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Bahagian A

1. Pilih iawapan Vang betul sahqig. Sila tuliskan jawapan anda di dalam kertas

jawapan yang disediakan.
Choose the corcect answer only. lVrite the answer in the answer script.

tal Juzuk utama yang terdapat di dalam gas asli ialah

The main constituent of natural gas is

til coz
[ii] czHo

: [iii] CHc

livl CzHz

tb] Minyak mentah masam mengandungi

Sour crude contains

til Tiada sebatian sulfur
No sulfur compounds

'/ [iil Sebatian sulfur
Sulfur compounds

tiiil Lilin
lilax

[iv] Sebatian nitrogen
Nitrogen comPounds

tc] Nombor oktana bagi gasolin premium ialah

Octane number of premium gasoline is

til rendah dariPada gasolin biasa

lower than regular gasoline

-, [ii] tinggi daipada gasolin biasa

higher than regular gasoline

tiiil sama seperti gasoline LSR
same as LSR gasoline

.31-
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[iv] sama seperti nafta.
same as naphtha

Kuatiti penyalaan untuk minyak diesel ditentukan di dalam

The tgnition quality of a dieset fuel is measured in terms of

lil indek diesel
diesel index

IEKC 3331

tiil

Jliiil

livl

indek kelikatan
viscosity index

indek setana

cetane index

indek sekaitan
correlation index

lel Takat kilat (flash) sesuatu minyak itu diukur dengan

Flash point of an oil is measured bY

Kalorimeter bomb
Bomb calorimeter

tiil Perkakas PenskY Mertens
Penslry Mertens aPqaratus

[iii] Kalorimeter boY

BoY's calorimeter

v [iv] Viscometer saY bolt
Say bolt viscometer

tfl Pemangkin yang digunakan di dalam pemecahan bermangkin ialah

Catalyst used in catalytic cracking is

til Silika Silica

tiil Alumina Alumina
fiiiit Zeolitultra stabil Y' Ultro stable Y zeolite

livl PtlAl2O3

til

sffii,
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tg] Pada kebiasaannya, suapan untuk pembentukan semula bermangkin adalah I
Feedfor catalytic reformer is usually

til bahan mentah terturun
reduced crude

tiil minyak bergas atmosfera
atmospheric gas oil

J [iii] nafta atau gasoline larian lurus
naphtha or straight run gasoline

[iv] minyak bergas hampagas
vacuum gas oil

thl Nombor setana untuk diesel yang digunakan oleh trak adalah

Cetane number of diesel used in trucks may be

til r0
J liil 3s

liiil 60

livl 8s

til Minyak pelincir berkelikatan tinggi menunjukkan
Higher viscosity of lubricating oil usually signffies

til nombor asid yang tinggi
higher acid number

tiil RVP yang rendah

lower RVP

[iii] takat kilat dan takat nyala yang rendah

lowerflash point andfire Point

",, 
[ivl takat kilat dan takat nyala yang tinggi

higher flash point andJire Point

370:
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ti] Minyak mentah berasaskan parafin kalau dibandingkan dengan minyak

mentah berasas asfalt memberi

Parffins base crude as compared to asphalt base crude gives

til gasolin nilai octana yang tinggi
higher octane value gasoline

tiil minyak Pelincir hasil rendah

Poor Yield of lube oil

tiiil minyak pelincir yang rendah indek kelikatannya

lower viscositY index lube oil

[iv] gasolin larian lurus yang tinggi hasilnya

higher yield of straight run gasoline

tkl Faktor ciri minyak mentah dikira sebagai 12.5. Ini bermakna ia adalah

The characterisationfactor of crude oil is calculated as I2'5' It meons

that it is

^./til berParafin

Parffinic

tiil bernafta
naPhthenic

tiiil pertengahan
intermediate

[iv] tiada sePerti di atas

none ofthe above

[] Berikut adalah petrol (gasolin) yang disarankan tetapi tidak untuk kerosin'

Which of the fillowfn{ fs desir-abli in petrol (gasoline) but undesirable in

kerosene.

tij parafin
parffins

,/tiil aromatik
aromatics

r:| rr+frlil'
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[iii] merkaptan
mercaptans

[ivJ asid bernafta
naphthenic acid

[mJ Manakah yang memberi nilai graviti .API yang tinggi
Wrhich has the maximum ,API gravity of all

lil Diesel
Diesel

liil Nafta
Naphtha

liiil Petrol (gasoline)
Petrol (gasoline)

[ivl Kerosin
Kerosene

[n] Sebahagian besar air daripada gas asli disesarkan dengan cara
Large amounls of waterfrom natural gas is removed by

til Penjerapan
Adsorption

[ii] Penjeraparlperlucutan
Adsorption/stripping

[iii] Pengewapan kilat
Flash vaporistion

.,, [iv] Tiada antara yang di atas
None of the abave 

.

tol Niiai kalori (kcalA,lm3) untuk gas asli dianggarkan
The calorilic value (kcal/Nm') of natural gas is about

til 2s00

liil 10,000

[iii] 25,000

livl 35,000 ...71-
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tpl 95% daripada LPG mengandungi butana (Cr) yang menyejat pada ?60 mm

Hg dan pada suhu

95% of LPG containing mostly butane (C) will evaporate at 760 nun Hg

at a temperature of

til 20"F
tiil 34'F
tru1 4"F
livl 60"F

tql Takat kilat untuk diesel automatif adalah lebih kurang.

The flash point af an autornative diesel is about

til l00oF

"-{itl 125"F

tiiil 150"F

livl 80"F

[r] Cara yang biasa digunakan untuk menyikirkan HzS dan COz dari gas asli

ialah:

The most cotnmon method for the removal of HzS and COz frorn the

natural gas is.'

llil Unit Merawat Amine" 
Amine Treating Unit

tiil Penjerapan Tekanan Berayun (PSA)
' Pressure Swing AdsorPtion (PSA)

tiiil Proses membran
Membrane process

[iv] Proses Claus
Claus process

3?a
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Titik potong TBP untuk gasoline LSR normal diberikan

TBP cut point fono'*ol LSR gasoline cut is given as

rit 7O'F(IBP) - 160'F(EP)

i,i.' eo'F(tBP) - 190'F(EP)

iiiir 7o'FiIBP) - t8o"F(EP)

it;j eo"FoBP) - lso"F(EP)

Manadiantaraberikutmerupakansifatterpentinguntukbahanapijet?
Which of the follo;W;' thi mrtsr importint property for aiet fuell

til mkat awan

cloud Point

tiil takat curahan

pour p0lnt

tiiil warna
colour

.l

(20 markah)

ttl

: rivt 
w:::;:;",^

Bahagian B

2. Secara ringkas' definisikan maksud perkataan berikut:
L' 

;;i"t tnifauowtng rcrms (in brieJ)

tal Indek kelikatan
ViscositY index

tbl Cas sekutu
Associated gas

[c] Gasolin asli

Natural gasoline

tdl Takat awan dan cYrahan

Cloud and Pour Point ...91-
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tfl Nilai pemanasan bersih

Net heating value

lgl Stok pusingan bermangkin
CatalYtic cYcle stock

thl Tekanan WaP Reid (RVP)

Reid VaPor Pressure (RVP)

til Unit penghabisan ringan
Light end unit

Lil Hidrat gas

Gas HYdrate
(20 markah)

3. Bezakan antatakeduanYa:
Dffirentiate between the followings :

[a] PenguraianbermangkindanPenghidropecahan
Catalytic cracking vs' Hydrocracking

tbl Pengkokan terlengah dan Visbreaking

DelaYed coking vs. Visbreaking

[c] Penyulingan ASTM dan penyulingan TBP

ASTM distilldtion vs' TBP distillation

td] Bahan mentah parafin dan bahan mentah aromatik

Parffinic vs. Aromqtic crude

tel Kendalian dan penyimpanan Gas Cecair Mentah (LN6) dan Kendalian dan

penyimpanan Gas Cecair Petroleum (LPG)'

Liquified Natural Gas (LNG) storage and handling v's' Liquified

Petroleum Gas (LPG) storage and handling'

(20 markah)
...10/-
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4. Lukiskan satu gambarajah aliran yang ringkas berdasarkan mana-mana dua (2) a

proses di bawah di mana zurda dikehendaki menunjukkan pembolehubah proses

yang penting seperti suhu, tekanan, kadar aliran (WHSV/LHSV) dan sebagainya.

Ini termasuk juga ciri-ciri suapan, hasil penukaran keluaran (produk) dengan

spesifikasinya.

Draw a simplified flow diagram fo, 2 (two) of the following processes showing

the important process variables like temperature, pressure, flow rate

(WHSV/LHSV) etc. and characteristics af feed, yield/conversion of product with

its specifications,

[a] Penyingkiran CO2 dan H2S daripada gas asli dengan kaedah proses

penyerapan.

Removql of CO2 and H2Sfrom nstural gas using Absorption process.

lbl Penukaran gas asli kepada etilena dan propilena'

Natural 7as converston to ethylene and propylene.

[c] Pembentukan semula nafta bermangkin'

Catalytic reforming of naPhtha.

(20 markah)

BAHAGIAN C

5. Minyak mentah telah diproses di dalam menara penyulingan mentah atmosfera

untuk <liasingkan kepada pelbagai pecahan. Analisa TBP mentah telah diberi di

. dalam jadualQ5. Lengkapkan keseimbangan bahan pada menara tersebut untuk

spesifikasi pecahan minyak mentah di bawah:

Crude oil is being processed in the atmospheric crude distillation tawer for
separation into various fractions. The crude TBP analysis is given in Table Q5'

Make a complete material balance around an atmospheric crttde tower for crude

oil fractian specifications as :

'tfi}4.il ,,u

...11/-
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rBP ("F) EP('F)

Gasolin
Gasoline

90 180

Nafta
Naphtha

190 380

Kerosin
Kerosene

380 524

LGO s20 610

AGO 610 800

VGO 800 1050

Andaikan kadar suapan minyak mentah ke dalam penyuling mentah atmosfera

ialah 100,000 BPCb. ladikan keseimbangan jisim sulfur untuk suapan dan

produk kepada paun yang berharnpiran.

Assume a 1a0,000 BPCD crude oil feed rate to the atmospheric crude still. Malce

the balances to the nearest pounds. Make sulfur weight balances for the feed and

the products to the nearest pounds' 
(20 markah)

[a] Aliran nafta dara bersuhu antara l80oF dan 380"F dengan takat didih

purata min275"F dan 50.2 'API telah ditukarkan kepada adunan gasolin

jernih 96 RON. Jadikan keseimbangan bahan keseluruhannya pada

pembentukan semula untuk kadar suapan 10'000 BPD'

A 180 to 380oF virgin naphtha stream'with a mean average boiling point

of 275"F and 50.26AP1 ii reformed to a 96 RON clear gasoline blending

stock. Make an overall material balance around the reformer for a 10'000

BPDfeed rate. 
(lo markah)

tbl Satu loji menerima 25 MMcf/hari gas asli bergraviti 0'6 pada suhu 80oF

dan tekanan 250 psi. Untuk tujuan pemerosesan, gas asli tersebut perlu

dimampat sehingga 1000 psi. Pendingin antara dan pendingin lanjut

digunai<an untuk menurunkan gas tersebut kepada 100"F'

A plant receives 25 MMcf/day of 0.6 gravity natural gas at 80"F and 250

psi It is to be compresied to iOOO psi for processing. Intercoolers and

after coolers are used ta lower the gas trt 100"F' 
...lZl-
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Berapakah jumlah kuasa kuda yang diperlukan untuk mampatan.
Kecekapan mampatan ialah 0.8.

What is total horse power required for contpression. The
compression efficiency tb 0.8.

Apakah tugas haba pendingin antara dan/atau pendingin lanjut
untuk gas itu?. Sila gunakan Graf Enthalpy-enropy di datam
Lampiran untuk tujuan pengiraan entalpi"

What is the carresponding heat duty of inter - and/or after coolers

for the gas? Use Enthalpy-entropy given in the Appendix diagram

for the calculation of enthalpy.
(10 markah)

tiil

Gunakan data Useful data

Kuasa kuda untuk Horsepower requiredfor 1 MMcf/hari day = 0.432 x Ah

I MMcf/ han day =2638.5P-Mn My

lr| Flo'rt(tl

...r3t-
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Table Q5

Gravity, spe.cific, 0.853
Sulfur, p€rcent, 0-19

_13_

GENERAL CHARACTERISTIC

Pour point" "F., below 5

Color, brownish green

Nitrogen, percent, -.1Q.104

IEKC 3331

Gravity, "API, 34.4

Viscosity, Saybolt Universal at 100oF. 46 sec.

DISTILLATION, BUREAU OF MINES ROUTINE METHOD

STAGE 1 - Distillation at atmospheric pressure' 758 mm. Hg
First drop 113 "F

Frrrlion
No'

cur
t€mp.
T

Percent Sum.

Peroent

sp'gr.'
60/600F

"API.
60"F.

c.L
Reftadive

inder,
15 at 20'C.

Specific
dispersion

s.u.
visa,
1000

F.

Clotd
trst,
T

I 122
2,,... 167

3....... 212 2.6 2.6 o.7M 68.9 I _39971 t29.4

4....... 257 3.1 5.7 .739 60.0 2l t.41235 132.4

5,.... t02 3.7 9.4 .762 54.2 25 1.42306 135.4

5.-_. t47 4,? 13.6 ,7E0 49.9 26 1.4329E 137.l

t92 5.8 19.4 .7% 46.3 28 r.440'16 13t.4

8...... 437 4,9 24.3 .807 43.t 27 1.447()1 139.r

9...... 4EZ 7.6 3t.9 .820 4l.t 28 1.453E9 140,E

1o.... 527 9.1 41.0 .834 38.1 30 1.46161 143.O

STAGE 2 - Didlation cootinued atzl0 mm. Hg

il 392 6.O 47.O 0.846 35.E 32 l.46906lraa.tl40 bclow5

t2..... 437 E.3 55. 854 34.2 32 r.4723A I M7.4 | 46 20

13..... 482 6.8 62.1 E66 3 t.9 34 r.47868 I 144.0 I 5t 50

14..... 527 5.E 67.9 .881 29.r 38 1.48434 | - | t 60

L5... 572 6.1 74.4 .t92 27.r 40 135 10

Ranidmm. u.5 98.5 .9fo 19.0 I

Carbon residue, Couradson: Residuum. 4J! Pscent; crude l*il PerceDt.

APPROXIMATD SUMMARY
Percent SD.rr. .API Viscosity

Lieht srmlinc-.-. 2.6 o.?06 68.9

5GlO0
lm"UX)

Above 200

Idd esslinc rnd nrDhthe........ 19.4 o.765 53-5

Kemsirc di.dillarc 12.5 .815 42,7

21.9 .843 16.4

Nonviscux lubricitim dkti11ate......."..................,.,,. 12.9 .515-.884 33.4-28.

Malirrm lulricetinc distillare-.^ 7.3 .88+.898 28.626.

Viscons lubricuim dl*illa!9.,.....
R.csiduum...,..., 24.5 .940 19.0

Dlstilhtion loss., 1.5

'37:1)

...t41-
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7. Campuran hidrokarbon mengandungi rencaman dalam peratusan mol:
A mixture of hydrocarbons has thefollowing composition in mol96:

Mol %
CHo t.0
CzHo 15.0

C.He 25.0

i-c4Hlo 14.0

n-CaH16 25.0

n-C5H12 20.4

Total 100.0

Campuran tersebut wujud dalam fasa wap pada tekanan 100 psia (5170 mm FIg)

The mixture exists at a pressure of 100 psia (517A mm Hg) and is all in the vapor
phase.

[a]' Berapakah peratusan dalam mole wap yang telah dipeluwapkan jika
campnran tersebut disejukkan sehingga 90"F (32.2"C).

What mole % af the vapor is condensed in if the mixture is cooled to 90"F
(32.2"C).

tbl Apakah rencaman cecair dan wap di dalam bahagian [ai.
What is the composition of liquid and vapor in part [aJ.

Andaikan bahawa graviti tentu cecair adalah sama pada suhu 60"F dan

90"F.
Assume that the tiquid specific gravities are sqme at 60oF and 90"F.

(20 markah)

3ns
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D Nilai K pada 90"F (32.2'C)
Kvalues at 90"F (32.2"C)

Nilai pemalar gas Value of gas constant*: 
o'ol1,t'"u'*

kmol. K

Komponen Component, i K1 Ketumpatan Density,

,n3

kg

CH+ 19.0 6.16 x l0-'
CzHe 5.2 4.709 x l0-'
C:H* 1.5 2.077 x l0-'
i-c4Hro 0.69 1.84 x l0-
n-CaH1p 0.51 1.76 x l0-
n-C5H12 0.18 1.59 x l0-

3&i.



LAMPIRAN TABLE 8.1
Density Conversion Table
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Specific
gravifY
60/60" F

DensitY
in vacUq__

"API lblbbi lb/gal

DensiEY

*. in Yacuo . -
" API lblbbl tblgal

lb/hr*
from

bbl/day

Specif ic
gravity
60/60" F

lb/hr*
from

url/day

l. toa
1.163
1.161
1.159
1. 1,57

1.155
1.. 153
1.151
1.149
t.t47
1".145
1. 143
1.142
1. 140
r.138

1.136
1.134
1.132
1.131
1.129

r,127
1. 125
1. L23
t.r22
t-. 120

1.118
1.116
1.11_5

1.113
1.111

1.109
1.108
1.106
1.104
1.102

1.101
1.099
1.097
1. 096
1.094

-;.0.0 407.8
-9. 8 4A7,1
-9.6 406.5
-9.4 405.8
-9,2 405.1

-9.0 404.5
-8.8 403.8
-8.6 403,2
-8.4 402.5
-8.2 401.9

-8.0 40L.2
-7.8 400.6
-?.6 399.9
-7.4 399.3
-7.2 398.6

-7,0 398. 0

-6.8 39?.3
-6.6 396,7
-6.4 396. L
-6.2 395" 4

-6.0 394.8
-5.8 394.2
-5.6 393.6
-5,4 392.9
-5.2 392.3

9. ?1 16.99
9.69 16" 95

9.68 1,6. 94

9.66 16. 91

9.65 16.88

9.63 16.85
9.61 t6.82
s.6p 16. B0

9.58 t6.77
9.57 16.74

9.55 L6.72
9,54 16.69
9.52 16.66
9.51 16.64
9.49 1"6.6J"

9.48 16. 58

9.46 16.55
9.45 16.53
9.43 16. 50
9.42 t6.47

9.40 16.4s
9.39 t6,42
9. 37 16.40
9.36 16.37
9.34 16.35

-2.0, 382.6
-r". I 382. 0
-1.6 381.4
-1,4 380.8
-1.2 380.3

-1.0 379,7
-0.8 3?9. 1

-0.6 378.5
-0.4 377.9
-a.2 377.4

0.0 376.8
.2 3',16.2

.4 3?5.6

.6 3?5. 1

. 8 .374,5

1.0 373.9
,2 373.4
.4 372,8
.6 3?2.3
.8 37L,7

2.0 371.1
.2 370.6
,4 370,0
.6 369. 5
. B 368.9

9. 11 15.94
9.09 15.92
9.08 15. 89

9.07 15.8?
9,05 15.85

9.04 15. 82

9.03 15.80
9.01 15.77
9.00 15.75
8.98 15.72

8.97 15. 70

8. 96 15.67
8.94 15.65
8.93 15.63
8.92 15.60

B.90 15.53
8.89 15.56
8.88 15.53
8.86 15.51
8.85 L5.49

B. 84 15.46
8.82 ]-5,44
8.81 L-c.42

8.80 15.40
B. ?8 1.5.37

-5. 0

-4. B

-4.6
-4,4
-4.2

391.7
391.1
390.5
389. I
389.2

9. 33
y..rI
9,30
9. 23

9. ?.7

9.25
9.24
a19
9.21
o 1q

16,32
L6.30
16,27
1R 24

16.2?

16.19
16.17
16.14
T6, L2
16.09

1.092
1.090
1. 089
1,087
1.085

1. 084
1. 082
1.080
1.0?9
L,077

1.076
t,074
1. 073
1.071
1,070

1.068
1.066
1.065
1.063
1.062

1.060
1.053
1.057
1.055
1.054

1.052
1. 051

1.049
1.047
1. 046

1. 044
1.043
1.041
1.040
1. 038

i.037
1.035
1.034
1. 032
1 031

368.4
36?.8
367.3
366. 8
366.2

8,77
8. 76

8. 75
B. ?3

8,7 2

15.35
15.32
15.30
15.28
15.26

3.0
2.

4

.u
x

-4. 0 388.6
-3. 8 388.0
-3. 6 387.4
-3.4 386.8
-3.2 386.2

-3.0 385,6
-2,8 385.0
-2.6 384.4
-2.4 383.8
-2.2. 3R1 2

9. 18 16.07
9. 16 16.04
9. 15 16.02
9.14 15,99
q lt 16 q7

4.0 365.7
.2 365.1
,4 364.6
.6 364.0
. 8 363.5

5.0 363.0
.2 362.4
.4 361.9
. 6 361.4
.8 360.9

8. ?1 L5.24
8. 69 15. ?1

8.68 15. 19

8.67 15. 1?

8.66 15. 15

8.64 15. 12

8.63 15. 10

8.62 15.08
8.60 15.06
8.59 15. 04

383 ..2/-
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T.\tsLE B. I tContinuer-'l)

Spec if ic
grav ! ty

Den'siry'
tn vacuo

Ib hrt
fr onr

60/'60" F " APi Ib/bbi ibz/gal bbi,'day I

Spec if ic
grav i ty

60/60'F

Density
in vacuo

Ib,/hr*
fronr

'API lblbbl lblgal bbl/day

1.0:9
1.028
1.026
1.025
1.023

r, 022
1.020
1.019
1" 017
1. 016

1.01+
1.013
1. 011.

1.010
1,009

1.007
1.006
1.004
1.003
1.001

1.000
0. 999
0. 997
0.996
0. 99.1

0.993
0.99?
0. 990
0.989
0.987

0. 986
0.985
0.983
0. 982
0. 981

0.9?9
0.978
0.97 7

0.9?5
0.97{

7. 0 357.7
.2 357.2
. * ctDt). /

.6 356.2

.8 355.7

8. 0 355.2
.2 354.7
.4 354-p:l

.6 353.7

.8 353.2

9.0 352,7
.2 352"2
.4 351.7
. 6 351.2
.8 350.7

10. 0 350.2
10.2 349.7
r0.4 349.2
10.6 348. ?

10. I 348.2

11.0 347.7
.2 347.2
.4 346. 7

,6 346.2
. 3 345.8

12.0 345.3
. 2 .3+4. I
. 4 3.14. 3

.6 343.8

. 8 343.4

13.0 342.9
.2 342.4
.4 3+1.9
. 6 341_. 5

,8 3+1.0

6.0 360.3 S.;8 1;.0r
.2 359.8 3.;; 1{.99
. -1 359.3 8.55 r.-1.97

. 6 358. 8 8. J+ 1-1. 95

. I 358.3 8. 53 14, 93

8.52
8. 51

8. -19

,q Jq

8.47

8. 46
8.44
8. {3
8.42
R Jl

8.40
8. 3S

8.37
8. 36

8" 3-l

8. 33

6. dr
8. 30
Rta

Q, :)R

8.2i
R ?rl

R'J
8.21i

R t.)
R .)l

8.20
8.19
R lie

8. 16

8.15
R lJ
8. 13
n 1.)

1'1. S'0

r+. SS

l-1. )t)

14. S{
'l .t i,

14. S0

1{.;8
1{. i6
1-1. ;-l
1.1. ;2

1-1.70
1{.67
14.65
r*. o.t
1J AI

I -t 1(l

14. 55

1-1.53
1{,51

14. +9
14. {7
J.{. +A

14. {3
14. -11

14. 39
14.37
14.3J
14.33
14.31

14.:9
1l
"L.t. : I

14" :0
14" 23

14.:1

0. 973
0.971
0.970
0.969
0.967

0.966
0. 965
0.963
0.962
0. 961

0.959
0.958
0.957
0.955
0.954

0.9t3
0.952
0,950
0. 949
0.948

0.947
0. 945
0. 94.1

0.943
0.942

0.940
0,939
0.938
0.937
0.935

0.934
0. 933
0.932
0.930
0.929

0.92S
0.9?7
0.925
0. 92-l
0.923

14.0 340. ;
. 2 340.,r
. + 339.6
.6 339.1
.8 338. 7

15.0 338. 2

.2 337" I

.4 337.3

.6 336.8

.8 336. {
16.0 335. 9

.2 335.5

.4 335. 0

.6 334.6

.8 334. I
r7.0 333. 7

.2 333.2

.4 332.8

.6 332.3

.8 331.9

18.0 331.4
.2 331.0
.4 330,5
.6 330. I
.8 329.7

19.0 329.2
.2 328.0
.4 328. {
.6 327.9
.8 327.5

20.0 327. I
.z 326.0
.4 326.2
.6 325. I
.8 325.3

21.0 324. I
.2 324.5
.4 32.1. 0

.6 323.6

. 8 323.:

8. 11 1{.19
8. 10 t4. L7

8.09 14. 15

8.08 14. 13
8.06 14.11

8.05 14.09
8.04 14.07
8.03 14.05
8.02 14.03
B. 01 14.02

8.00 14.00
7.99 13.98
7. 98 13.96
?. 96 13.94
7. 95 13" 92

7 .9!L 13. 90
7. 93 13.88
7.92 13.87
7.9r 13. 85
7. 90 13.83

?.89 13.81
7. 88 13.79
7 .87 L3,77
7. 86 13. 75

7.8i 13,74

7.84 t3.72
7. 83 13.70
7.82 13.68
7. 81 13.66
7.80 13,65

7.79 13.63
7. 78 13.61
7 .77 13. 59
7.76 13.57
7.75 13.55

7 .7.1 13. 54
7 .73 13.52
7.72 13.50
7 .7L 13.48
7. 70 13. {7

3 8.1 at-
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TABLE B. L (Conrr'nueci)

Spec ii i.c
grevltJ.-
60150'F

,1 q')r)

0. 921

0. 919

0.91S
0. 917

0.916
0.9i5
0.914
n c|lt
0.911

Lblhr*
i ronl

bbl/da;r

, Spec rt icDens tc1''

!n 1/acuo
, Apt ibi bbi ilrz gat

1 l-' I ra r.rrlur lll

ironr
bbl/day

')D rl
' 

.2
:l

rl

;l

rtt \
32?. +
321.9
.).) 1

321.. l

r. ov
;. 6S

i.Uo

7. 0o

,.u(l
7. 63

l.01

?, 6l
7. 60

7. 59
/. )d
7.57
l.;Ju
7. 55

7 .54
7 .53
l.Dz
? :1(. dr

7.50

7.49
7 ,48
7 ,47
{..to
r'. *o

7 .44
7 ,43
7.42
7 ,41.
7 ,44

13. +5

IJ. *.'
Id.'tr
13. -10

r3. 3B

30{j. 3

3Oti. -l

306.0
30;,7
30t. :l

23.0 320.7
.2 320.3
.4 319, I
. 6 3r9.5
. 8 319.0

O. 87I
0. E70

0. t;69
0.868
0.867

0.865
0.864
0.863
0.862
0. 861

0.860
u. dcv
0.858
0. 857
0.856

0.855
0.85'1"
0. 853
0.852
0. 851

0.850
0.849
0.848
0.847
0. 846

0. 845
0.844
0. 843
0. 842
0. 841

0.840
0.839
0.838
0.837

$. sro

31.0 304,9
. 2 30'1. ;
. -l 30'1. ?

.6 303. E

.8 303,4

32.0 303.0
.2 302.7
.4 302.3
.6 301.9
.8 301,6

33.0 301.2
.2 300.8
.4 300. 5

.6 300. I

.8 299.7

34.0 299,'.l
.2 299.0
.4 298.7
.6 298.3
.8 297.9

35.0 297.6
.2 297.2
.4 296.9
.6 296.;
.8 296,2

36. 0 295. B

.2 295.4

.4 295. 1

.6 294. 8

. 8 294.4.

3?.0 294.0
.2 293,7
.4 293.4
.6 293. 0
.8 292,7

;. 30 L2. ;3
r. 30 l,:. ? 7

i.29 12.75
-'ri 1t 7.1|,-r
- n- 1') ;')LtI rr. |-

7.2d 12,70
7.25 12.69
?. f .1 12,6i
7. 33 12. 60

7 ,2'2 12. 6'l

?.2i 12.62
7,2A 12.61
7. 19 12.00
7. i9 12.58
7.18 L2,57

7.17 12. c5

?.16 12.53
7. 15 12. 52

7. 1.1 12.50
7.14 L2.49

?.13 L2,41
7.12 12.46
?.11 L2.45
7.10 12,43
?.09 12.41

7. 09 12.40
7.08 12.38
7,07 t2.37
?.06 12.35
?.05 t2.34

, Sravl["v
i riO/gO'f

U. >rt)
{).8?5
0. 5 i +

U.D'J
0. s72

, API

-).

"t

A

,t

0.910 24,0 318.6
0.909 .2 318,2
0. 908 .4 ij17. E

0.90? .ri 317.4
0.905 .B 317.0

0.904 23.0 316.6
0.903 .2 316.2
0. 902 .4 315. 8

0.90r .6 315.4
0.900 .8 315.0

0.898 26.0 314.6
0,897 ,2 31'4.2

0.896 .4 313. I
0.895 .6 313,4
0.894 . B 313.0

0.893 2?.0 312.6
0.892 .2 3L2.2
0. 891 .4 311.8
0. 889 . 6 311'. 4

0.888 . I 311.0

13.36
13.35
13.33
13.31
13. 29

13.27
13.26
113. 24

13.22
13. 21

13.19
13.1?
13.16
13. 14

13.12

13.11
13.09
13.07
13.06
13.04

13.02
13.01
12.99
r2,97
12. 96

0.887 28.0
0. 886 .2
0.885 .Q

0.884 .6
0.883 . I
0.882 29.0
0. 881 .2
0.879 .4
0. B?8 .0
0.8?? .8

310.6 7.40
310.3 7.39
309.9 7. 38

309.5 7.37
309. 1 7.36

308.7 7.35
308. 3 7 ,34
30?.9 7.33
30?.6 7.37
30?.2 7.31

12.95
12.93
12.91
12.90
1"2. 88

12. 86
1?.85
12. 83
1.) Rt

12.qq

t2.32
12.31
12.30
L2,28
72.27

t2,2-)
L2.24
T2,2L
t2,2L
1?.20

-t'/-

7 .04
7 .04
7. 03
7 .02
7. 01"

7. 00
6. 99
,r oo

6. 93
b. v I

Dens r. cy

rn vacuo
ib,/bbi loi'gal
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T..\BLE B. I (Continued)

Specif ic
gravity
60/d0'F

Dens ify
rn tacuo

lbi hrr
from

Specific
gravity
60/60'F

Density
in vacuo

lb/hr*
from

a

"API lb/bbl lblgal bbt/day "API lb/bbl lblgat bbl/day

0. s35 38.0 992.3
0. 83.1 .2 292. 0

0.833 .4 ?91.6
0.832 . 6 29r.3
0. E31 .8 291.0

0.830 39.0 290. d

0. 829 .2 290. 3

0.828 .4 290.0
0.827 .6 ?89.6
0.826 .8 289.2

0. 825 40.0 288.9
0.824 .2 288.6
0. 823 .4 288.2
0.822 .6 287.9
0.821 .8 287.6

6.96 l:. 18

6.95 12. 17

6.94 i2. l5
n. 94 l:. l.l
6.93 t:. r?

6.92 l:1. il
6.91 l?. l0
6.90 12.08
6.89 12.07
6.89 13.05

6. 88 12. 0.1

6. 87 12.02
6.86 12.0r
6.85 12.00
6. 84 1r.93

6.84 11.97
6.83 11.95
6.82 11..9.1

6.81 11.92
6.81 11.9t

6.80 11.90
6.79 11. S9

6.79 11, 57

6.78 11.86
6.77 11.65

6. ?6 11.83
6.75 11.82
6.74 11.80
6,74 r1.79
6.73 |L,77

6.72 1r.76
6.71 11.75
6. ?0 11.7.1
6.70 1r.72
6.69 11. 71

6.69 11.70
6.68 11.68
6.6? 11. 67
6.66 11.66
6.65 1r.65

0. 797 .16. 0
0.796 .2
0. ?95 .4
0. 795 .6
0.794 .8

0. 784 49.0
0. ?83 .2
0.782 .4
0.78r .6
0.781 .8

0. 793 47.0 277.6
0.792 .2 277.3
0.791 .4 277.0
0. 790 .6 2?6. 7

0. 789 .8 276.3

0.788 48.0 276,0
0,787 .2 275.7
0.787 .4 275.4
0.786 .6 275, L
0. 785 .8 274. L

6.64 11.63
6.64 11.62
6.63 1r.60
6.63 1r.59
6. 62 11.58

6.61 rL.57
6.60 11.55
6.59 11.54
6.59 11.53
6.58 11.51

6.57 11.50
6.56 11.49
6. 56 r.1.47
6.55 11.46
6.54 11.45

6. 54 11.44
6.53 LL.42
6. 52 1r.41
6. 51 11.40
6.51 11.39

6.50 11.37
6.49 11.36
6.49 11.35
6.48 11.34
6.47 11.32

6.46 11.31
6.46 11.30
6.45 1.1.29
6.44 LL.27
6.44 11.26

6.43 11.25
6.42 LL.24
6.41 L1,22
6.41 11.21
6.40 11.20

6.39 11. 19
6.39 11. r8
6.38 11.17
6.37 11.15
6.3? 11. 14

279. I
278. 3
2?8. 5
27 8.',t
277.9

0.820
0. 819
0. 818
0.817
0. 817

41.0 287.2
.2 286.9
.4 286.6
.6 286.2
.8 286.9

274.5
274.2
273.9
273.6
273. 3

0.816 42.0 285.6
0. 815 .2 285. 3

0.814 .4 284.9
0.813 .6 284.6
0.8r2 .8 284.3

0.811 43.0 283.9
0.810 .2 283.6
0.809 .4 283.3
0.808 .6 283.0
0.807 .8 282.6

0.806 44,0 282.3
0. 805 .2 282.0
0.804 ,4 28L.7
0.804 .6 281.4
0.803 . 8 281.0

0.802 45.0 280.7
0.801 .2 280.4
0.800 .4 280.1
0.799 .6 279.8
0. ?98 .8 279.5

0.780 50.0 273.0
0.779 .2 272.7
0.778 .4 272.4
a.777 .6 272,L
0,776 .8 27L.8

0. ?75 51. 0 2?L, -a

0,775 ,2 27L.2
0.774 .4 270.9
0.v73 .6 270,6
0,712 .8 270,3

0.77L 52.0 270.A
0.770 .2 269.7
0. ?69 .4 269.4
0. ?69 .6 269. 1

0.768 .8 268.8

0.767 53.0 268.5
0. ?66 .2 268.3
0. ?65 .4 268.0
0.764 .6 267.7
0. ?64 .8 267.4

a:rrt/"tdJu'

..s/_
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