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MATERIAL BALANCE,

STREAM
LB MOL/HR
COMPONENT, MOL WT

HYDROGEN 2.016
€02 44.010
H2S 34.080
METHANE 16.043
ETHANE 30.070
PROPANE 44.097
I-BUTANE 58.124
BUTANE 58.124
[-PENTANE 72.151
PENTANE 72.151
HEXANE 86.178
NONANE 128.260
DECANE 142.287
UNDECANE 156.314
TOTAL

TEMPERATURE F

PRESSURE, PSIA

ENTHALPY, MILLION BTU/HR
VAPOR, MOL %

MASS FLOW, LB/HR

STD LIQ VOL, BBL/HR
DENSITY, LB/CU FT

MOLECULAR WEIGHT

HEAT CAPACITY, BTU/LB DEG F.
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19
REFLUX
T0
DeC3

6.80
587.40
6.00
0.10

600.30

101.00
337.00
-30.60

0.00

26462.00

149.00
29.50
44.10

0.73

GAS CONCENTRATION UNIT,

(20)
PROPANE
T0

DEH & STG

0.60
54.80
0.60
TR

56.00

101.00
337.00
-2.80
0.00
2466.00
14.00
29.50
44.10
0.73
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OPERATIONS

21)
BOTTOM
FROM
DeC3

2.20
171.10
226.60

28.10
17.50
TR

445.50

229.00
280.00
-26.60
0.00
26510.00
130.00
27.70
59.50
0.87
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22>
FEED

T0 C4
SPLITTER

2.20
171.10
226.60

28.10
17.50
TR

445.50

143.00
102.00
-27.90
11.00
26510.00
130.00
59.50
0.69
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(23)
REFLUX
TO C4

" SPLITTER

20.30
1481.10
98.60

160.00

101.00
142.00
104.40
0.00
92713.00
470.00
33.40
57.90
0.62

(24)

1C4

TO C4
SPLITTER

2.20
162.50
10.80

175.50

101.00
142.00
-11.50
0.00
10176.00
51.00
33.40
57.90
0.62
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KICK-OFF MEETING

Page 1
SUBJECT: NGL Kickoff Meeting
LOCATION: Refinery Conference Room
PRESENT: Refinery Manager and Department Supervisors

Meeting was opened by Bill, Refinery Manager, who stated that recent drilling activity in the area
has been successful and will result in additional quantities of NGL being available. In order to
negotiate with the supplier to purchase these additional NGL's we need to know how much is
needed and can be handled through the refinery facility.

Logistics Supervisor, Lonnie, showed the following information:

Current NGL Purchases 600,000 Bbls/Year
Expected Additional

N-Butane Requirements 10,000 Bbls/Year
Expected Additional

I-Butane Requirements 35,000 Bbls/Year

Lonnie also stated that current handling of blending butane requires seasonal storage and special
handling because the blending butane does not meet accepted industry standards. While it is
expected that motor fuel blending would require an additional 10,000 barrels of blending butane,
quantities in addition to that would have to meet industry standards for N-Butane. Lonnie stated
that when renegotiating the NGL contract, a quality specification should be imposed as he is not
comfortable bringing any material into the refinery without specifications. His suggestion was to
limit vapor pressure to 70 psia at 100°F, prohibit free water and require current supply pressure
to be maintained. The composition of the imported NGL is anticipated to be identical to the
current NGL charge, stream 4 of the material balance.

OPERATIONS 1990

GAS CONCENTRATION UNIT,

MATERIAL BALANCE,

12
FEED

«an

DEETHANIZR

(10)

DEETHANIZR

1¢))

LIQUID
FEED TO
DEETHANIZR

(8)

VAPOR

FEED TO
DEETHANIZR

N

LEAN

OIL TO
DEETHANIZR

STREAM

T0

BTM FM
DEPENTANZR

REBOILER

O H VAP
TO FUEL

LB MOL/HR

COMPONENT, MOL WT

37.10

2.40
0.20
0.60
13.50
21.60

48.50

34.70

2.016
44.010
34.080
16.043
30.070
44.097
58.124
58.124

HYDROGEN
I-PENTANE 72.151

€02

0.40
0.80
51.30

34.50

0.20
0.30
37.80

0.10

0.10

Hes

METHANE
ETHANE

0.60
57.00

0.60
57.00
171.80
227.30

13.60
10.10

1.70

PROPANE

171.80

TR
0.10
0.40
0.50
0.30
0.10

157.10

14.70
14.70
1.00
0.60
0.10

TR
0.30
5.20
7.10

12.20
57.00
104.70

I-BUTANE
BUTANE

227.30

212.30

40.00

40.00
33.60
27.50

34.10

33.60

26.40

72.151

PENTANE
HEXANE
NONANE
DECANE

27.50
" 57.00

15.50

86.178
128.260
142.287
156.314

57.00
104.70

104.70

TR
TR

16.10

16.10

16.10

UNDECANE

127.90 532.10 127.10 735.70 735.70

202.80

TOTAL

99.00 99.00 112.00 227.00 232.00

105.00

TEMPERATURE F

217.00 217.00 202.00 205.00 130.00

264.00

PRESSURE, PSIA

-51.40
48.00
58139.00

-54.10

-3.10

100.00
2163.00

-33.30

-4.00

100.00
3392.00

-24.20

ENTHALPY, MILLION BTU/HR

VAPOR, MOL %

0.00

58139.00

0.00

30208.00

0.00

26702.00

MASS FLOW, LB/HR

152.00 20.00 260.00 260.00

24.00

105.00

STD LIQ vOL, BBL/HR
DENSITY, LB/CU FT

MOLECULAR WEIGHT

33.90
98.30

0.57
17.00

1.03 34.10

26.50

44.20

98.30

121.40

131.70

0.53 0.62 0.60 0.67

0.53

HEAT CAPACITY, BTU/LB DEG F.
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ATCHE DESIGN PROBLEM
PROCESS GUIDELINES
Page 3
PIPING

EXISTING Existing pipes are sized conservatively and will
handle 20% more flow without excess pressure drop.

NEW Use standard pipe sizes for pipelanes 2, 4, 6, 8
and 10. Size for 4-7 ft/sec where possible.

MISCELLANEOUS

MAINTENANCE = 3% of investment/year 40% labor
. 60% materials.

TECHNICAL & SUPERVISION = 25% of Operating & maint. labor

90119.GUIDE.119

P-1,

AIChE DESIGN PROBLEM
EQUIPMENT LIST DESIGN CONDITIONS
Page 5
PUMPS

P-2, P-3 DE-ETHANIZER INTERCOOLER PUMPS

Each: 190 GPM, 100 ft head, Sp. Gr. 0.61 @ pumping temperature

P-10

P-11

of 138°F.

DEPENTANIZER REBOILER PUMP

764 GPM, 300 ft head, Sp. Gr. 0.51 @ 463°F.

DEPENTANIZER REFLUX PUMP

70 GPM, 200 ft. head, Sp. Gr. 0.52 @ 100°F.

LEAN OIL PUMP

75 GPM, 803 ft. head, Sp. Gr. 0.78 @ 100°F.

COMPRESSOR SCRUBBER LIQUIDS PUMP

20 GPM, 920 ft. head, Sp. Gr. 0.56 W 100°F.

DEPROPANIZER REFLUX PUMP
195 GPM, 325 ft. head, Sp. Gr. 0.26 @ 100°F.
BUTANE SPLITTER REFLUX PUMP

475 GPM, 635 ft. head, Sp. Gr. 0.54 @ 100°F.

BUTANE REBOILER CIRCULATING PUMP

800 GPM, 150 ft. head, Sp. Gr. 0.526 @ 175°F.

DEPROPANIZER FEED PUMP

130 GPM, 1,240 ft. head, Sp. Gr. 0.52 @ 100°F.
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AIChE DESIGN PROBLEM
EQUIPMENT LIST DESIGN CONDITIONS

AIChE DESIGN PROBLEM Page 3

. GENERAL INFORMATION

Page 2
E-9 SECOND STAGE COMPRESSOR AFTERCOOLER
Duty: 1.72 MM BTU/hr
‘ U = 84
Vessels: $ = (2)(L + 2.2D) (100t + 45tD + 5D) “ CMTD = 45.3
A = 452
t = thickness, in 1/4 min. Shell - hydrocarbon vapor, 180°F to 100°F
D = diameter, ft 3-7 : design: 233 psig, 220°F
L = length ft. Tubes - Cooling water, 75°F to 95°F
design - 50 psig, 650°F
Trays: $/Tray = 170 D Fn
D = diameter, ft 3-7 E-10 N-BUTANE PRODUCT COOLER
Fn = Factor for <20 Trays
Fn = 0.5 + 10/Nt (Nt=5-20) Duty: 550,000 BTU/hr
Fn = 3 (Nt <5) U = 52.3
IMTD = 40°F
Control Systems, Installed: A = 263 ft2
Shell - N-butane liquid, 155°F to 100°F
$/Loop = 5600 + Cl1 + (1600+CF) dv design - 170 psig, 400°F
Tubes - Cooling water, 75°F to 95°F
Cl = 2600 for Level Controller; else = 0 design - 50 psig, 650°F
CF = 800 for Flow Controller; else = 0
dv = Diameter of Motor Valve
E-11 BUTANE SPLITTER OVERHEAD CONDENSER
Pipe Insulation:
Duty: 16.03 MM BTU/hr
$/foot = 6 + (.35+.725i)(d+3) i = 1" -2-1/2" U = 125
$/foot = =17 + (.35+.725i) (d+14) i = 3" -a" CMTD = 27.6 A = 6,410 ft2
_ Shell - Butane splitter overhead in 125°F out,
d = nominal diameter, in 1-10 100°F design, 150 psig, 550°F
Allow 3 feet per pipe fitting Tubes - Cooling water, 75°F to 95°F

design, 75 psig, 650°F
Vessel Insulation and Fire Proofing:

$ = (24+81i) (D+i/6)H E-12 DEPROPANIZER FEED - BOTTOMS EXCHANGER
+(50+141i) (D+i/6)2
+57 DS Duty: 2.68 MM BTU/hr
U = 84.2

i = Insulation thickness CMTD = 96.9
D = Vessel diameter, feet A = 328 ft2
H = Vessel height, feet Shell - Depropanizer bottoms, 355°F in, 158°F out
S = Skirt height, feet , design, 370 psig, 650°F

Tubes - Depropanizer feed, 100°F in, 153°F out
design, 360 psig, 650°F

U = Overall heat transfer rate based on outside bare tube surface

N fo) . .
90119 : GENERAL. 119 BTU/HR,FT<,°F) Include appropriate fouling factors.

I

CMTD Logarithmic mean temperature difference corrected for lack
of counter current flow, of 1-Shell Pass and 2-Tube Pass

Exchangers.




*T @beas
ST Jo9TTogal 8yl (01 ©9bels uo sa9jus poaJ (€1 pue 1T ‘g1 sabeag
uo J4o00T ©03 butrTTocO PTINDLTIT Y3TM WO330q 8yl WoIJ parsqunu ‘sabels
Te9pPT 91 bHbutaey se pojelnuis ST JaqIosqe oyl ‘saodqe Aealz oyl
woxy sprinbTT yY3ztm buTtpusTq I93je uorjzons dund o3 3yoeq burtuanisx
pINbTT PpPoTO0D SS90XS YU3TM Juelasuod 39s aq 03 MmoTF dund ayjz
SMOTTR 2Juswsbueaie JJo-oxel AevIj TeUISJUT BYL ‘*JI9qIOosqe 8yl Jo
do3 9yl utr soanjeisdwsl S9ATSS90X9 jJuaaaad sas1ooo punoxedund £ Jo
seTI8s VY "J9zTIueylsesp ayjz 03 MOTI WdD G urtejurew o3 eyjydeu ayjl
juswaTddns 03 pesn ST TI0 poziuejusdog °SpoSdJ JO 3JUSJUOD J93eM
o1qrssod 03 sonp burzeosll osned pInom UOT3IeISPTIISI JO 9sn YL
‘Ion3 AJIsurJox 03 SSOT OSATISS90X9 burjusasad osuedoad ay3z gqaosqe
03 TTIO uedT SkB pasn ST ‘3Tun 9pnid syl uTr peonpoad ST (2uedspun
pue ‘sueosp ‘surUOU JO JSINIXTW Se poazTaajoexeyo prnbTT e) eyzydenN
*I9ZTUueRUlS-9p 99Ul O3UT paTToajuocd molF sT ‘suriedrd sanssaad ybry
Aq soaTaae TN poseyoand oyl °T-A ‘ISZTURYIS-IP SY3} OJUT MOTJ
pue Iopesay sanssaiad UYLTY B 0O3UT polvaT[0o0 aae spInbll Axsurlsa aylL

‘poads wnwTUuTW
Je ST auTbus ayz usym uoTlzons Jossaadwoo daY3z Uuo unnoea 3jusasad
03 dn-axeuw seb Tony UyU3ITMm ‘posJ seb osTqelTear yojew 03 SJITUTT
UTY3TM pooads ayjz STOIJUOD UoTjejUaUWNIZSUI °*Seb Teanjeu paseyosand
Agq peienl ouTbu® UOTJISNAUWOD TeUISJUT PajxTubr ireds e Aq USATIP ST
Jossoxdwod 9yl *Jp00T 03 DUTTOOO-I93Je puk HUTTO0O-ID3UT UYJITM T-D
‘zossaxduoo butrzeooadrosa Jo ssbeas omiz ut ersd ggg 03 posssaduod

pue Jopeay aanssaid MOT B O3UT PO3OST[00 81k saseb Axsuraa aylL

*snTd suejusd pue ‘sueing burpusTd ‘suelinqosT AIBUTIDI
‘stes 103 osuedoad ‘Tsny Aasurisa oonpoad o3 weyl sosssooad pue
‘soseb pue suoqIeOOIPAY pojeInjes BUTTTOq MOT HDuTureluod SPTNLIT

pue soseb JO sSweaIlS SNOTIRA SIOSTTOO JFTUN UOTIRIJUIDOUOD SeH SBYL

T °bedg
NOIIATIOSHAd SSHOOAd
LINN NOILVIALNHONOD SVD
KITd0dd NOISdHd JAUDIV

*sIabueyoxy

ssed aqnl-Z pue ssed TI9US-T JO ‘MOTJ JuUaIINO I93UNOD JO
}OoeT I0J PeOl0eaI0D 9oUaIaIITP sanjedsdwsl uesw OTWYITIRDHOT]

*sxo3oey burinoy ojeradoadde spniour Amo~mam~mm\bam
S0rJINS 3Ny 91BC SPTISINO UO paseq 83ed Iasuell sy TTRIDAQ

Z 9beg

do069 ‘HbTsd 06 :ubtrssp
doG6 01 JoGL ‘aejem burTood - saqng
doG9 ‘bTsd 01T :ubrsep
do00T 03 do08T ‘Iodea uoqaeooaply - TTaUs

LYT = ¥
do9% = AILWO
0L = N

ay/nrga ooo‘oLy :A3ng

JITOOOYILAVY HOSSHIAWOO HOVLS LSIIA

do069 ‘bTsd 0g :ubrsep
doG6 03 dpGL ‘aejem burTood - saqnyl
do06G ‘HBTsd LzT :ubtsep
d000T 03 Jp0GT ‘suwojljoq xezruejuadsp - TTBUS

€9¢ = ¥
8¢ = QINWI
g9 = N1

ay/nrd 000‘9%9 :Xang

JATO0D TIO NVHT JHZINVINIJAd

do069 3e brsd og :ubrisep
doG6 03 dpGL ‘ao3em bUTTo0D - saqny
Jdo0G6¥ 3e brsd 02T :ubrsop
Ao00T 03 dp¥¥T ‘pesyasao aezluejusdsp - TTISYS
z33 oov’‘e = ¥
do¥°6¢ = ULNWD
7've = N
ay/nid WW £€6°8 :A3ng

JASNIANOOD AVIHIHTAO JHAZINVINIAIIQ

do06¥ 3e brsd ezz ubtsop

doZET 03 dp98T - Peoy IszTuejusdsp - saqny
d0069 ‘brsd 02T ubtsep

do082 03 Jp€9¥% - swoljoq xaztuejusdep - TTIOYUS

z3F 2sy = ¥

doZ°2¥T = AIWD

L°€S = N

ay/nrd WW ¥-¢ :4X3ng

JEONVHOXT SWOLIOY - QIdd JAZINVINILIA

SNOILIOQNOD NODISAA ISIT LNIAWJIINOA
KHAITI0dd NODISJId dYOIV

ALWO




AIChE DESIGN PROBLEM

GAS CONCENTRATION UNIT

PROCESS DESCRIPTION
Page 2

If water enters in excess of saturated limit in hydrocarbons,
provision is made to collect the water in V-15 and be drained
manually. Bottom tray 1liquid flows to the reboiler (E-4) by
gravity and bottom product is level —controlled to the
depentanizer, V-2. Hot 1liquid flow through the reboiler is
controlled as necessary to control the ethane and H;S content at a

low level.

The de~ethanizer bottoms stream enters the depentanizer (V-2)
through a bottoms-feed exchanger (E-5) into tray 14 of 30 valve
trays. The depentanizer is operated as a partial depentanizer to
allow as much normal pentane as possible to leave with the lean
0oil and be up-graded with the naphtha in the isomerization unit.
The depentanized oil is cooled by air fin cooler (A-1) and trim
cooled against cooling water in exchanger E-7. The DeCg reboiler
circulation, pumped by P-4, provides heat as necessary to E-4 and
enters the convection section of the heater (H-1), then passes
through the fired section and emerges as a mixture of vapor and
liquid returning to the bottom of V-2 for separation. The fired
heater fuel rate is controlled to hold the outlet temperature and
outlet temperature is changed as necessary to control the

fractionator.

The overhead vapors are condensed against cooling water in E-6 and
enter the overhead accumulator (V-3). A small vapor stream is by-
passed to maintain column pressure. If water is present it can be
drained from the water leg manually. The reflux is pumped and
flow controlled to the Tray 30. The depentanizer is simulated
using 22 stages with feed on stage 10 from bottom.. The NGL is
pumped using P-11 and level controlled to the treaters.

A-1

E-1,

CMTD

AIChE DESIGN PROBLEM
EQUIPMENT LIST DESIGN CONDITIONS
Page 1

LEAN OIL AIR FIN COOLER

Duty: 2.36 MM BTU/hr
U = 89 (overall, bare)
0il Side: 290°F in, 88 psig
150°F out, 78 psig
Air side: 100°F in
145°F out
Area: 297 ft2 bare, 4,772 ft2 finned.

GAS COMPRESSOR

Reciprocating Package Unit to compress 2.4 MM SCFD from 15.6
psia to 225 psia. Elevation is 4,260' above sea level or
12.6 psia atm. pressure. Compressor has a speed controller
to adjust engine speed to compensate for varying suction
volume.

HEAT EXCHANGERS

E-2, E-3 DE-ETHANIZER INTERCOOLERS

Each: Double pipe multi-tube
6-5/8" 0.D. X 15!
Duty: 795,000 BTU/hr
U = 55.8
IMTD = 27.4
Area = 520 ft2 (bare tube)
Water in tubes: 75°F in, 95°F out
Hydrocarbon in shell: 125°F in, 100°F out
Design: shell and tubes 500 psig, 650°F.

DE-ETHANIZER REBOILER

Duty: 6.55 MM BTU/hr
U = 66.1
CMTD = 216°F
A = 459 ft?
Depentanizer bottoms in tube - 463°F in, 398CF out
De-ethanizer tower bottoms in shell - 184°F in, 213°F out
41.4% vaporized
Design: Shell - 275 psig, 235°F
Tubes - 270 psig, 650°F.

= Overall heat transfer rate based on outside bare tube surface

BTU/HR, FT2,9F) Include appropriate fouling factors.

Logarithmic mean temperature difference corrected for lack
of counter current flow, of 1-Shell Pass and 2-Tube Pass
Exchangers.
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() 2 112°F 189 PSIB atw 50 PSIG —
lzwr 350 PSIG .18 MMSCFD TO FUEL GAS
@ oo
SATURATED REF. L1GQUIDS B L00°F
S0°F - 108°F
S N R v e e 150 GPM
@ | . 100°F
FUEL gas 20 PSIC 100°F _ 109°F
PRESS. MAINT. 91°F 45 PSIC 75°F E-8 _ 31
@ 3 PSIG Ch - A S () T . T e e 150 GPM s1°F
—) 47 GPM “ L007F
REFINERY GAS HEADER - | .
FUEL_gAS | o1 oo - 105°F
71,300 wn.uD“ l o ST 150 GPM
T 80
b e e e — - 80 GPM y qmumm_“m?
————— ;. 4 l__28__| Y E-1
y-5 V-6
> v\\Z/ ~ INTERMITTENT -
T0 FUEL =0 Psie K
- - 1
GAS 82" F £ ® &
LageF TogISOM UNIT o (s _
97 PSIE <4 s a
5 a = 202°F
20 PSIG G| O7°F NAPTHA & 192 PSIG
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366°F E E-g A T|———— = 1n
W EB - . o
T | 126 PSIG \ wmn\n 14 ©@ " y-1 1S3 pats
||||||| @ DE-ETHANIZER i
892CPH o B =
el 3 o
i o cW/ A E-7 0.5 PSIG [l _ E-4|@D
: 75°F - = i W
100° ¢ - BRAVITY FLONW ! u
92 PSIG R B . ©) o NG
A 410°F = Y- Q.w_w © GlWJ'
101 PsIg] | > 5 orn =
y=2 . V-2~ ol , a
DEPENTANIZER (13) i Ny 100°F P-8& P
\ N v-15 ©
" 276°F A-1 ,
H-1 4467 F 110 PSIC Y TO SQUR WATER u
- 177 VAPOR _\ _ E-S m
FUEL
- 133
- 283,000 SCFO m 387 PSIG M e @ PSIG . 2D2°F 127 PSIG &
104°F 6 19% <%ﬁw\/
500 _GPM 171 PSIE 115 PSIQ
= P11 -5 > M
123°F o
P-4 !
130°F TO FUEL GAS TO PROPANE $TC.
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