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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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The information and data contained in this report 
are the result of an economic evaluation and a 
preliminary design effort and because of the 
nature of this work no guarantees or warranties 
of performance, workmanship, or otherwise are 
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1.0 SUMMARY 

Operating cos t s  a re  normally broken i nto three  major categories:  
variable co s t s  including raw material s, annual c a t a ly s t  and chemical s, . 

and u t i l i t i e s ;  semi-variable co s t s  including labor and 1 abor re la ted  
cos t ;  and fixed o r  cap i ta l  related charges. 

The raw material s and u t i l  i t i e s  co s t s  a r e  proportional t o  production; 
however, a small component of u t i l i t i e s  cos t  i s  independent of produc- 
tion. The c a t a l y s t  and chemicals co s t s  a re  a l so  normally proportional t o  
production. 

Semi-vari abl e c o s t s  include d i r e c t  1 abor, maintenance 1 abor, 1 abor 
supervision, contract  maintenance, maintenance material s, payroll 
overheads, operation supp l  ies ,  and general overhead and administration. 
Fixed cos t s  include local  taxes, insurance and the  time value of the 
cap i ta l  investment. The 1 a t t e r  charge of ten  includes the  investor '  s 
anticipated r e t u r n  on investment. 

In determining operating cos t s  f o r  f inancial  analysis ,  "return on i nvest- 
ment" (ROI) and depreciat ion ark not t rea ted a s  cash operating costs .  
These cos t s  a re  developed i n  the f inancial  analysis;  the  annual operating 
c o s t  determined here omits ROI and depreciation. 

Project  Annual Operating Costs a re  summarized i n  Table 1. Detailed 

supporting information f o r  the cos t  elements 1 i sted below i s  included i n 
the  f o l l  owing sections:  

Elect r ica l  

Catalyst  and chemicals 

Sa la r ies  and wages 



TABLE 1 

ANNUAL OPERATING COST 
1991 (87% Onstream) 

Coal - $29 p e r  ton, 26,497 tpsd  

Power - 170,000 Kwh/hr @ 3.65d Kwhr 

Annual C a t a l y s t  and Chemicals 

R o l l i n g  Stock Fuel  and T i r e s  

Annual Cost 
1981 D o l l a r s  

Operat ing Suppl ies @ 15% o f  Maintenance 7,241,500 

Subtota l  333,901,600 

D i r e c t  Labor and Superv is ion 13,265,300 

Subto ta l  13,265,300 

Maintenance Labor and Supervision 

Maintenance Ma te r i  a1 

Contract  Maintenance 11,343,100 

Subtota l  48,2 76,700 

General Admin i s t ra t i on  Services; 
Laboratory; 
Safety, Health, Environmental, Secur i ty ,  and Engineering 8,782,500. 
Local Taxes and Insurance @ 1.5% o f  Investment 47,511,500 

TOTAL ANNUAL OPERATING COST 451,737,600 



During the preliminary stage of the Phase Zero work, a r e l i ab i l i t y  analysis 
was developed i n  which various combinations of t ra ins ,  sparing, manifoldi ng 

and intermediate storage were compared on the basis of do1 l a r s  of capital  
investment per annual barrel of production. The prel imi nary re1 iabil  i ty  
analysis i s  included i n  Volume 1 of Report XI. When the Phase Zero design was 
complete, a second re1 iabil  i t y  analysis was developed fo r  the actual Phase 
Zero design. T h i s  analysis, which i s  included i n  t h i s  report, projects annual 
production from the f ac i l i t y  on the ,bas is  of design stream day production and 
scheduled and unscheduled downtime. Catalyst and chemical s costs, coal feed- 
stock costs,  boiler fuel coal costs, and purchased electr ical  costs  have a l l  
been adjusted to  a calendar day basis using t h i s  re1 iabil  i t y  analysis. The 
exact adjustment methods are  explained i n  the sections dealing w i t h  the 
respective cost i terns. 

The electr ical  cost section includes a motor 1 i s t  fo r  each plant w i t h  

connected and normal stream day loads. These stream day loads have been 
trans1 ated t o  annual e lectr ical  consumption using the re1 iabil  i ty analysis and 
an accompanying analysis of the relationship between production and electr ical  
consumption on a p l  ant-by-pl ant basis. 

The catalyst  and chemical section includes a tabulation of chemical and cata- 
l y s t  consumption by use point as well as a translation of consumption t o  
annual cost using quoted and estimated prices. The catalyst  and chemical s 
annual cost has been adjusted to  re f lec t  the resul ts  of the re l iab i l i ty  
analysis. 

The sa lar ies  and wages section includes seven organization charts which pre- 
sent i n  detail  the breakdown of the project ' s  1545 hourly and salaried 
employees. The wage and salary rates  used are shown i n  Table 3. A1 1 cos ts  
are i n  January 1981 dollars. 

Obtaining re1 iable coal pricing data i s  contingent on execution of long term 
supply contracts w i t h  associated financial commitments. T h i s  was, of course, 



n o t  possib le during the Phase Zero work a1 though a number of suppl iers were 

qu i t e  cooperative i n  provid ing supply proposal s. A second compl i c a t i o n  was 

created by the need t o  make a decis ion ea r l y  i n  the work t o  design the p l an t  

f o r  receiv ing run-of-mine coal (ROM). It became apparent when the supply pro- 

posals began t o  be issued t h a t  receiv ing ROM coal was no t  the pre fer red 

arrangement and t h a t  receiv ing washed o r  p a r t i a l l y  washed coal would be more 

economical. Indeed most of the supply proposals were f o r  washed o r  p a r t i a l l y  

washed coal. 

Since the c a p i t a l  estimate and operating cos t  estimate (non-coal costs) were 

se t  up on the basis o f  rece iv ing ROM coal, i t  was necessary t o  ad just  the sup- 

p l y  proposals t o  an ROM basis so as t o  have i n t e r n a l l y  consistent  costs. 

The ROM p r i c e  o f  coal used t o  es tab l i sh  operating costs i n  t h i s  repor t  i s  

based on an average of those bids f o r  washed coal considered t o  be compe- 

t i t i v e .  The composite cost  o f  washed coal del ivered t o  the Brecktnridge s i t e  

based on the competi t ive bids 'was $37.60 per  "as received" ton inc lud ing 

transportat ion. The composite p r i ce  and analysis was adjusted t o  r e f l e c t  

t ranspor ta t ion of ROM coal and washing a t  the Addison Plant  s i te.  An adjusted 

composite cos t  f o r  del ivered as received ROM coal o f  $29.00 per ton was used 

f o r  the Phase Zero operating cost. 

Operating suppl ies have been estimated a t  15% of t o t a l  maintenance cost  based 

on indust ry  experience. Simi lar ly ,  maintenance mater ia ls have been estimated 

a t  100%. of maintenance salaries, wages and fringes. Ro l l i ng  stock fue l  and 

t i r e s  have been estimated based on surface mining experience. The loca l  taxes 

and insurance have been conservatively adjusted upward from preva i l i ng  ra tes 

i n  Breckinridge County t o  r e f l e c t  the fundamental changes which would resu l t  

f r o m  const ruct ion o f  a la rge f a c i l i t y  i n  t h i s  bas ica l l y  r u r a l  area. 

Operating costs have also been developed f o r  the transits 'on per iod during 

which construct ion, commissioning, start-up and operations over1 ap. These 



costs  are included on a year-by-year basis i n  the section devoted t o  pre- 
operational and start-up costs. 

During the start-up of such a large and complex instal la t ion,  a systematic 
stepwise procedure will be used. Individual t ra ins  of equipment will be 
brought on-1 ine as construction i s  completed. According to  the present sched- 
ule, the f i r s t  two liquefaction reactors will be started up a t  the beginning 
of the second quarter of 1988. The final two 1 iquefaction t ra ins  will be 
ready f o r  start-up a t  the beginning of the f i r s t  quarter of 1989. Present 
plans a=  based on a t  l eas t  three years of operation a t  l e s s  than fu l l  capa- 
ci ty .  Year-by-year operating costs  during the start-up period and the asso- 
ciated projected annual production rates are summarized i n  Table 2 ,  

Also included i n  the preoperational and start-up section i s  a projection of 
the Operator's s ta f f  costs  i n  the years pr ior  t o  production. These estimated 

b 

total  costs include technical, administrative, and operating salar ies  and= 
wages amounti ng to  $1 00,586,000 i n January, 1981 do1 1 ars. 

A final section includes the overall f ac i l i t y  material balance and the 
associated supporting rationale. Th i  s i nfonation i s  associated p r i  ncipal ly 
w i t h  revenues, however, i t  has been included i n  the operating cost report 
since the annual production establishes the coal requirement and to  some 
extent the purchased power requi rement. 



TABLE 2 

Year 

1 988 

1.989 

1990 

1 991 

1992 

PRODUCTION COST AND VOLUME PROJECTION 

FIRST FIVE YEARS OF OPERATION 

Annual Production, Annual Costs 
MM BBLS 198l Dol lars  





2.0 SALARIES AND WAGES 

Many of the  i tems i n  the  annual operat ing cos ts  are dependent upon the  

labor, therefore, considerable t ime has been devoted t o  the  evo lu t i on  of 

a S ta f f i ng  Table f o r  f a c i l i t y  operations. This requ i red  t h e  prepara t ion  

o f  an o v e r a l l  o rgan iza t ion  c h a r t  f o r  t he  management and operat ion o f  t he  

f a c i l i t y ,  Chart 1. To accomplish t h i s  object ive,  the  f a c i l i t y  organiza- 

t i o n  i s  d i v ided  i n t o  s i x  func t iona l  areas under one Vice President and 

General Manager. Each o f  these areas, shown on Chart 1, i s  headed by a 

D i r e c t o r  responsible f o r  t h a t  p a r t i c u l a r .  func t iona l  group. Then under 

each Di rec tor ,  o rgan iza t ion  cha r t s  f o r  a l l  o f  t h e  func t iona l  areas, 

Charts' 2 through 7, have been prepared. 

The s i x  func t i ona l  areas are: 

Laboratory 

. Operations 

Engineeri  ng 

Environmental, Health, Safety and Secur i ty  

Admini s t r a t i o n  

Maintenance 

The o v e r a l l  o rgan iza t ion  shown on Chart 1 gives the  t o t a l  requ i red  

personnel f o r  p l a n t  operations. 



The breakdown o f  personnel as shown on the char t  i s  as fol lows: 

Vice President and General Manager's Of f i ce  2 

Laboratory 6 2 

Operations 42 5 

Eng i neeri ng 58 

Environmental , Heal th, Safety and Security 5 4 

Administrat ion 129 

Maintenance (in-house and cont ract )  82 3 

Total  1 545 

O f  the 823 t o t a l  maintenance personnel, 300 are cont ract  maintenance 

people and represent an average cont ract  force. 

When the f a c i l i t y  i s  i n  actual operation, some s h i f t i n g  o f  personnel w i l l  

undoubtedly be necessary, but  i t  i s  be1 ieved t h a t  the above personnel are 

adequate f o r  operation. 

The Laboratory D i rec to r  w i l l  have both the rout ine and research groups 

w i t h  each group headed by a Manager and Chief Chemist. The rout ine l a b  

w i l l  perform the t e s t s  necessary t o  assure process cont ro l  and product 

qua1 i t y .  The research group w i l l  do work t o  improve processing as we1 P 
as product development work. The organizat ion and personnel are shown on 

Chart 2. 

The D i rec to r  o f  Operations w i l l  be responsible f o r  the day-to-day opera- 

t i o n  o f  the f a c i l i t y e  The organization shown on Chart 3 i s  broken down 

i n t o  f i ve  major areas each o f  which are under an area superintendent and 



an area engineer. A1 so, there i s  one n i g h t  area superintendent. Under 

each area superintendent, there are  f ive s h i f t  superintendents for  each 
area. The areas have been determined as shown on the plot  plan, Drawing 
50E-A-1; the Roman numerals indicate the various operational areas and 
the chart  shows where each plant o r  group of plants i s  i n  relation to  the 
organization. For example, the IIA and I IB groupings include the hydro- 
genation a e a s  p l u s  d i s t i l l a t ion  o r  four t r a ins  each of Plants 2 through 
6 and d i s t i l l a t ion ,  Plant 17. The plants i n  each area are l i s t ed  a t  the 
bottom of the organization chart. 

The Director of Engineering will be responsible f o r  technical services, 
process design, mechanical design, and the inspection department. The 
organization i s  shown on Chart 4 and i s  self-explanatory. 

The Director of Health, Safety, Environment and Security will be respon- 
s ib le  fo r  these important areas. Chart 5 shows the various functions and 
estimated number of personnel required. , 

The Director of Administration will be responsible f o r  the Accounti ng 

Department, Personnel Department, Purchasing Department and General 
Office Services. Each of these functions i s  i n  t u r n  control led by a 
Manager and/or Supervisor. Chart 6 i s  the organization diagram fo r  
Administration. 

The Director of Maintenance i s  responsible for  the day-to-day maintenance 
of the plant, contract and/or turnaround maintenance, maintenance ser- 
vices, maintenance engineering and planning, and the warehouse. The 
maintenance work force i s  divided among one main shop and f ive s a t e l l i t e  
shops and the approximate locations of these shops are shown on the plot 
plan, Drawing 50E-A-1. The main shop i s  denoted as B-1 w i t h  the satel-  
l i t e  shops numbered 8-2 through 8-6. 



The organizat ion shown on Chart 7 1 i s t s  two ass is tant  d i rec to rs  and nine 

superintendents and/or managers. I n  add i t i on  t o  the s i x  shop superinten- 

dents there are three managers fop maintenance service, engineering arid 

planning, and con t rac t  maintenance. 

2-2 PLANT STAFFING TABLE 

The Plant  S ta f f i ng  Table, Table 3, based on the organization previously 

discussed, 1 i s t s  each hour ly job, the s h i f t s  covered, t o t a l  s h i f t s  per 

day, t o t a l  personnel required, wages i n  do1 l a r s  per manhour, wages i n  

do1 l a r s  per  day, days per year, and the annual cos t  i n  dol lars.  FOP the 

sa lar ied personnel, only the annual salary and annual costs are 1 i s t e d  I n  

add i t i on  t o  s h i f t s  covered, s h i f t s  per day, and t o t a l  personnel. 

The Staf f ing Table i s  the instrument used t o  determine the d i r e c t  l abor  

costs, d i r e c t  l abo r  supervision, the maintenance cost, maintenance super- 

v i  sion, maintenance material,  cont ract  maintenance cost, payrol l over- 

head, operat ing suppl ies, and i n d i  r e s t  and admini s t r a t i v e  costs. 

2.3 WAGES 

The hour ly wages f o r  cont ract  maintenance personnel inc lude f ri nge bene- 

f i t s  which are no t  included i n  o ther  hourly wages o r  i n  the annual 

sa la r ies  of the sa lar ied personnel l i s t ed .  It should also be noted t h a t  

the cont ract  maintenance force l i s t e d  i s  intended t o  be an average 

cont ract  maintenance force and i t  w i l l  f P  uctuate considerably depending 
on need. 

The wages f o r  operations and in-house maintenance personnel are based on 

the ~ - ~ o a l @  p i l o t  p l a n t  wage scales i n  force as o f  January 1981. The 

cont ract  maintenance wages were obtained from Ash1 and's bousiv i  1 le, 

Kentuclg, r e f i ne ry  as of the above date. The annual sa lar ies  of the 

sa lar ied personnel are estimated from Ashland's salary structure. 
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TABLE 3 (Sheet 1 o f  10) 

PLANT STAFFING TABLE 
WAGES AND SALARIES FOR GENERAL ADMINISTRATION ON SERVICES, LABORATORY, SAFETY, 

HEALTH ENVIRONMENT AND SECURITY, ENGINEERING 

Wages Sa la r ied  To ta l  
S h i f t s  Total  d o l l a r s  Hages Days Annual workers, annual 

Di v i  s i  on and S h i f t  Per per- Per d o l l a r s  per cost,  do1 1 a r s  cost,  
Personnel day a f t  ng t  day sonnel manhour p e r  day year  d o l l a r s  p e r  yea r  do1 l a r s  

GENERAL ADMINISTRATION 
AND SERVICES 

Vice President & Gen. 
Mgr. 1 

Secretary 1 
N 

D i rec to r  o f  
I Admini s t r a t i o n  
CI 

1 
vl Pub1 i c  Relat ions 

Spec ia l i s t  1 
Secretary 1 
Accounting Con t ro l l e r  1 
Accounting Manager 1 
Computer Programmer 2 
Computer Operator .1 1 1 
Keypunch Operator 2 1 
Accounts Payable - 

Supervi sor 1 
Accountant 1 
Accounts Payable 

C l  e r  k 5 
M i c ro f i lme r  1 
General Accounting 

Supervisor 1 
Property Accountant 1 
Consol idat ion Accountant 1 
Systems Accountant 1 
C l  e r k  4 
Payro l l  C lerk  3 
Cost Accountant 2 
Secretary 1 
Typ i s t  1 
personnel' Manager 1 
Personnel Ass' t. 

Manager 1 
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PLANT STAFFING TABLE 
WAGES AND SALARIES FOR GENERAL ADMINISTRATION OM SERVICES, LABOMTORY, SAFETY, 

HEALTH ENVIRONMENT AND SECURITY, ENGINEER1 NG 

Wages Salar ied Tota l  
S h i f t s  Total  do l l a r s  Wages Days Annual workersp annual 

D i v i s i on  and S h i f t  Per per- Per d o l l a r s  per cost, do l l a r s  cost, 
Personnel day a f t  ng t  day ' sonnel manhour p e r  day year d o l l a r s  p e r  year  d o l l a r s  

EEO Supervi sor 1 1 1 
Clerk 3 3 3 
Supervi sor Employee a 

Re1 . 1 1 1 
Ass't. Sup'v. 

Employee Re1 . 0 1 
Secretary 1 1 
Training Supervi sor 1 1 
Trainlng Specialist 1 1 
Purchasing Agent 1 1 
Buyer 10 10 
Expedi t o r  2 2 
Clerk . ., , , 2 , -  2 . 
Typis t  6 6 
Secretary 1 1 
Of f i ce  Services 

Supervi sor 1 1 
Ma i l  Clerk 1 1 
Messenger 1 1 
Dr ive r  1 1 
Of f i ceEqu ip .  Operator 2 2 
Pool Stenographer 4 4 
Jan i t o r  2 2 '6 10 
Chief Clerk 1 1 
Yie ld  Clerk  2 -2  
Inventory Clerk 2 2 
Re'cords Clerk  1 1 
T r a f f i c  Clerk 1 1 
Loading C l  e rk  4 4 
Cafeter ia  20 20 

SUBTOTAL . 



TABLE 3 (Sheet 3 o f  10) 

PLANT STAFFING TABLE 
WAGES AND SALARIES FOR GENERAL ADMINISTRATION ON SERVICES, LABORATORY, SAFETY, 

HEALTH ENVIRONMENT AND SECURITY, ENGINEER1 NG 

Wages Sa la r ied  To ta l  
S h i f t s  Total  d o l l a r s  Wages Days Annual workers, annual 

Di v i  s i  on and S h i f t  Per per- Per d o l l a r s  per  cost,  do1 1 a rs  cost, 
Personnel day a f t  ng t  day sonnel manhour p e r  day year  d o l l a r s  p e r  year  d o l l a r s  - -- 

LABORATORY 

Laboratory Di r e c t o r  
Secretary 
Chief  Chemist, r ou t i ne  

Lab. 
Senior Chemist 
Lead Chemist 
S h i f t  Technician 
Secretary 
Chief  Chemist Research 
Research Chemist 
S h i f t  Technician 
Instrument Technician 
S t a t i s t i c i a n  
L i b r a r i a n  
Secretary 

SUBTOTAL 

SAFETY, HEALTH, ENVIRONMENT 
AND SECURITY , 

D i  r e c t o r  1 
Secretary 1 
Safety Eng i neeri  ng 

Manager 1 
Ass is tant  Safety 

Eng i neer 1 
F i r e  Marshal 1 
S h i f t  F i r e  Marshal 1 1 1  3 
Secretary 1 1 
Secur i ty  O f f i c e r  1 1 
S h i f t  Secur i ty  O f f i c e r  1 1 1 3 
Guard 5 5 5 15 
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PLANT STAFFING TABLE 
WAGES AND SALARIES FOR GENERAL ADMINISTRATION ON SERVICES, LABORATORY, SAFETY, 

HEALTH ENV IROMENT AND SECURITY, ENGIlEERI NG 

Wages Salar ied To ta l  
S h i f t s  Total  do l l a r s  Wages Days Annual workers, annual 

D i v i s i o n  and Shl f t  Per per- Per d o l l a r s  per cost, d o l l a r s  cost, 
Personnel day a f t  mgt day s n n e  manhour per  a year do l l a r s  p e r  year  d o l l a r s  

Environmental Manager 1 1 1 
Environmental Engfnees 2 1 1 4 6 
Secretary 1 1 1 
D i r e c t o r  Health 

Service M.D. 1 1 1 
NurseIParamedic 2 1 1  4 6 
Secretary 1 1 1 
I ndus t r i a l  Yygienist  1 1  2 2 

ENGINEERING 

D i rec to r  of  Engineer1 ng 1 
Secretary 1 
Manager o f  Technical 

Services 1 
Chem. Eng'r. Group 

Leader 1 
Chemical Engineer 6 
Mech. Eng 's. Group 

Leader 1 
Mechanical Engineer 4 
Secretary 1 
Stenographer 4 
E l  e c t r i c a l  Engi neer 2 
Instrument Engineer 2 
C i  v i  1 Eng i ncer 1 
Draftsman 3, 
Supervi sor Computer 

Services 1 
Computer Engineer 2 
Computer Programmer 2 
Keypunch Operator 2 
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PLANT STAFFING TABLE 
WAGES AND SALARIES FOR GENERAL ADMINISTRATION ON SERVICES, LABORATORY, SAFETY, 

HEALTH ENVIRONMENT AND SECURITY, ENGINEER1 NG 

Wages Sa la r ied  To ta l  
S h i f t s  Total  do1 1 ars Wages Dqys Annual workers, annual 

Di  v i  s i  on and S h i f t  Per per- Per d o l l a r s  per  cost,  do1 1 ars cost ,  
Personnel day a f t  ng t  day sonnel manhour p e r  day year d o l l a r s  p e r  yea r  d o l l a r s  

Chief  Process Engineer 1 
Group Leader 1 
Chemical Engineer 6 
Sec r e  t a  r y  1 
Chief  Mechanical 

Engineer 1 
Group Leader 1 
Mechanical Engineer 5 
Secretary 1 
Chief  Inspector  1 
Inspector 4 
Secretary ' 1 

SUBTOTAL 

TOTAL 

PAYROLL OVERHEAD @ 24% 

TOTAL XXXXX COSTS 
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PLANT STAFF1 MG TABLE 
WAGES 8 SALARIES FOR MAINTENANCE LABOR AND MAINTENANCE LABOR SUPERVISION 

Shi f t  
Posi t ion day a f t  ngt 

Di rector  o f  Maintenance 
Assistant D l  rec to r  
Secretary 
Secretary 
Maintenance Superi nten- 

dent, Shops 
Maintenance Superinten- 

dent, Services 
Maint. Super., Engr. 

and Planning 
Maint. Super., 

Contract Force 
Craf t  Foreman, B-1 
C ra f t  Foreman. 8-2 
Cra f t  Foreman, 5-3 
C ra f t  Foreman, 8-4 
Craf t  Foreman, 8-5 
Cra f t  Foreman, 8-6 
Craf t  Foreman, Maint. 

Services 
Pipef i  t t e r ,  B-1 
Pi p e f i  t t e r ,  8-2 
P ipe f i t t e r ,  8-3 
P ipe f i  t te r ,  8-4 
P ipe f i t te r ,  5-5 
Pi pe f i  t te r ,  8-6 
Welder, B-1 
Welder, 8-2 
Welder, 8-3 
Welder, B-4 
Welder, B-5 
Welder, 8-6 
Machinf st,  B-1 
Machinist, 8-2 
Machinist, 8-3 

Sh l f t s  
Per 

dily 

1 
2 
1 
2 

5 

1 

1 

1 
7 
2 
2 
2 
2 
2 

3 
21 
4 
6 
6 
7 
3 
7 
2 
1 
2 
1 
1 

22 
3 
3 

Total 
per- 

sonnel 

1 
2 
1 
2 

5 

1 

1 

1 
10 
3 
3 
3 
2 
2 

5 
29 
6 
8 
8 

10 
4 

10 
3 
1 
3 
1 
1 

31 
4 
4 

Wages 
do1 1 ars 

Per 
manhour 

12.02 
12.02 
12.02 
12.02 
12.02 
12.02 

12.02 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.92 
11.38 
11.38 
11.38 

Wages 
do1 1 ars 
per  day 

96.16 
96.16 
96.16 

'96.16 
96.16 
96.16 

96.16 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
95.36 
91.04 
91.04 
91.04 

Bays 
per 
year - 
260 
260 
260 
260 

260 

260 

260 
365 
365 
36 5 
365 
260 
260 

365 
36 5 
365 ' 

36 5 
365 
36 5 
365 
36 5 
365 
36 5 
365 
365 
365 
365 
365 
36 5 

Annual 
cost, 

do l l a r s  

245,700 
70,200 
70,200 
70,200 
50,000 
50,000 

105,300 
730,900 
139,200 
208,800 
208,800 
243,600 
104,400 
243,600 
104,400 
34,800 
69,600 
34,800 
34,800 

731,100 
99,700 
99,700 

Sa1 a r i  ed 
workers, 
do1 l ars 
per  year 

65,000 
56,000 
18,000 
16,000 

52,000 

52,000 

52,000 

52,000 

Total 
annual 
cost, 
do1 1 ars 

65,000 
11 2,000 

18,000 
32,000. 

260,000 

52,000 

52,000 

52,000 
245,700 
70,200 
70,200 
70,200 
50,000 
50,000 

105,300 
730,900 
139,200 
208,800 
208,800 
243,600 
104,400 
243,600 
69,600 
34,800 
69,600 
34,800 
34,800 

731,100 
99,700 
99,700 



TABLE 3 (Sheet 7 o f  10) 

PLANT STAFFING TABLE 
WAGES & SALARIES FOR MAINTENANCE LABOR AND MAINTENANCE LABOR SUPERVISION 

Shi f t  
Pos i t ion  day a f t  ngt 

Machinist, 8-4 2 1 
Machinist, B-5 2 1 
Machinist, 8-6 2 
E lec t r i c ian ,  B-1 3 1 1  
E lec t r i c ian ,  8-2 1 1  
E lec t r i c ian ,  8-3 1 1  
E lec t r i c ian ,  8-4 1 1  
E lec t r i c ian ,  8-5 1 1  
El ec tri c i  an, 8-6 1 1  
Instrument Mechanic, B-1 9 3 3 
Instrument Mechanic, 8-2 2 1 
Instrument Mechanic, 8-3 3 2 2 
Instrument Mechanic, 8-4 3 2 2 
Instrument Mechanic, B-5 3 2 2 
Instrument Mechanic, 8-6 1 1 1 
Laborer o r  Cra f t  

Helper, a l l  Shops 60 25 21 
General Labor 

Foreman 4 2 2  
Cra f t  Foreman, 

Services 2 1 
Carpenter 5 
Insul  a to r l r e  f ractory 5 
Painter 10 
Crane Operator 2 1 
Truck Dr i  ver 3 1 1  
Sheet Metal Worker 4 
Mason 6 
U t i l i t y  Repainan 3 2 2  
Garage Supervisor 1 
Mechanic, Garage 6 2 1  
Secretarial  Pool 8 
Mechanical Engineer 1 
Chemical Engineer 1 

Sh i f t s  Total 
Per per- 
day sonnel 

Wages 
do1 1 ars 

Per 
manhour 

11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 
11.38 

9.58 

9.68 

12.02 
10.68 
10.69 
10.40 
10.25 
9.97 

11..38 
10.50 
11.38 

11.38 

Wages 
do1 1 ars 
per  day 

91.04 
91.04 
91 .04 
91.04 
91 .04 
91.04 
91.04 
91.04 
91 .04 
91.04 
91.04 
91 .04 
91 .04 
91.04 
91 .04 

76.64 

77.44 

96.16 
85.44 
85.52 
83.20 
82.00 
79.76 
91 .04 
84.00 
91 .04 

91 .04 

Annual 
cost, 

do1 1 ars 

99,700 
99,700 
66,500 

166,100 
66,500 
66,500 
66,500 
66,500 
47,300 

498,400 
99,700 

232,600 
232,600 
232,600 

99,700 

2,965,200 

226,100 

105,300 
111,100 
111,200 
21 6,300 
89,800 

145,600 
' 94,700 
1 31,000 
232,600 

299,100 

Sal a r i  ed 
workers, 
do1 1 ars 
pe r  year 

32,000 

15,000 
36,000 
36,000 

Total 
annual 
cost, 
do1 1 ars  



TABLE 3 

PLANT STAFFING TABLE 
WAGES Ih SALARIES FOR MAINTENANCE LABOR AND MAINTENANCE LABOR SUPERVISION 

Shi f t  
Pos i t ion  ' day a f t  ngt  

Pl anner ll Scheduler 2  
Coordinator 2 

Warehouse Supervi sor 1 
Records Supervisor 1 
Records Cl erk  2 
Warehouseman 6 2 2  
Laundry 8 

SUBTOTAL 

TOTAL MAINTENANCE LABOR 
& SUPERV I S I O M  

Shi f t s  
Per 
day ' 

Total 
per- 

sonnel 

Yages 
do l l a r s  Uages Days Annual 

Per do l l a r s  per cost, 
manhour pe r  day year do l l a r s  

(Sheet 8 o f  10) 

Sal a r i  ed 
workers, 
do1 1 ars 
pe r  year  

Total 
annual 
cost, 
d o l l a r s  



TABLE 3 (Sheet 9 o f  10) 

D i v i s i on  and 
Personnel 

Maintenance Super- 
i ntendent* 

Pi pef  i t t e r  Foreman* 
Pi p e f i  t t e r *  
Boilermaker Foreman* 
Boi 1 erma kerf 
M i l l w r i g h t  Foreman* 
M i  1 l w r i  ght* 
E l e c t r i c a l  Foreman* 
E lec t r i c ian*  
Insu la to r  Foreman* 
Insulator*  ' 

Crane Operator* 
Teamster* 
Labor Foreman* 
'La borer* 
Carpenter Foreman* 
Carpenter* 

Shi f t  
day a f t  ng t  

S h i f t s  
Per 
day 

PLANT STAFFING TABLE 
CONTRACT MAINTENANCE COSTS 

Total 
per- 

sonnel 

SUBTOTAL 300 

OVERHEAD & PROFIT @ 15% 
OF SALARIES & WAGES 

TOTAL CONTRACT 
MA I NTENANC E COST 

' * Estimated average con t rac t  Maintenance Force 

Wages 
do1 1 ars 

Per 
manhour 

Wages 
do1 1 ars 
per  day 

Days 
Per 
year 

Annual 
cost, 

do1 1 a rs  

Salar ied Total  
workers, annual 
do1 1 a rs  cost, 
p e r  year  d o l l a r s  

*rJages, do1 1 ars per manhour, includes f r i n g e  benef i t s  



TABLE 3 (Sheet 10 o f  10) 

PLANT STAFFI MG TABLE 
WAGES AND SALARIES FOR OPERATING LABOR L SUPERVISION 

Uages Salaried Total 
S h i f t s  Total do l l a rs  Wages Bays Annual workers, annual 

Shi f t  Per per- Per do l l a rs  per cost, do1 1 ars cost, 
Posi t ion day a f t  ngt day sonnel manhour per  day year do l l a rs  per  year do l l a rs  

Director  o f  Operations 1 1 
Secretary 1 1 
Area Superintendent, Day 5 5 
Area Chemical Engineer 5 5 
Ni ght Superi ntendent 1 2  3 
S h i f t  Superintendent, 
Area . 6 6 6 18 
Secretary 1 1 
A Operator 14 8 8 30 
B Operator 31 19 19 69 
C Operator 46 21 21 88 
D Operator 28 16 15 5 9 
Extra Board 13 7 7 27 

SUBTOTAL 

PAYROLL OVERHEAD Q 24% 

TOTAL OPERATING LABOR 
AND SUPERVISION COSTS 







3.0 ELECTRIC POWER SUMMARY 

The Phase Zero e f fo r t  on the Breckinridge Project is based on a point 
design fo r  a nominal 1 iquid fuels  production of 53,000 barrels per day. 
Based on t h i s  point design, flow sheets and data sheets were issued i n  
the normal manner expected for  a project of t h i s  kind. A r e l i ab i l i t y  
study was made for  the en t i re  plant to  determine an average yearly pro- 
duction of products. As would be expected because of equipment outage i n  

certain areas, the overall average stream factor based on a nominal 
capacity of 53,000 barrel s per day i s  below 1 .O; i t  i s  approximately 
0.87. Because of outages, factors must be applied t o  the u t i l i t i e s  con- 

sumed and/or generated i n  various areas to  account f o r  reduced u t i l i t y  
consumption due t o  reduced throughput on some equipment. 

Except fo r  Plant 15, which i s  a special case because of the dependence of 
some of i t s  drivers on steam generated i n  Plant 31, the factors applied 
t o  the u t i l i t y  consumption and/or generation represent only those changes 
due t o  a stream factor l e s s  than 1.0. Reduction of u t i l i t y  consumption 
equipment due to  the normal contingency al.lowance placed on data sheet 

specifications has a1 ready been deal t  w i t h  i n  each p lant ' s  base e lec t r i -  
cal power requirement. Because of t h i s  work, i t  i s  f e l t  tha t  the figure 
of 169,313 KW i n  Table 4 represents a true yearly average u t i l i t y  
consumption. 

3.1 PLANT 1,  COAL DRY ING AND PULVERIZING 

In Plant 1, coal from the Coal Washing (Plant 271, i s  dried, pulverized, 
and made ready fo r  Coal Sl urry Preparation (Plant 2 ) .  The dominant 

e lectr ical  power consumers i n  Plant 1 a re  the pulverizers and exhaust 
fans. E i g h t  d irect ly  coupled t r a ins  of equipment are provided i n  t h i s  
plant. Any six of these t ra ins  operating a t  rated capacity can supply 
the f a c i l i t y ' s  coal requirements. The electr ical  consumption i s  



proport ional  t o  coal  throughput w i t h  some nonl i near i  t y  introduced by 

having t o  s t a r t  and operate equipment a f t e r  equipment fa i l u res .  The 

average coal  throughput i n  the p l an t  i s  0.887 o f  design. The e l e c t r i c a l  

power consumption f a c t o r  i s  0.935 o f  design power consumption. 

3.2 PLANT 2, COAL SLURRY PREPARATION 

I n  Plant  2, pulver ized coal i s  processed i n t o  a coal / o i l  s l u r r y  which i s  

hydrogenated i n  downstream units. Most of the e l e c t r i c a l  users i n  t h i s  

p l an t  are mixersQand pumps w i t h  recycle. These users w i l l  operate con- 

t inuous ly  a t  t h e i r  rated capacity because t h e i r  funct ion i s  not dependent 

on throughput. Therefore, the overa l l  f a c t o r  f o r  t h i s  p l an t  based on the 

po in t  design f a c t o r  o f  53,000 BPD i s  1.0. 

I n  Plant  3, the coa l / o i l  s l u r r y  prepared i n  P lant  2 i s  heated and b d r o -  

genated. The dominant e l e c t r i c a l  consumers are the reactor  feed pumps 

which pump the s l u r r y  t o  the reactor  pressure. The pumps are var iab le  

speed rec iprocat ing pumps w i t h  a hydraul ic transmission dr iven by a con- 

s tant  speed motor. There i s  no reduction i n  e l e c t r i c a l  power w i t h  

reduced pumping rate. The only reduction i n  power consumption i s  due t o  

the u n a v a i l a b i l i l y  of a t r a i n  of the react ion system o r  outage o f  down- 

stream f rac t i ona t i on  Plants 5 and 17. Based on t h i s  c r i t e r i a ,  the stream 

fac to r  i s  0.87. Because much o f  the downtime associated w i th  t h i s  equip- 

ment encompasses time of s t a r t i n g  and stopping the equipment ( a t  which 

t ime the feed pumps are operated on f l ush  o i l  o r  start-up o i l ) ,  an al low- 

ance o f  0.05 should be added t o  the p l an t  stream factor  t o  account f o r  

running the equipment during start-up and shutdown of the plant .  Thus, 

the overa l l  f a c t o r  f o r  the e l e c t r i c a l  consumption i s  0.92. 

With the exception t h a t  Plant  4 has a large amount of e l e c t r i c a l  consump- 

t i o n  i n  a i r  coolers, the reasoning o f  i den t i f y i ng  the Plant  4 f ac to r  i s  , 



the same as  Plant 3. These "fin-fans" have variable louvers tha t  vary 

the flow rate through the fans and thereby vary the power consumption. 

I t  i s  estimated tha t  this effect  reduces the electrical consumption for 

a1 1 of Plant 4 by a factor of 0.05. Therefore, the overall factor for  

the electrical consumption i n  Plant 4 i s  0.05 l e s s  than Plant 3 o r  0.87. 

The equipment i n  this plant performs a crude separation of the reactor 's  

liquid products. Most of the electr ical  users are pumps and more speci- 

f ica l ly  slurry pumps. The drives to  these pumps use a constant amount of . 
power independent of the throughput. Therefore, the only reduction in 

the e lec t r ic  power tha t  has been identified i s  tha t  associated with the 

downtime in Plants 5 and 17 which i s  0.03. The stream factor fo r  the 

Plant 5 equipment and the associated electrical consumption factor i s  

0.97. 

3.6 PLANT 6, H-COAL@ RECYCLE HYDROGEN COMPRESSION 

Plant 6 electr ical  users are dominated by the recycle gas compressors. 

These machines are reciprocating compressors w i t h  unl oaders able t o  
unload the machine to  approximately 0%, 25%, 50%, 75% and 100% of load. 

Because of these unloaders, i t  i s  anticipated tha t  the power consumption 

of these machines i s  proportional to  throughput. When one considers the 

mechanical losses when the compressor i s  operated in the unloaded condi- 

tions, i t  would be expected that  the electr ical  consumption factor would 

be slightly higher than the throughput. We estimate the average through- 

p u t  to  be 0.87 of the point design and the power consumption t o  be 0.885. 

3.7 PLANT 7, GAS PLANT 

In Plant 7, e lectr ical  power i s  generated and consumed. Electrical power 

i s  generated by l e t t ing  down 3,000 p s i g  purge gas from Plant 3 to  

700 psig through a gas turbine. I t  i s  assumed the power generated i s  
proportional to  the flow through the turbine. 



The power generated would be equal t o  the purge gas f l ow r a t e  minus the 

an t i c ipa ted  downtime o f  the turbine. It i s  ant ic ipated the turb ine down- 

t ime i s  1.5% and the purge f l ow r a t e  i s  0.87 of the p o i n t  design f l ow 

rate. Therefore,. the  overa l l  f a c t o r  f o r  the power generated i s  0.855 of 

the p o i n t  design. 

The 1 arge. consumers i n  P lant  7 are the feed gas and propane refri gerat ion 

compressors. These machines w i l l  experience some reduction i n  power 

consumption w i t h  throughput. The ant ic ipated throughput due t o  outages 

i n  o ther  p l an t s  i s  estimated t o  be 87% o f  design. A f ac to r  o f  0.935 was 

used on t h i s  p l a n t  t o  r e f l e c t  the nonl inear  turndown expected i n  p l an t  

equipment such as compressors and pumps. 

3.8 PLANT 8, CRYOGENIC HYDROGEN PURIFICATION 

Almost a l l  o f  the e l e c t r i c a l  usage i n  P lant  8 i s  by compressors used t o  

recompress the products t o  t h e i r  usage pressure. These compressors are 
1 arge mu1 ti -stage cen t r i f uga l  compressors. The power consumption of 

these machines should be approximately proport ional  t o  throughput w i t h  a 

f ac to r  s l i g h t l y  h igher  than the throughput due t o  a lower compression 

ef f ic iency a t  reduced throughput. The ant ic ipated f l ow i s  87% o f  the 

design and the e l e c t r i c a l  power f ac to r  i s  0.885. 

3.9 PLANT 9, SOUR WATER TREATING 
- 

Plant  9 cons is ts  o f  the sour water s t r ipper ,  the PHOSAM-W@ process 

1 icensed from Uni ted States Steel Corporation, and phenol ex t rac t ion  

l icensed from Jones and Laughl in Steel Corporation. Most o f  the e l e c t r i -  

c a l  users are small pumps. These pumps w i l l  have some e l e c t r i c a l  power 

reduction w i t h  reduced throughput but  t h i s  reduction w i l l  no t  be 1 inear. 

The amount o f  reduct ion would depend on the pump character is t ics .  The 

p l a n t  throughput w i l l  be 87% o f  - design based on the stream fac tors  i n  

o ther  pa r t s  o f  the t o t a l  ~ - ~ o a l @  f a c i l i t y .  Based on t h i s  throughput, 

the e l e c t r i c a l  power usage i s  0.92 o f  design. 



3.1 0 PLANT 10, SULFUR PLANT 

Plant  10 cons is t s  o f  th ree Claus S u l f u r  Plants. These p l a n t s  use very 

1 i t t l e  e l e c t r i c a l  power. Because o f  t h i s ,  a power consumption f a c t o r  of 

1.0 of design i s  used. 

3.11 PLANT 12, GASIFICATION AND PURIFICATION 

Plant  12 cons is ts  o f  t he  Texaco P a r t i a l  Oxidat ion Uni t ,  the  s h i f t  sec- 

t i on ,  the  Selexol U n i t  and the  wdrogen compressors. The e l e c t r i c a l  

power consumption i s  dominated by the  hydrogen compressors. There are 

f i v e  compressors each o f  which has suc t ion  unloaders w i t h  unloading t o  

2%, 50%, 75% and 0% o f  capacity.  Since these machines are manifolded on 
the  suc t ion  and discharge, t h i s  unloading a f f o r d s  almost s t r a i g h t  1 i n e  

turndown o f  f l ow  and power consumption. The f l o w  r a t e  through P lan t  12 

i s  87% o f  the  design f l o w  rate. The power consumption f a c t o r  i s  0.87. 

3.1 2 PLANT 15, OXYGEN PLANT 

The Oxygen P lan t  ou tput  i s  dependent t o  a l a r g e  ex ten t  on the  steam out- 

p u t  f r o m  Steam Generation and B o i l e r  Feedwater Treat ing  (P lant  31). 

There are th ree t r a i n s  i n  the  Oxygen Plant.  The main compressors ( a i r  

compressor and oxygen compressor) i n  two o f  the  t r a i n s  are  d r i ven  by 

steam tu rb ines  and i n  one t r a i n  by e l e c t r i c  motors. I n  P lan t  31 f o u r  

b o i l e r s  a re  provided, any three o f  which can supply enough steam f o r  the  

f a c i l i t y .  I f on ly  two b o i l e r s  should be avai lable,  t h e  steam w i l l  be 

brought i n t o  balance by shu t t i ng  down the  one t r a i n  i n  the  Oxygen P lant  

operat ing on steam. 

The average d a i l y  consumption of oxygen i s  4,250 tons pe r  day (TPD). 

When the  f a c i l i t y  product output  i s  a t  t he  ra ted capaci ty  o f  53,000 BPSD, 

the oxygen demand i s  4,850 TPD. The t o t a l  ra ted  capaci ty  of t h ree  oxygen 

t r a i n s  i s  5,000 TPD. It i s  obvious by g lancing a t  t he  above numbers t h a t  

f o r  extended per iods o f  t ime the  Oxygen P lan t  w i l l  be capable o f  pro- 

ducing more oxygen than demanded. The p l a n t  i s  capable o f  producing a 



c e r t a i n  amount o f  l i q u i d  oxygen f o r  storage during t h i s  time, bu t  f o r  the 

most p a r t  one o r  more o f  the oxygen t r a i n s  w i l l  be operated a t  reduced 

throughput. 

Steam i s generated i n  P l  ant  31 w i t h  coal middl i ngs f r o m  Coal Washing 

(Plant  27). Because the middl ings produced have t o  be burned i n  the 

bo i l e r s  o r  trucked t o  l a n d f i l l ,  the incremental cost  of generating steam 

i s  low a t  times when b o i l e r  capacity i s  avai lable. Therefore, when 

c u t t i n g  back the oxygen production, i t  makes sense t o  maintain those 

t r a i n s  w i t h  steam dr i ve rs  a t  rated capacity and reduce the throughput of 

the t r a i n  w i  t h  e l  e c t r i c  motor d r i  ves. 

The design o f  the Oxygen. P lant  i s  based on severe summer condi t ions of 

96°F dry  bul b temperature and 78°F wet bul b temperature. The year l y  

average condi t ions are somewhat below these temperatures. Even on hot  

summer days, the evening and ear l y  morning temperatures are not  as severe 

as these deslgn temperatures. Most o f  the e l e c t r i c a l  power i n  Plant  15 

i s  consumed by the la rge  compressors. When a gas i s  compressed, the 

idea l  theore t i ca l  horsepower i s  d i r e c t l y  proport ional  t o  the absolute 

temperature of the gas a t  the i n l e t  t o  each stage o f  the compressor. 

Because of t h i s ,  a factor  must be appl ied t o  the design power consumption 

t o  account f o r  coo le r  average ambient condit ions. 

Because o f  the uniqueness o f  the power users i n  Plant 15 and t h e i r  i n t e -  

g ra t ion  i n t o  the overa l l  project ,  the power consumption i n  Plant  15 i s  

analyzed i n  de ta i l .  Factors such as a v a i l a b i l i t y  of steam, p l an t  turn-  

down, and coo ler  average ambient temperatures, along w i t h  steam ava i l  - 
a b i l i t y ,  are incorporated i n t o  the base case power consumption. The 

power consumption factor, due t o  the reduced throughput, i s  i n  add i t i on  

to' these o ther  fac to rso  The average oxygen production i s  4,250 TPD p lus 

approximately 200 TPD over the fence sales. The rated p l an t  capacity i s  

5,000 TPD. The turndown o f  the large compressors i s  almost l i n e a r  w i t h  

flow. Therefore, the power consumption f ac to r  i s  0.9. 



3.13 PLANT 17, H-COAL@ DISTILLATE SEPARATION 

Plant  17 cons is ts  o f  two t r a i n s  o f  d i s t i l l a t i o n  equipment i nc lud ing  d i s -  

til l a t i o n  columns, s t r ippers,  rebo i le rs ,  and condensers. The e l e c t r i c a l  

power consumption i s  r a t h e r  evenly d i s t r i b u t e d  between fans, pumps and 

compressors. It i s  an t i c ipa ted  t h a t  the  d i s t i l l a t i o n  and s t r i p p e r  

columns w i l l  be operated i n  such a manner as t o  main ta in  constant  l i q u i d  

and vapor f low ra tes  i n s i d e  the  columns. Because o f  t h i s  operat ing con- 

s t r a i n t ,  the  e l e c t r i c a l  power consumption w i l l  no t  vary appreciably w i t h  

throughput. There w i l l  be a reduct ion of power consumption f r o m  t h e  

design power consumption a t  design throughput due t o  outages i n  P lan t  17 

i t s e l f  and due t o  ambient temperatures lower than design. 

F in- fan heat exchangers are used f o r  process coo l i ng  i n  P lant  17. These 

fans are equipped w i t h  va r iab le  louvers and w i n t e r i z i n g  t o  prevent over- 

cool ing. The p r o j e c t  i s  designed f o r  a ho t  summer day o f  96°F. When t h e e  

ambient temperature drops subs tan t ia l l y  below t h i s  temperature, l e s s  a i r  , 

w i l l  be required t o  do the  same amount o f  cool ing. A power consumption - 
f a c t o r  o f  0.92 i s  used t o  account f o r  t h e  combined f in- fan,  downtime and 

reduced throughput effects. 

3.14 PLANT 18, NAPHTHA HYDROTREATING AND REFORMING 

Plant  18 cons is ts  of the  naphtha hydro t reater  and p lat former.  The design ' 

o f  t he  equipment i s  based on a p rop r ie ta ry  UOP process. The e l e c t r i c a l  

power consumption i s  d i  r e c t l y  p ropor t iona l  t o  throughput. The power--con- 

sumption i s  increased s l i g h t l y  from t h e  average throughput o f  88.7% t o  

account f o r  i n e f f i c i e n c y  on turndown. The e l e c t r i c a l  power consumption 

f a c t o r  i s  0.902 f o r  P lan t  18. 

3.1 5 PLANT 19, FLARE SYSTEM 

The e l e c t r i c a l  power consumption o f  t h i s  system i s  n o t  dependent on t h e  

throughput i n  the  r e s t  o f  t he  p lant .  This system must operate a1 1 the  

time. The power consumption f a c t o r  f o r  t h i s  p l a n t  i s  1.0. 



3.16 PLANT 20, TANKAGE 

PI ant 20 e l e c t r i c a l  users cons is t  o f  loading pumps, mixers, and compres- 

SOPS. AS expected, the e l e c t r i c a l  power consumption o f  the loading pumps 

and associated equipment i s  d i r e c t l y  proport ional  t o  the throughput o f  

the equipmento The compressors i n  t h i s  p l an t  are re f r i ge ra t f on  com- 

pressors o r  vent gas compressors. 

Mixers are used t o  keep d i f f e r e n t  products i n  suspension o r  t o  avoid 

l ocal ized overheating. Both the mixers and compressors w i l l  be operated 

continuously a t  the design capacity. When the e l e c t r i c a l  consumers i n  

each category are  weighted appropriately, the e l e c t r i c a l  consumption 

fac tor  f o p  PI ant  20 i s  0.93 o f  design. 

3.97 PLANT 21, INTERCONNECTING P I P I N G  

There are no e l e c t r i c a l  consumers i n  Plant  21. 

3.18 PLANT 22;RIVER FACILITIES 

The e l e c t r i c a l  consumption i n  Plant  22 i s  minimal and constant. There- 
fore, the e l e c t r i c a l  consumption f ac to r  i s  1.0. 

3.1 9 PLANT 23, RAIL, TRUCK, PIPELINE 

The e l e c t r i c a l  consumption i n  Plant  23 i s  minimal and constant. There- 

fore, the e l e c t r i c a l .  consumption f a c t o r  i s 1.0. 

3.20 PLANT 26, COAL RECEIVING AND STORAGE 

The e l e c t r i c a l  consumption f o r  P l  ant  26 i s  approximately proport ional  t o  

throughput. A small a1 lowance. i s  made t o  account f o r  i ne f f i c i enc ies  

associated w i t h  turndown. The e l e c t r i c a l  power consumption f ac to r  f o r  

Plant  26 i s  0.887. 



3.21 PLANT 27, COAL WASHING 

The e l e c t r i c a l  power consumptions f o r  P lan t  27 i s  approximately propor- 

t i o n a l  t o  throughput. I n  add i t i on  t o  the  same allowance f o r  i n e f f i c i e n -  

c i e s  placed on P lan t  26, an a1 lowance o f  3% was added t o  P lant  27 t o  make 

allowances f o r  i d 1  i n g  the  p l a n t  on standby, when. no coal i s  being 

processed. The e l e c t r i c a l  power consumption f a c t o r  i s  0.91 7 f o r  P lant  27. 

3.22 PLANT 30, ELECTRICAL DISTRIBUTION 

Three percent i s  added t o  the e l e c t r i c a l  power consumption t o  account f o r  

1 osses i n  the  d i s t r i b u t i o n  system. 

3.23 PLANT 31, STEAM GENERATION AND BOILER FEEDWATER TREATING 

Plant  31 cons is ts  o f  four t r a i n s  o f  b o i l e r s  and associated BFW. t rea t ing .  

Any th ree b o i l e r s  operat ing a t  t h e i r  ra ted  capaci ty  can supply t h e  

required steam f o r  the  p lan t .  The a v a i l a b i l i t y  of any one b o i l e r  i s  

est imated t o  be approximately 90%. Based on t h i s  and the  t o t a l  steam 

requirement, the  average throughput o f  each b o i l e r  i s  72%. The power 

consumption i n  P lan t  31 i s  d i r e c t l y  p ropor t iona l  t o  throughput; the  

y e a r l y  average power consumption as a f r a c t i o n  o f  the. design power con- 

sumption i s  4/3 t imes 0.72 o r  0.96. 

3.24 PLANT 32, WATER SYSTEMS: RAW, POTABLE, COOLING 

The e l e c t r i c a l  users i n  P lan t  32 are dominated by those associated w i t h  

the  coo l i ng  water system. During outages o r  reduced throughput i n  the 

process, t he  coo l i ng  water w i l l  cont inue t o  c i x u l a t e  through t h e  equip- 

ment a t  t he  design r a t e  so as t o  prevent f o u l i n g  o r  f reezing problems. 



A reduct ion i n  fan  horsepower due t o  ambient temperatures lower than 

design i s  taken i n t o  account i n  the base power consumption. Because the 

coo l ing water f l o w  r a t e  remains constant i n  P lant  32, the power consump- 

t i o n  i n  t h i s  p l a n t  remains constant and the consumption f a c t o r  i s  1.0. 

3.25 PLANT 33, FIRE SYSTEMS 

The e l e c t r i c a l  consumption i n  P lant  33 on a year l y  average basis i s  

minimal and independent o f  p l  ant  throughput, The power consumption 

f a c t o r  f o r  P lan t  33 i s  1.0. 

' 3.26 PLANT 34, SEWERS AND WASTEWATER TREATMENT 

The water t h a t  i s  processed through P lant  34 comes f r o m  two d i f f e r e n t  

sourres: process water and o ther  water-. Process water i s  sour water o r  

o i l y  water t h a t  has been i n  contact  o r  contaminated by the process 

f l u ids .  Water from other  sources includes coal p i l e  runoff, t reated 

sewage, rainwater, etc. This water w i l l  be re ta ined and processed over a 

per iod o f  time. The power consumption f o r  processing each type of water 

i s  about equal. It i s  assumed the power consumption i s  approximately 

d i r e c t l y  propor t iona l  t o  throughput. The water processed o ther  than 

process water i s  an a l l oca t i on  ra the r  than a quant i f iab le  quanti ty, 

Therefore, i t  i s  t reated as a constant and has a power consumption fac tor  
o f  9.0. The process water comes from Plant  9 where i t  i s  pre t reated t o  

recover ammonia and phenols. The p a r t  o f  P lant  34 t h a t  processes t h i s  

water has the same operat ing f a c t o r  as Plant  9. This power consumption 

f ac to r  i s  0.92. These two fac to rs  are averaged and the overa l l  power 

consumption fac to r  f o r  P lant  34 i s  0.96. 

3.27 PLANT 35, STACK GAS SCRUBBING 

Pl ant 35 cons is ts  o f  the stack gas scrubbing associated w i th  the steam 

generation i n  P lant  31. Each p l a n t  has four t r a i n s  d i r e c t l y  coupled. 

Each t r a i n  cons is ts  o f  a b o i l e r  and i t s  associated f l u e  gas desul fur isa-  

t i o n  scrubber. I n  addi t ion,  each p l a n t  has associated equipment t h a t  i s  



not d i rec t ly  coupled but shared between a number of t ra ins .  The power 

consumption f ac to r  f o r  the equipment i n  the scrubbing section of Plant 35 

will  be the same a s  t h a t  f o r  Plant 31, 0.96. To this, 0.04 i s  added t o  

account f o r  the time this equipment is operated on start-up before 

actually receiving gas and f o r  the  f a c t  t h a t  the equipment, o ther  than 

t h a t  associated w i t h  scrubbing, will have t o  operate i n  a standby mode. 

The overall power consumption fac tor  f o r  Plant 35 i s  1 .O. 

3.28 PLANT 36, INSTRUMENT AND PLANT AIR SYSTEMS 

The e l ec t r i c a l  power consumers i n  Plant 36 consis t  of three  centrifugal  

50% instrument a i r  compressors and two dryer packages. The system is  

generously sized so t h a t  two of the compressors can eas i ly  supply the  a i r  

requirements. Most of the time, the compressors a re  turned back a s  much 

a s  possible t o  reduce power consumption. The compressors a r e  of a small 

centrifugal  type. A reduction i n  power consumption t o  90% of design f o r  

turndown may be a l l  t h a t  can be at tained i n  such equipment. Therefore, 
* 

the power consumption f ac to r  i s  0.9. 

3.29 PLANT 37, COMMUNICATION SYSTEM 

The e l ec t r i c a l  consumption i n  Plant 37 i s  minimal and constant. There- 

fore, the e lec t r i ca l  power consumption f ac to r  i s  1 .O. 

3.30 PLANT 38, INERT GAS SYSTEMS 

Pl ant  38 compresses nitrogen t o  be used i n  Plant 1 and Plant 7 w i t h  most 

of the e l ec t r i c a l  power consumed i n  Plant 38 being used t o  supply 

nitrogen t o  Plant 7. Because of this, the  same power consumption fac tor  

assigned t o  Plant 7 i s  assigned t o  Plant 38. This fac tor  i s  0.935. 

3.31 PLANT 39, PURGE AND FLUSH OIL SYSTEMS 

Plant 39 supplies f lush o i l  t o  the  main plant  t o  purge 1 ines and vessel s 

of s lurry  and t o  f lush s lurry  pump seals. The system cons i s t s  mostly of 



pumps and heaters. Since the system e i t h e r  has t o  constant ly be used o r  

be on ho t  standby, the power consumption i n  the system i s  constant. The 

e l e c t r i c a l  power consumption f ac to r  i s  1. 0. 

3.32 PLANT 41, BUILDINGS 

Plant  41 e l e c t r i c a l  power consumers are dominated by 1 i ghting, heating . 

and a i r  condit ioning. The e l e c t r i c a l  consumption i s  based on the square 

footage o f  the bui ldings. Therefore, t h i s  number a1 though i t  may vary 

dur ing the year  can be considered a constant on a year l y  average basis. 

The e l e c t r i c a l  power consumption t a c t o r  i s 5 -0. 

3.33 PLANT 42, SOLID WASTE MANAGEMENT 

The e l e c t r i c a l  power consumption i n  Plant  42 i s  minimal and constant. 
The e l e c t r i c a l  power consumption f ac to r  i s  1.0. 

3.34 PLANT 43, SETTLING PONDS 

There are no e l e c t r i c a l  consumers i n  Plant  43. 

3.35 PLANT 44, LANDFILL 

The e l e c t r i c a l  power consumption i n  Plant  44 i s  minimal and constant. 
Therefore, the e l e c t r i c a l  power consumption f ac to r  i s  1.0. 

\ 

3.36 OVERALL PLANT LIGHTING 

The p lan t  area w i l l  be i l luminated w i t h  1 i gh t i ng  con t ro l led  w i th  photo- 

e l e c t r i c  switches. The amount of l i g h t i n g  required and the amount o f  

t ime per year  the l i g h t i n g  i s  t o  be used i s  calculated using sound engi- 

neer i  ng pract ices. Therefore, on a year l y  average basis, the e l ec t r i ca l  

power consumption can be considered a constant. The e l e c t r i c a l  power 

consumption f ac to r  i s  1.0, 



Tables 4 and 5 are  summaries of the e l e c t r i c a l  generation and consumption f o r  

each plant .  Table 6 i s  a de ta i l ed  breakdown o f  the e l e c t r i c a l  users i n  each 
p l  ant. 



TABLE 4 

ELECTRICAL POWER SUMWRY FOR DESIGN RATE AND PROJECTED ACTUAL RATE' 

PLANT NO. 

POWER G E ~ R A T I O N .  RW KJUER CONSUMPTION, KW 

PLANT N M  
DESICN RATE ADJUSTED FACTOR PROJECTED ACTUAL DESIGN RATE(1) ADJUSTED FACTOR PROJECTED ACTUAL(2) 

Coal Drying L. Pulver iz ing - 
Coal S lu r ry  Prepara t ion  - 
H -Coal 'RP  Reheating 6 

React ion - 
H-Coal ORQ Prhnary 

Separation - 
8-Coal ORo Recycle 

S lu r ry  Pcegarat  ion - - - 2,730 2,73C 0.97 , 2,648 2.648 

tl-Coal @Ro Recycle Hydro- 
gen Concentrat ion L. 
Compression - 

Gas Plant  8,079 0.855 6,908 6,577 -331(7) 7,034 -1,04! (1) 0.935 

Cryogenic Hydrogen 
P u r i f i c a t i o n  

Sour Water Q Ammonia - - - 531 535 0.92 . 488 488 

Sulfur  Plant  

Casif i c a t  ion 6 PucLf i- 
c a t  ion 

Oxygen P lan t  

D i s t i l l a r e  Separation 

Naphtha Treat ing  6 
Re forming 

F la re  S y e t a  

Tankage 

In terconnect ing  Piping 

River F a c i l i t y  - - - 1 1 1 .o 1 1 



TABLE 4 (Continued) 

POWER GENERATION, KW POWER CONSUHPTION, IW 

P L A . ~  NO. PLANT NM DESIGN RATE ADJUSTED FACTOR PROJECTED ACTUAL DESICN RATE(1) ADJUSTED FACTOR PROJECTED ACTUAL(2) 
52349 BPSD FOR PROJECTED RATE RATE. 46334 BPCD 53249 BPSD FOR PROJECTED RATE X E .  46334 BPCD 

GROSS(3) NET(41 GROSS(5) NET( 6) 

23 R a i l ,  Truck,  P i p e l i n e  - - - 27 27 1 .O 27 27 

2 6 Run of Mine Coal  Receiv- .  
- ing 6 Bulk S t o r a g e .  . - 

27 Coal  Washing h Secondary 
Crushing - - - 5,318 5,318 0.917 4,877 4,877 

31 Steam Genera t ion  h B N  
T r e a t  i a g  36,964 0.92 31,007 5,288 -31,676(7) . 0.96 5,076 -28,931(7) 

32 Water Systems, Raw, 
P o r t a b l e ,  CU - 

3 3 F i r e  Systems - 
34 Sewers h Waste Trea tment  - 
35 S t a c k  Gas Scrubbing  - 
3 6 Ins t rument  A i r  h P l a n t  

A i r  System 

37 Communications System - 
3 8 I m e r t  Gas Systems - 
3 9 Purge  h' F l u s h  O i l  Systeme - 
4 1 B u i l d i n g e  - 
4 2 S o l i d  Waste Hanagement - 
4 3 S e t t l i n g  Ponds 

44 L a n d f i l l  

O v e r a l l  P l a n t  L i g h t i n g  - 
Tota"c1uding D i s t r i b u t i o n  Losses  51,449 

D i s t r i b u t i o n  Losses  (32 of t h e  Net) 

T o t a l  Net E l e c t r i c a l  Power Consumption 



TABLE 4 (continued) 

NOTES: 

(1) The deaign r a t e  f o r  Cat producta correspanding t o  a d ry  c o a l  feed  r a t e  of 16,500 tonalday. 

(2 )  Equivalent t o  88-72 of t h e  des ign r a t e  mentioned above. 

(3) To ta l  e l e c t r i c a l  consumption f o r  t h e  des ign  r a t e .  

(&) T o t a l  e l e c t r i c a l  consuoption miaua e l e c t r i c a l  gene ra t ion  f o r  t h e  des ign  r a t e .  

(5 )  T o t a l  e l e c t r i c a l  consumption f o r  t h e  projec ted  a c t u a l  r a t e .  

(6) T o t a l  e l e c t r i c a l  consumption minus e l e c t r i c a l  gene ra t ion  f o r  t h e  projec ted  a c t u a l  r a t e .  

(7) Negative nunbers r ep re sen t  e l e c t r i c a l  genera t ion .  



TABLE 5 

NET ELECTRICAL POWER CONSISMYPIONS FOR DESIGN RATE AND PROJECTED ACTUAL RATE 

PLANT 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

15 

I1  

18 

19 

20 

2 1 

2 2 

2 3 

DESIGN RATE, 

PLANT NAME 5 2 3 4 9 ~ ~ ~ ~ ' ~ )  

Coal Drying 6 Pulver iz ing 18,632 

Coal S lu r ry  Prepara t ion 1,638 

H-Coal .(R) Preheat ing 6 React ion 18,249 

H - c ~ a l . ' ~ )  Primary Separat ion 6,335 

H-Coal (R) Recycle S lu r ry  Prepara t ion 2,730 

H-Coal rR) Recycle Hydrogen compression 6,783 

Gas PLant -1,045(3) 

Cryogenic Hydrogen Pur l f  i c a t i o n  14,867 

Sour Water 6 Ammonia 531 

S u l f u r  Plant  10 

Gasification h P u r i f i c a t i o n  55,462 

Oxygen Plnnt  33,464 

D i s t i l l a t e  Separat ion 3.374 

Naphtha Trea t ing  6 Reforming 5,704 

F la re  System 18 

Tankage 1,885 

Interconnect ing Piping - 
River F a c i l i t y  1 

Rai l ,  Truck, P ipe l ine  27 

PROJECTED ACTUAL PUNT 

RATE, 4 6 3 3 4 ~ ~ ~ ~ ' ~ )  HO. 
... . 

17,421 26 

1,638 27 

16,789 3 1 

'5i511 32 

2,648 33 

6,003 34 

-331(3) 35 

13,157 36 

PLANT NAME 

Run of Mine Coal 6 Bulk S to rage  

Coal Washing 6 Secondary Crushing 

Steam Generation 6 BFN Trea t ing  

Water Systems, Raw, Por t sb le ,  CW 

P i r e  Systems 

Sewers 6 Waste Treatment 

Stack Gas Scrubbing 

Instrument A i r  6 P l a n t  A i r  System 

Communication System 

Inne r t  Gas Systems 

Purge 6 Flush O i l  Systems 

Buildinga 

So l id  Waste Treatment 

S e t t l i n g  Ponds 

L a n d f i l l  

Overal l  P l an t  Light ing 

T o t a l  Power i n  Se rv ice  

E l e c t r i c a l  D i s t r i b u t i o n  Loss(4) 

Overa l l  Net Power Consumption 

NOTES:, ( I )  The des ign r a t e  f o r  C j  + products corresponding t o ' s  dry  c o a l ' f e e d  of 16,500 tonsfday. 

(2) Equivalent t o  88.7% of t h e  des ign r a t e  mentioned above. 

( 3 )  The negat ive  11umbers r ep resen t  ne t  power generation. 

(4) Estimated a t  3% of t o t a l  power i n  se rv ice .  

DESIGN RATE, 

5 2 3 4 9 ~ ~ ~ ~ ( l )  

PROJECTED ACTUAL 

R A T E . ~ ~ ~ ~ ~ B P C D ( ~ )  

2,711 

4,877 

-28,931 (3) 

14,520 

45 

7,002 

4,372 * 

1,373 

13 

1,296 

400 

2,614 

230 



TABLE 6 

RLECTRI CAL SUMMARY 

PLANT 1 

CONS WED 

ITEM NO. 

1F-lO1A t h r u  F 

IF-lOlG, H 

IF-102A t h r u  F 

IF-IOZG, H 

IF-103A t h r u  F 

IF-103C, 11 

IF-104A t h r u  F 

IF-104C. It 

IK-IOlA t h r u  F 

IK-IOlG, H 

IK-102A t h r u  C 

IK-lO2G, H 

IK-104A t h r u  C 

IK-104D 

IK-IO5A t h r u  C 

IK-lO5D 

IT-LOLA t h r u  F 

IT-IOIC, I1 

IT-102A t h r u  I1 

IT-104A t h r u  C 

IT-102D 

SERVICE 

Combustors ( s t a r t - u p  L i q u i d  F u e l  Pumps) 
)I 88 

Combustor A i r  Fans  
I 8  

Main Fan Damper 
I* 

Vent Damper 
I* 

Ma i n  Exhaus te r  
I, 

S e a l  O i l  Fan 
I 

Return  N i t r o g e n  Fan 
,I 

Nit rogen  Compressor 
I1  

Weigh Feeder 
I,  

l l o i s t  f o r  F e e d e r s  

Mass Flow Conveyor 
I, 

CONNECTED 
OPERATINC(~) HP 
BHP/EACH EACH TOTAL - -  

OPERATING 
KW/EACH 

AVERAGE 
ON-STREAM'~) OP. K13 

FACTOR EACH .TOTAL - - 

0 

67 5 

0 

6 

0 

NIL 

4 

0 

0 

2 ,025  

0 

36  

0 

NIL 

12 

0 



TAELE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 1 

ITEM NO. SERVICE 

IT-105A t h r u  C 

IT-102D 

IT-l05A chru C 

IT-IOSD 

IT-LOLA t h r u  C 

IT-106D 

IT-107 , 

IT-108A t h r u  P 

IT-IIOA t h r u  P 

IT-ILIA t h r u  H 

Mass Flow Conveyor 
,I 

I 1  

,I 

Mass Flow Bin Feed Conveyor 
I 1  

Overhead T rave l i ng  Crane 

Maintenance Ho i s t  

Weight Lose D i f f e r e n t i a l  Feeder 

Weigh Auger Feeder 

IT-112A t h r u  2 &-Motor ized  D i v e r t e r  Valves 
ITI12AA t h r u  AF 

IY-1OlA t h r u  F P u l v e r i z e r  

Hydraul ic  Pneumatic Sp r ing  P a r t  

C l a s s i f i e r  Dr ive r  

Automatic L u b r i c a t i o n  Motor 

Automatic Lub r i ca t i on  Motor 

Water Spray  Cabine t  Motor 

Water Spray Cabine t  Motor 

P u l v e r i z e r  

l l yd rau l i c  Pneumatic Spr ing  P a r t  

C l a s s i f i e r  Dr ive r  

Automatic Lub r i ca t i on  Motor 

Automatic Lub r i ca t i on  Motor 

Water Spray Cabine t  Motor 

Water Spray Cabine t  Motor 

CONNECTED 
OPERATINC(~) HP 

BHP~EACH - -  EACH TOTAL 
 MOTOR(^) 

EFF. X 
OPERATING 
KWIEACH 

AVERAGE 
ON-STREAM'~) OP. KW 

FACTOR EACH TOTAL 

1 .o 4 12 

0.0 0 0 

1 .o 4 12 

9.0 0 0 

1 .o 4 12 

0 .0  0 0 

1 .O 36  36  

0.05 NIL NIL 

1 .O 4 64 

1 .O 6 48 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY -PLANT 1 

ITEM NO. 

1Y-102A t h r u  F 

IY-1026, ,H 

1Y-103A t h r u  F 

1Y-103G, H 

IY-104A t h r u  C 

IY-104D 

IY-1-5A t h r u  C 

lY-105D 

IY-106A t h r u  H 

IY-I061 t h r u  P 

SERVICE 

Cyclonee (8-5 HP Motore each) 
I1 

Hain Bag F i l t e r  
I* 

Return Ni t rogen  Bag F i l t e r  
I1 

Bunker Top Bag F i l t e r  
II  

Pneumatic Pump 
II 

TOTAL PLAEFF CONSUMPTION 

CONNECTW 
HP 

EACH TOTAL --  
WTOR(~)  

EPP. X 

NOTES: (1) BHP i e  e s t ima t ed  a t  85% of  connected horeepower. 

(2) Motor e f f i c i e n c y  da e s t ima t ed  a s  a f u n c t i o n  of  motor e i z e  and pe r cen t  r a t e d  d u l l  Pond 
a s  provided  i n  "Motor Appl ica tkon and Maintenance Handbook", HcGraw H i l l  Book Company 
1969, 3-47 pp. 

(3) On-stream f a c t o r  i e  de f i ned  a s  t h e  r a t i o  of  ave r age  o p e r a t i n g  houre  p e r  day  t o  24 hours .  

OPERATING 
KWIEACH 

30  

3 0  

3 5 

35 

7 

7 

7 

7 

72 

7 2 

AVERAGE 
ON-STRW(~) OP. ~u 

FACTOR - EACH - TOTAL 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 2 

CONSUMED 

ITEM NO. SERVICE, 

Coal Prewetting Feeder 

Vortex Mixing Tank Mixer 

Coal Slurry Surge Tank Mixer 

Coal Slurry Booster Pump 

Scrubber Condensate Pump 

Prewetting Oil Cooler 

TOTAL PLANT CONSUMPTION - 

OPERATING 

KW/TRAIN 

TOTAL 

OP. KW 



TABLE 6 '(Continued) 

The Electrical Summary for Plant 3 contains pro- 

prietary information, and is available for review 

at Bechtel 's Houston offices. 



TABLE 6 (Continued) 

The E l e c t r i c a l  Summary f o r  P l a n t  4 con ta ins  pro-  

p r i e t a r y  in format ion,  and i s  a v a i l a b l e  f o r  rev iew 

a t  Bech te l ' s  Houston o f f i c e s .  



TABLE 6 (Continued) 

The Electrical Summary for Plant 5 contains pro- 

prietary information, and is available for review 

at Bechtel's Houston offices. 



TABLE 6 (Continued) 

The E l e c t r i c a l  Summary f o r  P lan t  6 conta ins pro- 

p r i e t a r y  in format ion,  and i s  ava i l ab le  f o r  review 

a t  Bechte l ' s  Houston o f f i c e s .  



TABLE 6 (Continued) 

PLANT 7 
A. CONSUMED 

PUMPS 

ITEM NO. 

7 G  102A 

,I B 

7C-103A 

'I 0 

7C-104A 

DESIGN 

SERVICE - AHP 

P W  DESIGN CONNECTED ON-STREAH 

FACTOR 

1 .o 
0.0 

1 .o 
0.0 

AWRAGE 

OP. .KW 

200 

0 

I 1  

0 

OPERATING 

Kw f3FF.X - BHP HP 

F i r e t  Stage  Condeneate Pump 189 
I 8  00 

Second Stage Condeneate Pump 6.6 
II to 

Pre-Compressor K.0. Liquid 
PUP 0.6 3 

0 

NIL 

214 

0 

186 

0 

2 

0 

1 

0 

DEA Sump Pump 

Lean DEA Pump 
II 

Lean DEA Booster Pump 164.8 
II I 8  

DEA Regenerator Reflex Pump 1.1 
I 1  II 

DEA Absorber Water C i r c u l a t i o n  0.5 
11 #I 

Fuel Gaa Absorber Water 
C i r c u l a t i o n  0.4 

Steam Condensate Pump - 
Pt - 

I n i t i a l  Condensate Pump 0.55 
01 01 

Deethanizer Reflux Pump 8.2 
01 80 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

A. CONSUMED 

P W S  

ITEM NO. 

7G-124A 

" B 

7C-12sA 

'I B 

7C-126A - 
" B 

7G-127A 

B 

7C-130A 

B 

7C-131A 

' B 

7C-032A 

7C-I51 

MOTOR 

8FP.X - 
OPERATING 

KW 

ON-STREAH 

FACTOR 

1 .o 
0.0 

1.0 

0.0 

1 .o 
*I 

1 .o 
0.0 

i.0 

0.0 

1 .o 
0.0 

0.05 

AVERAGE 

OP. KW 

207 

0 .  

38 

0 

46 

0 

15 

0 

89 

0 

52 

0 

2 

DESIGN 

SERVICE HHP 

DESIGN CONNECTED 

BHP UP 

257.5 300 
11 I 1  

Debutanizer Reflux Pump 193.1 
I 1  II 

Depropanizer Reflux Pump 30.8 
I, I 1  

Naphtha Splitter Reflw Pump 36.2 
,I I 1  

Heavy Naphtha 
I, 

Butane Wash. Pump 
II 

Propane Wash Pump 34.2 
11 I 1  

Refrigerant Blovdovn 10.5 

Caustic (Methanol, Water- 
Acetic Acid) 1.57 3 

3 

NIL 

68 
11 

NIL 

NIL 

NIL 

68 

. o  

Antioxidant Pump .00015 

Atmospheric Condensate Pump 41.4 
11 11 

Intermediate Pressure 
Condensate Pump 4.62 

11 I 1  

2nd Stage K.0 Liquid Pump 7.0 

DEA Regenerator Ovhd 
Separator Pump 0.3 NIL 



'TABLE 6 (Continued) 

ELECTRICAL SUWMARY 

A. CONSUMED 

PUMPS BE'SIGN PUMP DESIGN CONNECTED OPERATING OM-STREAM AVERAGE 

ITEM NO. SERVICE . M1P &FF.% , HP EPF.%, , KW FACTOR OP. KW - BHP - 
7C-070A Surface  Condenser P u m p  7.3 50 14.6 20 88 12 0.0 0 

B 11 01 11 I1 I1 I1 11 0.0 0 

5% Credi t  f o r  110% Design Capacity 

T o t a l  Operating KW f o r  'Pumps 

A I R  COOLER FANS 

ITEM NO. SERVlCE 

7E-114 DEA Regenerator Ovhd Condenses 

7E-116 Lean DEB Cooler 

7E-133 S p l i t t e r  Ovhd Condenser 

7E-154 Regenerat ion Cooler 

71-155 Regeneration Cae Cooler 

T o t a l  Air  Coolers 

7E-160 Molecular Sieve Regeneration 

78-163 F1 Alumina Regenerat ion 

T o t a l  E l e c t r i c a l  Heaters  

OPERATING CONNECTED WEOR OPEEATING OIP-STREAU 

BHP HP EFP.% KW FACTOR - 
20 25 89 17 1 .O 

24 30 90 20 1 .O 

16.6 25 89 14 1.0 

5.3 7.5 84 5 0.5 

6.2 PO 85 5 0 0 5  

AVERAGE 

OP. KW 



TABLE 6 (Continued) 

ELECTRICAL SUM?lARY 

COMPRESSORS 6 BLOWERS 

DESIGN 

ITEM NO. SERVICE HHP 

7K-LOlA Gas Compreesor ,1507 

I8  B I, I 0  

I* C I, II 

7K-104 Regeneration Blower 5 1 

7K-106A Propane Blower 2574 

'I B I* II 

7K- 107 Regenerat ion Gas 
Compressor 658 

To ta l  Compressors 6 Blowers 

SPECIAL EQUIPHENT 

7V-112 Antifoam I n j e c t i o n  
Package Feed Pump - 

7V-113 Corrosion I n h i b i t e r  
Package Feed Pump - 

Tota l  P lan t  Power Consumption 

DESIGN 

EFF.X BHP -- 
79 1900 
II II 

II I 8  

73 70 

83 3100 
II II 

CONNECTED 

HP 

2000 
II 

II 

150 

3500 
II 

MOTOR 

Ern.%, - 
94 
II 

II 

92 

95 
II 

DESIGN 

KW 

1508 
II 

I1 

57 

2434 
I1 

AVERAGE 

DESIGN KW 

I508 

1508 

0 

26 

2434 

0 

- NIL 0.2 NIL 

- NIL 1 .O NIL 

X DESIGN 

ALLOWANCE 

10  
II 

X OP. 

POUBR CREDIT 

5 
II 

AVERAGE 

OP. KW 

1433 

1433 

0 

26 

1826 

0 

NIL 

NIL - 

7034 



TABLE 6 (Continued) 

ELECTRICAL S W Y  

0 .  GENERATED 

WWCTED GE'@RAW G E W W P I D  ON-STRP;IIlO TOTAL 
ITEM NO. SERVICE THP - E m  _BHP HP EEE,X KW JucmR- - KW 

7K-102 Turbo Expander Pirat 
Stage (100% Capacity) 11,200 46.5 5200 - 

7K-105 Turbo Expander Second 
S tage (100% Capacity) 11,700 53.0 6200 - 95 4394 1.0 - 4394 

Total Generated Electrical  Power 8079 

C .  NET OPERATING KW 

Plant Consumption 1,034 

Plant Generation 8.079 

Net Consumption -1.045 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 8 

ITEM NO. 

8K-70 

8K-20 

8K-10 

8K-1 

8V-59 

SERVICE 

Nitrogen Compressor 

Heavy Hydrocarbon Compressor 

I n e r t  Gas Compressor 

Reactivation Blower 

Refrigeration Unit , 
4 . , , ' .  . i 

Pipel ine Fuml Conpressor 

CONNECTED 

HP 

4,500 

4,000 

500 

700 

J .  
125 

I .- I?. 
I 12,500 

Auxil iar ies  
* ,' ., 

Auxil iar ies  , . \ 

Auxil iar ies  

Auxil iar ies  

Auxil iar ies  

A and B Condensate Pumps 

Lighting and Control Traneformers 

Mercury Vapor Lights 

15 

40 

10 
5 

10 

5 

45 KVA 

30 KVA 

Lighting, Instrumentation end Miscellaneous -- 

OPERATING 

Kw 

Total Kw 



SECTION: 

AVG. KW CONSUPPTION: 

TABLE 6 ( ~ o n t  inued)  

ELECTRICAL S W R Y  

PLANT 9 

PHOSPM U N I T  

C 10 

TOTAL PLANT CONSUMPTION 

CHEII-PRO UNIT 

121 

TOTAL 

53 1 



TABLE 6 (Continued) 

CONSUMED 

PUMPS - 
ITEM MO. 

IOC-001A 

10c-0018 

I OG-002 

IOC-003 

IOC-004 

10C-005 

1 OC-006 

SERVICE 

Mol ten  S u l f u r  P i t  Pump 
I, 

Sour  Water Return 
,I 

I 1  

I 1  

I, 

T o t a l  Pumps 

TOTAL PLANT CONSUMPTION - 

OPERATING 
HHP 

ELECTRICAL SUMMARY 

PLANT 1 0  

PUMP 
EFF.X 

OPERATING 
BHP . 

CONNECTED 
HP 

MOTOR 
EPF.X 

OPERATING 
KW 

ON-STREAM 
FACTOR 

1 .o 
0.0 

1 .o 
0.0 

1 .o 
0 . 0  

0.0 



TABLE 6 (Continued) 

The E l e c t r i c a l  Summary, sheets 1 through 8, f o r  

P l a n t  12 con ta i n  p r o p r i e t a r y  i n f o rma t i on ,  and a re  

a v a i l a b l e  f o r  rev iew a t  Bech te l ' s  Houston o f f i c e s .  



B. GENERATED 

EXPANDERS 

ITEN t10. SERVICE 

12K-111 F u e l  Gas Turbo  Expander  
( F i r s t  S t a g e )  

121;-112 Fuel Gas Turbo  Expander  
(Second S t a g e )  

12P-001 E l e c t r i c  Power G e n e r a t o r  

TABLE 6 (Continued) 

OPERATING EXPANDER OPERATING CONNECTED MOTOR OPERATING 
HHP EFF.% -. BllP HP EFF.% KW 

TOTAL PLANT GENERATION 

C .  NET OPERATING 1;W 

T o t a l  P l a n t  Consumption 60,590 

T o t a l  P l a n t  G e n e r a t i o n  5 , 1 2 8  

Net Power Consumption 5 5 , 4 6 2  

ON-STREAM AVERAGE 
FACTOR OP. KW 



A. TOTAL PWJT CONSLWTION 

B. TOTAL PWJT GENERATION 

C. NET POWER CONSUMPTION 

TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 15 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 17 

ITEM NO. 

PUMPS 

FANS - 
17F-101 

17F-101 

SERVICE 

Fractioner Feed 

Heavy D i s t i l l a t e  

Flush O i l  Pumparound 

Mid-Dist . Pumparound 

Heavy Naphtha 

Light Naphtha ' 

Sour Water 

Mid-Dist. Product 

Flush O i l  Product 

Desal ter  Feed 

Aftercooler  Separator 

Subtota l  

Vent Gas' Conlpreseor 

Subtota l  

Combust ion  Air 

Flue Gas 

Subtota l  

OPERATING 

KW 

2-TRAIN 

TOTAL KW 



TABLZ 6 (Continued) 

PLANT 17 

CONSUMED 

ITEM NO. 

AIR-COOLED EXCHANGERS 

17E-103 

17E-105 

17E-106 

17E-107 

'1 7E-110 

17E-112 

17E-115 

SERVICE 

Mid -Di~ : t i l l s t e  P.A. Ixkp Cooler 

F lush  O i l  P.A. Trim C,ooler 

lleavy blaphthh P.A. CEoler 

F r a c t i o n e r  Overhead Condenser 

Elld-Dimtil late Product Trim Cooler 

F lush  O i l  Product  Trim Cooler 

Heavy D i s t i l l a t e  Trim Cooler , . . 
S u b t o t a l  . . 

E l e c t r  l c a l  D e s a l t e r  

TOTAL 

TOTAL PLANT ZO9SUMPTION 

OPERATING 

KW 

2-TRAIN 

TOTAL KW 



SECTION: 

AVG. KW CONSUMPTION: 

TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 1 8  

TWO-STAGE HYDROTREATER 

1 , 1 1 6  

TOTAL CONSUMPTION 

1 0 5  RON PLATFORMER 

4 , 5 8 8  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 19 

CONSUMED 

PUbfPS - 
ITEy t40. SERVICE 

Flare K.O. Drum Slop O i l  
,I #I 

RailITruck Loading Flare K.O. Drum 
I* ,I 

Barge Loading Flare K.O. Drum 
I, ,I 

Flare K.O. Drum Condensat* 
I 1  ,I 

I, *I 

I, ,I 

Slurry Blowdown Pump 
I, ,I 

I, ,I 

,I ,I 

II II 

I, I, 

,I I 1  

t I,  

II 

I I* 

I, 

I I t  

OPERATING PUMP OPERATING CONNECTED 
HHP EFF.% BHP HP - 

MOTOR 
EFP.% 

OPERATING 
KW 

30 

3 0 

10 

10 

11 

11 

6 

6 .  
6 

6 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

ON-STREAM : AVEMGE 
FACTOR OP. KW 

N I L  0 

0.0 0 

0.2 2 

0.0 0 

0.05 6 

0.0 0 

0.05 NIL 

0.0 0 

0.05 NIL 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 



TABLE 6 (Continued) 

ITEM NO. 

19C-103 A 

1%-I03 B 

196-203 A 

19C-203 B 

l9C-303 A 

19C-303 B 

19C-403 A 

19C-403 B 

Slurry  
I 

,I 

SERVICE 

Blwodown Pump 
I 

I, 

I 

I* 

I, 

,I 

,I 

TOTAL PUlPS 

TOTAL PLANT CONSUMPTION 

OPERATING 
HHP 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

PUMP 
EFF.% - 
4 5 

4 5 

45 

45 

45 

45 

4 5 

4 5 

OPERATING 
BHP 

2 2 

2 2 

2 2 

2 2 

2 2 

22 

22 

2 2 

CONNECTED 
1IP 

2 5 

25 

2 5 

2 5 

25 

2 5 

2 5 

2 5 

MOTOR 
EFF. % 

8 7 

8 7 

8 7 

8 7 

8 7 

87 

8 7 

87 

OPERATING 
KW 

19 

19 

19 

19 

19 

19 

19 

19 

ON-STREAM AVERAGE 
FACTOR OP. KW 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

0.0 0 

0.05 1 

'0.0 0 

18 

18 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 2 0  

E1.ECTRICAL POWER 

Publl'S 

ITEM NO. SERVICE 

OPERATING 

IlllP 

PUbP OPERATING CONNECTED 

EFF.% BHP lip 

MOTOR OPERATING 

EFF.% KW 

ON-STREAM 

FACTOR 

AVERACE 

OP. KW 

20C-101A Propane  t o  Tank Car /Barge  
Load ing  

' B I ,  

20G-102A LSR G a s o l i n e  t o  DargeITank 
Car  Loading 

" B I 1  

20C-103A Reformate  t o  Barge/Tank C a r  
Loading 

" B I, 

20C-104A Middle  D i s t i l l a t e  t o  Barge /  
Tank Car  Loading 

tlcavy D i s t i l l a t e  t o  B a r g e l  
Tank C a r  Load ing  

I (  - 

Anhydrous Ammonia t o  Barge /  
Tank Car  Load lng  

I, 

LOO 
I 

Molten S u l f u r  t o  BargeITank 

C a r  Loading 
,I 

Raw Heavy Naphtha t o  P l a n t  18 
I 1  

Vacuum Tower Bottoms t o  P l a n t  1 2  
I 1  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLlElPS OPERATING PUMP OPERATING CONNECTED llOTOR 

ITEM NO. SERVICE HHP EFF. % BHP HP EFF. T 

20C-ll2A Sour Water t o  P l a n t  9 

" B I t  

20G-114A D i e t i l l a t e  F lush  O i l  t o  Procees 
P l a n t s  70.8 58.0 122.1 200 92 

2OG-IISA Phenols t o  Tank Car/Truck 
Loading 90.5 79.0 114.6 125 92 

" 0 I* I 1  I 1  #I I, Il 

20G-116A D i l u t e  Sour Water t o  P l a n t  4 56.1 72.0 77.9 125 91 

" B ,I 11 I 1  I, ,I I 1  

20C-119A lleavy Flush O i l  t o  P l a n t  3 13.6 48.5 28.0 30 88  

' B 11 I, ,I I, ,I I* 

20G-120A L igh t  S lop  t o  P l a n t  17 

" R ,I 

20G-121k lleavy S lop  t o  P l a n t  17 

" B 

20G-12% Butane LPG t o  Tank CarIBsrge 
Loading 88.0 76.5 128.1 150 9 2 

" B I 1  11 II *I . II 

20C-123k Wet S lop  t o  P l an t  17 31.57 48.0 65.7 7 5 9 2 

" B ,I I 1  11 I 1  Il 11 

20G-124A 20% Caus t i c  S o l u t i o n  

I' , I* 

OPERATING 

KW 

104 
,I 

ON-STREAM 

FACTOR 

1 .o 
0.0 

AVERAGE 

OP. KW 

104 

0 



TABLE 6 (Continued) 

ELECTRICAL S W R Y  

PLANT 20 

PUEIPS 

ITEM NO. 

20C-125A 

" B 

20C-127A 

' 0 

20C-128A 

" B 

" C 

20C- 129A 

I' B 

'I C 

20C-130A 

" B 

" C 

20C- 130A 

" U 

20C-132A 

" B 

20G-133 

20v-101 

OPERATING 

HHP 

OPERATING 

KW 

6 1 
I, 

ON-STREAM 

FACTOR 

AVERAGE 

OP. KW 

OPERATING 

BHP 

73.8 
( I  

CONNECTED 

HP 

MOTOR. 

EFF.X 

91 
II 

SERVICE 

N e u t r a l  O i l  
11 

50% C a u s t i c  S o l u t i o n  
I* 

Vacuum Tower S i d e  Draw-off 
I t  

Heavy F l u s h  O i l  
*I 

I 1  

98% S u l f u r i c  Acid 
11 

II 

20% S u l f u r i c  Acid 
,I 

P o t a b l e  Water Pump 
11 

Henvy Flush  O i l  Jockey  Pump 

Propane R e f r i g e r a t i o n  nnd 
I l e a t l n g  System Pump 

Anhydrous h o n i a  K e f r i g e r a -  
t i o n  and Heat ing  System Pump 

T o t a l  Pumps 



TABLE 6 (Continued) 

ELECTRICAL SllMMARY 

PLANT 20 

COHPHESSORS 

ITEM NO. SERVICE 

OPERATING CONNECTED 

HllP HP 

2OV-I01 Propane R e f r i g e r a t i o n  Compressor 219 250 

20V-102 Anhydrous Ammonia R e f r i g e r a t i o n  and Beat ing  
System Compressors 413.8 450 

20K-101A Sour Water Vapor Compressors 

I* B 11 

T o t a l  Compressors 

SPECIAL EQUIPEUNT 

20Y-102A-H 2OD-114ACB Mixers 

20Y-103A-ll ZOD-111ACB Mixers 

20Y-104A-D 20D-119 Mixers 

20Y-105A-D 20D-120 Mixers 

20Y-106A-D 20D-121 Mixers 

20Y-107A-D 201)-123 Mixers 

20Y-108A-D 2013-127 Mixers 

CONNECTED HP 

EACH TOTAL . - -  
10 80  

10 8 0  

10 40 

10  4 0 

10  4 0 

10  40 

10  40 

MOTOR OPERATING 

EFF.1 KW 

92 178 

OPERATING 

KWIEACH 

9 

9 

9 

9 

9 

9 

9 

ON-STREAM 

FACTOR 

0.88 

ON-STREAM 

FACTOR 

1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 

. --.. AVERAGE - . . 
OP. KW ., 

AVERAGE 

OP. Kw 

EACH TOTAL -- 
9 72 

9 72 

9 36 

9 ' 36 

9 36 

9 36 

9 36 
324 

TOTAL PLANT CONSUMPTION 



CONSUEIED 

COMPRESSOR 

ITEM NO. SERVICE 

22K-101  A LSR G a s o l i n e  V a p o r  C o m p r e s s o r  

2 2 R - 1 0 1  B I, ,I  

TOTAL COEPRESSORS 

TOTAL PLANT CONSUMPTION 

TABLE 6 (Continued) 

ELECTRI CAI. SUMMARY 

PLANT 22 

OPERATING CONNECTED HOTOR OPERATING ON-STREAM AVERAGE 
BHP HP EFF.  % KW FACTOR 3 KW 



TABLE 6 (Continued) 

ELECTRICAL SUPMARY 

PLANT 2 3  

CONSUMED 

COHPRESSORS 

ITEM NO. SERVICE 
CONNECTED 

HP 
MOTOR 
E P F .  X 

OPERATINC 
KW 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 

OPERATING 
HHP 

OPERATINC 
BHP 

P r o p a n e  V a p o r  C o m p r e s s o r  
I* I, 

B u t a n e  V a p o r  C o m p r e s s o r  
,I @I 

A n y h d r o u s  NH3 V a p o r  C o m p r e s s o r  
11 I, 

LSR G a s o l i n e  C o m p r e s a o r  
I I, 

TOTAL COMPRESSORS 

PIIMI'S 

2 3 C - 1 0 1  W e i g h i n g  S c a l e  P i t  Sump Pump 0 .5  N I L  

27 TOTAL PLANT CONSUMPTION 



TABLE 6 (Continued) 

SECTION 

I R a i l c a r  Unlaod i n g  

I1 Barge Unload ing  

I11 Peed t o  C l e a n i n g  P l a n t  

IV Feed t o  P u l v e r i z e r  P l a n t  

V Feed t o  B o i l e r  P l a n t  

VI A u x i l i a r y  S t o c k p i l e  

V I I  Rec la im from Dead S t o r a g e  

TOTAL 

ELECTRICAL SUMMARY 

PLANT 2 6  

CONNECTED H .P . 
CONTINUOUS STANDBY INTERMITT. TOTAL 

AVERAGE OPERATING KW 
CONTINUIIIS STANDBY INTERMITT. TOTAL 

TOTAL PLANT CONSWPTION 

(26-1) 



CONSLIPED 

SEKVICE 

P l a n t  Feed F a c i l i t y  

P r e p a r a t i o n  U n i t  

C o a r s e  Refuse  F a c i l i t i e s  

B o i l e r  F u e l  F a c i l i t i e s  

C l e a n  Coa l  F a c i l i t i e s  

TABLE 6 (Continued) 

. ELECTRICAL SUMMARY 

PLANT 27 

OPERATING OPERATING 

MHP ( 1 )  KW (1) 

469 327 

1 1 , 4 9 0  7 ,933  

140  9 8  

664 476 

1 , 4 6 3  1 ,015  

TOTAL PLANT CONSUtPTION 

ON-STREAM 

FACTOR 

0 .54  

0.54 

0.54 

0.54 

0.54 

AVERAGE 

OP. KW 

176  

4 ,284  

5 3  

257 

548 

NOTES: (1)  Obta ined  from t h e  d e t a i l e d  l i s t i n g  a t t a c h e d .  



TABLE 6 (Continued) 

R h S  

ITEM NO. SERVICE 

PLANT FEED FACILITIES 

Raw Coa l  F e e d e r s  

P l a n t  Feed Conveyors  

P l a n t  Feed B e l t  S c a l e s  

P l a n t  Feed Magnet B e l t s  

P l a n t  Feed Magnets  

Dust C o l l e c t o r  

R o t a r y  Valve  

T r a v e l e r  ' 

Blow-Back Fan 

Exhaus t  Fan 

Screw Conveyor 

Sump Ptunps 

PREPARATION PLANT 

PRIMARY COARSE COAL CIRCUIT 

R3w Coa l  S c r e e n s  

Prewct  S c r e e n s  

Pr imary  lleavy Medium V e s s e l  
P a d d l e s  

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

TOTAL 

CONNECTED, NOS. IN OPERATING OPERATING MOTOR 

QvAN. HP/EACH OPERATION MHP B H P ( ~ )  EFP.X 
OPERATING 

KW 

NIL 

NIL 

4 

2 2 

2 

2 8 - 
327 



ThBLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

TOTAL 

CONNECTED NOS. IN OPERATING OPERATING 

SERVICE quAN. HPIEACH OPERATION MHP BHP( I )  

OPERATINC 

KW 

MOTOR 

EFP. X - 
R L S  

ITEM NO. 

2 . 4  P r i m a r y  Heavy Medium V e s s e l  
E l e v a t o r s  4  15 3 4 5  38.2  

P r i m a r y  Heavy Medium V e s s e l  
Pumps 

C o a r s e  C l e a n  Coa l  S c r e e n s  

3" x 0 C l e a n  Coa l  B e l t s  

3" x 0 Coal  D i v e r t e r  G a t e s  

SECONDARY COARSE COAL CIRCUIT 

Secondary  Heavy Medium V e s s e l  
P a d d l e s  

Secondary  lleavy Medium V e s s e l  
E l e v a t o r s  

Secondary  Heavy Medium V e s s e l  
Pumps 

C o a r s e  M i d d l i n g s  S c r e e n s  

C o a r s e  M i d d l i n g s  C r u s h e r s  

M i d d l i n g s  Conveyors  

M i d d l i n g s  D i v e r t e r  G a t e s  

C o a r s e ' R e f u s e  S c r e e n s  

C o a r s e  Refuse  D i v e r t e r  G a t e s  



: TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 27  

R L S  

ITEM NO. 

(DETAILED LISTING) 

TOTAL 

COLMECTED NOS. IN OPERATING OPERATING MOTOR OPERATING 

SERVICE HP/EACIl OPERATION MHP BlIP(1) - EFF.% KW 

PRIMARY SHALL COAL CIRCUIT 

Des l iming  S c r e e n s  

Pr imary  Heavy Medium Cyc lone  
Pumps 

Pr imary  Sam11 R e f u s e  S c r e e n s  

P r i m a r y  S m a l l  R e f u s e  D i v e r t e r  
C a t e s  

S m a l l  C l e a n  Coa l  S c r e e n s  

S m a l l  C l e a n  Coa l  C e n t r i f u g e s  

Srnal l  Coa l  C e n t r i f u g e s  
O s c i l l a t o r s  

S m a l l  Coa l  C e n t r i f u g e s  O i l  
Pumps 

318" x lOOM C l e a n  Coa l  
Conveyors  4 1 0  3  30  25 .5  8  7  2 2 

318" x lOOM Coal  D i v e r t e r  
G a t e s  4 1 0  ' 3  30  " 25.5 8 7  2 2 - 

1,381.5 964 

S1:CONDARY SMALL COAL CIRCUIT 

Secondary  Heavy Medium 
Cyc lone  Pumps 

Secondary  Refuse  S c r e e n s  



TABLE 6 (Continued) 

ELECTRICAL S M R Y  

PIANT 27 

(DETAILED LISTING1 

TOTAL 

CONNECTED NOS. IN OPERATING OPERATING 

HP/EACH OPERATION MIiP B H P ( L  

6 1 6 s  

ITEM NO. SERVICE QuAH. 
MOTOR 

EFF. X - 
OPERATING 

KW 

6.12 C l e a n  Coa l  F i l t e r  Blowers  4 

6.12 C l e a n  Coa l  F i l t e r  F i l t r a t e  
Pumps 4 

MAGNETITE RECOVERY 6 DENSITY 

CONTROL 

V e s s e l  Magne t ic  S e p a r a t o r s  

Cyc lone  Magne t ic  S e p a r a t o r s  

D i l u t e  Medium Pumps 

Secondary  Magne t ic  S e p a r a t o r s  

M a g n e t i t e  T h i c k e n e r s  

M a g n e t i t e  T h i c k e n e r s  Rake L i f t s  

M a g n e t i t e  T h i c k e n e r s  Underf low 
Purnps 

MTO Pumps 

T a i l i n g s  Pumps 

M a g n e t i t e  F e e d e r s  

WATER CLARIFICATION CIRCUIT 

8.1 S t a t i c  T h i c k e n e r s  

8.1 S t a t i c  T h i c k e n e r s  Rake L i f t  



TABLE 6 (Continued) 

R 6 S 

ITEM NO. 

5.5 

5 .7  

5.8 

5 .8  

SERVICE 

S m a l l  R e f u s e  Pumps 

S m a l l  M i d d l i n g s  S c r e e n s  

S m a l l  M i d d l i n g s  C e n t r i f u g e s  

S m a l l  M i d d l i n g s  C e n t r i f u g e s  
O s c i l l a t i o n  

S m a l l  M i d d l i n g s  C e n t r i f u g e s  
O i l  Pumps 

FINE COAL CIRCUIT 

P r i m a r y  Aydrocyc lone  Pumps 

Secondary  Hydrocyc lone  Pumps 

C l a s s i f y i n g  Cyc lone  Pumps 

F i n e  C l e a n  Coa l  C e n t r i f u g e s  

F l o t a t i o n  C e l l s  

F l o t a t i o n  C e l l  Skimmers 

F l o t a t i o n  C e l l  B lowers  

Reagent  F i l l  Pumps 

Reagent  F e e d e r s  

C l e a n  Coa l  F i l t e r s  

C l e a n  Coa l  F i l t e r  A g i t a t o r s  

C l e a n  Coa l  F i l t e r  Vacuum 
Pun~ps 

ELECTRICAL SUIDIARY 

PLANT 27 

(DETAILED LISTINC~ 

TOTAL 

CONNECTED NOS. IN OPERATING DPERATING 

HP/EACH OPERATION MIIP BHP( 1  ) 

50  3  150  . 127.5 

1 5  3  4 5  38.2 

3 0  3  9 0  76.5 

MOTOR OPERATING 

EPF.X - KW 

9 0  106  

8 8  3  2 

8 9  64  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

TOTAL 

OPERATING 

MllP 

R 6 S  

ITEM NO. 

CONNECTED 

HP/EACH 

NOS. IN 

OPERATION 

OPERATING 

BHP(11 

MOTOR 

EPP.X 
OPERATING 

KW SERVICE QUAN. 

F l o c c u l e n t  Mixers  2 

F l o c c u l e n t  S t o r a g e  Pumps 4 

F l o c c u l a n t  Pumps 4 

S t a t i c  T h i c k e n e r  Underf low 
Pumps 8 

C l a r i f i e d  Wate r  Pumps 4 

T h i c k e n e r  Tunne l  Sump Pumps 4 

Pond R e t u r n  Pump 1 

MISCELIANEOUS PLANT EQUIPMENT 

T r o l l e y s  6 H o i s t s  

blachinery Wel l  

Machinery W e l l  

R e f u s e  Bin  

B o i l e r  F u e l  Sample B u i l d i n g  

Clean  Coa l  Sample B u i l d i n g  

Gland Water  Pumps 

P l a n t  Clean-Up Pumps 

P l a n t  Wasl~doun Pumps 

E lange t i t e  Clean-Up Pumps 



TABLE 6 (Continued) 

R C S  

ITEM NO. 

9 .7  

9.7 

9.7 

9.9 

SERVICE 

P l a n t  A i r  Compressors  

I n s t r u m e n t  A i r  Compressors  

I n s t r u m e n t  A i r  Dryer  

P o t a b l e  Water  Pump 

SERVICE WING BUILDING 

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

CONNECTED NOS. IN 

QUAN. HPIEACH OPERATION 

4 6 0  3 

4 30  3 

4 112 3 

1 5 1 

P e r s o n n e l  E l e v a t o r  1 3 0  

E l e v a t o r  P i t  Sump Pump 1 1 / 3  

F r e i g h t  E l e v a t o r  1 3 5 

E l e v a t o r  P i t  Sump Pump 1 113  

T o t a l  P l a n t  P r e p a r a t i o n  

COARSE REFUSE FACILITIES - 
C o a r s e  R e f u s e  Conveyors  

1A 6 1B 2 100  

Refuse  Bin Truck  Load ing  G a t e  1 1 0  

Sump Pump 1 30  

TOTAL 

OPERATING OPEBATING 

MHP BHP( 1 ) 

MOTOR 

EFF.% - 
9 1 

8 9  

7 2 

8 3  

OPERATING 

22 

NIL 

25 

NIL - 
47 

7 ,933  



TABLE 6 (Continued) 

R 6 S  

ITEM NO. SERVICE qvru3. 

BOILER FUEL FACILITIES 

12.1 B o i l e r  F u e l  Conveyors  1A 6 1B 

12.2 B o i l e r  F u e l  B e l t  S c a l e s  

12.3 B o i l e r  F u e l  Sampling System 

Pr imary  6 Secondary  Sample r  

Pr imary  B e l t  Feeder  

Sample C r u s h e r  

Secondary  B e l t  Feeder  

R e j e c t s  E l e v a t o r s  

B o i l e r  F u e l  Conveyors  1A 6 1B 
T r a n s f e r  G a t e s  

B o i l e r  F u e l  Conveyors  2A & 28  

B o i l e r  F u e l  Conveyors  2A 6 2B 
T r a n s f e r  G a t e s  

B o i l e r  F u e l  S t a c k e r  Conveyor 

B o i l e r  F u e l  S t a c k e r  - B e l t  

T r a v e l  

L u f f i n g  

S l e w i n g  

ELECTRICAL SUWWRY 

PLANT 27 

(DETAILED LISTING) 

CONNECTED 

HPIEACH 

6 0  

- 

7 4 
1 

1 5  

1 

2 

1 0  

20 

1 0  

40  

2 5 

1 0  

25 

1 5  

NOS. IN 

OPERATION 

1 

- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

TOTAL 

OPERATING 

MlP 

6 0  

- 

7.5 

1 

1 5  

1 

2 

1 0  

20 

1 0  

40  

2 5 

10 

2 5 

1 5  

OPERATING 

BHP( 1) 

MOTOR 

EFF.X - 

9 0  

- 

8 4  

7 7 

8 8  

7 7 

8 0  

8 7  

8 8  

87  

9 0  

8 9 

8 7  

8 9  

88  

OPERATING 

KW 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PtANT 27 

(DETAILED LISTING1 

TOTAL . 
OPERATING 

MHP 

MOTOR 

EFF. X - 
OPERATING 

KW 

1 1  

6 

35 

2 8 

35  

14 

35  

R C S  

ITEM NO. 

12.9 

CONNECTED 

HPIEACH 

1 5  

7 4 
50  

40 

50 

20 

50  

NOS. IN . 

OPERATION SERVICE ' QUAN. 

B o i l e r  F u e l  Reclaimer - B e l t  I 

B r i d g e  2 

Bucket 2 

C a r r i a g e  1 

B o i l e r  Fue l  Reclaim Conveyor 1 

B o i l e r  Fue l  By-Pass Conveyor [I1 1 

B o i l e r  Fue l  By-Pass Conveyor YZ 1 

Dust C o l l e c t o r  A1 6 A2 

Screw Conveyor 6 Rotary  2 

Valve 

T r a v e l  2 

Blowback Fan 2 

Exhaust  Fan 2 

Dust D i v e r t e r  Valve 2 

Dust C o l l e c t o r  B1 

Rotary  Valve 1 

T r a v e l e r  1 

Blowback Fan 1 

Exhaust  Fan 1 

Screw Conveyors 2 

Dust C o l l e c t o r  8 2  

Rotary  Valve 1 

NIL 

4 

1 1  

NIL 

NIL 

NIL 

2 

14 

1 

NIL 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

R 6 S  

TTEH NO. SERVICE 

T r a v e l e r  

Blowback Fan 

Exhaus t  Fan 

Screw 

Sump Pump A 

Sump Pump B 

Sump Pump C 

Sump Pump D 

Sump Pump E 

Sump Pump F 

Sump Pump C 

Dust  C o l l e c t o r  C ( T o t a l )  

CLEAN COAL FACILITIES 

C l e a n  Coa l  Conveyor 1A 6 1B 

C l e a n  Coa l  B e l t  S c a l e s  

C l e a n  Coa l  Sampling System 

P r i m a r y  6 Secondary  

Sample r  

P r i m a r y  B e l t  Feeder  

Sample C r u v l ~ e r  2 

Secondary  B e l t  Feeder  2 

PLANT 27' 

(DETAILED LISTING) 

TOTAL 

CONNECTED NOS. IN OPERATING OPERATING 

HPIEACH OPERATION MHP B H P ( ~ )  

MOTOR 

EPF.X 

70  

8 1 

88 

80 

88 

88 

89 

83 

89 

84 

8 3 

8 6 

OPERATING 

KW 

NIL 

2 

11 

1 

14 

1 1  

18 

4 

2 2  

6 

4 

13 
m 



TABLE 6 (Cont inued)  

ELECTRICAL SUMMARY 

PLANT 27 

(LIETAILED LISTING) 

TOTAL 

CONNECTED NOS. I N  OPERATING 

HPjEACH OPERATION MHP 

R L S  

ITEM NO. 

OPERATING 

BHP( 1) 

MOTOR 

EFF. % - 
OPERATINC 

KW 

Reject  Elevator  

Clean Coal Conveyors 1A &I IS  
Transfer  Gates 

Clean Coal Conveyors 2A &: 2B 

Clean Coal Conveyors 2A &: 23 
Transfer  Gates 

Clean Coal Stacker  Conveprs  

Clean Coal Stacker  - Bel t  

Travel  

Luff lng 

Slewing 

Clean Coal Reclaimer - B e l t  

Bridge 

Bucket 

Carr iage  

Clean Coal Reclaim Convepr  

Emergency Clean Coal Recl.aim 
Conveyor 

Dust Co l l ec to r  A 1  b A2 

Scrrw Conveyor C Rotary 

Valve 

Traveler  1 

2 50 

too 

10 

2 5 

15 

30 

10 

50 

4 0 

125 

NIL 



TABLE 6 (Continued) 

R 6 S  

ITEM 110. SERVICE 

Exhaust  Fan 4 

Blowback Fan 

Dust D i v e r t e r  Valve 

13.12 Dust C o l l e c t o r  B i  

Rotary  Valves  

T r a v e l e r  

Blowback Fan 

Exhaust  Fan 

Screw Conveyor 

13.12 Dust C o l l e c t o r  82 

Rotary  Valves 

T r a v e l e r  

Blowback Fan 

Exhaust  Fan 

Screw Conveyor 

Screw Conveyor 

Dust D i v e r t e r  Valve 

13.12 Dust C o l l e c t o r  C 

Rotary  Valves 

T r a v e l e r  

Blowback Fan 

E x l ~ a u s t  Fan 

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

CONNECTED NOS. IN 

lIP/EACH OPERATION 

25 1 

5 1 

112 1 

TOTAL 

OPERATING 

HHP 

25 

5 

0.5 

113 

113 

5 

25 

1 

113 

113 

5 

30 

I 

1 4  
1 4  

113 

113 

5 

2 5 

OPERATING 

BHP(1) 

21.25 

4.25 

.43 

MOTOR 

EPP.X 

89 

8 3 

74 

70 

70 

83 

89 

7 7 

70  

70 

83 

89 

7 7 

7 4 

70 

70 

7 0 

83 

89 

OPERATING 

KW 

18 

4 

NIL 

NIL 

NIL 

4 

18 

1 

NIL 

NIL 

4 

22 

1 

1 

1 

NIL 

NIL 

4 

18 



TABLE 6 (Continued) 

R L S  

ITEM NO. SERVICE 

Screw Conveyor 

Dust  D l v e r t e r  Va lve  

13 .13  Sump Pump A 

13 .13  Sump Pump B 

13.13 Sump Pump C 

13.13 Sump Pump D 

13.13 Sump Pump E 

13.13 Sump Pump F 

13.13 Sump Pump G 

T o t a l  C l e a n  Coa l  

1 

1 

1 

1 

1 

1 

1 

I 

1 

F a c i l i t i e s  

ELECTRICAL SUMMARY 

PLANT 27 

(DETAILED LISTING) 

CONNECTED 

I I P ~ E A C H  

1 4  
112 

20 

1 5  

3 0  

1 5  

30  

7 4 
7 4 

NOS. IN 

OPERATION 

TOTAL 

OPERATING 

MHP 

MOTOR OPERATING 

EFF.% - KU 

74 1 

7 0  NIL 

88 14 

88 1 1  

89 2 2 

8 8 1 1  

89 2 2 

84 6 

84 6 - 
1015 

NOTES : 

(1 )  O p e r a t i n g  BHP is assumed a t  85% o f  t o t a l  o p e r a t i n g  MHP. 



TABLE '6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 3 1  

CONSUMED 

PUMPS - 
ITEN NOS. 

31G-101 A 

' B 

" C 

31G-I02 A 

" B 

" C 

31G-103 A 

' B 

" C 

31G-104 A 

' B 

" C 

31C-105 A 

" B 

" C 

31G-106 A 

" B 

" C 

31G-107 A 

' 11 

" C 

DESIGN PUMP DESIGN CONNECTED MOTOR DESIGN ON-STREAM 'AVERAGE X DESIGN X OP. PWR. AVERAGE 
HHP EFF.% BHP --- HP EFF.% LW FACTOR DESIGN KW ALLOWANCE CREDIT OP. KW SERVICE 

T r e a t e d  B o i l e r  FW 
I, 

D e m i n e r a l i z e r  Feed 
I, 

D e a e r a t o r  Feed 
I, 

I, 

9 0 0  p a i g  BRJ 
I, 

S u s p e c t  C o n d e n s a t e  
,I 

I, 

l l o c w e l l  C o n d e n s a t e  
I, 

Hocwel l  C o n d e n s a t e  
I, 



E1.ECTRICAL SUHMARY - PLANT 31 (cont a )  

PrnfPS - 
ITEH NOS. SERVICE 

31C-108 A Cooling Water 

" B I 

" C II 

31C-I09 A 150 psig BFW 

" B I* 

'I C II 

3lC-110 A 600 psig  BFW 

" B #I 

" C ,I 

31C-Ill A Condenser Vacuum 

" B I, 

31C-112 A Steam Air Heater Drain 

' B *I 

31G-113 A Steam Air Heater Drain 

" 0 I, 

31C-114A S t e a m A i r l t e a t e r D r a i n  

' B I, 

31C-115 A Steam A i r  l leater Drain 

' B 8 ,  

31C-116 A Cond. Flash Drum Drain 

" B I 

' C 8 " 

DESIGN 
H HP 

4 3 

I 

I 1  

- 
110.0 

*I 

- 
219.0 

0 

- 
- 
0.6 
I t  

I 1  

,I 

I1  

I, 

I, 

I 

3.0 
11 

II 

PUMP 
EFF . % 

80 

I, 

I 1  

- 
77  
,I 

- 
73 
I, 

- 
- 
30 
I, 

I, 

I, 

I, 

,I 

,I 

I, 

62 
I, 

I 1  

TABLE 6 (Continued) 

DESIGN. CONNECTED MOTOR DESIGN 
BllP 1IP EFF.% kW -- 

ON-STREAH 
FACTOR 

1.0 

1.0 

0.0 

- 
1 .o 
0.0 

- 
1 .o 
0.0 

0.0 

0.0 

1 .o 
0.0 

1 .o 
0.0 

1 .o 
0.0 

1 .o 
0.0 

1 .o 
1.0 

0.0 

AVERAGE 
DESIGN KW 

4 4 

4 4 

0 

- 
110 

0 

- 
228 

0 

0 

0 

2 

0 

2 

0 

2 

0 

2 

0 

4 

4 

0 

AVERAGE 
OP. KV 

4 4 

4 4 

0 

- 
110 

0 

- 
2 28 

0 

0 

0 

2 

0 

2 

0 

2 

0 

2 

0 

.4 

4 

0 



TABLE 6 (Cont inued)  

ELECTRICAL SUMMARY - PLANT 31 (cont.) 

PII?1PS - DESIGN 
ITE?I NOS. SERVICE HHP 

3lC-117 A BD Flash Drum Drain 3.4 

" B I, ,I 

' C I, I 1  

31C-118 A ATM Blowoff Drain 2.5 

" B I, I, 

" C ,I I 1  

" D I, I, 

31C-119 A Na Softener Booster 17 .O 

" B I* I, 

' C I, I, 

31C-120 A Na Soft .  Regen. Brine 10 

" B ,I I, 

31C-121 A Conveyor Recirc. 17 .O 

" B 0 ,  I, 

3LC-122 A Continuous Recirc. 67.8 

" B ,I I, 

3lC-123 DW Bin Area Seal  1120 Booster 10.0 

31C-124 A Dewater. Area Sump 7.5 

" n I, I, 

31C-125 A Sludge Return 7.4 

" U I, 

31C-126 A I 
15 

" n I, I, 

PUMP 
EFF. X 

65 
II 

I, 

60 
I, 

,I 

I, 

75.0 
I, 

I, 

65 
I, 

7 2 
I, 

76 
,I 

59 

54 
,I 

57 
I, 

2 6 
I, 

DESICN CONNECTED 
BHP 1IP 

5.5 10.0 
I 1  I t  

I, ,I 

5.0 10.0 
I I, 

11 ,I 

,I I, 

2 3 2 5 
I, I 

I, II 

15 2 0 
I, I, 

24 3 0 
I 8  II 

90 125 
I 1  I 1  

18 20 

14 2 0 
11 I,  

13 15 
II I 1  

58 75 
I, I, 

MOTO.. 
EFF. X 

88 
II 

I 1  

88 
I 1  

II 

,I 

90 
I, 

I 1  

89 
I 1  

90 
I, 

93 
*I 

90 

90 
I 1  

88 
I, 

92 
I 1  

DESIGN 
KW 

5 
I, 

I1  

4 
I, 

I, 

II 

19 
I, 

I, 

13 
I, 

20 
I,  

7 2 
I* 

15 

12 
I t  

11 
I, 

47 
I, 

ON-STREAM 
FACTOR 

1 .o 
1 .o 
0.0 

1 .o 
1.0 

0.0 

0.0 

1 .o 
0.0 

0.0 

0.1 

0.0 

0.15 

0.0 

1 .o 
0.0 

1 .o 
0.15 

0.0 

0.5 

0.0 

0.15 

0.0 

AVERAGE 
DESICN KW 

5 

5 

5 

4 

4 

0 

0 

19 

0 

0 

1 

0 

3 

0 

7 2 

0 

15 

2 

0 

6 

0 

30 

0 

AVERAGE 
OP. RV 

5 

5 

0 ' 

4 

4 

0 * 

0 

19 

0 

0 

1 

0 

3 

0 

7 2 

0 

15 

2 

0 

6 

0 

30 

0 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - P U N T  3 1  ( c o n t  .) 

& DESIGN PUMP DESIGN CONNECTED MOT'OR DESICN ON-STREAM AVERACE x DESICN x OP.PWR. AVERACE 
ITEM NOS. SERVICE HHP EFF.% BHP HP EFF.% KW --- -- FACTOR DESICN KW ALLOWANCE CREDIT OP. KV 

31C-127 A B o i l e r  Area  As11 Sump 15 2 6  58 75  9 2  4 7 0 . 1 5  3 0  - - 3 0  

" B I t  ,I I8 II II II I I 0.0  0 - - 0 

B o i l e r  A r e a  Ash Sump 
I, 

B o i l e r  A r e a  Ash Sump 
I, 

S e a l  W a t e r  
1 

S e a l  W a t e r  
I, 

S e a l  W a t e r  
I ,  

S e a l  W a t e r  
I, 

As11 S l u i c e  W a t e r  B o o s t e r  

Ash S l u i c e  W a t e r  B o o s t e r  
II 

,I 

Ash S l u i c e  W a t e r  B o o s t e r  
#I 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 31 (cont.) 
PlII.n'S - 
ITEN NOS. SERVICE 

3lG-137 A Ash Sluice Water Booster 

' B I, 

" C I 

316-138 A Bottom Ash 

" B I, 

31C-139 A Bottom Ash . 

" B *I 

3lG-IS0 A Bottom Ash 

' B ,I 

3lC-141 A Bottom Ash 

" B 

31C-142 Fire Water Booster 

BLOWERS 

3lK-101 A 

" B 

' C 

' D 

31K-I02 A 

" B 

" C 

" D 

Induced Drnft 

(1.6 mm Ulhr) 
II 

Forced Draft 
I, 

DESIGN 
ll HP 

5.8 
I, 

I, 

18 .O 
I t  

I, 

I, . 

I, 

II 

I, 

5.8 

DESIGN 
BllP 

8 
I, 

,I 

3 2 
I, 

I, 

I 1  

I t  

I 1  

,I 

,I 

8.7 

CONNECTED MOTOR 
HP EFF.X 

10 87 
I, I, 

I t  I, 

4 0 90 
I 1  11 

I, I, 

I, I* 

,I I, 

II I8 

,I 18 . 
I ,  I ,  

10 87 

TOTAL PUMPS 

DESIGN 
KW 

7 
,I 

I ,  

2 7 
,I 

II 

*I 

I 

I, 

I 1  

I, 

7 

ON-STREAM 
FACTOR 

0.05 

OY05 

0.0 

0.15 

0.0 

0.15 

0.0 

0.15 

0.0 

0.15 

0.0 

0.0 

AVERAGE 
DESIGN KW 

4 

4 

0 

4 

0 

4 

0 

4 

0 

4 

0 

0 

AVERAGE 
OP. KW 

4 

4 

0 

4 

0 

4 

0 

4 

0 

4 

0 

0 

1,898 



TABLE 6 (Continued) 

EIXCTRICAL SUE(HARY - PLANT 31  ( c o n t . )  

SERVICE 
DES ICN DESIGN CONNECTED MOTOR DESIGN ON-STREAM AVERAGE 

H H P  EFF.X BHP --- HP EFP.X W -- FACTOR DESIGN KW 

31K-103 A Transport  Blower - - 170  2 0 0  9 3  136  0 . 2 5  34  

S e a l  A i r  B o o s t e r  Blower 
I, 

I, 

,I 

I 1  

I 1  

A e r a t i o n  Blower 
I 

Truck Chute Exhaust  Fan 
I, 

X DESIGN 
ALLOWANCE 

X 0P.PUR. 
CREDIT 

AVERAGE 
OP. KIJ 

TOTAL BLOUERS 



TABLE 6 (Continued) 

EI.ECTRICAL SUPIMARY - PLANT 3 1  ( c o n t  .) 

% DESIGN 
ALLOWANCE 

X 0P.PWR. AVERAGE 
CREDIT OP. KW - - 

SPECIAL EQUIPMENT DESIGN DESIGN CONNECTED MOTOR DESIGN ON-STREAM AVERAGE 
ITEM NOS. SERVICE HHP EFF.% BHP HP EFF.% KW --- -- FACTOR DESIGN KU 

SPECIAL. EQUIPMENT 

31T-I01 A C o a l  B e l t  Conv. 

" B I 

3lT-102 A C o a l  D u s t  C o l l e c t o r  

' B ,I 

' C I,  

' D I ,  

' E I, 

31T-104 A C o a l  P u l v e r i z e r  F e e d e r  

" B ,I 

I' C I, 

" D 11 

' E I, 

' F II 

" C 11 

" I! I* 

" I ,I 

" J I, 

" K ,I  

' L ,I 

31Y-101 A P u l v e r i z e r s  

' B I, 

" C I 



TABLE 6 (Continued) 

EI.ECTHICAL SUMWRY - PLANT 31 (cont.) 

SPECIAL EqUIPMENT 
ITEtI NOS. -- SERVICE 

31Y-102 A Pulver izers  

" B I1 

31Y-105 A Electro Precip. 

" B I t  

" C ,I 

I' D ,I 

DESIGN 
BHP 

297.5 
I1 

I1 

11 

I1 

,I 

I1 

18 

I 1  

354 
11 

I, 

11 

Boiler Accessories - - 170 

Turb 6 AC Controls - - 327 

TOTAL SPECIAL EQUlPMEUT 

CONNECTED 
HP 

350 
11 

I1 

I, 

I 1  

I, 

II 

11 

I1 

416 
,I 

I, 

I1 

MOTOR 
EFF.X 

93 
I 1  

11 

I1 

I 1  

I, 

I1 

I 1  

I1 

94" ' 
I, 

I, 

I1 

DESIGN 
KW 

239 
I1 

I1 

11 

I 1  

I, 

II 

,I 

11 

' 281 
I, 

I1 

I1 

ON-STMAY 
FACTOR 

1 .o 
1 .o 
0.0 

1 .o 
1 .o 
0.0 

1 .o 
1 .o 
0.0 

1 .o 
I, 

I 1  

11 

AVERAGE 
DESIGN KW 

239 

239 

0 

239 

239 

0 

239 

239 

0 

281 
11 

11 

Il 

X DESIGN 
ALLOWANCE 

33.3 
11 

- 
33.3 

33.3 
- 

33.3 

33.3 
- 

X 0P.PWR. 
CREDIT 

16.7 
I 1  

- 
16.7 

16.7 
- 

16.7 

16.7 
- 
- 
- 
- 
- 

AVERAGE 
OP. KW 

TOTAL PLANT COISUbPTION 



ELECTRICAL SUNHARY - PLANT 31 ( c o n t . )  

B. GENERATED 

Plant  31 Turbine Generators 

C. NET OPERATING KW 

Tota l  Plant Consumption 

T o t a l  Plant Generation 

N e t  P lant  Consumption 

TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 31 

TOTAL GENERATED 
KU 

36,964 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 32 

CONSUMED 

PUMPS - 
TTEEl NO. 

32C-IOIA 

" H 

' C 

" D 

32C-102A 

" D 

' C 

I' D 

32C- 1 12A 

" B 

32C- 1 13A 

' B 

32C-114A 

" B 

32C-115A 

" B 

32C-12lA 

" H 

" C 

" D 

32C-151A 

" B 

AVERAGE 

OP. KW 

1866 

1866 

1866 

0 

2010 

2010 

2010 

0 

2 

0 

164 

0 

4 

0 

11 

0 

6 

6 

6 

0 

NIL 

0 

OPEMrING 

BHP 

2352 
11 

'CONNECTED 

HP 

3000 
I* 

MOTOR 

EFF.X 

94 
,I 

OEERATING 

Kw 

1866 
I 1  

ON-STREAM 

FACTOR 

1 .o 
1.0 

1 .o 
0.0 

1 .o 
1 .o 
1.0 

. 0.0 

0.6 

0.0 

1 .o 
0.0 

1 .o 
0.0 

0.3 

0.0 

1 .o 
1 .o 
1 .o 
0.0 

1 .o 
0.0 

SERVICE 

Cooling Water 
I, 

I 

11 

Cooling Water 
I* 

Backwash Sump Pump 
I, 

Cooling Water Sidestream Return 
I ,  

Recycle Water To Softener 
I, 

Backwash Water Supply 
I, 

Filter, Feed Pumps 
I, 

Dispersing Agent L.S.C.T. 
I, 

NIL 

NIL 



TABLE 6 (Continued) 

ELECTRICAL S W Y  

PLANT 32 (CONT') 

CONSUMED 

PUTIPS 

ITE?f 110. SERVICE 

AVERACE 

OP. K1J 

CONNECTED 

HP 

MOTOR 

EFP. X - 
OPERATING 

BHP 

OPERATING 

KW 

ON-STREAM 

FACTOR 

- I n h i b i t o r  L.S.C.T. 
I, 

NIL 
I, 

NIL 

0 

NIL 

0 

NIL 

0 

NIL 

0 

NIL 

0 

3 

0 

1 

0 

2 

0 

2 

0 

7 5  

7  5 

75  

0 

0 

0 

Acid L.S.C.T. 
,I 

D i s p e r s i n g  Agent H.S.C.T. 
I, 

~ n h i b i t o r  H.S.C.T. 
I, 

Acid H.S.C.T. 
I, 

Lime Feed Pump 
I 

Soda Ash Feed Pump 

Alum Feed Pump 
I,  

P o l y e l e c t r o l y t e  Feed Pump 
I ,  

Raw Water  I n t a k e  , . 
I 

I, 

I 

I, 



TABLE 6 (Continued) 

ELECTRICAL SUM?+lARY 

CONSUKEO 

PrnIPS - 
ITEH NO. . 

32C- 169A 

" R 

' C 

" D 

" E 

32C-170A 

' 0 

32G- 17 1A 

' 0 

" C 

" D 
,, E 

32C-L72A 

' D 

" C 

" D , 

" . E 

32C-173A 

' B 

" C 

" D 

" E 

OPERdTINC 

BHP 

ON-STREAM 

FACTOR 

AVERACE 

OP. KW 
CONNECTED MOTOR 

HP - EFF.% SERVICE 

.Lime S l u r r y  Feed Pump 
I 1  

NIL 
'I1 

111 

'11 

I 1  

81 

I, 

I 1  

NIL 
I 1  

I, 

. 0 

0 

NIL 

0 

NIL 
I ,  

Polymer  T r a n s f e r  Pump 
I 

Polymer  Feed  Pump 
I, 

I, 

I t  

I 

0 

0 

NIL 
I, 

Soda Ash Feed Pump 
I 

0 

0 

NIL 
I 1  

I 1  

Alum Feed Pump 
I, 

I 1  

I 

I 1  



TABLE 6 (Continued) 

ELECTRIC& S W Y  

PLANT 3 2  (CONT') 

COlJSUHED 

PUtIPS - 
If €I.( NO. 

32C- 1 7fiA 

" B 

" C 

" D 

32C- 175A 

" D 

32C-,I 76A 

" B 

' C 

3 2 C - 1 7 j ~  

" U 

32C-178A 

" ' B  

" C 

32C-179A 

It B .  

32C-l8OA , 

" I$ 

32C-181A 

32C- I A2A 

" D 

SERVICE 

Reactor  C l a r i f i e r  S l u d g e  Pumps 
I, 

I, 

I 

Acid  Feed Pump 
I 1  

F i l t e r  Feed Pump 
I 

I 1  

F i l t e r  Backwash Pump 
I, 

F i l t e r  Feed Pumps 
. $1  

I, 

F i l t e r  Backwash Pumps 
I, 

Vacuum F i l t e r  Feed Pump 
I, 

Vacuum F i l t r a t e  Pump 

U t i l i t y  Water Pump 
I 

OPERATING CONNECTED MOTOR 

BHP HP - EFF.% 

OPERATING 

KW 

ON-STREAH 

FACTOR 

AVERAGE 

OP. KW 

9 

9 

9 

0 

N I L  

0 

1 1  

1 1  

0 

4 

0 

1 7 2  

0 

0 

27 

0 

1 0  

1 0  

4 

4 1 5  

0 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 32 (CONT') 

COtlSUHfD 

PUHPS - 
ITEH NO. 

3211- 103A . Vacuum Pump 

" 0 Il 

' C I, 

3211-1 04 Vacuum Pump 

Total  Pumps 

SERVICE 

SPECIAL EQUIPMENT 

32T-IOIA Cake Conveyor 

" 0 11 

32T-102 F i l t e r  Cake Conveyor 

322-103 .Reactor C l a r i f i e r  

322- 104A Vqcuum F i l t e r  

' D I 

" C I, 

322-105A. Travel l ing  Screen . 
" .  B I 1  

322-107A C l a r i f i e r  

' D I, 

" C I, 

" D I 

322-108A Vacuum F i l t e r s  

" 0 I, 

OPERATING CONNECTED MOTOR 

BHP HP - EFP.X 

OPERATING ON-STREAM AVERAGE 

KW FACTOR OP. KW 

4 1 .o 4 
I, 1 .o 4 
I 1  0.0 0 

4 1 .o 4 



TABLE 6 (Continued) 

CONSUMED CONSUMED 

ITEM NO. SERVICE 

32D-126 MLwer 

32D-127 Mixer 

321)-128 Mixer  

32D-129 ' Mixer 

320-1 33A Polymer Mixing Tank Mixer 

" B ,I 

BI.OWERS 

ITEM NO. 

32K-101A T l ~ r u  K 

3?K-102A Thru K 

32K-103A 

" B 

32K-104A 

" B,C 

T o t a l  S p e c i a l  Equipment 

SERVICE 

Low S o l i d s  C o o l i n g  Tower Fans  

High S o l i d s  C o o l i n g  Tower Fans  

A n t h r a c i t e  F i l t e r  Backwash Blower 
,I 

Dual  Media F i l t e r  Backwash Blower 
11 

TOTAL BLOWERS 

OPERATING 

BHP 

0.85 

0.85 

0.85 

0.85 

0.43 
I 1  

OPERATING 

BHP/EACH 

170.0 

212.5 

15.0 
I, 

50.0 
I, 

ELECTRICAL SUMMARY 

PLANT 32 (CONT') 

CONNECTED 

HP 

1 

I 

1 

1 

0 . 5  
,I 

CONNECTED HP 

EACH TOTAL 

200 2 ,200  

250 2 ,750  

2 0  2 0 
I* 20 

7 5 7 5 
11 1 5 0  

MOTOR 

EFF. %, - 

MOTOR 

EFF. % 

9 3  

9 3  

8 5 
I, 

OPERATING 

KW 

1 

1 

1 

1 

NIL 
II 

OPERATING 

hW/EACH 

136  

1 7 0  

1 3  
I, 

4 2 
,I 

ON-STREAM 

FACTOR 

ON-STREAM 

FACTOR 

0 . 5  

0 . 5  

0.5 

0 .0  

0.5 

0 .0  

AVERAGE 

OP. KW 

1 

1 

1 

1 

NIL 

0 - 

AVERAGE 
or. KW 

EACH TOTAL 

TOTAL PLANT CONSUMPTION - 



CONSUMED 

PUEPS - 
1'I'EI.I NO. SERVICE 

F i r e  Water  Main Pump 

I, I1 

..,. 

TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 3 3  

DESIGN PUMP DESIGlJ CONNECTED 
HllP EFF.% BHP HP 

@ l l O %  c a p a c i t y  

5% c r e d i t  for 110% a v e r a g e  des ign c a p a c i t y  

TOTAL PUMPS 

TOTAL PLANT CONSUMPTION 

MOTOR OPERATING ON-STREAM AVERAGE 
EFF.% KW FACTOR DP. KW 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 34 

CONSUMED 

PUMPS - 
ITEM NO. 

CONNECTED 
HP 

MOTOR 
EFF.% 

8 3 

8 3 

7 1 

7 1 

7 1 

71 

8 7 

8 7 

8 5 

87 

8 7 

71 

7 1 

8 7 

87 

7 1 

7 1 

OPERATING 
KW 

2.25 

2.25 

.13 

.O1 

.53 

.53 ' 

8.6 

8.6 

4.4 

6 

6 

.25 

.27 

6.00 

6.00 

NIL 

NIL 

ON-STREAM 
FACTOR 

0.1 

0.1 

0.1 

0.1 

0.1 

0.0 

0.1 

0.1 

0.05 

0.8 

0.2 

0.5 

0.5 

0.30 

0.10 

1 .o 
0.0 

AVERAGE 
OP. KW 

OPERATING 
BHP 

OPERATING 
HHP 

PUMP 
EFF .% SERVICE 

CSP run-of f  t r e a t m e n t  - S u r g e  2.1 
B a s i n  L l f t  Pump 

,I I 1  2.1 

NIL 

NIL 

NIL 

NIL 

1 

0 

1 

1 

NIL 

5 

1 

NIL 

NIL 

2 

1 

NIL 

0 

CSP run-off  t r e a t m e n t  - Polymer .09 
Feed Pump 

CSP run-off  t r e a t m e n t  - Soda Ash .007 
Feed Pump 

CSP run-off  t r e a t m e n t  - S l u d g e  .35 
Pump 

I 1  11 .35 

CSP run-off  t r e a t m e n t  - C l a r i f i e d  7 a 3  
E f f l u e n t  Pump 

CSP run-off  t r e a t m e n t  - F i l t e r e d  3.52 
Backwash Pump 

S a n i t a r y  Sewage T r e a t m e n t  5.83 
L i f t  Pump 

I I, 5.83 

S a n i t a r y  Sewage Trea tment  - F r o t h  .I2 
Spray  Feed Pump 

S a n i t a r y  Sewage T r e a t m e n t  - .15 
D l g e s t e d  S l u d g e  Drau-off Pump 

O i l y  W.T.Syst. - S u r g e I E q u a l .  4.16 
Das in  L i f t  Pumps 

I) ,I 4.16 7 

NIL 

NIL 

O i l y  W.T.Syst. - Alum.Feed Pump 0 .25  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 34 ( c o n t . )  

CONSUMED 

P W S  OPERATIKC 

ITEEI NO. SERVICE IIAP 

AVERAGE 
OP. hW 

HOTOR 
EFF. X - 

OPERATING 
KW 

ON-STREAU 
FACTOR 

PUIP OPERATING CONNECTED 
EFF.% - BIIP HP 

34C-112 A O i l y  W.T. S y s t .  O i l  T r a n s f e r  8 .75  
Pump 

.o  
NIL 34G-113 A O i l y  W.T. S y s t .  - Polymer Feed .26 

Pump 

34C-113 B I, I, .26 0 

NIL 34C-114 A O i l y  W.T. S y s t .  - C a u s t i c  Soda .09 
Feed Pump 

34C-115 A O i l y  W.T. S y s t .  - Skimmed O i l  .75 
P u l o ~  

346-3 1 5  B I, I, .75 

34C-116 A O i l y  W.T. S y s t .  API S e p a r a t o r  - 
S l u d g e  Pump 

346-1 1 6  B ,I - 
34C-117 A O i l y  W.T. S y s t .  API S e p a r a t o r  1 5  

E f f l u e n t  Pump 

346-118 A O i l y  W.T. S y s t .  - 
Pump 

Acid Feed 
NIL 

34C-119 A O i l y  W.T. S y s t .  - P r e s s u r i z i n g  18.75 
Pump 

. 346-1 19 B 0 ,  I, 18.75 

- 346-119 C I, 11 18.75 



TABLE 6 (Continued) 

ELECTRICAL SUHHARY - PLANT 34 ( c o n t . )  

COt4SUHED 

Pmms - OPERATING 

ITEM NO. SERVICE HIiP 

MOTOR 
EFF.X - 

OPERATING 
KW 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 

PUMP OPERATING 
EFF.X BHP 

CONNECTED 
I1 P 

34C-120 A O i l y  W.T. S y s t .  - DAF Bottom .375 
S l u d g e  Pump 

34C-120 B I, I, .375 

34G-121 A O i l y  W.T. S y s t .  - O i l y  S l u d g e  2.25 
Sump Pump 

346-121 B 11 I 2.25 

34C-122 A Deoi led  W.T. S y s t .  - C l a r i f i e r  3 0  
S l u d g e  Pump 

346-122 B I, I, 3 0  

346-123 A Deoi led  W.T. S y s t .  - T h i c k e n e r  .375 
S l u d g e  Pump 

346-124 A Deoi led  W.T. S y s t .  Polymer .375 
Feed Pump 

346-124 B I, .375 

34C-125 A Deoi led  W.T. S y s t .  - F i l t e r e d  3 7 . 5  
Feed Pump 

34C-125 B I, I t  37 .5  

34C-125 C I I, 3 7 . 5  

34C-126 A Deoi led  W.T. S y s t .  - F i l t e r  7 .5  
Backwasll Pump 

34C-126 B II II 7.5 

34G-127 A S t r i p p e d / E x t r a c t e d  Sour  W.T. .375 
Pac Feed Pump 

346-127 B I 8  .375 

34C-128 A S t r i p p e d I E x t r a c t e d  Sour  W.T. 56.25 
S l u d g e  R e c y c l e  Pump 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 34 (cont.) 
CONSUMED 

PUMPS - 
, ITEM NO. SERVICE 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 

OPERATING 
IIHP 

PUMP 
EFF .X 

7  5  

7  5  

7  5  

7  5  

7 5  

7 5  

7 5  

7 5  

7  5 

7 5  

7  5  

42 

I' . 
,I 

I* 

I, 

I, 

,I 

OPERATING 
BHP 

CONNECTED 
1tP 

MOTOR 
EFF.% 

OPERATING 
KW 

34C-128 B StrippedlExtracted Sour W.T. . . Recycle Pump 

346-129 A StrippedlExtracted Sour W.T. 
Waste Sludge Pump 

346-130 A StrippedIExtracted Sour W.T. 
Polymer Feed Pump 

346-130 B I,  ,I 

34C-131 A StrippedlExtracted Sour W.T. 
Filter Feed Pump 

346-131 B I, ,I 

34C-132 A StrippedfExtracted Sour W.T. 
Filter Backwasli Pump 

346-132 B I 1  I, 

346-133 A Stripped/Extracted Sour W.T. 
Cartridge Filter Pump 

34C-133 B I II 

346-134 A StrippedlExtracted Sour W.T. 
R. 0. Feed Pump 

346-134 B . I t  ,I 

34C-134 C I t  11 

346-134 D I, I, 

346-1 34 E I, I, 



TABLE 6 (Continued) 

ELECTRICAL SllMMARY - PLANT 34 ( c o n t . )  

CONSUMED 

PUWS OPERATING 
ITEM NO. SERVICE 111IP 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 

MOTOR 
EFP.X 

OPERATING 
KW 

PUMP 
EFF.X - 

OPERATING 
BHP 

34C-135 S t r i p p e d I E x t r a c t e d  Sour W .T. .15 
Sodium B i s u l f i t e  T r a n s f e r  Pump 

NIL 

34C-136 A S t r i p p e d / E x t r a c t e d  Sour  W.T. .03 
Sodium B i s u l f i t e  Feed Pump 

34C-136 B 11 ,I .03 

NIL 

0 

NIL 34C-137 S t r i p p e d l E x t r a c t e d  Sour  W.T. .15 
Yolyphospha te  T r a n s f e r  Pump 

346-138 A S t r l p p e d I E x t r a c t c d  Sour  W.T. .03 
Po lyphospha te  Feed Pump 

34C-138 B I, I ,  .03 

NIL 

0 

NIL 

0 .  
17 

34C-139 A S t r i p p e d I E x t r a c t e d  Sour  W.T. .008 
Acid Feed Pump 

34C-139 U . 0 ,  I .008 

34C-140 A B r i n e  Conc.,Evap. & . R e s i d u e  Dry ing  15.7 
F i l t e r  Feed Pump 

34C-140 B ,I I t  15.7 

346-141 B r i n e  Conc. .Evap. C R e s i d u e  Drying - 0 3  
Polymer Feed Pump 

34C-142 B r i n e  Conc.,Evap C Res idue  Drying .73 
I n j e c t  i o n  Pump 

. 34C-143' B r i n e  Conc.,Evap. C R e s i d u e  Drying 5 . 3  
F i l t e r  Backwash Pump 

34C-144 A B r i n e  Conc.,Evap C R e s i d u e  Drying 7.9 
R.O. Low P r e s s u r e  Feed Pump 



TABLE 6 ( C o n t i n ~ e d )  

ELECTRICAL SUMMARY - PLANT 34 ( c o n t  .) 

CONSUMED 

PUHPS - OPERATING 
ITEM NO. SERVICE HIiP 

AVERAGE 
OP. w 

OPERATINC 
BlIP 

CONNECTED 
HP 

MOTOR. 
EFF. X - 

OPERATING ON-STREAM 
KW FACTOR 

34C-I45 B r i n e  Conc.Evap.6 Residue Drying .03 
S u l f u r i c  Acid Feed Pump 

34C-146 B r i n e  Conc.,Evap.h Res idue  Drying .005 
Sodium B i s u l f i t e  Feed Pump 

NIL 

. NIL 

34C-147 B r i n e  Conc. ,Evap.C Res idue  Drying .014 
Nap04 Feed Pump 

NIL 

346-148 A B r i n e  Conc.Evap.6 Residue Drying 69.3 
R.O. High P r e s s u r e  Feed Pump 

346-149 A B r i n e  Conc.Evap.6 Residue Drying 13.8 
Vice Feed Pump 

34C-149 B I, I, ,I 

346-150 A B r i n e  Conc.Evap.6 Residue Drying 78.3 
B r i n e  R e c i r c u l a t i o n  Pump 

34C-150 B I, I, 

34C-151 A B r i n e  Conc.Evap.6 Res idue  Drying 6 .5  
D i s t i l l a t e  Pump 

346-151 B I, I, I, 

34C-152 A B r i n e  Conc.Evap.6- Residue Drying 1.58 
Dryer Feed Pump 

34C-152 B I* ,I ,I 

346-153 A B r i n e  Conc.Evap. 6 Res idue  Drying 13.8 
VCE Feed Pump 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 34 ( c o n t . )  

CONSUMED 

PUtPS - 
ITEM NO. 

OPERATING 
BHP 

8 5 

I t  

1 5  

II 

9 0  

1 0  

1 0  

1.2 

4.7 

1 / 2  

1 /2  

42.76 

CONNECTED 
HP 

OPERATING 
KW 

ON-STREAN AVERAGE 
FACTOR OP. KW 

OPERATING 
SERVICE l!llP 

MOTOR 
EFF. X 

34G-154 A B r i n e  Conc.Evap.b R e s i d u e  Drying 78.9 
B r i n e  R e c i r c u l a t i o n  Pump 

34C-154 B I,  I, I t  

34C-155 A B r i n e  Conc.Evap.6 R e s i d u e  Drying 6.5 
D i s t i l l a t e  Pump 

346-155 B I 1  I, I, 

34G-156 Br Lne Conc .Evap.C R e s i d u e  Dry ing  78.9 
Magma R e c i r c u l a t i o n  Pump 

346-1 57 B r i n c  Conc .Evap .& Res idue  Drying 4 .6  
C e n t r i f u g e  Feed Pump 

34C-158 B r i n e  Conc.Evap.C R e s i d u r  Drying 4 . 6  
Mother L iquor  Pump 

34C-159 B r i n e  Conc.Evap.C R e s i d u e  Dry ing  .66 
Condensa te  Pump 

34C-160 B r i n e  Conc.Evap.6 R e s i d u e  Dry ing  - 
Vacuum Pump 

34C-I61 A Deoi led  W.T. S y s t .  - Polymer .375 
T r a n s f e r  Pump 

Pumpsin Zimpro Main Feed Pump 32.06 
342-121 

A,B.C 
\ 

I t  I I I, 

II Zlmpro High P r e s s u r e  Pump 

I* I, 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 34 ( c o n t . )  

CONSUMED 

PUEIPS 

ITEM NO. SERVICE 

OPERATING OPERATING COWECTED MOTOR OPERATING . ON-STREAH AVERAGE 
HllP - BFF .% BHP 1IP - EFF.% OP. KW KW FACTOR 

Pumpsin Zimpro W.P. P u r g e  Pump 
342-121 

A,B,C 
I, I1 I, 11 I1 I1 . 0.0 . . O  

TOTAL PUMPS 3,207 

COFfl'RESSORS AND BLOWERS 

34K-101 CSP run-of f  t r e a t m e n t  - Backwash 
A i r  Blower 

3GK;102 A S a n i t a r y  Sewage T r e a t m e n t  A i r  
Blower 

34K-102 B II I I  

34K-103 A Oily W.T.Syst. - A i r  C o n d i t i o n i n g  

34K-103 B II II 

34K-104 A Deoi led  W.T. S y s t .  Marox 
D i f f u s e r  

341;-104 U II II 

34K-104 C II II 

34R-104 D II II 

34R-105 A Deoi led  U.T. S y s t .  - F i l t e r  Back- 
wash A i r  Blowers  

34K-105 U II I 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 34 ( c o n t . )  

COMPRESSORS AND Bl.OWERS ... . 
OPERATING 

BHP 
OPERATING 

Ku 
ON-STREAM 

FACTOR 
AVERAGE 

OP. lsw 
CONNECTED 

H P 
MOTOR 
EFF. X - OPERATING 

llHP ITEM NO. SERVICE 

34K-106 A S t r l p p e d / E x t r a c t e d  Sour  W.T. 
F i l t e r  Backwash Blower 

34K-108 B r i n e  Conc.Evap.6 Res idue  Drying 
Backwash A i r  Blower 

34K-109 A U r i n e  Conc.Evap.6 Res idue  Drying 
Scavenge  Compressor 

34K-110 A B r i n e  Conc .Evap.6 Res idue  Drying 
Steam Compressor  

34K-110 B I,  I, 

34K-111 B r i n e  C0nc.Evap.d R e s i d u e  Dry ing  
D r a f t  Fan 

34K-112 A B r i n e  Conc.Evap.6 R e s i d u e  Drying 
Scavenge Compressor 

34K-112 B I, 0 ,  

34K-111 A B r i n e  Conc.Evap.6 R e s i d u e  Drying 
Steam Compressor  

34K-114 A S t r i p p e d / E x t r a c t e d  Sour  W.T. 
Oxygen Compressor 

34K-114 B I, I, 

TOTAL COMPRESSORS AND BLOWERS 



TABLE 6 (Cont inued) 

. . 

ELECTRICAL SUHMARY - PLANT 3 4  (cant.) 

CONSUMED 

SPECIAL EQUIPMENT OPERATING 

ITEM NO. SERVICE HHP 

CONNECTED MOTOR OPERATING 
HP EFP. X KU 

ON-STREAU 
FACTOR 

AVERAGE 
OP. KW 

OPERATING 
EFF.% BHP 

O i l y  W.T.Syst. Alum S o l u t i o n  - 
Mixer 

O i l y  W.T. S y s t .  Polymer S o l u t i o n  - 
Mixer 

NIL O i l y  W.T. S y s t  . -Mechanical  - 
Equipment f o r  API S e p a r a t o r  

O l l y  W.T. S y s t .  F l a s h  Mixer - 
O i l y  W.T.Syst. F l o c c u l a t o r / M i x e r  - 
B r i n e  Conc .Evap.6. R e s i d u e  Drying - 

Polymer Mixer 

B r i n e  Conc .Evap.6 R e s i d u e  Dry ing  - 
Feed Tank A g i t a t o r  

B r i n e  Conc . Evap .h Res idue  Dry ing  - 
Produce  Cyc lone  

B r i n e  Conc.Evap.6 R e s i d u e  Dry ing  - 
F a b r i c  F i l t e r  C o l l e c t o r  

B r i n e  Conc.Evap.6 R e s i d u e  Drying - 
S o l i d  Bowl C e n t r i f u g e  

Deoi led  W.T.Syst. - Polymer - 
Mixer 

NIL 

S t r i p p e d l E x t r a c t e d  Sour  W.T. PAC - 
S l u r r y  Tank Mixer - 

S t r i p p e d I E x t r a c t e d  Sour  U.T. - 
Polymer Mixing Tank Mixer 



TABLE 6 (Continued) 

ELECTRICAL SUHMARY - PLANT 34 ( c o n t  .) 

CONSUMED 

SI1ECI.\l.  EQUIPEIENT OPERATING 

ITEM NO. SERVICE HIIP 

AVERAGE 
OP. KW 

OPERATING CONNECTED 
BHP HP 

MOTOR 
EFP. X - 

6 0  

I, 

11 

#I 

7 9 

7 9  

7 9 
7 8  

78 

78 

7 8 

7 8 

7 8  

6 0  

60  

6 0  

60  

60  

OPERATING 
KW 

ON-STREAM 
FACTOR ' 

34D-126 A S t r i p p e d I E x t r a c t e d  Sour W.T. - 
Sodium B i s u l f  i t e  Soln.Tk.blFxer 

34D-126 B II )I - 
34D-128 X S t r i p p e d I E x t r a c t e d  Sour W.T. - 

P o l y p h o s p h a t e  MLter 
3413-128 B I, II - 
3 4 ~ - 1 3 y  B r i n e  Conc.Evap.6 R e s i d u e  Dry ing  - 

S o l i d  S t o r a g e  Bin V i b r a t o r  

34D-144 A B r i n e  Conc.Evap.6 R e s i d u e  Dry ing  - 
S t o r a g e  Bin V i b r a t o r  

1 

NIL 342-101 CSP run-off  S y s t .  - Polymer - 
Mixer 

342-102 CSP.run-off S y s t .  - R e a c t o r  - 
C l a r i f i e r  S c r a p e r  

NIL 

342-106 S a n i t a r y  Sewage Trea tment  - 
S l u d g e  Remover 

NIL 

342-103 S a n i t a r y  Sewage T r e a t m e n t  - 
Comminu t o r  

NIL 

342-115 A O i l y  W.T. S y s t .  - F l o t a t o r  - NIL 

NIL 

1 

1 

1 

1 

342-1 17 A Deoi led  W.T. S y s t .  - C l a r i f i e r  - 
342-1 17 B I, I - 
342-1 17 C - 
342-118 Deoi led  W.T. S y s t .  S l u d g e  - 

T l ~ i c  kener  

342-122 k S t r i p p e d / E x t r a c t e d  Sour  W.T. - 
PAC Feeder  



TABLE 6 (Continued) 

E1.ECTRICAL SUMMARY - PLANT 3 6  ( c o n t . )  

CONSUEIED 

SPECIAL EQUIPMENT 

ITEM N O .  SERVICE 

AVERAGE 
OP. KW 

OPERATING CONNECTED 
BllP lip 

MOTOR 
EFF. X - 

OPERATING 
KW 

ON-STREAM 
FACTOR 

OPERATING 
HHP 

342-122 B S t r i p p e d I E x t r a c t e d  Sour W.T. 
PAC Feeder 

342-124 A S t r i p p e d I E x t r a c c e d  Sour W.T. 
C l a r i f i e r s  

342-124 B I, I, 

342-124 C I I, 

342-133 A S t r i p p e d f E x t r a c t e d  Sour W.T. 
Marox D i f f u s e r  



TABLE 6 (Continued) 

ELECTRICAL SlJtfMARY - PLANT 3 4  ( c o n t . )  

CONSUMED 

SPECIAI. EQUIPMENT 

ITEM NO. SERVICE 
OPERATING OPERATING CONNECTED MOTOR 

HHP EFF.X BHP HP EFF.X 
OPERATINC 

KW 
ON-STREAM 

FACTOR 
AVERAGE 
OP. KW 

3 4 2 - 1 3 6  A S t r i p p e d / E x t r a c t e d  S o u r  W.T. 
Marox D i f f u s e r  

TOTAL SPECIAL EQUIPMENT 

TOTAL .PLANT CONSUMPTION 



TABLE 6 (Continued) 

ELECTRICAL SUMNARY 

PLANT 35 

CONSUMED 

Three train8 @ 100% capacity  (From Davy McKee) 

AhW for  extra t ra in  @ 75% capacity 

SUBTOTAL 

TOTAL PLANT CONSUMPTION FOR FOUR TRAINS @ 75% CAFACITY 

OPERATING KW 

4,284 



TABLE 6 (Continued) 

CONSUMED 

ITEM NO. SERVICE 
OPERATING 

BHP 

36V-101 A I n s t r u m e n t  6 P l a n t  A i r  Compressor 924 

36V-102 A A i r  Dryer  Package 

E l e c t r i c a l  H e a t e r  

R e a c t i v a t i o n  Blower 

36V-102 B A i r  Dryer  Package 

E l e c t r i c a l  H-ater  

R e a c t i v a t i o n  Blower 

ELECTRICAL SUMMARY 

PLANT 3 6  

CONNECTED 
HP 

MOTOR OPERATING ON-STREAM 
EFF.% KW FACTOR 

- 215 0 .0  

9 0  3 3 0 .0  

TOTAL PLANT CONSWTION 

AVERAGE 
OP. KW 



CONSUEED 

S E R V I C E  

COMMUNICATIONS 

TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 37 

OPERATING 
KW 

ON-STREAM AI'ERACE 
FACTOR O P .  KW 

0.7 13 

TOTAL PLANT CONSUHPTION 13 



TABLE 6 (Continued) 

COt4SUHED 

COUPHESSORS 

ITM NO. , SERVICE 

UTILITY SUNMARY 

PLANT 38 

DESIGN CONNECTED MOTOR DESIGN ON-STREAM AVERAGE DESICN(~) POWER  CREDIT'^) AVERAGE 
BHP HP EFP.% KW - - FACTOR DESIGN KW ALLOWANCE FOR OP. RATE OP. KW 

X X: 

38K-101 A High P u r i t y  N i t r o g e n  Compressor 3,120 3,500 94 2,476 0.5 1,238 10 5 1,176 

38K-101 B High P u r i t y  N i t r o g e n  Compressor 3,120 3,500 94 2.476 0.0 0 - - - 

38K-103 A Air S l i d e s  N i t r o g e n  Blower 198 250 92 161 1 .O 161 43(*) 3 5 105 

38K-103 B A i r  S l i d e s  N i t r o g e n  Blower 198 250 92 161 1 .o 161 43 (2) 3 5 105 

TOTAL COMPRESSORS 1,386 

TOTAL PLANT CONSUMPTION 

NOTES: (1) Above o p e r a t i n g  f l o w  r a t e .  

(2) Based on  a r e v i s e d  n i t r o g e n  r e q u i r e m e n t  o f  7,060 scfm. 

(3) Assume h a l f  of  d e s i g n  a l lowance .  



TABLE 6 (Continued) 

ELECTRICAL SMIARY 

PLANT 99 

CONSUMED 

PUMPS 

ITEM 110. SERVICE 

N e u t r a l  O i l  t o  P l a n t  12 Feed 
and B o o s t e r  Pump 

I t  I, 

Pump Worming S y s t e m  C i r c u l a t i o n  

E b u l l a t i n g  Pump S e a l  O i l  Supp ly  
11 

I 

I, 

I, 

I, 

I, 

I 1  

I, 

I, 

I, 

,I 

I, 

I, 

OPERATING 
IlHP 

PUMP OPERATING COXNECTED 
EFF . X BHP HP 

MOTOR 
EFF.X - 

OPERATING 
KW 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 39 (cont. )  

CONSLMED 

PUKPS 

ITEM NO. SERVICE 
CONNECTED 

lip 
MOTOR 
EFF . X - 

OPERATING 
KW 

ON-STREAM 
FACTOR 

AVERAGE 
OP. KW 

OPERATING 
HHP 

OPERATING 
BHP 

Ebullating Pump Seal Oil Supply 
I, 

I,  

I, 

I 1  

I, 

I, 

I ,  

I, 

High Pressure Flush Oil 
,I 

I, 

I 

I ,  

I, 

I 

I, 

I, 

I, 

I ,  

I 

I 8  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY - PLANT 39 (cont .) 

CONSUMXD 

PUMPS OPERATING 

ITEM NO. SERVICE HHP 

39C-606A High Preseure  Flush O i l  2.2 

" B I1 II 

C I, I1 

39C-706A High Preeeurr  Flush O i l  2.2 

'I B I, II 

" C I, 11 

39C-806A ,I I t  

' B ,I I, 

" C ,I 11 

39C-107A Clycol t o  P l a n t s  2.3,4,5,12,&17 33.4 

" B ,I I* 

' C I1 I, 

39C-207A ,I I t  

" B I t  Il 

" C I ,  I, 

39C-110A Heavy Flus11 O i l  ta PH 12 Surry 
Pump 5.68 

I' B 11 II 

39C-2 10A I, I, 

" B 11 I, 

39C-310A I, 11 

" B I, ,I 

PUMP 

EFF.X - 
80 
II 

11 

63  
II 

,I 

I1 

I1 

,I 

4 9 
,I 

I, 

,I 

I,  

,I 

4 5 
I, 

I, 

I, 

,I 

I t  

OPERATING 

BHP 

3.5 
11 

I* 

3.5 
11 

I, 

II 

#I 

I1 

68.7 
I1 

,I 

11 

I t  

CONNECTED 

1IP 

5 
I1 

,I 

5 
I1 

$1 

I t  

,I 

11 

100 
I1 

,I 

I1 

I, 

I1 

MOTOR 

EFP. Z 

83 
0 

,I 

8 3  
,I 

*I 

I1 

$8 

' II 

9 1 
11 

,I 

11 

I t  

I1 

8 7 
II 

11 

I1 

I1 

18 

OPERATING 

KW 

3 
I 1  

f l  

3 
I1 

,I 

I1 

*I 

I1 

5 6 
,I 

I* 

I t  

,I  

Il 

11 
II 

,I 

I1 

II 

I1 

ON-STREAM 

FACTOR 

1 .o 
1 .o 
0.0 

1 .o 
1 .o 
0.0 

0.0 

0.0 

0.0 

1 .o 
1 .o 
0.0 

1 .o 
1 .o 
0.0 

1 .o 
0.0 

1.0 

0.0 

1 .o 
0.0 

AVERAGE 

OP. KW 

3 

3 

0 

3 

3 

0 

0 

0 

0 

5 6 

5 6 

0 

56 

5 6 

0 



TABLE 5 (Continued) 

ELECTRICAL SUMMARY - PLANT 39 ( c o n e . )  

CONSUMED 

PUMPS OPERATING - 
ITEM NO. SERVICE HHP 

PUMP 

EFF.% 

OPERATING 

BHP 

CONNECTED 

HP 

MOTOR 

EFF.% - 
OPERATING 

KU 

ON-STREAM 

FACTOR 

AVERAGE 

OP. KW 

39C-410A l leavy F l u s h  O i l  t o  PH 12 Surry  
PUP 5 . 8 8  

39G-l l lA Heavy F l u s h  O i l  High P r e s s u r e  
Pumps 1 0 5 0 . 0  

T o t a l  Pumps 

TOTAL PLANT CONSUMPTION 



TABLE 6 (Continued) 

ELECTRICAL SUEiMARY 

PLANT 41 

NOTE AREA/EA 
(2) -- 

TOTAL AREA TYPE OF aONSUMPTION OPERATING 
( F T ~ )  CONSUMPTION ( W I F T ~ )  w 

ON-STREAM AVERAGE 
FACTOR OP. KW BUILDING DESCRIPTION 

D i s t r i b u t e d  System C o n t r o l  Room 

o H-coalR 

o Gas P l a n t  

o B o i l e r  P l a n t  

4 ,903  L + HVAC 1 5  

4.903 L + IIVAC 1 5  

3 ,503  L + HVAC 1 5  

Opera t ing  Equipment Room 

o Tank Farm 

o P r o c e s s  P l a n t s  

o Wet A i r  Oxida t ionfLab  

o Reverse Osmosis/Lab 

523 L + HVAC 1 5  

5,720 L + HVAC 15 

1.600 L + HVAC 1 0  

5,000 L + IIVAC 1 0  

20,000 L + HVAC 10 P l a n t  Labora tory  

20,000 L + HVAC 
-.. " 

1 0  

C a f e t e r i a  20,000 L + IIVAC 1 0  

5,000 L + HVAC 1 0  

Mrdlcal  5,000 L + HVAC 1 0  50 

Ash I landling 12 ,000  LtH + P a r t .  AC 5 60  

O p e r a t o r  S h e l t e r s  

o Coal  P i l e  

o Cool Unloading Dock 

o Barge Loading Dock 

o S o l i d  Waste Disposa l  

o Cool ing  Water Tower 

o Water Pond 

400 I.+H + P a r t .  AC 5 

200 LtH + P a r t .  AC 5 

2 00 L+H + P a r t .  AC 5 

2 00 LtH + P a r t .  AC 5 

200 L+H + P a r t .  AC 5 

200 1;tlI. + P a r t .  AC ' ' 5 



TABLE 6 (Cont inued)  

ELECTRICAL SUMPlARY (cone .) 

TOTAL AREA 
(ET2) 

TYPE OF CONSUMPTION 
CONSUMPTION ( W I F T ~  

OPERATING 
KW 

ON-STREAM AVERACE 
FACTOR OP. KW BUILDING DESCRIPTION 

o Tank Car Loading 

o Tank Truck  Loading 

L+H + P a r t .  AC 5 

L+H + P a r t .  AC 5 

9 .  Gate House L+H + P a r t .  AC 5 

II 5 

I I . S w i r c h g e a r  B u i l d i n g  

o 161 KV 

o 3 4 . 5  KV 

o 13.8 KV 

o P r o c e s s  P l a n t s  

12.  F i r e  S t a t i o n  

1 5 .  Garage  

o Mobi le  Equipment 

o G e n e r a l  



TABLE 6 (Continued) 

ELECTRICAL SUbfMARY ( c o n t  .) 

TOTAL AREA 
( F T ~ )  

NOTE 
(2)  - 

TYPE OF 
CONSUMPTION 

CONSUMPTION 
( w / F T ~ )  

OPERATING 
KC3 

ON-STRE& 
FACTOR 

AVERAGE 
OP. KW . BUII.DING DESCRIPTION 

16. C o a l  Car  Unloading L+H + P a r t .  AC 

17. Compressor S h e l t e r  

o P l a n t  6 . 
o P l a n t  7 

o P l a n t  8 

o P l a n t  12 , 

o P l a n t  1 5  

o P l a n t  17 

o Pu~nps,  Chemican Feed,  
F i l t e r s  

18 .  T r a n s f o r m e r  lloLse 

19 .  S p e c i a l  C l e a n i n g ,  Foam. 
Chemica l s  . 

20. A d m i n i s t r a t i o n  B u l l d i n g  ( 1 )  120,000 120,000 L+I~VAC 

TOTAL CONSUMED ELECTRICAL POWER 

NOTES: ( I )  Assumed Power Consumption 

Type A:( 1 5  W / F T ~  (L+lIVAC) 

B:' 10 W / F T ~  (L+IIVAC) 

C: 5 w/FT2 (L + PARTIAL HVAC) 

D: 1 0  W / F T ~  (L) 

ADMIN: 10 W / F T ~  

( 2 )  Number i n  t h e  p a r e n t l ~ e s e s  r e p r e s e n t s  number of b u i l d i n g s .  



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 42 

ELECTRICAL POWER 

CONSUMED 

PUI.IPS 

ITEM NO. 

4211-lOlA, B 

4211-101C 

42C-IOIA t h r u  L 

41G-IOIM t l l ru  X 

42C-102A 

42G-1028 

42C-lD3A. B 

42C-103C 

42G-104A 

42C-1048 

42C-105A 

42C-1058 

42C-107A 

OPERATING 
BHPIEACH 

1.7 

1.7 

1.7 

1.7 

1.7 

1.7 

8 . 5  

8 . 5  

1 3 . 5  

13.5 

35.6 

35 .6  

CORRECTED 
HP 

EACH TOTAL - -  
OPERATING 

SERVICE HHPIEACH 
PUMP 
EFF. X 

OPERATING 
KW / EACH 

ON-STREAM 
FACTOR 

MOTOR 
EFF. X 

QP. KW 
EACH TOTAL - - 

Vncuum Pump 
I, 

S l u d g e  Feed Pump - 
I, - 

S l u d g e  T r a n s f e r  Pump - 
I, I, - 

F i l t r a t e  Pump - 
I1  11 - 

F i l t e r  Backwash Pump 8 . 7 5  
II - I, 8 .75  

Sour  Water  Pump 16.0 
,I I* 16 .0  

I n c i n e r a t o r  Feed Pre -  
t r e a t m e n t  Disc l l a rge  Pump 0.87 

I n c i n e r a t o r  Feed 
T r a n s f e r  Pu~op 0.87 

I, I, 0.87 
I* I, 0.87 
I, I, 0.87 

TOTAL PUMPS 



TABLE 6 (Continued) 

E1.ECTRICAL SUMMARY ( c o n t  .) 

CONSIIEED 
CORRECTED 

HP 
EACH TOTAL - -  

AVERAGE 
MOTOR OPERATING ON-STREAM OP. KW 
EFF. % KW/EACH FACTOR EACH TOTAL, 

BLOlJERS 

ITEM NO. 
OPERATING PUMP OPERATING 

SERVICE HHPIEACH EFF. X BHPIEACH - 

42K-101A t h r u  C Overbed  A i r  P r e h e a t  B lower  - - 4 . 0  

42K-10lD I, I1 - - 4 . 0  

42K-IOIA, B F o r c e d  D r a f t  Fan - - 4 0 . 0  

42R-102C I, ,$ - - 40 .0  

42K-102D I, ,I - - 4 0 . 0  

TOTAL BLOWERS 

SPECIAL EQUIPMENT 

42T-IOIA, B Bucke t  E l e v a t o r  

42T-loLC, D II II 

42T-102 F i l t e r  Cake  C o l l e c t i n g  
Conveyor  

42T-103 F i l t e r  Cake  T r a n s f e r  
Conveyor  

42T-104 C o a r s e  S l a g  Conveyor  

42Y-103A t l t r u  F Feed  T a n k  Mixe r  

NIL NIL 

0 0 

TOTAL SPECIAL EQUIPMENT 

TOTAL CONSUMED 



TABLE 6 (Continued) 

ELECTRICAL SUMMARY 

PLANT 44 

SERVICE 

Leac l ia te  h Run-of f 

Upstream Wel l  Pump 
I, 

Downstream Well Pump 

L e a c h a t e  6 Run-off 

Upstream Wel l  Pump 
,I 

Downstream Wel l  Pump 

DESIGN PUMP DESIGN CONNECTED MOTOR DESIGN ON-STREAM AVERAGE x  DESIGN(^) XOP . P W R ( ~ )  AWI<~\CB 

HllP EFF.% BBP --- EFP.% Kid HP - - FACTOR DESIGN KW ALLOWANCE CREDIT OP. KW 

17.5 50  35.0 50 9 0  29.0 1.0 29.0 5 0  2 5 22 

- - 1.7 2 8 0  2 1.0 2 - - 2 

TOTAL PLANT CONSUMPTION - 4 7 

NOTES: ( 1 )  Above normal  r a t e .  

(2)  Assume 50% o f  t h e  d e s i g n  a l lowance .  



PLANT NOS. (1) 

1 

2 

3 ,4 ,5 ,  6, 17 

7 

8 

9 

10 

12 

15 

18 

2 0 

21 

22 

2 3 

2 6 

27(3) 

3 1 

3 2 

3 3 

34 

35 

36 

3 9 

LIGllTING 
AREA, SQ. FT. 

4 50,000 

67,500 

1,092,500 

162,500 

15,000 

90,000 

37,500 

262,500 

Dock Area 

- 

TABLE 6 (Continued) 

OVERALL PLANT LIGHTING 

- .. .. 

(3  wls9. FT.) 

3 0 

FACTOR 
.O1 

'. 08 

.01 

.01 

.O1 

.08 

.01 

.01 

- 

SUBTOTAL 



TABLE 6 (Continued) 

OVERALL PLANT LIGHTING (cont . ) 

AREA ( I )  
LIGHTING 

AREA, SQ. FT. 

- 
- 

67,500 

Roadway 

10,000 

- 

FACTOR 

- 
- 
.08 



TABLE 6 (Continued) 

OVERALL PLANT LIGHTING (cont.) 

LIGHTING 
AREA (1) A N 3  SQ. FT. FC(2) FACTOR 

5 .08 

2 .08 

1 .08 

Conveyor 
Roadway 
Pipe Rack 
Dock 



TABLE 6 (Continued) 

OVERALL PLANT 1.IGHTING (cont .) 

TOTAL KW BASED ON 24- l lRS/DAY 

ON-STREAM FACTOR 

AVERAGE KW CONSUMPTION 

NOTES:  ( 1 )  O b t a i n e d  f r o m  P l o t  P l a n  

( 2 )  F o o t  C a n d l e s  

( 3 )  5 levels  i n d o o r s  





4.0 CATALYST AND CHEMICALS COST 

4.1 ANNUAL COST 

A number o f  sources prov ided i npu t  t o  the  annual ca ta l ys t ,  packing and 

chemical cos ts  shown i n  Table 7. I n  the  case o f  spec ia l  o r  p r o p r i e t a r y  

l i censo r  ca ta lys ts ,  packing o r  chemicals, t he  l i censo r  has prov ided an 

est imated y e a r l y  cost.  Many o f  the  o ther  items are w ide ly  used i n  

present day r e f i n e r i e s .  Consumption o f  a1 1  items of a nonpropr ietary 

nature was e i t h e r  ca l cu la ted  o r  est imated us ing  design o r  operat ing expe- 

r ience. P r i c i n g  f o r  these ma te r ia l s  was est imated based on vendor p r i c e  

l i s t s ,  responses t o  p r i c i n g  i nqu i r i es ,  o r  p r i c i n g  p resen t l y  being expe- 

r ienced by Ashland O i l ,  Inc, whichever was most appropriate. Whether i t  

was vendors' est imat ions o r  recent p r i c i ng ,  t he  best a v a i l a b l e  informa- 

t i o n  was used t o  est imate the  annual ca ta l ys t ,  packing and chemical 

costs. 



TABLE 7 

ANNUAL CATALYST AND CHEMICALS COST 

Plant 
Number( s) 

12 

18 

18 
7 

7 and 8 

3 1 
31 

3'1 
3 2 

7 
7 

7 

9,20,31 & 34 

9 
10 

2 7 
32 

12 
17 

17 
3 1 

(100% Capacity) 

Catalyst or Chemical 

HDS-1422A CO MO 

Extrudates, 1/16 

Haldor-Topsoe SSK Catalyst 
Hydrotreat ing Catalyst 
Pl atf ormi ng Catalyst 

ALCOA F1 Alumina, 1/8" 

Linde Molecular Sieve, 4A 

Sodium Zeolite Resin 

Dernineralizer Anion Beds 

Demineralizer Cation Beds 
Gravel and Charcoal 

DEA Solution 

UOP 

Caustic Soda 

Caustic Solution 

Dephenolization Solvent 
Su If ur 

Magnetite 
Do1 omi te 

Selexol Solvent 

Liquid Corrosion Inhibitor 
Liquid Filming Amine 
Salt (NaC1) 

Subtotal 

Annual Cost 
1981 Dollars 

19,887,100 

2,450,000 

429,300 
279,000 

17,300 

435,000 

9,500 

14,100 
1 1,400 

63,500 
67,800 

8,900 

2,700 

4,936,500 
235,200 

Start-up Only 

523,000 

230,800 

i, 759,000 

53,500 
12,800 
12,400 

31,438,800 



TABLE 7 ( con t ' d )  

P lan t  

Number/s Ca ta l ys t  o r  Chemical 

S u l f u r i c  Acid 

Soda Ash 

Sodium. Aluminate 

Zinc Chromate 

Dispers ing So lu t i on  

Polymer S o l u t i o n  

Ch lor ine  

Sodium B i s u l f i t e  

Sodium Hexametaphosphate 
Subtota l  

To ta l  Annual Cata lys t  and Chemicals 

Annual Cost 

1981 D o l l a r s  



4.2 INITIAL INVENTORY AND CONSUMPTION RATES 

The Breckinridge Project will apply a variety of process technologies to 

convert 24,000 tons per day of run-of-mine coal to a nominal 53,000 

barrels per day of hydrocarbon liquids. Predictably, this coal lique- 

faction facility will consume in operation substantial quantities of 

assorted catalysts, packings and chemicals. Table 8 presents a list of 

initial inventories and consumption rates for catalysts, packings and 

chemicals as identified in the Phase Zero work for economic evaluation 

purposes. 



TABLE 8 
CATALY STS/PACKINGS/CHEMI CALS 

CATALYSTS 

Catalyst  Type 

HDS-1422A o r  Equivalent 
Co-Mo 1 /I 6" Extrudate 

Merox Catalyst  

Ac ti vated A1 umi na 
Kaiser  S-201 
3 x 8 mesh 

Hal dor  Topsoe-SSK 

I n i  t i a l  Inventory Consumption Rate o r  
Equipment I tem No. Equi pment T o t a l  (Estimated L i f e )  

3C-103 t h r u  3C-803 672,000 1 bs 1,167,000 1 bs* 16,500 1 bs/day 

7C-160 A and B By UOP By UOP 

1 OC-101 t h r u  1 OC-301 
10C-102 t h r u  10C-302 
1 0C-103 t h r u  1 0C-303 

9 reactors 504,150 1 bs 504,150 1 bs ( 3  years) 

12C-111 t h r u  12C-311 
12C-112 t h r u  12C-312 
12C-113 t h r u  12C-313 

9 reactors 18,375 CF 18,375 CF ( 3  years) 

Hydro t reat i  ng Cata lys t  By UOP $1,451 , OOO** $1,325/day** 

Pl a t fo rmi  ng Cata lys t  By UOP $7,483,000** $ 861 /day** 

Notes: * Inc luding e x t r a  storage f o r  30-day consumption 
**From UOP proposal package f o r  P lant  18 



TABLE 8 (cont 'd) 

CAJALY STS/PACKINGS/CHEMI CALS 

PACK INGS 

Total I n i t i a l  
Packing Type Equipment Item 140. Inventory 

Alcoa FI Alumina o r  7C-164 A. B and C 
~ ~ u i v a l h n t  1/8" s ize  7C-165 A, B and C . 

9 vessels 

Linde Molecular Sieve 7C-151 A, B and C 
Type 4A o r  Equivalent, 8Y-18 A, B and C 

4-8 mesh 6 vessels 

1-1/2" C. S. Pa l l  Ring 7C-157 
2" S. S. P a l l  Rdng 12C-124 t h r u  12C-324 
2" C. S. Pa l l  Ring 12C-123 A and 5 thru 

12C-323 A and B 
2" C. S. P a l l  Ring 12C-121 t h r u  12C-321 

172,200 1 bs 
150,000 l b s  
322,200 1 bs 

Sand, 8-1 6 mesh 7C-162 17,400 1bs 

Norton Denstow 57 1 OC- l  01 t h r u  1 0C-201 
3/8" D x l / 2 "  W 8 06-1 02 t h r u  8 0C-202 

8 0C-103 t h r u  1 QC-203 
6 vessels 435,504 1 bs 

Sodium Zeo l i t e  Resins 312-103 A, B and C 640 CF 
Demi neral i zer Anion Beds 312-105A, B, C and D 935 CF 
Gravel s and Charcoal s 322-102 A, B, C, D and E 82,700 CF 

CHEMICALS 

Consumption Rate o r  
(Estimated L i f e )  

(3  years) 

(1  year) 

( 3  years) 
(3 years) 
( 3  years) 

(3  years) 

(1  year)  

( 3  years) 

( 3  years) 
( 3  years) 
( 3  years) 

Basis f o r  Inventory 

1. Towers - 3" l !quid height  on a l l  tower t rays  p lus  BiquPd hold-up a t  bottom 
2. Drums - 50% f u l l  
3. Exchangers and p ip ings - 20% o f  t o t a l  inventory dn DEA or Selexol system 
4. DEA surge tank and Selexol tank - w i l l  provide space t o  hold the vessel inventory dn case one t r a i n  i s  shut 

down 
5.. Inventory i s  based on actual  chemical concentrat ion unless otherwise speci f i e d  



TABLE 8 (Cont 'd) 
CATALYSTS/PACKINGS/CHEhICALS 

CHEMICALS (cont. 

Basis f o r  Consumption Rate: 

Rate i s  i n  terms o f  ac tua l  chemical concent ra t ion  unless otherwise spec i f ied .  

Total I n i t i a l  
Chemi c a l  Name s Equipment Items Inventory 

25 w t  X DEA s o l u t i o n  7C-111 6,800 l b s  
(as 100%) 7C-113 12,100 l b s  

7C-114 10,500 l b s  
7C-116 1,500 l b s  
Exchangers and Pipings 6,200 1bs 
7D-101 32,900 l b s  
En t i r e  DEA U n i t  70,000 l b s  

Merox Chemical s 

A1 1 i ed Chemical 
"Sel ex01 " 12C114/214/314 

12C-116/216/316 
12C-117/217/317 
12C-118/218/318 
12C-120/220/320 
12C-121/221/321 
12C-123 A, B/223 A, B/323 A, B 
12C-124/224/324 
12C-132 A, B/232 A, B/332 A, B 
12C -027 
Exchangers and Pi  p i  ngs 
12D-001 
E n t i r e  Selexo U n i t  

50 w t  % Caustic So lu t ion  20D-12 2 
(as 100%) Extra Storage 

By UOP 

26,400 ga l s  
48,000 gals  
30,600 ga l s  
26,400 gal s 
40,800 ga l s  
85,100 gals  
70,000 ga l s  
4,300 gals  

42,700 ga l s  
5,500 gals  

76,000 ga l s  
44,200 gal s 

500,000 gal s 

270,000 I b s  
540,000 l b s  

Consumption Rate o r  
Estimated L i f e  

370 1 bs/day 

By UOP 

500 gal s/days 



CHEMICALS (cont. 

Total I n i t i a l  
Inventor-y 

Consumption Rate o r  
(Estimated L i f e )  Chemical Names Equipment Items 

20 w t  % Caustic So lu t ion  
d i l u t e d  from 50 ut % 
s o l u t i o n  (as 100%) 

208-1 24 
Extra Storage 

44,000 1 bs 
88,000 l b s  

Bo i l e r  precondi t ion ing 5,000 1 bs 
Sour water neutra l  i a a t i o n  
9D-102 40,000 llbs 
31 D-I 08 A, B 32,000 Bbs 

N I L  
90,800 1 bs/day 
20,000 1bs 

4.920 l b s  

98 w t  % Su l fu r i c  Acid 
(as 100%) 

686,310 l b s  
350,OQO 1 bs 

D i l u t i o n  t o  20 w t  % 
a t  s i t e  i f  requo'red 

11,000 l b s  . 
960 1 bs 
190 l b s  

1,330 l b s  
110 l b s  
100 Bbs 

4 ,110 lbs  ' 

320 l b s  
170 l b s  

1,370 l b s  
680 l b s  
460 l b s  ' 

75 w t  % Phosphoric Acid 
Solut ion (as 100%) 9C -1 02 

2 vessels 

Bephe no1 i za ti on Sol vent 
Used i n  Plant  9 

800 ga 1 s 
4,800 gals 

C -1 11 

3 vessel s 2,160 lbs lday  

For s ta r tup  on ly  Su l fu r  

L iqu id  Corrosion 
I n h i b i t o r  1 7V-101 and l7V-201 500 gal s 



TABLE 8 (Cont 'd) 
CATALYSTS/PACKI NGS/CHEtliI CALS 

CHEMICALS (cont. ) 

Total  I n i t i a l  
Inventory 

Consumption Rate o r  
(Estimated L i f e )  Chemi ca 1 Names 

L i q u i d  F i  lining-Type Amine 

Magnetite 

S a l t  (EhC1 

Powdered Act ivated Carbon 

Do lomi t i c  Lime 

Equipment Items 

17Y-101 and 17Y-201 500 gal s 24 gal s/day 

1.25 l b / t o n  Coal Feed 

2,150 1 bs/day 

P lan t  27 Equipment 120 tons 

70,000 1 bs ( i n  bags) 312-103 A, B and C 

32D-130 A, B/32D-131 A, B 
32D-126 
Tota l  

150,000 l b s  
240,000 l b s  
390,000 1 bs 

Soda Ash (as 98%) Bo i l  e r  Precondi t i o n i  ng 
32D-134 
32D-127 
340-1 02 

5,000 l b s  
500 1 bs 

10,000 I b s  
140 l b s  

NIL 
12,700 1 bs/day 

4,470 1 bs/day 
4,470 1 bs/day 

35D-112 
70 t a l  Equipment 
Extra Stora e 
T S m &  

250;000 l b s  
545,640 1 bs 

8.25 w t  % Sodium 
A1 umi nate (as 100%) 

7,000 l b s  
1.170 l b s  

34D-105 
B Vessel s 

141 ;330 l b s  
'150,000 l b s  

Warehouse 
To ta l  Storage 

20 w t  % Zinc Chromate 
So lu t ion  as Corrosion 
I n h i  b i  t o r  f o r  Cool i ng 
Water (as 100%) 

32D-112 
32D-122 
2 vessels 
Warehouse 
l o t a l  btorage 

960 l b s  
960 l b s  

1.920 1bs 360 l b s  day 
10;080 l b s  
lZ,UUU 1bs 



CHEMICALS (conto 

Total I n i t i a l  
Inventory 

480 1 bs 

Consumption Rate o r  
(Estimated L i f e )  Eaui~ment  Items Chemi ca l  Names 

20 w t  % Dispersing Agent 
Solut ion f o r  Cool i ng 
Water (a s 1 00% 1 

32D-121 
2 Vessels 

770 l b s  
1,250 1bs 

10,750 I b s  
12,000 l b s  

Warehouse 
Total Storage 

32D-132 
32D-129 
34D-107 
34D-l15/I I6/ I l7 
34D-122A 23A24 
34D-131 
34D-101 
7 vessels 

1 w t  % Polymer So lu t ion  
(as 100%) 

116 l b s  
29 I b s  
58 1 bs 
42 I b s  
25 1 bs 
21 I b s  
33 1 bs 

324 I b s  
Warehouse 
I o t a  1 Storage 

Chlor ine from Commercial 
Containers 

322-111 A, 5 
342-1 11 9 
342-1 25 
342-1 29 
342-1 I 2  
6 vessels 

65,700 1 bs 
7,000 l b s  
4,000 I b s  
3,000 I b s  

300 I bs 
80,000 1bs 

30 w t  % Sodium B i  s u l f  i t e  
So lu t ion  (as 100%) 348-1 34 

2 vessel s 
100 l b s  

Warehouse 
Tota l  Storage 

25 w t  % SHMP (Sodium 
Hexametaphosphate 

1,750 l b s  
125 1bs 

1,875 1 bs 
68 125 Bbs 
mhJ0-E 

341)-135 
2 vessel s 
Warehouse 
Tota l  Storage 



TABLE 8 (Cont'd) 
CATALYSTS/PACKINGS/CHEMI CALS 

CHEMICALS (cont. ) 

Total  I n i t i a l  
Chemi c a l  Names Equipment Items Inventory 

Consumption Rate o r  
(Estimated L i f e )  

High p u r i t y  (99.99%) General p l  ant  purging 1,200 scfm 
n i t rogen,  90 p s i g  a t  Bag house i n  P lan t  1  120 scfm 
user B.L. Gas D r i e r  i n  P lan t  7  1  2,000 sc fm*** 

L i q u i d  d r i e r  i n  P lan t  7 5,200 sc f m*** 
Gas d r i e r  i n  PI ant  8 1  1,000 sc fm*** 

Low p u r i t y  (97%) n i t r ogen  P lan t  1  a i r  s l i d e s  
5 p s i g  a t  user B.L. 

7,060 scfm 

Note: *** Only one o f  the  th ree  d r i e r  systems w i l l  be on coo l i ng  cyc le  w i t h  n i t r o c e n  a t . o n e  time. 

it, $, 





TABLE 9 

ROLLING STOCK FUEL AND TIRES ANNUAL COST 

(100% Capacity) 

Annual Cost 
1981 D o l l a r s  

T i r e s  and general  maintenance supp l ies  
( l u b r i c a t i n g  o i l  and greases) 

Annual Cost = 0.35 ($5,550,000) 

Diesel  Fuel - P lan t  No. 44 (1 )  

2 D-8 Dozers - 15 gph ($1,00/gal) x 

5,280 h r / y r  = 

5 op 85 t o n  t rucks  - 20 gph ($l.OO/gal) x 

5,280 h r / y r  = 

1 15 t o n  Compactor - 10 gph 

1 Scraper - 10 gph 

T i res  and general  maintenance ( i n c l u d i n g  lube 

o i l  and greases) = .35 ($700,000) = 

P lan t  No. 26 

2 D-8 Dozers - 15 gph ($1.00) 

2,200 h r / y r  = 

3 Scrapers - 10 gph ($1.00) 

2,200 h r l y r  = 33,000 

TOTAL $3,045,000 

P lan t  44 opera t ing  cos ts  shown here are n o t  cons i s ten t  w i t h  

c u r r e n t  p lann ing  f o r  P lan t  44. 
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6.0 PREOPERATING, CONSTRUCTION PROJECT TEAM, TRAINING, 
START-UP, AND DEBUGGING COSTS 

The f i r s t  two t r a i n s  o f  ~ - ~ o a l @  Reactors are scheduled t o  s t a r t  i n  1988. 

Three years o f  opera t ion  a t  reduced capac i t y  i s  a n t i c i p a t e d  be fore  the  

f a c i l i t y  reaches i t s  maximum a n t i c i p a t e d  stream f a c t o r  o f  87%. Table 7, 

Table 8, and Table 9  prov ided the  est imated opera t ing  c o s t  f o r  these f i r s t  

th ree  years o f  opera t ion  a t  reduced stream fac to rs .  

I t  i s  important  t o  have opera t ing  personnel invo lved  w i t h  t he  p r o j e c t  

throughout the  engineering and cons t ruc t i on  phase o f  the  work. Table 10 

i s  a  p r o j e c t i o n  o f  personnel needs f o r  t h e  preoperat ing, t r a i n i n g ,  and 

s ta r t -up  expenses. These p r o j e c t i o n s  have been made based on t h e  bes t  

in fo rmat ion  ava i lab le .  The number o f  people have been taken from t h e  

schedules se t  up f o r  organizat ion,  t r a i n i n g ,  and s ta r t -up  o f  t he  

Breck in r idge  Pro jec t .  

Table 11 t r a n s l a t e s  t h e  personnel needs t o  expenses i n  d o l l a r s  per  year  

from 1982 t o  f u l l  p l a n t  capac i t y  i n  1990. Estimated wages and s a l a r i e s  

are based on e x i s t i n g  wage and sa la ry  s t r u c t u r e  i n  Kentucky f o r  people of 

comparable j ob  performance leve ls .  

A debugging crew f rom t h e  o r i g i n a l  cons t ruc t i on  p r o j e c t  team w i l l  be 

re ta ined  through 1990 t o  i nsu re  smooth s ta r t -up  o f  t he  complex.  his i s  

r e f l e c t e d  i n  t he  cos ts  f o r  t h e  years 1988, 1989 and 1990. 



TABLE 10 

PRE-OPERATING, TRAINING, STARTUP, AND DEBUGGING PERSONNEL 

(By Year) 

Hourly Sa lar ied  Startup & Construction 
Personnel Personnel De buggi ng Pro ject  Team 

*Covered i n  operat ing cost  tab le ,  f i r s t  year  operations 



TABLE 11 

PRE-OPERATING AND STARTUP EXPENSES 

To t a  1 
Year - 1981 Dollars 

1 988 4,424,000 

1 989 2,224,000 

1990 1 ,400,000 

TOTAL $1 00,586,000 



. . 
TABLE 12 

OPERATING COST 
FIRST PRODUCTION YEAR, 1988 

(20% Onstream) 

Annual Costs 
1981 Do l l a rs  

Coal 

Power 

Chemicals and Cat?lyct 

R o l l i n g  Stock Fuel  and T i r e s  

Operat ing Supplies 8 15% o f  Maintenance 

Subtota l  

D i r e c t  Labor and Supervision 

- Subtota l  

Maintenance Labor and Supervision 

Maintenance Mater i  a1 s 

Contract Maintenance 

Subtota l  

General Admin i s t ra t i on  and Services; 
Laboratory; 
Safety, Health, Environmental, Safety, and Engineering. 

Local Taxes and Insurance @ 1.5% o f  Investment 

TOTAL ANNUAL OPERATING COST 



TABLE 13 

OPERATING COST 
SECOND PRODUCTION YEAR, 1989 

(50% Onstream) 

Annual Costs 
1981 Do l la rs  

Coal 

Power 

Chemical s and Catalyst  

R o l l i n g  Stock Fuel and T i r e s  

Operating Suppl i e s  @ 15% of Maintenance 

Subtotal  

D i  r e c t  Labor and Supervi s ion  

Subtotal  

Maintenance Labor and Supervision 

Mai ntenance Materi  a1 s 

Contract 

Subtotal  

General Admini s t r a t i o n  Services; 
Laboratory; 
Safety Health, Environmental , Safety, and Engineering 8,782,500 

Local Taxes and Insurance @ 1.5% o f  Investment 47,511,500 

TOTAL ANNUAL OPERATING COST 314,115,700 
I 



TABLE 14 

OPERATING COST 
THIRD PRODUCTION YEAR, 1990 

(80% Onstream) 

Annual Costs 
1981 Dol la rs  

Coal 

Power 
Chemical s and Catalyst  

Roll i ng Stock Fuel and T i  res  

Operating Supplies @ 15% o f  Maintenance 

Subtotal 

D i  r e c t  Labor and Supervision 

Subtotal 

Maintenance Labor and Supervision 

Maintenance Mater ia l  s 

Contract Maintenance 

Subtotal 

General Admi n i  s t r a t i o n  and Services; 
La bora to ry  ; 
Safety, Health, Envi ronmental , Securi ty, and Engi neeri  ng 8,782,500 

Local Taxes and Insurance @ 1.5% o f  Investment 47,n 1,500 

TOTAL ANNUAL OPERATING COST 427,564,800 





7.0 MATERIAL BALANCE 

The o v e r a l l  b lock f l o w  diagram f o r  the  Phase Zero design of the  
Breckinr idge Pro jec t  i s  presented i n  Drawing Number 50-D-B-1. The 

Breckinr idge Pro jec t  e n t a i l s  the  design, cons t ruc t i on  and operat ion o f  a 

commerrial coal  1 i quefact ion f a c i l i t y  t h a t  w i l l  convert  23,582 tons per  

stream day o f  run-of-mine (ROM) coal  i n t o  52,887 ba r re l s  pe r  stream day 

o f  hydrocarbon l iqu ids . "  The f a c i l i t y  i s  designed t o  process a mix of 

feed coa ls  t h a t  inc ludes I l l i n o i s  No. 6, Kentucky No. 9, and Kentucky No. 

11. The ROM coal w i l l  be cleaned, d r ied  and pu lver ized p r i o r  t o  

i n j e c t i o n  i n t o  the  1 i quefact ion reactors. Reaction products are  

separated and upgraded i n  an involved s e t  o f  processing p l a n t s  as 

depicted on the  o v e r a l l  b l  oc k f l  ow diagram. 

Major products re f i ned  f o r  marketing inc lude p i p e l  i n e  gas, propane, 

butane, 105 RONC reformate, middle d i  s t i  11 a te  and heavy d i  s t i  11 ate. 

Other s i g n i f i c a n t  by-products inc lude su l fu r ,  anhydrous ammonia and 

c o m e r r i a l  grade phenol. Tables 15 and 16 present a summary o f  gas and 

major l i q u i d  products. I n  a d d i t i o n  t o  the  p i p e l i n e  gas, a medium BTU gas 

and an ethane r i c h  r e f i n e r y  f u e l  gas w i l l  be produced and used i n t e r n a l l y  

as f u e l  i n  process furnaces. 

The H-coal@ hydro1 i quefact ion y i e l d s  presented on the  o v e r a l l  b lock f 1 ow 

diagram are  based on r e s u l t s  from HRI's Process Demonstration U n i t  (PDU) 

a t  Trenton, New Jersey. PDU Run No. 5, Per iod 29 has been judged t o  be 

representat ive o f  t he  H-coal@ operat ion charging I l l i n o i s  Ho. 6, and 

y i e l d s  on the  o v e r a l l  b lock  f l o w  diagram have been normalized accordingly. 

* Both coal  and hydrocarbon l i q u i d  numbers are presented on a dry basis. 



The major process u n i t s  t h a t  make up the  Breckinr idge Pro jec t  are 

presented as b locks on the  o v e r a l l  b lock  f l o w  diagram. Various support 

f a c i l i t i e s ,  such as coal  rec iev ing  and storage, waste water treatment, 

so l  i d s  waste d isposal  , storage and shipping f a c i l i t i e s ,  and serv ices and 

t h e i r  d i s t r i b u t i o n  systems, such as the  f l a r e  system, i n e r t  gas, f u e l  

gas, p l a n t  and inst rument  a i r  systems, etc., a re  n o t  shown on the  

diagram. Drawing Number 50-D-B-1 provides an overview o f  t h e  pro jec t ;  

more d e t a i l e d  process descr ip t ions  are presented i n  Reports I V  and V. 

I t l i  nor  mater i  a1 balance inconsistencies w i l l  be found i n  streams between 

p l a n t s  i n  Reports I V  and V. It i s  accepted p r a c t i c e  t o  use the  best  

a v a i l  able est imates t o  e s t a b l i s h  an a r b i t r a r i l y  f i x e d  design basis. This 

i s  done w i t h  f u l l  r ecogn i t i on  t h a t  there  w i l l  i n e v i t a b l y  be small d i s -  

crepancies between t h e  product  stream from one p l a n t  and the  prev ious ly  

def ined feed t o  the  downstream rece iv ing  p lan t .  The discrepancies are 

genera l ly  w e l l  w i t h i n  normal design sa fe ty  f a c t o r s  used i n  the  design o f  

t he  equipment, and w i l l  have no e f f e c t  on operat ing performance. A l l  of 

t h e  i n d i v i d u a l  u n i t s  are t i e d  together  by t h e  o v e r a l l  b lock f l o w  diagram. 

The mate r ia l  f lows appearing on t h i s  diagram have been normalized t o  

r e f l e c t  t he  ac tua l  PDU r u n  data. 



TABLE 15 
OVERALL BLOCK FLOW DIAGRAM 

PRODUCT SUMMARY 
GASEOUS PRODUCTS 

PIPELINE MEDIUM BTU GAS 
GAS PLANT 8 PLANT 1 2 TOTAL 

MOL/HR ( MOL /HR ) ( MOL /HR ) ( NOL /HR ) 

TOTAL MPH 3,488.68 247.46 10,996.21 11,243.67 

MMSCFD 31.73 2.25 100.02 102.27 

LHV, BTU/SCF 890.00 284.00 267.00 268.00 

C2R I CH 
FUEL GAS 
(MOL/HR 

BASIS: A l l  products are normalized according t o  the  Process Development U n i t  (PDU) Run 5, Per iod 29, H-coalB 
Reactor y i e l d s .  



TABLE 16 
OVERALL BLOCK FLOW DIAGRAM 

PRODUCT SUMMARY 
LIQUID PRODUCT (DRY BASIS) 

Propane 
Produc t 
(Lb/Hr) 

LSR 105 Ron Clear  Mi ddl e 
Gas01 i ne Reformate Di  s t i l l  a t e  

(Lb/Hr) (Lb/Hr) (Lb/Hr) 

Butane 
Product 
( Lb/Hr) 

Heavy 
Di s t1  11 a t e  

(Lb/Hr) 
C3 Plus 

Total  



TABLE 16 (continued)
OVERALL BLOCK FLOW DIAGRAM

PRODUCT SUMMARY

LIQUID PRODUCT (DRY BASIS)

Propane Butane LSR 105 Ron Clear Middle Heavy
Product Product Gasoline Refonnate Distillate Distillate C3 Plus
(Lb/Hr) (Lb/Hr) (Lb/.Hr) (Lb/Hr) (Lb/Hr) (Lb/Hr) Total

460 55,574 819

500 56,879 1,677

540 48,986 3,031

580 35,286 5,827

625 15,607 14,050

675 1,367 22,253

725                                                                     15           7,125

775 1,367 22,253

825                                                                        15            7,125

875 6,560

940 9,598

975+                                                                                        74

TOTAL PPH 48,067 36,412 36, 713 141,504 299,308(1) 81,395 643,399

.API 148.3 112.1 71.7 34.9 17.2 3.0 37.9

BPSD 6,524 4,303 3,742(2) 11,421 21,588(1) (2) 5,309(2) 52,887(1) (2)

NOTES: (1) After reduction for phenols, these flow rates on dry basis become: middle distillate - 290,907 lb/hr
or 21,050 BPSD; total C3 + = 52,349 BPSD.

(2)  On wet basis, these flow rates in BPSD become:  LSR Gasoline = 3,744; middle distillate excluding
phenols - 21,070; heavy distillate = 5,312; total C3 + = 52,374.

BASIS: All products are nonnalized according  to the Process Devel opment  Unit   (PDU)   Run 5, Period 29 H-Coal®
leactor yields.
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OBJECTIVE 

The objective of this study is to estimate the availability 

of the commercial H-Coal plant as defined by this updated 

process design developed under Phase Zero of the Breckinridge 

Project, and turnaround schedule specified by Ashland 

Synthetic Fuels, Inc. This will define the basis for 

expected producrldn to be used in the financial analysis to 

be completed during Phase Zero. 



SUMMARY 

R e l i a b i l i t y - A v a i l a b i l i t y  d a t a  f o r  c r i t i c a l  e q u i p m e n t  componen t s  

i n  t h e  p r o c e s s  p l a n t s  i n  t h e  H-Coal c o m p l e x ,  a s  d e f i n e d  by t h e  

l a t e s t  p r o c e s s  d e s i g n  w e r e  d e v e l o p e d  b y  a  c o n s e n s u s  o f  

e x t r a p o l a t i o n  o f  p a s t  e x p e r i e n c e  o f  ASFI,  a n d  E A .  T h e s e  d a t a ,  

t o g e t h e r  w i t h  s c h e d u l e d  t u r n a r o u n d s  f o r  n o r m a l  p r e v e n t i v e  

m a i n t e n a n c e ,  w e r e  t r e a t e d  by: m a t h e m a t i c a l  p r o b a b i l i s t i c  

m e t h o d s  t o  d e r i v e  a n  a s s e s s m e n t  o f  i n d i v i d u a l  p ' l a n t  a v a i l a b i l i t i e s  

a n d  o f  t o t a l  s y s t e m  a v a i l a b i l i t i e s .  

~ u t u r e  c h a n g e s  t o  t h i s  s y s t e m  may b e  n e c e s s a r y  a n d / o r  d e s i r a b l e  

a s  d e f i n e d  by o p e r a t i n g  e x p e r i e n c e  i n  t h e  C a t l e t t s b u r g  p i l o t  

p l a n t  a n d  i n  o t h e r  s y n t h e t i c  f u e l  p l a n t s .  

A s  may b e  g l e a n e d  f rom t h e  c o n c l u s i o n s ,  t h e  a v e r a g e  o n s t r e a m  

t i m e  o v e r  t h e  l i f e  of t h e  p r o j e c t  i s  8 7  p e r c e n t  a f t e r  r e a c h i n g  

f u l l  p r o d u c t i o n .  The o n s t r e a m  t i m e  v a r i e s  w i t h  t h e  t u r n a r o u n d  

s c h e d u l e  on  a  6 y e a r  c y c l e  a s  shown u n d e r  I t e m  2 o f  t h e  con-  

c l u s i o n s  f o l l o w i n g  . 



R e l i a b i l i t y - A v a i l a b i l i t y  d a t a  f o r  c r i t i c a l  equ ipment  components  

i n  t h e  p r o c e s s  p l a n t s  i n  t h e  H-Coal complex,  a s  d e f i n e d  by t h e  

l a t e s t  p r o c e s s  d e s i g n  were  d e v e l o p e d  b y  a  c o n s e n s u s  of  

e x t r a p o l a t i o n  o f  p a s t  e x p e r i e n c e  of  ASFI, and  EA.  These  d a t a ,  

t o g e t h e r  w i t h  s c h e d u l e d  t u r n a r o u n d s  f o r  normal  p r e v e n t i v e  

m a i n t e n a n c e ,  were t r e a t e d  by: m a t h e m a t i c a l  p r o b a b i l i s t i c  

methods  t o  d e r i v e  a n  a s s e s s m e n t  of i n d i v i d u a l  p l a n t  a v a i l a b i l i t i e s  

and of  t o t a l  s y s t e m  a v a i l a b i l i t i e s .  

F u t u r e  changes  t o  t h i s  s y s t e m  may b e  n e c e s s a r y  a n d / o r  d e s i r a b l e  

a s  d e f i n e d  by o p e r a t i n g  e x p e r i e n c e  i n  t h e  C a t l e t t s b u r g  p i l o t  

p l a n t  and i n  o t h e r  s y n t h e t i c  f u e l  p l a n t s .  

A s  may b e  g l e a n e d  f rom t h e  c o n c l u s i o n s ,  t h e  a v e r a g e  o n s t r e a m  

t i m e  o v e r  t h e  l i f e  of t h e  p r o j e c t  i s  8 7  p e r c e n t  a f t e r  r e a c h i n g  

f u l l  p r o d u c t i o n .  The o n s t r e a m  t i m e  v a r i e s  w i t h  t h e  t u r n a r o u n d  

s c h e d u l e  on a  6 y e a r  c y c l e  a s  shown u n d e r  I t e m  2 of  t h e  con- 

c l u s i o n s  f o l l o w i n g .  



CONCLUSIONS 

1. The estimated production of the plant is: 

o 19.1 million Bbl per calendar year, exclusive of 

scheduled turnarounds. 

o 16.8 million Bbl per calendar year, over the life 

of the plant, inclusive of turnarounds. 

2. Based on the suggested scheduled turnarounds (by ASFI), 

the expected annual production by years after complete 

start.-up and debugging of the plant which ASFI estimates 

to require 3 6  months; .are 

Production. MM .Bbl. 

The year-to-year variations are due to changes in the 

turnaround patterns. ~ f t e r  year 7, the production sequence 

repeats on a six-year cycle. 

3 .  The difference between the estimated production in this 

study that in the report of June 1980 is due predominantly 

to change in product mix (from 55,000 DPSD liquid fuels 

to 52,898 BPSD). 



INTRODUCTION 

The H-Coal process, developed and licensed by Hydrocarbon 

Research, Inc. (HRI), is the cornerstone of the catalytic 

hydrogenation of coal to synthetic liquid fuels. Ashland 

Synthetic Fuels, Inc. (ASFI) has proposed to bring this 

technology to commercial operation under a co-funded contract 

with DOE, and has assembled a team consisting of HRI, Bechtel, 

Inc., and Airco, Inc. for accomplishing this. 

In anticipation of this project going forward, ASFI undertook 

some key decision-making studies, so that when Phase .Zero 

engineering started much of the design was defined. One of 

the most critical decisions to be made related to the basic 

configuration of the plant as dictated by the need for 

realistically meeting acceptable production goals. This 

involved a study of the reliability and availability of the 

components of the commercial plant, and from this, the 

development of criteria such as: 

o Number and size of process lines 

o Use of storage where possible and 'where 

justified 
. . .  

o Redundancy of components 

o Manifolding of process lines where possible, etc. 

Results of the' preliminary RA-analysis were reported in June 

1980. Since then, PFD's and PID's were developed for the 



critical operating areas. This report covers an update of 

the June 1980 analysis and is based on these PFD's and PID's. 

This update will be used in projecting the financial analysis 

of commercial H-Coal plant. 



H-COAL SYSTEM 

Figure 1 presents a block flow diagram of the total commercial 

plant to convert coal to predominantly liquid products via the 

H-Coal process. This plant is divided into the following: 

Plants 

Cual b r y i r i y  & Pulverizing (Figure 31 

Coal Slurry Preparation (Figure 4) 

H-Coal Preheating & Reaction (Figure 5 - confidential) 
H-Coal Primary Separation (Figure 6) 

H-Coal Recycle Slurry Preparation (Figure 7) 

H-Coal Recycle Hydrogen Concentration & Compression 

(Figure 8) 

Gas Plant 

7.1 Hydrogen Compression (Figure 9) 

7.2 DEA Section (Figure 10) 

7.3 Product Fractionation (Figure 11) 

7.4 Miscellaneous Services (Figure 12) 

Cryogenic Hydrogen Purification (Figure 13) 

Sour Water & Ammonia*" 

Sulfur Plant (Figure 14-confidential) 

Gasification & Purification 

12.1 Gasification (Figure 15 - confidential) 
12.2 Shift (Figure 16) 

12.3 H2 Purification (Figure 17) 

12.4 Fuel Gas 

14. Vacuum Bottoms Flaking** 
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Oxygen P l a n t * *  ( F i g u r e  1 8 )  

D i s t i l l a t e  S e p a r a t i o n  

Naph tha  T r e a t i n g  & Reforming**  

F l a r e  S y s t e m  ( F i g u r e  1 9 )  

Tankage**  

I n t e r c o n n e c t i n g  P i p i n g  

R i v e r  F a c i l i t i e s * *  

R a i l ,  T r u c k ,  P i p e l i n e * *  

Run-of-Mine C o a l  R e c e i v i n g  & Bulk  S t o r a g e * *  ( F i g u r e  2 0 )  

c o a l '  Washing & S e c o n d a r y  C r u s h i n g * *  

M i d d l i n g s  Sh ipment**  

Electrical D i s t r i b u t i o n  

Steam G e n e r a t i o n  & BFW T r e a t i n g *  

Water  S y s t e m s :  Raw, P o t a b l e ,  CW** 

F i r e  S y s t e m s * *  

S e w e r s  & Waste  T r e a t m e n t * *  

S t a c k  Gas S c r u b b i n g *  

I n s t r u m e n t  A i r  & P l a n t  A i r  S y s t e m s *  

Communicat ion  Sys tem**  

I n e r t  Gas S y s t e m s  ( F i g u r e  21)  

P u r g e  & F l u s h  O i l  S y s t e m s *  

B u i l d i n g s * *  

S o l i d  Waste  Management** 

S e t t l i n g  Ponds** 

L a n d f i l l * *  



Oxygen Plant** (Figure 18) 

Distillate Separation 

Naphtha Treating & Reforming** 

Flare System (Figure 19) 

Tankage** 

Interconnecting Piping 

River Facilities** 

Rail, Truck, Pipeline** 

Run-of-Mine Coal Receiving & Bulk Storage** (Figure 20) 

Coal. Washing & Secondary Crushing** 

Middlings Shipmenti* 

Electrical Distribution 

Steam Generation & B.FW Treating* 

Water Systems: Raw, Potable, CW** 

Fire Systems** 

Sewers & Waste Treatment** 

Stack Gas Scrubbing* 

Instrument Air & Plant Air Systems* 

Communication System** 

Inert Gas Systems (Figure 21) 

Purge & Flush Oil Systems* 

Buildings** 

Solid Waste Management*" 

Settling Ponds** 

Landfill** 



The p r o c e s s  f l o w  s h e e t s  f o r  e a c h  o f  t h e  s e c t i o n s  a n a l y z e d  a r e  

g i v e n  i n  t h e  f i g u r e s  n o t e d  a b o v e  i n  p a r e n t h e s e s .  T h e s e  

f i g u r e s  a r e  i n  Appendix  B .  F low s h e e t s  f o r  t h e  o t h e r  s e c t i o n s  

w e r e  e i t h e r  n o t  a v a i l a b l e  ( n o t e d  by * )  e v e n  t h o u g h  t h e s e  

s e c t i o n s  i m p a c t  d i r e c t l y  on  t h e  o v e r a l l  p l a n t  a v a i l a b i l i t y ,  

o r  n o t  c o n s i d e r e d  p e r t i n e n t  ( n o t e d  by * * )  s i n c e  t h e s e  s e c t i o n s  

would b e  e f f e c t i v e l y  d e c o u p l e d  f rom t h e  r e s t  o f  t h e  p l a n t  by 

p r o v i d i n g  a d e q u a t e  s t o r a g e  o r  a r e  n o t  r e l a t e d  c r i t i c a l l y  t o  

t h e  o p e r a t i o n .  

F i g u r e  1 i n d i c a t e s :  

o The number o f  l i n e s  ( o p e r a t i n g ,  r e a d y  s p a r e  and  s p a r e )  

i n  e a c h  p l a n t ;  
,. 

o  The c a p a c i t y  o f  e a c h  l i n e  i n  e a c h  p l a n t  i n  t e r m s  o f  

B P S D  t o t a l  l i q u i d  f u e l  and p r o d u c t ;  

o  Which o f  t h e s e  a r e a s  m u s t  o p e r a t e  i n  o r d e r  f o r  t h e  

t o t a l  p l a n t  t o  o p e r a t e  a n d  p r o d u c e ;  

o  Which o f  t h e s e  a r e a s  c a n  b e  d e c o u p l e d  f rom t h e  c r i t i c a l  

o p e r a t i n g  a r e a s  ( b y  a d e q u a t e  s t o r a g e )  and  h e n c e ,  c a n  

f o r  r e a s o n a b l e  p e r i o d s  o f  t i m e ,  b e  down w i t h o u t  

a f f e c t i n g  p l a n t  o p e r a t i o n  and  p r o d u c t i o n ;  

o  A l l  o t h e r  a r e a s  a r e  n o t  c r i t i c a l  t o  t h e  p l a n t  o p e r a t i o n  

and e x p e c t e d  o u t a g e s  would  n o t  a f f e c t  p l a n t  o p e r a t i o n  

a n d  p r o d u c t i o n .  



PLANT TURNAROUNDS 

Major preventive maintenance in refineries and in many chemical 

process plants is done during periodic plant turnarounds. 

Based on petroleum refinery experience and on limited H-Coal 

Pilot Plant. experience, ASFI recommended the turnaround 

schedule outlined in Table 1. 

Table 1 

Turnaround Schedule 

Tuyns..~.o_u nd 
Years Duration Plant 
Between Weeks ..... . 

G'roup 
. . .. - . . -. . 9 la.!! t.. N.!!.t 

1 

Operation . . .. - . . . 

Coal Drying and 
Pulverizing 

Coal Slurry Preparation 

H-Coal Preheat and 
Reaction and Primary 
Separation 

H-Coal ~ecycle Slurry 
Preparation 

Recycle Hydrogen 
Compression 

None 

Gas Plant 

Cyrogenic Hydrogen 
Purification 

Sour Water & Ammonia 

Sulfur Plant 

Gasification & 

Purification 

Distillate Separation 

Naphtha Treating & 

Reformer 



,ANT TURNAROUNDS 

Major preventive maintenance in refineries and in many chemical 

process plants is done during periodic plant turnarounds. 

Based on petroleum refinery experience and on limited H-~'oal 

Pilot Plant, experience, ASFI recommended the turnaround 

schedule.outlined in Table 1. 

Table 1 

Turnaround Schedule 

Turnaround 
Years Duration Plant 

?a!! t.&.: Operation . . - . . . . -- - . - . -. -. . - Between . . . . . .. . . . Weeks . - .- - . . . . Group --.-- 

Coal Drying and 
Pulverizing 

2 Coal Slurry Preparation 2 1 A 

H-Coal Preheat and 1 5-6 
Reaction and Primary 
Separation 

H-Coal Recycle Slurry 3 2 
Preparation 

Recycle Hydrogen 
Compression 

None 

Gas Plant 3 2 

Cyrogenic Hydrogen 
Purification 

Sour Water & Ammonia 3. 1 

Sulfur Plant 2 2 

Gasification & 
Purification 

17 Distillate Separation 3 2 B 

18 Naphtha Treating & 

Reformer 



T a b l e  1 ( c o n t ' d )  

T.urna.r und Y e a r s  B ' u r a t i o n  P l a n t  
!?1-4ntNo-o O ~ e r a t  i o n  B - S . W E ~ ?  .We -- - e  . - .- k  -- s - . - Group -- 

3 1  S team G e n e r a t i o n  & 
BFW T r e a t i n g  

35 S t a c k  Gas S c r u b b i n g  1 2 I 

1 5  Oxygen P l a n t  * 

27  C o a l  Washing & 
S e c o n d a r y  C r u s h i n g  

* T h e s e  p l a n t s  d o  n o t  i m p a c t  o n  t h e  o v e r a l l  p l a n t  c o a l a b i l i t y  

b e c a u s e  t h e y  a r e  d e c o u p l e d  t h e r e  f rom by a d e q u a t e  s t o r a g e .  



A t y p i c a l  t u r n a r o u n d  s c h e d u l e  f o r  p l a n t  g r o u p s ,  b a s e d  on  t h e  

a b o v e ,  i s  p r e s e n t e d  i n  F i g u r e  2 .  (The p l a n t  g r o u p s  a r e  

d i s c u s s e d  l a t e r ,  and a r e  composed o f  p r o c e s s  p l a n t s  h a v i n g  

t h e  same number o f  l i n e s . )  T h i s  s c h e d u l e  was u s e d  t o  c a l c u l a t e  

a n t i c i p a t e d  p l a n t  p e r f o r m a n c e  o v e r  t h e  l i f e  o f  t h e  p l a n t ,  and  

d u r i n g  i n d i v i d u a l  t i m e  p e r i o d s  ( d e f i n e d  by s c h e d u l e d  down t i m e s  

f o r  t h e  v a r i o u s  c o m b i n a t i o n s  n o t e d  i n  T a b l e  1.). 

A s  n o t e d  f rom F i g u r e  2 ,  t h e r e  a r e  t w e l v e  d i f f e r e n t  t u r n a r a u n d  

p a t t e r n s  o v e r  t h e  l i f e  o f  t h e  p l a n t .  T h e s e  a r e  o u t l i n e d  i n  

T a b l e  2 .  



T a b l e  2  

T u r n a r o u n d  P a t t e r n s  

T u r n a r o u n d  
P a t t e r n  . 

?.l-c%.n&_Group D u r a t i o n ,  Weeks 
A B C D E F G H I ( Y e a r  E n d i n g )  - .  -- ... - ...-...-.--- 

0  0 0  0  0 0 0  0  0 4  ( a n n u a l l y )  

X 0 0  0  0 0 0 0 0 4 8 ( 1 ) ;  4 0 ( 2 , 4 , 5 ,  
e t c . ) ;  2 8 ( 3 , 5 , 7 ,  
e t c .  

X - d e n o t e s  o n e  l i n e  o f  t h e  g r o u p  i s  down f o r  s c h e d u l e d  

t u r n a r o u n d .  

0  - d e n o t e s  a l l  l i n e s  o f  t h e  g r o u p  a r e  a v a i l a b l e  f o r  

o p e r a t i o n .  
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RELIABILITY AND A V A I L A B I L I T Y  DATA 

The r e f e r e n c e d  t o  d a t a  f o r  i n d i v i d u a l  p i e c e s  of  equipment  

u s e d  i n  t h i s  s t u d y  a r e  g i v e n  i n  Tab le  3 .  

T a b l e  3 

L i s t i n g  o f  R e l i a b i l i t y  and A v a i l a b i l i t y  Data  

T a b l e  
(Appendix A )  

F i g u r e  
(Appendix .------ B) 

*These f i g u r e s  a r e  c o n f i d e n t i a l  and a r e  o n l y  i n c l u d e d  f o r  a  

l i m i t e d  number of  c o n t r o l l e d  c o p i e s  of t h e  r e p o r t .  



The equipment cited in these tables are shown in the flow 

sheets noted. 

unfortunately, pertinent data on average failure rates and 

repair times are almost non-existent, and recourse to less- 

than-ideal methods had to be made. The approach taken to 

fill in the gap was based in a "consensus" opinion of ASFI and 

EA, guided by extrapolation of past experience with similar 

equipment. 

The question posed regarding reliability for each critical 

piece of equipment related to "what was the probability that 

the item would run without failure for some reasonable period 

of time." Hence, if the consensus estimate was that the item 

would have an 80% chance of operating 2000 hours without 

failure, the average failure rate would be estimated by 

substituting 80% and 2000 hours in equation (5) for the Poisson 

distribution (see Appendix C). Thus, the probability,P, is 

given by . 

P (2000 hrs.) = e -20001 = 0.80, 

and 1 = 0.000112 failure/hr. = 

0.112 failure/K-hrs. 

The questions posed regarding availability for each critical 

piece of equipment related to 

o What sequence of events would normally be required 

to bring the system back to operation; 



o How much time is required for each step in this 

sequence. 

The sequence and the time assessments were established by 

discussions between ASFI and EA. 



The above estimates were checked against literature data 

where possible (e. g., see References) . 

The reliability-availability data for the Boiler and FGDS 

(Plants 31 and 35) were not derived from their respective flow 

sheets. The data for Plant 31 were based on literature 

reports (Reference 13). It was assumed that Plant 35 would 

have the same reliability as a typical gas scrubbing system, 

such as Selexol (Plant 12.3). A separate analysis of the 

impact of the Boiler and Flue Gas Desulfurizer (FGDS) on 

production was made based on these data and the projected 

impact of boiler outages on production, taking into account 

that the oxygen plant is the prime steam user and is effectively 

decoupled from the rest of the plant by liquid ox.ygen storage. 

This analysis will be covered in a separate report. It 

indicates that, under these conditions, the'boiler and the FGDS 

have negligible effect on production. 



U N S C H E D U L E D  D O W N T I M E  D A T A  F O R  P R O C E S S  P L A N T S  

The e s t i m a t e d  ave rage  f a i l u r e  r a t e  and r e p a i r  t ime  f o r  each 

p r o c e s s  a r e a  a r e  g iven  i n  Table  4 .  These a r e  compared w i t h  

t h e  e s t i m a t e s  made i n  t h e  p r e l i m i n a r y  s t u d y  (June 1 9 8 0 ) .  



Plant ---- 

1 

2 

3 

4 

5 

Table 4 

Derived Unscheduled Downtime for Process Plants 

Average Average Average Unscheduled 
Failure Repair Outages,Hr.per 

Rate, Time K Operating Hr 
Failures/ Hrs./ This Orig 

K Hrs. Failure . . . -- - -. . - - -. . - -. . . Study -.. - S . 5 9 .  

Coal preparation 1.577 24.4 38.5 83.0 

Slurry preparation 0.1338 59.8 

Preheat & reaction .2613 141.7 37.0 8001 7 s 0  
56.2 

Separation & letdown .2726 129 35.2 

Recycle Slurry oil 
Prep .I948 42.7 

Recycle H2 compression .0230 150 3.5 8 

Gas Plant-H2 
compression 

-DEA Section -09717 52.6 5.1 1. ' 8  
-H/C Wash -193 56.3 10.9 ). 

Cyrogenic separation .230 60.6 13.9 12 

Claus sulfur plant .I653 59.3 9.8 14 

Gasif icatio'n -2542 175.0 44.5 51 

Shift -0979 130.5 

H2 purification .I956 53.3 

H2 compression .0552 100.3 5.5 4 

Distillate separation -1523 60.2 9.2 9 -- 
Totals 3.93 64.6 253.7 289.2 



Table 4 

Derived Unscheduled Downtime for Process Plants 

Average Average Average Unscheduled 
Failure Repair Outages,Hr.per 

Rate, Time K Operating Hr 
Failures/ Hrs./ This Orig 

K Hrs. Failure . . -- - . - . - .. .- . . . .Stud.y S t u__qy. 
Coal preparation 1.577 24.4 38.5 83.0 

Slurry preparation 0.1338 59.8 

Preheat & reaction .2613 141.7 37.0 8 o o }  7.0 
56.2 

Separation & letdown .2726 129 

Recycle Slurry oil 
Prep- .I948 42.7 

Recycle H2 compression .0230 150 

Gas Plant-H2 
compression 

-DEA Section -09717 52.6 
d 

-H/C Wash .I93 56.3 

Cyrogenic separation .230 60.6 

Claus sulfur plant .I653 59.3 

Gasification -2542 175.0 

Shift -0979 930.5 

H2 purification -1956 53.3 

H2 compression .0552 100.3 

Distillate separation .I523 60.2 

Totals 3.93 64.6 



Average failure rate and repair time estimates for the areas 

were developed by the "consensus" procedure applied to all the 

critical items of equipment, as described above and as cited 

in Appendix A. 

The last two columns of Table 4 compare the original estimates 

for unscheduled outages with those derived in this study. The 

major increases are in Plants 3, 4, and 7, offset by a decrease 

in Plant 1. . I n  toto, these account for all the decrease in 

estimated unscheduled outages. The major part of the decrease 

is due to decrease in Plant 1 offset by increased in Plants 3, 

4, and 7 because of higher estimated outage times per failure,' 

resulting from a more conservative approach to the individual 

average repair times- and to more detailed definition of the 

plants. 



PRODUCTION AVAILABILITY 

The estimated production availability for each of the annual 

turnaround patterns defined in Figure 2 and for the life of 

the plant is summarized in Table 5. These estimates were 

derived by applying the methods outlined below in Tables 6 

thr.ough 10. 

Table 6 presents the seven different groups of plants which 

comprise the H-Coal Plant. This grouping procedure was used 

in order to reduce the amount'of calculations on the 

reliability-availability dat.a. Each group contains the 

operating plants which have the same number of operating 

trains. Each.of the.operating. plants in a group must operate 

in order for the group to operate. Hence, any loss of a 

train, either because of a scheduled outage (turnaround) or 

of an unscheduled outage (equipment failure), will result in 

a loss of potential capacity of the group, and of the H-Coal 

Plant. 



T a b l e  5 

E s t i m a t e d  Annual  P r o d u c t i o n  f o r  t h e  H-Coal P l a n t  

S c h e d u l e d  Weeks f o r  T u r n a r o u n d  P a t t e r n  P r o d u c t i o n  
Year  1  2  3 4 5 6 7 8 9 1 0  1 1  12 B b l . / C a l .  y e a r  -.-- . . .- . . - . .- . . . -- . - -- - --- -. -- . 

Note :  P a t t e r n s  and  p r o d u c t i o n . f o r  y e a r s  2  t h r o u g h  7 r e p e a t  

on a  s i x - y e a r  c y c l e .  



T a b l e  6 

P l a n t  G r o u p i n g  f o r  t h e  H-Coal P l a n t  

!!-!!!be-r-0 f L i n  es 
8 ( 1  s p a r e )  

2 

1  

5 ( 1  h o t  spare)  

3 

4 

3 ( 1  h o t  s p a r e )  

8 ( 2  h o t  s p a r e s )  



Table 7 presents the availability parameters for each process 

operating group. These parameters were'derived from data in 

Table 3. 

Table 7 

Operating Probabilities for 
Each Train in the Process Operating Groups 

Average Average 
failure Ave.repair Unscheduled 
rate per time per outages,hrs Probability 

S;_ro_.p PLant I?-h.r s fa.i.lu.re ,,. h r ~ e ~ X , h r s  . . o f  -.r-?!-1?-nin~* 

*Equal to mean on-stream factor for Area Grouping exclusive of 

scheduled turnarounds = 1000/(1000 + Avg. unscheduled outages). 

**Based on refinery experience. 



T a b l e  8 p r e s e n t s  t h e  s a m p l e  c a l c u l a t i o n s  f o r  t h e  e x p e c t e d  

p r o d u c t i o n  r a t e  f o r  o n e  t u r n a r o u n d  p a t t e r n  (No. 1 )  d e f i n e d  

i n  T a b l e  2 .  T h i s  p r o c e d u r e  was a p p l i e d  t o  e a c h  t u r n a r o u n d  

p a t t e r n .  T a b l e  9 s u m m a r i z e s  t h e  p r o d u c t i o n  r a t e  f o r  e a c h  o f  

t h e  t u r n a r o u n d  p a t t e r n s .  

T a b l e  1 0  p r e s e n t s  t h e  s a m p l e  c a l c u l a t i o n s  f o r  t h e  e x p e c t e d  

p r o d u c t i o n  f o r  t h e  y e a r - e n d i n g  No. 7 ,  based o n  t h e  e x p e c t e d  

p r o d u c t i o n  r a t e  f o r  e a c h  t u r n a r o u n d  p a t t e r n  s c h e d u l e d  f o r  t h a t  

y e a r .  I t  s h o u l d  b e  n o t e d  t h a t  t h e  y e a r l y  t u r n a r o u n d  p a t t e r n s  

r e p e a t  o n  a  s i x  y e a r  c y c l e  a f t e r  y e a r - e n d i n g  No. 1 .  T h i s  

p r o c e d u r e  was a p p l i e d  t o  e a c h  o f  t h e  y e a r l y  p a t t e r n s ,  and  t h e  

e s t i m a t e d  a n n u a l  p r o d u c t i o n  s o - c a l c u l a t e d  a r e  summar ized  i n  

T a b l e  5 .  



T A B L E  8 

C A L C U L A T I O N  O F  MEAN E X P E C T E D  P R O D U C T I O N  F O R  T U R N A R O U N D  P A T T E R N  N O .  1 

Notes: 

l ~ r a c t i o n  of t o t a l  c a p a c i t y  wi th  a l l  a v a i l a b l e  t r a i n s  running. 

' ( p k l p n k  where: n  0 t o t a l  number of t r a i n s  a v a i l a b l e  Pr=r  r - minimum number of t r a i n s  requ i red  
k - number of t r a i n s  o p e r a t i n g  (rzkzn)  
P - p r o b a b i l i t y  t h a t  one t r a i n  of group 

w i l l  o p e r a t e  ( see  Table 7) 

(:)= n!/k! (n-k) ! 

3 ~ q u a l  t o  t h e  product  of p r o b a b i l i t i e s  f o r  Croup A through H.  

Zf x AP - 0.87743 

Product ion - 0.87743 x 60,900BISD 

= 53440BICD 

On-Stream f a c t o r  = 53440 

60900 - 0.8774 

4 ~ h i s  is t h e  expectancy of  ach iev ing  t h e  c o n f i g u r a t i o n  of t h e  system a s  s t a t e d .  
and is equa l  t o  t h e  d i f f e r e n c e  of  t h e  p r o b a b i l i t y  f o r  t h e  s u b j e c t  conf igura t ion  
and t h e  p r o b a b i l i t y  of t h e  immediate preceding conf igura t ion . .  !: i. 



T a b l e  9  

E x p e c t e d  P r o d u c t i o n  R a t e s  f o r  Each T u r n a r o u n d  P a t t e r n  

T u r n a r o u n d  C a p a c i t y  P r o d u c t i o n  On-Stream 
P a t t e r n  . ,--.--.--.- --.- ...... - BPSD . - -.- .. - . % , A ~ _ f - - F u l l  C a p a c i t y  ..- ..,.. BPCD ,-. .. F a c t o . r ,  .. .. . % 

N o t e s :  Column ( 1 )  - S e e  T a b l e  2 

( 2 )  - Based  on  a l l  s c h e d u l e d  a v a i l a b l e  u n i t s  

r u n n i n g  

( 3 )  - Based on  a l l  60900 BPSD ( 8  H-Coal l i n e s  

o p e r a t i n g  

( 4 )  - 60900 x  Column ( 3 ) / 1 0 0  

( 5 )  - Column ( 4 )  /Column ( 2 )  



T a b l e  1 0  

C a l c u l a t i o n  o f  E x p e c t e d  P r o d u c t i o n  f o r  S e v e n t h  Year  

( 1  1 
T u r n a r o u n d  
P a t t e r n  No. ---.-.-- 

TOTALS 

( 2  ( 3 )  ( 4 )  
D u r a t i o n  E x p e c t e d  P r o d u c t i o n  

Weeks ---- BPCD .--- . .---- B b l s  

N o t e s :  Columns ( I ) ,  ( 2 )  - S e e  T a b l e  2  and  F i g u r e  2  

( 3  - T a b l e  9 

( 4 )  - Column ( 2 )  x  7 d a y s  p e r  week x 

Column ( 3 )  
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APPENDIX A 

Reliability and Availability Data for 

Plants .-- 

1 

2 

3 

4 

5 

6 

7.1 

7.2 

9.3 

7.4 

8 

10 

12.1 

12.2 

12.3 

12.4 

17 

Coal Drying and Pulverizing 

Coal Slurry Preparation 

H-coal Preheating and Reaction 

H-Coal Primary Separation 

H-Coal Recycle Slurry Preparation 

H-Coal Recycle Concentration and Compression 

Hydrogen Compression 

DEA Section 

Fractionation 

Refrigeration and Product Sweetening 

Cryogenic Hydrogen Purification 

Sulfur Plant 

Gasification 

Shift 

H2 Purification 

H2 Compression 

Distillate Separation 
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APPENDIX C 

METHODOLOGY 



Methodology 

The analytical method used for estimating the pertinent 

reliability and availability factors in this study is outlined 

below, and is based on statistical methods presented in 

various standard texts on system reliability ( 1  ) (2) ( 3 )  (4) (5) . 

Definitions 

A system is a collection of interacting components arranged in 

some sequence. A "series" component is one whose failure 

causes the system to fail (partially or totally).. A "parallel" 

component is one whose failure causes the system to fail 

(partially or totally), if and only if such fai1ure.i~ coincident 

with the failure of a prespecified number of other "parallel" 

components. A "parallel" set is a collection of "parallel" 

components so arranged that the set, and hence the system, fails 
fi 

if and only if ali the components. of the set fail. A "hull" 

component is one whose failure has no'bearing on the state of 

the system. In the analysis that follows "null" components are 

ignored. 

Analytical Analysis of a System 

Let the series components be designated by xi (where i designates . 

the series component number, i - 1 ,  2 . . . . ,  r) and the parallel 

set components by y (where j designates the parallel set 
jk 

number j = 1, 2. ..., s; and K designakes the parallel component 
number of the specified set, k = 1, 2...., t). For simplicity, 

it will be assumed that y is a single component, although in 
jk 



practice it could be composed of a number of components in 

series. A typical system might look something like: 

Let Pi = the probability of xi being operable. 

Pjk= the probability of yjk being operable. 

Ps = the. probability of the system (composed of 

x and YjkIs) being operable. 

Then it can be shown that: 



Since in practically all cases, the components in each parallel 

set are the same (e.g., spare pumps or the like) the 

probabilities of their running are equal, (i.e., Pjk are all 

the same f o r a  given parallel set j). Then equation (1) 

becomes: 

The most convenient and applicable expressions for Pi and Pjk 

are based on the assumption that the a priori ods of a 

component failing or not failing is constant throughout its 

useful life. (This is similar to the case where the 

probability of tossing a coin to show a head is 1/21. The 

assumption of constant probability of failure (or success) is 

reasonable for the case where the system is well maintained 

and operable. It corresponds roughly to the flat part of 

the typical mortality curve for equipment observed by the 

process industry (1) (3) (4) . 



Mortality Rate - % per year 

Early Useful Wearout 
Failures 7- Operating Period Period 

Birth Time - 
This analysis is therefore based on expected experience after 

the plant (system) has been debugged; that is, after start-up 

and all the latent equipment or installation defects have been 

deleted and corrected. Additionally, it is based on good 

maintenance practice including preventive maintenance and 

external, on-the-run equipment testing, and on reasonably 

steady and intelligent operation. 

In the case where the probability of an event occurring is 

significant and the number of trials is limited, the 

probability of r events (for example) occurring in n trials 
I 

is rigorously given by the Binomial Distribution Law. 



where 

p = a priori probability of a single event occurring. 

n = Number of trials (viz, tosses of a coin). 

r = Number of events (viz, tosses showing heads). 

P(r;n) = probability of r events out of n trials (viz, r 

heads in n tos.ses) . 

In applying this to a system reliability evaluation, two 
\ - 

situations pertain. The odds of a single component failure 

occurring is small, and the number of trials (instances when 

a failure can occur) is large. Under these conditions, the 

Binomial Distribution Law reduces to the Poisson DistributionOG 

If P, the probability of a failure, is expressed as failures 

per hour, the n would be expressed as hours. Any other 

consistent set of units can be used. 

Reliability of the system 

The basic question asked of the reliability analysis is "what 

is the probability that the system, and hence all of its non- 

null series components and non-null parallel sets, will operate 

for t consecutive hours with failure?" This probability applied 

to each component, will be that for n = t and r = 0 in equation 

( 4 1 ,  or 



w h e r e :  A i s  t h e  mean f r e q u e n c y  o f  f a i l u r e  p e r  u n - i t  t i m e  

( e . g . ,  h o u r s ) ;  to i s  t h e  t i m e  ( i n  t h e  same u n i t s ,  h o u r s ,  a s  

u s e d  f o r  A a n d  

i s  t h e  p r o b a b i l i t y  

t h a t  t h a t  componen t  w i l l  o p e r a t e  to ( h o u r s )  w i t h o u t  f a i l u r e .  

A p p l y i n g  e q u a t i o n  ( 5 )  t o  e q u a t i o n  ( 1 1 ,  a n d  d e s i g n a t i n g  A; 

f o r  t h e  mean f a i l u r e  - f r e q u e n c y  r a t e  o f  s e r i e s  component  i ,  

a n d  X j k  f o r  t h e  mean f a i l u r e  - f r e q u e n c y  r a t e  o f  p a r a l l e l  

component  j k ,  g i v e s :  

r t -" [ [  0 - IT ( i - e  P s ( t , )  = ( I T  e  i o o . )  
i=1 j  = 1 k= 1 

The t e r m s  i n  t h e  b r a c k e t s  r e p r e s e n t  t h e  c o n t r i b u t i o n  o f  t h e  

p a r a l l e l  s e t s .  A s  a  f i r s t  a p p r o x i m a t i o n ,  t h e s e  c a n  b e  c h a n g e d  

t o  t h e  more  c o n v e n i e n t  f o r m  o f :  

where  ' a n d  lJ a r e  s u i t a b l e  c o n s t a n t s ,  and  t h e  t e r m  A ' +  p t o  
I 

i s  t h e  a v e r a g e  f a i l u r e  r a t e  o f  a l l  t h e  p a r a l l e l  s e t s  a t  t i m e  

to.  S u b s t i t u t i n g  e q u a t i o n  ( 7 )  i n  e q u a t i o n  ( 6 )  a n d  s i m p l i f y i n g ,  
\ 

y i e l d :  



= exp x exp 

r 
pS(to) = exp I - (  A + C A + uto)to) 

i i= 1 

This expresses the probability of the system operating to 

(hours) without interruption. Hence this equation measures 

the reliability of -the system for any specified continuous .. 
operating time. 

X + C X i +  pt0) 
The term ( i=l represents the average failure rate 

of the system at time to. 

.Availability of the System 

Equally important is knowledge as to the expected availability 

of the system. There are two measures of availability: 

o On-Stream Factor expressed as a fraction is the 

operating time divided by the 

available time. 

o Production Factor expressed as a fraction is the 

expected actual production during 

the available time divied by the 

design (or capacity) production 

during the same time period. 



In the event of failure of a series component or a parallel 

set, there will be an operating outage equal to the time 

either to repair the failed component or set or to activate 

the standby or back-up facility. 

For all the events, in the long run the average time to bring 

the system back into operation will be weighted repair time 

of all the components, using as weighting factors for each 

component or set, the probability of failure of that component 

or parallel set. Expressed otherwise, 

weighted sum of all the repair time 
tr = Average repair time = for each component and each set 

sum of all the weighting factors 

Or, expressed in mathematical terms: 

where: Ri = repair time for series component i (i = 1,2 .... r) 
Rjk= repair time for parallel set j (j = l,2,0.e.,s) 

which is equal to the sum of the repair times of 

all the components (k) in that set (k = 1,2, ...., t). 
1 - Pi = weighting factor for the repair time, Rj, of series 

component i = probability that series component i 

fails = 1 - probability that component i runs. 



t 
" ( ' - P j k )  = w e i g h t i n g  f a c t o r  f o r  t h e  r e p a i r  t i m e  o f  p a r a l l e l  

k= 1 

s e t  j = p r o b a b i L i t y  t h a t  p a r a l l e l  s e t  j f a i l s  = 

p r o b a b i l i t y  t h a t  a l l  t h e  componen t s  i n  t h a t  s e t  

f a i l  s i m u l t a n e o u s l y  = p r o d u c t  o f  t h e  p r o b a b i l i t i e s  

t h a t  e a c h  component  o f  t h e  s e t  f a i l s .  

Combining e q u a t i o n s  ( 4 )  and  ( 6 )  g i v e s  t h e  f o l l o w i n g  e q u a t i o n  

w h i c h  r e l a t e s  t h e  a v e r a g e  r e p a i r  t i m e  t r  t o  t h e  e x p e c t e d  

o p e r a t i n g  t i m e  to: 

The t o t a l  a v e r a g e  downt ime (T ) i n  any  o p e r a t i n g  p e r i o d  w i l l  
R 

b e  t h e  p r o d u c t  o f  t h e  a v e r a g e  number o f  f a i l u r e s  (N i n  t h a t  f  

o p e r a t i n g  p e r i o d  and t h e  a v e r a g e  r e p a i r  t i m e  ( t , ) .  T h a t  i s :  

( ' ~ v e r a g e  Number ( A v e r a g e  R e p a i r  
( T o t a l  Average  Downtime) = o f  f a i l u r e s )  x Time p e r  f a i l u r e )  

The a v e r a g e  number o f  f a i l u r e s  (N ) i n  a n  o p e r a t i n g  p e r i o d  ( t )  f  

w i l l  b e  ' t h e  p r o d u c t  o f  t h e  a v e r a g e  f a i l u r e  f r e q u e n c y  r a t e  ( A )  

and t h e  L e n g t h  o f  t h e  o p e r a t i n g  p e r i o d  ( t ) .  T h a t  i s :  



( ~ v e r a g e  Number ( ~ v e r a g e  F a i l u r e  Rate  ( O p e r a t i n g  
of  f a i l u r e s )  = F a i l u r e s / h o u r )  x P e r i o d ,  h o u r )  

Combining e q u a t i o n s  (9) and ( 1  0 )  g i v e :  

The u s e f u l  o p e r a t i n g  t i m e  ( to)  f o r  t h i s  c o n d i t i o n  w i l l  b e  t h e  

t o t a l  o p e r a t i n g  p e r i o d  l e s s  t h e  t i m e  l o s t  f o r  r e p a i r s .  Hence 

The a v e r a g e  f r a c t i o n  o f  t h e  t i m e  t h e  sys t em w i l l  o p e r a t e  i s  t h e  

a v e r a g e . o n  s t r e a m  f a c t o r  which by d e f i n i t i o n  i s  t h e  o p e r a t i n g  

t i m e  d i v i d e d  by t o t a l  t i m e ,  o r  

Combining t h i s  w i t h  e q u a t i o n  ( 1 2 )  and t h e n  e q u a t i o n  ( I l ) ,  g i v e s  

- 
t - T r  - - t - t  t r  

t t 



Note t h i s  e q u a t i o n  i m p l i e s  t h a t  t h e  a v e r a g e  o n - s t r e a m  f a c t o r  

i s  o n l y  d e p e n d e n t  on t h e  a v e r a g e  f a i l u r e  r a t e  a n d  t h e  a v e r a g e  

r e p a i r  t i m e .  I t  i s  h e n c e  c o n s t a n t .  

A p p l i c a t i o n  t o  Compos i t e  Sys tem 

L e t  F d e n o t e  t h e  co rnpos i t  o u t p u t  o f  t h e  s y s t e m  a s  a  f r a c t i o n  

o f  t h e  c a p a c i t y  o f  t h e  s y s t e m  and E ( F )  d e n o t e  t h e  e x p e c t a n c y  

o f  a c h i e v i n g  t h i s  o u t p u t .  . L e t  t h e  e n t e r s  s y s t e m  b e  composed;  

M - componen t s  ( a r e a s ) .  I f  F i  d e n o t e s  t h e  o u t p u t  o f  t h e  ith 

componen t ,  a s  a  f r a c t i o n  o f  t o t a l  c a p a c i t y ,  t h e n  

F  - min [ F . ]  i = 1 , 2  ...., m 
.I. 

I f  a l l  componen t s  a r e  i n  s e r i e s  and a r e  i n d e p e n d e n t  o f  e a c h  

o t h e r ,  and i f  Pi i s  t h e  p r o b a b i l i t y  t h a t  t h e  i t h  a r e a  i s  

o p e r a t i n g  a t  a  g i v e n  t i m e ,  t h e n  

I f  a n y  o n e  a r e a  f a i l s ,  t h e n  F = 0 .  

An a l t e r n a t e  t o  c o n s i d e r  i s  where  e a c h  a r e a  ( 1 )  i s  d i v i d e d  

i n t o  N i  p a r a l l e l  l i n e s .  I n  g e n e r a l ,  c o n s i d e r  N1  - l i n e s  i n  

a r e a  ( componen t  1 ,  N2 - l i n e s  i n  a r e a  2 ,  e t c .  A l s o ,  o n e  c a n  

c o n s i d e r  v a r y i n g  d e g r e e s  o f  o v e r  c a p a c i t y  f o r  e a c h  a r e a ;  t h a t  

c a n  b e  d e s i g n a t e d  by K 1 ,  K 2 ,  .... , K m  r e s p e c t i v e l y  f o r  a r e a s  1 ,  

2 ,  ...., m ,  where  Ki  i s  g r e a t e r  t h a n  o r  e q u a l  t o  1 .  



. . . 
The possible values which F may take on are: 

Obviously, the number of different combinations can b e c ~ ~ ~ t i !  

quite large. This number can be considerably reduced by 

choosing the Ni so that they are all equal or are multiples 

of some selected number (not 1 ) .  Additionally, this could 

minimize wasted capac'ity of lines as illustrated in the sample 

The procedure in handling these networks or systems is: 

o Enumerate all modes of failure for each area 

o Enumerate all the combinations of failure for the 

system 

o Assign a capacity for each failure mode 
\ 

o Evaluate the expected mean capacity of the system 

from: 

where E(F) = expected capacity 

K i = the over capacity of area i 

"i = number of parallel lines in area i 



= number of parallel lines running, in the 

summation a takes on all values between 0 

and ni (for each area). 
a P(F=n ) = probability that a parallel units will operate 
i 

out of ni in area i. 



EFFECT OF NUMBER OF LINES ON SYSTEM AVAILABILITY 

Assume the system consists of a number (n) of parallel lines, 

and there is no cross-connection between the lines (manifolding) 

except possibly at the beginning or the end. Under these 

conditions, all the components of each line have to operate in 

order for.that line to operate and produce. The probability 

of this occurring is equal to the product of the prnbabi1itie.s 

of each component in the line remaining. Let the probability 

of the line running at any time be P. The probability that r 

lines will run out of the n total lines is then, from the 

Binominal Distribution Law, 

n n! 
p(n;r) = ( r ) ~ ~ ( l - P ) ~ - ~  = r ( - 1  ! pr ( 1 -PI n-r 

The fraction of the production capacity for this condition will 

be r/n, and the production expectancy from these r operating 

lines will he 

r P(N'r1 = E x - n! 
n r! (n-r)! Pr(1-PI n-r F(n;r) = n 

The total production expectancy for the system will be the sum 

of all the production expectancies for all the possible r's 

(r = 0 , 1 , 2 , ~ ~ ~ ~ , n ) ,  or 



- - r n! p r ( l - P )  n - r  

r = o  n !  r ! ( n - r ) !  

n  
= N !  PR)  1 -P)  N P - I  ( 1 -P)  N-R 

+ 
R = 6  R! (N-R) ! ( - 1 )  ! (N+l) ! 

The s e c o n d  t e r m  i n  t h e  b r a c k e t s  o f  t h e  l a s t  e x p r e s s i o n  i s  z e r o  

s i n c e  ( - 1 )  = a  . [K! = K - ( I , - I ) ! ,  by d e f i n i t i o n .  When K = 1 ,  

K!  = 1 = 1 x  ( 1 - 1 )  ! = ( 0 )  ! = 1 .  Then s u b s t i t u t i n g  K = 0 g i v e s  

O !  = 0 x  ( 0 - I ) !  = 0 x  ( - I ) !  = 1 .  T  e n  ( - I ) !  = Then F ( n )  = 

P. S i n c e  t h e  r i g h t  hand  s i d e  d o e s  n o t  c o n t a i n  n ,  t h e  t o t a l  

p r o d u c t i o n  e x p e c t a n c y  i s  i n d e p e n d e n t  o f  t h e  number o f  l i n e s  ( n ) .  



Sample  C a l c u l a t i o n s  

S e l e c t  T u r n a r o u n d  P a t t e r n  No. 1 .  

Average  Unschedu led  P r o b a b i l i t y  
f a i l u r e  r a t e  O u t a g e s  o f  one  l i n e  Number o f  

~ r o u p i n g  P l a n t s  p e r  K h r s .  h r . /K  h r s .  r u n n i n g  L i n e s  

A 2 , 3 , 4 ~ 6  0 .6948 120.6 0 -9227  8  ( 1  s p a r e )  

D 1 2 . 1  - 2 5 4 2  175 .9574 5  ( 1  h o t  s p a r e )  

G 1 0  - 1 6 5 3  , 5 9 . 3  .990 3  3  ( 1  h o t  s p a r e )  

H 1  1 .577 24.4 .9630 * ( 2  s p a r e s )  

P r o d u c t i o n  c o m b i n a t i o n ,  t h e  p r o b a b i l i t i e s  t h e r e o f ,  and t h e  

c a l c u l a t i o n s  t o  a s s e s  t h e  mean expected p r o d u c t i o n  r a t e  ( a s  

f r a c t i o n  of  d e s i g n )  f o l l o w .  These  show t h a t  t h e  mean ~ n - s t r e a m  

f a c t o r  f o r  T u r n a r o u n d  P a t t e r n  No. 1 ,  d e f i n e d  a b o v e ,  i s  e s t i m a t e d  

t o  b e  0 .8774 ,  and  t h e  p r o d u c t i o n  i s  53440 B/CD, 



Notes: 

l~raction of total capacity with all available trains running. - 
' (') pk(l-p)n-k here: n - total number of traina available Pr=r 

r 0 minimum number of trains required 
k = number of trains operating (rk<n) 
P 0 probability that one train of group 

uill'operate (see Table 7) 

($ n!/k! (n-k)! 

3Equal to the product of probabilities for Croup A through H. 

, Cf x AP - 0.87743 
Production - 0.87743 x 60.900BfSD - 53440B/O 
On-Stream factor = 53440 . 

60900 

= 0.8774 

'This is the expectancy of achieving the configuration of the system as stated. 
and is equal to the difference of the probability for the subject configuration 
and the probability of the immediate preceding configuration.. 




