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R e v i s i o n  O! 

PROCESS CRITERIA 

I. 0 INTRODUCTION 

The Process  DesiKn C r i t e r i a  Hanual s h a l l  be used as a g u i d e l i n e  f o r  
p r e p a r a t i o n  o f  b a s i c  p r o c e s s  des ign  documents f o r  t he  T r i - S t a t e  
Syn fue l s  P r o j e c t .  The format  f o r  f low diagrams,  c r i t e r i a  f o r  s p e c i f y -  
in s  major  equipment ,  and p i p i n g  g u i d e l i n e s  a r e  based on g e n e r a l l y  
a c c e p t ed  p r a c t i c e s  i n  b e  chemical  and hydroca rbon  p r o c e s s i u ~  i n d u s t r i e s .  

This  manual i s  i n t e n d e d  co s t a n d a r d i z e  g e n e r a l  p r o c e s s  design p h i l o -  
sophy f o r  a l l  u n i t s ,  i r r e s p e c t i v e  o f  the  p roce s s  d e s i g n e r .  I f  s i g n i £ i -  
cane d e v i a t i o n  from the  P rocess  Design C r i t e r i a  Manual i s  cons£dered  
n e c e s s a r y ,  t he  o r i s L n a t o r  o f  the  p r o c e s s  d e s i s n  package s h a l l  so a d v i s e  
Tr i -SCace  Syn£uels  Company i n  w r i t i n g .  D e v i a t i o n s  s h a l l  noc be made 
~,ichout Tr~-SCate ' s app rova l .  

u n  ~ :JSCL.*S*jIK ¢~ l l [ ~ - t !  0 ~ 4  | 

J sinCE P~A &l" |m[  FIMa~r U ~ 



PROCESS CRITERIA 

2.0 GENERAL 

GENERAL SECTION INDEX 

TITLE 

Scope 

Climatic Data 

General  DesiEuConsiderations 

~easurements 

Revision O1 

SECTION 

2.1 

2.2 

2.3 

2.4 

f ' l 
us[ ~ ,~oS¢~:s+mr OF nE~.Rr ox:~ 

| NC'T~.E ,-~G~. AT ,ILE FIW,. ~ THJ~ ~.[f~lllT.. 1 



PROCESS CRITERIA 

2.0 GENERAL 

2 1  scope 

2.1.1 

2.1.2 

Revision O1 

Pr imazTNarra t ive  Spec i f i ca t i ons  

This manual provides for  an overview of design gu ide l i ne s ,  
and does not provide the d e t a i l e d  information ava i l ab l e  in  
the mechanical ,  ins t rumenta t ion ,  and p i p i n g m a r r a t i v e  spec i -  
f i c a t i o n s .  The meta l lurgy and economic sections o f f e r  gen- 
e r a l  gu ide l ines  only and cannot serve as a s u b s t i t u t e  fo r  
judgment in specific applications. Equipment metullurgy 
v i l I  be f i n a l i z e d  in  a n e t a l l u r g i c a l  flow shee t  rev£ev 
meeting as i nd ica ted  in Paragraph 6.2. The primary narra- 
tive s p e c i f i c a t i o n s  to be used in conjunct ion with t h i s  
manual are l i s t e d  below. A ~oiplete l i s t / ~ 8  of  a l l  nar- 
ra t i ve  s p e c i f i c a t i o n s  i s  ava i l ab le  from CIG (Centra l  I s sn-  
ins  Group). 

SP-1001-42-2,A,B,C 
SP-1001-43-1 
SP-100!-43-4 

SP-1001-43-5 

S P - I O 0 1 - ~ - I  
SP-IOOI-~-2  
SP-10OI-&&-3 
SP-1001-45-1 
S P - I O 0 1 - ~ - I  

SP-1001-50-1 

SP-1001-50-3 
SP-1001-70-1 
SP-1001-90-33 
SP-1001-90-90 

Vessel Design Basis S p e c i f i c a t i o n  
Process Cent r i fuga l  Compressors 
Process Reciprocat in8 Compressors 
(above 300 kW) 
Process Reciprocat ing Compressors 
(belov 300 kV) 
Shell and Tube Heat Excha/~ers 
Air Cooler Heat Exchan~rs  
Double Pipe Heat Ezchansezs 
Fired Heaters 
Centrifugal Pumps fo r  General 
Refinery Service  
Geqeral Pipin8 - Process and 
U t i l i t y  Design, Layout and Dn~uzS 
Specification 
PipinE Material Specification 
General Instz~entation Criteria 
Site Meteorolo~cal Design Data 
Noise 

O~eratinx Factors  

The T z i - S t a t e  Synfuels  p l a n t  s h a l l  opera te  a t  design con- 
d i t i o n s  340 days per  yea r .  Spare equipment sha l l  be 
i n s t a l l e d  where_ necessa ry  to assure  t h i s  zequiremeat can 
be r o t .  General ly  speakiug,  r o t a t i u g  equipment such as 
puape requ i re  spar ing.  Cenr~fz~al  coapressors  are  no t  
spared,  but  spare r o t o r  assemblies w i l l  be pzovided f o r  
~_ach sezTice inc lud ing turbine d r i v e n .  Reciprocat~ag 
compressors must be spared, l )e t~ i ls  of the equ~l~eat 

m S'J~J~." I 1 1 ~  LeSlmCh~ ~ v 4  
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PROCESS CRITERIA 

2.1.2 (Continued) 

sparing philosophy is included in subsequent sections of 
this manual. 

Equipment shall be located in a manner that provides main- 
tenance access. Where necessary, breakout piping spools 
shall be installed to provide the maintenance access. For 
areas not accessible by mobile equipment, structural steel 
should be provided to assist with heavy lifting. The 
steel is to be i~ztalled ~o a manually operated hoist can 
be used on a temporary basis. Subsequent sections of this 
manual provide data on maintenance access for specific 
types of equipment. 

The plant will generally operate at  I00 percent of the nor- 
mal flow through each unit. Periodically, portions of the 
plant will be shut down for turnaround inspections. Dur- 
ing these periods the plant will operate at 50 percent or 
less of the normal flow. Table 2-1 summrizes the 
expected range of plant operation. 

TABLE 2-I 

Plant 
Area 

Gasification 

Spare Normal Operating at 
Trains Trains Startup Operation Turnaround 

3 @ 33~ each 0 Individual Trains 3 i'rains 1 to 2 Trains 

Methanol 
Synthesis 3 @ 33~ each 0 Individual Trains 3 Trains I to 2 Trains 

Mobil ~fG 2 @ 50~ each I Individual Trains 2 Tra/ns 1 Train 

Gasoline 
Opgrading I @ 100% 0 

Utilities and as req'd Needed to 
Off-sites produce 

@ 100% 
a v a i l a b i l i t y  

*Except when these  u n i t s  a r e  on tu rna round .  
o f f - s i t e  tankage .  

33~ o f  normal 1 T r a i n  1" 

0 t o  100~ o f  as t e q ' d  as r e q ' d  
normal 

At that time the liquid feed is stored in 

Ill s s0_ IS S ~ J * ' ¢  r "~0 TMF.* Rf.; l~|~'tJ0~ CN l r v .  C 
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2.1.3 

R e v i s i o n  01 

Des ixnFac to rs  

2.1.3.1 Material B a l a n c e s  

Material bal%nces for each unit associated with 
the Tri-State Synfuels p r o j e c t  a r e  t o  be shown 
as follows: 

2.1 .3 .1 .1  Block  Flow Dias rams  

Hat~erial balauces fo r  block flow dLia- 
8rams a r e  t o  b= @iven on a c a l e n d a r  
hour  b a s i s .  On- s t r eam f a c t o r  f o r  t h e  
plant is 340 days  (8160 hours)per 
year. Component breakdown for each 
s t r e a m  is n o t  r e q u i r e d .  

2.1.3.1.2 Process Flow Diasrams 

Material b a l a n c e s  for process - f l ow  
diagrams are to be Eiven on a stream 
hour bas is .  Each st.ream i s  to be 
shown by  cowponent  breakdown.  Sect ion 
3.2 gives a typical example for the 
mater ia l  balances. 

The material balances smst show t h e  
expected flow c h r o u g h  each i ~ m  o f  
e q u i l ~ e n t .  

2.1 .3 .2  E ~ u £ c l e n t  Design 

The p r o c e s s  f l o w  d i a 8 c a : s  w i l l  f o r l  t h e  b a s i s  
f o r  t h e  equ ipment  d e s i a n .  Each l i c e n s o r  w i l l  
dketerm~m r3ae d e s i E n  b a s i s  f o r  e a c h  £ t e n  o f  
eqt~pm~.ut a s s o c i a t e d  w i t h  his  process. F.wcessive 
o v e r d e s i E n s  by  t h e  l i c e n s o r  a r e  t o  be  j u s t i f i e d  
t o  T r Y - S t a t e  i n  w r i t i n E .  

° 
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2.2 Climatic Data 

2.2,1 Tem~eratur e 

{Also see Table 4-4 in the Utilities Section of this 
manual.) 

a.  Design Wet Bulb TemperatuFe 

Where approach to wet bulb only determines the design, 
~he approach to wet bulb temperature equals the dif- 
ference between temperature to which water is actually 
cooled and the wet bulb temperature. 

Ambient design wet bulb temperature is 79°F. 
Corresponding dry bulb temperature is 94°F. 

Note - Those dry bulb and wet bulb temperatures (°F) 
whic-'---h are not exceeded more than 2.5 percent of the 
time during the warmest consecutive four months as 
determined by the mean wet bulb temperature. 

b. .Desig~. Dry Bulb Tempera ture  

Where approach  to  d ry  bulb  o n l y  de t e rmines  t h e  de s ign .  

Design d ry  bu lb  t e m p e r a t u r e  i s  96°F. 
Cor responding  wet bulb  t e m p e r a t u r e  i s  81°F. 

Note - Those d ry  bulb  and wet bu lb  t e m p e r a t u r e s  (°F) 
whi---~ a r e  n o t  exceeded more ~han 1 p e r c e n t  o f  t he  
t ime dur ing  t h e  w a m e s t  c o n s e c u t i v e  f o u r  months as 
de te rmined  by t h e  mean wet  bu lb  ~ampera tu re .  

c .  Winter d e s i g n  d ry  bulb  t e m p e r a t u r e  i s  G°F. 

d.  Tempera ture  ex t r emes .  

Dry bu lb  t e m p e r a t u r e  i s  108°F (max),  -23°~ (min) .  
Wet bu lb  t e m p e r a t u r e  i s  90°~.  

Remarks - The de s ign  f o r  f r e e z i n g  c o n d i t i o n s  i s  -5oF 
wi th  a 30 mph wind. 

e .  In  u s i ng  t h e  above des ign  f i g u r e s ,  a l lowances  a r e  t o  
be made as n e c e s s a r y  because  o f  d e s i g n  and s u r r o u n d -  
inEs ( e . g . ,  f o r  c o o l i n g  towers  i t  i s  t h e  d e s i g n e r s '  
r e s p o n s i b i l i t y  t o  add t h e  r e c y c l e  a l lowance  as  w e l l  
a~ any a l lowance  n e c e s s a r y  because  o f  t he  e f f e c t  o f  
su r round ing  equ ipment ) .  

{ - USE OII ~ISCt:sm~R~ OF REP..Rr D~.'a 
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PROCESS CRITERIA 

2 . 2 . 2  P r e s s u r e  

Average barometric pressure = 14.5 psia. 

2.3 General Design C o n s i d e r a t i o n s  

2.3.1 The n a r r a t i v e  s p e c i f i c a t i o n s  i n d i c a t e  t h e  s t a n d a r d s  t h a t  
must be used  f o r  t h e  d e s i s n  and f a b r i c a t i o n  o f  t h e  e q u i p -  
ment .  D e v i a t i o n s  f rom t h e s e  s t a n d a r d s  a r e  n o t  p e r m i t t e d  
w i t h o u t  p r i o r  a p p r o v a l  o f  T r i -S t . aCe  ~ y n f u e l s .  

2.3.2 The d e s i g n ,  c o n s t r u c t i o n  and  o p e r a t i o n  o f  ~ b i s  f a c i l i t y  
must conform to a l l  appl icab le  loca l •  s ta te  and na t iona l  
laws c o v e r i n g  t h e  r e l e a s e  o f  h a z a r d o u s  mater ia ls  t o  t.he 
e n v i r o n m e n t .  

2.3.3 The 'measurement  and r a t i n g  o f  n o i s e  s h a l l  be  i n  a c c o r d a n c e  
w i t h  S P - 1 0 0 1 - 9 0 - 9 0 .  T h i s  s p e c i f i c a t i o n  s t i p u l a t e s  t h e  max-  
imum p e r m i s s i b l e  e x p o s u r e  fo~  indus t~ -La l  w o r k e r s  t o  be  an  
equivalent noise level of 85 ~BA for an 8 hr. day/40 hour 
y o r k  week.  

S i n c e  t h e  c o n c e p t  o f  n o i s e  e x p o s u r e  embod ie s  t i m e  a s  y e l l  
a s  l e v e l  d e p e n d e n c e ,  an  a=ea  i n  wh ich  a m b i e n t  n o i s e  l e v e l  
i s  i n  e x c e s s  o f  85 dBA may c o n s t i t u t e  a p o t e n t i a l  n o i s e  
h a z a r d  b u t  w i l l  n o t  VaCTent t r e a t m e n t  i £  nobody  works  t h e r e  
f o r  I o n s  p e r i o d s .  T r e a t u e n t  i s  t h e r e f o r e  o n l y  j u s t i f i n b l e  
where  t h e  a m b i e n t  n o i s e  l e v e l  i s  i n  e x c e s s  o f  85 dBA and  
some o p e r a t o r s  a r e  s u b j e c t  t o  I o n  E e x p o s u r e  t i m e s .  The 
£o l lovJJsE  T a b l e  2 - 2  g i v e s  OSHA N o i s e  E x p o s u r e  L i m i t s .  

2-2 

OS~a NOISE EXI~OSORE LIMITS 

. 

D u r a t i o n  P e r  Day 

8 
6 
4 
3 
2 
1-1/2 
$ 

1/2 
1/4 or  less 

Sound L e v e l  
. . . .  (eea) 

9O 
92 
95 
97 

100 
102 
105 
110 
115 

I:S:E ~ =~¢:S,jlll, q~Ir II£.m¢~1 ~A | 
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2.4 Measurements 

2.4.1 Scope and Application 

The units of measurement 
English system. 

for the p r o j e c t  shall be the 

2.4.2 Basic Units of Measurement 

The following basic units of measurement will be used on 
all process design documents: 

Linear - inches (in) & feet (ft) 
Mass - pounds (Ib) & tons (T) (Note I) 
Flow 

Gas - Clarge) - standard cubic feet/minute (SC~L) (Note 2) 
(small) - SCF/hour (SCFI[) 

Liquid (large) - gallons~minute (GPM) 
(small) - gallons/hour (GPH) (Note 3) 

Steam and condensate - pounds/hour (ib/h) 
Temperature - degrees rahrenheiU (°F) 
Pressure (gauge reading) - pounds/square inch (psig) 
Pressure (absolute) - pounds/square inch (psia) 
Pressure (differential) - pounds/square inch (psi) 
Vacuum (gauge reading) - psia or inches of Mercury absolute 
Heat - British Thermal Unit (BTU) 
Heat Flow - BTU/hr 
Power - horsepower (HP) 

g o r e s :  I .  ST = shor~ ton (2000 Ib) 
LT = long ton (2240 Ib) 
tonne = meur£c ton (2204.6 ib) 

2. SCFH is measured at I atmosphere (14.696 psia) 
and 60°~ 

3.  Smal l  f l o w s  a r e  d e f i n e d  as  ~ o w s  l e s s  t h a n  
0 . 5 g p m  

t~sr CR ~,I.~CL;S~R ~ - OF flE~.R; 9JLT,IL 
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3.0 FLOW DIAGRAMS 
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3.0 FLOW DIAGRAMS 

3.1 General 

3,1.1  

3 .1 .2  

Revision 01 

Definitions 

a. 

b. 

Process Flow Dia~ra@.s - Process Flow Diagrams depict 
the overall process flow scheme. They shall be pre- 
pared showing basic process flow; and the equipment, 
pipit E and instruments necessary for clear process 
definition shall be shown. Major process flow lines 
shall be identified with a number referencing the line 
to the Material Balance which shall be shown on the 
flow diagram or typed on material balance forms issued 
separately. 

Hetallur~ical Flow Diagrams - The Metallurgical Flow 
Diagrams show the same data as the Process Flow Dia- 
gram except that: 

I. Material balances are not shown. 

2. Flow rates are not shown. 

. The material of construction of ~ process 
equipment and piping are shown, along with the 
corrosive conditions including temperature and 
pressure. 

C. Mechanical Flow Diagrams. - Mechanical Flow Diagrams 
Show al__!l process equipment (and requisite drivers), 
piping, instrumenns and control logic required for 
the mechanical design of a process un/t. 

d. Utility Flow Diagrams - Utility Flow Diagrams show 
for utility systems the same general information as 
Mechanical Flow Diagrams show for process systems. 

Flow Diagram Sizes 

Flow Diagre~s will be made on mylar whose size is 24 inches 
high by roll len~ch. Special circumstances may requ/re 
~he 4,rawing to be 30" b/Eh. Approval must be obtained from 
Tri-State for its use. They will be sectionalized to 
facil~tate microfilming. The maximum roll length shall be 
15 feet. All flow diagrams shall he drawn with ink on mylar. 

. . . . . .  
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3.1.3 

3 . 1 . 4  

R e v i s i o n  01 

Job  C o n t r o l l i n s D o c u m e n t  

M e c h a n i c a l  Flow Diag rams  mus t  be  an  a c c u r a t e  s c h e m a t i c  
r e p r e s e n t a t i o n  o f  t h e  u n i t  b e i n g  d e s i g n e d .  Th~s Flow 
Diagrem mus t  be a c c u r a t e  i n  a l l  d e ~ a i l s .  P i p i n ~  changes 
resulting from equipment and pipin$ layout c a n u o t  be made 
until t h e  M e c h a n i c a l  Flow Diagram h a s  b e e n  c h a n g e d .  

Once a U e c h a n i c a l  Flow D i a s r a m  has  b e e n  i s s u e d  "Approved  
f o r  C o n s t r u c t i o n "  a l l  c h a n s e s  made to  ~he d rawin~  ~ t  b e  
siEned and  d a t e d .  The r e s p o n s i b l e  d e s i K n  s ~ p e r v i s o r  e a s t  
be  c o n t a c t e d  and t h e  r e a s o n s  f o r  t h e  change  m i n t  be  
explained at the time the Flow Diagram i s  be ing altered. 

At F l u o r  a l l  c h a n g e s  t o  Flow D ~ a g r m  mu~t be c o l o r  coded 
a s  f o l l o w s :  

a .  Blue p e n c i l  is used  f o r  d e l e t i o n s  ; 

b .  Red pencil is u s e d  f o r  a d d i t i o n s  ; 

¢. A l l  o t h e r  marks  added  t o  t h e  d r a ~ i n p  m a s t  be  i g n o r e d .  

NumberinR S y s t e a ~  to .  be  Used f o r  F low Diag rams  

3 . 1 . 4 . 1  P r o c e s s  Flow D i a g r a m s  

The d r a v L n g  numbering s y s t e m  i s  $ i v e ~  i n  
S e c t i o n  3 . 3 . 4  o f  ~he P r o j e c t  P r o c e d u r e  Manual .  

3 . 1 . 4 . 2  Mechanical  Flow Diagrams 

a .  Drawin  S N~mbez - The d r a v i n 8  n m ~ b e ~  s y s -  
t em i s  g i v e n  i n  S e ~ o n  3 . 3 . 4  o f  r ~ e  P r o j e c t  
P r o c e d u r e  Manual .  

b. P i p e l i n e  Number - The p i p e l i n e  *nu~beziug 
s y s t e m  i s  8 i v e ~  i n  Sect_ion 3 . 3 . 7  o£ 
P r o J e ~  P r o c e d u r e  Hanual.  

C .  I n s t r u m e n t  Number - The J ~ s ~ n ~ e n t  numbe0r- 
i n  s s y s t e m  i s  s i r e n  i n  S e c t i o n  3 . 3 . 3  o f  
P r o j e c t  P r o c e d u z e  Manna1. 

d .  T i t l e  B l o c k  - The & e ~ a i l s  f o r  ~he p r e p a r a -  
t.~on o f  t h e  T i t l e  B l o c k  f o r  e a c h  Flow D i a -  
Stem a r e  K i v e n  i n  S e t . o n  3 . 2 . 7  o f  t h e  
P r o j e c t  P r o c e d u r e  N a n n a l .  

tJs'f, o t  ~scL s ~ l l  eli MM.IU ~ | 
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3.1.3 

Revision 01 

Flow Diagram Preparation and ReviewProcedure 

Each licensor/subcontractor will utilize his own procedures 
no develop and draft all of the required Flow Diagrams. 
The format for these Flow Diagrams must be as shown in the 
examples included in this Process DesiEn Criteria Manual. 
The followinE uables Eive Fluor's Flow DiaEram procedure. 
TaBle 3-1 is the procedure for Process Flow DiaErams and 
Ta61e 3-2 is the procedure for Mechanical Flow Diagrams. 

,, 
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FLOW D%AGRAM PROCEDURES 
MECHANIC~L/CTZIITY ~ FLOW DIAGRAM 

3-2 

Follow ~e rev~s~n system as shown during Pha~e 1 of ~he p~o~e~. AT. the ¢cn%~ler/nn of 
Phase I, -,.he MFD's w~ll De ~ s s u e d  Roy. 01 reqardle~ of CheLT s~.a~s (d~af~ deliverable-end of 
P h a ~ e  1 ) .  Dur~.ng Phase 2, ~-he ntw~e~=.~g will ConT.Inue using uhe  alphabeuical q i v e n  i n  7.he Table 
with 3~ in fcc~ of the letter, i~. 01C, 01D, etc.,until ~-he MFD development: has reached Rmv. 0 
~.a~. A~ r~.~ lPo~nt  "-.Ae rev~ion will ~ n c e  again be num~e~e~ as sho~n o n  ~h~s pEocedure. 

ACTIVITY 

Mechan ~cal Flow 
D~aqrram and/or S~scems 
F l o ~  D~agTam 

Flow D~agram gta't~u~ 

Flow D~.agram Ac~ lv~ . -y  
Fo re~asT . .  

l~raf~ FI.rS-C check p!ot 

Process Check 

Draf~ S e c o n d  c h e c k  
p l o t  

P r o c e s s / I n s r r u ~ c  
C h e c k  

Draf~ Firs~ m~lar 
o r i g i n a l  f o r  ct~s- 
c r i b u u i ~ n  

Firzc Review a n d  

a n d  las~a ~G~D-S~"D 

~ Flow D~ta 
%slum 

S, e c o n ~  Rm,-~w~ MP'D- Sl, D 

RESPONSI~ZLITY 

PL~OCeSS 

ConTrol SysT~=us 
Design i 

Conc.Tol S y ~  Design 

Conr.Tol S y ~  Design 

Connrol 5yzue:.5 Desi~m 

~ , : e s s / C o m : : o l  5ys~e~ 
Engineer ing 

Con~-~=l Sys'cen~ Design 

Cont:col syscem~ 
Pip~nc/-Piping ma~ial 
Pz~c~ss 
Mechanical 

Con~l systems Design 

r 

Cone:n1 Symums 
Mecha~cal 
pipi~q 
Pzocess 
~nvlronsmnCal 

ACTZVITY D ~ I 0 ~  

P r e p a r e  F l o w  D i a g r a m  s k e t c h  u s i n g  IDD5 c a l l  dump o r  
m a n u a l  s k e t c h .  F o r w a r d  ~.o C o n t r o l  Sysuem.5 D e s i g n  
S u p e r v i s o r .  

Conlu~ol 5yste~ Design will na/nca/n Lud issue a Flow 
Diagram Suatus Char~ ~ a l l  cEisciplines. 

The Flow D i a n a :  STXTUS CHART w i l l  a lso fo :ecas= T.he 
scheduled :evisions fo: each diagram. 

D~aft check Cpaper) ploT. u~iug IDDS or manual ~awin~ 
a n d  s e n d  r..he,'..~ plot 7.0 p~'*~ce~ only. I 

I 
R e v i e w  firs~ check ploT. forward c o ~ n 7 . s  T~ Cont.Tol 
Sys:ems Design Superv isor .  

~2eat 5e/~le~c~ 4 ~5 aL~ n L ~ . ~ . ~  ~ c o ~ t L ' ~ - l y  ~ 1 ~  
v.he p~ss flows a n d  Z e q u i T e d  " . equ~pmen~ The draw- 
inqs zlvisions will be nmnbered S e v .  AI, A2, eU=. 

DL~f~ S~-ond check (paper) plou. Send v.o P~ocess 
Engineering. 

P ~ c ~ m s s  E n g i n e t = i u c j  =review S e c o n d  c h e c k  plo~. 
FOZ'Wa.Tcl c o m e n t s  to Control Systems E n g i n e e = i n g  
F o z w a z d  c o  Cou~-ol S y s c e n  D e s i g n  Su~erviso=. 

D~aft Plow Diagram mylaz ~'ig~, 15S-~ I~T~7. 7.~: 

Control Sys~e=~ 
Pipiug-P~ping MaT.erial 
PL-oce~ 
Nechanlc~1 

Disciplines should review ~ diagram and add 
c~msen~. Dis~ipl£nes MDST resolve major confli~.s 
prior ~ .~eEcurnlng ~a=~ed ~qp l~cin~s I=o c~n~rol ~y- 
seas design scpmrviso=. 

o c i g i n a l  , ,~d  i s s u e  F ~ i u e s  ".:o: . / / ~  

MechanlcaIElec":'r£cal ( R e f . ) ( R e f . ) ~ ~ ~ "  "" a~" *~" 

Forward ~ and ~Ic~ Da~a t o  the Piping Ma~e=lal 

Responsible ~=c~ps z~wle~ aria ~pdace Flow Diagram 
S g e c ~ / c a l l ~ :  

P=:caua ~ / l n e e :  ~ :~s :  
Line ana va lvu  : L ~ t s -  

Control Syscens Engineer aa~s: 
Con~zol V a l ~  s ~ t s  - 
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13 

14 

15 

16 

2.7 

18 

ACTI"V'£TY 

Fl~oz" C:cm,~=mzc:e 

L a m e  "~=~r ~ = F ~ , a l "  

T.lae m 

U Z % . Z ' L ' Y  

Cmz~zoZ b'~t~ems ~esig= 

/ 

C~m:z=~. S y m : e ~  ~ e s L g n  

PJrocesa 

P' ,Lptag Ua~e=J,  s l  

C : ~ t = o l  S ~ s l = i e  
h m = e m r ~  

Class 4 e s ~ a m : , ~ s  - 
7 . o . I m 1 ~  c S . i r ~ s i q p t a ~  - 
Code bz~m]&s ( e . g .  Jt.qa~) - 

a.~  mm]ced ]~'~.nts ~:o r.be Cm~=zol lffs~lms 
DesLgn Sapez~LJo=. ~ q ~ t  m~cpm=~es 10 • 12 u 
aecessaz~ fo= a4~L~loaal cmimmw.s, i l~r~Lon 
v ~ l  c]~mge ~ mquam:e,~e.  X, F,  e~.c. 

E l e c ~ : J . C a /  (2e£.)  
]~vJ . . - .mmmar.a l  (]Re£.) 
necblu~,caz 

P r o c e s s  

Ca~Lls and  ~ / ' l U o :  F l a y  ~ C o a ~ e z e n c m .  

~ I m S :  a ~ . e n ~ .  O r . l ~ - s  a=e  o p r . L a n ~  = 

C r e s o l  S y m : 4 i  
Z a c j ~ : e e r L n g  ~ ~ : ~ ' o r J u m a  Z~o: jec~Za41:Laeer  

P~=~ag - P~p~.ng Xar.a=~a.Z 
Pzzx :e s s  

z~zo~k~.~ r o s s  /a~/d.aear ~ o c v m z ~ s  ~ m 

]Im,~i.m ~J'/kbL1. 

a b ~ . n  Z'~J.aoz ~ ~Lgm~azmr - - -Z~zo~  ~md 

Pzo:ie=~ ~ ~pLme~r , - -11-  - , ,4  ~ ~ 2~L- 

z,=o:lec~ ~=oc~m 1 ~ g ~  ~m'vmrd~ a a a ~ m  mmdm4 
mun:== =o r, be c m ~ o Z  ~ nes:h~ ~ .  

mmNz.s t,o ~:h~ c : ~ : o l  ~ nu..L4m m @ e n " 4 , ~ .  

z m M z s  ~ ~ ~n~=o~  s y ~ m m  : m e . ~  s u ~ ' ~ 4 m ' .  

u u  cat ~&SCL.'~JI~J~ Ol L Rr~...~r 0,1,~& 

Is ~IK,~J.sCT ' IC ' INi  IkvSlrl l~l dm ~ 

i~lragi I~G~ Air 111 I r l l r T  U TIMS I I D a f f  



F~OW DZAGR~q PROCEDURE 
~ECHANZCALIUTILITY SYST~4 FLOW DIAGRAM 

TAESE 3-2 (CONT) 

].9 

I 

l . l  

I 

ACrIV'I"TY 

?~fch ~visio= ~cI 
Zssue "c.lxen~. Approval 
No-...ed" 

Establ isP.L~g the 
"Pr~ jec~ R[as't e r "  

Revise Original and 

Rmvlse ~ - £ q i n a l  
Issue 

RESPONSZBZLITY 

Conncol Systems Design 

l~rocess 

¢ o n n r o l  S1~ste=~ Design 

p i p i n g  

All Enginee,':'.ing 
D e ~ . . . ~  

C~nCcol ~ s c ~ = ,  
De.~gn 

I = e ~ c ~ m . c ,  

&CT/VlT~ DESCRI'PTZ~; 

R e v i s e  o r i g i n a l  

Oh~ Fluor apl~=oval signacu.ces~P~ocess and 
Cont ro l  S y ~  o n l y .  

ObCain C l i e n t  slgna~e. 

Issue AFC Revision 2, distribution ~o he in a c c o r -  
ct=n~ with ~he ~:~'ojec'c, dis~rihucio~ lis~. 

The ATea O= Unit Piping Supervisor designates his 
flow diagram pcints as "Project PL~-cer" and places 
~hem on roll boaxds in his c~Taf~ing area. 

All Enginee---ing D e ~ c s  are responsible fo= 
k~eping the "Pro~e'.'~ MaS~LT" Plow Diagram c-c~e~Ic 

wi~h ~hcir lanes~ d~eloiomen~s of engineering and 
design data. 

The ATea or Unic Piping S~_--visoE is resp0nsible 
fo= ~he maintenance of ~he "Pz~je~'¢ Masce.~" flow 
d/aq~-ams. 

The PEo3e~c Control ~ ~ ' - g i n e e r  i s  =esponsible" 
f o r  the  ~:evision o f  ~he ~'o.3e~-'~ M a s c . "  c = i g ~  
and the ~ r s ~ . ~  of up-~-cla~e p.--ints. They also 
ax~ ~s£~v.c~_~le for ~.~'tg wi~.h ~he Area or 
Oni~ Piping S~e~visor t~) es'Ca~lish T.he O1:~<~" 
Time for z ~ v i s i o n  and i s s u e .  They a=e a l s o  t o  
noni f lv  a l l  eng ine~u : ing  d e ~  o= ~he s c h e d u l e d  
r e v i s i o n  and ~ d a r e s  co  a s s ' ~ e  u p d a t i s g  o f  t h e  
"Pro~ecc Masce~" hefor~ ~ e v i s i u n  and i s==e.  The 
Engin~,er/.ug ~epa.v~ments a r e  ~ i n d i c a u e  .~'..bei.~ 
compliance an~ aqremn~nu by "si~ing off" "c.he 
"P=o~ec~ MasCe='. 

Revise oziglnal in ac~oEclance w~h the mark~ 
iud~caced on ~he "Project Master." 

F l o o r  appz~nral s £ 9 ~ a T ~ ' e .  Process and 

~ssue Rev~s i~  3, ~ . q t = ~ i ~ 0 n  1:o he i n  a~,'~z'dance 
~rlch r.he ~'o#~=c ~ t ~ c z D ~ . ~ n  l i ~ .  

Repeat secluen¢es 21 and 22 fc~ subsequent ~ssues. 

,. ,, .. 

I IS S:J~I[CT TG 1P.£ aESTP;'."I~:N =,"1 ";.qE 
t NCTIC~ PAGE AT TM~" IrlL~):~ OF/fiL~ RL~P~Irr 
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R e v ' i s i o n  O1 

PROCESS CRITER.IA 

3.2 P r o c e s s  Flow Diazram 

The f o l l o w i n g  P r o c e s s  Flow Diagram (F£$ure  3 - 1 )  g i v e s  an example 
o f  t h e  f o r m a t  as  v e i l  a s  t h e  i n / o r m a t i o n  needed  f o r  t h e s e  d r a w i n s s .  
The n a t e r £ a l  b a l a n c e s  can  be  on s e p a r a t e  s h e e t s  o f  p a p e r ;  however ,  
i f  t h i s  o p t i o n  i s  chosen  t h e n  t h e  m a t e r i a l  b a l a n c e s  must  be  t~ped .  

[ ! IS SUIUEC~r TO ~ £  1113/IU~m C'I 1Rq 

Imb~l~ M AT T ~  FIIBU U Wins l i b r a '  

O 



] NUUilill ~ + ~ ~'r-4-oooj 

i PAGIf i | I~IH||IIING ]rNx~ss Ft,oM ~IAGlUU4 ;I 
. . . .  [DAT I I  - -  L |1 AHOAIOS II-"J 7 

r F igure $ -  ! 

n'~ ? j  : • " .j 

• .Ih °~ 

: "~ T: '.',T,~, z ' . '~J  ~" , '~ i  . . . . .  .I 

I 
/ 

- - '  , : r .  LWI,.,tI~ , Lr.e~z~ur~u 
• ,-  ~ - _ L ~  . . . .  - - - . , ~  . . . . . . . .  ~ ~ - ' :  , ~ , ~ - , , . ~  I 
. . . .  ~_1.~1 I "-'4"- _ _ ]  " ~  ".-'.~:~_~-:-~-_"?~.'.'.'÷_~,.::.= ~ . . . .~ ,~ .  ~ , ~ .  ~ . ~  ,, _" :: -: .-_ _-:-.-'~- . . . . .  ~.-~ [ ~ - - _ ~ , ~ ; ~ . _ .  . . . .  ,0, L.:. "~'""®'1 i / 

J 

,m .-m A, 

-n ~ ,~ 



O" 

%. 

PROCESS CRITERIA 

3.3 

3 .4  

R e ~ s i o n  01 

DefiniC.$on o f  P roces s  Flow Diasram R e v i s i o n  Nmmbezin~ 

3 . 3 . 1  Phase I 

a. See TabZe 3-1 f o r  r e v i s i o n  numbering. 

b. The development f o r  Phase 1 w i l l  be t3xru P.ev~s~on G1. 

3 .3 .2  Phase I I  

Phase I7 vi]_t c a r r y  t h e  PFD's t o  comple t ion  and i s s u e d  AFC. 

Process,,, Flow DiaEram C h e c k l i s t  

3 . 4 . 1  GENERAL 

The p r o c e s s  f low diagram shows t he  b a s i c  p r o c e s s  f l ow,  and 
o n l y  t he  e q u i p a e n t ,  p i p i u E  and ins t runenr . s  n e c e s s a r y  f o r  
p r o c e s s  c l a r i t y ,  t h e  f o l l o w i n g  p r o c e s s  dar~ i s  n o , a l l y  
s h o e :  

3 . 4 . 1 . 1  T e ~ e r a t u r e  and p r e s s u r e  f o r  each  v e s s e l  and 
p r o c e s s  l i n e ,  i n c l u d i n 8  inco~LuS and ou r~o tn s  
l i n e s .  

3. &. 1.2 Steam pressure  f o r  r e b o i l e z s  (ps ig )  • 

3 . 4 . 1 . 3  Cool ing water  t ype ,  ~r i th  i n l e t  7 ~ p e r a t u ~ e  (oF) .  

3 . 4 . 1 . 4  ~ccbanger du~y BTU/hr. 

3 . 4 . 1 .  S F i r ed  hearer  du~y BTU/h~. 

3 . 4 . 1 . 6  ~ Epm (ac tma l  c a l c u l a t e d  - n o t  d e s £ s u ) .  
~eCer~n s p ~ p s  (EPh).  

3 . 4 . 1 . 7  Packing h e i g h t  and s i ze  o f  pack ing f o r  packed 
~ e ~ s  ( f t ) .  

3 .& .1 .8  M a t e r i a l  Balance  Tab le ,  ( t a b l e  may be ~ t t e d  o r  
sho~n s e p a r a t e l y  ac  t h e  dlscre~_~o~ o f  t h e  p ro~ess  
e n g i n e e r ) .  

3 . 4 . 1 . 9  Equi lment  s ~ b o l s  a r e  p e r  s e a ! o n  3 .11 .  

3 . 4 . 1 . 1 0  For  equipment  i d e n ~ f i c a ~ £ o n  l e t ~ r s  s e e  ProJec~  
P rocedu re  ~bumal. 

I ~ N E  ~ 111£/~mNl' ~ ~SS EN~r 
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PROCESS CRITERIA 

3.4.2 

3.4.3 

Revision 01 

3.4.1.II 

3 . 4 . 1 . 1 2  

Duplicate pieces of equ/pment, i.e. spare pumps 
and heat exchangers with more than one shell, 
are not shown bu~ are identified by item number 
only. 

Temperature, pressure, flow rate, specific gravity, 
and destination source of all streams entering 
or leaving at theun/t battery limit must be given. 

It is important that these data pertain to the 
battery limit boundary or interconnecting flange, 
and not to a more remote point. 

VESSELS 

3,4.2.1 Trays are numbered from bottom to top. The only 
trays shown are those at top r nd bottom, and 
~hose which locate process lines and/or instru- 
ments. 

374.2.2 Catalyst beds, packed sections, demister sect/ons, 
etc., are shown, with height and size of packing 
shown nearthe vessel (ft). 

3.4.2.3 

3 .4 .2 .4  

3 . 4 . 2 . 5  

Opera t ing  p r e s s u r e  and t empera tu re  f o r  each v e s s e l  
and p rocess  l i n e  ( p s i g a n d  °F) must be g iven .  

In the case of towers, or other instances where 
sufficient variations exist, the temperature 
and/or pressure for both the top and the bottom 
must be given. 

At the top of the flow diagram, above each vessel, 
the following is listed: 

a° Vessel Item Number (this number will also 
appear in or adjacent tot he vessel). 

b. Title. 

Size (~nside d'.'ameter in inches ~ud ~uE~u~- 
to-tangent length in feet and inches. 

FIRED HEATERS 

3 .4 .3 .1  

3 .4 .3 .2  

~eat inE medium i s  shown and i d e n t i f i e d .  

Process p ip ing  i s  shown f o r  one ~ass on ly .  

I 
- US[ O~ CISCI.:$LRE OF R~'~.qT ~A:A 

L$ 3U."J=.Cr 7Q 1HE R[~I~CT~N CN 1W. e 

~O'r;CE PAGE ATTHE FI:~IIT aF TH]$ RCP'~Rr 
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PROCESS CRITERIA 

3.4.4 

3.4.5 

3.4.6 

3.4.7 

R e v i s i o n  O1 

3.4.3.3 At Uhe top o f  the flow d i a g r a m ,  above each hesZar, 
the following is listed: 

a. Hearer Item Number. 

b. Title. 

c .  Du&y - BTU/hr .  

EXCHANGERS, CONDENSERS ~ (.~OLERS AND REBOILERS 

3 . 4 . 4 . 1  A d j a c e n t  Co e a c h  exchanger, c o o l e r ,  c o n d e n s e r  o r  
re~oiler the following is l i s t e d :  

a. Equipment £Um Number. 

b. Duty - BTU/hr. 

3.4.4.2 On shell and t u b e  e x c h a n g e r s  t h e  stream throu41h 
t h e  t u b e  is identified b y  a d a s h e d  line. 

PUMPS 

3.4.5.1 

a e  

b .  

C08PBF~ORS 

Below e a c h  pump t h e  f o l l m a i n  E i s  l i s r~ed :  

Pump I t e m  Number.  

sPh o r  ~ ( a c t u a l  o r  c a l c u l a t e d  v a l u e )  

3 . 4 . 6 . 1  The c o m p r e s s o r  symbol  i s  r e p e a t e d  f o r  e a c h  slutSe 
o f  a m u / C i s t a E e  c o m p r e s s o r .  

3 . 4 . 6 . 2  Below e a c h  c c l p r e s s o r  t h e  f o l l o w i n g  £s  l i s r ~ - d :  

a .  Compressor  I t - -  Number.  

b. Stase (when required). 

~ I O N  

Only  t h e  process control insLr 'mNnZa~i .on  needed  for pro- 
cess cZarL~y  i s  shown. 

I u SE L'II ~CL ."$.~M W IlPCm ~ 8  o ~. ° ° 

.r I 
i 



Revision 01 

PROCESS CRITERIA 

3.4.8 MISCEIIANEOUS 

3.4.8.1 Zaterial Balance 

a. Process lines are tagged with a number ref- 
erencing the line to the Material Balance 
at the bottom of the flow diagram (omit when 
no material balance is required). Utility 
lines are not identified by number. 

b. The Material Balance is a tabulated break- 
down of the various components of each proc- 
ess steam shown on the flow diagram. See 
the example for a Process Flow Diagram for 
the recommended material balance format. 

c. The material balances are to be tabulated 
on a stream hour basis showing the expected 
flow rates. 

3.4.9 TITLE BLOCK 

A sample title block is included in the Engineering Sect/on 
of the Project Procedure ~nual. 

3.5 Mechanical Flow Diagram 

The following example for a Mechanical Flow Diagram (Figure 3-2) 
shows the font*at and the data required on all final Mechanical Flow 
Diagrams for the Tri-State Synfuels Project. Mechanical Flow Dia- 
grams will be at various stages of development at the completion 
of Phase I worE. Some of the l~D's for process units may be near- 
ing completion while others may be £n a very preliminary stage. 
The objective of Phase I is to advance the engineering work for 
the overall projecU in a logical sequence, developing the l~D's to 
the maximum extent possible within the budget constraints. 

IS $Jq.J~'cr'Io II~E R-'CI~k~T¢~al r~  TN~. 
~11C2 pP.G~ ;,';'THE FI~oKr ~ THZ.~ F.[P=JT 
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PROCESS CRITERIA 

3.6  D e £ ~ t i o n  o f  ~echan~cal  F lov  D£a~rma Rev i s i on  Numbex-lng 

3.6.1 Phase I 

a.  See Table  3-2 f o r  r e v i s i o n  n u m b e r ~ .  

b .  Development f o r  Phase 1 v ~ l l  be zhru  R e v i s i o n  01. 

3-6.2 Phase I I  

Phase I I  , r i l l  c a r r y  t h e  ~FD's to comple t ion  and £ssue AFC. 

3.7 ~ e c h a n i c a l  I~o~ ~iaxraa C h e c k l i s t  

3.7.1 GEHERAL 

The mechanica l  ~ lov diagram sbovs t he  equipment ,  ~ s t ~ u -  
merits,  p i p i n g  and any n ~ s c e l l a n e o u s  i t e m ,  wi th  c o r r e s p o n d -  
i n s  data =equ~ red  f o r  t he  mechanica l  d e s i ~  of  a paz~cicula= 
un£ t .  

3.7 .1 .1  ~lUi]L~e~t ~.s l a i d  out to  confozm ~rith p r o c e s s  
f l o v .  

3 .7 .1 .2  Equipment s ~ b o l s  are per Sect£om 3.11. 

3 .7 .1 .3  For equ£pmenc i d e n t i f i c a t i o n  letters see the 
Pro jec t  Proceduxe Manual. 

3 .7 .1 .& When a group o f  major  p£eces  of equ.il~enZ has 
i d e n t i c a l  p=oc - - s  and u t i l i ~  p i p i ~ i  =---d -.'.--~--u- 
memt~t£on, on ly  one o f  t h e  Kroups,  w i t h  a l l  p i p -  
ing  and in s t rumen ta t . i on  i s  sho~n. The o t h e r s  o f  
t he  group a r e  i n d i c a t e d  bY ind£v~dnal b l o c k s  and 
a r e  i d e n ~ t f i e d ,  b u t  o n l y  t h o s e  p o t i o n s  o~ pip£ng 
n~cessary £Gr l i n e  i d e i t , . i . f i c a l ~  a~e shown. 

3.7 .2  V3LSSE~.S 

3.7.2 .1  Top and bot tA~ Z ~ j z ,  and o n l y  t h o s e  ~ n e e e e -  
s a r y  t o  locar~e f e e d  and p r o d u c t  l i n e s ,  £nsun~em-  
r ~ t £ o a ,  sample c o n n e c t i o n s ,  e t c . ,  a r e  shoma. 
C a t a l y s t  beds ,  pack inS ,  dmistezs, e.himwy t x a y s ,  
e t c . ,  aze  a l s o  s h o ~ .  

C 
I tq~ ea EL~t . '~ l  ~ ~ ~ | 

I m a O ~  I 1 ~  M I l l 1  
mm~ ~ m ~  sm~rm ~ms J 
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3.7.3 

3.7.4 

Revision 01 

3.7 .2 .2  At the top of the flow diaEram , above each Vessel, 
the following is listed: 

a. Vessel Item Number (¢b/s number will also 
appear in or adjacent to the vessel). 

b. Title. 

c. Size (inside diameter in inches and tangent- 
to-tangent length in feet and inches). 

d. Design Pressure and Temperature. ~sig and 
°F) 

e. Insulation (¢Jlickne~s or the word "NO")- 

f. T ine Number of vessel tr~Ja (Ebis applies to 
T.G & LC connections, vents, S.C., etc. ). 

FIRED HEATERS 

3.7.3. I rot burner pipin E details at heaters see Section 
1i.7. 

3.7.3.2 At the top of the flow diaEram above each heater, 
the follo~-in E is listed: 

a. Heater Item Number. (This number w~ll also 
appear in or adjacent to the heater.) 

b. Title. 

c. Duty- BTU/hr. 

EX~U~GE~, CONDENSERS: C~LERS ~D REBOInmS 

At the top of the flow diagram above each exchanser, cooler, 
condenser or reboiler the following i~ listed: 

a. Equipment Item Number. (This number also appears in 
or adjacent to  the item.) 

b. Title. 

c. D u t y -  BTUIbr. 

d. I n s u l a t i o n  ( r ~ / c k n e s s  o r  t h e  wo~d "No") .  

l L'S'E CII .'zSCt.'Sok~ 0;  RE~'~  =uca 

IS ~J~J.eCl 101HE I~PSII~IL"TI~N C~1 T~4E 
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3.7.5 PUMPS 

3 .7 .6  

3 .7 .5 .1  

R e v i s i o n  O1 

At t h e  top  of  t he  f l ow dia@ram, above each ope r -  
a t i n g  pump, t he  f o l l o ~ n ~  i s  l£s~ed:  

a .  Pump I ~ m  Number. (This  number a l s o  appears  
below the  pump. ) 

b. T i t l e .  

c.  gph o t  ~ (des ign  r a t e ) .  

d. D i f f e r e n t i a l  P r e s s u r e ,  p s i .  

e .  S p e c i f i c  s r a v i t y  o f  pumped f l u i d  a t  pumpi~ K 
t e m p e r a t u r e .  

f .  I n s u l a t i o n  ( t h i c k n e s s  o r  t he  ~ord  "No").  

3 . 7 . 5 . 2  

g .  Misce l l aneous  a u x ~ i a r y  p i p i n g  (C.W., f~ush-  
inks  o i l ,  s e a l  o i l ,  e t c .  ) .  

~nen a pu~p i s  spa r ed ,  ~he da ta  i s  l i s ~ t d  f o r  
o p e r s t ~  pump a t  t he  Lop o f  ~ fXov d~aKran, 

and t h e  sp3re  i s  i d e n ~ f i e d  o n l y  by mmber  and 
t he  word "Spare"  below the  pum~. The o p e r a t i n 8  
pump and t he  spa re  have t he  same number bu t  v~ th  
s u l l i e s  "A" and " B ' .  

3 . 7 .6 .1  At t h e  top  o f  t he  f low d~aarsm , d i r e c t l y  above 
each  compressor ,  t he  fo l~ov~J~ i s  l i s t e d :  

a .  C o n f e s s o r  I tem N~mber ( c y l i n d e r  aumber). 
(Th is  number a lso  appears below the  Com- 
p resso r .  ) 

b. Compressor T i t l e  ( s t a g e ) .  

Co ~ o  

d .  ~ .  

3 . 7 . 6 . 2  ~ l i n d e r  tnd  s ~  n ~ b e r s  e r e  J ~ o ~  o n l y  f o r  
uu1~.~staae c a a p r e s s o r s .  ~ i  compressor  da t a  
appea r s  over  t he  f i r s t  sLaKe o n l y .  For  s u b $ e q u a ~  
s t a a e s  SCFH and HF a r e  o ~ t t e d .  

u J  OR ©a~SUl i (  OF l i ~ 4 f f  14:4 
~S S~PJf, Cr ~ T~t i l l ( sn iac~ an Tu~ 

re l ic t  I~¢~ JfT ~IE FIm~r OF 1ran IEl~m" 
| l  
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3.T.7 

3.7-8 

Revision O1 

INSTRUMENTATION 

3.7.7.1 Instrumentation symbols are in accordance with 
ISA Standards, with minor modifications as iudi- 
cated inFluor Standards. 

3.7.7 .2  Control valve sizes shall be shown. Block and 
bypass valve sizes at control valve stations shall 
Be shown. Sizing will be determined by the Control 
S~stem~ Engineer unless contract requ/rements 
d i c t a t e  o t h e r w i s e .  

PIPING 

5.7.8 .1  

a. The origin and terminus of each feed and 
product line entering or leaving the flow 
diagram is identified by a box wh/ch shows 
the descriptive title of the line, and the 
drawing number and section nmaber of any 
reference drawing. 

b. High p o i n t  v e n t s  and low p o i n t  d r a i n s  a r e  
shown on ly  when t h e y  c o n n e c t  "to a c l o s e d  
system, or are rec_uired for process reasons. 

Pertinent information regarding a line such 
as "Do not pocket or slope", etc., is noted 
adjacent to ~he line. 

c. U t i l i t y  l i n e s  o r i g i n a t e  and t e r m i n a t e  a d j a c e n t  
t o  t h e  equ/pment  i n v o l v e d .  Only t he  l e n g t h  
c~ l i n e  n e c e s s a r y  f o r  v a l v i n g ,  i n s t r u m e n t a -  
t i o n  and l i n e  number in  E i s  shown. U t i l i t y  
l i n e  o ~ i g i n  and t e rminus  i s  i n d i c a t e d  by  
d e s c r i p t i v e  title o n l y .  Hain  utility heade r s  
are not shown on the mechanical flow diagram; 
they are shown on the utility System Flow 
Diagram. 

d. Compressor u t / l i t y  p i p i n g  i s  shown o n l y  when 
minor  i n  s cope ;  o t h e r w i s e  i t  i s  shown on a 
compressor  a u x i l i a r y  f low diagram.  

e .  A l l  v a l v e s  shown on t h e  f low diagram s h a l l  
have ~ h e i r  s i z e  i n d i c a t e d  b y  t h e  v a l v e .  

C~.~ CR CiSCL."SUlt( O~ Lq£~-Rr ~ A  | | 
L~ SJOJEC"r '101ME ILTS~R,I~"T~N Cn ~ | 
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3 .7 .9  

R ~ s i o n  O1 

3 . 7 . 8 . 2  R e d u c t i o n  i n  L i n e  S i z e  

R e d u c t i o n  i n  l i n e  s i z e  i s  ~ n d i c a t e d  o n l y  b y  l ~ e  
s i z e  d e s i ~ a t i o n .  R e d u c e r  symbo! s  a r e  shown o n l y  
vben requ~zed f o r  c l a r i t y .  

3 . 7 . 8 . 3  L i n e N ~ e ~  

~ a c h  p z o c e s s  and e a c h  u t i l i t y  l i n e  i s  i d e n t i f i e d  
by  a l i n e  number .  

3 . 7 . 8 . 4  P i p e  Wal l  .Th i cknes s  

C a l c u l a t e d  w a l l  t h i c k n e s s e s  not  a l ~ d y  pzespec i -  
l i e d  i n  the  i n d i v i d u a l  L ine Classes v ~ l l  b e  shova. 

3 . 7 . 8 . 5  Cor ros ion  A l lovances  

C o r z o s i o n  a l l o w a n c e s  o ~ h e r  t h a n  t h e  n o m ~ a l  o r  
a d j u s t e d  a l l o w a n c e s  ~ n d £ c a t e d  i n  t h e  ~ d i v ~ d u a l  
L i n e  C l a s s e s  ~ i l l  a l s o  b e  shown. 

3.7 .8 .6  Pip~u~  Out o f  Spec  I t e m  

P i p i n 8  c c o p o n e n t s  n o t  ideatlfled by lns tz~meat  
o r  Mechanical E ~ t  N o s b e n ,  e t c . ,  and no t  
c o v e r e d  b y  t h e  P i p i n g  H a t e r i ~ l  S p e c i f i c a t i o n ,  
a r e  i d e n t i f i e d  b y  a a s i ~ a t ~ B  a n  I ~  Code N ~  
f o r  i d e n ~ . ~ f i c a ~ o n  s y m b o l .  See  S e c ~ i e ~  3 . 1 1 .  

MISCEllanEOUS 

3 . 7 . 9 . 1  E q ~ p m m t  L o c a t i o n  I n d e x  - Upper  r i s h t - h a n d  a r e a  
o f  t h e  f l o w  d i a ~ a m .  A l l  equipment i s  l i s t e d  b y  
e~ment number ,  a l p h a b e t i c a l l y  and  m m e . - - i c a l l y ,  
and re ferenced to  the number o f  t he  d r a ~  sec- 
t i o n  i n  vk£ch i t  appeazs. 

3.7 .9 .2  LeL~nd - F o r  F low D i a g r a n  L e ~ n d  and  I n d e x  s e e  
S e e t i e ~  3 . 1 1 .  

3 . 7 . 9 . 3  T£t . te  B l o c k  - I n  a c c o r d a n c e  w i t h  c o n t r a c t  r e q u i r e -  
ment.s.  

t'S£ t~  ~SCt S U H ~  ~ ~ £  

J 

| ! 
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3 . 7 . 9 . 4  DrawinE Size - The flow diagram is usually roll 
size, 24" or 30" b/gb (cut size) with length 
generally limiued to 15' If greater length is 
required and process layout permits, two flow 
diagrams are made rather than one. Process con- 
ditions not permitting, the flow diagram is made 
Uo required lenEth. ~or smaller diaErams, a 
4 size drawin S may be used. 

3 .7 .9 .5  Sections - The flow diaEram is divided horizou- 
tally into 12" sections. Beginnin E at the riEht- 
hand ~rim line, the sections are numbered con- 
secutively in the lower marEin "1, .... 2," "3," 
ere., from riEht to left. 

3 . 7 . 9 . 6  Microfilmin~ - When the job procedure calls for 
the drawings to be microfilmed, refer to job 
procedure instructions. 

3 . 7 . 9 . 7  Eqnipment, instruments or piping, which are 
traced or iackered, are so indicated. 

3.8 UtilitF System Flow Dia~r,am 

Utility and Off-site SysUem flow Diagrams (FiEure 3-3) use the same 
revision numbering as the Mechanical Plow DiaErams. 
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PROCESS CRITERIA 

3.9 U t i l i t y  

3.9.1 

3.9.2 

3.9.3 

3 . 9 . 4  

R e v i s i o n  O1 

S~s~mFlow Diagram Description 

Genera l  

The f o l l o ~ i n 8  i s  • d e s c r i p t i o n  o f  • t y p i c a l  u t i l i t ~  s y s t e m  
~ l o ~ d i a g r a m f o r  • c o n t r a c t .  Each f l o v  d ~ g r o n v i l l  c o n s i s t  
o f  t h r e e  s e c t i o n s :  f i r s t ,  t h e  mechan£ca l  element-s needed  
Co p r o c e s s  t h e  commodi ty ;  s e c o n d ,  t h e  pipeline n e t w o r k  
needed t o  coovey  t h e  commodity  t o  a n d / o r  from i n d i v i d u a l  
P r o c e s s  A r e a s ;  and t~L~rd, t he  h e a d e r s ,  s u M • c a d e t s ,  and 
p i p e l i n e s  needed  v i x e n  a P r o c e s s  Area  t o  c a r r y  t h e  u t i l i t y  
c o m o d i t y  t o  o r  away f rom i n d i v i d u a l  po inLs  o f  use  o r  8 e n -  
erat/on. 

Mechan ica l  S e c t i o n  

The sechanical  sec t ion  o f  the u t i l i t y  system ~low diasram 
v i i 1  show a l l  equipment, ins t ruments,  con t ro l s ,  and spec- 
i a l t y  i t ems  i n  accordance vi~h Section 3.5. This sect.ion 
will o c c u p y  ~he r~ght  hand s i d e  o f  t h e  completed d i s s = a ~ .  
~ n h e a d e r s  ( s u p p l y  a n d / o r  r e t u r n ,  i f  r e ~ u £ r e d )  v i l I  e~cit 
frontJ~left s i d e o f C h ~ s m e c h a n ~ c • l  ; e c t i o n .  The h e l de r ( s )  
vill be c l e a r l y  marked co d e f i n e t h e e x t e n c e x ~ s t ~ n g v i U k i n  
t h e  p r i a a r y u t i l i ~ y p r o c e s s ~ n g a r e a .  

D i s t ~ - ~ b u t i o n S e c t i o n  

The d £ s t ~ i b u t i o n  s e c t . i o n  o f  rJ~e u t i l i t ~ r  s y s t e m  f £ o v  d ~ a ~ a m  
v ~ l l  show t h e  main  h e a d e r ( s )  and b r a n c h  l i n e ~  wh ich  i n t 4 r -  
connect the b a t t e r y  l ~ t ~  o f  the pr imary processin8 u e a  
t o  t h e  b a t t e r y  l ~ s  o f  e a c h  o f  t h e  u s e r  o r  s e n e = a t o r  p r o - .  
t e s s  a r e a s .  The b r a n c h  l i n e  t a k e o f f  Co / n d ~ v ~ d u a l  a r e a s  
w~l l  be  shown i n  c o r r e c ~  s e q u e n c e s .  A l l  ~ t ,  c o n -  
r ~ o l s ,  ~nst_w~sents,  and  v a l v e s  vh£ch  a r e  • p a r t  o f  t h e  
h e a d e r s  o r  b r a n c h  l i n e s  v i i i  be shown i n  t h e  a r o a  ~ e  
a c t u a l l y  located.  

P r o c e s s  Area  Dis t~ - lbur~on  S e c t £ o n  

The process area d£s t r ibu t . ion  sec t ion  o f  the u t i l i t y  s y s t ~ l  
f l o v  d ~ a m  w i l l  sboq, v i t J ~ n  each process • r e • ,  the 
headers and connect ion l i nes  Co •11 equipment, ~L1i~ 
s t a t i o n s ,  and o ther  s ~ s c e l l s a e o u  loca t ioas  r eq~ r~a8  • 
p a r ~ c u l a r  commodit 7 .  T a k e o f f  f rom main  h e a d e r s  w i l l  be 
shown i n  co r rec t  seqRence but  not  i n  Seo~apb£cal p l o t .  
Valves,  con t ro l s ,  and s p e c i a l t y  i tems r e l • r ~  ~o the header 
system w i l l  be shown w i t h  ~ dr•winS, a p ts - r~L i l  L~pe 
c m m e c t t e =  w i l l  i n d i c a t e  • c o n n e c t i o n  co  be  found  on t h e  
= e l a t e d  m e c h a n i c a l  f l o w  s h e e t  w i t h  t h a t  p i e c e  o f  e q u i p m e n t .  
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3 .10  Equipment  I d e a t i f i c a t i o n  

Equipmen~ i d e n t i f i c a t i o n  l e t t e r s  a r e  i n c l u d e d  i n  t h e  E n g i n e e r i n  E 
S e c t i o n  o f  t h e  P r o j e c t  P r o c e d u r e  H a n u a l .  
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R e v i s i o n  O1 

PROCESS CRITERIA 

4.0 UTILITIES 

The p u r p o s e  o f  the £ollowin@ i n f o r m a t i o n  is t o  p r o v i d e  d e s i g n  criteria 
for utilities within process units The intent is to arrive at unifom 
system that can be iateErated into an overall plant design. 

A ~ r i t e . , p  d e f i n ~ n  E t h e  c o o l i ~  media  ( a i r  o r  w a t e r )  w i l l  be i n c l u d e d  i n  
t h i s  s e c t i o n  a t  a l a t e r  d a t e .  

4 .1  Steam 1 Condensa t e  and B o i l e r  F e e d w a t e r  

4 . 1 . 1  Steam 

a .  Steam v i i i  be made a v a i l a b l e  a t  t h e  p r e s s u r e  l e v e l s  
shown i n  T a b l e  4 . 2  ( i n  Appendix  l o c a t e d  a t  t h e  end o f  
t h i s  s e c t i o n )  a t  p l o t  l i m i t s .  A l l  e f f o r t s  s h o u l d  be 
made t o  p r o d u c e  s team from was t e  h e a t  a t  l e v e l s  c o n -  
sistent with the v a l u e s  shown. Any d e v i a t i o n s  s h o u l d  
be  b r o u g h t  t o  F l u o r ' ~  a t t e n t i o n .  

b.  ~ 1  p r o c e s s  u n i t s  s b ~ l i  be  d e s i g n e d  t o  e ~ n i ~ z e  t h e  
n e t  e x p o r t  o f  low p r e s s u r e  s team d u r i n g  n o m a l  o p e r a -  
~ o n s  

C .  Waste h e a t  s team E e n e r s t o r s  s h a l l  be d e s j 4 n e d  t o  r ema in  
i n  c o n t ~ u o u s  o p e r a t i o n  f o r  a minimum o f  two (2)  y e a r s .  

d .  C o n s t r u c ~ o n  o f  was te  heat steam g e n e r a t o r s  and r e l a ~ d  
p i p i n S  shall be to ~ Boiler Code. 

e .  When f o r c e d  c i r c u l a t i o n  b o i l e r s  a r e  p r o v i d e d ,  t h e  w a t e r  
c i r c u l a r . i o n / s r ~ u =  ~ e r e t i o n  r a t i o  shall be not l e s s  
t h a n  S : l .  

. The control, ooni toz@ng and y a r n S @  i n s t n m e n t s  f o r  
w a s t e  heat s team ~ t i ~  s y s t e m  shall be located 
i n  t h e  r e s p e c t i v e  p r o c e s s  control rooms. Theme c a n -  
trois shall include t h o s e  f o r  t h e  s t eam p r e s s u r e ,  
s t eam s u p e r h e a t  r A I p e ~ a r ~ r e ,  v h e r e  applicable, b~lov 
rater l e v e l s ,  and s t e ~  f l o w  z ~ r ~ .  

s y s t e m  sb=il be d e s i s n e d  f o r  l o c a l  i n d i c a t i o n  and  
control as  v e ] ~  as  control f rom t h e  z e s p e c t i v e  p ~ s  
c o n t ~ l  room. 

As 8 n i n i m m ,  t h e  f o l l o v i ~  variables sh-ll be per- 
n a n e n t l y  r e c o r d e d :  

1) S t e m  f l o w  f r o m  each s e n e r a t o r .  

L'f M r . l s 4 ~  f I I~  U ~ I 

I I ~  I~G[ ~ 1~ Irmmr w Rlis Ul~V 
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4.1.2 

4.1.3 

Revisiou 01 

2) Steam temperature at exi~ of superheaters. 

3) Water level in steam drum, and kettle-type Eerier- 
aLoEs. 

4) Steam drumpressure. 

B~owdo~ns 

a .  All steam generators and stea~ drums will be blown 
down as necessary to maintain the allowable sol~ds ~n 
the drum consistently below the limit imposed by the 
American Boiler Zanufacturer's Association (Table 
4 . 3 ) .  

b. Blowdown pipiu g will be Sch. 160 with no pockets, 
usin E swept ~ees and lon E radius bends when changing 
direction of flow. Effluent from the blowdown drums~ 
after cooling," will be collected for further 
treatment. 

Condensa~es  

a. Steam condensate from low pressure and medium pres- 
sure sr~eamusers shall be collected in ~he "I.P. Con- 
densate Collection" header. 

b. Steam condensate from hiEhpressure steam users shall 
be collected in the "H.P. Condensate Collection" 
header where available. 

c .  • ~ x ~ n u m  s team c o n d e n s a t e  c o n s e r v a t i o n  s h a l l  be  
p r a c t i c e d .  

d .  E x c e s s  s t eam c o n d e n s a t e  wh£ch i s  c o l l e c t e d  w i t h i n  an  
operar_in  8 u n i t  s h a l l  be  r e t u r n e d  t o  t h e  Steam G e n e r a -  
t i o n  P l a n t  v i a  t h e  "Pumped C o n d e n s a t e  R e t u r n "  h e a d e r .  

e .  A l l  c o n d e n s a t e  s t r e a m s  which  can  be  p o t e n t £ a l l y  c o n -  
r ~ z i n a t e d  s h a l l  be  p r o v i d e d  w i t h  a p p r o p r i a u e  a n a -  
l y z e z ~  and a l a r m s .  A c o n t a m ~ u a t e d  c o n d e n s a t e  s t r e a m  
s h a l l  be  d i v e r t e d  f rom t h e  c o n d e n s a t e  c o l l e c t ~ o n  
s y s t e m .  I ~ s p o s i t i o n  o f  t h e  p o t e n t i a l l y  c o n ~ m i u a t e a  
c o n d e n s a t e  w i l l  be  d e t e r m i n e d  b y  t h e  w a t e r  management 
group a t  ~ u o r .  

i t'~'~ ~R :I~L:S-..R£ CF ~EM'RT ~:A | 
;$ 3J:lC.Cf 1~ 1HE R~TR;~'gh,~N CN 1H5 
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4 . 1 . 4  B o i l e r  F e e d w a t e r  

a.  R e t u r n e d  c o n d e n s a t e  p l u s  d o n L n e r a l ~ z e d  w a t e r  w i l l  be 
d e a e r a t e d  and t r e a t e d  i n  t h e  S t e a n  P l a n t  and  d i s t r i -  
b u t e d  f a ~ o r y - w i d e  as  " ~ P D e a e r a t e d  C o n d e n s a t e " .  

b. "LP D e a e r s t e d  C o n d e n s a t e "  s h a l l  b e  b o o s t e d  o n s i t e  t o  
• e e t  h~gh p r e s s u r e  w a s t e  h e a t  b o i l e r  f e e d ~ a t e r  
requirements. 

C .  N o n - d e a e r a t e d  s t e a m  c o n d e n s a t e  s h a l l  be  d i s t r i b u t e d  
a s  "HP C o n d e n s a t e  S u p p l y "  o r  "LP C o n d e n s a t e  S u p p l y "  
t o  m e e t  c e r t a i n  p r o c e s s  water r e q u £ r e ~ . n t s .  

d. " P o l i s h e d  r a t e r "  s h a l l  b e  d i s t r i b u ~ e d  t o  o n s i t e  d e a e r -  
aCors where ultra-purity boiler feedvater i s  speci- 
fied for process reasons. 

4.2  Water  Syst.ems 

4 . 2 . 1  Coo l inE  Wate r  

a .  C e n t r a l  c o o l ~  w a t e r  s y s ~ e ~  ~ 1 1  s u p p l y  a l l  r ~ r e d  
c o o l i n  8 w a t e r  t o  p r o c e s s  u n ~ t a .  Wa te r  r i l l  b e  r a i l -  
a b l e  Cat p l o t  l ~ t a )  a t  t h e  c o n d i t i o n s  d e t a i l e d  i n  
Table  4 .2 .  

b.  Use o f  c o o l i n g  wa te r  f rom t h i s  system s h a l l  be kep t  
t o  an economic l i m i t ,  w£th a a x i m ~  use o f  a~-r coo led  
h e a t  e x c h a n s e r s .  The b r e a k  p o i n t  f o r  a i r  v e r s u s  r a t e r  
c o o l i n g  i n  i n d i v i d u a l  s e r v i c e s  s h a l l  b e  der~ezmd~ed b y  
an  economic  e v a l u a t i o n .  As a E e n e r a l  r u l e ,  f o r  p r o -  
d u c t  s ~ r e a m ,  a i r  c o o l  a b o v e  130°F and w a t e r  c c o l  
b e l o w  130°F.  

C. ¥ o u l i n s  f a c t o r s  on t h e  c o o l i n g  w a r ~ r  s i d e  o f  h e a t  
e x ~ r s  s h e l l  b e  a s  shown on  T a b l e  8 . 1  l o c a t e d  i n  
t h e  s e t , o n  ~ u l e d  H e a t  E x c h a n s e r s .  

4 . 2 . 2  Po tab le  ~ t e r  

P o t a b l e  w a t e r  v ~ l l  b e  m q ~ p l i e d  t o  811 p r o c e s s  t l ~ i t s ,  a t  
*-he c o n d i t . i o n s  Cat  p l o t  L i m i t s )  s p e c i f i e d  i n  T a b l e  4 . 2 .  

A. 2 . 3  U r / l i t  7 Wate r  

U t / 1 / t y  w a t e r  w ~ l l  b e  s u p p l i e d  t o  a l l  p ~ o c e s s  u n i t s ,  a t  
t h e  c o n d i t i o n s  ( a t  p l o t  l i m i t a )  s p e c i f i e d  i n  T a b l e  4 . 2 .  

I 1 
LSIE M -'l~t.'s.JJt£ ~ I ~ ' i !  
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4 . 2 . 4  

4.3 Fue l s  

4 . 3 . 1  

4.3.2 

Revision 01 

Firewater 

Firewater will be supplied to all process units, 
conditions specified in Table 4.2. 

a t  t h e  

Fuel  Gas 

a, 

b. 

All process heaters except the utility boilers and 
sulfur off-gas incinerator will be designed for fuel 
gas firing only. 

fuel gas will be supplied as required at all process 
plot limits at the conditions shown in Table 4.2. 
Heating value will ranEe from 330 to ~50 BTU/SCT 
(LHV). Molecular weight will range from 12 - 17. 

c. fuel gas will be "wet". Knockout drums are required 
at minimum safe distance from each fired heater o r  
group of heaters. Condensate collected in the knock- 
out drums will be routed tot.he flare header. 

Fuel Oil 

a. Low grade by-products can be considered for use as 
fuel. 

b. For design purposes fuel oil will have the properties 
!isted £nTable 4.1. By-product streams used as fuel 
oil have ~heir own unique properties. These proper- 
uies must be given to Tr£-States by the process 
licensor producing~-he fuel oil. 

TABLE 4 .1  

FUEL OIL SPEC 

V i s c o s i t y  

D e n s i t y  

C e n t i s t o k e s  @ 120°F.  

l b / f t  3 max.  

S u l f u r  ~ m x .  

H e a t i n g V a l u e  BTU/Ib. 

F l a s h  P o i n t  o ~ .  

ill|, 

f Uer Olt -"I~;CL;'StJP.£ OF R~.,RT ~J~TA I 
I~ ~U.~.zrc~ ID THg R=ST~CTIO~ ~N T#. e 
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Pour  P o i n t  °F max. 

Water wt ~ max. 

Ash w t  ~ m a x .  

Sediment  by  e x t r a c t i o n  wt % max. 

4 .3 .3  Coal  f i n e s  w i l l  be used to f i r e  t h e  u t i l i t y  b o i l e r s  e x c e p t  
f o r  s t a r t - u p .  

4.4 A i r  and N i t r o s e n  Systems 

4.4.1 I~t~t Air 

a .  

b.  

I n s t r u a e n t  a i r  w i l l  be  a v a i l a b l e  a t  p l o t  l i m i t  o f  e a c h  
p r o c e s s  ~it a t  t h e  c o n d i t i o n s  shown i n  Tab le  4 . 2 .  

I n s t r u m e n t  a i r  w i l l  be  d r i e d  t o  -40°F  dew p o i n t  a t  
t h e  s u p p l y  p r e s s u r e .  

4.4.2 Plant A i r  

a .  P l a n t  a i r  w i l l  be  a v a £ h b l e  a t  p l o t  l i m i t  o f  e a c h  
p r o c e s s  u n / t  a t  t h e  c o n d i t i o u s  shown i n  T a b l e  4 . 2 .  

b. P l a n t  A i r  sire11 serve u a "Back=p" source o f  Z~s t ru  - 
merit A / r ;  f o r  au tomat ic  use  i n  t h e  e v e n t  o f  an out- ' l ie  
o f  t h e  l a t t ~ e r .  I n  s u c h  e v e n t u a l i t i e s ,  t ~ e  I n s e t  
Air shall have first call on the Plant Air produclutoa 
with reEa~ t o  o the r  u s e r s .  The f l o w  t o  o t h e r  con- 
8umers w i l l  be a u t o m a t i c a l l y  cuztm£1ed; t o  the  extent .  
r e q u i r e d  to  s a t / s f 7  cbe I nsCnmen t  demand. 

C .  The nozmal supp ly  o f  P l a n t  A i r  s l m l l  be s a t u r a t e d  v l ~  
w a t e r  vapor .  

An e x c e p t i o n  v o u l d  be  t h e  f low d ~  t o  t h e  Znstzqx- 
merit A i r  Sys tem u n d e r  unusuaZ c o n d i t ~ m m .  T h i s  a i r  
vouZd p a s s  r J z o q h  D r i e s  t o  r e d u c e  t h e  e f ~ u e ~  Dev 
P o i n t  co  - 40 °F o r  l o v e r .  

4.4.3 Hi--sen 

A .  N i ~  ( 9 9 . 9  v o l ~ e  ~)  p u _ ~ y  w i l l  be  a v ~ h b l e  a t  
p l o t  ] L im i t . o f  escb process u ~ t  a t  ~ co~Rlr~ons s h o ~  
t n  T a b l e  &.2.  

IJm" P t  D;GCL:kU" b* NPCd t ~ °  | 
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~.5 Drivers 

~.5.1 

4.5.2 

4.5.3 

Revision 01 

b.  N i t r o g e n  p r e s s u r e  s h a l l  be b o o s t e d  as  r e q u i r e d  w i t h i n  
t h e  v a r i o u s  p r o c e s s  u n i t s  t o  meet  t h e i r  r e q u i r e m e n t s .  

G~neral 

In general, all larEe dr~vers will be steam turSines using 
hitch pressure superheated steam (temperature and pressure 
to be Eiven later) and desiEned for condensins a~ & inches 
of~ercuryabsolute. 

E l e c t r i c  Motors 

b. 

Electric motors shall have horsepower ratinEs at 
least equal to 110~ of the desiEnhorsepower except 
that electric motors for centrifugal pumps should 
have horsepower ratings as follows: 

Motor R a t i n e  - HP % o f  Pmep - tl~ 

Up t o 2 5  125 
30 t o  75 115 
lOOand o v e r  I I 0  

Electricitywill be available as follow~: 

Main distribution voltage: 

Motors 1 /2  lIP r ~ o u g h  
2 0 0 H P :  

Motors  250 HP t h r o u g h  
3000HP:  

l~oto-~ o v e r  3000 HP: 

~ g h t ~ :  

I n s t r u m e n t s :  

Steam Tu~oincs  

~o 

13.SKY a t  60Hz. 

0 . ~ k V ,  3ph ,  60]L~. 

&.16kV, 3ph,  60Hz. 

S p e c i a l  C o n s i d e r a t i o n .  

120V, lph~ 60Hz. 

12017, l p h ,  50Hz. 

Un les s  o t h e r w i s e  s t a t e d ,  a l l  s t eam t u r b i n e s  shou ld  
comply w i t h  t h e  =equ / r emen t s  o f  API S t a n d a r d  611 a s  
a p p l i c a b l e .  • 

i -- . ,, ,. J i i  
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b.  

C .  

d. 

e .  

Steam c u r b i n e s  in  s i z e s  above a p p r o x i m a t e l y  ~50 k~ 
a r e  ¢o be c o n s i d e r e d  " S p e c i a l  Purpose"  API 612 type  
and should  be o f  t h e  mul¢ iva lve  type  h a v i n K a l l  v a l v e s  
under  a o v e r n o r  c o n t r o l .  

" S p e c £ a l P u r p o s e "  steam t u r b i n e s  should be f i t t e d  v iLh 
a v a r i a b l e  speed 8ove rnor  (Woodward o r  e q u a l ) .  The 
8ove rnor  s h a l l  be r e a d i l y  a c c e s s i b l e  and o p e r a b l e .  

Al l  t u r b i n e s  s h a l l  be equipped wi th  an ove r speed  s a f e t y  
t r i p  mechan£sm mounted d i r e c t l y  on t he  t u r b i n e  sha£¢.  

Where t u r b i n e  cas£nss  a r e  n o t  des£Kned t o  ~,~Lhsumd 
the  d e s £ a n p r e s s u r e  o f  t he  s~eamma~u, rJaey shou ld  be 
p r o t e c t e d  b y r e l i e £  v a l v e s  capab le  Of l ~ s s i n a r ~ e f u l l  
r e L e d f l o v o f  s t e m .  

4.5 S£¢e Condit¢ons 

Table  6 . 4  s u m a r ~ e s  ~he s i t e  c o n d i t i o n s  S£ve~ i n  var~.ous s e c ~ o n s  
i ~  ~ / ~  manual.  

U f  ~ t  ~S~L.'S~qz D 8KPetX M | 

I I m l ~  ~ a l  i l l (  f r o m  g ~ I l l q lE  
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UTILITY DESIGN IMFORMATION 

TABIJE 4.2 

Revis ion  O1 

Power S t a t i o n  Steam 
H.P. Superheated Steam 
H.P. S a ~ r a ~ e d  Sr~un 
~edium Pressure Steam 
Low Pressure Steam 
Ot i l i tT .  Steam (s) 

H.P. Condensate Return 
L.P .  Condensate Return 
Pumped Condensate Return  
L .P .  Deaerat~-d Condensate ( B ~ )  
H.P. Condensate Supply 
L.P.  Condensate Supply 
Po l i shed  Water (Deaera to :  F .V. )  

Ki~m~m 
Operat inS Opera t in8  
Condi t ions  Condi t ions  
At Producer  At User 

Battery Limits Batter~ Li~ts 

1500 900 
600 750 
625(3) &92 
120 350 

60 307 
120 350 

120 350 
~C s) 245 

175 210 
175 230 
6OO 230 
275 230 

95 105 

537(1) (1) 
610 490 
100 337 
50 297 

IO0 337 

I l l  I I I  

110 195 
145 22O 
580 220 
(s)  220 
60 100 

Desi l  n 
C o a & t t i o u  
(;eszo) (-~) 

650 800 
725 550 
135 375 

90 330 
135 375 

t ~  39O 
2O0 3 ~  
220 2 ~  
75O 3OO 
35O 300 
120 210 

U l~ l i L ' y  Vat~r  (9) 

a. General  Fac to ry  
b.  S t ~ p p e d  Gas L iquor  
c. C l a r i f i e d  Ash ~ t e =  

Potable  ~1~ r ~ r  
~ e s s  c .T .  SEj~ly (zo)  
Process  C.T. R e c t a ,  Max.(1°) 

100 80 (z )  70 SO 1 ~  
100 85 70 85 1 ~  

70 105 70 105 1 ~  

2oo so(2)  16o 80 
13o 8O( z ) SO 80 

70 85 60 85 
- - -  105 35 105 

120 
140 
140 

120 
1AS 120 
100 140 
100 140 

_ 

O t i l ~ t y  Air  
l n s t . w ~ e n t  A i r  
N i U ~ S n ,  T.p.  
N£troMea, H.P. 

Fue l  Gas 

125 
125 
50 

510 

6oC,) 

95 
95 
95 
95 

105 

~ ( 7 )  95 1 ~  I ~  
~ 5  95 5 ~  I ~  

Ill 
I . = . . , " | 

I 
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TABLE4.2 
(Continued) 
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soT~____~s: 

(1) 

(lo) 

At Unit I0, - -  at - -  At Unit 20, At all other unit 
battery limits, minimum __, expected. 

(2) Summer condition, lowest expected winter conditions is . 

(3) Normal, __; maximum, . 

(4) At Unit 12, 

(5) At Unit 21, _ _  

(6) At Unit 29, - -  At Unit 15~ . 

(7)  At Unit 20, . 

(8) in units where low pressure steam is required for process use and medium 
pressure steam is not required, use low pressure steam for utility steam. 

(9) Stripped gas liquor is utility waUer for Unius 11, 12, 13, 16, and 17. 
Clarifed ash water is utility water for Unit 10. 

For all units except OxYEen and Steam Plants. Responsible contractors 
for these planus will be notified re coolin E water supply and return 
conditions. 

G e n e r a l  No te :  

Fluor is integrac/-g the design of the waste heat boiler feedwater and conden- 
sate supply and return systems. The use of ~hese systems must be confirmed 
~ t h  F l u o r .  

1~5"~ ~ P.I~t~$'JR£ CF IIE;~'Rr :al:A ' "'" ' 

:S S U 2 K ~  TO tME lt.eSll~;~O~ ~ TH e 
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PROCESS DESIGN ~ T E R T A  

TABT~ &.2 
( C o n t i n u e d )  

I .  STEAM SYSTEMS 

H. P. Superheace~ Steam 

H. P. S u p e r h e a t e d  Steam f rom t h e  B o i l e r  P l a n e  and from o t h e r  P c o c e s s  
s o u r c e s  which  expo~c t h i s  c o ~ o d i t y  will be made so  that c o n d i t i o n s  w~Ll 
be  600 p s i •  and 750°¥ (minimum) a t  t h e  p r o d u c e r ' s  B a t t e r y  L i m i t s .  

I t  s h o u l d  be r e c o ~ z e d  i n  a complex cover~n~ t h e  a r e a  e n v £ s a g e d  fo=  
T r i - S t a t e s ,  r .hat  minimu~ o p e r a t i n E  cond£Cions  aC u s e r  B a t t e r y  L i m i t s  
w i l l  v a r y  Chroushou t  t he  cmaplex .  

T e m p e r a t u r e s  up Co 806oy a=e p o s s i b l e  i n  s c a r c u p  and no rma l  o p e r a t i o n .  

At UniC 20 ( F i s c h e r - T r o p s c h  . S y n t h e s i s ) ,  a s t a t i o n  ~-~11 be  p r o v i d e d  co 
mix t h e  H. P. S u p e z h e a t e d  scenm w i t h  any  e x c e s s  H. P.  S a t u r a t e d  s team 
p r o d u c e d  i n  Un£t  20 f o r  use  as  t u r b i n e  s c e a n  i n  U n i t  20 o n l y .  The sn~u£- 
mum a l l o ~ a b l e  r ~ e = a t u ~ e  t o  t h e  t u r b i n e s  s h a l l  be d e t e z m ~ d  by c o n s u l -  
t a t i o n  amon~ t h e  t u r b i n e  v e n d o r  and Y l u o r .  

Lma P r e s s u r e  Steam 

The P i p i n g  D e s i g n  t e m p e r s t u z e  ha s  b e e n  s e t  t o  r e f l e c t  t h e  p r o d u c t i o n  o f  
t h £ s  s t eam from p r o c e s s  h e a t  r e c o v e r y  L ~ e r a t o r s  ( a t  s a r ~ ' a t e d  condO- 
r i o = s )  and • s m a l l  qmmCicy  l e t - d o w n  £rma lf_-cl~um Pressure S t e a n .  

I I .  CONDEN~TE SUPPLY AND RETURN~ AND FEEDW~qIR SYSTENS 

H. P. Condensa t e  R e r ~ n  

C o n d e n s a t e s  p r o d u c e d  f rom H. P. Steam w i l l  be SatJhered i n  a h e a d e r  s y s ~  
~-irJbin P r o c e s s  Un£ts  and d e l i v e r e d  t o  r.he~r B a t t e r y  ~ t . s  a t  • 
o f  120 p s i g ,  u n l e s s  • s u i t a b l e  d e s o l a t i o n  e x i s t s  w£th£n B a t t e r y  L i n e r s .  

~14Z k~q LMCL"~L W ~ r :  s: ~ ° :  • ! 

IWI la  IMGE M 11~ fl lmlr ~ ~ |  ii; ~4tT I 
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L. P. Condensate Return 

Condensate produced from either M. P. or T.. p. Steam will be Eathered 
in a header sysrem within Process Units. If a collection drum is nor 
provided inside producer battery limits, this stream should be brouEht 
to Battery Limits at a minimum of 15 psiE. 

Pumped Condensate Return 

Whenever a drum exists within a Process Unit for collecting L. P. Con- 
densanes, a pump will be provided to convey this stream so Battery Limits 
at a minimum of 175 psig. If a process unit has a small quanti~y of H. 
P. Condensate ~euurn, i~ may be combined into the T.. p. Condensate Drum 
Feeds after Qbtaining approval by Fluor. 

Surface Condenser Condensate 

Battery Limit conditions for export would be the same as pumped conden- 
sate return. 

L. P. Deareated Condensate (BFW) 

This is the stream desiEnated for Waste Heat Boilers. 

H. P. and L. P- Condensate Supply 

Th/s stream will be made available no users needin 8 h/Eh quality process 
water but which can tolerate some hydrocarbon contamination. The con- 
densate supply systems will be mot/toted and any hydrocarbon contamin- 
ated condensate will be d/vetted and replaced by condensate quality 
make-up. 

Polished Water 

High quality Polished demineralized water will be provided to Un/t 24 
(Ethylene Plant), at the conditions shown. 

| L I 
IS S'J~-JrCT "lid lh~.  R.--SlfiJv-"TIC;~I ~.,~l TH~ 

- -  mm~ce p . ,~  AT 7H( F ~  cF T . ~  R c r ~  

• I 



R e v i s i o n  01 

PROCESS CRITERIA 

IIl. OTHER SYSTEMS 

Raw Wa~er and F l o c c u l a t e d  "BF~' ~ake-Up 

No f s c t o r y - ~ d e  d i s t r i b u t i o n w i l l b e m a d e  o f  t h e s e  s t r eams .  

U t i l i t y  Water 

a .  

b.  

Genera l  F a c t o r y  use ,  e x c e p t  as no ted  in  (b)  and (c)  below.  T r e a t e d  
e f f l u e n t  wa te r  from b i o t r e a r ~ n ~  ~ t u r a t i o n  pond; s u b s e q u e ~ . l y  co ld  
l ~ e  s o f t e n e d  and f i l t e r e d  b e f o r e  pt~jping i n t o  g e n e r a l  F a c t o r y  
u t i l i t y  r a t e r  d ~ s t r - b u t i o n  sys tem.  

Un~r~ l l  (Gas C o o l i n g ) ,  12 ( R e c t i s o l ) ,  13 (Gas L iquor  S e p a r a t i o n ) ,  
16 (Phenoso lvan ) ,  and 17 (Ammonia Recovery)  use  s t r i p p e d  gas l i q u o r  
because  a s s o c i a t e d  c o n s e r v a t i o n  seve rs  c a n n o t  t o l e r a t e  c o n t a ~ d J ~ t i o n  
by g e n e r a l  F a c t o r y  u t i l i t y  w a t e r .  

c.  Uni t  10 ( G a s i f i c a t i o n )  uses  c l a r i f i e d  ash  r a t e r  from Uni t  03 i n  
u t i l i t y  wa te r  s e r v i c e s .  

Note:  Ma tu ra t ion  pond wa t e r  i s  F a c t o r y  e f f l u e n t  r a t e r  which has been  
p r e h e a t e d  f o r  reducr . ion o f  f l u o r i d e  c o a t e n t ,  b £ o t r e a ~ d ,  and 
t hen  s t o r e d  i n  t h e  m a ~ a t i o n  pond f o r  f u r t h e r  r e ~ t i ~  o f  any 
remaininK b iodesr -adable  m a t e r i a l s .  

F i r e w a t e r  

Y i r e v a t e r  r e s e r v e  s t o r a g e  i s  ua~n ta i~ed  f u l l  from raw ~ar~er 8wpply t o  
Y a ~ o r y .  As backup,  can be f i l l e d  f ~  f l o c c u l a t e d  raw w a t e r  ~ k e ~ p .  
F i r e w a t e r  p~oducer  and u s e r  b a t t e r y  l ~ t  o p e r a t ~  c o n d i t i o n s  were 
changed to  p r o v i d e  p r e s s u r e  ~equ~red t o  o p e r a t e  foam Kene ra to r s  and 
f i g h t  s t r u c t u r e  f i r e s .  

P o t a b l e  V a t e r  

S~pp! ied  f r o -  o u t s i d e  o f  F a ~ o r y .  

L'!~ eat "-.,(L;S~,aiL ~ t(P~ a~ ~ o ~  | 

I Ik,P3R,~r 10 'tHa(L V.,~saIC¢~'m ~0 

a i ~  IPm~f, R lfa~. t~RO~ Of Sta~ R ( P ~  

P 
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TABLE 4 .3  

Pressure at Maximum Concentration Permissible In Upper Drums, ~ ppm 
,,,,, 

Outlet of 
Steam Generator Total Suspended Total 

psi~ __ Silica Alkalinity Solids Solids 

0-300 125 700 300 3500 

301-450 90 600 250 3000 

451-600 50 500 150 2500 

601-750 35 400 100 2000 

753-900 20 300 60 1500 

901-1000 8 2_50 40 1250 

1001-1500 2 .5  200 20 1000 

1501-2000 1 .0  150 10 750 

Over 2000 0 .5  100 5 500 

*From Amer ican  Bo~ler~  M a n u f a c t u r e r ' s  Assoc ia l~on  

• I ~ K ~  PJ~£ £TTH~ GE~qT OF 7MiS Rr l~ l~  
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TABLE 4.4 

SITE CONDITIONS 

The c o n d i t i o n s  below a r e  for ~he s i t e :  

Tempera tu re ,  OF 
Su~er Dry Bulb (DesiEn) 
Summer Wec Bulb (Design) 
Winter  Dry Bulb (Design) 

DesiEn for Freeze  P r o t e c t i o n  
oF W£r.h 30 mph Wind 

DesiEn F r o s t  L ine ,  F e e t  
Below Sur face  

Wind Speed, Miles p e r  Hour 
Average 
Peak Gust 

P l a n t  E l e v a t i o n ,  F e e t  Above 
Sea Leve l  

Normal Atmospheric P r e s s u r e ,  p s i a  

Annnal Prec£p i rmuion ,  Inches 

Annual E v a p o r a t i o n ,  Inches  

96 
79 

6 

-5 

4 

8.3 
113 

381 

14.5 

#.1.45 

3O 

IJS[ .~l o ~, * ." - I J k ; &  S J m l ~  a [ ~  l l !  

i s  r d ~ T A P  1E I ~  KSIS*CT~.**'I ~ q l ¢  ] 



Revision O1 

PROCESS CRITERIA 

5.0 ECONOMICS 

5.1 Introduction 

Design work must be based on the procedures and specifications set 
forth for the Tri-State Synfuels Project. However, it is encour- 
aged that flow arrangements and equipment arrangements be criti- 
cally reviewed so all alternatives that will make the project more 
economical will be evaluated. Incremental investments should be 
evaluated usin E an annualized cost basis assuming a 25 year plant 
life and a cost of capital of 17 percent. 

5.2 Economic Evaluations 

5.2.1 The economic formula defined in the following paragraphs 
applies only to comparative studies and to incremental 
(marginal) capital. 

5.2.2 F o r m u l a  

E v a l u a t i o n s  s h o u l d  b e  d o n e  u s i n g  a n  a n u u a l i z e d  c o s t  
a p p r o a c h .  The  a l t e r n a t i v e  w i t h  l o w e s t  t o t a l  a n n u a l i z e d  
cost will be the most favorable. Total annualized cost 
should be calculated for each alternative as follows: 

TAC = C + R ÷ (YCF)(ACF) 

where 

TAC : 
C= 

YCF = 

ACF = 

Total Annualized Cos~ 
Total Capital Cost 
Yearly Cash Flow from operations equal to 
product value less~he cost of raw materials 
less the cost of operationandmaintenance 
less overhead costs. 
Annual Cost Factor 

(l*i)n-1 
= : 5 . 7 7  for 

i ( l + i )  n 

R = 

n : P l a n t  L i f e  = 25 y e a r s ,  
i - C o s t  o f  C a p i t a l  = 17~ .  
R o y a l t i e s  ( A s s u m i n  E lump sum r o y a l t y  p a y m e n t .  
F o r  ~ n n i n E  r o y a l t y  ~ h i s  musu  b e  a n n u a l i z e d )  

k b t e :  C a s h  F l o w  e x c l u d e s  d e p r e c i a t £ o n a n d ~ x e s .  

I i5  S~.~JeC 'r '/Q ]KE R~'SII~.~.'~'I~N CN TH. e 

NO'/IC.E FA.~Z &T Tl~£ F~JONT OF THIS R£1~Rlr 
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5.2.3 

5 . 2 . 4  

5 . 2 . 5  

5 . 2 . 6  

R e v i s i o n  01 

Operal~tug Costs  

U t i l i t i e s  

To be determined from Table  5-1 .  

Labor 

$ * y e a r l y  pe r  o p e r a t o r  and 4 .8  o p e r a t o r s  r e q u i r e d  
f o r  each p o s i t i o n .  

Maintenance 

Use 2 to  5~ o f  c a p i t a l ,  60~ l a b o r ,  &0~ m a t e r i a l s .  

Ca. ta lyst  and Chemicals 

Use Table  5 -2  or  o b t a i n  c o s t  e s t i m a t e s  from s u p p l i e r s .  

Overhead 

Use 3 ~  o f  a l l  l a b o r  f o r  s u p e r v i s i o n  and 2 .5~  o f  c a p i t a l  
f o r  g e n e r a l  overhead .  

R o y a l t i e s  

To be s u p p l i e d  by t h e  l i c e n s o r  f o r  runn/n~ r o y a l t i e s .  

P roduc t  Values  

See Table  5 -3 .  

Feed Values  

~eed Costs  

Coal $ ~ p e r  Ton 

C a p i t a l  Inves tmen t  

This  i s  t he  t o t a l  c a p i t a l  c o s t  i n c l u d i n g  d i r e c t  f i e l d  
c o s t s  p l u s  home o f f i c e  and f i e l d  i n ~ i z ~ C  c o s t s  a l s o  con- 
t r a c t o r  f e e s  bu t  e x c l u d i n g  any con t ingency  a l l o w a n c e s .  
Lump sum r o y a l r / e s  a r e  a l s o  i n c l u d e d .  

* Note: To be  s u p p l i e d  by  T r i - S t a t e .  ! 
i 
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TABLE 5-1 

UTILITY COSTS 

E l e c t r i c  Power 
Cooling Water (Circulated) 
Boiler Feedwater Makeup 
Raw Water 
H]~ Steam (600 psig-750°F) 
LP Steam (120 p s i g  s a t ' d )  
Fuel  Gas (I, RV) 

$0.055 / r ~  
$0.053 /Mgal 
$0.98 /MEal 
$0.50 /Mgal 
$3.25 /mb 
$2.45 /Mlb 
$5.00 /mmT~ 

(Utility cost calculations should show sensitivity to 
cost increases of 100 percent and 200 percent.) 

Copies o f  a l l  economic s t u d i e s  are  t o  be g iven  t o  T r i -  
S t a t e  S y n f u e l s / F l u o r  f o r  t h e i r  review and comment. 

U ~  CR .~I$CL?5'j~ c* 0~ I~E~,RI DA,'& 

l k ' ~ l ~  I?A~ AT TICs" F I ~ V  ~F THiS RPFCRT 
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TABLE 5-2 

CATALYST AND CHEHICAL COSTS 

Revision O1 

Material  

Cata lys ts  
Chlorine 
Sodium Hydroxide 
Methanol 
Sodium Cazbonate 
Ci tc ic  Acid, Anhy. 
Propylene 
Pocusium Carbonate 
NaL~esium Oxide 
Hydrated L ~ e  
Sydrazine 
Dimethyl Su l f ide  
Phospho~c Acid 
&cciva~ed Carbon 
Zeolite 
Ethylene Dichlor ide  
~ o l e c u ~ r  Sieves (Type ~t.) 
Hydzoi'lnoric Acid 
Potassium Hydzo~de 
Calcium Chlozide 
Polyf lo  knc i fou lan t  P-140 

Cost 

$145.00/ton 
0.75/lb 
O.80/lb 

60.00/con 
0.7511b 
0.2011b 
0 . ~ / l b  
1.0811b 
0.35/ lb  
2 .50/ lb  
0.3711b 
O . ~ l l b  

0.15/lb 

0.SS/lb 
0.95/lb 

110.00/ton 

* Obtain cos ts  from vendors.  

Note: P r i ces  f o r  ~ c a l s  not  Eiven in ~ cable  should be 
obtained from appropziate  vendors.  

(Catalyst and ~ew.J.cal Cost Calculations should shov sensivit7 
to cost incz~ases of 100~ and 2007~. 

I UE ~l ~L~|uq~ k • KF.~t! ~kl~l J 

l 
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TABLE 5-3 

PRODUCT VALUES 

Chemical 

Anhydrous Ammonia 
Sulphur 
Unleaded Gasoline 
Methanol-Fuel Grade 
HeLhanol-Chemical Grade C 
I sobutane 
Mixed Butanes 
Aromatic Naphtha 

~-kPhenols 
$NG 
LPG 

~ d e p i t c h e d  

S/l_....~b 

* Note:  To be suppl ied by Tz i - S t a t e .  

.... i 11~1'1~ PA~ AT'I~[ FJ~NI C~ TdiS R~PC~|T 

I r 
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6.0 MATERIAI~ OF CONSTRUCTION 

6.1 S o u r c e s  o f  I n f o r m a t i o n  

The f o l l o w i n g  s o u r c e s  s h a l l  be  u sed  i n  =he s e l e c t £ o n  o f  m a t e r i a l s  
o~ c o n s t l n l c t i o n  and c o r r o s i o n  r a t e s :  

6.1.1 S e l e c t i o n  o f  s t e e l s  e x p o s e d  t o  h y d r o s e n  s e r v i c e  i s  b a s e d  
on A P I - 9 4 1 ,  1977 Second E d i t i o n .  

6 . 1 . 2  C o r r o s i o n  r a t e s  f o r  s t e e l s  s u b j e c t  t o  a h y d r o s e n  s u l f i d e  
env i ronment  s h a l l  be i n  accordance r i c h  "Computer Co r re -  
1.~ t ions  t o  E s t i m a t e  C o r r o s i o n  o f  S t e e l s  by  2 e f ~ u e r y  S t r e a m s  
ConCain~:~  Hydrogen  S u l f i d e , "  by  Coupe= and Gocman; NACE 
P a p e r  No. 67.  Add S0~ t o  c o r r o s i o n  r a t e  d e t e r m i n e d  f rom 
these  curves .  

6 . 1 . 3  C o r r o s i o n  r a t e s  f o r  s t e e l  s u b j e c t  t o  s u l f u ~  b e a r i n g  h y d r o -  
c a r b o n s  s h a l l  b e  i n  a c c o r d a n c e  w ~ h  ~ K i ~ h - T e m p e r a t ~ r e  S a l -  
f i d i c  C o r r o s i o n  i n  H y d r o g e n - F r e e  E n v ~ r e n ~ e ~ t , "  b y  Henry  F.  
NcConony. 

6 . 1 . 4  Equipment i n  sour  r a t e r  o r  v e t  s u l f i d e  s e r v i c e  m y  r e q u i r e  
s p e c i a l  c o n s i d e r a t i o n .  K i l l e d  carbon s t e e l  s h a l l  be used 
f o r  equ£pment i f  carbon s t e e l  i s  t h e  m a t e r i a l  o f  c o n s t r u c -  
t i o n .  R e f e r  t o  5 P - 1 0 0 1 - $ 0 - 3 ,  "PLpLa8 M a t e ~ l s " ,  f o r  p i p -  

m a t e r i a l s .  Carbon  s t e e l  v e l d s  s h a l l  h a v e  8 
Br~nel_l hardness o f  200 when s u b j e c t  t o  sour  var~er s e r v i c e .  
I f  CN o r  o t h e r  p o i s o n e n  a r e  p r e s e n t ,  caxt~on s t e e l  v e l d s  
s h a l l  h a v e  a maximum B r i n e l l  h a r d n e s s  o f  185. 

6 . 1 . 5  ~ q u i p e n t  i n  p r e s s u r i z e d  wet  CO a s e r v i c e  m y  u e  carboa 
s t e e l  ~nere a ~ o n i a - r i c h  o i l - a s s  l i q u o r  i s  8va£1ab le  ~o 
c o a t  t h e  s t e e l .  S ~ a i n l e s s  s t e e l  304L s h o u l d  b e  u s e d  where  
a p p z e c i a b l e  c o n c e n t r a r _ i o n s  o f  CO 2 i n  w a t e r  e x i s t  a t  h l s h e r  
r~mperaCuzes  v i t h o u t  j r a s - l i q u o r  p r e s e m t .  

6 . 1 . 6  F o r  caus~Lc s e ~ r i c e ,  ~be c a u s t i c  s e r v i c e  chart:  i n  
C o r r o s i o n  D a t a  Survey ,  S th  F~L i t ion ,  p u b l i s h e d  b y  t h e  
Na~Aonal A s s o c i a t i o n  o£ C o r r o s i o a  En~amers .  w - ~ i a l s  i n  
hoc c a r b o n a t e  and  a d a e  t r e a t i n ~  s e r ~ c e  s h a l l  a l s o  use 
r~e  a fo remen t ioned  r e f e r e n c e .  

6 . 1 . 7  a n h y d r o u s  a ~ o m i a  v e s s e l s  ~u 4 b ~ S h l y  s U ~ s s e d  p i p i n 8  i n  
a n h y d r o u s  ~ n £ a  s e r v i c e  s h a l l  b e  s t r e s s  r e l i e v e d .  

( 

~11iCtt ISCL S o r m / l l P v ~ r ~  

u m ~  P~A aT ~ F18~ f T l S  8tPO~ 
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6.2 Metallurgical Drawing 

Metallurgical drawings covering pressure-temperature profile and 
materials of construction of the various items shall be prepared 
for each individual unit. A reproducible copy of the Process 
Flow Diagram will be used to construct ~hese drawings. 

6.3 Equilxnent ~ife 

Corrosion allowances shall be based on equipment life in accordance 
with the following table: 

Equipment Lif__se 

Columns, Drums and Reactors 
Heat  Exchanger She l l  
Heat Exchanger Tubes 
Pumps 
Compressors 
Heater Tubes 
Atmospheric Tankage 
Piping Materials 

20 years 
20 years 
5 years 
20 years 
I0 years 
I00,000 hours 
20 years 
10 years 

6.4 ~iui~um CorrosionA11owance 

Where sufficent data is not available to calculate corrosion rates, 
the following criteria shall be applied (except for overridin E 
process  c o n d i t i o n s ) .  

Equ/pment and Serv ice  H~-~--,m CorrosionAllowance 

& .  Columns, Drums, Reactors ,  Tanks 
and Heat Exchangers (except  tubes )  

Noncorrosive, Carbon Steel and 
LowAlloy 1/8" Shell & Heads 

Corros ive ,  Carbon S t ee l  1/4" She l l  & Heads 

T.ow Al loy  118" Shell & Heads 

Corros ive ,  High Al loy  1/16" Shell & Heads 
and removable internals 

b. P u ~ s  and Compressor CasiuEs 1/8" She l l  & Heads 

c.  Heater  Tubes 

Carbon Steel and I~w Alloy 
High Alloy 

1116" S h e l l  & Heads 
1/16" S h e l l  & Heads 

I l l~ IE~ PACE MTH~ F-'nNT CF Tm~ ~ I T  
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d.  

6 . 5  T e t h a l  r 

6 . 5 . 1  

6.5.2 

R e v i s i o n  O1 

e i p ~  

N o n c o r r o s i v e ,  Carbon  S t e e l  and  
L o v A l l o y  1 / 1 6 "  S h e l l  & Heads 

C o r r o s i v e ,  Carbon S t e e l  and Low 
A l l o y  ~ / 8  w S h e l l  G Heads 

C o r r o s i v e ,  High A l l o y  1 / 1 6 "  S h e l l  & H e a d s  

C a u s t i c ~  and  Sour  Wa te r  S e r v i c e  

Equ ipmen t  i n  l e t h a l ,  c a u s t i c  o r  s o u r  war~er s e r v i c e  s h a l l  
b e  s p e c i f i c a l l y  i d e n t i f i e d .  

L e t h a l  s e r v i c e  i n c l u d e s  g a s e s  o r  l i q u i d s  o f  such  n a t u r e  
t h a t  a v e r y  s m a l l  amount  ~f  t h e  g a s  o r  o£ t h e  v a p o r  f rom a 
l i q u i d  mixed  o r  unmixed v i t ~  a i r  i s  d a n s e r o u s  t o  l i f e  ~ n  
~ x h a l e d  ( s u c h  a s  H y d r o c y a n i c  A c i d ,  C a r b o n y l  C h l o ~ d e ,  and  
C y a n o g e n ) .  Not  i n c l u d e d  a r e  N a t u r a l  Gas ,  SNG, LPG and 
o r ~ e z  p e t r o l e u m  p r o d u c t s  o r  s t r e a m s  c o n ~ i n £ n 8  HzS, C h l o -  
r i n e ,  and  A ~ o ~ a  i n  t r a c e  q u a n t i t i e s .  

C 
] IU~IE C'R I~CL S U I  ~i: Bl~r~lr Odl,,~ 

ms ~.~..~c~r 1c i~1~ ~sIm~clr~q Cm T I q  
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7.0 VESSELS AND COLLR~NS 

All vessels and columns shall be designed, fabricated and inspected in 
accordance with the ASME Boiler and Pressure Vessel Code, Section VIII~ 
Division I, Pressure Vessels or Division 2, Alternative Rules and 
Specification SP-I001-42-1. The following criteria governs the general 
requiremeuts for the process design of pressure and vacuum vessels and 
columns. A process design data sheeu shall be prepared for each vessel, 
column or reactor. 

7.1 Column Sizing 

7,1.1 Preliminary rating of columns shall be conducted by the 
process engineer. Except for specific applications, valve 
trays shall be specified for columns. Column sizing shall 
be made on the basis of 80% (maximum) flooded capacity. 
Fluor will check data on Vendor's proposals to determine 
adequacy of sizing. 

7.1.2 

7.1.3 

Allowance shall be made for system factors to compensate 
actual vapor and liquid loads for deviation from the basic 
light hydrocarbon systems. The system factor shall be 
specified bythe process designer. 

Minimum frayed column size to be 36" inside diameter. 

7.2 DesiEn Pressure 

Design pressure of vessels and columns shall be set in accordance 
with Table 7.2. 

TABLE 7.2 

DESIGN PRESSURE CRITERIA 

O~rat~.~l Pressure (z), psig 

0 to 5 
5 to 150 
150 to 500 
500 to 1000 

1000+ 
Vacuum (full) 
Vacuum (part ia l )  

f~ (3) (,) Design Pressure~ psig "2" 

Operating +1.5 (s) 
Operating +15 
Operating +10% 
Operar.~ +50 
Ope ra t~  +5% 
14.5 Psia external or zero psia 
External design pressure = max. 

opera t ing  external pressure 
+ 1.5psi (6) 

l ' WgT~ p ~  AT~H~ JF~I~ OP THIS RE~t  
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Notes :  

(1) O p e r a t i n g  p r e s s u r e  i s  d e f i n e d  as  maximum o p e r a t i n g  p r e s s u r e  
a t  top  o f  v e s s e l .  

(2) Allowances  f o r  p r e s s u r e  drop a c r o s s  i n t e r n a l s ,  h y d r o s t a t i c  
head and weight o f  catalyst or pack/n8 musC be added t o  t he  
o p e r s t i n E  p r e s s u r e  t o  a r r i v e  a t  t he  d e s i g n  p r e s s u r e  f o r  the  
lower s e c t i o n  o f  t h e  v e s s e l .  

(3) Where t h e r e  i s  a p o s s i b i l i t y  t h a t  vacuum c o n d i t i o n s  might  be  
e x p e r i e n c e d  du r ing  o p e r a t i o n s ,  v e s s e l s  shou ld  be  d e s i s n e d  
accordingly. If steamouc is of frequent occurrence or is 
part of the process cycle: external design pressure shall be 
7.5 psi$. Closed vent durin8 steamout for shutdown or hydro- 
static test shall nor be considered reasons for desIgnins 
vessels for vacuum. 

(4) The most  s e v e r e  c o i n c i d e n t  c o n d i t i o n s  o f  t e m p e r a t u r e  and 
p r e s s u r e  should  a l s o  be  s p e c i f i e d  and c o n s i d e r e d  i n  t h e  
d e s i g n .  

(5) Allows f o r  e x c l u s i o n  o f  s t o r a g e  ranks  and low p r e s s u r e  v e s -  
s e l s  f rom code r e q u i r e m e n t s .  

(6) Minimum e x t e r n a l  des iEn  p r e s s u r e  3 p s i .  

C73 Vessels subjec~ ~o pressurization and depressurization 
durlnE the operating life o f  t h e  unit shall have ~he frequen- 
cies n o t e d  on the  p r o c e s s  daua s h e e t .  

7 .3  Des i zn  Tempera~are 

The f o l l o ~ n g  z u i d e l i n e s  s h a l l  be used  in  d e t ~ - ~ - ~ - 9  d e s i s n  t em-  
p e r a t u r e  when o p e r a t i n g  t e m p e r a t u r e  exceeds  60°F.  

7 . 3 . 1  For  o p e z a t i n E  t e m p e r a t u r e s  o f  600°¥ o r  l e s s ,  t h e  d e s i 8 n  
~A~peracuxe i s  t h e  o p e r a t i n g  t e m p e r a t u r e  p l u s  50°F.  

7 . 3 . 2  For  operaCinE t e m p e r a t u r e s  between 600°F and 625°F,  use  
650OF d e s i g n  t e m p e r a t u r e .  

7 . 3 . 3  Fo r  o p e r a t i n g  ~ p e n t u r e s  o f  625°F o r  more,  t h e  d e s i z n  
t e m p e r a t u r e  i s  t h e  operaLinE t e m p e r a t u r e  p l u s  25°F.  
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7.3.4 

7 .3 .5  

The operating temperature is defined as the maximum temp- 
erature encountered during normal operation, star~-up or 
shutdown. An alternate operating temperature and pressure 
should be specified for situations such as catalyst regen- 
eration. 

Both top and bottom operat!ug temperatures should be speci- 
fied for columns. Norma~!y, design temperature shall be 
based on bottoms temperature. However, two or more design 
temperature zones should be specified if economic consider- 
anions dictate (i.e. alloy material, stress v~lues). 

7 . 3 . 6  Low temperature operating conditions should b e  taken into 
consideration for the .design. For operating temperatures 
of 60°~ or lower, the design temperature should be 10°F 
below the operating temperature. Operating temperature 
for low temperature service should be taken as the minimum 
tempera~zre encountered during normal operation, start-up, 
or shutdown. 

7 . 3 . 7  The most severe conditions of temperatureand pressure shall 
b e  specified and considered in the design. 

7 . 3 . 8  Vessels subject to changes in operating temperatures such 
as catalyst regeneration shall have the frequency shown on 
the processdata sheet. 

7.4 Dimensionin~ Procedure (See 7.1.3) 

7.4.1 Vessel/column inside diameters will be specified in incre- 
ments of 6 inches. Tangent-to-tangent lengths will be 
specified in increments of 2 inches. 

7 . 4 . 2  Maximum and normal liquid levels and alarm and shutdown 
levels shall be specified from bottom tangent line for 
columns and vertical vessels, and above the bottom of 
horizontal vessels. 

7.4.3 Heisht of bottom tray above bottom tangent line shall be 
gSvenfor columns. 

7.4.4 N/nimumtrayandmanway spacing shall be as follows: 

a. Tower Diameter (in I.D.) Tray Spacing (in) 

36 to 192 24 
292 to 328 30 
3 2 8 a n d u p  36 

I$ Su2;r~r 701H~ RFSI~I.-'I"IP.N =*:; Td~ | 
~|,C,E " ~  A~rTH r F~NT OF THIS R=I~.  1 
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7.~.5 

7 .4 .6  

7./. .7 

7 .4 .8  

a .  

b.  

R e v i s i o n  O1 

( C o n t i n u e d )  

T r a y  s p a c i n g  shou ld  be g r e a t e r  t h a n  t h e  m£n~um shown 
above  where r e q u i r e d  f o r  a c c e s s  t o  column £ n t e r n a l s ,  
v a p o r  d i s e n s a E i n 8 ,  n o z z l e  i n t e r f e r e n c e  o r  o t h e r  r e a -  
s o n s .  P e r m i s s i o n  t o  use  s m a l l e r  t r a y  s p a c i n E m u s t  be  
o b t a i n e d  f rom T r £ - S t a t e .  

V e s s e l s  ~ c h  t r a y s  s h a l l  be p r o v i d e d  ~- i th  t h e  f o l l o w -  
~ng number o f  manholes  : 

Number o f  T rays  Number o f  Manholes  

1 t o 2 5  2 
26 to  41 3 
42 to 61 4 
62 to  80 5 

I n  s e r v i c e s  i n  which frequent c l e a n i n 8  i s  a n t £ c i -  
pa~ed ,  t h e  number o f  manho les  s h a l l  i n c r e a s e  i n  
a c c o r d a n c e  w i t h  s e v e r i t y  o f  s e r v i c e ,  ~ a maximom o f  
one f o r  e a c h  t h r e e  t r a y s .  The minimum t r a y  s p a c i n g  
a t  r amsay  l o ca t i ons  s h a l l  be 30 i n c h e s .  

~ £ m , - -  d is tance from top t r a y  to  t~p r~mgent s h a l l  be 36 
inches o r  as requ i red  to  accom~dar~ aanway, i n t e r n a l s  o r  
nozzles. 

Colunm t r a y s  shall be numbered from bo t tom t o  t o p .  

Packed v e r t i c a l  vesse ls  s h a l l  have a manhole a t  the top  
and botl~m o f  each packed bed fo= f i l l ~  and e m p L ~ S .  
S u i t a b l e  s i z e d  h a n d h o l e s  may be s u b s t i t u t e d  f o r  t h e  b o t t o m  
manholes. A manhole s h a l l  a l s o  be p r o v i d e d  below the  pack- 
i nk  s u p F o r c  o f  t h e  l o w e s t  bed when t h e  d i s t a n c e  f rom t h e  
b o t t o m  Cansen t  l i n e  co t h e  pack~ng s u p p o r t  r i n k  i s  t h r e e  
f e e t  o r  s r e a t a r .  

Reactors w i t h  cop head manholes requ i red  f o r  load in8  ca ta -  
l y s t  s h a l l  be p r o d d e d  ~_uh an addit_tonal manhole i n  the  
s h e l l .  Th is  m a b o l e  s h a l l  be loca ted  near the  top o f  t he  
bed f o r  f r e e  a c c e s s  a t  al__~l r~mes.  

V e s s e l s  s h a l l  be  pro.vialed w i t h  a min£mm o f  one  manhole  i n  
e a c h  p r e s s u r e  comparCsment o r  two &- inch  d i a m e t e r  b a n d h o l e s  
o r  i n s p e c t i o n  o p ~  r h e a  t h e  v e s s e l  d i a m e t e r  i s  l e s s  
Chart 20 i n c h e s ,  e x c e p t  t h a t  when s u c h  v e s s e l s  c o n t a i n  
i n t e ~ a a l s ,  one e n d - F l a n s e  and one & - i n c h  d £ a m e t e r  h a n d ~ l e  
o r  i n s p e c t i o n  open£ng s h a l l  be  p r o v i d e d .  

, Z r  f 

~81a5  p ~ [  a ~ P ~ t  0 t m ~  . " I  
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7.5 Vessel  and Column Internal Details 

7.5.1 Removable valve trays shall generally be specified for 
columns. 

7 . 5 . 2  Type and s i z e  o f  pack ing  s h a l l  be shown on t h e  p r o c e s z  f low 
diagram and v e s s e l  s k e t c h .  

7.5.3 Internal detail desiEn shall follow Fluor's standard design 
guides unless specifically designed or modified by the 
licensor o r  responsible subcontractor. 

7.6 Skirt Height 

Required s k i m  heights above grade will be sen by process condi- 
tions (i.e. pump NPSH). When skirt height is not influenced by 
process factors, it will be specified as "Minimum". 

7.7 Nozzles and Boons 

7 .7 .1  The following system of ~ozzle symbols is intended to make 
it easier to quickly identify nozzles as well as give some 
hint as to their use. The symbols are ~o have subscripts 
if more than one of the same kind are used; that is~ for 
three feeds, use '~I", '~2", and "F3" , bur if only one feed 
is used the symbol 'W" is all ~hat is required. 

A. Inlet 
B. Outlet 
C. Condensate 
D. Drain or Draw-off 
E. 
F.  Feed 
G. I ,eve l  Gage o r  Gage 

Glass 
H. Handhole 
J. Puap Out 

K °  

L. Level Instrument 
M. Manhole 
N. Reboiler Connection 
P. Pressure Connection 
R. Reflux 
S. Steam or Sample Connection 
T. Thermo Connect-ion 
V. Vapor o r  Vent 
W. R e l i e f  Valve  Connec t ion  

Symbols "E" and "K" may be used  when none o f  -,.he o t h e r s  
app l y .  Do NOT use  t h e  l e t t e r s  ' T ' ,  " 0 " ,  "Q", "U", " ~ ' ,  
"Y "  o r  " Z " .  

7 . 7 . 2  A l l  c o n n e c t i o n s  s h a l l  be f l a n g e d  wi~h a 1" min£mum s i z e .  
The m/ni,-um f l a n g e  ra ' - in8  f o r  1" and 1 - 1 / 2 "  c o n n e c t i o n s  i s  
300 p s i .  

7 . 7 . 3  Minimum n o z z l e  s i ~ e  f o r  connecte " p rocess  p i p i n g  i s  1 - 1 / 2 " .  

( t;S( -"~ "ISLL'.5 JR r- ~ R['."( K! :~&:A 
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7 , 7 . 4  Fo r  l i m i t a t i o n s  on v e l o c i t y  t h r o u g h  n o z z l e s  r e f e r  t o  p i p -  
i ng  s e c t i o n  13.1-3 .  

7 . 7 . 5  Boots  s h a l l  be f u r n i s h e d  on h o r i z o n t a l  v e s s e l s  i n  h y d r o -  
c a r b o n  s e r v i c e  which  have  c o n t i n u o u s  wa&er d r a i n s .  Low 
interface level switches with board mounted alarms will be 
p r o v i d e d  on a l l  b o o t s .  Boots  s h a l l  be s i z e d  f o r  a t  l e a s t  
7 m i n u t e s  w a t e r  f l ow w i t h  5 m i n u t e s  r e s i d e n c e  t ime  b e l o u  
r~e  h y d r o c a r b o n / w a t e r  i n t e r f a c e .  For e l e v a t e d  v e s s e l s  
water drawoff p o t s  l o c a t e d  a t  grade shall be used instead 
o f  v e s s e l s  b o o t s .  The d r a w o f f  p o t  s h o u l d  be c o n n e c t e d  t o  
t h e  v e s s e l  w i t h  an o v e r s i z e d  l i n e  t o  p e r n i t  2-way f l o ~ .  
S i z e  c o n n e c t i o n  l i n e  f o r  0 .66  f t / s e c m a x i m u m .  

7.8 Surge Times 

Surge  c i t e  i s  d e f i n e d  as  t ime from normal  l e v e l  t o  e s p t y ,  w i t h  no 
feed  and w i t h  normal  f low o u t .  Surge  t ime  may be o p p o s i t e l y  
d e f i n e d  f rom norma l  l e v e l  t o  maximum l e v e l .  I n  many c a s e s  t h e s e  
two surge times w i l l  be different. Some t y p i c a l  surge times for 
use  in desi~nare g i v e n  be low:  

7.8 .1  Feed t o  U n i t s  

SERVICE TIME 
m 

a .  Wide v a r i a t i o n s  n i g h t  co day  such  as  30-240 min.  
gas  p l a n t s  wi~h l i n e s  above  g round ,  
t a n k  v a p o r  r e c o v e r y ,  b a t c h  o p e r a t i o n .  

b. Feed  comes from a n o t h e r  u n i t  unde r  
control. 

(1)  P r i m a r y  u n i t  has  p o o r  c o n t r o l  15 rain. 

(2) Primary unit. has fair control 10 min.  

(3)  P r i m a r y  u n i c  has good c o n t r o l  7-1 /2  rain. 

(&) Feed comes f r o l  s t o r a g e  5 mu~n. 

(5)  Feed  goes  co  m u l t i s t a g e  b / S h  
p r e s s u r e  c h a r g e  pump 

10 m i n .  

7 . 8 . 2  Compressor  K.O. Drum (Base  on 4 h r s .  
c o n d e n s a t i o n  o r  e n t r a i n m e n t )  

t I M l a  ~ a T " I ~  I ' 1 ~  ,m' I ~  li£P~llW 
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7.8.3 Reflux Accumulators (Based on reflux p!us 5 min. 
product liquid). Minimum overhead accumu- 
lator size shall be 36" I.D. x 80" T-T. 

7.9 Insulation 

Insulation shall be applied to vessels/columns for heat conservation 
or safety in accordance with the job insulation specification. 
Safety insulation shall be applied for operating temperatures of 
150°F or above. 

7.10 Piping a t  Vessels 

7.10.1 

7.10 .2  

Provision for maintenance blinds should be made at all 
vessel nozzles. Use spectacle blinds where shutdown and 
maintenance is frequent and for rigid piping systems where 
installation of spade would be impractical. 

Steamout connections on • sssels and columns of 600 Ft z or 
less shall be  I" fitted with a valve and blind flange. 
Process vessels with larger volumes shall have 1-1/2" con- 
nections permanently piped from the steam source. Steamout 
connections are to be located 6 to 12 inches above the 
v e s s e l / c o l u m n  b o t t o m .  

7 . I 0 . 3  P r e s s u r e  s a f e t y  v a l v e  n o z z l e  s h a l l  p r e f e r a b l y  b e  l o c a t e d  
i n  o v e r h e a d  p i p i n g ,  r a t h e r  t h a n  on  t h e  v e s s e l .  Ma jo r  
factors affecting pressure safety valve nozzle location 
are discharEe destination, accessibility to t he  valve, and 
structural support: Column safety valves relieving to 
flare should generally be downstream of the reflux drum ¢o 
rake advantaEe of the condenser and l£qu/d knockout pro- 
v i d e d  b y  t h e  r e f l u x  drum. However ,  t h e  p r e s s u r e  d r o p  
be1:ween t h e  co lumn and z~-glux drum s h o u l d  b e  c h e c k e d  u n d e r  
r e l i e v ' i n g  c o n d i t i o n s .  

7 . 1 0 . 4  D r a i n  c o n n e c t i o n s  s h a l l  b e  p l a c e d  o n  t h e  bott~-m o u t l e t  
p i p i u  E f rom t h e  v e s s e l  u n l e s s  t h e  b o t t o m  o u t l e ¢  l i n e  i s  
n o t  a t  t h e  low p o i n t  o f  t h e  v e s s e l ,  ~ wh /ch  c a s e  a s e p a r -  
a t e  d r a i n  m u s t  b e  p r o v i d e d .  V e s s e l s  w i t h  ~_n~_~rnal b a f f l e  
require s p e c i a l  c o n s i d e r a t i o n .  

7 . 1 0 . 5  V e n t s  s h a l l  be  p l a c e d  on  t h e  t o p  h e a d  o f  v e r t i c a l  v e s s e l s  
o r  t h e  t o p  s i d e  o f  h o r i z o n u a l  v e s s e l s .  

,w--~ 
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7 . 1 0 . 6  Vent  and d r a i n  n o z z l e  s i z e s  s h a l l  be d e t e r m i n e d  f rom t h e  
f o l l o w i n g  s c h e d u l e :  

VESSEL/COLt~N VENT DRAIN 
VOLUME SIZE SIZE 

600 f t  s and l e s s  2 i n c h e s  2 i n c h e s  
600 ft 3 and larger 3 ~nch~s 3 inches 

7.10.7 D r a i n s  from a l l  l e v e l  gages  and l e v e l  c o n t r o l l e r s  f o r  b u t a n e  
o r  l i E h t e r  compounds s h a l l  be p i p e d  t o  t h e  f l a r e  h e a d e r .  

7 .11  l~aterials 

7 . 1 1 . !  The s e l e c t i o n  o f  m a t e r i a l s  f o r  p r e s s u r e  c o n t . a ~ . ~ S  p a r t s  
s h a l l  be b a s e d  on s e r v i c e ,  c o r r o s i v i t y ,  d e s i g n  t e s p e r a r . u r e  
and p r e s s u r e .  . 'he p r o c e s s  d e s i s n  da~a s h e e t  need  s p e c i f y  
o n l y  t h e  g e n e r a l  m a t e r ~ a l  c a t e g o r y  u n l e s s  a s p e c i f i c  ma te -  
r i a l  £s r e q u / r e d .  

- i  
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8.0 ~AT EXCHANGERS 

Shell and tube heat exchangers shall be designed in accordance with 
these criteria: 

a. Specification SP-1001-44-1. 

I. TEMAStandards, Sixth Edition, 1978, Class R. 

. ASME Boiler and Pressure Vessel Code, Section VIII, Divi- 
sion I, 1980 Edition plus Addenda. 

b. 

3. API 660, Third Edition, 1976. 

Specification SP-1001-44-100 covers standard TEMA type shell and 
tube heat exchangers and steam surface condensers. 

Double  p i p e  and m u l t i - t u b e  h e a t  e x c h a n g e r s  s h a l l  be  d e s i g n e d  i n  a c c o r d -  
ance  w i t h  t h e s e  d e s i g n  c r i t e r i a  and S p e c i f i c a t i o n  S P - 1 0 0 1 - 4 4 - 3  Doub le  
Fipe Heat Exchangers which lists Section VIII, Division I of the ASME 
Boiler and Pressure Vessel Code. 

Air cooled heat exchangers shall be designed in accordance with these 
design criteria and Specification SP-1001-44-2 Air Cooled Heat Exchangers 
which lists API-661 and Sect£on VIII, Division I of the ASME Boiler and 
Pressure Vessel Code. 

8.1 Definitions 

8.1.1 

8 .1 .2  

Clean Service shall satisfy the following conditions: 

a. Fouling resistance less "chart or equal to 0.001Ft2hr 
°F/Btu for gas service 

b. Fouling resistance less than 0.001 Ft2hr °F/Btu for 
liquid or two-phase service. 

C .  I n  some c a s e s ,  i f  c h e m i c a l  c l e a n i n g  i s  u s e d ,  s e r v i c e s  
w i t h  h i g h e r  f o u l i n g  f a c t o r s  t h a n  t h o s e  shown a b o v e  
may be  d e f i n e d  a s  " c l e a n  s e r v i c e "  i f  m e c h a n / c a l  c l e a n -  
i n g  i s  n o t  r e q u i r e d .  

Fouling Service shall include all services not otherwise 
defined as "clean service." 

8.1 .3  Effective outside heat transfer surface is the outside 
circumferential area of the tubes, including the U-bend 
portions of U-tubes~ less the surface covered by r.he 
tubesheets. 

I ' 
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8 . 2  R a t i n ~  o f  E x c h a n z e r s  

8.2.1 A l l  s h e l l  and t u b e  h e a t  e x c h a n E e r s  s h a l l  be  t h e m a l l y  
r a t e d  and  = i z e d  p r i o r  t o  r e q u e s t  f o r  q u o t a t i o n  b y  e i t h e r  
t h e  c o n t r a c t o r  o r  by  an  i n d e p e n d e n t  r a t i n e  s e r v i c e  
r e t a i n e d  specifically for this p u r p o s e .  Thermal Euaran- 
t e e s  o f  p e r f o r m a n c e  i n  a c c o r d a n c e  w i t h  F l n o r  s p e c i f i c a -  
t i o n s  s h a l l  be  o b t a i n e d  f rom t h e  r a t i n e  s e r v i c e  a n d / o r  t h e  
s e l e c t e d  e x c h a n g e r  Vendor .  

8 . 2 . 2  I n f o r m a t i o n  to b e  s u p p l i e d  w i t h  t h e  t h e r m a l  r a t i n e  s h a l l  
i n c l u d e  b u t  n o t  be  l i s i t e ~  t o  t h e  f o l l o w i n E :  

a .  Total effective heat transfer surface. 
b.  Tube outside diameter. 
c. Tube wall thickness. 
d. Tube pitch. 
e. Tube length. 
f. Number of tubes. 
g. Number of passes, 
h. Shell pass configuration. 
i. Baffle details (orientation and p e r c e n t a E e  cut). 
j. Central baffle spacing. 
k.  Number and l o c a t i o n  o f  s h e l l s £ d e  n o z z l e  connections. 
I. Number and location o f  tubeside nozzle c o z m e c t i o n s .  

N(F/~: - H e a t  r e l e a s e  c u r v e  i s  r e q u i r e d  f o r  c o n d e n s e r s  mid 
v a p o r i z e r s  i f  t h e  c u r v e  i s  n o t  l i n e a r .  The p l o t  s h o u l d  
a l s o  show t h e  v a p o r  o r  l i q u i d  r a t e s ,  v a p o r  m o l e c u l a r  
~i~t, and liquid g r a v i t y .  

8.3 General C r i t e r i a  

8 . 3 . 1  S e l e c t i o n  o f  TEIfA f r o n t  and r e a r  head  t y p e s  s h a l l  b e  i n  
a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  c a b l e :  

m 

I 
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8.3.1 (Cont inued)  

T ~ A  T ~ Z  HEADS (n~ONT/REAR) 

Shell Side 
Clean Fouled 

Tube Side Tube Side 
Clean Fouled Clean Fouled 

Non-removable Bundle B/H,U A,C/L,N - - -  

Remov, Bundle,  ID < 36" ( 9 1 4 - ~ )  B/U A/s ~/u A/S 

Remov. Bundle ID > 36" (914 ram) B/U A/T B/U A/T 

High pressure or other design requirements may justify 
deviation from the 8uidelines above. 

8 . 3 . 2  U-tube exchangers are preferred when tightness is essential 
and the tube side service is considered as nonfouling, 
e. g. hydrogen service. 

8.3.3 Unless otherwise spec i f i ed ,  exchangers s h a l l  be designed 
to have water on the tube s ide.  

8 .3 .4  Kettle type reboilers and U-tube units shall be provided 
with fixed covers. All other exchangers shall be provided 
with removable shell cover~. 

8.3.5 Packed floating heads shall not be used. 

8.3.6 Non-removable Bundle exchangers  "may be used i n  c l e a n  s h e l l  
s i d e  s e r v i c e  where a s h e l l  expans ion  j o i n t  i s  n o t  r e q u / r e d .  
£n Eaueral, rile use of shell side expansion joints is d/s- 
co . caged .  

8.3.7 The differential expansion between shell and tubes of a 
fixed tubesheet exchanger shall be based on the controllinE 
letal temperatures, either clean or one side fouled. 

8 . 3 . 8  The m~dmum controlling differential temperature between 
the tube and shell side durin E operation, staz~cup, shutdown 
or steamout shall be snaned on the data sheet and used to 
de~_ezmine the requirement for an expansion joint and 
tubesheet th/ckness on a fixed tubesheet heat exchanger. 
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8 . 3 . 9  The use  o f  TE~A Type F s h e l l s  v i ~ h  remova l  b u n d l e s  i s  
d i s c o u r a g e d  u n l e s s  t h e r e  a r e  c o n s i d e r a b l e  s a v i n g s  o r  o t h e r  
desiKn advantages. As a general gu ide l i ne ,  l i s z t  she l l  
s i d e  p r e s s u r e  d r o p  t o  7 . 0  PSI and t e ~ e r a t u r e  d i f f e r e n t i a l  
t o  2.50°F. 

8.3.10 ~az i sum s h e l l  and t u b e  e x c h a n s e z  s i z e s  s h a l l  be  as  s h o r n  
be low.  The Thermal  D e s i g n e r  w y  c o n s i d e r  l a r ~ e r  s i z e s  t o  
r e a l i z e  economic  o r  d e s i g n  a d v a n t a E e s .  L a r g e r  s i z e s  mas t  
be a p p r o v e d  by T r i - S t a t e s .  

s. The maximum tube length fo r  s t r a i S h t  tubes sha l l  be 
20 fee t .  

b.  The ~ b u n d l e  diaQet~er for r emovab le  b u n d l e  
exchanSe r s  s h a l l  be  60 i n c h e s .  The maximum removab le  
b u n d l e  we£sh t  s h a l l  be &O,eO0 pounds .  

c .  There  are no weiKht and ~ i a ~ e t e r  14m~tS f o r  f i x e d  
n o n r e s o v a b l e  bundle e x c h a n E e r s .  

8 . 4  Desi~ P r e s s u r e  

8 . 4 . 1  A l l  p a r t s  o f  t h e  t u b e  br indle  i n c l ~  f l o a t . i n  8 head  s h a l l  
be  d e s i g n e d  f o r  e i t h e r  f u l l  t u b e  s i d e  i n t e r n a l  p r e s s u r e  o r  
f u l l  she l l  s ide ex te rna l  pzessu.ce, whichever condition i s  
con r ro l l i nE .  D i f f e r e n t i a l  pressure sha l l  not  be used as 
desiEn basis unless spec i f i ed  otherwise. 

8 . 4 . 2  Des i$n  p r e s s u r e  f o r  t h e  c o o l i n g  w a t e r  s i d e  o f  c o o l e r s  
s h a l l  be  i50  p s i $ .  

8 . 4 . 3  E x c h a ~ e r  t u b e  s i d e  and s h e l l  s i d e  desi@n p r e s s u r e  s h a l l  
be  s e t  a t  t h e  h i g h e s t  o f  t h e  f o l l o v i n 8  c o n d i r ~ o n s  as  
a p p l i c a b l e :  

a .  S h u t o f f  p r e s s u r e  o£ an  u p s t r e J m  pump a c  normal  pump 
s u c t i o n  p r e s s u r e  i f  t h e  e x c h a n g e r  can  be  shu~ i n .  

b .  Hax imm s u c t i o n  p r e s s u r e  o f  an  ~ps t r emn  pump p l u s  
n o m l  ~ d i f f e x ~ n ~ a l  p r e s s u r e .  

Co Ope~at~ l~'essu:e,ps~a 

0 - 130 p s i a  
150 - 500 p s i a  
500 - 1000 p s i a  

1000 p s i a  + 
V a ~  

D e s i s n  P r e s s u r e  

O p e r a t i ~  + 13 p s i  
o p e : a t / n S  ÷ I0~ 
O p e r a t i n g  + 50 p s i  
O p e r a t / ~  + 57. 
13 p s i s  

I . ~  t~t = " " ' " 
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8 .5  Des£gnTemperature 

8.5.1  The following guidelines shall be used in determining 
design temperature when operating temperature exceeds 
60oF. 

a .  For operating temperatures of 600°F or less, t h e  
design temperature is the operating temperature plus 
45°F. 

b. For operating temperatures above 600°F, the design 
temperature is the operating temperature plus 30°F. 

C- The operating temperature is defined as e~e maximum 
temperature encountered during normal operation, 
start-up, and shutdown (excluding maloperation). 

8 .5 .2  The following guidelines shall be used in determining 
design temperature when operatin E temperature is less than 
60°F. 

a. For exchangers with fluid temperatures below 60°F, 
design temperature should be 10°F below the operating 
temperature. 

b. Operating temperature for low temperature s e r v i c e  is 
d e f i n e d  as the miu/mum temperature encountered during 
normal operation~ start-up, and shutdown (excluding 
maloperation). 

8.5.3 Allowances should be taken for situa~.~ons i n  which two 
fluids of different temperatures are in the process of 
heat exchange.  

8 . 5 . 4  Design ~mperature for the cooling water side of coolers 
shall be 150°F. 

8 .6  Tube S i z e  ..and P i t c h  Relat.~d t o  Foul..$n~ F a c t o r s  

8 . 6 .  I ExchanEer f o u l ~ g  f a c t o r s  s h a l l  be  p e r  Table  8.1 .  

8 .6 .2  Tube s i z e  and p i t c h  s h a l l  be s e l e c t e d  i n  acco rdance  w i th  
Tab le  8 . 2 .  

I ' "" I 
I~$1~ ~R ~.ISCL:S.JIL~ C~ ~,~r R! DM4 
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PROCESS CRITERIA 

TABLE 8.1 

FOULING FACTORS 

R e v i s i o n  01 

C o l d i t y  F a c t o r  (£t2hr°F/BTU) 

N i t r o g e n  # 0.001 
Air  # 0.002 
R e £ o ~ e d  Gas 0.001 
Steam # 0.0005 
B o i l e r  Feed Water /Condensa te  # 0.O00S 
Lock Gas ~-~ 
Gas L iquors  (by t ype )  ** 
Tar  0.005 
Creosote 0.005 
P i t c h  0 .004 
Ray Phenol ~-~ 
Naphtha 0. O01 
Hydrogen S u l f i d e  0.001 
I n C a  0.001 
S u l f u r  (e lemen l~ l  s u l f u r  c o n t a i n i n g  g a s e s )  

Noncondens~nS 0.001 
Condensing 0 01 

Raw Gas 
Carbon Diox ide  # 0.001 
Town Gas 0.001 
Heavy O i l  0.002 
L i g h t  O i l  0.001 
Ta£1 Gas 0.001 
Carbony l s  ~ 0.001 
r~G 0.001 
Gasol ine 0.001 
J e t  and D i e s e l  Fue l  0 .002 
Fue l  Gas ~ 0.001 
Pu r££ i e d  H y d r o ~  0.001 
Eehy lene  0.001 
A c e t i c  Acid 0.002 
C , ~ e l ~  Wat..e~ ( c o o l ~ s  s i d e  o~ exclma~ers) ~ 0.002 

( 

* * L i c e n s o r  t o  s p e c i f y .  
~ I n c l u d e s  A l c o h o l s ,  K e ~ m e s  and Aldehydes .  

~oul~.u8 F a c t o : :  :Ladicated in  t h e  above t a b l e  s h a l l  be  used  
BY THIS C Z 0 6 ~  ] ~ N G .  

A l l  o t h e r  £ acco r s  i n  t h e  c a b l e  a r e  r e c o m e n d a t i o n s  ONLY. The ~ s p e c t ~ v e  
l ~ o c e s s  I£cezusors  s h a l l  be  r e s p o n s i b l e  f o r  t h e  FoulJ~4; F a c t o r s  used  i n  t h e i z  
areas o f  coDcerQ. 

I VS( t~t :ISC~SJIf. C;= ,lt'~ i !  

IlIlll~l F~II ill' I M  f iI~m'l" glr lliIl~ ii~llli11, 
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T~T.~. 8.2 

TUBE SIZE AND PITCH 

R e v i s i o n  01 

Shell Side Tube Side FoulinE Min. Tube Pinch, IN. 
Service Fnz°F/Btu O.D., IN. And LaTout 

Clean Up To 0.003 (Incl) 0.75 0.938 (30 °) 

Clean Over 0.003 I 1.25 (30 °) 

FoulinE Up To 0.003 (Incl) 0.75 I (45 e) 

FoulinE Over 0.003 I 1.25 (45 °) 

Exceptions to the above Table are as follows: 

a .  The pitch and layout guidelines shown above are the 
minimum s~artin E poinns for economic desiEn. Larger 
pinch or different layout patnerns may be required to 
satisfy pressure drop or boiling flux requirements. 

b .  T r i a n g u l a r  p i t c h  may be used  w i t h  f i x e d  t u b e s h e e t  
e x c h a n s e r s  i n  f o u l i n g  s e r v i c e  

C .  When U- tubes  a r e  r e q u i r e d  t o  be  m e c h a n i c a l l y  c l e a n e d  
i n  f o u l i n g  s e r v i c e s ,  1 i n c h  minimum d i a m e t e r  t u b e s  
s h ~ l l  be  used  w i t h  a miuiumm bend d / ameue r  o f  f o u r  
t imes  t u b e  OD. The i n s i d e  t ube  rows o f  U - t u b e s  s h a l l  
have  c r o s s o v e r  U-bends no miu imize  p a s s  l a n e  wid th .  

d.  Tube p i t c h  f o r  heavy  w a l l  t u b e s  s h a l l  n o t  be  l e s s  t h a n  
t h e  TEHA recommended v a l u e s .  

8.5.3 S t r a i g h t  t u b e  l e n E t h s  s h a l l  p r e f e r a b l y  be  20 f e e t  b u t  when 
n e c e s s a r y  t h e y  may be  o t h e r  s t a n d a r d  l e n g t h s  o f  8 ,  12, 16, 
24, 30 and 40 f ee t .  

8.6.4 The f o l l o w i n g  t a b l e  s p e c i f i e s  b a r e  t u b e  d i a m e t e r s  and 
min/mum p e z m i s s i b l e  gauges :  

i I ~3T;~. PA~E kTTHE FeneiT ¢f THIS Ri3~ln' 
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8 . 6 . 4  ( C o n t i n u e d )  

Rev ' i s£on  O1 

CARBON S T E ~ ,  ALU~UM ALLOYS OTHER 
TUBE OD AND A L ~ I N ~  ALLOYS THAN T I T A N I ~  T I T A N I ~  

BWG BWG BWG 
INCHES CZZn~. WALL) CAVG. WALL) (~rH. WALL) 

O. 75 14 l& 20 

1 12 16 20 

1.25/1.5 12 l& 20 

8.7 Al lowable Tubeside and She l l s ide  V e l o c i t i e s  and Pressure Drop 

/ 

\ 

8.7.1 As a 8 u £ d e l ~ ,  t h e  ~eco lmended  a l l o w a b l e  p r e s s u r e  d r o p  
p e r  s h e l l  f o r  s h e l l  and  c u b e  e ~ c h a n g e r s  i n  Immped l i q u i d  
s e r v i c e  s h a l l  b e  a s  £ o l l o v s :  

visc6sicy (c~) 

less than 1.0 

A l l o w a b l e  £ P 
S h e l l  S i d e  (psi) 

A l l o w a b l e  A P 
Tube S i d e  ( p s i )  

3 . 0  5 . 0  

1 . 0  t o  5 . 0  5 . 0  7 .5  

5.0 tO 15.0 7.5 10.0 

15.0 to 25.0 10.0 15.0 

25.0 tO 50.0 15.0 25.0 

above  5 0 . 0  aech~nical ~O~ee~ to Sp~:~V 

NOTE: Where excess pressu=e i s  ava i l ab le ,  exchanse= 
pressure drop tory be spe:££ied accord ins ly .  

8 . 7 . 2  ~ l l o v a b l e  p r e s s u r e  d r o p  f o r  a i r  c o o l e r s  i u  pumped l i q u i d  
s e r r L © e a  s h a l l  b e  a s  £ o l l o v a :  

/ 

• MM~ fMmE M 11~ I ~  M TN~ ~ 
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8.7.2 

8.7.3 

8 ,7 .4  

8.7.5 

8.7.6 

Revision O1 

(Continued) 

V i s c o s i t y  (Cp) 

less uhan 1.0 

Allowable ~ P 
Tube Side (psi) 

5.0 

1.0 to 10.0 10.0 

10.0 to  50.0 25.0 

above 50.0 Mechanical Engineering to Specify 

Allowable pressure drop for water coolers shall be I0 psi 
maximum on the cooling water side. For cooling system 
design allow an additional 5.0 psi for ~hrotuling and 
balancin E. 

Allowable pressure drop for shell and tube condensers 
shall be as follows: 

S~stem Pressu re  (PsiE) 

0 to 50 
50 to 200 
200and above 

Allowable A P 
Shell Side (psi) 

1.5 per shell 
3.0 per shell 
5.0 per shell 

Allowable pressure drop for air cooled condensers shall be 
as follows: 

System Pressure (ps ig)  Allowable A P (psi~ 

Up co 50 1.5 
50 to  200 3.0 
200and above 5.0 

CoQlinEWater  Ve loc£ t i e s  

Water v e l o c i t i e s  f o r  c o o l e r s  and condensers  s h a l l  p r e f e r a b l y .  
be t h e  va lues  s p e c i f i e d  below excep t  when p r e s s u r e  drop 
1 / m i t a t i o n s  govern.  

:.':~'E "R ~.ISCL:$.~RE C~ R[;'~ ~1 pA:I4 

~ X ¢ [  p ~  I~ ~HE F r~.~lT ~ THIS,n~F~T 
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8 . 7 . 6  

R e v i s i o n  Ol 

( C o n t i n u e d )  

Tube Materi~l V e l o c i t y ,  FPS 

Carbon and Lov A l l o y  S t e e l  3 - 6  

A u s t e n i t L c  S t a i n l e s s  S t e e l  5 -12  

T i t a n i u m  3 -12  

Monel 5-12  

8 . 7 . 7  

8.7. :~ 

I n c o l o y  8ZS, C a r p a n t e ~  20CB3 5 - 1 2  

F o r  r e b o i l e r s ,  75~ o f  t h e  a v a i l a b l e  h y d r o s t a t i c  head  s h a l l  
be  u s e d  £ o r ~ h e  p r o c e s s  s i d e  a v a i l a b l e  p r e s s u r e  dcop .  

A l l o v a b l e  p r e s s u r e  d~op £ o r  n u l t i p l e  s e r v i c e s  i n  se=%es 
n a y  be  s p e c i f i e d  f o r  ~he e n t £ r e  W a i n ,  ~ns~ead  o f  i t e m  b y  
i t e m .  

8 . 8  R e b o i l e r  S e l e c t . t o n  

8 . 8 . 1  R e b o i l e r  s e l e c t i o n  s h a l l  b e ~ d e  £ r o ~ h e f o l l o w ~ n g t y p e s :  

. K e t t l e  
b .  V e ~ c a l  Chermosyphon 
c .  H o r i z o n t a l  Chexmosyphon 

8 . e . 2  R e b o i l e r  s e l e c t i o n  s h a l l  b e  made to s a t i s f y  a s  many o f  r~ae 
p o i n t s  on  T a b l e  8.3 as  p o s s i b l e .  A d d i t i o n a l  c o n s i d e z a ~ o n s  
include: 

b .  
F~ lu i l~e~ t  a r ~ a n ~ e ~ e n ~  
Ma~uCemmce f a c i l i t i e s  

8 . 8 . 3  Su rge  Time 

Surge  tJuee i s  a f a c t o r  t o  c o n s i d e r  ~ l e v e l  c o n t r o Z Z e d  
f l o w  f r o m  a k e t t l e  t y p e  ~ e b o £ 1 e r .  A m i n i m u l  o f  2 n i n n i e s  
i n  t h e  l e v e l  conrJ ro l  r a n g e  Ls u s u a l l y  n e c e s s a r y  f o r  s t a b l e  
c o n t r o l .  More su rge  ~ n a y  b e  necessary d e p ~  on 
d e s t i ~ t i o n  and l l q u i ~ e d  s t a b i l i t y  o f  o u t p u t  f ~ o v .  

I f  Uhe vo lume c a n n o t  b e  e c o n o - ~ c a l l y  accommodated  b y  r~ke 
e x c h a n s e z  , p r o v i s i o n s  s h o u l d  be  made i n  a n  e x t e r n a l  a u r ~  
d r y .  F o r  k e t t l e  r e b o i l e r s ,  t h e  c o l ~ n  b o t t o m  can  o~1~en 
b e  u s e d  f o r  t h i s  p u r p o s e .  

4"S( =it .~!~v*~S ,P~ II~ a t ' : :  I I  ~ | 

I IS =..'-%'-C" :~, t ~ (  4 ? S l ~ . : r , ~  u : 1  
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8.8.4 Horizontal thermosiphons shall have more than one inlet 
and outlet nozzle if the bundle length to diameter ratio 
is greater than 5. Even with multiple nozzles, very long 
tube lengths with small shell diameters are not recommended 
because of potential maldistribution and excessive piping 
cost. Maximum tube length shall be in accordance with the 
following table: 

Shell.Diameter, In. Maximum Tube Len~th~ Ft. 

12-18 8 
19-29 12 

3G and Larger 16 

8 .9  S h e l l  S ide  V e r s u s  Tube S i d e  S e r v i c e  

8.9.1 Tube side/shell side selection shall be made to satisfy as 
many as possible of ~he following points: 

Serv ice Shell S i d e  Tube S i d e  

Cooling Water 
Condensing Vapors 
Lower Allowable ~ P 
Larger~Low wiebSimilar 

Properties 
High Pressure Fluids 
Corrosive Flu/ds/Alloy 

Cor~truction 
High  F o u l i n g  F a c t o r s  

Z 
X 

X 

X 

X 

X 
X 

8 . 1 0  E x c h a n g e r  Approach Temperatures 

8 . 1 0 . 1  F o r  e x c h a n g i n g  h e ~ t  i n  s h e l l  and  t u b e  e x c h a n g e r s ,  t h e r e  a r e  
g u i d e l i n e s  T/m~ can  b e  o b s e r v e d  i n  s e t t i D g  t h e  a p p r o a c h  
t e m p e r a t u r e .  These  g u i d e l i n e s  do n o t  a p p l y  t o  a l l  c a s e s .  
~or example, t he re  may be cases where there is no tempera- 
ture cross and selecting an optimum approach temperature 
may depend on control r e q u i r e m e n t s  or other criteria. 
However, where themaximumeconomic heat transfer is desired, 
the Eu/delines are as follows: 

Reboilers 
~ m u m  ~ p p r o a c h  
T e m p e r a t u r e  ° °~F 

Steam 30 
Hot O i l  ]:oop 40 

i, 
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TABLE 8.3 

REBOILER SELECTION 

Rev i s ion  O1 

~axi~um 
Vapor ized 

kl.lowable 
Foul~u~ 
F a c t o r  

Bottom~ 
Require 

Borrows 
Do Not 
Reqn i re  

tfl'D 

Surge 
C a pa c i t y  

T y p i c a l  
P r e s s u r e  
Drop 

Col ,---  
I n t e r n a l s  

Space 
R e q ~ m e n t  

K e t t l e  

U n l i s t e d  
(30 co 90~ 
N o r m l )  

0.001 

K e t t l e  and 
colum~ must 
be e l e v a t e d  

Ne£uher 
c o l u m ~ o r  
r e b o i l e r  
need be 
e l e v a t e d  

H i ghes t  

L imi ted  
w i t h i n  
k e t t l e  

0.7 ps i  

S i s p l e s t  

~ s h e s c  

H o r i z o n t a l  
Once-Thru 

S0~ 

0.001 

Col -~-  
on l y  
e l e v a t e d  

N e i t h e r  
column o r  
r e b o i l e r  
need be 
e l e v a t e d  

H i s h e s t  

With in  
co lumn 

1.5 p s i  

S i s p l e s t  

I n - h e . m e n  

Horizon1~al 
Thermosyphon 

25~ 

U n l i s i t e d  

C o l ~ n  
on ly  
e l e v a t e d  

N e i t h e r  
colmmmor 
r e b o i l e r  
need be 
e l e v a t e d  

Lovest 

Winhin 
c o l , - - -  

1.5 ps i  

B a £ f l i n S  

In-be~wee~ 

V e r t i c 8 1  
T h e r m o ~  

25~ 

Unl imi ted  

Column 
only 
e l e v a t e d  

l l e l c b e r  
u s u a l l y  
~ n s ~  be  
e l e v a t e d  

Lowest 

~ r 3 ~  
coZmmn 

1.5 p s i  

m l ~ f t i u l  

f 

\ 
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8 .10 .1  (Cont inued)  

When hot oil loop is not temperature controlled, e.g.~ 
when heat medium is pump around reflux from a =olumn, 
extra surface and/or circulation should be specified. 

8.11 Breakpo in t  Between Ai r  and Water Cool in~ 

8.11,I The followin8 items should be considered when selecting 
air or water cooling: 

a. Inlet temperature/outlet temperature 
b. Total duty 
c. Pour point of material 
d. Viscosity of material 
e. Air temperature 
f. Water temperature 
g. Plot plan spa~e availability 

8 . 1 1 . 2  The break point between air and water cooling will be 
determined by Fluor. The cooling water makeup may be the 
biotreated gas liquor which must be vaporized to prevent 
accumulation of this liquor. Details of the cooling water 
makeup will be developed as a part of an overall plant 
water management scheme. 

8.12 Air Cooled Exchangers 

8 . 12 . 1  Tubeside fouling factors shall be t he  same as s p e c i f i e d  
f o r  s h e l l  and t ube  exchangers  (Table  8 . 1 ) .  

8.12.2 Air side fouling factors shall be assumed negligible. 

8 . 1 2 . 3  The de s i g~  i n l e t  a i r  t e m p e r a t u r e  s h a l l  be  88°F. Minimum 
d e s i g a  t e : p e r a t u r e  o f  -15°F w i l l  be c o n s i d e r e d  f o r  p r o c e s s  
reason~ but n o t  f o r  w i n t e r £ z a t i o n .  

8 .13  P ip in~  ~t EXC~L~)e~s 

8 .13 .1  ~-. ~1 h e a t  e x ~ e r s ,  c o o l e r s ,  c o n d e n s e r s ,  and r e b o i l e r s  
~J~st can  be removed f r o ~  s e r v i c e  w i t h o u t  a u n i t  shutdown 
s h a l l  have b l o c k  v a l v e s  and i s o l a t i n g  s p e c t a c l e  b l i n d s  p r o -  
v£ded on,  o r  immedia te ly  a d j a c e n t  t o ,  a l l  i n l e t s  and o u t -  
l e t s .  Hea t  exchange r s ,  c o o l e = s ,  c o n d e n s e r s :  and rebo£1e~s 
t h a t  r e q u i r e  a un£ t  shutdown f o r  i s o l a t i o n  need n o t  have 
b l o c k  v a l v e s .  

L'S( CR ~'l,~L'S.q.~ ¢~ =(~r RI" DA.'A 
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8 . 1 3 . 2  A i r  c o o l e r s  and  c o n d e n s e r s  s h a l l  a l s o  h a v e  i s o l a t i o n  b l o c k  
v a l v e s  and s p e c t a c l e  b l i n d s  o n l y  i f  a u n £ t  shutdown i s  n o t  
r e q u i r e d  f o r  i s o l a t i o n .  I n d i v i d u a l  c o o l e r  s e c t i o n s  i n  
f o u l i n E  s e r v i c e  ( 0 . 0 0 2  f t~h~°F/BTU o r  8 r e a r e r  £ou~ in8  
f a c t o r )  s h a l l  have  b l o c k  v a l v e s  and s p e c t a c l e  b l i n d s  p r o -  
v i d e d  at t h e  inlet and o u t l e t  o f  e a c h  s e c t i o n .  

S. 13.3 U n l e s s  v e n t i n g  and d r • £ n i n ~  can  b e  done v i a  o t h e r  equipment, 
s h e l l  and c h a n n e l  s i d e  p i p i n ~  s h a l l  be  p r o v i d e d  w~th • 
v e n t  and d r a i n  c o n n e c t i o n .  Vent  and d r a i n  v a l v e s  s h a l l  be  
314" mini,mum. 

~ . 1 3 . 4  For  c o o l e r s  and condense=s, connec t i ons  f o r  chea~c • l  
c l e a n i n g  s h a l l  be  p r o v i d e d  where  s p e c i f i c a l l y  r e q u e s t e d  o r  
• g r e e d  wiLh T r i - S t a ~ e .  

8 . 1 4  P l a t e  H e a t  E x c h a n g e r s  

8 . 1 4 . 1  P l a t e  h e a t  e x c h a n g e r s  s h a l l  be  c o n s i d e r e d  i J  ~he f o l l o ~ - i n ~  
c o n d i t i o n s  e x i s t :  

a .  Low 1ff~D. 

b .  T e m p e r a t u r e  c rossove rs  ( t r u e  c o u n t ~ e r c u r r e n t  f l o ~  
r eq -~  r e d ) .  

C.  Co:ros£~e s e r v i c e s  r e q u i r i n g  a l l o y  ma~e~-~als o f  
c o n s t r u c t i o n .  

8 .1& .2  

d.  F o u l i n g  s e r v i c e s .  

The d e s i K n  p r e s s u z e  and  r ~ m p e r a ~ a r e  l~L~r.s  £o~ p l a L e  h e a t  
excban~e=s s h a l l  be 300 P~£S and 390~F r e s p e c t i v e l y .  

8.15 B=az~ l  .~l.uai.num Co=e H e a t  F ~ ~ r z  

8 .15 .1  Brazed •1  , ~ - -  co re  hea t  e z c h a n ~  s h ~ l l  be cons ide red  
i f  any o r  a l l  o f  l ~ e  £o l l ou~ag  c z ~ e z i 8  a re  met: 

• . 0 p e r a t ~ n Z  r ~ l p e r a r ~ z e s  a r e  - 5 0 ° F  and b e l o w  ( n o n f o u L i ~  
s e r v i c e s ) .  

b.  ~ a l l ~ - s t x e a n  h e a t  tc~ns£er in a s ingLe  a n i t  i s  requ£~Jd.  

c.  Space l ~ t a t i o n s  e z i s t .  

8.1 .5 .2  The d e s £ 8 n  p r e s s u r e  l i m i t  f o r  b r a z e d  a l u m i m m  c o r e  h e a t  
e z c h a n s e r s  s h a l l  b e  I I 0 0  p s i f l .  

IS ~2JTcr lg ~HE F~.~IC|.~ill C~i ~ J 
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8.16 Steam S=rface Condensers 

8.16.1 

Revision 01 

Steam surface condensers shall be in accordance with HEI 
Standards and SP-1001-44-5. 

8.16.2 Tube material shall be carbon sr.eel. 

8.16.3 Cleanliness factor for carbon steel tubes shall be 65%. 

8.16.4 ~or critical services and for services that do not involve 
parallel streams, divided water boxes shall be provided. 

8.17 S l u r r y  Handlin~ 

8.17.1 Sl-rry s~rvices shall be routed through the tube side of 
the exchanger. 

B.17.2 Minimum tube size shall be I inch O.D. at 12 BWG wall 
thickness. 

8.17.3 Veloci~.y limits for cycle oil containing catalyst fines 

8.18 

8 . 19  

s h a l l  be as l i s t e d  below. The optimum v e l o c i t y  i s  
5 .75 f t / s e c .  

Velocity, FPS 
Maximum Hie/mum 

Stra£~it Tube 7 .0  3 .75 

U-Tube 5 - 75 3.75 

8~ 17.4 Straight tube construction is recoa~aende, i. 

8.17~5 Horizontal units shall be designed with horizontal 
downflow o f  s l u r r y  ~hrouEh t he  bund l e .  

H~ A c i d / L e t h a l  S e r v i c e  

or 

To ~ z e  chances of acid leakage into the process area, exchanger 
desiEn shall provide as few joint closures as is practical~ (i.e. 
U-tubes, removable TEHA "C" stationary head, etc. ) 

P u l s a t ~  Flow on Shell Side  

8.19.1 Maximum unsupported ~e length for vapor or 2-phase flow 
s h a l l  be 36 i n c h e s .  

8 . 1 9 . 2  Prov i de  impingement p l a t e .  

i 1 
1~5( .P;~ =I~L:SCR[ ¢; 9E~ RT DA:A 
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8 . 1 9 . 3  F r o v i d e  d i s t r i b u t i o n  b e l t  o r  d e s i s n  a s  r e q u i r e d  g o t  • 
maximum pV 2 o£  500  l b s / f t o s e c  z i n t o  r.he b u n d l e .  
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9.0 P tPtfl~ 

Process  c e n t r i f u g a l  pumps s h a l l  be s p e c i f i e d  and des igned  i n  accordance  
with API-610, Fifth Edition, "Centri£ugal Pumps for General Refinery 
Services" as modified by Fluor SP-1001-45-I. 

9.1 Rated Capaci ty  

9 . 1 . 1  Pump rated flow capacity shall be set in accordance with 
the following table: 

Service Rated Capacity over Normal~ % 
Flow Control Level or Temperature Control 

Unit Feed 5 I0 
Unit Product I0 15 
F&ed Booster I0 15 
Overhead Reflux 15 20 
Pump Around 20 20 

Ref lux  
R e b o i l e r F e e d  15 20 
Boiler Feed -- I0 

~_Above rated boiler c a p a c i t y .  

For pumps in intermittent service (e.g. product shipment), 
only the rated capacity need be specified. 

9.1.2 All pumps in continuous service shall be either I00~ 
spared or common spared. Common spare will be specified 
only if flu/d characteristics, capacity and power require- 
ments are similar. In large capacity services where 
parallel pumps are required, a common spare will also be 
specified. 

9.2 NPSH Calculation 

Calculation of ~ shall be based on t h e  following: 

9 . 2 . 1  For  snbcoo led  l i q u i d s ,  t he  sou rce  p r e s s u r e  s h a l l  be  t h e  
minimum normal o p e r a t i n g  press ture  and t h e  vapo r  p r e s s u r e  
s h a l l  be a t  t h e  maximum normal p r o c e s s  t e m p e r a t u r e .  

9 .2 .2  The s u c t i o n  l i n e  losses  s h a l l  be based on ra ted  f l ow  capa-  
c i t y  o f  t h e  pu~p. P r e s s u z e  drop ~ o u ~  ~ e  p e ~ n e n t  
s t r a i n e r  s h a l l  be based  on 50~ c l o g ~ a g .  

i I 15 .~I21KC-" i~  ll~.E II-'.SI Ill ".ll~i#l C.'I 1 ~  
t li--I~E p,lii~. &TILE f i~OliT# ~Hlll Ill'Lid.liT 
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9.2.3 S t a t i c  head  s h a l l  b e  m e a s u r e d  f rom t h e  b o t t o m  o f  t he  h o r i -  
z o n t a l  drums and from the  bot tom tangen t  l i n e  o f  columns 
o r  vessels with b o t t o m  dravoffs, and from the e l e v a t i o n  of 
the outlet nozzle for side drawoffs, t o  t h e  centerline of 
horizontal pumps, or the outlet nozzle o f  vertical pumps. 

9 . 2 . 4  F o r  NPSHA c a l c u l a t i o n s ,  assume t h e  pump c e n t e r l i n e  f o r  
h o r i z o n t a l  pumps t o  be  3 f t  above  t h e  t o p  o f  tJae f o u n d a -  
t i o n  u n l e s s  o t h e r w i s e  s t a t e d .  The r e f e r e n c e  p o i n t  t o  be  
u s e d  ~n ~ e t e m ~  t h e  NPSH r e q u i r e d  f o r  d o u b l e  c a s e  v e r t i -  
c a l  p u p s  s h a l l  be  t h e  s u c t i o n  n o z z l e  h o r i z o n t a l  
centerline. 

9.2.5 No o v e r p l u s  s h a l l  be  added  to  t h e  c a l c u l a t e d  NPSH 
a v a i l a b l e .  

9.2.6 The c a l c u l a t e d  NFSH a v a i l a b l e  s h a l l  b e  a t  l e a s t  10~ o r  18 
i n c h e s  g r e a t e r  t h a n  t h e  NPS~ r e q u i r e d  b y  t h e  se lecr~ed  
pump, w h i c h e v e r  is 8 r e a r e r .  

9 .3  P r e s s u r e  Cas~n~ D e s i g n  

9 . 3 . 1  C e n ~ i f u @ a l  pump c a s i n g s  s h a l l  be  des i jpaed  f o r  a p r e s s u r e  
e q u a l  t o  o r  g r e a t e r  rJaan smx~mm d i s c h a r S e  p r e s s u r e  a t  
p u m p ~  t e m p e r a t u r e  ~ t h  max~mm i ~ p e l l e r  i n s t a l l e d .  

9.3.2 P o s i t i v e  d i s p l a c e m e n t  pumps s h a l l  b e  d e s i ~ a e d  t o  wlubstand 
e_ i the r  t h e  s r ~ l l i n g  p r e s s u r e  o r  s h a l l  b e  p r o v i d e d  v £ t h  a 
d£scharge relief valve which shall not 5e set hiSher than 
t h e  casing d e s i s n  p r e s s u r e .  

9 . 3 . 3  R e f e r  t o  P a r a g r a p h  9 . 7 . 5  f o r  s u i d e l i n e  t o  s p e c i f y  a s s o c i -  
a t e d  p i p i n g  d e s i g n  c o n d i t i o n s .  

9 . 4  ~ Flow 

9 . 4 . 1  N o r m a l l y  a l l  p m ~ s  s h a l l  be  s u £ t a b l e  f o r  c o n t i n u o u s  Ol~Za-  
t i o n  f o r  a f l o w  o f  30~ o f  r a t e d  c a p a c i t y .  I f  f l o w  c o n d t -  
t . t ons  n e c e s s i t a t e  f l o w  f o r  l e s s  t h a n  307,, t h e n  s d ~ i m m  
f l o w  p r o v i s i o n s  f o r  c e n t ~ - i f u s a l  pumps s h a l l  c o n s i s t  o f  a 
l i n e  fzom t h e  pump d i s c h a r p  t o  t h e  s u c t i o n  s o u r c e ,  w 4 ~ -  
mm f l o w  :equ£xed s h a l l  be based on n a n u f a c l m r e r ' s  recom- 
nenda t i ons .  Min./amm f l o v  bypasses s h a l l  be used i n  t h e  
fo l l ow in@ s e r v i c e s :  

a .  ~ u I L i s t a g e  pumps.  

b .  B o i l e r  f e e d ~ r ~ _ r  pumps.  

. 
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9 . 4 . 1  (Cont inued)  

C. Where there is a possibility of a no-flow condition 
occurring in a pump discharge system. 

d. High speed in-line pumps (Sundyne) .  

9.5 High Speed In-Line Pumps 

High speed in-line pumps are preferred to reciprocating pumps for 
low capacity, hiEh differential pressure services i n  most cases. 

9.6 I n j e c t i o n  )t~ps 

I n j e c t i o n  pumps i n  a c i d ,  chemica l  and c a u s t i c  s e r v i c e  s h a l l  be  
capable of flow control by adjusting the stroke while the pump is 
in operation. 

g .7  Pump P i p i n g  

9.7.1 Each c e n t r i f u g a l  pump s h a l l  have  a sue t . ion  b l o c k  v a l v e ,  
and d i s c h a r g e  check and b l o c k  v a l v e s ,  a l l  o f  which s h a l l  
be located as close to the pump nozzle as possible. 

9 - 1 . 2  S p e c i a l  c o n s i d e r a t i o n  shou ld  be  g i v e n  t o  s i z i n g  pump 
s u c t i o n  and d i s c h a r g e  b l o c k  and check  v a l v e s .  Some f a c t o r ~  
t o  t a k e  i n t o  c o n s i d e r a i o n  a r e  t h e  f o l l o w i n g :  

a. Pump nozzles are almost always smaller than the 
piping because different criteria are used in their 
sizing. 

b. 

C .  

Smaller than line size valves have several advantages, 
i.e. economy, flexibility, and reduced congestion 
around ~he pump. The larger the line size, the ,,ore 
important these a d v a n t a g e s  become. 

P r o c e s s  r e q u i r e m e n t s  have  t o  be  b a l a n c e d  a g a i n s t  t h e  
above  a d v a n t a g e s .  NPSH r e q u i r e m e n t  i s  g e n e r a l l y  t h e  
g o v e r o / n 8  c r i t e r i a  f o r  pump s u c t i o n ,  and must  n o t  be  
j e o p a r d i z e d  by  s i z e  r e d u c t i o n s .  On t h e  d i s c h a r g e  
s i d e ,  t h e  p r e s s u r e  drop  t h r o u g h  t h e  check  v a l v e  
becomes a f a c t o r  t o  c o n s i d e r .  

9.7.3 V e l o c i n y  i s  t h e  most  c o n v e n i e n t  c r i t e r i a  f o r  s i z i n g  pump 
v a l v e s .  I t  can  be c a l c u l a t e d  b e f o r e  t h e  pump i s  p u r c h a s e d ,  
and checked l a t e r ,  a f t e r  t h e  pump n o z z l e  s i z e s  a r e  known. 
The f o l l o w i n g  c r i t e r i a  may be  used  as  a gu ide  ba sed  on 
maximum pump d e s i g n  f low:  
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9 . 7 . 3  ( C o n t i n u e d )  

a. For line sizes 2" ands mallet, use line size valves. 

b.  For  s u c t i o n  l i n e s  3" and a b o v e :  

1. When NPSH i s  t i g h t  o r  g o v e r n i n g ,  s i z e  f o r  4 fps  
• maximum v e l o c i t y .  

2 .  When NI~SH i s  n o t  g o v e r n i n g ,  s u c t i o n  v a l v e  may be 
s i z e d  f o r  v e l o c i t y  up t o  8 f p s  buC s u c t i o n  v a l v e  
s i z e  s h o u l d  n e v e r  be  l e s s  t h a n  t h e  s u c t i o n  
n o z z l e  on t he  pump. 

C .  D i s c h a r g e  l i n e s  3" and above ,  s i z e  f o r  15 f ps  mar~smm 
v e l o c i t y .  

These a r e  g e n e r a l  Eu/des  a p p l i c a b l e  t o  most s i t u a t i o n s  b u t  
each  c a s e  s h o u l d  be c o n s i d e r e d  on i t s  own m e r i t s .  

9 . 7 . 4  A l l  pumps s h a l l  have  s t r a i n e r s  i n s t a l l e d  on t h e  pump s i d e  
o f  t h e  s u c t i o n  v a l v e .  Permanent  s t r a i n e r s  w i t h  a f l a n g e d  
side entry for screen removal (i.e., cous t rnc ted  such that 
the screen can be removed for cleaning w i t h o u t  disturbin8 
t h e  s u c t i o n  p i p ~  o r  r emovins  a s p o o l )  shall be i n s t a l l e d  
in rJae suction l i n e s  t o  d i r t y  service pumps, process sol- 
vent circul-:ing pumps, pumps with a suction temperature 
greater r~aan 300°F, cold insulated pumps, and pumps with 
RTJ f l a n g e s .  When s team t u r b i n e s  a r e  u s e d ,  ~_~let p i p i n g  
co t h e  t u r b i n e  s h a l l  c o n t a i n  p e r m a n e n t  s t r a i n e r s .  

9 . 7 . 5  l °  The d e s i s t  p r e s s u r e  o f  t h e  p i p ~ a g  and equ ipment  n o t  
p r o t e c t e d  b y  r e l i e f  v a l v e s  on t h e  d~.scharge s i d e  o f  a 
c e n t r i f u g a l  pump s h a l l  be s p e c i f i e d  f o r  t he  8 r e a r e r  
o f  t h e  f o l l o w i n g  a l t e r n a t i v e s .  

1. The n o d a l  suc r . ion  p r e s s u z e  p l u s  t h e  s h u t o f f  
d £ f f e r e n t i a l  head  o f  t h e  pump. 

. The m a x i m ~  s u c t i o n  p r e s s u r e  p i n s  t h e  no rma l  
f l o w  d g f f e r e n t i a l  head  o f  t h e  pump. 

b .  S i n c e  p i p i n g  i s  n o r m a l l y  r a t e d  b e f o r e  pump c u r v e s  a r e  
a v a i l a b l e ,  i t  i s  n e c e s s a r y  t o  e s t i m a t e  s h u t o f f  p r e s -  
s u r e .  The f o l l o w i u S  r u l e s  s h a l l  be used  a s  a ~ / d e .  

1. S ~ a i E h t  c e n t r i f u g a l  puup w i t h  m e d i u l  and 
h e a d s ,  25 p e r c e n t  s h a l l  be  added t o  t he  nozmal  
s p e c i f i e d  d i f f e r e n t i a l  p r e s s u r e .  

, 
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9.7.5 

9.7.6 

b. 

Rev£sion Ol 

(Continued) 

2. For very low head centrifugal pumps, 35 percent 
shall be added to the differential pressure. 

3. For axial flow pumps, 80 percent shall be added 
or use a relief valve. 

C° The pump suction block valve and all pipe, fittings, 
strainers, and equipment downstream of it shall have 
a higher line class than the pump suction piping 
upstream of the block valve, if the pump discharge 
design pressure is more than 1.33 times the pump 
design suction pressure. 

d. For positive displacement pumps, the discharEe piping 
shall be designed for either r/le downstream relief 
valve setting or the casing designpressure. 

Ven~ and drain connections for pumps shall be in accord- 
ante with Section 13 (Piping). The requirements listed 
below apply specifically to pumps. 

a. Casing vents and drains for pumps in non-volatile 
services shall be piped to the sewer. 

b. Casing vents for pumps ~n services handlin E materials 
near the auto-SEn/riot point shall either be piped to 
a cooler and from the cooler to a conservation sewer 
or shall be discharEed to a closed system. 

C° Casin E vents for pumps in hydrocarbon services han- 
dling C 4 fractions and lighter shall discharEe to a 
closed syst~nor flare. 

d. Vents and drains in services releasing lethal vapors 
shall discharge to a closed system. 

e. In abrasive services, valved vent and drain connec- 
tions ~hall be located in adjacent piping and not in 
pump casings and liqu/dendcylinders. 

f. V~t and drain connections shall be 3/4 inch non~Lual 
pi~e sizea~nimum. 

E- In vacu~ service, pump vent connections shall be 
permanently piped to the vapor space of the suction 
vessel. 
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9 . 8  

9 . 7 . 7  S i s h t  f l ow i n d i c a t o r s  s h a l l  be p r o v i d e d  on c o o l i n g  w a t e r  
l i n e s  t o  pump j a c k e t s .  

9 . 7 . 8  3 /4  i n c h  varm-up  b y p a s s e s  s h a l l  be p r o v i d e d  on a l l  pumps 
t h a t  o p e r a t e  above 300°F o r  a r e  i n  h i g h  v i s c o s i t  7 s e r v i c e .  

M a t e r i a l s  

M a t e r i a l  c l a s s  d e s i g n a t i o n  o f  pumps s h a l l  n o r m a l l y  be i n  a c c o r d a n c e  
w i t h  API -610 .  

/ 
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PROCESS CRITERIA 

10 .0  CO!~PRESSORS 

Process centrifugal compressors shall be specified and designed in 
accordance wirhAPI-617, fourth Edition, 1979, "Centrifugal Compressors 
for General Refinery Services" as modified by Fluor SP-1001-43-1. Pro- 
cess reciprocating compressors shall be specified and designed in accord- 
ance with API-618, Second Edition of July 1974, "Reciprocating Compressors 
for General Refinery Services" as modified by Fluor SP-1001-43-4 and 
SP-I001-43-5. In addition this zection covers ~he general process cri- 
teria for the different types of compressors. 

10.1 Compressors Selection and Ratin~ 

10.1.1 For all compressors the rated capacity shall be a min/mum 
of 10 percent greater than the maximum material balance 
flow. 

10.1.2 Approximate compressor calculations shall be perforated for 
each compressor. Primary objectives of these calculations 
~ r e :  

a. Estimation of power requirement. 

b. Estimation of temperature rise 

Co 

d. 

Approximate number of stages. 

Estimation of utility requirements. 

e. Establishment of c o n t r o l  requ/rements. 

I0.I.3 

I 0 . I . 4  

Centrifugal compressors will be specified for high relia- 
bilityand, in general, will not be spared. 

Small reciprocating compressors in critical services will 
be I00 percent spared. 

I0.i.5 Large reciprocating compressors may be either 100 percent 
spared (two machines), or 50 percent spared (three machines). 

The ~ i c e  w i l l  depend  on t h e  p a r t i c u l a r  s e r v i c e  and  t h e  
e c o n o m i c s  i n v o l v e d .  

10.2 Mode of Control 

10.2.1 Centrifugal Coi~ressors 

a. Turbine driven compressors may be race controlled by 
adjusting turbine speed within limits allowed by the 
vendor~ or by bypassing amount of flow as requ/red. 

I ~ ' ~ E  PIG ~" ITTHE ~ T ~  THIS m[P'~l~' 
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10 .2 .1  

1 0 . 2 . 2  

R e v i s i o n  O1 

( C o n t i n u e d )  

b .  Motor  d r i v e n  c o m p r e s s o r s  may be r a t e  c o n t r o l l ¢ ~  by:  

1. S u c t i o n  t h r o t t l i n g .  

2. B y p a s s i n g  t h e  amount  o f  f l o w  as  r e q u i r e d .  

3.  A c o m b i n a t i o n  o f  b y p a s s  and s u c t i o n  t h r o t t l i n g .  

4.  D i s c h a r g e  t h r o t t l i n g  ( s o t  p r e f e r r e d ) .  

5 .  I n l e t  g u i d e  v a n e s  ( n o t  p r e f e r r e d ) .  

c. If required, provisions shall be made for compressor 
b y p a s s i n g  a t  s ~ a r C - u p .  

d. P r o v i s i o n  s h a l l  be  made f o r  s u r g e  p r o t e c t i o n .  

ReciprocaCin S Compressors 

a. Reciprocating compressors char are not moto r  driven 
may, if necessary, be controlled by adjusting speed 
w i ~ / n  l i m i t s  a l l o w e d  b y  t h e  v e n d o r .  However ,  t h i s  
i s  n o t  t h e  p r e f e r r e d  mode o f  c o n t r o l .  

b .  F o r  c o n s t a n t  s p e e d  m a c h i n e s ,  b y p a s s  c o n t r o l  may be  
used for less than ra~ed compressor output. The bypass 
cooler system will be rated for 100 percent of rated 
compressor  f l o w .  

c .  I n l e t  v a l v e  u n l o a d e r s  may be  u sed  f o r  c o n t r o l  t o  a v o i d  
h o r s e p o w e r  w a s t e .  C l e a r a n c e  p o c k e t  u n l o a d ~ n 8  may a l s o  
b e  u s e d  co c o n t r o l  c o m p r e s s o r  C h r o u ~ s p u t .  They  may 
be  f i x e d  and  may be  a u t o m a t i c a l l y  o r  l a n u a l l y  o p e r a t e d .  
P o s i t i o n  i n d i c a t o r s  for t h e s e  c o n t r o l s  are r e q u i r e d .  

d. R e c i r c u l a t i o n  b y p a s s  c o n t r o l ,  c l e a r a n c e  p o c k e t  u n l o a d -  
i n g ,  and i n l e t  v a l v e  u n l o a d e r s  may b e  u s e d  i n  c o m b i n a -  
t i o n s  for various capacity changes. 

e. Small compressors in service such as air s~plyp where 
s u f f i c i e n t  r e c e i v e r  c a p a c i t y  i s  pro~eided,  n a y  b e  c o n -  
t r o l l e d  by  a u t o m a t i c  s t a r t - s t o p  o r  c o n s t a n t  s p e e d  
u n l o a d i n g .  

l u : n ~  ~ AT l r ~  r l~nT ~ T~0~ ~P.qT 
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10.2.2 (Continued) 

f. Provisions shall be made for compressor unloading or 
bypassing at s~arn-up. 

g. Suction throttling is not to be used. 

10.3 Performance Curves (Centrifugal Compressors) 

10.3.1 The following process information shall be provided by com- 
pressor vendors: 

a. Calculated power. 

b. Accurate snatement of discharge temperature. 

c- Speed of compressor at design point. 

d~ Performance c u r v e s  showing discharge pressure and 
temperature, brake horsepower, polyrropic head and 
efficiency as a function of inlen volume. This shall 
include curves at 80, 90, 95, I00 and 105 percent of 
rated speed. Estimaned surge points shall be shown 
at each speed. The variable speed data does not per- 
rain to units on electric motor drive. Quandrant 
curves are required on all variable MW processes. 

e. For variable speed drivers, characteristics shall be 
given at 80, 90, 95, 100 and 105 percent of rated speed. 

I0.4 Compressor Suction K.O.D.r~ 

10.4. I All reciprocatinE c o m p r e s s o r s  shall be provided with K.O. 
drums in the suction lines as close as possible to the com- 
pressor. Discharge K.O. drums shall be provided only when 
requ/red by the process. K.O. drums shall be sized Eo 
retain the calculated condensation and entrainmen~ ~ha~ 
will occur durin E four hours of operation. Inlet lines 
are to be steam traced with no pockets. Demister pads ~o 
be reinforced for pulsa~./on protecnion. 

1 0 . 4 . 2  Cennr£fuEal compressors generally require suction K.O. 
drums. However, £n certain cases it may be possible to 
take suction from a process vessel performin E another func- 
nion. Generally this vessel should be close to the com- 
pressor and have the same type of operating safeguards as 
for a special purpose K.O. drum. Demister pads to be 
reinforced for pulsation protection. 

1 hl : 'Cf  PAl{. &T I x (  F£~4T OF l i f ts R~P~RT 
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10.4.3 With v e r t i c a l  k n o c k o u t  d rums ,  c o m p r e s s o r s  s h a l l  b e  c o n -  
t r o l l e d  t o  s h u t  o f f  i~ the k n o c k o u t  drum l~qu~d l e v e l  
r e a c h e s  90 p e r c e n t  o f  t h e  b e i s h C  o f  t h e  b o t ~  o f  t h e  i n l e t  
n o z z l e .  An alarm s h a l l  b e  a c % i v a t e d  i £  the k n o c k o u t  drum 
l i q u i d  l e v e l  r e a c h e s  67 p e r c e n t  o f  t h e  h e i a h t  o f  t h e  b o t t o m  
o f  t h e  i n l e t  n o z z l e .  

10.4.4 With h o r i z o n t a l  k n o c k o u t  d rums ,  c o m p r e s s o r s  s h a l l  be  c o n -  
t r o l l e d  co  s h u t  o f f  i f  t h e  k n o c k o u t  drum l i q u £ d  l e v e l  
reaches 50 percent o£ r ~ e  vessel  d i a m e t e r .  An s l a m  s h a l l  
be  a c t i v a t e d  i f  t h e  k n o c k o u t  drum l i q u i d  l e v e l  r e a c h e s  25 
p e r c e ~ t  o f  t h e  v e s s e l  d i a m e t e r .  

1 0 . 4 . 5  The use  o£ r e i n f o r c e d  d e ~ i s t e r s  w i l l  be  c o n s i d e r e d  on an  
individual b a s i s .  

10 .5  C o m p r e s s o r  C o o l i n g  Water  

10.5.1 The compressor lube o i l  water coolers w i l l  have h£~her 
pressure on lube o i l  s y s t e m  side rJ~n t~e cool in~ ~ater  
s i d e .  

10.5.2 Watez s i d e  f o u l i n g  facto~J sha l l  be 0.002 f t 2 b ~ T U .  
Oi l  s ide f o u l ~  fac to rs  s h a l l  be 0.001 ftZhz°F/BT~. 

10.5.3 Maximum al lowable cool ing water taspererare r i s e  sha l l  be 
15°F i n  lube o i l  coo lers ,  and 10°F i n  compressor cy l i nde r  
j acke ts .  

1 0 . 5 . 4  C y l ~ l e r  c o o l i n 8  w a t e r  i n l e t  t e m p e r a t u r e  s h a l l  b e  a t  l e a s t  
1S°T a b o v e  t h e  ~ u l e t  ga s  t e B p e r a r A ~ e .  

10.6 P i p i n g  Ac C o m p r e s s o r s  

10 .6 .1  C o m p r e s s o r  s u c t i o n  L i n e s  s h a l l  be  h e a t  t r a c e d  and  ~ ~ - d  
i f  t h e  p r o c e s s  8 a s  i s  w i t h i n  ~ ' T  of  i t s  d w  p o i n t  a t  s u c -  
t i o n  c o n d i t i o n s .  T r a p s  i n  t h e  s u c t i o n  l i n e s  s h o u l d  b e  
a v o i d e d .  

1 0 . 6 . 2  A l l  c o m p r e s s o r  s u c t i o n  p i p i n s  i n c l ~  p u l s a t i o n  botT. le= 
s h a l l  h ~ v e  t h e  same p r e s s u r e  r e t i n s  a s  t h e  d / s c h a r S e  p i p i n g  
h a c k  t o  and  i n c l u d ~ n S  t h e  f i r s t  s u c t i o n  b l o c k  v a l v e .  T h ~  
may b e  w a i v e d  i f  t h e  s u c ~ o n  p i p i n g  i s  p r o r ~ c e d  p r o p e r l y  
by  a r e l i e f  v a l v e .  

10.6.3 A l l  compzessoz p',;pin, g sha ] /  have adequate v a l ~  dza~us, 
piped ~o a safe d~sposal area. 
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10.6.4 

10.6.5 

Revision 01 

Compressors shall have inlet suction strainers located as 
close as practical (not rointerfere~rithflow) withbreak- 
out flanges and & P indicators. 

Spectacle blinds shall be provided on compressor side at 
the main isolatin E valves. 

If the material bein E handled is toxic, flammable, or 
o~herwise hazardous, proper puree facilities shall be pro- 
vided. Consideration in these cases shall also be riven 
to the provision of double-block-bleeder arranEements on 
the lines so that minor maintenance wore may be performed 
without the necessity of insLallinE the spectacle blinds. 

| 
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PROCESS CRITERIA 

11.0 FI~EDHEATERSREFERENCE SP-1001-45-1 

Tb/s criteria gives general g u i d e l i n e s  for ~he process desiEn of fired 
heaters. ~iredbeaters shall be desiEnedinaccordance~riththese d e s i E n  
c r i t e r i a  and s p e c i f i c a ~ / o n S P - l O O l - & 5 - 1 .  

11.1  H e a t e r  S e l e c t i o n  

The t y p e  o f  f u r n a c e  s e l e c t e d  s h a l l  be  s u i t a b l e  f o r  t h e  s e r v i c e  c o n -  
d i t i o n s ,  nhe fuel spec i f i ed ,  and the fuel efficiency. 

1 1 . 1 . 1  Steam s u p e r h e a t e r  and b o i l e r  c o i l s  s h a l l  be  i n  a c c o r d a n c e  
w i t h  S e c t i o n  I o f  t h e  ASME B o i l e r  and P r e s s u r e  V e s s e l  Code.  

11.2 H e a t e r  D e s i t n  

11.2.1 H e a t e r  t y p e  s e l e c t i o n  g e n e r a l l y  w i l l  depend  on  t h e  s e r v i c e .  
T a b l e  1 1 . 2  g i v e s  E e n e r a l  g u i d e l i n e s  f o r  h e a t e r  t y p e  s e l e c -  
t i o n  b a s e d  on wbetJ~er t h e  serv ice is cok:i.~g or  noncok:i.uK. 

11.2.2 Burners end fue ls  sha l l  be spec i f ied  co pezm~t open t~on  
at  up ¢o 125 percent of  design hear re lease.  They s h a l l  
also operate at  a i r  ra tes 10 percent  b~R~er than the 20 
percent and 30 p e r c e n t  E x c e s s  air specified for Fuel Gas 
and Fuel O i l  r e s p e c t ; i v e l y .  

11.2.3 IndLtv idua l  e c o n m ~ c  and e m ~ r o m D e n C a l  c o n s r r a C u c s  s h a l l  
d e t e x l L U e  w h e t h e r  n A t u c a l  o r  f o r c e d  d r a f t  furnaces v t l l  b e  
u s e d .  

1 1 . 2 . 4  F i r e d  h e a t e r  a v e r a g e  f l u x  d e n s i t i e s ,  a i n i m m  c o i l  p r e s s u r e  
d r o p s ,  and  Bass  v e l o c i t i e s  s h a l l  b e  a s  shown i n  T a b l e  1 1 . 1 .  

11.2.5 Fired r e b o i l e r  s h a l l  be d e s i p e d  f o r  a u a x i m m  o f  60 percent  
b y  wei~t v a p o r i z a t i o n .  

11.2.6 S u r e  vo lmN f o r  f i r e d  zebo i l e r  c izcu la¢ in8  bo i toss  s h a l l  
be 17.5 f t a / h r  per m i l l i o n  BTU. 

11 .2 .7  

1 1 . 2 . 8  

Fi red  heater  duty s h a l l  s e n e n l l y  be designed f o r  coa t iu*  
uous sezTice a¢ 10 percent  above the Dorsa l l y  expected p ro -  
t e s s  o p e r a t i n 8  duL~7. T h i s  shall b e  d e f i e d  a s  d e s i s n  t~-ow 
a¢ lower J~l.et. t e ~ e r a r . u r e .  

Bucne¢ m en / r am  o p e r a C i n S  r a n s e  i s  30 p e r c e n t  o f  d e s i g n  h e a t  
r e l e a s e .  

t 'S [  II I ~ .LS  I ~ ( ~ . ~ l [ ? r : l w ~  
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TABLE II.i 

HEATER DESIGN GUIDE 

Revision Ol 

S e r v i c e  
A v e r a g e  F l u x  Mass 

D e n s i t y  P r e s s u r e  Drop V e l o c i t y  
BTU/hc f t  2 ( p s i )  l b / f t 2 - s e c  

N a p h t h a / K e r o s i n e  
L i g h t  0 i l  

H e a v y 0 i l  

Pitch 

12,000 30 160 

I0,000 30 180 

7,000 100 220 

TABLE 11.2 

HEATER TYPE SELECTION GUIDE 

Horizontal Vertical 

Service 

Individual 
P a s s  
Control 

M u l t i  
P a s s  

C o n t r o l  

I n d i v i d u a l  
P a s s  

C o n t r o l  

Multi 
Pass 

C o n t r o l  

NONCOKING 

a .  S i n g l e  P h a s e  
b .  Vapo r i z  i n g  
c.  H y d r o t  r e a r e r  
d.  Hydrogen  

COKING 

a .  S i n g l e  
b ,  V a p o r i z i n g  
c .  g y d r o t r e a t e r  (1 )  

(I) H~ Added to Feed Oil 

X 
X 

X 
X 
X 

X 

X 

X 
X 

X 
X 

X 

X 
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11 .3  A l l o w a b l e  F i l m  T e m p e r a t u c e s ~  Decok in  S R e q u i r e m e n t s  

1 1 . 3 . 1  F o r  c o k i n g  s e r v i c e ,  maximum o i l  f i l m  t e m p e r a t u r e  s h o u l d  
n o t  be  more t h a n  50°F above  t h e  maximum b u l k  o i l  t e m p e r a t u r e .  

11.3.2 F o r  cok£n  8 s e r v i c e ,  p e r m a n e n t  s t e a m - s i r  decok£n  S s y s t e m s  
s h a l l  be  p r o v i d e d .  Two d i r e c t i o n  s t e a m - a i r  d e c o k i ~  m a n i -  
f o l d s  s h a l l  be  p r o v i d e d .  A decok£RS p i t  o r  drum s h a l l  b e  
p r o v i d e d  to  r e c e i v e  the  d e c o k i n  E ef f luen l~ .  

11.3.3 F o r  t e m p e r a t u r e  s e n s £ C £ v e  p r o c e s s  s t r e a m s ,  t h e  heater d e s i g n  
s h a l l  n o t  have  an  e x c e s s i v e  t e m p e r a t u r e  p e a k  p r i o r  t o  t h e  
h e a t e r  o u t l e t .  T h i s  p e a k  s h o u l d  g e n e r a l l y  n o t  e x c e e d  S°F 
for vacuum o r  coking s e r v i c e s .  

11 .4  Co£1 Desisn P r e s s u r e  and T e m p e r a t u r e  

1 1 . 4 . 1  C o i l  d e s i g n  p r e s s u r e  s h a l l  be  t h e  maximum p r e s s u r e  d e t e r -  
mined b y  t h e  u p s t r e a m  s o u r c e  ( i . e . ,  s h u t o f f  p r e s s u r e ) .  

11.5 F u e l  Sys t ems  

1 1 . 5 . 1  Heac  r e l e a s e  f o r  p r o c e s s  h e a t e r s  s h a l l  b e  b a s e d  on  t h e  I a V  
o f  t h e  f u e l .  

1 1 . 5 . 2  P r o v i s i o n s  s h a l l  b e  made so  Chat  no c o n d e n s a t i o n  o c c u r s  i n  
gaseous f u e l  lines. 

11.5.3 

11.5.4 

F u e l  o i l  a n d / o r  Eas  a n a l y s i s ,  p r e s s u r e  and t e m p e r a C u ~  
s h z l l  be  a u l ~ l i e d  w i t h  h e a t e r  s p e c i f i c a t i o n .  ~ e t a l s  and  
s u l f u r  s h a l l  a l s o  b e  i n c l u d e d  i n  t h e  f u e l  o i l  aria. lysis. 

A t o m i z i n 8  s t e a m  s h a l l  be  a t  l e a s t  100 p s i g  a t  t h e  b u r n e r  
v a l v e  and  a t  l e a s t  30 p s £ g  above  t h e  f u e l  o i l  p r e s s u r e .  

1 1 . 5 . 5  Atom£zin8  s t e a m  l i n e s  w i l l  b e  s i z e d  f o r  1 .0  l b  s t e a m / i b  
o i l .  

1 1 . 5 . 6  S team q u a l i t y  s h a l l  b e  d r y  and  p r e f e r a b l y  h a v e  a t  l e a s t  
S0°F s u p e r h e a t .  A d e q u a t e  pro~rAsions  s h a l l  b e  made f o r  
d e n n i n g  and b l o ~ n ~  o f f  s i e s t a  l i n e s .  

1 1 . 5 . 7  F o r  f u e l  c o n c a ~  s u l f u r ,  t h e  m~ctBam a l l o w a b l e  c o n ~ e c -  
t i o u  m e t a l  r ~ p e r a c u z e  i s  3S0°T.  
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11.6  S n u f f ! n  E Steam 

11.6.1 Snuffing steam rate to the firebox shall be 0.75 ib/hr-ft a 
firebox volume. 

11.6.2 Snuffing steam rate to header boxes shall also be designed 
for .75 Ib/hr ft 3 of header box volume. 

11.6.3 Snuffing steam rate to the convection section should be 
designed for 30 Ib/hr ft 3 of duct or stack area. 

11.6.& Snuffing steam supplypressure will be 60 psig. 

11.7 Pipit E a t  Fired Heater~ 

II.7.1 Use of unsymmetrical piping at furnace multipass inlets 
and outlets should be min/mized. 

1! .7.2 Fuel gas pilots shall be supplied on fuel oil fired heaters. 
Fu~l gas fired heaters shall have minimum flow bypasses 
around the fuel gas control valves. The minimum flow by- 
passes shall have a pressure controller set for the mini- 
mum flow required to keep the burner lit. All drains from 
the fuel gas lines musk be either piped to flare or ~ound 
level away from heater. 

1 1 . 7 . 3  

1 1 . 7 . 4  

The burners shall be designed for firiuE refinery gas or 
fuel oil. Fuel characteristics are to be shown on the 
data sheet. Where both gas and liquid fuels are specified, 
burners of the combination type shall be capable of burning 
any of the specified fuels separately. 

The s m o t h e r i n g  s y s t e m  s h a l l  h a v e  a h e a d e r  l o c a t e d  a t  a s a f e  
d i s t a n c e  from t h e  f u r n a c e  f o r  p r o v i d i n g  s m o t h e r i n g  s t e a m  
t o  v a r i o u s  f u r n a c e  s e c U i o n s .  S m o t h e r i n g  s t eam f o r  f i r e -  
box ,  h e a d e r  boxes  and c o n v e c t i o n  s e c t i o n  s h a l l  be  T~ree  
separate laterals. Each line from the remote headers shall 
have a block valve a minimum of 50 ft from the furnace at 
grade level. A I/L" drain hole shall be installed at the 
low point downstream of  the block valve in each stel 
smothering l i n e .  The header supply iug the smothering steam 
lines shall be alive d u r i n g  operation of the heater, and 
shall be  drained through a steam trap. 

L 
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11.7..5 

11.7.6 

11.7.7 

1 1 . 7 . 8  

11.7.9 

1 1 . 7 . 1 0  

11.7.11 

11 .7 .12  

R e v i s i o n  O1 

The s e r v i c e  s team h e a d e r  i s  £ n t e n d e d  f o r  s t e a m i n g  o u t  pu~-  
p o s e s .  I t  s h a l l  have  a b l o c k  v a l v e  a t  t h e  s t eam main  r . h ~  
must  a lway~ be k e p t  a c t i v e  even  vhen  t h e  u n ~  i s  down. 
The s e r v i c e  steam h e a d e r  s h a l l  have connect.ioD.s t o  JJ~U.- 
v i d u a l  ~xx~ace feed l i n e s  ~ o£1 s e r v i c e .  The s team l&mts 
s h a l l  be  p r o v i d e d  ~ t h  a b l e e d e r  l o c a t e d  be tmeen  the  check 
v a l v e  and t h e  second  b l o c k  v a l v e  and s h a l l  be  c o n n e c t e d  
d i r e c t l y  downst ream o f  t h e  c o n t r o l  v a l v e s .  

When pursCn~ i s  r e q u i r e d ,  f u r n a c e  c o i l s  s h a l l  be  s e r v e d  b y  
p i p i n 8  pezwanenCly  c o n n e c t e d  co e a c h  c o i l  i n l e t  and t o  a 
SOtL~Ce Of  s t e a m .  

A l l  b u r n e r s  s h a l l  be  hooked up i n  s u c h  a r a y  c h a t  t h e y  can  
e i t h e r  be  b l a n k e d  o f f  o r  d i s c o n n e c t e d  when n o t  i n  u s e .  

The f u e l  s y s t e m ,  b o t h  l£qu£d f u e l  and f u e l  g a s ,  f o r  e a c h  
f u r n a c e  s h a l l  have  a b l o c k  v a l v e  and a s p e c t a c l e  b l i n d  ~n 
t h e  main s u p p l y  l i n e .  These  s h o u l d  be  remote  fx~m h e a ~ 8  
and a c c e s s i b l e  f o r  r a p i d  o p e r a t i o n  i n  an  emergency .  

The l i q u i d  f u e l  and f u e l  gas  c o n ¢ ¢ o l  scaC£ons  s h a l l  b e  
l o c a t e d  on t h e  o p e z a t i n 8  p l a t o o n - .  The b l o c k  v a l v e s  i n  
t h e  l £ q u i d  f u e l  and f u e l  Sas s u p p l y  lines to the b ~ n e c s  
and t h e  v a l v e s  f o r  sr~am£ng o u t  o f  t h e s e  l i n e s  s h a l l  be  
l o c a t e d  c l o s e  t o  t h e  f u r n a c e  o b s e r v a t i o n  d o o r s .  

At  t h e  e z r . r ~  end o f  t h e  main  l i q u i d  f u e l  s g p p l y  l i n e  1:o 
t h e  f u r n a c e ,  an  o r £ f £ c e  c o c k  s h a l l  be  ¢ u l c a l l e d  so as  1;o 
m a i n t a i n  a c o n s t a n t  f u e l  s ~ p p l y  p r e s s u r e  and t o  e s s u x t  a 
p e r n a n e m t  s n a i l  n o w  i n  t h e  f u e l  r e t u r n  l&ue.  T h i s  c o c k  
s h a l l  n e v e r  be  i n s t a l l e d  i n  r~e  f u e l  l ~ a e s  t o  b u r n e r s .  
The f u e l  r e ~ n  l i n e  s h a l l  be  r o u t e d  t a  t h e  l £ q u i d  f u e l  
S o u r c e .  

He-*~7 f u e l  o i l  8~pp ly  s h ~ l l  be  a r r a n i ~ d  f o r  c o Q t i m ~ u s  
c ~ r c n l a t i o n ,  o f  t h e  o i l  tb . reush  r~e  h e a d e r s .  

Fuel Sas supply pipins sha~,1 be a~-an~ ~ produce 
die~I~t£on of fl~ and sloped for condensate dza£nap. 

C 
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12.0 CONTROL VALVES AND RETIEF VALVES 

12.1 Control V a l v e  Sizin~ 

Sufficient pressure drop must be allowed for control valves to 
obtaLu good regulation, maintain flow characteristics, and obtain 
desired maximum capacity. In is important that a valve pressure 
drop allowance be made in specifying pumps, blowers, compressors 
and reboilers. The following minimum control valve pressure drops 
are for normal applications. 

A check should be made for hydrostatic head, bun this should not 
be included in the variable system pressure drop. 

12.1 .1  At normal design rate, 50 percent of t he  variable system 
pressure drop exclusive of the control valve, or in other 
w o r d s ,  o n e . - t h i r d  o f  t h e  t o t a l  v a r i a b l e  s y s t e m  d~op i n -  
cludin 8 the control valve should be allowed. On light 
hydrocarbon products to storage ~hat are stored under 
product vapor pressure, the valve pressure drop shall be 
based on downstream vapor pressure at ma.~.imum ambient 
temperature of 108°~.  

12.1 .2  

12 .1 .3  

~or reflux, charge and recycle pumps, 15 psi minimum or 
one-third of the total variable system pressure drop, 
whichever is greater, should be allowed. The pump curve 
should b e  reviewed to make sure that enough pressure drop 
has been built into the pump head for the control valve 
no operate at the max/mum pump design rate. The pressure 
drop that has been allowed should be e@ual to a rain/mum 
of 15 percent of the variable system drop at the maximum 
pump desiEn rare or i0 psi w'u/chever is greater. 

~or control valves in the steam line to reboilers, the 
allowable pressure drop shall be 5 percent to I0 percent 
of the initial absolute steam pressure. When operatiu E 
with low pressure steam of 30 psiE or less, a minimum 
drop of 5 psi shall be used. 

1 2 . 1 . 4  F o r  l a r g e  v a r i a b l e  s y s t e m  p r e s s u r e  d r o p s ,  150 p s i  o r  m o r e ,  
s u c h  a s  may b e  e n c o u n t e r e d  w i t h  h e a t e r s  o r  f u r n a c e s ,  t h e  

a l l o w a b l e  p r e s s u r e  d r o p  s h a l l  b e  15 p e r c e n t  o f  
the variable system pressure drop exclusive of t~e control 
valve. 

12 .1 .5  ~ o r  ~-_~-omatic pump s t a ~ u p  w h e r e  t h e  c o n t r o l  v a l v e  i s  i u  
t h e  s t e a m  l i n e  t o  t h e  pump d r i v e r ,  t h e  c o n t r o l  v a l v e  s h a l l  
b e  l i n e  s i z e .  The  r e s u l n i n g  p r e s s u r e  d r o p  i s  n o t  a f a c t o r  
f o r  s i z / n g  and  s h o u l d  b e  5 p s i  o r  l e s ~  ~..,EcR?,sc--~.-~':~.~.-.-..~r-~:, 
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12 .1 .6  Control valves will be sized for a maximum capacity of 
1.3 times the normal flow or I. I rimes the maximum desijn 
f l o v ,  vb/chever is greater. 

12.2 C o n t r o l  Valve  P i p i n E  

The f o l l o w i n g  c r i t e r i a  s h a l l  g e n e r a l l y  be used  i n  t h e  p i p i n E  and 
v a l v i n g  of c o n t r o l  v a l v e s .  

12.2-1 C o n t r o l  v a l v e s  i n  f l a s h i n g  s e r v i c e  s h a l l  be p l a c e d  as  
c l o s e  as  p r a c t i c a l  t o  t h e  d e s t i n a t i o n  o f  t h e  s t r e a m .  
C o n s i d e r a t i o n  shall be given t o  a v o i d i n E  nzaps in the 
p i p i u  E d o w n s t r e a n  o f  f l a s h / h E  c o n t r o l  v a l v e s .  C o n t r o l  
v a l v e s  i n  f l a s h i n  E s e r v i c e  s h a l l  be so  n o t e d  on t h e  
m e c h a n i c a l  f l o w  d i a s r a m s .  Where p o s s i b l e ,  a n a l e  v a l v e s  
d i s c h a r E i n E  d i r e c t l y  i n t o  a v e s s e l  v a p o r  s p a c e  s h o u l d  be  
u s e d .  I f  i t  i s  n o t  p o s s i b l e  t o  use  an a n a l e  v a l v e  d i s -  
c h a r g i n g  d i r e c t l y  i n t o  a v e s s e l ,  t.be downsl~-eam p i p i n g  
s h a l l  be s i z e d  such  Chat  c a v i t a t i o n  does  n o t  t a k e  p l a c e .  

12 .2 .2  The u se  o f  b y p a s s  v a l v e s  a round  a c o n t r o l  v a l u e  must  be  
j u s - ~ / f i e d  i n  tezms o f  s a f e  o p e z a b i l i r y .  I f  i t  i s  nmces-  
sa ry  to  use  a b y p a s s  v a l v e  Chert t h e  p r o c e s s  v a r i a b l e s  
must  have l o c a l  r e a d o u t s  ~ r i s i b l e  a t  t h e  v a l v e  l o c a t i o n .  
I f  c o n t r o l  v a l v e  o p e r a ~ i o n  is s u f f i c i e n t l y  c r i t i c a l ,  
c o n s i d e r a t i o n  s h o u l d  be  L iven  co a p a r a l l e l ,  s r m n d ~  
c o n t r o l  v a l v e .  

12 .2 .3  Bypass  v a l v e s  s h a l l  have  a t  l e a s t  t h e  same C as  nhe  
c o n t r o l  v a l v e .  ~x~mnm C f o r  t h e  b y p a s s  v a l v e  s h a l l  be  
t w i c e  t h e  C of the c o n C ~ l  v a l v e .  Bypass  v a l v e  s h a l l  
be g l o b e  up To and i n c l u d i u S  4"  s i z e .  

1 2 . 2 . 4  C o n t r o l  v a l v e  b l o c k  v a l v e s  s h a l l  be a t  l e a s t  one s i z e  
l a z E e r  l~han t h e  c o n t r o l  v a l v e  b u t  n o t  l a r g e r  t han  l i n e  
s i z e .  

12 .2 .5  S p o o l s  shall be  p r o v i d e d  bet~wen c o n t r o l  3mlves  and b l o c k  
v a l v e s .  Va lved  3 / 4 "  d r a i n s  s h a l l  be  p r o v i d e d  on t h e  
i s o l a t a b l e  s p o o l  u p s t r e a m  o f  cont,¢ol  v a l v e s .  

C 
te SIJ:Ii(L'f IC I~ t :  I t P . ~ P t = r ~  C'~ 
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12.3 Relief Vnlyes/Relief System 

Relief systems shall be desiEned in accordance wi~h ASHE Pressure 
Vessel Code, Section VIII, Division I, ANSI B31.3, API RP-520 
(Parn I), API RP-521 (Sections 1= 2, and 3). Simultaneous c~ses 
for max/mum relief ~ischarse are defined in Section 12.4. A flow 
diaEramshall be prepared for each applicable case. Fluor's relief 
header optimization computer proEram shall be used to determine 
the optimum relief header size Ehat does not violate allowable 
back pressures atrelief valves. AdvantaEes of diaphraEm valves 
in low pressure services shall be considered. The Process EEineer 
shall also consider the economics and job impact of raisinE desiEn 
pressure of limitin E low pressure equipment. Heat and material 
balance calculations shall be the basis for the determination of 
requ/red relief loads at individual relief val,'es. A relief valve 
desiEn data sheer will be prepared for each PSV. The work will 
be performed during phase II of the project. 

12.4 Simultaneous Cases for HaximumRelief DischarEe 

~ax/mum discharEe rate to the relief system shall be considered 
from the followinE cases: 

12.4.1 Operator error 

a .  B l o c k e d  d i s c h a r g e  

b. Inadvertent openinE of valves 

12.¢.2 Utilities failure 

a. Coolin E water failure 

b. Electric power failure 

c .  Steam/~oiler feedwaterfailure 

d .  ~ o s s  of fuel 

e. Instrument a/r failure 

12.4.3 ~ocal equ/pment/operation failure 

a .  R e f l u x  f a i l u r e  

b .  R e b o i l e r  - a b n o z m a l  h e a t  i n p u t  

c. Heat exchanger tube failure 

l 1~$[ CR ;L~L.*S,.J K e - ¢~- ~r~..,= ql DA'CA | 
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12.4.3 ( C o n t i n u e d )  

d .  C o n d e n s e r  £a£1~£  

e .  Fan  f a £ 1 n r e  on a i r  c o o l e d  c o n d e n s e r s  

• f .  A c c ~ u l s t £ o n  o f  n o n c o n d e n s i b l e s  

g. Loss  o f  a b s o r b e n t  ~ lov  

h.  Antomat£c  p r o c e s s  c o n t r o l  f a i l u r e  

i. Loss  o f  r e f r i g e r a t i o n  

12.4.4 ~ e r n a l  fire 

12.5  V e n t ~  t o  Atmosphere.  o r  t o  C l o s e d  Sys t em 

12.5.1 P ~ - l i e f  and  s a f e t y  v a l v e s  s h a l l  d ~ s c h a r ~ e  t o  a t m o s p h e r e  
when cha  v a l v e  r e l e a s e s  n o n h a z a r d o u s  v a p o r s ,  l i q u i d s  o r  
h y d r o c a r b o n  l£qu£ds, h y d r o c a r b o n  v a p o r s  or  ~ o f  
h y d r o c a r b o n  and  o t Jae r  v a p o r s  s u c h  a s  stea~, with a m o l e -  
c u l a z  mass  o f  30 and  l e s s ,  e x c e p t  a s  m o d i f i e d  b e l o w .  
Bonne~ ~en~s  o f  b a c k  p r e s s u r e  t y p e  r e l £ e f  v a l v e s  may 
d i s ~ h a ~ s e  t o  a ~ m o s p ~ e r e .  

12.5 .2  R e l i e f  and s a f e t y  va l~es  s h a l l  d~scharge t o  a c losed  s~s-  
t~m when ~he v a l v e s  r e l e a s e  one o f  the  f o l l o w i n g :  

a .  Nox ious  v a p o r s  and  l i q u i d s .  

b .  H y d r o c a r b o n  l £ q u £ d s ,  h y d r o c a r b o n  v a p o r s  o r  n i x t n r e s  
o f  h y d r o c a r b o n s  and  o t h e ~  v a p o r s  s u c h  a s  s t e s n  v i t h  
a n o l e c u l a r  mass  8 r e a ~ e r  rJ~ua 30 .  

C. ~ c a r b o n  l i q u i d s ,  h y ~ o c a r b o u  T a p o n  o r  n J ~ . r e s  
o f  h y d r o c a r b o n  and  o t h e r  v a p o r s  s u c h  a s  s t e a m ,  i-- 'z~- 
s p e c L i v e  o f  n o l e c u l s ~  m s ,  ~ r e l e s s e d  i n  p r o c e s s  
a ~ e a s  o 

1 2 . 5 . 3  The o u t l e t  o f  r e l £ e f  a n d  s a f e t y  v a l v e s  d ~ s c h a ~  v a p o r  
co  t h e  a ~ o s p h e ~ e  i n  h y d r o c a r b o n  s e r v i c e  s h a l l  b e  l o c a t e d  
a t  l e a s t  10 f ~  s b o ~ e  t h e  h i s h e s t  w o r k i ~  l e v e l  o r  b u £ 1 d i n 8  
~oOf w£Ualu a m d ~ t ~  o f  35 f t .  Adequa t e  ~ a g e t  7 p r o v i s i o n  
s h a l l  b e  s a d e  8o t h a t  no u n u s u a l  ~ z a r d s  ~--e c r e a t e d  s t  
8 r i d e  o r  o t h e r  m a i n  o p e r e ~ £ n Z  l e v e l s  due t o  t h e  p r e s e n c e  
o f  c o m b u s t i b l e  v a p o r  ~ ,  a t m o s p h e r i c  p o l l u t i o n  o r  
b e a t  r a d i s t £ o a  a s  a r e s u l t  o f  i S n t t i o n  o f  t h e  e n i s s £ o a  
f ~ 0 8  t h e  r e l i e f  v a l v e s  a t  t h e  o n t ~ e t  p o ~ t ~  

IS *~'*~l~C t *~ ' l~. t  el's1 QJCh~ £.*i 
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12.5.4 a. Relief valves on the discharge of positive displace- 
ment pumps may discharge to the pump suction or to  
the suction source. 

b. 

c. 

Thermal relief valves may discharge to an open 
drainage system or to a safe locatioa. 

Cold liquid relief valves may discharge to a large 
accumulator. 

12.5.5 Heat exchangers shall be protected against internal 
failure due to a ruptured nubeunder certain conditions. 

See SP-I001-70-I, for the full details pertaining to 
~is item. 

12.6 Relief Valve Set Pressure 

Relief valves shall be set to open at or below the design pressure 
of the system or equipment to be protected. 

12.7 Relief Valve Locations 

12.7.1 E q u i p m e n t  t h a t  i s  c o n n e c t e d  t o g e t h e r  b y  a s y s t e m  o f  
a d e q u a t e  p i p i n g  n o t  c o n t a i n i n g  v a l v e s  which c a n  i s o l a t e  
a n y  i t e m  may b e  c o n s i d e r e d  a s  one u n i t  i n  a p p l y i u g  a 
r e l i e f  v a l v e  o r  v a l v e s .  I f  t h e  e q U i l ~ e n t  i s  i s o l a t e d  
f rom one  a n o t h e r  b y  v a l v e s  i n  t h e  c o n n e c t i n g  p i p i n g ,  
t h e n  e a c h  e q u i p m e n t  shall b e  c o n s i d e r e d  a s  a u u / t  w i t h  
i~s own relief valve or valves. The metallurgical flow 
diagram shall b e  considered when determining where 
relief valves are required. 

12.7.2 R e l i e f  v a l v e s  s h a l l  b e  s u p p l i e d  b e t w e e n  b l o c k  v a l v e s  on 
t h e  c o l d  s i d e  o f  h e a t  e x c h a n g e r s  w b / c h  can  b e  b l o c k e d  
in. F o r  exchangers in cool~-g water serv ice ,  Zhe relief 
device shall b e  located on the cooling wa~er inlet line, 
which is Zhe clean side. 

12.7.3 

12.7.4 

R e l i e f  v a l v e s  s h a l l  b e  p r o v i d e d  f o r  c l o s e d  p i p i n g  
s y s t e m s  e x p o s e d  t o  h e a t i n g .  

R e l i e f  v a l v e s  s h a l l  b e  p r o v i d e d  f o r  t h e  d i s c h a r g e  o f  a l l  
r e c i p r o c a t i n g  c o m p r e s s o r s  on  c o m p r e s s o r  s i d e  o f  b l o c k  
v a l v e .  

12.7.5 R e l i e f  v a l v e s  s h a l l  b e  p r o v i d e d  f o r  t h e  d i s c h a r g e  o f  
p o s i t i v e  d i s p l a c e m e n t  ~ on  pump s i d e  o f  b l o c k  v a l v e ,  
u n l e s s  i n t e z n a l  r e l i e f  v a l v e  i s  p r o v i d e d .  

[ . . . . . .  i 
~,'~[ C~ =I~I . :~, . ' IL~ C; WE," Kr ;~a:A 
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1 2 . 7 . 7  

1 2 . 7 . 8  

12.7.9 

12.7.10 

12.8 Slope o f  

12.8.1 

1 2 . 8 . 2  

1 2 . 8 . 3  

1 2 . $ . 4  
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R e l i e f  v a l v e s  s h a l l  be  p r o v i d e d  b e t w e e n  t h e  b l o c k  v a l v e s  
on t h e  low p r e s s u r e  s i d e  o f  h e a t  e x c h a n g e r s ,  o r  o t h e r  
e q u / p ~ e n t  s u b j e c t  to i n t e r n a l  l e a k s  o r  t u b e  f a i l u r e s .  

P~p in8  s y s t e m s  f o r  pumps ,  c o m p r e s s o r s ,  and b l o w e r s  s h a l l  
be  p r o v i d e d  w i t h  r e l i e f  v a l v e s  o r  a n  a u t ~ m a t i c  s h u t d m m  
d e v i c e  when t h e  c a s i n g  d e s i g n  p r e s s u r e  may b e  e x c e e d e d .  
Over p r e s s u r e  by f i r e  sha l l  noc  be  c o n s i d e r e d .  

I f  a noncondens£n~  t u r b i n e  i s  i n s t a l l e d  t o  s t a r t  a u t o -  
m a t i c a l l y ,  full relief capacity i s  required and shall be 
sized i n  accordance w~uh NEISA Recommended Standards 
Publ£cat.~on No. S~-21 and 22. 

F o r  v e s s e l s  i n  v a p o r  s e r v i c e ,  c e l i e f  v a l v e s  s h a l l  b e  i n -  
s t a l l e d  on t h e  p i p i n g  t o  o r  f rom t h e  v e s s e l s .  The p r e s -  
s u r e  d r o p  i n  t h e  i n l e t  p i p i n E  co t h e  r e l i e f  v a l v e  s h a l l  
n o t  e x c e e d  3 p e r c e ~ t  o f  t~ae a l l o w a b l e  p r e s s u z e  a t  d e s i g n  
relief capac i ty .  

F o r  v e s s e l s  i n  v a p o r  a n d / o r  l i q u i d  s e r v i c e ,  r e l i e f  v a l v e s  
s h a l l  b e  l o c a t e d  Co a v o i d  L ~ o - p h a s e  f l o w .  

F o r  r e l i e f  p r o t e c ~ o n  f r o m  a s i n s l e  s o u r c e  
m u l t i p l e  v a l v e s ,  one  o f  t h e  v a l v e s  w i l l  be  s e t  a t  o r  
be low  t h e  d e s i g n  p r e s s u r e  an~ t h e  ~ m s i n d e r  s h a l l  b e  
s t a s K e r e d  up to a ~ o f  105 percent  o f  d e s i s n  
pressure. 

t h e  Relief He ade r  

R e l i e f  s y s t e m  p i p i n g  shall be s e l f - d r a ~  coward  t h e  
d i s c h a r g e  end .  Where p o c k e c ~ J ~  o f  d i s c h a r s e  l i n e s  c a n n o t  
b e  a v o i d e d ,  pipinE s h a l l  b e  t r i c e d  a n d  p r o v i d e d  u i t h  
s u i t a b l e  d r i p  l e s s ,  c o n d m a r . e  p o t s ,  and  ~ .  

A s l o p e  o f  0 . 2  p e r c e n t  o f  r u n  i s  d e s ~ b l e  f o r  a l l  
l a t e r a l s  and  h e a d e r s ,  ~ i n t o  a c c o u n t  p i p i n 8  
d e f l e ~ £ o n s  b e t w e e n  s u p p o r t s .  

La t~_ra l s  r e c ~ v i n 8  Cwo-phase  o r  l i q u i d  r e l i e f  s h a l l  b e  
equi4pped w i t h  a k n o c k o u t  drum w i t h  a l i q u i d  h o l d - u p  t i m e  
o f  10-30  m i n n t e s .  Tb£s  s h o u l d  b e  e q u i p p e d  w i t h  a p u k e  
g l a s s ,  a l a r m  and d r a i n .  

T r a p s  o r  o t h e r  d e v i c e 8  w i t h  o p e n C £ n s  ~ s h a l l  
n o t  b e  u s e d .  

0 
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12.8 .5  Laterals shall enter the header from above. If unavoid- 
able, laterals approaching from below the header shall 
rise continuously to the header entry point. 

12.9 Thermal Relief 

12.9 .1  Relief valves shall not be provided for thermal expansion 
where pipin E and equipment other than heat exchangers can 
be blocked in between valves except for liquid lines outside 
process areas (i.e. offsites). 

Protection against over pressure will be provided when 
low boiling liquids can be blocked in and the pressure 
can be increased due to vaporization. 

These c r i t e r i a  should be cons ide red  as gene ra l  r a t h e r  
t/~nspec£fic in regard to both location and application. 
Certain situations will arise that may require deviation 
from these norms. 

12.9.2 Heat sources may be any of the following: 

a. Solar Radiation 
b. Trac ing  
c. Process  Heat 

12.g.3 Thermal relief valve set pressure shall be the design 
pressure of the weakest component in the system being 
pJ:o1:ecned. 

12.9.4 Thermal relief valves may discharge ro an open drainage 
system, or to a safe location. 

12.9 .5  Thermal relief valves shall be 3/4" x 1" in size except 
for the following applications (for wb/ch valve s~zes 
shall be calculated in accordance with API RP-521, 
App~d~- A). 

1 2 . 9 . 6  

a. Long p i p e l i n e s  o f  l a r g e  diamete_r. 

b.  Large  v e s s e l s  o r  exchangers  o p e r a t i n g  l i q u / d  f u l l .  

I f  t h e  1 /qu /d  beiuE r e l i e v e d  i s  expec ted  to  f l a s h  o r  form 
s o l i d s  whi l e  p a s s i n g  ~ r o u E h  t h e  r e l i e f  dev ice ,  t he  p r o -  
cedure  i n  API RP-521, Paragraph 3.18 (A), s h a l l  be used .  

,% 

J IS ,~ . IEC;  "ZG 1fie 11~$1 I',I~'I'~:N : : l  ll~e.. 
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1 2 . 9 . 7  H e a t  e x c h a n g e r s  s h a l l  be  p r o t e c t e d  b y  t h e m a l  r e l i e f  
v a l v e s  se t  t o  i n i t i a t e  r e l i e ~  a t  100 p e r c e n t  o f  d e s i g n  
pressure  when U~e cause o f  ~ p~essu~e £s one o f  the  
f o l l o w , u S :  

a .  Thes~m~l e x p a n s i o n  o f  l i q u i d  when t h e  c l o s u r e  o f  • 
s i n g l e  v a l v e  i s o l a t e s  c o n t o u r s .  

b. L i g h t  h y d r o c a r b o n s  s e r v i c e  b l o c k e d  i n l e t  and o u t l e t  
when t h e  v a p o c  p r e s s u r e  a t  9S°F e x c e e d s  t h e  d e s i g n  
p ~ e s s u r e .  

12.10 Depressuz ' inR  Systems 

12.10.1 Depressur in8 systems s h a l l  be  designed i n  a c c o r d a n c e  w i t h  
API RP-521. 

1 2 . 1 0 . 2  D e p c e s s ~  s y s t e m s  s h a l l  b e  u s e d  t o  r e l i e v e  a h i s h  
p r e s s u r e  ( s u c h  a s  a h y d r o c = a c k e r  r e a c t o r )  du r~aS  c e r t a i n  
d e f i n e d  e m e r s e n c i e s  (such a s .  tespera taze  r t m a v a y ) .  
Requirement f o r  d e p r e s s u = i n 8  s y s t e m s  ~n s p e c i x ~ c  a p p l i c a -  
t £ o n s  s h a l l  be reviewed by the Process XnLd~mer. 

12.10.3 Depressur~n8 systems s h a l l  b e  remote manual ly  a c t i v a t e d .  

12 .11 F l a r e  System K n o c k - o u t  Drums 

1 2 . 1 1 . 1  A k n o c k - o u t  drum s h a l l  b e  p r o v i d e d  a t  t h e  e n t r a n c e  t o  
a l l  f l a r e  s t a c k s .  Add~t . iona l  k n o c k o u t  d r u m  s h a l l  b e  
p r o v i d e d  i n  t h e  r e l i e f  s y s t m  i f  r e q u i r e d  f o r  t h e  
f o l l o v i n S  r e a s o u :  

a .  To quench  • h o t  ~ l e f  s t _ - ~ m  so  t h a t  t h e  e n t l z e  
r e l i e f  s y s t e m  need  n o c  b e  d e s i 4 ~ e d  f o r  h~$h 
t e w p e r a t u r e s .  

b .  To c o l l e c t  l i q u i d  f r o m  • t ~ o - p h a s e  o r  l £ q u i d  s c r e a m  
• t a n y  l a t e r a l .  

C .  To r e - e l e v a t e  t h e  l a t t e r  p o r t i o n  o f  t h e  h e a d e r  
s y s t e m  t o  a l l o w  c o n t ~ n n o u s  s l o p i n s .  

! 
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12.11.2 Knockout drums shall be sized using the following 
formulae: 

c e ; .  - 
V = K  

a p 
V 

V : Allowable vapor velocity ft/sec 
p a  : L i q u i d  d e n s i t y  l b / f t  3 p~ = Vapor d e n s i t y  l b / f t  s 
K v = 0.25 for vertical drums 
K = 0.50 for horizontal drums (minimum L/D ratio of 

2 required) 

~K.O. drum sizing formula is based on the removal of a 
particle 400 micrometers (p) in size 

1 2 . 1 1 . 3  Horizontal K.0. drums shall be assumed t o  be filled with 
liquid up to 1/4 of the diameter when applying the K.0. 
drum siz'.~ng formula. This point shall b e  t h e  h i g h  
liquid level. 

1 2 . 1 1 . 4  D e m i s t e r  shall n o t  b e  u s e d .  

1 2 . 1 1 . 5  F l a r e  K . 0 .  drums s h a l l  b e  l o c a t e d  a s  c l o s e  a s  p o s s i b l e  
t o  t h e  f l a r e  s t a c k  t o  r emove  h y d r o c a r b o n  l i q u i d s  f r o m  
t h e  g a s  t o  b e  f l a r e d .  L o c a t e  t h e  drum i n  a l o c a t i o n  
where the desiEn max/mumradiationintensityis less T/~an 
1200Btu/hr ft z (excluding normal solar radiation). 

1 2 . 1 1 . 6  K.O. drum liquid removal shall be accomplished by a 
drain valve or pump out, either of which shall be 
actuated automatically by h/sh and low level switches. 

1 2 . 1 1 . 7  15 minutes maximum calculated design liquid storage 
capacity shall be available in the K.O. drum up to 1/4 
of the d~um diameter. 

12. I 2  F l a r e  Pum~ Out  Syst~-=- 

12.12. I The pump out pump should be raCed for 50 percent of the 
maximum i n s n a n t a n e o u s  I / q u i d  f l o w  i n t o  t h e  K.O. drum o r  
50 Epm minimum. 

1 2 . 1 2 . 2  R a t e d  pump h e a d  s h a l l  b e  b a s e d  on  t h e  h e a v i e s t  l i q u i d  
gravity that is antiticpated. 

1 2 . 1 2 . 3  D r i v e r  h o r s e p o w e r  s h a l l  b e  b a s e d  on  t h e  h e a v i e s t  l i q u i d  
g r a v i t y  t h a t  i s  a n t i c i p a t e d  and  s h a l l  b e  c a p a b l e  f o r  
t a k i n g  t h e  pump t o  end  o f  c u r v e .  | t, s E ~ - , ~ - - s ~ , ~  . [ 

L I 
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1 2 . 1 2 . 4  C e m t r i f u E a !  pumps s h a l l  be r a c e d  f o r  t h e  h ~ J ~ e s t  
v i s c o s i t y  l i q u i d  a n t i c i p a t e d .  

12.12.5 I f  t h e r e  i s  t h e  p o s s i b i l i t y  o f  pump o p e r a t i o n  • ~ • i n s t  • 
b l o c k e d  d i s c h a r g e ,  a m i n / m ~  f l o v  b y p a s s  l i n e  s h a l l  be  
p r o v i d e d .  

12.12 .6  

12 .12 .7  

A v a i l a b l e  IqPSH s h a l l  be d e t e r m i n e d  i n  t h e  same manner a s  
a p r o c e s s  pump ( s e e  S e c t i o n  9 . 0 ,  Pumps).  K.O. drum 
l i q u i d  s h a l l  be  assumed t o  be a t  i n s  b u b b l e  p o i n t .  

E l e c t r i c  m o t o r s  s h a l l  nominally be  used  as  d r i v e r s .  I f  
s u b s t a n t i a l  l i q u / d  l o a d s  w i l l  be  i n t r o d u c e d  i n t o  t h e  
K.O. drums i n  the event of a power failure, S~eam 
~urbine driver ot direct act/hE steam pu~p should be 
c o u s i d e ~ e d .  

12.12 .8  Pump o u t  pumps w i l l  noc  n o r m a l l y  be spa=ed u.~less e n t r y  
o f  l i q u / d s  i n t o  t h e  K.O. drum i s  e x p e c t e d  t o  o c c u r  
c o n t i n u o u s l y  o r  q u i t e  frequently o r  if al~e.-~ate d r i v e r s  
a r e  : m / u / r e d .  

12.13 PuxlrLng and S e a l i n ~  

1 2 . 1 3 . 1  H o l e c u l a ~  s e a l s  s h a l l  be  s p e c i f i e d  
Ware= sea l s  s h a l l  n o t  be u s e d .  

f o r  a l l  f l a r e s .  

1 2 . 1 3 . 2  PurEe Sas shaZ1 have  a dev p o ~ t  below -20°F  o= t h e  
f l a r e  s t a c k  s h a l l  be w in t . e r i zed  t o  m a i n t a i n  • l ~ p e r a -  
Imze above  ~he dev  po/~.t  o f  t h e  g a s .  

12.13 .3  Puzge gas s h a l l  be i u t r o d u c e d  i n t o  t he  ~ e 3 / e f  system a t  
t he  end o f  each b : a n c h  h e • d e : .  Puzs in8  r a t e s  s h a l l  be 
0 .2  t o  0 .3  f t / s e c  i n  Ube f l s : e  s tack .  The purse  r a t e  
tJarough each branch header  s h a l l  be o b t a i n e d  bY n u l ~ t p l y -  
i n s  t h e  t o t a l  p u r g e  re~..  - ~ ~ e  r a t i o  o f  :Lrlov a~ea  o f  
t h e  b r a n c h  Co "..he t o t a l  ~ o v  a r e a  o f  t h e  f l a r e  8 t a c k .  

1 2 . 1 3 . 4  I n e r t :  8as  may b e  used  f o :  ~Lare puzs~.ug ~ 8 ~ .  

12 .14  ~pSJX8 a t  R e L i e f  Va lves  

12.1A. 1 I f  p ressuze  r e l i e f  v a l v e s  sze f i t t e d  w i t ~  b l o c k  v a l v e s  
a t  b o ~  :pst.Eeam and downstzeam s ides  o :  a t  t h e  ups tz~ tm 
s i d e  o n l y ,  ~ s e  b l o c k  v a l v e s  shaZ1 be  c a :  seaZed  and 4 ,  
an  o p e n  p o s i t i o n .  B l o ~  v s l v e s  s b a l Z  be  f u l Z  p o r e d  and  
t h e  s t a e  s i z e  a s  t h e  8 d j a c - - t  t e l / e l  v sZve  JJLlet  Or 
ou~Aet .  

JS . ~ J [ O "  2G I~'E Ib'Slt.."~r~N C~ T~E 
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12.14.2 If spare pressure relief valves are provided, block 
valves shall be supplied at both the relief valves. 
These  block valves shall be car sealed in an open posi- 
tion, except when removed for testing or repairs. 

12.14.3 Relief valves discharging flammable fluids to the atmo- 
sphere uniEnited shall have snuffing steam connections 
on the relief valve discharge standpipe or discharge 
pipinz. 

1 2 . 1 4 . 4  R e l i e f  v a l v e s  s h o u l d  b e  l o c a t e d  a s  c l o s e  a s  p o s s i b l e  t o  
t h e  e q u i p m e n t  b e i n g  p r o t e c t e d  t o  m i n i m i z e  t h e  i n l e t  
piping pressure loss. Excessive pressure loss may be 
caused by fittings within inlet piping. As a general 
rule~ such losses should be avoided. 

12.15 Ins trumen t Symbols and Identification 

R e f e r  t o  s p e c i f i c a t i o n  S P - 1 0 0 1 - 7 0 - 1  f o r  I n s t r u m e n t  Symbols  and 
Id~tification. 

( 1 l~/1C~ F,A~ &T'lH( F~T (H  ~ TXIS ilC~IL'r 
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13.0 PIPING 

13. I L i ~  Sizing 

13.1.1 Gene~al 

a -  Pi p i ng  s h a l l  be desiKned i n  accordance  w~th t h e s e  
de s i gn  criteria and S p e c i f i c a t i o n s  SP-1001-50-1 
and SP-1001-S0-3.  

b.  The f l u i d  quant i t_ tes  to  be used i n  d e t c ~  l i n e  
s i z e s  s h a l l  be those  c a l l e d  £or  by t he  maximun p r o c -  
e s s  d e s i g n  c o n d i t i o n s .  However, p z o p e r  c o n s i d e r a t i o n  
s h a l l  be g i v e n  to  equ~pRent c a p a c i t y  (pumps, e t c . ) .  

C .  In  s i z ~  l i n e s ,  c o n s i d e r a t i o n  s h a l l  be ~ v e n  t o  
e c o n o ~ ' c s ,  p r e s su=e  d rop ,  and t o  maxumn p e z ~ s s i b l e  
v e l o c i t y  from the  s t a n d p o i n t  o f  ~ l b r a t i o n ,  n o i s e ,  
and e r o s i o n  

13.1 .2  F r i c t i o n  Losses "and V e l o c i t i e s  i n  Stz~ilh. t Pipe 

a .  The f r i c t i o n  l o s s  s h a l l  be c a l c u l a t e d  i n  acco rdance  
v i t h  t h e  S tanda rds  o f  ~ze Hydrau l i c  l n s t ~ t n t e  oa t h e  
b a s i s  o f  c lean  c o l n e r c i a l  p i p e .  To t h e s e  ¢ a l c u ~ t e d  
p r e s s u r e  drops ,  a des ign ove rp lus  o f  20 pe rcen t  s h a l l  
be added.  

b.  L iqu ids  

1. Where l i qn4ds  a r e  be in8  3nmped, f r i c t i o n  
l o s s e s  and v e l o c i t i e s  should  M m e n l l y  be  
he ld  w i t h i n  the  £ollov~u@ l i m i t s :  

Pump SucZion (1)  (2)  ~sc~:ze (2) 

Boi]-~s Liquids Cat 
e q u i l i b ~ u m  condi tLo~s)  

F r ~ c t i o n  Loss ,  V e l o c i t y ,  
p s i / 1 0 0  f t  f t / s e c  

F r~c t~on  Loss,  V e l o c i t T ,  
psi/loo ~ ~/eac 

O.OS - 0.25 1 - 4 1.0 - &.O S - 15 

Subeooled L iqu ids  Coils  a t  
l e a s t  40°}" (22°¢) below 
t h e  bubble  p o i n t ;  r a t e r  
a t  l e a s t  10°F (6°C) b e l o v  
t h e  b~bble p o i n t . )  

0 . 2 -  1.0 1 - 8 1 . 0 -  4 .0  5 - ~ 

Cool in8  Water 0 . 2  - 1 . 0  1 - 8 O.5 * 2 . O  $ - IS 

I m l a  ~ aT 1m| F ~  ~;  ~ W[~wr  
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I .  ( C o n t i n u e d )  

NOTE ( 1 ) :  Pump s u c t i o n  l i n e s  a r e  s i z e d  p r i m a r i l ~  
b y  NPSH c o n s i d e r a t i o n s ;  t h e  a b o v e  v a l u e s  a r e  t ~ p i -  
caloperating ranges. 

NOTE (2): For reciprocating pumps, maximum instan- 
taneous flow rates shall be used. 

2. Where l i q u i d s  a r e  b e i n g  moved b y  a p r e s s u r e  
d i f f e r e n t i a l  ( i n c l u d i n g  s t a t i c  h e a d ) ,  and  p r e s -  
s u r e  d r o p  i s  n o t  a c o n s i d e r a t i o n ,  t h e  maximum 
permissible velocity from the standpoint of 
vibration, no.~.se, and erosion shall govern. 
In Eeneral, the velocity of liquids should be 
kept below 25 ft/sec. 

Gases  and Vapors 

1. In general, friction losses should be held 
between 0.I and 2.0 psi/100 ft of pipe for 
atmospheric o r  higher pressure systems and 
between 0.02 and 0.5 psi/lO0 ft for subatmo- 
spheric systems; or about I percent of the 
absolute pressure. 

2. Where excess pressure is available, the above 
unit pressure drops may be increased, using 
250 ft/sec as a l~ting velocity in most 
c a s e s .  

Steam 

1. The friction loss shal.l be calculated in 
accordance with the Standards of the Hydraulic 
Institute on the basis of clean coumercial 
pipe. No design overplus shall be added. 

. High pressure steam (over 50 psig) lines shall 
in general be sized for a friction loss of 0.5 
to 1.5 psi/100 ft of pipe, or about 1 pe=cent 
of the absolute pressuze. Short leads to 
pumps, turbines and other equ/pment in wb/ch 
the steam flow is steady shall be sized for a 
friction loss of 1.5 to 4.0 psl/100 ft of 
length. 

The u s u a l  maximum v e l o c i t i e s  a r e  30 f t / s e c  p e r  
i n c h  o f  p i p e  d i a m e t e r  f r o m  s i z e s  f r o m  3"  t o  6 "  

, , I 1 USE Cl .~:'-CL'-S'.J~r--~ R~'-~, .~; O~,':A 
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~ e v i s i o n  O! 

2. ( C o n t i n u e d )  

d i a m e t e r ;  o v e r  6" d i a m e t e r ,  200 f t / s e c  f o r  
s a t u r a t e d  s team and 250 f t / s e c  s u p e r h e a t e d  
steam. 

. Low p r e s s u r e  s t eam ( u n d e r  50 p s£g )  l i n e s  s h a l l  
i n  g e n e r a l  be s i z e d  f o r  a f r i c t i o n  l o s s  o f  
0 .25  t o  0 . 5  p s i / l O 0  f t  l e n s t h .  When t h e  s t eam 
i s  above  a t m o s p h e r i c  p r e s s u r e ,  s h o r t  l e a d s  
from pumps, t u r b i n e s ,  and o the r  equ /pmen t  i n  
which t h e  s t e ~  f l o w  i s  s t e a d y  s h a l l  be s i z e d  
f o r  a f r a c t i o n  l o v  o f  0 . 5  t o  1 .5  p s i / l O 0  f t  o f  
l ~  or about I percent o f  t h e  absolute pres- 
sure. Vacuum l i n e s  s h a l l  be s i z e d  on t h e  
basis o f  pressure drop  available. 

e .  L£qu /d -Vapor  M i x t u r e s  

1. The a v e r a g e  d e n s i t y  o f  t h e  l i q u i d  s h a l l  be  
used  i n t h e c a l c u l a t i o n .  

. The a v e r a s e  v e l o c i t y  o f  t h e  m i x t u r e  s h a l l  be  
E r e a t e r  t h a n  t h e  c a l c u l a t e d  en t za~umen t  v e l o c i -  
t y ,  b u t  l e s s  t h a n  t h e  c a l c u l a t e d  e r o s i o n  v e l o c i -  
tY.. I n  g e n e r a l ,  £ ~ c t i o n  l o s s e s  . s h a l l  be  h e l d  
~c l e s s  t h a n  4 . 0  p s i / l O 0  f t  o f  p i p e .  

L i m i t a t i o n s  o= V e l o c i t y  

a .  V o r t e x i n g  V e l o c i t  7 

L i q u i d  dxawn o u t  o f  t h e  bot tom o f  a v e s s e l  where  
l i q u i d  and v a p o r  • r e  i n  e q u i l i b r i u m  o r  where  • two 
p h a s e  l ~ q u i d  e x i s t s  can  e n t r a p  v a p o r  o r  t h e  l i a h t m r  
l i q u i d  b y  • vo r t ex . .  I n  8ene.--al, vo r sces iug  o c c u z s  
when t h e  s t a t i c  head  above  a l i q u i d  d r • w o l f  nozz lm 
i s  l e s s  t h a n  two v e l o c i t y  h e a d s .  The s i m p l e s t  s o l u -  
r / o n  t o  • v o r t e x  i s  t o  i n s t a l l  • v o r t e x  b r e a k e r  i ~  
the  d r a v o f f  nozz le  and t o  l i m i t  the l~ne t o  a B -  
sam o u t l e t  v e l o ~ . ~ y  o f  7 f t / s e c o n d .  

b .  ~eed  t o  Colmmm 

The f e e d  t o  f=ec t~ona t .Lug  co lusms  s h o u l d  n o t  e m t e r  
t h e  v e s s e l  s t  a v e l o c i t y  8 ~ e a t  enouah  t o  sweep t h e  
l i q u i d  s e a l  o f f  t h e  t r a y  and d e s t r o y  i t s  e f f £ c ~ c y .  
To t h ~  end f e e d  d i s t r ~ b u t o r s ,  ~ t i a l  n o z z l e s ,  
~Las~ z o n e s ,  e t c . ,  a r e  u s e d  as  n e c l ~ a u n ~ .  

, IZCt ~ L  S I W . ~ | | ~ R I ~ I ~ A  
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c. Column Drawoff Nozzles 

The suction box nozzles and line used to withdraw a 
stream from the side of a fractionatin@ column 
should be sized according tot he following ~able: 

Liquid Falling From 
from Above Quiet Zone 

S u c t i o n  box  max v e l o c i t y 1  f t / s e c  2 f t / s e c  

Drawoff nozzle max velocity Liqu/d Falling From 
from Above Quiet Zone 

4 ft/sec 3 ft 2 ft 
3 2 - I / 2  1 - 1 / 2  
2 2 1 
1 I 6" 

Less than I 6" 6" 

This limitation is set t o  prevent trapped vapors 
from getting into the pump. From a point 10 ft 
below the drawoff nozzle the line can be reduced ro 
that requ/red for NPSH or other applicable 
criteria. 

d. Condensate from Steam Traps 

The condensate line from a steam reboiler to continu- 
ous drainer shall be sized for a maximum velocity 
of I ft/second. This limitation is set so that 
vapors will nor Een i n t o  the urap and affect its 
operation. Lines to and from buckeU traps should 
be sized for the m~.-h,n,m :apacity of t h e  trap which 
is usually 2 or 3 times the average calculated 
flow. 

13.1.4 Special Considerations 

a .  Column Overhead  L i n e s  

I n  m o s t  c a s e s ,  column o v e r h e a d  l i u e s  s h a l l  b e  s i z e d  
a s  fo11~.~-~: 

Syst  

A=mosphe r i c  and  
f ~  h i & h e r  p r e s s u r e  

Below a l ~ o s p h e r i c  
p r e s s u r e  

P r e s s u r e  Drop 

0 . 1 0  t o  2 . 0  p s i / l O 0  

0 . 0 2  to  0 . 5  ps i / l O0  f t  
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b .  
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( C o n t i n u e d )  

Revis~ .oa  O1 

I n  ~ e n e r a l ,  f o=  at.mos~bezic and b ~ h e r  p r e s s u : e  
co lumn,  1 p e r c e n t  o f  t h e  o p e r a ~ n ~  a b s o l u t e  p r e s -  
s u r e  s h a l l  be  u s e d  a s  a m a x ~ p r e s s u r e  d rop  pc=  
100 £ t  o f  o v e ~ h e a d p ~ p ~ n s .  Overhead  l ~ n e s  i n  v a c -  
uum s e r v i c e  a r e  ~ e n e r a l l y  s i z e d  on  an  economic  
b a s i s .  

V a c u ~ a H e a t e r  T r a n s f e r  L i n e  

Vacuum h e a t e r  t r a n s f e c  l i n e s  s h a l l  b e  s i z e d  i n  a c c o r -  
dance  wi~h t h e  p = o c e d u r e  g i v e n  i n  E d a i s ~ e r ' s  
" A p p l i e d  H y d r o c a r b o n  T h e r m o d y n a m i c s " .  These  a r e  
usually lathe l i n e s  o p e r a t ~  a t  o r  n e a r  a c o u s t i c a l  
v e l o c i t i e s .  They must be s ized  e ~ r l y  t o  se t  the  
pressure  a t  t ~ e  vacuum h e a t e r  o u t l e t  which  a f f e c t s  
t h e  h e a t e r  o u t l e t  t u b e  p a s s  a r r a n K e m e n t .  

R e c i p r o c a c i n x  C o m p r e s s o r  S u c t i o n  & D i s c h a r ~ e  L i n e s  

P u l s a ~ o n  d a m p e n e r s  s h a l l  b e  p r o v i d e d  on a l l  r e c i p -  
r o c a t i n ~  c o m p r e s s o r  s u c t i o n  and  d £ s c h a ~ e  l i n e s .  1 
p e r c e n t  o f  ~he o p e r a t i n g  p r e s s u r e  s h a l l  be a l l m m d  
f o r  p u l s a t i o n  dampener p ressure  dzo]p. A : educ :~ .o~  
i n  ~ a l l o v a n c e  sl~ould b e  cons idez~-d  f o r  bAgh 
p r e s s u r e  and  mu.Tt.~scage m a c h i n e s .  

S u c t i o n  and  d i s c h a r s e  l i n e s  f o r  s i m p l e x  pumps s h a l l  
b e  s i z e d  f o r  1 . 6  t i m e s  t h e  p u m p ~  a c e .  

e .  P r o p o r t i o n i ~  Pump L i n e s  

f .  

S u c t i o n  and  d i s c h a r 8 e  l i n e s  o f  p r o p o r t i o n i n s  l~mPs  
s h a l l  b e  s i z e d  f o r  3 r ~ n e s  t h e  p ~ J J ~  r a t e .  

Scs+-c-~p ,  s imCdmm,  f u l l ,  o f f - t e s t  and  u n i t  b y p a s s  
l ~ n e s  m y  b e  ~ q u L c e d  i n  o p e r a t i n g  u n i t s .  S t L r t - ~  
and  s h u t d o v n  l~mes  s h ~ l  ga~mral . l .y b e  s i z e d  f o r  1 /2  
n o e l  f t o w .  ] P i l l  l ~ u e s  a I~L~  b e  s i z e d  co  f L t l  
s y s t e m  i n  a r e l m o m ~ l e  t i m e ,  d ~  Iqpon s e r v -  
i c e .  Li~etr~se, ~ t h  p ressuz tn  S ]_~Jles. An o f f - t e s t  
heade: sh811 be s ized  f o r  1/2 o f  t he  f l o v  o f  a l l  
p roducts  i n t o  the  header. U n i t  bypass p iP inS s h a l l  
8 e n e r a l l y  be s ized  f o r  f~ll fJ.ow. ~ in 
se rv i ces  s h a l l  be s ized to  consume 81~ o f  t.be p~- 
s u e  a v a i l a b l e .  

m 
• I 
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13 .2  Design Pressure and Temperature 

13.2.1 General 

a. The pressure and temperature design criteria for 
piping systems, shall conform to the followin E stan-, 
dards, codes and references: 

1. American National Standards Institute Code for 
Pressure Piping, ANSI 831-3 - 1976, "Petroleum 
RefineryPipinE"andthe followin E Adenda: 

a) ANSI B31.3a - 1978 
b)  ANSI 831.3b - 1978 
c) ANSI B31.3c - 1978 
d) ANSI B31.3d - 1980 

2. Pressure-temperature ratings for flanged com- 
ponents 1/2 inch through 24 inch nominal opera- 
tion (in¢ludin E flu/d head). The most severe 
condition of coincident pressure and tempera- 
e u r e  under normal operation shall be that con- 
dition which results in the greatest requ/red 
pipe thickness a n d  t h e  highest flange rating. 

b .  E x t e r u a l  p r e s s u r e  i s  d e f i n e d  a s  t h e  maximum d i f f e r -  
e n t i a l  p r e s s u r e  ( i n c l u d i n g  f l u i d  h e a d )  a~ t h e  c o i n c i -  
d e n t a l  t e m p e r a t u r e ,  t h a t  can  a c e  e x t e r n a l l y  on t h e  
component in The piping system, taking into consid- 
eration ~he failure of external or internal 
pressure. 

C. The design pressure of a line shall be set by one 
of the following: 

1.  The set pressure of the relief valve on equip- 
ment when connected to the l~ne plus the 
s t a t i c  head and  friction loss. 

2. The set pressure of the relief valve when 
mounted on the line. 

. The ~ _ ~ m . m  p r e s s u r e  t h a t  a p i e c e  o f  e q u i p m e n t  
c a n  g e n e r a t e  s u c h  a s ,  t h e  s h u t o f f  h e a d  o f  c e n -  
t r i f u g a l  pumps ,  t h e  s t a l l i n g  p r e s s u r e  o f  r e c i p -  
r o c a t i n g  p w a p s ,  e t c .  

E 

) ;S SU~.J~cr  =G l ~ t  ~ - "S l~ ; : r : - :N  =. ' l  T fC.  ~ 
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C .  

d.  

e .  

f .  

8 -  

R e v i s i o n  Ol 

( C o n t i n u e d )  

P i p i n ~  do~nsCrsam o f  a c o n t r o l  v a l v e  s t a t i o n  s h a l l  
have  a l i n e  c l a s s  s e l e c t e d  f o r  t h e  downs t r eam 
d e s i s n  c o n d i t i o n s ;  e x c e p t  when a b l o c k  v a l v e  i s  
i n s t a l l e d  downs t r eam,  t h e  downs t r eam p i p i t s  Ch~oueh 
r~ae £ i = s t  b l o c k  v a l v e  s h a l l  h a v e  • l ~ a e  c l a s s  
s e l e c t e d  f o r  the desisn condi t ions o f  t h e  c~nt~ol 
v a l v e  s ~ a t i o n .  

The d e s i g n  p r e s s u r e  o f  t h e  l i ~ e  and  e q u i p m e n t  on 
t h e  d i s c h a r g e  s i d e  o f  a c e n t r i f u g a l  pump s h a l l  be  
s~zed  f o r  t h e  g r e a t e r  o f  t h e  f o l l o v i n g C ~ o  c a s e s .  

1. The n o r m a l  s u c t i o n  p r e s s u r e  p l u s  t h e  s h u t o f f  
d i f f e r s n t i a l h e a d  o f t  he  pump. 

2.  The maximum s u c t i o n  p = e s s u r e  p l u s  t h e  n o r m a l  
~-~ow d i f f e ~ e n t i a l h e a d  o f ~ h e p u a p .  

S i n c e  p i p ~ n ~  i s  n o , n e l l y  r a c e d  b e f o r e  pump c u r v e s  
• r e  • ~ a i l a b l e ,  i t  i s  n e c e s s a r y  t o  e s t i m a t e  t h e  s h u t -  
o f f  p ~ e s s u r e .  The f o l l o w i n g  r u ~ e s  s h a l l  b e  u s e d  a s  
• Ku~de. 

1. S t r a i g h t  c e n t r i f u g a l  pump ~ h  m e d i ~  and  h i g h  
heads= 25 p e r c e n t  s h a l l  b e  added  t o  t h e  a o m ~ l  
s p e c i f i e d  d £ f f e r e n t i a l  p r e s s u r e .  

2 .  F o r  7 c r y  low head  c e n ~ u g a l  pump8, 35 p e r -  
c e n t  s h a l l  b e  added  co  t h e  d ~ f f e r e n ~ • l  
p ~ e s s u r s .  

3.  F o r  a ~ a l  f l o ~  pumps ,  80 p e r c e n t  s h a l l  b e  
added  o r  u s e  • r e 3 . i e f  v a l v e .  

~ n s s o r  s u c t i o n  p i p i n f ,  i n c l u ~ J q  p u l r ~ C i o n  b o t -  
~ e s ,  s h a l l  h a v e  t h e  same pressure n ~  a s  t h e  
d~schaz~e p i p i a s  up t o  and  £ n c l ~  ~be  f i r s t  suc- 
~ o e  b lock  va lve .  

I f  p o s i t i v e  d i s p l a c e m ~ t  pumps a r e  n o t  equ£pped  
w i t h  a b u ~ l t - i n  p r e s s u r e  r e l i e v i n 8  d e v i c e  and  i f  
~be stal.~JJ~8 pressure of ~e punp is 8xeat~.r ~Jsan 
the uaximm pressure rs~ug of ~J~e. dlschaz~ p~p~J~ 
and  lnmp c a s ~ ,  8 separate relief v a l v e  f r o m  d £ s -  
c b a z ~  c o  s u c t i o n  s h a l l  b e  i n m t a L 1 a d .  The f o l l o u -  
• nS C a b l e  s h a l l  b e  u sed  f o r  r e l i e f  v a l v e  s e t C i n 8  
uh~ch  a l s o  s e t s  t h e  p r e s s u r e  .-8Cinz o f  t h e  p ~ p l n e .  

I ~ ~t ~r~ b~O1w v~s ~ 
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E. (Cont inued)  

The table gives multiplying factors to the normal 
pump discharse pressure. 

Without With 
Dampene r Dampener 

Simplex I. 50 1.30 
Duplex I. ~0 1.25 
Triplex I. 30 1.20 

DesiEn Temperature 

a. DesiE~ temperature is defined as the metal tempera- 
ture representin E the most severe c:ndition of coin- 
cident pressure and *_emperature. 

The desiEn temperature is normally set above the 
normal operating temperature because it is usually 
impossible to be able to calculate the exact  flow- 
ing fluid temperature. Variations ~n composit ions 
and operatin E pressures will influence the operat- 
inE temperature in the system. ~oulinE of heat 
exchanEers  and furnaces has a E r e a t  influence on 
t h e  f l u i d  t e m p e r a t u r e s .  Th is  equipment  when new 
and clean w£11 usually have a much higher transfer 
rate and consequently h/Eher temperatures. How- 
ever, if a heat exchanger or a piece of equipment 
in which _~eat is being applied can be removed or 
bypassed, then the line downstream of nhat equ/p- 
merit should be designed for the b/~her temperature. 

C. P~ a E e n e r a l  r u l e ,  t he  d e s i g n  t e m p e r a t u r e  shou ld  be 
s p e c i f i e d  20 t o  30°¥ , ~ g h e r  nhan t h e  normal  f l owing  
f l u / d  t e m p e r a t u r e  when t h e  normal t e m p e r a t u r e  i s  
E r e a t e r  t han  25°F.  ~or  noz~a l  t empera tn~es  o f  25°~ 
or  l e s s ,  t h e  d e s i g n  t e m p e r a t u r e  shou ld  be spec i£~ed  
ZO°F lower than the normal flowing £1u/d 
temperature. 

d. Eany i n s t a n c e s  w i l l  a r i s e  where nhe d e s i g n  o f  t h e  
l i n e  w i t h  r e s p e c t  t o  w a l l  t h / c k n e s s ,  e t c . ,  i s  n o t  
~z~_uenced t o o  much by t h e  t e m p e r a t u r e  s e l e c t - d ,  
and t h e r e f o r e  d e s i g n e r s  have a t endency  t o  a r b i t r a r -  
i l y  app l y  a h i 8  h d e s i g n  t e m p e r a t u r e .  Th/s  p r a c t i c e  
shou ld  be avo ided  because  t h e s e  ~unpe ra t~ r e s  a r e  
used f o r  o t h e r  pu rposes  such as t he rma l  e x p a n s i o n  
o f  t h e  p i p e ,  h y d r o t e s t  p r e s s u r e ,  e t c .  

t ' 
' U ~  ~ £'~.~"l~S,J.~E OF I~,'T~I O.~A 
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13.2.4 Variations 

V a r i a t i o n s  i n  t h e  t e m p e r a t u r e  o r  p r e s s u r e ,  o r  borne, f o r  
n o r m a l  o p e r a t ~  c o n d i t i o n s  a r e  c h a r a c t e r i s t i c  o f  c e r -  
L a i n  s e r v i c e s .  H o ~ v e r ,  t h e  l i n e s  t ~ a t  here s h o r t  t e r n  
v a r i a t i o n s  s h o u l d  b e  n o t e d  on  Line s i z i n g  c a l c u l a t i o n  
s h e e t s .  

13.3 General P i p i n  E D e r a i l s  

13.3.1 Instruments 

A l l  gauge  g l a s s e s  and l e v e l  ~ s t r ~ m e n = s  i n  a l l  p r o c e s s  
s e r v i c e s  s h a l l  b e  p r o v i d e d  w i t h  1 /2"  minimum d r a i n  c o n -  
n e c t i o n .  B u t a n e s  and l i g h t e r ,  compounds s h a l l  b e  p i p e d  
t o  t h e  z~_are h e a d e r .  Gauge g l a s s e s  ~n f o u l i n g  s e r v i c e  
shall be piped for flushins. 

13.3.2 Utility P i p i n ~  

a .  Stem and Steam C o n d e n s a t e  l~p~n~  

1) B l o c k  v a l v e s  f o r  s t e a m  and c o n d e n s a t e  p i p i n g  
s h a l l  b e  p r o v i d e d  a s  f o l l o w s :  

a) At t h e  t a k e o f f  p o i n t  of each m a j o r  s t r u m  
and  s t e a m  condensate h e a d e r  l a t e r a l  t o  a 
s p e c i f i c  b u i l d i n g  o r  a r e a .  

b) At the header takeoff point of each sterna 
and e ~  condensate lateral to and f~ 
individual equil~ent. 

2) All stem laterals shall be taken o f f  from the 
top of steam headers. 

3) Ste sm l i n e s  s h a l l  b e  p ~ d e d  w i t h  condenssr~e 
d r i p  l ess  a t  low p o ~ s t s  a d  a t  t h e  ends. D r i p  
l e ss  s h a l l  b e  l i n e  s i z e d  f o r  L i n e s  4 
and m R l l e r .  F o r  c o n c t ~ u o u s  h e a d e r s  6 i n c h e s  
and l a r ~ e r ,  d ~ p  p o t s  s h a l l  b e  s ized  f o r  one  
line size smaller than ~he header. For non- 
coat£nnous headers 6 inches and l a r s e r  ( i . e . ,  
end  o f  h e a d e r ,  change  o f  d i r e c t i o n ,  o r  p o c k -  
eCed l i n e )  use 1 / 2  h e ~ d e r  s i z e  (4 i n c h e 8  
minimum). 

l L~ ~ Ct~L.'3~W f R~m, mr ~ | 

I 
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3) 

4) 

5) 

6) 

7) 

s) 

9) 

( C o n t i n u e d )  

In addition to the normal drain connection (to 
the steam trap) off the side of condausate 
drip pots, a valved drain connection (sized 
one and a half inch) should be provided off 
the bottom of the drip pot, to allow the peri- 
odic drainlngof stagnant condensate or accumu- 
lated solids. 

D r i p  p o t s  s h a l l  be  p r o v i d e d  on s t e a m  s u p p l y  
l a t e r a l s  t o  s t e a m  t u r b i n e s  o n l y  when t h e  s t e a m  
t e m p e r a t u r e  i s  w i n b / n  50°F  o f  t h e  s a t u r a t i o n  
p o i n t .  

D r i p  l e g  d r a i n s  s h a l l  b e  p r o v i d e d  i m m e d i a t e l y  
u p s t r e a m  o f  t h e  s t e a m  i n l e t s  t o  t u r b i n e s .  

Steam traps disch~rEing to ~he condensate 
header shall be isolated by means of valves, 
and equipped with a bypass valve to condensate 
header. Trap bypasses shall not be insnalled 
when trap discharge is into a closed conden- 
sate return system. Standby traps shall be 
considered on an individual basis. A flanged 
globe type bypass valve shall only be instal- 
led on steam traps with open discharge. Those 
v a l v e s  w i l l  a l s o  b e  c o n s i d e r e d  on  a n  i n d i v i d -  
u a l  b a s i s .  

P r o c e s s  s t e a m  l i u e s  t o  e q u / l ~ e n t  s u c h  a s  c o l -  
umns o r  t o  p r o c e s s  l i n e s  s h o u l d  h a v e  a c h e c k  
v a l v e  a t  t h e  i n l e t  t o g e t h e r  w i t h  a d o u b l e  
b l o c k  b l e e d  a z T a n g e m e n t .  

S team t r a p s  d i s c h a r g i n g  i n t o  the  c o n d e n s a t e  
s y s t e m  s h a l l  h a v e  i s o l a t i n g  v a l v e s .  Conden-  
s a t e  shall be returned to t h e  steam plant when- 
e v e r  practical. 

A l l  s t e a m  c o n d e n s a t e  w h i c h  c a n  b e  c o n t a m i n a t e d  
w i t h  h y d r o c a r b o n s  d u ~ i n g  n o r m a l  o p e r a t i o n  o r  
e q u i p m e n t  f z ~ l ' u r e ,  may n o t  b e  c o n n e c t e d  t o  t h e  
s t e a m  c o n d e n s a t e  s y s t e m  and  r e q u / r e  s p e c i a l  
d e s i g n  c o n s i d e r a t i o n ,  s u c h  a s  a n a l y s i s  b y  a 
h y d r o c a r b o n  d e t e c t o r .  

~ k ~  P ~  AT TJ4£ F~O~'T OF TH~ 
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b .  

R e v i s i o n  O1 

i0) I n  s t e a m  h e a t e d ,  e z c h a n K e r  o r  r m b o i l e r  s e r v -  
i c e ,  con t~n , ,ous  d r a i n e r s  o :  pumps s h a l l  b e  
u sed  f o r  c o n d e n s a t e  c o l l e c t i o n .  I n  d e s i s u ~ z ~  
the  c o n d e n s a t e  r e t u r n  system, i t  s h o u l d  be con- 
s ide red  t h a t  steam pressure  v i t l ~ n  cb~ r e b o i l e r  
o r  e x c h a n g e r  v ~ l l  a t  t ~ n e s  be  t h r o t t l e d  dovn  
t o  • p r e s s u r e  e q u i v a l e n t  t o  • t e m p e r a n c e  
n e a r l y  a p p r o a c h i n g  t h e  p r o c e s s  £1u id  b e i n g  
h e a t e d .  

11) P r o v i d e  b l o w o u t  c o n n e c t i o n s  s t  e x t r e m i t i e s  o f  
s t e a m  d i s t r i b u t i o n  h e a d e r s ,  a s  c l o s e  a s  p o s -  
s i b l e  t o  b l a n k  c a p p e d  ends  o f  ~ e a d e r s .  t o  
allow k - i u s h ~ 8 / c l e a n - o u t  p r i o r  t o  s t a ~ - u p .  
These  b l o w o u t  c o n n e c t i o n s  s h o u l d  c o n s i s t  o f  
£1an4~-d d r a i n  c o n n e c t i o n s  s i z e d  two i n c h e s  f o r  
h e a d e r s  e£shC i n c h e s  and l a r g e r ,  and s i z e d  one  
and • h a l f  i n c h e s  f o r  h e a d e r s  s m a l l e r  t h a n  
e i g h t  i n c h e s .  

C o o l ~  Water " 

I) C o o l i n l  r a t e r  l i n e s  a t e r i n l  t h e  p l o t  a r e a  
s h o u l d  b e  p r o v i d e d  w i t h  b l o c k  v a l v e s  a t  t h e  
plot limit. 

z)  P r o v i s i o n s  s h a l l  b e  made t o  a l l o w  m e a s u r i n S  
w a t e r  f l o v  t o  e a c h  u n i t  o r  g r o u p  o f  i n t e s r a t e d  
u n i t s .  

3) Back F l u s h  p i p i u ~  s h a l l  b e  p r o v i d e d  f o r  -.11 
h e a t  e z c h a n g e r s  w h i c h  • r e  c o o l ~  b y  ¢ o o l i n s  
w a t e r .  Back f l u s h  p i p ~  s h a l l  b e  one  ~ n e  
s i z e  s m a l l e r  t h a n  t h e  c o o l i n g  r a t e r  p i p ~ .  

4) A c i r c u l a c L u 8  by-pass ~r£Uts v a l v e  s h a l l  be 
i a s C a l l e d  u p • o r e s :  o~ t he  supp ly  and dram- 
scream o f  the r e t u r n  block va1~e for each uait 
or 8zoup o£ inteEzated ga£ts. 

57 F o r  c o e L i a S  w a t e r  s y s t e m s  p r o v i d e d  v £ t h  • c o o l -  
/ a S  c o v e = ,  b l o c k  v a l v e s  s h a l l  b e  i n s t a l l e d  a t  
t h e  ~ u l e t  t o  e a c h  c e l l  o f  t h e  c o o l i J ~  r a t e r  
t o w e r .  The v a l v e s  • b a l l  b e  a c c e s s i b l e  f r o m  
gzound l e v e l  o r  ope ra r . inK p l a t ~ o m .  
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C .  

R e v i s i o n  01 

Air S y s t e m s  

Air systems shall include instrument air and plant 
air (total air) systems which shall be completely 
separated except for a tie-in to provide emergency 
instrument air, located upstrea~of driers. 

I) The instrument air system shall be designed 
for a normal working pressure of 115 psig. A 
block valve shall be provided for each ~ake- 
off connect ion  from these headers. Instrument 
air lines shall also be provided with drains 
at the lowest points. 

2) The plant air system is intended to supply for 
air-operated tools, cleaning, etc., and shall 
he designed for ~ workin E pressure of 125 palE. 
Hose connection at plant air lines shall be 
located where required for maintenance. These 
connections shall b e  one inch and of the q - ' ; c k -  
coupling uype. The system shall be provided 
with drain connections at the lowest points. 

3) Provide flanges on the ends of all instrument 
air distribution headers, to enable flushing/ 
clean-out of system prior to consumption of 
air in instruments. 

A l l  l a t e r a l s  s h o u l d  b e  t a k e n  o f f  t h e  t o p  o f  
i n s t r u m e n t  a i r  d i s t r @ b n t i o n  h e a d e r s .  

d .  Utilit7 Stations 

1) Pump and  c o m p r e s s o r  a r e a  s h a l l  h a v e  m a n i f o l d s  
p r o v i d e d  w i t h  h o s e  c o n n e c t i o n s  f o r  s t e a m ,  a i r  
and w a t e r .  The m a n i f o l d s  s h o u l d  b e  l o c a t e d  so  
t h a t  t h e  who le  a r e a  c a n  b e  r e a c h e d  b y  h o s e s  50 
f e e t  l o n g .  

2) S t e a m ,  a i r  and  w a t e r  s u p p l y  m a n ~ f o l d s  s h o u l d  
a l s o  b e  i n s t a l l e d  n e a r  co lu~ms ,  v e s s e l s ,  f u r -  
n a c e s ,  h e a t  e x c h a n g e r s ,  e t c . ,  w h e r e  r e q u i r e d  
f o r  m a i n t e n a n c e  o r  c l e a n / h E  p u r p o s e s .  

3) Steam c o n n e c l ~ o n s  s h a l l  b e  s u i t a b l e  f o r  50 ps.~.g 
and  3OO°F. 

N O ~  ~ AT TNE F~:~IT ~ TIJlS w~fg!~r 
i , i,i 
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13.3.& 

Revision 01 

4~ N i t r o g e n  u t i l i t T  s ~ a t i o n s  a r e  co  b e  p r o v i d e d  
in  p r o c e s s  a r e a s  where  n i t r o E e n  ks  r e q u i r e d  
f o r  p u r g i n g  e q u i p m e n t  a t  s ~ a r ~ - = p  and s h u t -  
d o ~ .  A c h e c k - v a l v e  s h o u l d  be  p r o v i d e d  on a l l  
n i t r o s e n u t i l i t ~ s t a t i o n s .  

Saa~le C o n n e c t i o n s  

A t n a c h e d  i s  a t y p i c a l  e n g i n e e r i n g  s t a n d a r d  f o r  s a m p l e  
c o n n e c t i o n  d e ~ a i l s .  

a .  U n l e s s  o t h e r w i s e  s p e c i f i e d  b y  T r i - S t a t e ,  d o u b l e  
v a l v e d  s a m p l e  c o n n e c t i o n s  ( u s i n s  a 3 / 4  i n c h  l i n e  
class main block valve,  and a 1/2 inch bar stock 
needle valve for resulation) shall be p r o v i d e d  a s  
required to permit full evaluation, without d i s c o n -  
nectln8 pipins or instruments, during plant perform- 
ance t e s t s  and  on  ~he steam o u t l e t  line f~om each 
steam Eerier•cot. L i q u i d  sample connections shall 
be taken off the side of the pipe. Vapor sample 
c o n n e c t i o n s  shal l  Eenerally be taken off the top of 
the. pipe. Sample c o n n e c t i o n s  shall be loca tL .d  so  
as to be • c c e s s i b l e  from Eround level ( p r e f e r a b ] . y )  
o r  f rom p r i n c i p a l  p l a t f o r m s .  

b .  Sample points  sha l l  n o t  b e  l o c s U e d  i n  dead  ends o f  
p i p i n a .  

C. Sample  c o n n e c t i o n s  r ~ o u l d  b e  l o r a ~ d  i n  c o o l e d  p z ~ d -  
a c t  l i n e s  and E r o , p e d  n e a r  a b e  p l o t  l ~ i t  w h e r e v e r  
possible.  ~ e r e  hot samples a=e necessary, sample 
c o a n e c t i o n s  a b o v e  200°F shal l  be p r o v i d e d  w i t h  a 
~ t i y  insCalled sample cooler. 

d.  I f  t h e  v a p o r  s ~ - e t -  c o • r a i n s  HzS , t h e  b l e e d  c o n n e c -  
~ o n  s h a l l  b e  p i p e d  co  • s a f e  l o c a u i o n .  

Undermro.nd P ip i .~  

Fire~er discribu~on a~rs~, porcioas of cooling 
water sT•tern, •~mospheric drains and 8ever sys- 
tems, my be In•called underEround. 

b. Under•round p£pinS shall be 3 inches rain/mare. 
Underground drains shall be 4 inches minima. 

f -  

L '~  e4t CfXL.'3~et. 0;" frt.'5 fro 

aS S J ~ J ~ r  ~ l m L  ISlN~re~de L5 

U S I ~  PM£ m" Wit wmStV O ~ 8BPJB 
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13.4 V a l v e s  

13.4.1 

R e v i s i o n  Ol 

General: (Refer t o  SP-I001-50-I S e c t i o n  5.10) 

a. Every valve sh:ll have the valve size identified on 
the mechanical flow sheet. All valves shall be 
line size unless the valve size is reduced for rea- 
sons listed in c his criteria. 

b. Control valves are considered operating valves. 
Any other valves which are operational shall be 
indicated on the MID. Pump suction and discharge 
valves shall be considered a~ operating valves. 

C. Operating valves requiring attention, observation 
M or adjusEment during -o~mal operation, shall be  

located so as 1:o be with/n reach from grade, plat- 
£orm oE permanent ladder. Those valves will be 
identified on flow diagrams as "O.V." wiEh the 
exception of control man/fold bypass valves. 
Bypass valves around control valves shall also be 
accessible from grade, platform, or "permanent 
ladder. 

d.  

e °  

E x c e p t  f o r  t h e  f l a r e  l i n e ,  a l l  p i p i n g  e n t e r i n g  and  
l e a v i n g  t h e  p r o c e s s  a r e a  s h a l l  b e  p r o v i d e d  winh  
b l o c k  v a l v e s  and  b l i n d i = s  p r o v i s i o n s  f o r  u n i t  i s o -  
l a t i o n .  The  v a l v e s  s h a l l  b e  l o c a t e d  i n  a c l e a r  
a r e a  and  s h a l l  b e  a c c e s s i b l e  f r o m  g r a d e  o_~ ~ = - ~ a -  
n e n t  p l a t f o r m .  

Emergency  p l a n t  s h u t - i n  v a l v e s  and  b y p a s s  v a l v e s  
a r o u n d  c o n t r o l  v a l v e s  ( e x c e p t  b a t t e r y  l i m i t  h e a d e r  
v a l v e s  w h i c h  s h a l l  b e  a c c e s s i b l e  f r o m  p l a t f o c m )  
s h a l l  b e  a c c e s s i b l e  f r o m  g r a d e  and  s h a l l  b e  l c c a t e d  
i n  a c l e a r  a r e a .  The v a l v e s  s h a l l  b e  t a g g e d  on t h e  
m e c h a n i c a l  f l o w  d i a g r a m s  a s  ESD. 

f .  When t h e  p r e s s u r e  d ~ f f e r e n t i s l  a c r o s s  a m a n u a l l y  
o p e r a t e d  v a l v e  u s e d  p r i m a r C l y  f o r  f l o w  o r  p r e s s u r e  
r e g u l a t i o n  e x c e e d s  200 p s i ,  a n d  t h e  v a l v e  i s  2 
i n c h e s  o r  l a r g e r ,  t h e  v a l v e  s h a l l  b e  a HIC t y p e  
v a l v e  w i t h  h a n d w h e e l .  

g .  G e a r  o p e r a t o r s  s h a l l  b e  u s e d  f o r  v a l v e s  i n  a c c o r d -  
a n t e  w i t h  t h e  f o l l o w i n s  t a b l e :  

iS SCDJr-C r ~ 1H~ 1~'3~ ~Ti~3t .~.1 

NOT~ P~,E KZ TNE Fi~iqT QF TH~ ~ i r ~ T  
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g. 

h.  

R e v i s i o n  O1 

(Cont inued)  

Nom£nal Pipe S i z e  

Globe  V a l v e  P l u s  V a l v e  

125# 
150# 12 inch  and l a r g e r  
300# 8 inch  and lar@er 
600# 6 i nch  and l a r g e r  
900# & inch  and l a r g e r  

1500# 3 i nch  and larger 
2500# 3 i nch  and l a r g e r  

12 inch  and l a r g e r  
10 i nch  and l a r g e r  
10 inch  and l a r g e r  

2 inch  and l a r g e z  
2 inch  and l a r g e z  
2 inch  and l a r s e r  
2 inch  and l a r g e r  

Al l  open ended v a l v e s  s h a l l  be b l anked .  

i .  Dra in  and sample l i n e s  connec t ed  t o  equ£pment o r  
l i n e s  c o n t a i n i n g  l i q u i d  bu tane  and l i g h t e r  hyd ro -  
carbons  shall be p z o v i d e d ~ t h t w o  v a l v e s  i n  s e r i e s .  
The two v a l v e s  s h a l l  be at l e a s t  2 f e e t  a p a r t  ¢o 
p r o v i d e  f o r  an emersoncy s h u t o f f  i n  case  t h e  l£ne  
f r e e z e s  du r ing  l i q u i d  f l o v .  

j .  Pip~J~ s t r e s s  r e l i e f  r e q u i r e n e n t s  f o r  p r o c e s s  
r easons  s h a l l  be i n d i c a t e d  on t h e  BetallumlpLcal 
f low diagram.  

k. s u c t i o n  and d i s c h a r g e  v a l v e s  shou ld  be 
c o n s i d e r e d  as " o p e r a t i n g  v a l v e s "  w i th  r e g a r d  t o  
p r o v i s i o n  o f  good o p e r a t i n g a c © e s s .  

V a l v e  S e l e ~ o n  

a .  Gate Valves 

1) Gate v a l v e s  shall no rma l ly  be used fo_- mmmal 
~ o l a t i o n .  " Gate v a l v e s  ahall mo~lly be hand 
wheel  opeza~ .5 .  Manual 8ear o p e r a t o r s  s h a l l  
be ~ £ e d  on an i n d i v ' i d u a l  b a s i s .  

2) Gate v a l v e s  a r e  t b e  p r e f e r r e d  type  o f  b l o c k  
v a l v e ,  u n l e s s  or2aer p r o c e s s  condir . tons  gove rn .  

b .  P lu  t Valves  

1) I ~ b r l ~ t t e d  p l q  v a l v e s  may be used  i n  ~o t  
s e r v i c e s  up t o  a ~ a p e n U L r e  o f  500eF. 

I 
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I3 .4 .2  

Revision Ol 

b.  

C .  

d. 

{Continued) 

2) 

3) 

Nonlubricated mechanical lift-plug valves 
shall have gearing, as furnished by the valve 
manufacturer. 

Plug valves are preferred in slurry or high 
solids content service. 

4) Plug valves are preferred if a quick opening 
or t£ght shutoff valve is required. 

s )  

6) 

Plug v a l v e  l u b r i c a n t  must be compa t ib l e  wi th  
the p r o c e s s  f l u i d .  

N o n l u b r i c a t e d  ( t e f l o n  sleeve) p lug  v a l v e s  may 
a l s o  be used .  

Ball Valves 

1) Allowable pressure/temperature ratings for 
ball valves shall be in accordance with ~ESC 
Code. 

2) B a l l  v a l v e s  may be used in s l u r r y  or high 
s o l i d s  content s e r v i c e .  

3) Ball valves maybe used if a quick openiug or 
tight shutoff valve is required. 

4) H u l t £ p l e p o r t b a l l  v a l v e s  sha l l  n o t  be used .  

Globe Valves 

l)  Globe v a l v e s  a r e  uhe p r e f e r r e d  t y p e  o f  f low 
modu la t ion  v a l v e ,  u n l e s s  o t h e r  p r o c e s s  c o n d i -  
t i o n s  8ove rn .  

2) Globe v a l v e s  s h a l l  no t  be  used i f  a v a i l a b l e  
sys tem p r e s s u r e  drop i s  c r / t i c a l .  

3) 

4) 

Globe v a l v e s  a r e  t o  be used  i n  c l e a n  s e r v i c e ;  
i . e .  • globe  v a l v e s  a r e  u n s a ~ / s f a c t o r y  f o r  use  
i n  b /Eh s o l i d  content service. 

Manually o p e r a t e d  v a l v e s  used  p r i m a r i l y  f o r  
f low r e g u l a t i o n s  s h a l l  be  g lobe  v a l v e s  up t o  
and i n c l u d ~ 8  12 i n c h  and 14 inch  s i z e .  

l Rg"Jrk?.~ PAr.~ A:r "/HE Fr, oNT Of: THIS REPORT 
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R e v £ s i o n  01 

( C o n t i n u e d )  

e .  A n s l e  V a l v e s  

1) AnKle v a l v e s  s h a l l  be  u s e d  f o r  ~ p z e s s u ~ e  
d r o p  s e r v ~ c e s .  

2) AnKle v a l v e s  s h a l l  b e  u s e d  £ u s t e a d  o f  $1obe 
v a l v e s  where  a 90 ° change  o f  d i r e c t i o n  ~n t h e  
p i p i n g  i s  p r a c t i c a l .  

£.  Y - V a l v e s  

1) Y - V a l v e s  a r e  s a t i s f a c t o r y  f o r  ~ c a l s ,  
n o n a b r a s i v e  h i g h  s o l i d s  c o n t e n t  o r  s l u r r y  
s e c v ~ c e .  

2) Y - V a l v e s  a r e  p r e f e r r e d  Co g a t e  o r  8~obe v a l v e s  
~ n a b o v e  serv ices.  

3)  Y-Va lves  s h a l l  n o t  b e  u s e d ~ u a b r a s i v e  s e r v i c e .  

g .  N e e d l e  V a l v e s  

1) N e e d l e  v a l v e s  a r e  p : e f e r r e d  f o r  s ampl J~S  
v a l v e s  a n d  c o n t r o l  o f  f l o w  i n  t h e  low t - lov  
: a n ~ e .  

2) Needle valves s h a l l  be  used o n l y  i n  clean 
s e ~ c e .  

h.  D i a p h r a z m  V a l v e s  

l )  D i a p b x a p  v a l v e s  a r e  s u ~ a b l e  a s  ~rJ.ov modal . inS 
v a l v e s  f o r  s l u r r y  s e r v i c e .  

2) D ~ p b ~ a K n  v a l v e s  a r e  s u i t a b l e  a s  f l o w  m o d u ~ n 8  
v a l v e s  f o r  t o ~ 4 c  s e r v l c e s .  

3) D i a p h r a s m  v a l v e s  s h a l l  n o t  b e  u s e d  f o r  c o n t r o l  
o f  f l o w  i n  t h e  l o u  £~om r a n s e .  

4) The d ~ a p h r a p  m a t e r i a l  m u s t  b e  c e m p a t ~ b l e  w i t h  
t h e  p r o c e s s  f l u i d ;  i . e . ,  dLaph~'aSm v a l v e s  a r e  
n o t  s u i t a b l e  f o r  h ~ s h  C e m p e n C u r e  o r  p r e s s u r e .  

5 )  D i @ h n g s  v a l v e s  a r e  s e t ~ s f a c t o 1 7  f o r  low 
a v a i l a b l e  a y s t e s  p r e s s u r e  ~ - ~ p .  

aS St,lOJiEl~' 1G'aa~ ~5"Hta~'~.ae ~ 
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(Continued) 

i. Drag Valves 

I) Drag valves are preferred in high pressure 
letdown service, i e , steam or hydrogen vent 
valves. 

2) Drag valves must be used in clean service. 

j. Butterfly Valves 

I) B~tterfly valves are preferred as flow 
modulating valves to conurol gas flows in low 
pressure systems. 

2) H/gh performance butterfly valves shall be used 
where tight shutoff is required. 

3) Butterfly valves shall not he used if f~e 
flow control is required. 

4) BuEterfly valves must be used in clean service 

5) Buuterfly valves are preferred in coolin 8 
water systems for trim and shutoff valves. 

k. Swing Check Valves 

I) Swing checks shall be mounted only in the 
horizontal or upward position. 

2) S'~Ln@ checks are the preferred type of single 
direction flow valve unless process conditions 
othez~ise govern. Use wafer type for 6" and 
larger s e r v i c e s .  

3) Swing chec~ are suitable for clean liquid or 
vapor servlce 

4) Swing checks shall not be used if tight shutoff 
is requ/red. 

I. Lift Check Valves 

I) 7~ift checks shall h e  m oun t e d  "only in t he  
horizontal or upward position. 

i L,l ' ' ' I 
~ ~ 1H£ F~,NT CF TH~S REI~ R't 
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m. 

n.  

o.  

p .  

~ s i o n  O1 

(Cont inuea)  

2)  L i f t  checks s l ~ l l  no t  be used i f  t i g h t  s h u t o f f  
i s  required. 

3) Lift checks  a u s t  be used  i n  clean s e r v i c e .  

Ball Check Va lves  

1) B a l l  check v a l v e s  may be i o u n t e d  e i t h e r  
horizontally or vertically. 

2) Ball check valves are satisfactory in viscous 
s e r v i c e .  

3) B a l l  check v a l v e s  are  p r e f e r r e d  f o r  c y c l i c a l  
o p e r a t i o n .  

4) B a l l  check  v a l v e s  s h a l l  n o t  be u s e d  i f  a t i E h t  
shutoff is required. 

5} B a l l  check  v a l v e s  must  be  used  i n  c l e a n  s e r v i c e .  

6) Ball check valves shall not be used if available 
system pressure drop is critical. 

Foot Valves 

F o o t  valves shall be u s e d  i n  nonsubue~£ble s~p 
pump suction lines. Sump pu~p ~ available shall 
include resistance for the foot valve. 

Resr~a~aed Check Valves 

1) ~ s t r a ~  checks a r e  prei~ in w~teas 
TJ~t  caanot  r o l e = a t e  suzge p. reesures.  

2) Valve body select/on s h a l l  be based on s i  
¢~-Ltezla as n o n z e s t r a i n e d  check  v a l v e s .  

S t e e l  v a l v e s  s h a l l  be  i n s t a l l e d  e S a i n s t  v a t e x  
s t a r a ~  . . . k  n o z z l e s  and a t  t h e  b a t t e ~  L ~ t s  i n  
u t / l i t y  w a t e r  s u p p l y  and r e =  l i n e s .  Such v a l v e s  

be i~tified on f l o w  dias:~ and dzaw~. 

. 

I U O l ~ t  P m i  a~ ~ F ~  M V m S  ~ 
mlm 
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13.5 Fittings 

The followinE charts present values for pressure drop determina- 
tions of various pipe fittinEs. The data sheets are an incorpora- 
tion of information from the Crane Company Technical Paper 
No. 410 (1957) and St~ndards of the Hydraulics Institute (1954). 
The pressure drop values which are shown on the charts do not 
coincide exactly with either publication. However, these values 
are considered to be the most representative that can be obtained 
from existing knowledge. An effort has been made to maintain 
pressure  drop consistency between fittings. 

I ' '" 1 H~ICJ~ PJ~,E AT THE F l iNT  OF THiS I I ~ R T  
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