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Chemical engineering  $54,256
Electrical engineering  $52,009
Computer engineering  $51,496
Computer science $51,292
Mechanical engineering  $51,046
Aerospace engineering® $50,70I
Industrial engineering  $49,54|
Accounting $43,809
Information sciences  $43,732
Civil engineering $43.462
Economics/finance $42,802
Business administration $39,448
Marketing $37,832
Liberal arts $30,337

WHAT'S A DEGREE WORTH?

Here are some average starting
salaries for the class of 2005:

MAJOR VS, 2008

+4.3%
+2.5%
-2.0%
+2.6%
+4.1%
+9.0%
+1.8%
+3.9%
-0.8%
+4.0%
+5.1%
+3.2%
+6.0%
+4.2%

(o (w2 (5] doudlo (b )l
faradars.org/fvche9509

Source:

degrees

National Association of Colleges and Employers
*Also acronautical and astronautical engineering
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MATLAB -
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MATLAB -



(S5 (diteo 31 (6l Aol (sb gl
faradars.org/fvche9509

ol Jbo 0wl (ol @ i 5L Camdyg

0,00 (ol oiige o 4 5l S b ST sl oy SIS e 0

Sga b asds )8 50 Caro B, K0 o, Cadi> 40 g A oo ool sleesds Slge 5l pgs slaanl g sles yo Lo yE aS 1> @
D410 glotg Caedl ally rpl Sriio (12,0l (0 LI e A Ciwl 009 ceuwds  cwdige yende (g0b

So gl g dml 9z aiils o 9l ] wlio (So S (asls ) j9aS S S eagw dpnl Brae g oy Gl oS ol b0

)5S ol oo 5 Coly j0 5 plend mlio (S0 Klis j9iS ;8 50 o Brae g o)l il 0p )5 oleesd mlio yo

46



(o a0y (5] dodilo (s g0l

M ww @‘W‘ ‘Sb w)é 9 )ls )‘)’le ‘ Ix’ ”’l OM‘T faradars.org/fuche9509

5 S5l (P ool i 9 5B g i (2 lad (29l (e (alierd e ol it mlio 0 Wlg o (et wige *
wWdgi HbU aile (b pae 5 () le 0o 4y ailg ce iin o S L izren 0SB gadel A5 0 o Ly ya
b Sews S poe b dmwgs g 3o 1S powe izl (eaige
555 5 Sl Gt o bxil Sl Gytes o B0 el Glal o perd Geaige plastiul (e g Cundy ogas o
g (oo plastinl Cato (ol 50 (cerds Glusige Sl g0k olaal wll (oo b j3iS )0 Curlo 10 IS5 5 () ke oo
odigs OMpazill €)1 Cunl (padn Bl (o0 3b Sl j9iS S p mlie o (D la Cexdae (n e oS Gl o8, ]

.Mﬁ@ﬁ‘m‘bégb&;YL}bg)lfk)moi%)o&b‘)dg‘x.&bubg?uma:}r_?ggb)l.e(acui;.?‘odswb

47



(o a0y (5] dodiio (s gel

faradars.org/fvche9509
Ls.o.a.u.» g;udu.e‘.o w‘M‘ L5L° &.'90)3 9 )lf )bb c‘s.l:.w OM‘

Pl ) T a Ol G ygiS (B g )0 (ol i plusiin] Comdg

Jeline (6l Lol Jawgin 5l 5eS) o )0 & pords i plasiinl (lie YoV BY V- olo Jlo 10 095 (o (do Gl — 1 el
il sl 655 9 (65906 gm (65906l wile Wi sl Al jo 039> pl cais] Jeline 31 (g, lems all alils 0l (50

= o 6ok o U ol ool ol Lolay ol ) e 098 co (dum s (mizred Sl allo 0l o 0 VOV (0o )0 V- Y) eline

ad on il samT L

48



(S5 (diteo 31 (6l Aol (sb gl
faradars.org/fvche9509

(SO (i ko (B (Guiweilgs

1095 (50 Ao (e )3 Gligwge SO °

99 (!5l (S 50 Wl oe (oond (wiine S S (S 09d o0 (sord mmedige & paztie Ll S e WS 99 50 Sl ¢
Shas,le idu 90 opl a8 sl asls cudled iz

oo sl ,gST) e Al e gl Lliand sloiiSTy o] ,0 a5 ols olfiws Ko &l 4 sl ygaSTy olyb (il ®
Salise 3525 4 daz eole wesle wiz b g0 oS 5l e 50 oS pandg

& ks Slge oS 5 5l a8 el (Gloduzey bl pls il Jlie gl 33ls 5 0 Slge Gilwlas 4 aS sla Ry (b (o

55 s b 5 T ) 5 o i b Sl i eoliil LBl g a1 I3 (e 0 5 el o RS
il el o (i o Ol (Phb o 05T e el il olSis Lt 38 IS il s @y g Dgile
zl il Jie 0,05 o plosl olge (g5lulam w¥gms o] jo a8 o lo |, OV e pludl g glgil aSh s pudalll 4 pasie (gjlulos

S0 ddie 9)lge g Sord (s Ol K (b 5l b
Silwlozr wuly8 b g bt (L STy B oy 10 &5 WS o0 (B1ob 1) (b slwd (comds (woites S0 wyles 4 ¢

29 €005 63l 3 sloma 033381 531 G985 ol 31 Sy s Jguamo il 45 3 55 oo ol



54

P90

H3S gl Caie g (5590

(S5 (diteo 31 (6l Aol (sb gl
faradars.org/fvche9509



g (gl doddo 30 )gel

faradars.org/fvche9509

™
§ ol
@O0ilAndGas

LN
LN



56

(S5 (diteo 31 (6l Aol (sb gl
faradars.org/fvche9509

Jll ol 2o loo

oy 5 5 i mlio

(o g 000080 S0 « 5 ) o lans xolio-

(e g Sl oo s &5 Glogs) 5318 e S mlio-
(293 dsie Ael) (g3l polio-

2l 9 2l mlio-

Swwgy 9 £ o918 @leem



57

UPSTREAM

OIL & GAS
Exploration

A, "
) G,
2
Field Development

Production Operations

SUPPORTING
INDUSTRIES

MID STREAM

Transportation

Processing
Storage & Distribution

DOWNSTREAM

Manufacturing
Refining & Petro-Chemicals
Wholesale & Marketing
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* Facilities and processes
 Exploration

* Production
* Onshore
» Offshore

« Upstream process sections
* Wellheads
« Manifolds and gathering
 Separation
« Metering, storage and export
o Utility systems
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Midstream

Gas Plants

Gas compression

Pipelines

LNG liquefaction and regasification facilities
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An introduction to oil and gas production,
transport, refining and petrochemical
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Oxygen-based process

CH,
Inhibitor Vent gas) 1~ (o,
Ethylene
oxide
\
H
% _ammay U ;
e y 1 o) Ethylene axidel
2 water [to glycol
Inhititor plant)
i %F Glycol bleed
Airm & ‘
"-I’eerqnﬁ- ;

F
Air-g?ind process

Figure 2. Flow scheme for ethylene oxide production by the oxygen-based or air-based oxidation of ethylene

a) Reactor; b) Erhylene oxide scrubber; ¢) CO, scrubber; d) €O, desorber; e) Off-gas purification; ) Air purification;
g) Primary reactor: h) Primary cthylene oxide scrubber: i) Secondary reactor; j) Secondary ethylene oxide scrubber:
k) Ethiylene oxide desorber: 1) Stripping column: m) Ethylene oxide distillation
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= Finished products are shown in blus

= hlany refineres also include wvacuum residuum cokers

= The “other gases" entering the gas processing unit
inzludes all the gas streams from the warous
process units
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Sweet gas Condenser [Hz3+C0z]
e}y Azid gag*
Makeup l Rl
water Ux

Crorrry drum

‘ Reflux
i
Furnp
fhzorber
Regenerator

Sour Gas Wapaor Stammm

Rebailer

Condensate

Furnp

Typical operating ranges

fb=orber | 35 to 50 °C and 5to 205 atm of absolute pressure
Regenerztor ; 115 to 126 °Cand 1.4 to 1.7 st of absolute pressure
at tower bottom
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Optional
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Packing
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Clean Air
Discharge

Liguid Qutiet

Electrode

Packed

Bed \

Outlet

(o (w2 (5] doudlo (b )l
faradars.org/fvche9509




(o (w2 (5] doudlo (b )l
faradars.org/fvche9509

)§S1) ol

Wilgo ol 5T, il )l5 S A8 e
Wgd ddal 9 g5l @B Wb STy 5l g5 SV saze ®

el wrdigo plos g (gouds (cwdige o pled axg (gjlulox slaan] b g olewd sla, ST, 100 @

113



115

Sodium-Cooled-Fast Reactor

mi .

U

YUl

T

(o (w2 (5] doudlo (b )l
faradars.org/fvche9509



(S (o 1 (6] dodilo (0 9o
faradars.org/fvche9509

116



(o (w2 (5] doudlo (b )l
faradars.org/fvche9509

wigl 58 J s oSl

Obyz Db s e

$wlg>b SV sae g5 3l (605 gl

A 115-2 shown

117



(O (e g (5l oo (5030l
faradars.org/fvche9509

120



121

SOLVENT RECOVERY SYSTEM

DIRTY WET
SOLVENT

SEPARATOR

SEDIMENT

SOLVENT
PREHEATER

-

SOLVENT
VAPOR
i 3

SOLVENT
VAPORIZER

I” Toggle 3D Pipes

1 cooLInG

Generic Logic, Inc.
vaav.genlogic.com

RECLAIMED SOLVENT

FLOW
2970.8 ft3/hr

T=64

WATER
HEATED —_—
SOLVENT || CONDENSATE
SLUDGE 1|
_____________ Temperature Histo
{Fﬁn‘ ._._._._._._._p._..._.--rr:'"""""
" Toggle Flow | <l
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Figure 8-72. Types of standard Koch valves. Used by permission,
Koch Engineering Co., Inc., Bul. KT-8A,

Figure 8-80. Typical Norton Valve Tray Valves. Used by permission, Norton Chemical Process Products Corp., Stow, Ohio., Bul. FT-2,
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mission of Norton Chemical Pracess Products Corp., Bull. N-600.

d by permission
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Boilers.html
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Tubes Shells

Available in Copper, 9010 CuMi Rugged shell available in Steel and 316 Stanless Steel. Mini-
316 Stainkess Steel, Admimity or mum clramnces between shell and ballles mduce by-pass and
Carbon Steel Tubes are raller expanded. madmiza haat rans e
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Maovea ble, Tabricated
Carbon Stesl available
on all sipes

Baffles

Precision punched ballles assure effective crculatan
by proveding mammum cleamnces bebween the tubes
Heads Tubesheets and tube holes. Balfle cuts and spacing for each
Heads available in Cast lrory, Thick Carbon Steel, 316 diameter are consistent with best practices Standard
Brass 316 Stainless Steel ar  Stanbkess Steel or 9010 avadable matenal includes Carban Steel, Brass and
Fabricated Carbon Stesl. Cubdi besheets 3216 Staunless Stesl
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BFD (Block Flow Diagram)
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BFD (Block Flow Diagram

Net Fuel (as IR o
| Sulfur Sulfur 10.070 wpu
“1 Recovery -
Phenols Phenols 25
1 Recovery e
Coal A Net Waste Liquids
o ‘ Steam ! 2,380 L
100,000 Catbonizsr Primary
Fractionator
Air 22,500
EEEA—— i @ A
P 1! Liguid Aromatics 770
1 Recovery a
Middle Oils (Diesel, etc.) 12,575
A8 e
Tar Acids 3,320
-
Pitch ITeavy Oils (Creosote, ete.) 2380
"1 Distillation o
Pitch 3.000
“—
77.500
-
)58 Coal carbonization block flowsheet. Quantities are in Ib/hr
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BFD (Block Flow Diagram)
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BFD (Block Flow Diagram)

Pilot Plant Design for Syntar Production

Coal Tar Distillation
Distillate Column

Hydro-
Treater

Digestion
Reactor

Synthetic
Tar
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Process Flow Diagram (PFD)

Reactor Products

Feed / Effluent

Exchanger(s)
Pump "
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Main Reactor

Feed Filter(s)
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Compressor(s) — | p-=-=-=-=-=---- o
I 1 :
Make-Up H Recycle Gas ' §=>= -LeanAmine Light
PHe D Compressor + ''v'i Amine e P'r%dua
LA —
i 1+ v Scrubber
Recycle Gas e’ s
1% St -==RichAmine |° &
age §_ c Medium
Separator | [ FuelGas &2 [ Product
2™ Stage 7S
l Separator -
Sour Water = o Hoavy

Product
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> Diagram guww 3 3o odigy jI5 & oddle

_——‘
-

VRN C j]{——“_x

—

Centrifugal Centrifugal Compressor
Compressor (Turbine Driven)
]
.l'--"
Centrifugal AR
Comprassor h
Centrifugal
— I Blower
Axial Compressor

194
=

i

Pumps, Compressors and Drivers

Motar Driven
Centrifugal Fump

Rotary Pump or

Axial Compressar Compressor

or Multistage
Centrifugal Compressor Q Rotary

Compressor

hWotar Driven
Reciprocating Pump ar
Compressar

hlotar Driven Centrifugal
Compressor or Blower
Turbine

(Mote Direction of Arrows)

Axial Compressor

Turbine Driven Centrfugal or
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HEAT EXCHANGEES

i Z S

CONDENSER
COOLER
HEAT
EXACHANGER %
HEATER HEAT
CIL FIEED EXCHANGER

HEATEE
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> Diagram quww s 50 onigy jI5 4 o3Me

TyT M Plate and Frame : .
( D V Heat Exchanger
&2 I =
T a:
ey Yoot Hairpin Exchanger
C T \ T (R ]) P ¢
| | / |i | ﬁ
:) Air Cooled Exchanger U-Tube
L I (Louvers Optional) Heat Exchanger
i S G S
e I ; ' ey
Double-Pipe Single Pass
’ T F m Heat Exchanger Heat Exchanger
—

By 37

| = i L
. L Spiral Heat Exchanger Reboiler

T

Heater Condenser Shell and Tube Heat Exchanger
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Furnace Boiler
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 Flixborough (1974)
« Seveso (1976)
» Bhopal (1984)
» Mexicocity (1984)
* Chernobyl (1986)
* Piper Alpha ( 1988)

» Al Ahmadi Refinery, Kuwait (2000)

Toulouse, France (2001)

sqdexas, USA (2005)
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Purpose of Safety :

 To provide fundamental tools which are used to
design / manage / operate a chemical plant safely
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Purpose of Lectures on
Chemical Safety

e To understand the hazardous

properties of chemicals prior to their
use.

e To transport / handle / use / manage
chemicals safely.
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D. A. Crowl and J. F. Louvar 2001. Chemical Process Safety: Fundamentals with Applications, 2nd
Edition, Upper Saddle River, New Jersey: Prentice Hall.
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Major Process Industry Incidents

Incident Outcomes Consequences
* Fires

+ Explosions

* Toxic Releases

— Fatalities

— Injuries

— Environ. Damage

— Property Damage

— Evacuations

— Business Losses

— Plant Closings

— Fines, Lawsuits

Yl postur
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Figure 3.13. Crude oil vacuum tower. Pumparound reflux is provided at three lower positions as well as at
the top, with the object of optimizing the diamecter of the tower. Cooling of the side streams is part of the

hecat recovery system of the entire crude oil distillation plant. The cooling water and the steam for stripping
and to the vacuum cjector arc on hand control.
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