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ABSTRACT 

This repor t  describes how the design f o r  the steam and fue l  system o f  
the SRC- I  Demonstration P lant  was optimized t o  increase overa l l  e f f i -  
ciency, re1 i abi 1 i ty  , and f 7  e x i  b i  1 i ty.  The . system was optimized 
p r i m a r i l y  f o r  the most l i k e l y  modes o f  p l a n t  operation; however, it i s  
operable under a l l  an t i c ipa ted  modes o f  operation. 



EXECUTIVE SUMMARY 

The design and conf igurat ion o f  the steam and f ue l  system f o r  the 

6,000-ton-per-day (tpd) SRC- I Demonstratio,l P l  an t  have been optimized, 

based on requirements f o r  each area o f  the p l an t  %hat were de ta i led  i n  

Area Baseline Designs o f  December 1982. The system was optimized 

p r ima r i l y  f o r  the two most 1 i k e l y  modes o f  p l a n t  operation, t h a t  i s ,  

when the expanded-bed hydrocracker (EBH) i s  operating a t  e i t h e r  h igh o r  

low conversion, w i t h  a l l  other un i t s  operating. However, the design, as 

such, i s  a lso operable under four  other an t i c ipa ted  operating modes. 

The p l a n t  i s  s e l f - s u f f i c i e n t  i n  fue l  except when'the coker/calciner u n i t  

i s  no t  operating; then the required f ue l  o i l  import,  ranges from $0. t o  

125 MM Btu/hr, lower heating value (LHV). The system af fords s tab le  

operation under vary ing fuel. gas a v a i l a b i l i t y  and i s  r e l i ab le ,  f l e x i b l e ,  

and e f f i c i e n t .  The opt imizat ion was based on maximizing overa l l  e f f i -  

ciency o f  the steam system. 

The system was optimized t o  operate a t  f i v e  d i f f e r e n t  steam- 

pressure leve ls ,  which are j u s t i f i a b l e  based on the p l a n t ' s  steam 

requirements f o r  process, heat duty, and power. A1 1 i d e n t i f i e d  c r i t i c a l  

equipment dr ives w i l l  be run by steam turbines. 

Also p a r t  o f  the opt imizat ion was e l im ina t ion  o f  the steam evap- 

o ra to r  i n  the wastewater. treatment area. This minimized the impact on 

the steam system o f  operating i n  e i t h e r  the discharge o r  zero-discharge 

mode; the steam system remains essen t i a l l y  the same f o r  e i t h e r  mode. 

Any f u r t he r  opt imizat ion e f f o r t s  should be based on overa l l  cost- 

effect iveness. 



PROCESS DESCRIPTION 

The SRC- I  Demonstration Plant  i s  designed t o  process 6,000 tpd o f  

h igh-su l fur  coal t o  produce l i q u i d  and s o l i d  fue ls .  The p lan t  includes 

numerous processing steps, support processes, and u t i l i t y  systems. This 

repor t  describes the design and opt imizat ion work performed by I C R C  f o r  

the p l a n t ' s  steam and fue l  system. 

Figure 1 i s  a demonstration p l a n t  schematic showing major process 

un i ts .  Coal preparat ion comprises receiving, unloading , conveying, 

s tor ing,  reclaiming, drying, and pu lver i z ing  the coal used as feed f o r  

the  process uni ts.  The SRC process u n i t  involves s lur ry ing,  dissolu- 

t i on ,  hydrogenation, and desul f u r i z a t i o n  o f  coal , and separation of 

products. SRC deashing separates SRC/ash s l u r r y  i n t o  l i q u i d  SRC and ash 

using a deashing solvent. The separated ash, along w i t h  unconverted 

coal, i s  mixed w i t h  supplemental coal and sent t o  the gas i f i ca t i on  area. 

This area converts ash i n t o  i n e r t  s lag and produces makeup hydrogen 

required f o r  the  SRC, expanded-bed hydrocracker (EBH), and naphtha 

hydrotreater (NHT) areas. The a i r  separation u n i t  provides oxygen f o r  

the g a s i f i c a t i o n  reaction. 

The makeup gas treatment area includes s h i f t ,  Selexol, and methana- 

t i o n  uni ts.  The recycle gas treatment area includes the hydrogen pu r i -  

f i c a t i o n  u n i t  (HPU), the diethanolamine u n i t  (DEB), and the l i q u i d  

petroleum gas (LPG) recovery un i t .  The s u l f u r  recovery area includes 

the' Beavon su l f u r  removal u n i t  (BSRU) and the Claus plant .  

The combination o f  SRC production fol lowed by EBH i s  known as 

two-stage l i que fac t i on  (TSL). 'The EDH process receives p a r t  o f  the 

molten SRC and converts it c a t a l y t i c a l l y  i n t o  naphtha, f u e l  o i l ,  and 

low-sulfur SRC sol ids,  ca l l ed  TSL sol ids. The coker/calciner u r i i t  

receives p a r t  o f  the miten SRC and converts i t  t o  anode coke, fue l  o i l ,  

and naphtha. The balance o f  the  l i q u i d  SRC i s  s o l i d i f i e d  t o  sol i d  SRC 

fue l .  

Main p l a n t  products include naphtha, middle d i s t i l l a t e ,  heavy o i l ,  

and sol  i d  SRC/fSL. The by-products are su l f u r  and LPG. The p lan t  a1 so 

produces some 1 i g h t  hydrocarbon gases i n  the SRC, EBH, and coker areas. 

These gases are cleaned and used w i t h i n  the p l a n t  heaters and bo i l e r s  as 

fue l  gas. 
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PLANT STEAM/FUEL SYSTEM 

The demonstrat ion p l a n t  has several. heat recovery systems t h a t  

produce steam a t  var ious  pressures and temperatures. Numerous p l a n t  

u n i t s  r e q u i r e  steamrlboiler feedwater (BFW)/condensate as process feed 

streams. U t i l i t y  steam i s  requ i red  throughout the  p l a n t  as a heat ing  

medium i n  p l a n t  exchangers, jacketed vessels, and steam c o i l s .  I n  

add i t i on ,  some o f  t h e  p l a n t ' s  c r i t i c a l  pumps and compressors are  d r i ven  

by steam. The steam system had t o  be designed so t h a t  i t  was responsive 

t o  p l a n t  demands under star t -up,  shutdown, and normal opera t ing  condi- 

t i o n s .  Moreover, it had t o  economical ly and e f f i c i e n t l y  balance the  

p l a n t  steam p roduc t ion  and ~equirernents a t  var ious steam-pressure 

l eve ls .  Th ls  requ i red  a r a t h e r  complex, i n t e g r a t e d  design. 

Evo lu t i on  o f  Design 

Area Cont rac tor  Estimates. The c u r r e n t  steam/fuel system design 

and c o n f i g u r a t i o n  evolved from est imates o f  steam product ion  and o f  

requirements f o r  steam and fue l  t h a t  were prepared by area cont rac tors .  

Each area c o n t r a c t o r  was respons ib le  f o r  process and equipment design o f  

one of e i gh t  major process areas t h a t  subdiv ide the  S R C - I  p lan t :  

Area no. Cont rac tor  Desc r ip t i on  

11 The Rust Engineer- Raw mate r ia l s  and products hand1 i ng 
i n g  Co. and storage 

12 C a t a l y t i c ,  Inc. SRC process, deashing, and s o l i d i f i -  
c a t i o n  

13 The Lummus Company EBH, coker /ca lc iner  

14 A i r  Produces A i r  separat ion u n i t ,  HPU 

15 The Ralph PI, Gas i f l ea t i on ,  recyc le  and makeup gas 
Parsons Co. treatment, compression, and s u l f u r  - 

recovery 

16 The Rust Engi neer- U t i  1 i t y  systems 
i n g  Co. 

I f  The Rust Engineer- Waste and water t reatment  
i n g  Co. 

NHT Stearns- Roger Naphtha hydrotreatment 



The estimates forming the basis o f  the design were included i n  

Design Baselines f o r  each p l a n t  area. 

0perating.Cases. The design was optimized by consider ing s i x  major 

operat ing cases t h a t  were assumed f o r  the 'plant: 

Case 1: A l l  u n i t s  operating; EBH a t  h igh conversion 

Case 2: A l l  u n i t s  operating; EBH a t  low conversion 

Case 3: Coker/calciner down; EBH a t  h igh conversion 

Case 4: Coker/calciner down; EBH a t  low conversion 

Case 5: EBH down 

Case 6: Both coker/calciner and EBH down 

Cases 1 and 2, the most l i k e l y ,  were assumed t o  p reva i l  more than 80% o f  

the time. However, even though the other fou r  cases are less l i k e l y ,  

the steam and fue l  system had t o  be designed t o  be operable under a l l  

cases. 

Fuel Gas A v a i l a b i l i t y .  The SRC- I  p l a n t  generates f ue l  gas, LPG, 

l i q u i d  and s o l i d  fue ls ,  and su l fu r .  I n  designing the p lant ,  ICRC's 

philosophy was t o  consume a l l  unsalable f ue l  and t o  market a l l  salable 

fue l .  A l l  fue ls  bu t  the plah-generated f ue l  gas are salable. There- 

fore ,  the p l a n t ' s  numerous heaters and the steam'boi ler  were designed t o  

f i r e  the p l  ant-generated f ue l  gas. 

The fue l  gas i s  generated from two sources: 

. . . . ' . a. ~ o i i  f i e r i i o d u c e d  r e s i d u a l  hydrogen, . whi . c'h i s  . 1 .. eft;30v& . . .. .. a f t e r  
. . ... 

, ,  . . . . , 
, .. _ . ,  : . I :  

s a t i  s f y i  np p lant '  chemi ca i  dendnds. .. . . + 
. . . . . . ,. ;. . .:,.;. 

. . . .  . . , b. . _ ,  Reactio'" y ie lds  b . of hydrocarbon g a s e i  . . f6om:the . .  SRC, EBH, .I . icoker, _ 

and NHT areas ' ; . . 

The f o  1 1 owi ng cha'rt approximates the fuel gas avai 1 ab i  1 i t y  from these 

areas under expected normal y ie lds :  



Total fuel gas availability under normal 
yields from sources a and b above 

(MM Btu/hr, LHV) 

Area - EBH a t  h i g h  conv. EBH a t  low conv. 

SRC 444 444 

EBH 283 337 

Coker 143 143 

NHT 16 - 
Plant total  886 ' 941 

Out of a l l  plant-generated fuel gas, approximately 10% i s  extract- 
able as LPG fuel (the C3-C5 cut),  on a B t u  basis. The BSRU area needs 
constant-Btu fuel equivalent to about 2% of the total plant fuel gas 

requirements. Also, plant burners require constant-Btu fuel for pi lots ,  
. , 

equivalent to about l% of the total  requirements. The plant-recovered 

LPG fuel is considered constant-8tu fuel. Thus, a t  a11 times, the plant 
constant-Btu fuel requirements will be met by extracting, as a minimum, 
the required.amount of LPG for consumption. The fuel system collects 
plant-generated fuel gas, recovers an appropriate amount of LPG as 
dictated by the plant fuel balance, and then distributes the residual 

fuel gas to  process heaters and the boiler ( i n  that  order). 

When the total fuel gas generated exceeds plant requirements, the 
excess can either be recovered as LPG product or burned i n  the boiler. 

? 

The upper limit on LPG recovery i s  dictated by the maximum recoverable 
LPG present i n  the fuel gas. Any excess. existing LPG, i f t e r  recovering 

the rawimum extractable LPG, will remain i n  the fuel gas and will be 
fired i n  the boiler, producing additional steam. Such excess steam is 
utilized for power recovery usfng steam turbines. Thus ,  any unrecover 

able excess fuel gas, instead of being flared, i s  used to generate 

.high-pressure steam. 
When t h e  amaunt o f  fuel generated does not meet demand, only the 

LP6 needed for constant-8tu fuel and pilots i s  recovered; the residual 

fuel gas i s  distributed f i r s t '  to the plant burners and then to the 
boiler. The boiler fuel deficiency (cases 3, 4, and 6) i s  made up by 
importing 'fuel oi 1. In some instances, such as operating cases 5 and 6. 



when the EBH i s  down, the p lant ' fue l  l a f i c i e n c y  i s  suppl ied by excess 

hydrogen avai 1 able from the gas i f i e r s ,  which i s  blended i n t o  the pl<ant 

f ue l  gas. However, f o r  the s i x  operat ing cases considered, the p l an t  

always produces enough fuel gas ( inc lud ing  excess hydrogen fuel)  t o  

s a t i s f y  process p l an t  fue l  requirements (excluding the bo i l e r ) .  

Need f o r  Optimization 

The steam system f o r  the S R C - I  p l an t  must ensure p l an t  o p e r a b i l i t y  

under a1 1 ant ic ipated operating condi t ions , i nc1 udi  ng star t -up and 

shutdown. Based on star t -up and net  operat ing steam requirements, I C R C  

rea l i zed  t h a t  the p l a n t  must generate high-pressure steam i n  a b o i l e r .  

The steam system design had t o  be optimized t o  ensure e f f i c i e n t  usage o f  

a l l  ava i lab le  steam a t  the highest possib le pressure leve ls ,  since t h i s  

w i l l  d i r e c t l y  a f f e c t  the p l a n t ' s  overa l l  thermal e f f i c iency .  Optimiza- 

t i o n  was a lso required t o  es tab l i sh  overa l l  cos t -e f fec t i ve  power 

recovery schemes w i t h  due considerat ion t o  d r i v i n g  i d e n t i f i e d  c r i t i c a l  

equipment wi th '  steam. A1 though the steam system conf igurat ion had t o  be 

optimized f o r  only the most l i k e l y  cases, o p e r a b i l i t y  f o r  the o ther  less 

l i k e l y  cases a lso had t o  be guaranteed. 

Also requ i r i ng  considerat ion was the e f f e c t  o f  a l te- rnat ive d is -  

charge modes (e i t he r  zero discharge o r  discharge o f  wastewater i n t o  the 

Green River) included i n  the wastewater treatment area design. The 

zero-discharge mode requires an evaporator, whereas the discharge mode 

does not. Other process di f ferences w i t h i n  the wastewater treatment 

area for  these a l te rna te  modes do n o t  impact the steam system design. 

Thus, o f  major concern i n  opt imiz ing the steam/fuel system design was 

whether the evaporator was steam-driven o r  not. This problem i s  d is -  

cussed i n  the next section. 



OPTIMIZATION 

Desiqn ' Phi losophy 

Overal l ,  I C R C  optimized the steam and f ue l  system f o r  the SRC-I 

p l a n t  based on a phi losophy t h a t  incorporates the fo l low ing  points: 

1. A l l  res idua l  plant-generated fue l  gas ( a f t e r  LPG ext ract ion)  

i s  consumed w i t h i n  the p lant .  No fue l  gas i s  f lared.  

2. Steam turb ines are employed t o  use any excess ava i lab le  steam 

t o  produce e l e c t r i c  power. \ 

3. Any excess ava i lab le  hydrogen from the g a s i f i e r s  i s  blended 

w i t h  the p l a n t  f ue l  gas. Any net  p l a n t  f ue l  def ic iency i s  

suppl ied by imported fue l  o i l .  

4. A t  a l l  times, enough LPG i s  recovered t o  supply p l an t  

constant-Btu and p i  1 o t  requirements. Any add i t i ona l  LPG 

recovery as p l a n t  product o r  back-up f ue l  i s  d i c ta ted  by the 

p l a n t ' s  f ue l  balance. 

5. The p l a n t  f ue l  gas product ion was estimated by I C R C  based on 

the Area Basel i ne ' y i e l d  structures.  Fuel gas production was 

est imated f o r  normal, maximum, and minimum y i e l d s  (Table 1). 

6. The p l a n t  steam/fue1 requirements and product ion estimates 

were based on the revised Area Baselines o f  December 1982 

. (Table 2 and Attachment A). 

7. The steam/fuel system was optimized essent ia l  l y  f o r  the normal 

operat ing cases, i . e. , cases 1 and 2. The base case e f f i -  

ciency was not  s a c r i f i c e d  t o  "suboptimize" a l te rna t i ve ,  less 

l i k e l y  cases. The optimized design i s  operable under a l l  

an t i c ipa ted  cases. 

8. A l l  c r i t i c a l  p l a n t  equipment i d e n t i f i e d  i n  the Area Base1 ines 

[raw syngas eompresbor, LPG compressor, EBH reac t lon  area 
compressor, SRC area pumpressor, high-pressure BFW pumps, and 

the b o i l e r  forced d r a f t  (FD) fan] was assumed t o  be on steam 

dr ives,  

9. Steam letdown from higher t o  lower pressure l eve l s  was min- 

imized. Where possible, excess avai lab1 e steam a t  various 



. .^ 

pressure leve ls  was routed t o  steam turbines f o r  .power 

recovery. No attempt was made t o  match the recovered power 

leve l  w i t h  the power requirements o f  add i t i ona l  p l a n t  equip- 

ment t h a t  could be pu t  on stream dr ive.  

10. Steam requirements f o r  the raw syngas and LPG compressor steam 

turbines were suppl i ed by Parsons. Requirements f o r  other 

steam turbines were based on in format ion received from E l l i o t t  

Co. (Table 3). 

11. Required condensation o f  excess low-pressure steam p r i o r  t o  

the deaerator, as d i c t a ted  by t he  deaerator heat balance, was 

minimized. 

12. Heat losses.  i n  the steam system p ip i ng  and associated equip- 

ment were assumed t o  be neg l ig ib le .  This assumption g rea t l y  

simp1 i f i e d  ca lcu la t ions.  Even though no t  s t r i c t l y  cor rect ,  

i t s  impact on the overa l l  steam system heat balance i s  judged 

minimal . 

The steam system was optimized by considering fac to rs  such as 

e f f i c i ency  o f  steam usage, the optimum number o f  steam-pressure leve ls ,  

power recovery using steam turbines,  steam system r e l i a b i l i t y  and oper- 
1' 

a b i l i t y ,  and type o f  turbine.  These fac tors  are discussed i n  deta i  1 i n  

t h i s  section. 

Select ion o f  Stem-Pressure Levels 

Attachment A 1 i s t s  the steam production and f ue l  requirements f o r  

each area o f  the S R C - I  p lant .  Based on the pressure data provided by 

Area .Contractors, ICRC selected f i v e  d i f f e r e n t  pressure l eve l s  f o r  the 

demonstration p lant :  

, 900 .psig, 850°F ruperheated 

450 psig,  saturated 

O 150 psig, saturated 

O 75 psig, saturated. 

O 27 psig, saturated 

~ O O - P S S C I ,  850°F Steam Level. The s h i f t  u n i t  requires steam a t  900 

psig,  the highest . leve l  ' f o r  the p lan t .  The coker and SRC areas can 



produce s u b s t a n t i a l  q u a n t i t i e s  o f  superheated 900-psig steam. A steam 

b o i l e r  i s  s p e c i f i e d  a t  t h i s  l e v e l  t o  prov ide  any p l a n t  steam d e f i c -  

i e n c i e s  and t o  produce a d d i t i o n a l  steam from excess p l a n t  f u e l  gas. 

Moreover, power recovery i s  very e f f i c i e n t  a t  t h i s  l e v e l .  Some o f  t he  

c r i t i c a l  equipment i s  steam-driven a t  t h i s  l e v e l  on a continuous basis. 

A b o i l e r  p roduc ing steam a t  t h i s  l e v e l  ensures a re1 i a b l e ,  continuous 

supply o f  steam t o  c r i t i c a l  equipment s p e c i f i e d  a t  t h i s  and lower steam 

leve ls .  Any excess steam due t o  burn ing  excess p l a n t  f u e l  gas i s  

d i r e c t e d  t o  a power-recovery steam t u r b i n e  s p e c i f i e d  a t  t h i s  l e v e l .  

Because of i t s  h i g h  q u a l i t y ,  900-psig steam is not  intended f o r  heat 

t r a n s f e r .  

450-psiq, Saturated Steam Level. The 450-psig sa tura ted steam was 

chosen p r i m a r i l y  f o r  power recovery. The pressure i s  h igh  enough t o  

a l l o w  e f f i c i e n t  power recovery and can be used t o  d r i v e  the  remainder o f  

t h e  steam-driven c r i t i c a l  equipment. A subs tan t ia l  amount o f  450-psig 

steam can be produced i n  C a t a l y t i c ' s  and Parsons' areas. Because o f  i t s  

h i g h  q u a l i t y ,  use of t h i s  steam f o r  heat t r a n s f e r  should be minimized. 

150-psig, Saturated Steam Level. About 33% o f  t h e  t o t a l  steam 

r e q u i r e d  as a hea t ing  medium i n  the p l a n t ' s  heat  exchangers i s  a t  t h e  

150-psig l e v e l .  Also, t he  C a t a l y t i c ,  Lummus, and Parsons areas need 

medium-pressure steam f o r  process use. The Lummus and Parsons areas can 

produce steam a t  t h i s  pressure l e v e l .  

75-psig, Saturated Steam Level.  A steam-pressure l e v e l  o f  75 p s i g  

was chosen based on s i zab le  product ion  o f  such low-pressure steam i n  the  

C a t a l y t i c  and Parsons areas. About 56% o f  t h e  t o t a l  steam requ i red  f o r  

hea t ing  i n  p l a n t  exchangers i s  a t  75 psig.  Also, C a t a l y t i c ,  Lummus, and 

Parsons areas need such steam fo r  process use. 

27-psiq, Saturated Steam Level. The 27-psig steam l e v e l  was chosen 

p r i m a r i  1 y t o  accommodate t h e  deaerator '  s 1 ow-pressure steam requ i re-  

ments. The GKT g a s i f i e r  produces enough 27-psig sa tura ted jacke t  steam 

f o r  t h e  deaerator.  Also, 10% o f  t h e  t o t a l  steam needed as a heat ing  

medium i n - p l a n t  exchangers i s  a t  t h i s  l e v e l .  . . 

Other Level s Considered. Some v a r i a t i o n s  i n .  ' the steam pressure 

l e v e l s  were considered. To make a v a i l a b l e  b e t t e r - q u a l i t y  steam f o r  

power recovery, 650-psig steam was considered f o r  t he  450-psig l e v e l .  

The GKT area can upgrade i t s  450-psig steam product ion  t o  650 p s i g  a t  

10 



ex t ra  cost. However, the bene f i t s  of s l i g h t l y  higher power recovery 

compared t o  increased cap i t a l  costs were judged marginal. During a more 

d e f i n i t i v e  design phase i n  the future,  a de ta i led  trade-off study should 
. . be performed. 

Dropping e i t h e r  the rSO- o r  75-psig l eve l  was a lso considered, as 

was i t s  alternative--combining the -two i n t o  one intermediate. 1 evel . 
However, some area contractors s p e c i f i c a l l y  required the saturated 

150-psig steam temperature t o  ensure sound engineering design o f  ce r t a i n  

equipment, and other area contractors were unable t o  produce steam a t  

150 ps ig  i n  l i e u  o f  75 psig. Furthermore, because 89% o f  the t o t a l  

steam duty f o r  the p l a n t ' s  heat exchangers i s  a t  these two leve ls ,  such 

fac to rs  as the economics o f  heat exchanger sizes, pressure ra t ings ,  and 

LMTD's would p lay  a major r o l e  i n  choosing appropriate steam l eve l s  f o r  

i nd iv idua l  exchangers. Thus, I C R C  opted t o  maintain both leve ls  i n  the 

design. 

Bo i l e r  Feedwater (BFW) and Steam Condensate Headers. BFW i s  ava i l -  

able t o  each area a t  two pressures, 1,110 and 220 ps ig ,  based on the 

p l a n t ' s  requirements f o r  steam production. Equipment generating steam ' 

a t  450 ps'ig and above uses 1,100-psig BFW; 150-psig and lower pressure 

steam i s  generated using 220-psig BFW. Supplying BFW a t  more than two 

pressure 1 evel s i s  uneconomical , because any horsepower savings by doing 

so would not  j u s t i f y  incorporat ing add i t iona l  BFW supply headers. 

One common condensate re tu rn  header w i l l  c o l l e c t  steam system 

condensate from various areas; This'condensate i s  sen t  t o  the de'aerator 

a f te r  "pol ishing" treatment and then recycled to' the process. p l a n t  as 

p a r t  of the BFW. S t e m  system blowdown i s  co l  l ec ted  i n  i nd i v i dua l  areas 

and routed t o  the coo l ing water r e tu rn  header. 

Need f o r  Turbine Drives 

The demonstration' p l a n t  i s  a f a i r l y  la rge coal re f ine ry ;  -having 

complex, i n t e r re l a ted  process areas, some o f  which are no t  proven on a 

commercial scale. .Because ind iv idua l  process areas are h igh ly  i n t e r -  

dependent, minimizing c r i t i c a l  equipment f a i l u res ,  and thus avoiding 

possib le shutdown of the p l an t ,  i s  desirable. C r i t i c a l  equipment i s  

t h a t  equipment which, when not  operating, forces the p l a n t  t o s h u t  down. 

Examples of such equipment, i n  order of p r i o r i t y ,  are the raw syngas 



compressor, high-pressure BFW pumps, b o i l e r  forced-draft fans, the SRC 
area pmpressor, the EBH reaction area compressor, etc. If such c r i t i c a l  

equipment were driven by e l e c t r i c i t y ,  a power outage would cause the 

p lan t  t o  shut down. This can be avoided, a t  leas t  f o r  short-term power 

outages,' by d r i v ing  such equipment w i th  power supplied reliably, con- 

s tan t ly ,  and continuously by steam turbines. Thus, the p lant 's  c r i t i c a l  

equipment w i l l  be steam-driven, using b o i l e r  steam, which i s  considered 

a r e l i a b l e  source. 

A second set o f  steam turbines i s  speci f ied i n  tne p lan t  steam 

system for  power recovery. These turbines are incorporated pr imar i ly  t o  

improve the p lan t ' s  thermal eff iciency by most e f f i c i e n t l y  using any 

avai lab le excess steam f o r  power recovery. Unl ike the c r i t i c a l  equip- 

ment turbines, .these turbines are not essent'ial f o r  the overal l  

i n t e g r i t y  o f  p lan t  operation. If need be, they can be shut o f f  without 

shut t ing down the plant. Also, t h i s  category o f  turbines would probably 

see varying steam f low because o f  f luc tua t ing  amounts o f  fue l  gas avail- 

able. 

R e l i a b i l i t y  and Operatinq F l e x i b i l i t y  

For proper p lan t  operation, a r e l i a b l e  s tead fue l  system tha t  i s  

f l e x i b l e  enough t o  p e w i t  smooth t rans i t i on  from one o f  the s i x  operat- 

Ing cases (discussed previously) t o  another i s  essential. The system 

must be able t o  respond t o  changes i n  steam/fuel demands and t o  adjust 

t o  expected var iat ions i n  the amount o f  fuel gas generated. The fuel 

gas w i l l  vary p r imar i l y  because o f  two factors: changes i n  operating 

modes and inherently uncertain fuel  gas y ie lds  from process areas. 

An example o f  the f i r s t  factor  i s  when the coker u n i t  i s  shut down. 

Yhen the coker i s  not operating, the p lan t  loses (1) s ign i f i can t  amounts 

o f  900-psig steam tha t  i s  normally produced i n  t h i s  area and (2) net 

fuel gas generation. Thus, the p lan t  not only loses a fue l  source, but 

it has t o  produce addit ional  steam t o  make up the d e f i c i t  caused by the 

loss o f  high-pressure steam. Under normal y i e l d  conditions, the plant 

i s  fuel def ic ient when the coker i s  down, requi r ing fue l  o i l  import. 

Table 1. l i s t s  normal fuel  gas y ie lds  for the p lan t  under the s i x  

operating cases (step process changes). From the table, the normal 

y i e l d  changes re la t i ve  to  case 1 can be summarized as follows: 



Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 

% change i n  fue l  0 +6 - 16 -10 . -2 - 18 
gas generation 

P lant  fue l  balances show surplus fue l  f o r  cases 1, ,2, and 5. However, 

cases 3, 4, and 6 are fue l  de f i c i en t  and requ i re  fue l  o i l  import  t o  

s a t i s f y  p l a n t  s t e a d f u e l  demands. 

The second f ac to r  responsible f o r  fue l  gas v a r i a b i l i t y  i s  the 

inherent  uncer ta in ty  i n  determining the y i e l d  s t ruc tures f o r  react ion 

areas, i .e . ,  i n  determining the extent  t h a t  reactants are chemical ly 

converted t o  hydrocarbon gases i n  the SRC, EBH, coker, and NHT areas. 

The y i e l d  s t ruc tures f o r  these areas are derived from p i l o t  p l an t  data; 

the uncer ta in t ies  e x i s t  because o f  scale-up and other assumptions. 

Table 1 provides normal, maximum, and minimum gas y i e l d s  f o r  the p l a n t  

under the s i x  operating cases. The y i e l d  v a r i a b i l i t y  compared t o  normal 

can be summarized as fo l lows: 

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 

Maxi mum +13% +12% +16% +IS% +13% +If% 

Norma 1 0% 0% 0% 0% 0% 0% 

Minimum . - 4% - 4% - 2% - 2% -4% - 2% 

Based on normal p l an t  y i e l ds ,  the p l an t  has a surplus o f  f ue l  i n  

cases 1, 2, and 5, and a d e f i c i t  o f  f ue l  i n  cases 3, 4, and 6. The 

expected v a r i a t i o n  i n  fue l  g a s ' y i e l d s  f o r  each case I s  favorablev-the 

p r o b a b i l i t y  o f  having lower than normal fue l  y i e l ds  i s  qu i t e  low com- 

pared t o  having higher than normal y ie lds .  I f  y i e l d s  do f a l l  below 

normal, fuel o i l  can be imported t o  make up the di f ference. However, i f  

y i e l d s  are higher than nomal  , the steam system must be able t o  use the 

add i t iona l  fuel i n  the b o i l e r  t o  make excess steam and generate power. 

The 900-psig steam leve l  i s  the con t ro l  l i n g  steam leve l .  A b o i l e r  

i s  spec i f i ed  a t  t h i s  leve l  , since any def ic iency a t  t h i s  and any lower 

leve ls  can be most r e l i a b l y  and continuously suppl ied by b o i l e r  
2 

generated steam. Steam a t  900 psig,  the highest steam pressure i n  the 

p lant ,  i s  must e f f i c i e n t  f o r  power recovery. For these reasons, some of 

the p l a n t ' s  c r i t i c a l  equipment i s  d r i ven  using 900-psig steam. A power 



: >. . . . . recovery tu rb ine  i s  spec i f i ed  a t  t h i s  leve l .  The r e s t  o f  the p l a n t ' s  
. . .  . . 

c r i t i c a l  equipment i s  dr iven by 450-psig steam ra ther  than 900-psig 

steam f o r  two reasons: 

(1) The p l a n t  has s i g n i f i c a n t  amounts o f  net  surplus 450-psig 

steam 

(2) Turbi  ne app1.i c a t i  on f o r  1 ow horsepower (1 ess than 10,000) 

recovery using 900-psig superheated steam i s  uneconomical. 

Steam a t  pressures below 450 p s i g  i s  no t  as e f f i c i e n t  f o r  power 

recovery. Moreover, i f  the excess 450-psig steam used t o  d r i ve  c r i t ' i e a l  

turb ines i s  no t  ava i lab le  due t o  an upset condi t ion,  the b o i l e r  can 

prov ide backup steam. Although the b o i l e r  steam pressure would have t o  

be reduced t o  450 psig,  the supply i s  r e l i ab le .  

Vendor Informat ion on Turbine Drives 

A pre l iminary  review o f  the steam system ind icated t h a t  power 

recovery turb ines cou ld  be used i n  add i t i on  t o  the c r i t i c a l  equipment 

turbines.  Since the  p l a n t  has f i v e  d i f f e r e n t  steam leve ls  a t  which 

tu rb ines  can be emp'loyed, and since tiirb4nes can be categorfzed as 

"back-pressuredn o r  "condensing," numerous a1 t e rna t i ve  combinations were 

possible.1 Turbine design information, inc lud ing  cost, e f f ic iency,  and 

appl ica t ions,  was needed t o  evaluate a l te rna t fve  conf igurat ions.  Thus, 

discussions were he ld  w i t h  several tu rb ine  vendors t o  improve ICRC's 

understanding o f  tu rb ine  app l ica t ions,  and t o  obtain necessary design 

data. 

Design data f o r  several turbines appl icable t o  the p l a n t  steam 

system tha t  were obtained from tu rb ine  vendors are l i s t e d  i n  Table 3. 

No firm cost  data f o r  these turbines we*' a\iaqlable; prelfrnlnat-y cost  

'1n addition to the standard "condensing" or "back-pressured" turbines, 
several other types are available, including (1) extraction turbines 
char can supply steam aL S U I I J ~  cuuetafit piCSduLe between the turbine 
inlet (throttle) and exhaust; (2) induction turbines that accept steam 
at two or more different pressure levels; and (3) combined extraction/ 
induction turbines, which must be specially designed on an individual 
basis. 



estimates received f o r  selected tu& i  nes var ied appreciably from vendor 

t o  vendor. I C R C  believes tha t  the cost data were not firm enough t o  

mer i t  inclusion i n  these optimization ef for ts .  Because time constraints 

prevented fur ther  invest igat ion o f  the turbine costs, the current steam 

system optimization was carr ied out based on optfmizfng only the overa l l  

ef f ic iency o f  the system, However, the f i n a l  design should be dictated 

by an overal l  cost-ef fect ive optimization, i.e., optimization t h a t  i s  

based on equipment costs as we1 1 as efficiency. 

Turbine vendors have indicated tha t  back-pressured rather than 

condensing turbines are more cost-ef fect ive for. lorhorsepower turbines 

(less than 1,000 bhp), p r imar i l y  because o f  the large turbine exhaust 

sections needed f o r  the condensing type. For exawple, a condensing 

turbine would need a 36-in. exhaust, compared t o  10-in. exhaust f o r  a 

back-pressured turbine of-equal horsepower. 

According t o  the vendors' information, .I i m i  ted casing 'sizes are 

available for condensing tu rb i l~es  producing steam above 800 psi+-the 

minimum casing size i s  f o r  10,000 bhp. Hence, speci fy ing high-pressure 

condensing turbines f o r  low brake-horsepower equipment, a1 though very 

e f f i c i e n t ,  i s  not cost-effective, since the casing would'have t o  be 

oversized. Off-the-she1 f turbines w i th  standard metal 1 urgy are comon 

f o r  pressures o f  650 ps ig and lower, but turbines f o r  pressures above 

650 ps ig would require careful  review. F u r t h e m r e ,  some. high-pressure 

(>800 psig) , high temperature (>500°F) turbines require special" metal- 

1 urgy. Also, some vendors have indicated t h a t  the w . i  sture. content i n  

the turbine exhaust can be c r i t i c a l  f o r  , s table operation- ..as we1 1 as 

tu rb i  na 1 i fe, because o f  erosion problems. Speci f i c a l  l y  , one. vendor 

stated an upper l i m i t  o f  12 t o  14% on the exhaust moi.sture content; 

contents above 14% would necessitate exot ic metallurgy.' 

Vendors have also indicated that equipment can be Udual-coupled" 

w i th  steam and e l e c t r i c  drives. Primary power would be suppl ied by the 

available excess steam v i a  the steam turbine, and the .balance 'would be 

automatically provided by the e l e c t r i c  drive. . This type .of arrangement 

i s  r e l a t i v e l y  simple and easy t o  impleaent, and would be ,very useful for 

power recovery turbines using varying o r  . in termi  t k n t  s t e m  flows. 

On the basis o f  these considerations and turb ine design data i n  

Table 3, appropriate turbines were selected f o r  the -plant's c r i t i c a l  



equipment d r i ves  and power recovery schemes. C r i t i c a l  equipment t u r -  

bines were chosen p r i m a r i l y  a t  the higher pressure leve ls  o f  900 and 450 

psig,  because o f  t h e i r .  e f f i c i e n c y  and re1 i a b i  1 i ty .  The power recovery 

turbines were employed p r i m a r i l y  t o  use excess ava i lab le  steam a t  any 

given steam l eve l ,  and t o  supply p reva i l i ng  steam def ic ienc ies  a t  any 

given l eve l  by steam letdown through turbines,  thereby recovering power. 

C r i t i c a l  Equl pment Turbines. 1 he raw syngas compressor tu rb ine  i s 

the most c r i t i c a l  equipment t h a t  i s  steam-driven. Two a l t e rna t i ve  

tu rb ine  designs were considered f o r  t h i s  equipment. I n i t i a l l y ,  the 

design consisted o f  a tu rb ine  w i t h  a 900-psig, 850°F t h r o t t l e  coupled 

w i t h  a 450-psig saturated induct ion and 4-in. Hg exhaust. Later ,  a 

second design bpeci f i ed a 450-ps i g, S20°F superheated steam t h r o t t l e ,  

exhausting t o  4 in.  Hg. The second design added a new high-pressure LPG 

compressor turb ine,  using a 900-psig, 850°F t h r o t t l e ,  back-pressured t o  

450 psig. The exhaust from t h i s  LPG tu rb ine  was combined w i t h  enough 

450-psig saturated steam t o  compose feed t o  the revised raw syngas 

tu rb ine  design. 

The bas ic  d i f fe rence  between the two designs i s  t h a t  the i n i t i a l  

design spec i f i ed  an induct ion turb ine,  whereas the revised design c a l l s  

f o r  a s t r a i g h t  condensing turbine. Since the ava i lab le  900-psig, 850°F 

steam t o  t h i s  tu rb ine  i s  expected t o  vary because o f  f ue l  gas va r iab i  1 - 
i t y  and changes i n  operat ing modes, the thro t t le - to- ind i rc t ion r a t i o s  i n  

the i n i t i a l  design would vary. A t  low th ro t t l e - to - induc t ion  r a t i o s ,  the 

moisture content w i t h i n  the tu rb ine  may exceed an ind icated upper l i m i t  

o f  12-14%, thereby.necessi tat ing exo t i c  metal lurgy. 

. : The rev ised design c a l l s  f o r  a combination o f  LPG and raw syngas 
. . turbines.  - The LPG tu rb ine  requires less 906-psig t h r o t t l e  steam than 

t h a t  required f o r  the e a r l i e r  raw syngas (RSG) t ~ ~ r b i n e  design. Thus, 

the revised LPG/RSG tu rb ine  system requires a reduced amount o f  900-psig 

steam. fll.ow, f low . tha t  the steam system r a n  del  i v e r  on a constant basis 

under normal -operat ing modes. The combined tu rb ine  system can now be 

base-loaded w i t h  900-psig steam. Prel iminary ind ica t ions  from tu rb ine  

vendors suggest t h a t  the cap i t a l  cos t  differences between two schemes on 

an equivalent  power recovery basis are indist inguishable.  

The 725-bhp compressor tu rb ine  for  the EBH reac t ion  area i s  speci- 

f i ed  a t  900 ps ig  i n  the Baseline Design f o r  t h a t  area. Based on vendor 



information, t h i s  small serv ice i s  not  cos t -e f fec t i ve  a t  such a h igh 

steam 1 eve1 . This concern was pointed out  i n  an I C R C  memo2 t h a t  recom- 

mended usage o f  the 450-psig steam leve l .  I n  Area 12, the pumpressor, 

high-pressure BFW pumps, and b o i l e r  F.D. fan tu rb ine  dr ives use 450-psig 

steam since an excess o f  steam i s  ava i lab le  a t  t h i s  l eve l ,  and the l eve l  

i s  e f f i c i e n t  f o r  power recovery. I n  emergencies, the steam b o i l e r  can 

supply these steam requirements. 

Power Recovery Turbines. The choice o f  450-psig steam f o r  the 

c r i t i c a l  equipment turb ines a lso depended i n  p a r t  on a spec i f i c  con- 

f i g u r a t i o n  f o r  the power recovery turbines. Numerous a l te rna te  con- 

f i gu ra t ions  f o r  the c r i t i c a l  equipment and the power recovery turbines 

were evaluated f o r  maximum ef f ic iency.  The cur rent  optimized configu- 

r a t i o n  i s  judged t o  y i e l d  the best steam system e f f i c iency .  However, 

the conf igurat ion may not  be optimum on an overa l l  cos t -e f fec t i ve  basis. 

Also, the power recovery turbines recover power from excess ava i lab le  

steam, which var ies from case t o  case; thus, the l eve l  o f  power recovery 

w i l l  vary. I n  contrast ,  the leve l  o f  power recovery i s  constant. from 

case t o  case f o r  the c r i t i c a l  equipment turbines. ' To some extent, the 

power recovery turb ines serve as a flywheel f o r  the s t e a d f u e l  system. 

These turbines' can absorb the v a r i a b i l i t y  i n  the steam/fuel system 

demands and production. 

Zero-Discharge and Discharqe Modes 

The presence o f  an evaporator i n  the wastewater treatment area can 

s i g n i f i c a n t l y  impact the steam system design. The evaporator i s  

required only f o r  the zero-discharge operat ing mode. I f  needed, the 

evaporator can be e i t h e r  a "steam-type" o r  "vapor recompression-type." 

A steam evaporator requires la rge  amounts o f  75-psig steam f o r  evapora- 

t i on ,  whereas the vapor recompression evaporator consumes only e l e c t r i c  

power f o r  vaporizat ion. The U t i  1 i ti es and Of f -S i tes  Base1 i ne spec i f i es  

a steam-type evaporator (zero-discharge mode), r equ i r i ng  106,000 Ib /h r  

o f  75-psig steam on a continuous basis. This steam requirement,' if 

present, can adversely a f f e c t  the e f f i c i ency  o f  the steam system i n  two 

2 ~ .  D. V a k i l  t o  J. R. Gough, "Steam System Design f o r  Baseline 11," 
13 August 1982. 
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ways. F i r s t ,  s ince t h i s  i s  not  a c r i t i c a l  service, use of e l e c t r i c  

d r i v e  would be more economical. Second, since the  450-, 150-, and 

75-psig steam headers are roughly balanced wi thout  t h i s  evaporator steam 

. requirement, an equivalent  amount o f  850-psig steam would have t o  be l e t  

down by e i t h e r  turb ines o r  pressure-reducing valves t o  make up the 

d e f i c i t  t h a t  would p reva i l  i n  the 75-psig header should the evaporator 

be on-stream. This would s i g n i f i c a n t l y  reduce e f f i c iency .  For these 

1 
reasons, the evaporator was changed from a steam t o  a vapor recompres- 

s ion type, r equ i r i ng  no steam. This change, i n  a d d i t i o n .  t o  the above 

benef i ts ,  provides add i t i ona l  steam a t  450 psig,  since most o f  the 

previous back-pressured (450-psig . t h r 0 t t l e / 7 5 - ~ s i p  back pressure) tu r -  

b ines t an  now be condensing type, r equ i r i ng  less 450-psig t h r o t t l e  

steam. The add i t i ona l  45O9psig steam t h a t  i s  f reed up can be used t o  

d r i v e  c r i t i c a l  equipment turb ines a t  450 psig. 

A1 though the cur ren t  U t i  1 i t i e s  and O f  f - S i  t es  Easel i ne speci f i e s  a 

"steam-typet1 evaporator fo r  the zero-discharge mode, I C R C  process engi- 

neer ing has i n t e r n a l l y  decided t o  change the design t o  a "vapor recom- 

pression" evaporator. Thus, the cur rent  steam system design i s  based on 

having such an evaporator system. I n  add i t i on  t o  the bene f i t s  discussed 

above, an important impact of the decis ion t o  e l iminate  evaporator steam 

requirements I s  t h a t  the.  steam system design' remains unaffected f o r  

e i t h e r  .zero-di scharge o r  d l  schargc modes. 



CURRENT STEAM/FUEL SYSTEM DESIGN 

Configuration 

The current  energy-optimized steam system design consists of: 

Five d i f f e r e n t  steam co l  l ec t i on /d i s t r i bu t i on  headers, a t  

nominal pressure 1 evel s o f  900 (superheated, 850°F), 450, 150, 

75, and 27 ps ig  

One condensate re tu rn  header 

Two separate BFW d i s t r i b u t i o n  headers a t  1,100- and 220-psig 

pressure leve ls  

A steam , b o i l e r  producing makeup steam a t  the 90O0psig, 850°F 

1 evel 

A deaerator f o r  BFW preparat ion 

Steam turbines f o r  d r i v i n g  the p lan t ' s  c r i t i c a l  equipment, 

i. e. , the raw syngas compressors, the SRC area pumpressor; 

the EBH react ion area compressor, the high-pressure BFW 

pumps, and the b o i l e r  F.B. fan 
Three power recovery turbines 

Steam letdown valves connecting each l eve l  steam header t o  the 

next lower leve l  steam header 

A steam condenser f o r  excess 27-psig steam 

Pumps and a u x i l i a r y  equipment 

Discussion and Desiqn Data 

Based on t h i s  optimized steam system design, the fo l low ing  design 

informat ion.  has been devel oped. 

Steam system heat-and-material balances were developed f o r  the  s i x  

operating cases based on the optimized design. I n  addi t ion,  a seventh 

Umaximu88 case mater ia l  balance was developed t o  a i d  i n  l i n e  i i z i n g .  

However, t h i s  Umaximm" case does not represent an operat ing case. 

The mater ia l  balances o f  . Attachment 8' a n  based on the  steam 

requirements su~marized i.n Attachraent A. Attachment A provides a 

de ta i led  uni t -by-uni t  swmary o f  steam requirements f o r  each area, 

inc lud ing  normal and maximum requirements. This sumary i s  based on 

informat ion contained i n  the Area Baselines o f  December 1982. 



The mater ia l  balances assume normal y ie lds .  P lant  operating 

cases 1 and 2 o f  Attachment B represent the most l i k e l y  operat ing modes; 

the  steam system design i s  based on opt imiz ing the e f f i c i ency  f o r  these 

two cases only. However, as can be seen, t he '  steam system i s  a lso 

operable f o r  the other fou r  modes. 

For cases 1 and 2, the 900-, 150-, and 27-psig steam leve ls  are 

d e f i c i e n t  o f  steam, whereas the 450- and 75-psig l eve l s  have a surplus. 

The def ic iency a t  t h e  900-psig l eve l  i s  made up by the steam b o i l e r ,  

t h a t  a t  150 ps ig  i s  made up by power recovery tu rb ine  no. 2, and t h a t  a t  

27 ps ig  i s  made up by l e t t i n g  down excess 75-psig steam t o  27-psig 

through pressure-reducing valves. Since the required amount o f  75-psig 

steam letdown i s  r e l a t i v e l y  small, a power recovery tu rb ine  f o r  t h i s  

purpose was judged uneconomical. 

Essen t ia l l y ,  a l l  surplus 450-psig steam i s  used t o  d r i ve  the 

p l a n t ' s  c r i t i c a l  equipment turbines. Surplus 75-psig steam i s  u t i l i z e d  

i n  power recovery tu rb ine  no. 3. Because o f  excess p l a n t  f ue l  ava i lab le  

f o r  case 2, the b o i l e r  produces steam i n  excess o f  t h a t  required. Power 

recovery tu rb ine  no. 1 i s  spec i f i ed  a t  the 900-psig l eve l  t o  use t h i s  

excess steam. This tu rb ine  a lso acts  as a flywheel f o r  the steam/fuel 

system, by absorbing f luc tua t ions  i n  the amounts o f  excess 900-psig 

s tem t h a t  occur because of f ue l  gas v a r i a b i l i t y ,  and by s t a b i l i z i n g  the 

steam system. 

The amount o f  f ue l  gas ava i lab le  has a major impact on the steam 

system. Based on p l a n t  f ue l  generation and requirements, f ue l  recovery 

and d i s t r i b u t i o n  diagrams were developed f o r  one maximum and s i x  operat- 

i n g  cases. Reference t o  Attachment C ind icates that ,  under a l l  operat- 

i n g  cases considered, the  normal f ue l  gas a v a i l a b i l i t y  exceeds the 

process requirements (excl udi  ng the boi 1 e r )  . thus, the bo i  1 e r  a1 ways 

receives res idua l  p l a n t  f ue l  gas. The res idua l  gas t o  the b o i l e r  may be 

e i t h e r  less than (cases 3, 4, 6, and 7) o r  more than the b o i l e r  require- 

ments (cases 1, 2, and 5). When the fuel gas sent t o  the b o i l e r  i s  less 

than required, enough fue l  o i l  i s  imported t o  the b o i l e r  t o  o f f s e t  the 

difference. When residual  gas i s  i n  excess of b o i l e r  requirements, an 

equivalent  amount o f  LPG, up t o  the maximum ext ractab le  amount, i s  

recovered as product p r i o r  t o  fuel gas d i s t r i bu t i on .  I f  an excess s t i l l  

ex is ts  a f t e r  a l l  recoverable LPG i s  extracted, the gas i s  burned i n  the 



bo i le rs  t o  produce excess 900-psig steam f o r  power recovery using power 

recovery turbine no. 1. 

A specia l  s f tua t ion  ar ises when the EBH, a major hydmgen consumer, 

i s  -rmt operating (cases 5 and 6). Sfnce the p lan t ' s  overa l l  process H p  

consumption decreases because the EEH requirements a m  eliminated, there 

exists a surplus o f  process hydrogen ( f r o m  the gasi f iers),  which i s  

available t o  the p lan t  as fuel .  I n  such cases, the excess hydragen i s  

blended w i th  the p lan t  fue l  gas f o r  d is t r ibu t ion .  Operating cases 5 and 

6 o f  Attachments B, C, 0,  and E r e f l e c t  t h i s  H2 blending. Note tha t  

' case 5 assumes a1 1 three gas i f ie rs  are producing hydrogen a t  normal 

rates. However, the steam balance f o r  t h i s  case (Attachment 0) shows 

tha t  the boi  l e r  recef ves excess fue l  , equivalent to the steam flaw ra te  

t o  power recovery turbfne no. 1. It i s  possible, f o r  t h i s  case,'to tu rn  

d m  the gas i f ie rs  t o  a po in t  when the excess b o i l e r  fue l  f s  elim- 

f nated. Tab1 e 4 indicates t h a t  a gas1 f i e r  turndown o f  about 10% .ay be 

possfble f o r  case 5. However, the attached balances do not consider-any 

such gas f f ie r  turndown. A s im i l a r  s i t ua t i on  ex is ts  f o r  case 6, but here 

the coker, a major s t e m  and fue l  producer, i s  also dam. Because the 

p lan t  i s  fuel-def f c i en t  even when the gas i f ie rs  are producing hydrogen 

a t  norsal design rates, no gas f f i e r  turndown i s  possible f o r  case 6. 

Table I '  attempts t o  estimate the fuel  gas v a r i a b i l f t y  i n  two ways. 

Ff r s t ,  'the v a r i a b i l i t y  associated w i th  the defined y i e l d  structtkes f o r  

process react ion areas f s  sham. For each o f  the s i x  operating cases, 

normal, aaxinunn, and minimum levels  o f  fue l  gas generation are 

presented. The second varlabf 1 i t y  i n  fue l  gas arises from step changes 

f n  the p lant 's  operating .odes. The coapositions o f  the fue l  gas 

df s t r ibuted f n each o f  the s i x  operating cases o f  Table 1 (under normal 

y ie lds)  are included f n  Attachaent E. 

. . 

P o m r  Recovery 

The power recovery f o r  various operating cases i s  also s tmar i red  

i n  Table 4. The system conf igurat ion f s  optimized to recover auu<fam 

power for the -st probable .operating cases (1 and 2). Sf nce the basf s 

for optfrnization i s  aaxfmua systea ef f ic iency,  the prac t ica l  aspects of 

turbine applications are ignored. For example, the leve l  o f  power 

recovery f o r  power recovery turb ine no. 1 ranges f r o m  277 t o  4,572 bhp. 
+ 



. . .  . . . .. . .. .. 
. . Vendors have indicated that,  i n  pract ice, a minimum o f  10.,000-bph 

recovery i s  desirable f o r  such 900-pslg condensing turbines i n  order t o  

ensure cost-effectiveness. I n  addit ion, i t i s  assumed tha t  the power 

recovered i n  such turbines . can be used t o  d r i ve  su i tab le p lant  equip- 

ment, regardless o f  the leve l  of recovery. No attempt was made t o  match 

, the level '  o f  power recovery w i th  the brake-horsepower o f  any par t i cu la r  

p lan t  equipment. I n  actual operation, a constant, predetermined 1 eve1 

.of power recovery from such power recovery turbines i s  desirable, so 

t h a t  speci f i c users can be i dent i  f 1 ed. 

Table 4 indicates that  power recovefy turbine no. 1 recovers 277 

.and 3,890 bhp f o r  cases 1 and 2, respectively. Turbine 2 recovers 

1,100 bhp f o r  both casas, and turbine 3 ncovers  968 and 1,016 bhp, 

respectively, f o r  the t#, cases. A glance a t  f ab le  5, l i s t i n g  l i k e l y  

addit ional  candidates f o r  steam drive, indicates tha t  the main cooling 

rntcr c i r cu la t i ng  pump and the a i r  compressors are rated f o r  3,500 and 

900 bhp, respectively. Obviously, i f  power recovery turbines 1, 2, and 

3 could recover 3,500, 900, and 900 bhp, respectively, on a constant 

basis, the recovered pomr  could be used to dr ive  one cooling water 

c i r cu la t i on  pump (3,500 bhp) and two a i r  compressors (900 bhp each) on a 
continuous basis. To achieve this,  the steam system must be modified so that:  

(a) Tutb3m 1 recovers 3,500 bhp under a l l  operating cases. 

Table 4 shows tha t  addit ional  fue l  must be imported t o  produce 

enough addit ional  steam f o r  turb ine 1 t o  al low the desired 

3,500-bhp power recovery tor Case 1. Case 2 i s  capable of 

recovering 3,500 bhp f roa turb ine 1. The other four 6pWating 

casas are lass l i k e l y ;  import QI fue l  would be required f o r  

811 except case 5. Flow t o  t h i s  turb ine should be constant 

f o r  a l l  cases. 

(b) Turbine 2 recovers a mini- o f  900 bhp fo r  a l l  casas. Flow . t o  t h i s  turbine should r u a f  n constant f o r  a1 1 cases. Excess 

steam, f f any, can be l e t  down. through- valves. 

(c) Turbine 3 recovers around 900 bhp for cases 1 and 2. Steam 

deffciency f o r  case 3 can be suppl i rd  by l e t t i n g  down b o i l e r  

steam, and steam surplus i s  l e t  d m  through pressure raduc- 

t i o n  valves t o  lower levels. 



The above scenario i s  j u s t  one o f  numerous combinations t h a t  can be,- . 
considered f o r  prov id ing constant power recovery t h a t  i s  compatible w i t h  

speci f i c equipment needs. A1 t e r n a t i  ve ly  , equipment can be dual -coup 1 ed 

using steam and e l e c t r i c  d r i ve r  f o r  varying leve l  power recovery t u r  

b i  nes . 
Any f u r t he r  opt imizat ion e f f o r t s  should be based on overa l l  cost- 

effect iveness and better-def i ned appl i cations o f  the power recovery 

system. 

Equipment 

Although the b o i l e r  steam production requirements vary from 100,000 

. t o  236,000 Ib/hr,  the b o i l e r  and associated equipaent s i z i ng  i s  based on 

360,000-lb/hr star t -up steam requirements. Excess steam up t o  5,000 

lb /hr  can be handled by a condenser o r  vented. A condenser was selected 

because i t s  cost  i s  less than t h a t  due to loss o f  BFW during- venting. 

A1 so, various options are avai lab le  f o r  disposing o f  excess. p l a n t  

fue l  gas: 

O F la r i ng  . 
Burning excess I n  bo i l e r ,  .adking steam, and recovering power 

Burning excess gas i n  bo i l e r ,  making steam, reducing steam 

pressure through val.ves, and condensing. 

Weighing the cost  o f  equipment w i t h  overa l l  p lan t  e f f i c iency  d i c ta ted ' .  

the choice o f  the  second op t ion  f o r  the plant. 

Var iat ion i n  Fuel Gas Q u a l i t y  

Essent ia l ly ,  ICRC i s  aware t h a t  the var ia t ion of fue l  i s  ,expected i n  thc 

supply of fuel gas t o  the b o i l e r  and process uni ts.  Detai led examination 

of the equipment has not been-carr ied out  i n  the view o f  spec i f i c  design t o  

accept such var ia t ion.  A t  the time of equipment purchase, deta i led fuel 

c r i t e r i a  must be provided f o r  the bases o f  proposal packages for  the subject  

equipment. 



Tabme 1 

Estimatea P lan t  Fuel Gas A v a i l a b i l i t y  under Normal, 

Maximum, and Minimum Plant  Yields (HH Btu/hr, LHV) 

Case no. and p l a n t  operat ing mode 

1 2 3 4 5 6 
Allaoper., A l l o p e r . .   down,. C/Cdown, Both EBH 
EBH a t  EBHat EBH a t  EBH a t  EBH and C/C 
h igh  conv. l o w  conv. hlgh conv. low conv. down down 

1 
1 Normal y i e l d s  

Fuel gas b 785.48 
I 

835.89 644.56 694.99 616.60 475.70 

Excess ti2' - - - - 201.52 201.52 

L P G ~  100; 76 105.05 100.76 105.05 - 51.62 51.62 

Total  886.24 940.94 745.32 800.04 - 869.74 728.84 

Maximum y i e l d s  
b Fuel gas 897.75 . 952.65 757.04 811.93 1689.70 546.72 

Excess - 
L P G ~  105.05 

Tota l  1,002.80 

Minimum y i e l d s  

Fuel gas b 675.51 
C Excess H2 89.64 

L P G ~  86.40 

Tota3 851.55 

a  
EBH, .expanded-bed hydrocracker; C/C, c o k c r / c a l c i n e r .  

b ~ h i s  i s  t h e  res idual  p lanr  f u e l  g a s  a f t e r  e x t r a c t i o n  o f  a l l  a v a i l a b l e  LPG. 
C 

This  ' i s  t h e  r e s i d u a l  hydrogen g a s  a v a i l a b l e  from t h e  S e l e x o l  u n i t .  
' l l l i s  i s  t h e  amount o f  maximum e x t r a c t a b l e  LPG from p l a n t  f u e l  g a s .  

-- -- 



Table 2 

Plant Fuel ~ e ~ u i  rementsa 

I 

* 

Normal operation 
% 

Normal operation 
I EBH @ high conv. EBH @ low conv. Maximum requirements 

LPG . , Area ' - Fuel gas LPG Fuel gas Fuel gas LPG 
' I 

. . 

11.' Raw materials 81 prod. handling & storage 51.4 0 .5  51.4 0 .5  68.3 0 . 5  

12. SRC 

'13. ~oker /ca lc iher  ' 

EBH 

14. ASU . . 

HPU :. .: , 

.. . . . .  . ... 

. 15. Gas systems ,:. . . . 
. . 

' . 16. ~ t i l i t i e r ,  l e i s  boi1e.r 

17. O f f  s i tes 

TBD Naphtha hydrotreater 

1 6  Boi ler  f i r i n g  duty 141.58 - 2 .5  181.49 - 2 .5  311.99 ' 2 . 5  - 

! Total plant  fuel requirements , - 785.48 - 2 5 . 1 ,  835.89 25.2 1,127.79 29.7 - 

a 
Basis, Revised Baseline documents as of .Decernbe; 1982; ,' HH Btu/hr, h. 



Table 3 =.n+.; <-- 
, .. 

Steam Turblna Oata 

(Items 1-10 Obtainad from E l l l o t t  CO.; 
Items 11-17 Estimated by ICRCI, 

'. 
Eff i -  Theoretical Actual 

clency steam rate steam r a t r  % moisture 
No. Steam turblne, $andltlons hp range ( X I  (Ib/hp-hr) ('sb/hp-hr) Inexhausta Appllcattonc 

1. 850 pslg, 800°F to  450 psig, 
7OO0F 

LPG cuqwessor 

2. 8 5 0 p s l g , 8 0 0 ° F t o 4  in. Hg 1 ,000-5 .W 65 5.39 8.29 2.1; Povsr mcovery no. 1 

3. 450 pslg, 525OF to 4 In. ~g 30,000-35,000: 79 6.88 8. 71b 14.7 Raw ryngas copressor 

4. 450 prig,  sat. to 4 In. Hg 1.000-2.000 70 7.23 10.33 15.3 Pupressor, high-pressure BFW 

5. 450 pslg, sat. t 6 4  In. Hg 500- 1,000 60 7.23 12.05 11.9 --- 
6. 450 pslg, sat. to I in. Hg 200 55 7.23 13.15 10.2 

7. 450 prig,  sat. to 75 psig 1,000- 2,000 65 19.57 30.11 7.2 

8. 450 pslg, sat. to 75 psig 500- 1,000 55 19.57 35.58 5.7 

9. 45Dpsig. sat. t o 7 5 p s l g  200 50 19.57 39.14 5 --- h> . - 
m 10. 75 psig, sat. t.o 4 in. Hg 0-1,000 60 10.10 36.83 8.0 Power rec. No. 3 

11. 8 5 0 p ~ i g . 8 0 0 ~ F t o 1 5 0 p s l g .  500- 1.000 65 14.37 22.11 - Power rec. No. 2 
540°F 

12. 850 pslg. 800°F to 75 psfg 1,000-2 ,4000 65 11.06 l?. 02 - 
13. 8 5 0 p s i g . 8 0 0 ° F t o 2 7 p r l g  - 65 8.8 13.54 - 
14. 450 pslg, sat. Oo 150 pslg 500- 1.000 50 30.65 61.3 ' 3.6 --- 
15. 450 pslg, sat. l o  27 pslg 200-500 55 14.0 25.45 6 .8  --- 
16. 450 psig, sat. l o  27 pslg 200 50 14.0 28.0 6.0 Boiler F.O. fan 

17. 150 pslg, sat. t,o 15 pslg 0- 300 5 0 51.92 103.8 1 .5  --- 

' ~ond i t i , ons  a t  turbine exbaust .  For c o d e n s i n #  turbioea (havina 4-ia.'Hg exhaurt pressure), the  turblne exhauet aoer t o  a condenrer f o r  complete 
,,condensation of exhauot steam. 

Persons' numbers are  oeed for  steam balancen o f  Bigurea 1-7,  A t t a c b u o t  8 ,  inrtead o f  t t o e  v a l s e a .  



Table 4 

Summary o f  Steam/Fuel System operat iona 

Case no. D e s c r i p t i o n  

MM Btu /h r  o f  
LPG expor t  o r  Steam system power recovery [bh& T o t a l  bhp 

f u e l  o i l  impor t  Turb ine 1 Turbine 2 Turb ine 3 recovered 

Normal y ie lds/normal  steam 
A11 u n l t s  up, EBH @ h i g h  conv. 

Normal y ie lds/normal  steam 
A l l  u n i t s  up, EBH @ low conv. 

Normal y ie lds/normal  steam 
Coker /ca lc lner  down, EBH @ h i g h  
conv. 

Normal y i  e l  ds/normal steam 
Coker/calc iner down, EBH @ 
low conv. 

Normal y ie lds/normal  steam 
EBH . down 

Normal y ie lds/normal  steam 
EBH and coker /ca lc iner  down 

Normal yields/max imum steam 
A1 1 u n i t s  up, EBH @ low conv. 

a 
Normal yields mean normal plant gas yields. Normal steam means normal plant steam/fuel requirements. Haximuh steam 

b 
means maximum plant steam/fuel requirements. 
All three gasifiers operating at normal rates ia assumed. However, it is possible to balance plant fuel requirements 
by operating the gas systems at an estimated reduced operating rate of 85-90%. 



Table 5 

Possible Appl icat ions f o r  Power Recovery Turbines 1, 2, and 3 

-- - 

Equipment no. Descr ipt ion Capacity per u n i t  

P-16603 A-C Main cool i n g  water (C. T. #1) 3,500 hp, 700 rpm, 221 tdh, 
supply pumps discharging a t  50,000-gpm f 1 ow 
97.7 psig,  10a°F. Two 
operating, one spare 

P-16612 A-C ASU cool ing water ( C .  T. #2) 700 hp, 1,200 rpm, 221 tdh, 
supply pumps, discharging a t  9,250-gpm .f 1 ow 
97.7 psig,  10a°F. Two 
operating, one spare 

C-16701 A-C A i r  compressors, discharging 900 hp, 1,800 rpm, 4,000 i c fm 
a t  110 psig. Two operating a t  90°F. 
under normal demand 



ATTACHMENT A 

Basel ine I1 

Area Steam/Fuel Requirements 
Normal and Maxi mum 

Legend: A 1 1  numbers except f o r  f u e l  a re  i n  I b / h r  

k/o = Knockout 

B/D = Blowdown 

HP = High-pressure BFW 

LP = Low-pressure BFW 

CONS = Consumed w i t h i n ! t h e  process area; t h i s  p o r t i o n  i s  n o t  
recovered as condensate. 

COND = condensed w i t h i n  the  process area; t h i s  p o r t i o n  i s  recovered 
and re turned t o  Rust Area as condensate 

A broken l i n e  means t h a t  t h i s  stream i s  d i v e r t e d  t o  k/o pot .  

Summary Table a t  t h e  Top o f  Each Page 

Numbers i n  parenthesis  mean f l o w  o u t  o f  t h e  u n i t  

Numbers w i thou t  parenthesis  mean f l o w  i n t o  the  u n i t  
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450*.SAT o(89c723) CONOENSED-(21.126) I 1SOs.SAT 3.768 TOTAL 0 

BLOlr(00HN - ( .2 ,620)  

CONWMD -(15.866) 

GAS-423.8 

4.2. 



BASIS NORMAL 9008.8S0°F- 5.256 BLOWOWN - (4481 - GAS = 31.61 
BASELINE 11 ggg=.SAT - .. CONSUMED -(65;021) 

DATE 12/3/82 LPG = 0.32 
4fOs.SAT - - CONOENSED-( 60571)146° 

B Y  - TDV 
150~oSAT -(19.4S91 TOTAL 0 

FUEL REQ'O 
tm e w m ~  , u v  

REV 

AREA 13 EBH - HI6H CONV, 

STEAM REQUIREMENTS SUMMARY 
HP B F W  - - 
LP f fW - 82.943 

7SsaSAT 3.300 

278.SAT - 0 



REV. 

AREA 13 EBH - Lon CONV. 
BASIS NORMAL - 

BASELINE 11 

STEAM REQU I REMNTS SUMMARY 

HP BFW 9 - I -,SAT 3.250 

LP B F W  - 75.727 278,SAT ' - - 
900s.8S0°F- 5.256 BLOwDOWN -. . (430) 

9008 a SAT 9 
0 CONSUED -(59.5213" 

4SOsaSAT - 0 I W N S E D - (  6.571) 146' 

1SOsaSAT -(17,711) TOTAL 0 

FUEL REQ'D 
(lr114 B T U m )  aLW 

GAS = 42.10 



REV. 

AREA 13-C/C - 
BASIS NORMAL 

BASELINE I 1  
OATE 12/3/82 

BY - TDV 

* 
m 

150s I I 

FUEL REQ'D 
(M B T U M )  .LHV 

GAS = 75.21 

STEAM REW I REMENTS SUMMARY 

900=.SAT - - 
4fOsmSAT 1.200 

rso=.s~r - 302 

LP 

HP f f W  - 108.202 

LP 8 F W  - 23.146 

900+.8S0°F-(106.080) 

200 lSA90 1 
4 v 

COH) CONS 

7SsaSAT - (  1.270) 

27a.SAT - o 

BLOWOOWN - t  2.6531 

CONSUMED - ( 8.1861 

C0NO€NS€D-(l4~661)32@F 

TOTAL o 

958 I 9 

cons 
27a -- I 

3.280 lS.490 
-00- 

c w  

LPG = 0.75 



REV. 

AREA 14-ASU - 
ONLY 

BASIS NORMAL - 
BAsELlhE I I  

DATE 12/3/82 

STEAM REQUIREMENTS SUMMARY 
HP BFH - - 1W.SAT - - 
LP BFW - o 

900s c 8SOOF - o 

900rrSAT - - 
4SO+rSAT - - 
!-*SAT - 0 

27*.SAT - 0 

BLOWDOW - 0 

cuusuMm - 0 

CoIsIENsED - 0 

TOTAL 0 

FUEL REQ'O 
tnn BTUmRI *LHV 

GAS = - 
L P G  - - 





REV. 

AREA 16 EXCEPT - 
STH. wstEn 

BASIS NORMAL - 
BASELINE I 1  

DATE 12/3/82 

BY - TW 

STEAM REQUIREMENTS SUMMARY 
W B F W  -20.254 II5.nSAT (157) 

278rSAt  - - 
8LWDOW - (4321 

coNsmED -CS,000) 

coNom&D - cs801 

TOTAL 0 



REV. - 
AREA 17 

W 1 S  NOR)3AL - 
BASELINE I 1  

LP B F W  - I I27*.SAt - - 
GAS - 

1 LPG = - 



- 

900s 1 - -- 
WIT 'O 

I 
1 a200 

4508 1 I 

FUEL REQ'O 
BTumR) ,LHV 

GAS I 2s. 1 

LPG = 0.25 

REV. 

ClREA NHT - - ORsXs mRML 
BASELINE I I 

0 

BY - TDV 

STEAM REWIREHENTS SUMMARY 
HP 0 F W  - a 

LP BFW - 2.200 
g g g . . g ~ ) o ~ -  - 
900s.SAT - 1.200 

0 4SOarSAT - 
1SO.lrSAT - - 

~ S ~ . S A T -  - - 
278,SAT - - 
BLOmOHN - - 
CWUED -(3.4001 

COlrCIENSED- a 

TOTAL 0 



REV. 

AREA 11 - 
BASIS WIM 

BASELIN. I1  
DATE 12/3/82 

BY - TDV 

FUEL REQ'D 
(m BTUIHRI A H V  

GAS I 68.3 

LPG - 0.5 

STEAM REQUIREMENTS SUMMARY 
W B F W  - - 
LP B F W  - - 
900s r 8SOOF - - 
900*rmT - - 

I 450~cSAT - 
lSO*,SAT - - 

7SrnSAT - 9af00 
278, SAT - 
BLOHDOWN - - 
IXNSUW -(7.500) 

CONIENSED -[20000) 

TOTAL 0 
- 



m7. 10 --- POT 

FUEL REQ'D 
(MM BtU/HR) eLHV 

REV. t 1/10/82 - 
AREA 12 - 
DATE 12/15/82 

BY - mv 

STEAM REQUIREMENTS SUMMARY 

BFW - 158,036 758.SAT -(60,83S) 

LP B F W  - 80,273 1 278.SAT - - 
==*SAT - - 
4501eSAT -(122,230) 

150.I.SAT - 7,536 

COIJSUMED -(220969) 

COM)ENSED - (23~778)  

TOTAL 0 

LPG = 5.2 



1 , - , 1- , 
= amcnm CFIK~ZU+&T~ Stn. COIL 

REV 

AREA 13 EBH - 
BASIS MAXIMUM - 

BASELINE I 1  
DRTE 12/3/82 

&l TDV 

WTE 21 IN IYlOITION. 7.470 LWW OF 7S PSI 
mrwl 1s CUWJPEU :OR PEAK 
-1- K W I I I L C M T S .  

1 1  In m o t t t m .  ON 91ut-00m M OCWKING OIL YATERS 
30.495 W OF 1SO PSI  STEAM FOR THO M Y S  . m mts HWPEMS. t~ or- LSO PSI STEAM =RATION IS m. 

42 

FUEL REQ '0 
tm BTUMI ,LHV 

GAS = 72.35 

LPG- 0.72 

- -,-.__ 

STEAM REQUIREHENTS SUMMARY 
CIP BFW - - 
LP BFw 91.237 

900m.8S0°F- 5,256 

900*,YII - - 
4501)rSAT - - 
1SOmaSAT -(19,4531 

758,SAT - 3.300 

278,SAT - - 
BLOwOOHN - (448) 

c o N s w E D  -(73.3151 

CWENSED-( 6r571) 146'F -- 
TO7'AL 0 



BASIS nAx1 nun - 
BASELINE I I 9008 m8500F - ( 122 ,000) BLOWOOWN - ( 2,9441 GAS I 75.65 

0 12/3/82 9008rSAT - - CONSUMED -(46.2261 
L R ,  - 0.76 

450s~SAT 1rS2O CDOENSED-~18.06S1320°F % 

m FOR 2 la m. MlWC OECaClFE m y .  

FUEL REQ'D 
rm BTUMI ,W 

REV. - 
AREA 13-CrC - 

m IN  ITI ION. ~).m L B ~  OF n csr 
STEAM IS CONSUED FOR StWFIFE 
Dull* PEAK ~ M m .  

STEAM REQUIREMENTS SUMMARY 
HP BFW - 124,440 7Ss.SAT - [  1,1871 

Lp BFW - 24.400 I 278,SAT - 0 



REV. - 
RREA 14-ASU - 

ONLY 
BASIS WCIMLIM - 

BASELINE I f  
DATE 1-82 

0 Y  - TW 

FUEL REQ'D 
tMM BTU/HRI,I,HV 

CAS= - 
~ p c =  - ,  

- 

STEAM REOUIROIENTS SUMMARY 

TOTAL 0 

H P 8 M  - - 
LPBFW - - 
900*r&SOV - 18.695 - . 
4SOIIrSAT - 9 

- 

9001 I 

758.SAT - - 
27s SAT 9 

8LOWOOWN - 
CONSWED -C18~64Sl 

CUmENSED - 9 



j 7  rn-k i ,-, . ,  . 0 ,  -. 
G.7. .SF'* 

,,&? ::;? . TDV 4508 .SAT - 51 ,780 1- - ( 4 P  ,8701 ~+.?-~',.~j:&j&i .,, . . :,- . , F7 iT$, y;,': 
<..*:-. j +;@.;! -;t- ~ 3 ; ;  

7t .-?;;. 
, Jt, : . 1SOrr.SAT - 40.321 TOTAL 0 ,I, , ' '. . .= ' ;G 2 C! 

tm etumw ,L 

6 66' 6-6 

K t V .  
U: . . - 

AREA 1 S L W  - 
S T ~ A M  OEMNO T;l,::v;! P 

DRTE l/l3/s3 - 9 R ' Y ?  

d 

' '- STEAM REWI.REMMTS SUMMARY 
HP f f W  - 271,206 

LpgFM - 267,567 

900*.8500C- n'1.195 

-8.MT - - 

-.SAT 5.023 

O 7 8 r S T  -(108#665) 

BLObiDoWN - 4  24.6231 
-(rn*934, 



REV. 

AREA 16 EXCEPT - 
STMm SYSTEM 

BRS I S MAX I HUM - 
BASELINE I 1  

DATE 12/3/82 

BY - TDV 

STEAM REQUIREMENTS SUMMARY 
HP B F W  - 30.733 7SmeSAT - 23.761 I 

TOTAL 0 

FUEL REQ'D 
01M BTU/HR) cLHV 

GAS - 44.3 

iPG - 3.4 



21- UNIT IN MSTE tlMmEwr =TION USES '& LO/CII Q m. O~O*F cm. rmrm w -1 
WRtW START~PJ  4 W TMIQ A 

FUEL REQ'D 
tW BTU/W) ,LHV 

a s -  - 
LPG= - 

REV 

AREA - 17 - WAXIMM 
BASELINE I 1  

JATE 12/3/82 

TDV 

STEAM REQUIREMEWS M A R Y  
HP BFW - o 

l P  f f w  - - 
~ * , ~ o O F o  - 

- - 
450*.SAT - - 
1SOr.SAT - m 

-,SAT - 1001000 

27s.SAT - - 
0 BL- - 

mNswED- 0 

C O H ) ~ - ~ 1 0 0 . 0 0 0 1  

TOTAL 0 



REV - 
AREA - NHT 

BASIS W I M M  - 
BASUINE I 1  

I STEAM REQUIREMENTS SUMMARY 
HP B F W  I) - 1'5s,SAT - - FUEL REQ'O 

t UM BTU/HRl eLHV 

GAS = 30.1 

LPG = 0.25 



ATTACHMENT B 

~aseline I1 

Steam Balances 

Note: The fol lowing diagrams (Case 1-7) r e f l e c t  the over-a1 1 

steam balances; blocks such as "FLASH", "K.O. POT" e tc .  
r e f e r  to the Process operations rather than spec i f i c  
pieces of equipment. 

















ATTACHMENT C 

Baseline I1 

Plant Fuel Balance Diagrams 



Case No. 1 NORMAL YIELD'S - NORML SIEAM - ALL- UNITS UP-E13H @ HIGH COtiVERSION 

S R C - I  PLANT FUEL BALANCE 

1 

r PLANT 
l 

Plant generated fuel  gas 
product export 

E) 
Pliant LPG requirements 

Units: - A l l  fuel values are i n  MMBtdSlr., Lt1Y 

POINTNO. . 

LHV 
Wt?tu/hr. 

1 

806.24 

J -~ --. 

2 

785.48 

3 

100.76 

4 

0 

5 

785.48 

6 

643.90 

7 

141,58 - 

8 

22.6 

9 

2.5 

10 

75.66 

11 

0 



C a w  No. LNORMAL YIELDS - NORMAL STEAM - ALL UNITS UP-EBH @ LOW CONVERSION 

SRC-I  PLANT FUEL BALANCE 

Units: A l l  fuel values are i n  MMBtu/hr., LHV 

, ~ e s l d u a l  fue I t o  b o l l e f  S T E P  
+ 

ROI ER 

Total  p lant  
A 

import 
generated fue l  g 

L 

Plant generated 
fuel -gas a f t e r  
LPG extract ion 

Plant fue l  gas requirements , 

i i Excess hydrogen fue l  

11 

0 
A 

0 
L P 6 6  

product export 

Y 

+. 
I 

@ 

- SRC-I - 
PLANT 

I- 

9 10 I 
2.5 79.85 

Plant LPG requirements 

8 

,22.7 

Plant generated fue l  gas 
* 

7 

181.49 

6' '.. 

.654.40 

b 

LPG 

5 

83539  

- 
Recovered 

.4 

0 

- 

3 

105.05 

2 

835.89 

. 
POINT NO. 

-m1v 
WRtu/hr. 

1 

940.94. 



Case NO. 3 NORM1 YIELDS - NORMAL STEAM - C I C  W M  - EBH @ HIGH CONVERSION 

S R C - I  PLANT FUEL OALANCE 

Units:  - A l l  fue l  values are i n  MMBtu/hr., LHV 

-c P lan t  f u e l  gas r equ l r emn ts  * 

)I Excess hydrogen Fuel 
. c- 

2 O 
I - 

Residual  fluel t o  bol I€+ 

A i 
T o t a l  p l a n t  
generated f u e l  ga 

@ 
L 

Plan t  generated 
f u e l  gas a f t e r  
LPG e x t r a c t i o n  

1 

11 

121.39 

b import  

 oiler LPG 
requirements 

0 
L P a . 6  

H 

u - 

4 I product expor t  

P l an t  LPG requirements -. 

8 

21 .& 

SRC -I 
PLANT 

6 

568.70 

I 

9 

2.5 

7 

152.32 

4 

0 

POINT NO. 

- 
HV 

qMt!tu/hr. 

P lan t  generated f u e l  gas r 

10 

0 

5 

721.02 

2 

721 .02 

1 

745.32 

3 
1 

24.3 

LPG 

'~ecove red  



. . 
Units: ' . A l l  fuel values a r e  i n  'MB~L/~~. : , : 'LHV 

. . 

SRC-I  PLANT FUEL BALANCE 

@ . 
< PUant fuel  gas requirements A 

0 
- 0 . 

i', Ercess hydrogen fue l  
C 

i 

@ 

r Resldual tue l  t o  bol I& STEP 
+ R01 ER 

4 A 
Total  p lant  ; import 
generated fue l  g 

r 

Plant generated 
fue l  gas a f t e r  
LPG extraction 

I I 
c SAC -I - @  LPG 

A PLANT Plant generated fue l  gas A ' ~ e ~ o ~ e r e d  
* 

6 

. 
@ - - 

0 
L P c z ~  

product export 

1 

Plant LPG requirements 



. . ,.. - .. . . 
Case NO. 5 NORMAL Y YELBS - NGRWt STEAM - EBH DON I 

r ' 8 ,  
i 

. S R C - I  PLANT FUEL BALANCE 

Units: A l l  ,fuel v a l e s  are I n  ~ d t u / h r . ,  LtIV - 

. . . ... . *.- 

! 

POINT NO. 1 

'O(etu/Ilr. 668.22 

-A . 

I 

2 

616.60 

P lan t  f u e l  gas requirements 

. . . . . . . 

0 
4 4  Excess hydrogen f u e l  

L C 

i 

. ,  , . @ 
: .  . 

,, Kesldual fuel  t o  bol  I* s l l ~ ~ ,  
r i  

To ta l  p l a n t  import 
generated f u e l  g 

- 
PLANT 

3 

51.62 

L 

Plan t  generated 
fue l  gas a f t e r  
.LPG ex t rac t i on  

- @ 
I 

. . 

- LPG 
0 SRC-I 

product expor t  

4 

291.52 

~ - 

0 0 

't 
P lan t  LPG requirements 

Plant  generated f u e l  gas Recovered L P ~  

5 

810.12 
- 

6 

612.30 

7 

205.82 
. 

8 

22.3 

9 

2.5 

1 0  

26.82 

11 

0 



Case No. 6 NORMAL Y IELOS - NORMAL STEAM - EBH AND C/C DOWN 

Units:  - All f u e l  values are i n  WBtu/hr., LHV 

SRC- I  PLANT FUEL OALANCE 

Plant  f u e l  gas requirements 1 

@ 
. 

4 Excess hydrogen f u e l  
r 

I 

@ 
. ,  

I 

esldual  f u e l  t o  bo l  l 

To ta l  p l a n t  ; i m p o r t 6  
generated f u e l  g 

L 

Plan t  generated 
f ue l  gar a f t e r  
LPG ex t rac t i on  

1 

11 

125.38 

10 

0 

LPB-- product expor t  " 

Y 

- - 

9. 

2.5 

I 4 -  

P lan t  LPG requirements 

SRC -I  LPG 
PLANT P lan t  generated f u e l  gas 

---------- 
'Recovered 

8 

21.5 
- - 

7 

167.74 

6 

537.10 

5 .  

704.84 

4 

201.52 

2 3 

503.32 1 24.0 . 

t 

POINT NO. 

-7. 
W P t u I l ~ r .  

1 

527.32 



. . 

Case No.' 7 -.-- NORMAL. Y IELOS - M X I M U M I  STEAM - ALL UNITS UP-EBH @ LOW CONVERSION 

SRC-11 PLANT FUEL BALANCE 

Uni ts :  A l l  fuel values are i n  MMBtu/hr:, LIN 

6 8 4 5 I POINT NO. 10 7 9 11 

0 

1 

216.55 815.8 
'-mu 
Wf?tu/llr.  

2 

0 1940.94 
! 

3 

911.2,4 
1 

2 .5  95.44 1 911 -24 27.2 29.7 



ATTACHMENT D 

Base1 ine I1 

Stem/Fuel Requirement Summaries 



Case 1: 1111 Uni ts  Operating - Expadad-Bed Hydrocracker a t  Hlgh Conversion 

- - - - - -  - - 

condensatea 
U t i ? l t y  Fuol gat LPG fuel  H.P. 1.0. returned In te rna l  
nam f i r e d  f l r e d  BfY OW S t e u  l r p o r t  ( e w r t ]  (required) Blavdownb cons*. 

In: p r i g  (.In) 60 KO 1,100 220 850 900 425 130 60 25 - - - 
ps fg  (Din) 80 M 

Bat tery  OF (man) 105 1 M 220 220 800 Sat Sat Sat S&t Sat - - - 
Iidt 
condition6 Out: p s l g  (man) - 1,120 210 900 950 450 IS0 75 30 - 

pa10 (=in) 90 - 
OF (ran) - 220 220 860. Sat Sat Sat Sat Sat 320 - - 

Area 
no. Area n a  Wt Btuihr  M O t d A  

11 Am u t e r l a l .  etc. . 
12 SRC-I process 

13 Delayed cokar/calciner 

13 Evanded-bed hydrocracker 

14 Cryogenic system - ASU 

15 Gar systemsc 

16 B o i l e r  

16 U t i l i t i e s  

17 Off s i t e s  

TED Naphtha hydrotreater 

ro ta  l 

~ A I I  Area Coatractora except fo r  Are i  15. Area 35 mi0 p a l s  = 60. 
BIwdowa routed. to  cooling water disch.rge inaide eacb Ar,ra Caatractorer  bat tery  l i m i t s .  

Clocludea Area 16 YPU. 



Case 2: A l l  Uni ts  Operating - Expanded-Bed Hydrocracker a t  Low Conversion 

. / .  . . 

Fuel gas LPG fue l  H.P. L.P. 
f l r e d  f i r e d  BFW \ 8FU Steam Import (export) 

condensatea 
returned In te rna l  

(requl red) 810wdownb consump. 

In: ps lg  (mln) 60 60 1,100 220 850 900 . 425 130 60 25 - - 
p s l g  (man) 80 80 

, Battery, OF (man) 105 SO0 220 220 800 Sat Sat Sat Sat Sat - - 
l i i l t  . ' 

condit ions Out: ps lg  (man) - 1.120 240 900 950 450 150 75 30 
ps lg  (min) 90 

"F (man') - 220 220 860 Sat Sat Sat Sat Sat 320 

Area . . 
no. Ares name W Btu/hr W Btu/hr I4 lb /hr  

1l.tRaw material, etc. 

12.. SRC- I  process 
Q, 

. 13 ,Delayed coker,'calclner 

13 .Eppanded-bed bydrocracker 

14 Cryogenlc syslea - ASU 

IS  as systemsC 

16 Bo i le r  

16 U t l l i t l e s  - ' 

17. Of f  s t tes  - - - - - 35.000 35.000 

: I80 Naphtha hydrotreater 25.1 0 .3  - 2.200 - ' 1.200 - - - - 3.400 

Total . . 835.89 25.2 677.616 428.861 (57.766) 1.200 (25.310) 25.978 (25.229) (108.738) 491.894 33.526 391.192 

i~ll Area Contracters except for'Arem IS .  Area 15 min ps i8  = 60. 
Blowdoun routed t e  cool'in8 waterdischarge ins ide each Area Contractor'a ba t te ry  l i m i t s .  

C~ncludes Area 14 IPU. 



Case 3: Oslayed Coker /C~ lc lne r  O w n  - Expanded-Bed Hydrocracker a t  Hlgh Conversion 

- - - - - - - - 

condenretea 
U t i l i t y  Fuel gas LPG f u e l  H.P. 11. P. re turned I n t e r n a l  

name f i r e d  f i r e d  BFU 18FU Steam import  (export)  ( required) 810vdamb cons-. 

In: p r i g  (a in)  60 60  1,100 220 850 900 425 L30 60 25 - - 
p s i g  (.ax) 80 8 0  

Ba t te ry  OF (aax) 105 102 220 220 800 Sat Sat Sat  Sat Sat - - 
I imi  t 
conditions Out: p s i 0  (aax) - - 1.120 240 900 950 450 L 5 D  75 30 - 

b 6 l g  ( a h )  - 90 - 
"F (aax) - - 220 220 860 Sat Sat Sat Sat Sat 320 - - 

- -- - 

Area 
no. Area name M E t u h r  lll 8 t r d h r  

11 Raw . a t e r i a l ,  etc.  51.4 0.5 - - - - 2.000 - 2.000 - - 
12 SRC-I process 423.6 4.2 122.305 64.878 (LQ.720) - (89.723) 3.768 (48.896) - 21.126 2.620 15.066 

QI 
03 13 Oelayed coker/calc iner - - - - - - - - - - - - - 

13 Expanded-bed hydrocracker 31.6 

, 14 Cryogenic system - ASU - 
15 Gas systemsc 6.'6 

16 B o i l e r  152. 32d 

16 U t i l l t l e s  30.2 

17 O f f  s f t e s  - 
180 Naphtha hydrot reater  25.1 

r o t a 1  ~ 2 1 . 0 2 ~  

2 1 1  Area Contractors except f o r  Area 15. Area 15 min p s i g  = 60. 
.Bloudouo routed t o  cooling water diacbarge ina ide  each Ares Contractor's b a t t e r y  l i m i t s .  

>includes Area 14 UPU. 
I n  addi t ion,  121.39 M Btu/hr; U(V f u e l  o i l  i s  f i r e d .  



Case 4: Oelayed Coker/Calclner O o m  - Expanded-Bed Hydrocracker a t  Low Conversion 

condensatea 
U t i l  l t y  , f u e l g a s  LPGfuel H.P. I.. P. returned In te rna l  

name f l r e d  f i r e d  BFU BFU Steam import (export) (required) Blowdomb cons-. 

In: ps lg  (.in). 60 60 1,100 220 850 900 425 130 60 25 - - - 
p s l ~  (mar) 80 80 

Bat tery  OF (mar) 105 100 220 220 800 Sat Sat Sat Sat Sat - - - 
l i m i t  
condl t lons Out: ps ig  (mar) - - .  1,120 2 i 0  900 950 450 150 75 30 - 

ps ig  (=In) - 90 - 
OF (max) - - 220 220 860 Sat Sat Sat Sat Sat 320 - - 

Area 
no. Area name W 0tu/hr 191 Btu/hr M lb/hr 

11 ' Raw material ,  etc. 

12 S R C - I  process E 

13 Oelayed coker/calclner 
m 

13 Expanded-bed hydrocracker 

14 Cryogenic system - ASU 

115 Gas, systemsC 

16 B o l l e r  

l6 Utilities 

17 Off  s l t e s  

TBD Naphtha hyd;otreater 

Total 

('~11 Area Contractor. except for Ares IS. Area IS min prig = 60. 
'glowdown routed te cooling water diacbarge inside each Area Co~tractor'r battery limit.. 
~locludes Area 14 BPU. 
In addition, 79.66 Mn Btu/br; LHV fuel oil is fired. 



Case 5: Expended-Bed Hydrocracker Down 

-- -- - -- 

condensatea 
U t l I 1 t y  Fuel gas LPG fue l  H.P. 1. P. returned In ternal  
narv f i r e d  f l r e d  BFY BFY Stem import (export) (required) Blowdowb consump. 

In: ps lg  (mln) 60 60 1,100 220, 850 900 425 130 60 25 - - 
p s i g  (max) 80 80 

Bat tery  OF (max) 105 100 220 220 800 Sat Sat Sat Sat Sat - - - 
11.1 t 
condl Lions Out: p r i g  (.ax) - - 1.120 240 900 950 450 150 75 30 - 

ps lg  (mln) - 90 - 
OF (.an) - - 220 220 860 Sat Sat Sat Sat Sat 320 - - 

Area 
no. Area name 

11 Raw aa te r ia l ,  etc. 51.4 

12 SRC-I process 423.8 

4 13 Delayed coker/cslclner 75.2 
0 

13 Expanded-bed hydrocrackw - 
14 Cryogenic system - AUI - 
15 Gas systemsC - 6.6 

16 Bol lo r  P5.82 

16 Utilities 30.2 

17 Of f  s i tes  - 
TBO Naphtha hydrotreater 25,l 

Total 818.12 

:AIL Area Contractor8 except for Area IS. Area 15 ria psis = 16. 
Blwdoun routed to coolin# vater dimcharge inside each Area Contractor's battery limits. 

c~ocludem Area I4 UPU. 



Case 6: Expanded Bed Hydrocracker and Delayed Coker/Calclner Oown 

condensatea 
U t l l l t y  rue1 gas LPG f w i  . H.P. L.P. returned Internal  
nine f i r e d  f i r e d  BFV 8 f  Y Steam l rpor t  (export) (required) Blowdownb consump. 

In: pslg (.in) 60 60 1,100 220 850 900 425 130 60 25 - - 
pslg ( n x )  80 80 

Drt tery OF (MX) 105 100 220 220 800 Sat Sat Sat Sat Sat - - 
limit 
conditions Out: pslg (mar) - - 1,120 240 900 950 450 150 75 30 

pslg (mln) - 90 - 
OF (MX) - - 220 220 860 Sat Sat Sat Sat Sat 320 - - 

Area 
no. Area na# W 8tu/hr W 8tua'hr H Ib/hr 

11 Raw material, etc. 51.4 0 .5  - - - - - 2.000 - - 2.000 - 
12 SRC-1 process 423.8 4 .2  122.305 64.878 (12.720) - (89.723) 3.768 (48.896) - 21.126 2.620 15.866 

13 Oelayed coker/calclner * 
r 13 Expanded-bed hydrocracker - 

1 4 .  Cryogenlc system - ASU - - - - - - - - - - - - 
15  as systemsc 6 .6  13.1 284.642 262.910 208.513 - 63.213 , 39.039 (14.052) (108.738) 411.956 24.352 299.219 

16 8 o l l e r  167.14~ 2.5 228.492 - (221.836) - - - (1.773) - - 4.883 - 
' 16 U t l l l t i e s  30.2 3.4 20.254 - (14.665) - - 0.580 (0.157) - 0.580 0.432 5.000 

17 Off r i t e s  - - - - - - - - 35.000 - 35.000 - - 
100 Naphtha hydrotreater . 25.1  0 .3  - 3 2.200 - 1.200 - - - - ,  - - 3.400 

Total 7 0 4 . 8 4 ~  24:O 642.543 . 329.988' (27;941) 1.200 (26.510) 43.387 (27.777) (108.738) 470.662 32.005 323.485 

t ~ l l  Area Contractor8 except for Area IS. Area IS min pain = 60. 
Blowdown routed to c o o l l n ~  water discbarge'incide each Area Contractoror battery l i m i t r .  

;~ncludea Area 14 HPU. 
I n  addition, 125.38 HH Btu/br; LMT fuel  odb i'a f i red.  



Case 7: A l l  Units Operating - H a x l u r  S t e m  Production 6 Requirements 

- - - - -  - - - - - 

condensatea 
u t t l l t y  Fueiigas ~ f f i  fuel H.P. L . I .  returned Internal  
r)..6 t i r e d  f f red  BF W Bf U Steam $.port (export) (requl red) Blowdown consump. 

In: p r i g  (mln) 60 60 1.100 220 850 900 425 130 60 25 - - - 
p s i ~ ( . a x )  80 80 

Battery "F (man) 105 100 220 220 800 Sat Sat Sat Sat Sat - - - 
' l i m i t  
condttlonr Out: p r i g  (.ax) - _ .  - 1,120 240 900 950 450 150 75 30 - 

p r i g  (.in) - 90 - 
"F (.ax) - - 220 220 860 Sat Sat Sat Sat Sat 320 

Area 
no. Area n r e  W4 Btu/hr WB B t d h r  II lb/hr 

11 llw material, etc.  68.3 0.5 - - - - - 9.500 - 2.000 - 7.500 

12 SRC-1 process 518.4 5.2 158.036 80.273 (12.720) - (122.230) 7.536 (60.835) - 23.778 3.313 22.969 

13 Delayed cobr /calc iaer  75.7 0 .8  124.440 24.400 (122.000) - 1.520 40.062 (1.187) - 18.065 2.944 46.226 

13 Expanded-bed hydrocracke? 72.4 0 .7  - 91.231 5.256 - (19.459) 3.300 - 6.571 0.448 73.315 

14 Cryogenic system - ASU - - - - 18.645 - - - - 18.645 

15 Gas systemsc 6.6 16.3 271.206 267.561 237.195 - 51.780 40.321 5.023 (108.665) 432.870 24.623 306.934 

16 Boi ler  95. 44d 2.5 243.081 - (236.000) - - - (1.887) - - 5.194 - 
16 U t i l i t i e s  44.3 3.4 30.733 - (24.837) - - 0.580 23.761 - 24.580 0.657 5.000 

17 Off  sites .- - - - - - - - 100.000 - 100.000 - - 
TBD Naphtha hydrotreater 30.1 0 .3  - 2.648 - 1.440 - - - - - 4.080 

Total 911.24~ 2 9 . 7 .  827.496 466.117 (134.461) 1.440 (68.938) 69.040 77.675 (108.665) 607.864 37.179 484.669 

:~ll Area Cont r~c tora  except fo r  Area l5. Area 15 rio p s i 8  = 60. 
Blowdown routed t o  cooling water discfserpe inaide each Area Contractor'a ba t te ry  lirite. 

:lncludee Area 14 HPU. 
l o  addit ion, 216.55 tH Btultir; LtlV fuel o i l  i e  f i red .  



Baseline I1 

Plant Fuel Gas Composition Summaries 



Fuel Gas Composition 

Case 1: A1 1 Units Operating, Normal Fuel Yield 

(Expanded-Bed Hydrocracker a t  High Conversion) 

Maximum 
LPG 

Gross fuel  recovery LPG fuela Net fuel b 

(vol X )  (vol X )  (vol %) (vol %) 

MM sc fd  20.34 0 .94  0 .23  19.40 
MM Btu/hr 886.24 100.76 25.10 785.48 
LHV, Btu/scf 1,045.5 2 ,567.9  2 ,567.9  971.6 

a LPG (25.10 HH Btu/hr) f u e l  i s  required for  gas systems (Area 15) constant 
heating value burners and plant pi1o.t system. 

b L P ~  (75 .66 ,  HIi Btulhr) i s  recovered = * . a  demonstration plant product; the net  
fuel  should be used as the base fue l  for t h i s  operating mode. 



Fuel Gas Composition 

Case 2: A l l  Units Operating, Normal Fuel Yield 

(Expanded-Bed Hydrocracker a t  Low Conversion) 

Maxi mum 
LPG 

Gross fuel  recovery LPG fuel  a ~ e t  fuelb 
(vol %) (vol X )  (vol %) (vol %) 

MM scfd 21.04 0.98 0.24 20.06 

MM Btu/Rr 940.94 105.05 25.20 835.89 

CHV, Stu/scf 1,073.3 2,563.9 2,563.9 1,000.2 

a LPG (25.20 HH Btu/hr) fuel is required for 6as Systems (Area 15) constant 
Beating value burners and plane pilot system. 

'LPG (79.85 W1 Btu/hr) it recovered as a demonstration plant product; the net 
fuel should be used as the base fuel for this operating mode. 



Fuel Gas Composition 

Case 3: Delayed Coker/Calciner Down, Normal Fuel Yield 

(Expanded-Bed Hydrocracker at High Conversion) 

Maxi mum 
LPG 

Gl'oss fuel recovery LPG fuela ~ c t  fuel 
(vol %) (vol %) (vol %) (vol %) 

MM scfd ' 17.36 0.94 0.23 17.14 

MM Btu/hr 745.32 100.76 24.30 721.02 

LHV, Btu/scf 1,038.3 2,567.9 2,567.9 1,009.9 

a LPG (24.30 MH Btu/hr) i s  recovered for  use i n  gas systems (Area 15) constant 
heating value burners and plant p i l o t  system. . 

b ~ h e  remainihg LPG (76; 46 MH Btu/hr) is not recovered and remains i n  the net  
plant f u e l ;  the net  fue l  should be used as the base fue l  for t h i s  operating 
mode. 



Fuel Gas Composition 

Case 4: Delayed Coker/Calciner Down, Normal Fuel Yield 
(Expanded-Bed Hydrocracker at  Low hy on version) 

Maxi mum 
LPG 

Gross fuel recovery LPG fuel a Net fuel 
(vol %) (vol %) (vol %) (vol %) 

MM scfd 18.06 0.98 0.23 17.83 

m atu/hr 800.04 105.05 24.40 775.64 

LHV, Btu/scf 1,063.2 2,563.9 2,563.9 1,043.9 

a LPG (24 .40  MI4 Btu/hr) is recovered for  use i n  gas systems (Area 15) constant 
heating value burners and plant p i l o t  system. 

'The remaining LPG. (80.65 P m  Btu/hr) i s  not recovered andtemains i n  the net  
plant f u e l ;  the net  fue l  should be used'as the base f u e l  for  t h i s  operating 
ioode . . 



Fuel Gas Composition 

Case 5: Expanded 8ed Hydrocracker Down, Normal Fuel Y ie ld  

Maxi mum 
Generated LPG H blend 
fuel gas LPG fuel a 2fuel  Net b,c fue l  gas 
(vol %) (vol XI (vol 9 )  (vol %) 

1.9M scfd 18.61 0.49 . 0.24 17.74 .35.86 

MM Rtu/hr 668.22 51.62 24.80 201.52 818.12 

LHV , 
Btu/scf 861.8 2,519.9 2,319.9 272.6 547 ; 5 

a LPG f u e l  (24.80 MM Btu/hr) is required for  gas systems (Area 15) constant 
heating value burners and plant p i l o t  system. 
b L P ~  w i l l  be recovered as  product (26.82 HH Btu/hr) . 
C Ne': f u e l  gas = generated fue l  gas - recovered LPG + H2 blend fuel  

= 668.22 - (24.80 + 26.82) 9 201.52 
= 818.12 PM Btu/hr. 



Fuel Gas Composition 

Case 6: Expanded Bed Hydrocracker & Delayed 
Coker/Calciner Down, Normal Fuel Y ie ld  

Maxi mum 
Generated LPG Hz Blend Net 
fuel  gas Pecovery LPG fue la  fuel  fue l  
(vol %) (vol %) (vol %) (vol %) (vol %) 

69.62 

2.26 

0.46 

6.31 

12.30 

5 .41 

1.92 

1.04 

0.39 

0.19 

n i l  . 

0.10. '. ' 

MM scfd 15.63 0.49 0.23 17.74 33.15 

MM Btu/hr 527.32 51.62 24.00 201.52 704.84 

LHV , 
Btu/scf 809.7 2,519.9 2,519.9 272.6 510.4 . 

a LPG fuel (24.00 HH Btu/hr) is required for gas systems (Area 15) constant 
heating value burners and plant pilot system. 

b ~ h e  remaining LPG (27.62 PfH Btu/hr) is nor recovered and remains in the net 
fuel gas. 

C Net fuel gas = generated fuel - recovered LPG + H2 blend fuel gas. 
= 527.32 - 24.00 + 201.52 
= 704.84 HH Btu/hr 



Fuel Gas Composi ti on 

Case 7: A l l  Units Operating, Normal Fuel Y ie ld  

(Maximum Steam Production & Requirements , 
Expanded Bed Hydrocracker a t  Low Conversion 

Maxi mum 
LPG 

Gross fue l  recovery LPG fue l  a Net fuel b 

(vol %) (vol %) (vol %') (vol rX) 

MM scfd 21.04 0.98 0.28 20.76 

MM Btu/hr 940.94 105.05 29.70 911.24 

LHV, Btu/scf 1,073.3 2,563.90 2,563.90 1,053.3 

a LPG (29.70 Mn Btu/hr) i s  required f o r  .Gas Systems (Area 15) heating value 
burriers and p lant  p i lot .  system. 

b ~ h e  remaining.I,PG (75.35 MH Btu/hr) is not recovered aud remains in the net  
p lant  fue l ;  the ne t  f u e l  should be used a s  the base f u e l  for  t h i s  case .  



Fuel Gas Composition 

Start-Up H i  ~ u e l ~  

Maximumb . 

Hydrogen 
(vol %) 

MM s c f d  

MM Btidhr 

LHV, Btu/scf 

a H f u e l  i s  d i s t r ibuted  t o  the b o i l e r  (Area 16) and s lurry  heaters  (Area 12) only . .  
b ~ 6 r i n s  start-,up phase,  hyd=ogen w i l l  be ava i l ab l e  f o r  use a s  f u e l  up t o  the 
maximum amount given above. 



FUEL OIL SPECIFICATION 

No. 2 f u e l  o i l  w i l l  be ava;lable as s ta r t -up  and emergency backup p l a n t  
f u e l .  

Speci f i c a t i  on 

Grav i ty ,  O A P I  28 t o  10 
V o l a t i l i t y  

F lash p o i n t ,  OF, min. , (093)+ 
O l s t i l l a t i o n  540 t o  640 

Elemental analys is,  wt % 
Carbon 86.1 t o  88.2 
Hydrogen 11.8 t o  13.9 
Oxygen -- 
Nf t royen N i l  t a  0 . 1  
S u l f u r  0.5 
Ash -- 

V iscos i t y ,  SSU a t  100°F, m i  n. , (D445)+ 32 t o  38 
Metals, ppm (wt) max. (D2788)+ 

Vanadi urn 2.0 
Sodi um 
Potassi urn 5.0 
Cal c i  um 10.0 
Lead 5.0 

HHV, B tu / lb  19,170 t o  19,750 
LVH, B tu / lb  18,000 t o  18,600 
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