62,81 m?

C4,, = 148,55 m?
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NEGERI
JAKARTA

max [62,81 m? ; 148,55 m?]

148,55 m?
1598,98 ft?

c4,
c4

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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PART 4 : CONSEQUENCE CALCULATION OF LEAKAGE

STEP 1

STEP 2

STEP 3

Estimation of PRD leakage rate for the minor or moderate leak

lrate,iiy and the leakage ratefor the stuck-open case "@€so

lrate . = 001- ”-L-P“!
wr

lrate ;) = 0,01 x 12500
=125
_095. H_.Llpm'

frate,

WP

lrateg, — 0,25 x 12500
=3125

Estimate the leakage duration, Dita_and Pso

rd
c = 12500 (Required Capacity from datasheet PRD)

rid
¢ = 12500 (Required Capacity from datasheet PRD)

PRD I|l1let Size Leak I]ucrla::::; [;;thr;:f;g :;flare or Leakﬁrl.:lr(eji;i;};elﬁr);'sg:;ge to
) (days) (days)
= ¥sin. 60 8
3a < inlet size < 1'/2 30 4
17z < inlet size < 3 15 2
3<inletsize <6 7 1
Greater than & 2 033
Dpitg — 15
30 min
D, = : = 0021 days
' 60 min/hr-24 hr/day
- il Cost ¢
: ] Ost:.
Calculate the cost of lost inventory, Costyn “and i

il

v

Cost

= 24 . E < Cost flu -0

g -Irate

il miled

Costi® =24. Fr - Cost flu D.ﬁ'r} : !Ir"[”""r.'.'r;1

iV

Credit for recovery of Leaking fluid, F;
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F - 0,5 Ifthe PRD discharges to flare and flare recovery system

is installed

Fr=0 If the PRD dischargesto'a.closed systems

Fr=
Costjpi?
$ 10575
=$ 370,

Determ1

leakage, Cﬂ”

POLEIK
NEGERI
AR

Cost prog g If the PRD can be tolerated or if the PRD be
olated and repaired without requiring a
shutdown

mild _pps
Cost prog = Unit prog Dsa— 1¢ a leaking PRD cannot be tolerated

KE — 4 .
Cost g = Unit g - Dyg For a stuck open PRD



141
e and the

prd

associated with mild leake
e the Final Leakage consequence, ¢
S
i

)

Vlinor or l\‘eakage

Cc,+Co

GLITEKNIK

+C,, +

NEGERI

onsequences
e of stuck open P

L1

JAKARTA

C
09-c" 4 01.C
$ 11575
$ 1370,125
$ 10554,51

UC

b. Stuc
Cost™ild,

STEP 7 Calculate
consec
cp
cr’
cp

STEP8 Ca

Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta
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LAMPIRAN 4
RISK LEVEL
PSV-1A/B

LAMPIRAN 4
ANALISIS RISIKO KEGAGALAN PRESSURE RELIEF

DEVICE PADA UNIT AMINE REGENERATOR DENGAN
METODE WEIBULL ANALYSIS BERDASARKAN API RP 581

® ),

NEGERI
JAKARTA

© Hak Cipta milik Politeknik Negeri Jakarta
Hak Cipta:

1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber :
a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penulisan laporan, penulisan kritik atau tinjauan suatu masalah.

b. Pengutipan tidak merugikan kepentingan yang wajar Politeknik Negeri Jakarta

2. Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun
tanpa izin Politeknik Negeri Jakarta

POLITEKNIK
NEGERI
JAKARTA
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STEP1 Calculation of Risk Analysis

STEP 1.1 Calculate of Risk for a PRD Failing to Open for each applicable
overpressure demand -ﬁ‘""’h of the PRD, 7//. And

calculated overall COF nand case, </ lusing.equation below.
a. F2-PSV-1A

N

prd
CIJ

.."J

POLITEKNIK B8
NEGERF oot
JAKARTA

CFL- =$10 4,

prd
ki = ¢ 8443 61

b. F2-PSV-1B
Risk[™ = ™ .cP™
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A 22 4% 1071

rad

Cr7 =$10554,51

Risk™ _ $2533,1
STEP 2 Risk Matrix

1. F2-PSV-1A
a. Area-Based Risk Matrix

Probability Scoresat RBI Date =2,5x10"-9
Consequence Score = 148,55 m?
Probability Category '2* Consequence Category *
Category Probability Range DF Range Category Range (m?)
1 Py(1Ir) < 3.06E-05 Drrorar €1 A €4 £9.29
5 3.08E-05 < Pr(tI) < 3.06E-04 1< Dpgorar < 10 B 929< CA™ <92.9
3 3.06E-04 < Pr(t Ir) < 3.06E-03 10 < Dp o1 < 100 c 92.9< €4™ =929
r SOCE-03 < Pr(t.1z) = 3.00E-02 100 < Dfora < 1000 D 929 < €A™ <9290
5 Py(1Ig) > 3.06E-02 Dt to1a1 > 1000 E CA:"" > 9290
NOTE 1 POF values are basad on a gff of 3.06E-05 and an Fg of 1.0. If the suggested gff values of Part 2, Table 3.1 are used, the

probability range does not apply to AST shell course, AST bottoms, and centrifugal compressors.

NOTE 2  Interms of POF, see Part 1, Section 4.1.
NOTE 3  Interms of the total DF, see Part 2, Section 3.4.2.
NOTE 4  In terms of consequence area, see Part 3, Section 4.11.4.
POF RISK MATRIX
Bf = 5 0dE-02 5

3 06EA3 < Pf < 3,06E.0F 4

3 E-04 = PY 5 3 ME03 3
3 E05 < PFS 3 DSE-04 )
P 5 0EE-05 1

COF A B C il E

. Assessment Date
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b. Financial-Base Risk Matrix

Probability Score at RBI Date =8 x 10"-1
Consequence Score =$10554,51
Probability Category = b-¢ Consequence Category 9
Category Probability Range DF Range Category Range (ft?)

1 Py(tig) < 3.06E-05 Dftorat = 1 A cA™ <100
5 3.06E-05 < Py(1./j) < 3.06E-04 1< Dpyorar < 10 B 100 < €4~ <1,000
3 3.06E-04 < Pr(r1g) = 3.06E-03 10 < Dpgorar < 100 Cc 1,000 < C4™ 510,000
4 3.06E-03 < Py{s./) < 3.06E-02 100 < Dy g < 1,000 D 10,000 < €A™ < 100,000
5 Py(t.0g) > 3 06E-02 Ditorar > 1,000 E C4™ > 100,000

valugs are Dased on a
probability range does not apply to AST shell course, AST bottoms, and centrifugal compressors.
" In terms of POF, see Part 1, Section 4.1.
¢ Interms of the total DF, see Part 2, Section 3.4.2.

? In terms of conseguence area, see Part 3, Section 4.11.4.

! and an

M5 of 1.0, If the suggested gff values in Part 2, Table 3.1 are used, the

RISK MATRIX

P> 3.0SE-00

303 < PP BEAD 4

B0 < P £ B EE

&

Pi < 3.04E-03 1
..-"m.t-.:.u'.c.'n Diate COF
gD iy WD W00 < CA 35 W00 W) T WD | NOANDN DA g ORTANDN Cis. 5 W00
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2. F2-PSV-1B
a. Area-Based Risk Matrix
Probability Score at RBI Date =4 x102-10
Consequence Score = 148,55 m?
Probability Category 123 Consequence Category ¢
10000 e e Bcobiabilife Banga, DF Range Category Range (m?)
1 Py (115) < 3.06E-05 Dttoral S 1 A CA™ <929
2 T o A PSR = 1< Dirora1 < 10 B 9.29< C4"" <929
3 3.06E-04 < Pr(t.IF) < 3.06E-03 10 < Dgsot < 100 c 92.9< C4/" <929
4 3.06E-03 < Pr(1Iz) < 3.06E-02 100 < D fora1 < 1000 b 929 < C4™ £9290
5 Py(i.Ig) > 3.06E-02 D tora1 > 1000 E c4™ > 9200
NOTE1 POF values are based on a gff of 3.06E-05 and an Fy5 of 1.0. If the suggested gff values of Part 2, Table 3.1 are used, the

probability range does not apply to AST shell course, AST bottoms, and centrifugal compressors.

NOTE 2  Interms of POF, see Part 1, Section 4.1.
NOTE 3  Interms of the total DF, see Part 2, Section 3.4.2.
NOTE 4  In terms of conseguence area, see Part 3, Section 4.11.4.
POF RISE MATRIX
Bl 5 0202 5
306503 < Pf 5 3 06E-02 i
3 M < P 5 3 S6E-03 3
3 06E-05 = P 5 3, 04E-04 X
B 3 06208 1
. Assessieni Daie COF A B C D E
nmd CAz 553 A Ch5AZH X84 Chg 528 W54 CA 532 Ci5 3230
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b. Financial-Base Risk Matrix

Probability Score at RBI Date =24 x 1071
Consequence Score =$10554,51
Probability Category = b-¢ Consequence Category 9
Category Probability Range DF Range Category Range (ft?)

1 Py(tig) < 3.06E-05 Dftorat = 1 A cA™ <100
2 3.06E-05 < Py{1./;) < 3.06E-04 1< Dy < 10 B 100 < C4™ < 1,000
3 3.06E-04 < Pr(r1g) = 3.06E-03 10 < Dpgorar < 100 Cc 1,000 < C4™ 510,000
4 3.06E-03 < Py{1./j) < 3.06E-02 100 < D0 < 1,000 D |10,000< C4*" < 100,000
5 Py(t1g) > 3.06E-02 Dppotar > 1,000 E C4™ > 100,000

valugs are Dased on a
probability range does not apply to AST shell course, AST bottoms, and centrifugal compressors.
" In terms of POF, see Part 1, Section 4.1.
¢ Interms of the total DF, see Part 2, Section 3.4.2.

? In terms of conseguence area, see Part 3, Section 4.11.4.

! and an

M5 of 1.0, If the suggested gff values in Part 2, Table 3.1 are used, the

RISK MATRIX

P> 3.0SE-00

303 < PP BEAD 4

B0 < P £ B EE

&

Pi < 3.04E-03 1
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