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I. Summary & Conclusions 

The Gul f  Management Sciences Group (GMSG) i n  P i t t s b u r g h  was asked 

t o  ass is tance i n  per forming a  conf idence a n a l y s i s  f o r  the  SRC-I1 

demonstrat ion p l a n t  as requ i red  by t h e  Department o f  Energy. S p e c i f i c a l l y  , 

t h e  c o n t r a c t  says t o  "d iscuss  conf idence l e v e l s  f o r  p l a n t  ope ra t i ng  and 

c a p i t a l  cos ts ;  p l a n t  o p e r a b i l i t y  and techn ica l  r i s k " .  

A p r e l i m i n a r y  meeting was h e l d  t o  determine which q u a n t i t i e s  should 

be analyzed i n  o rder  t o  p resent  a  meaningful  p i c t u r e  o f  t h e  u n c e r t a i n t i e s  

i n  the  p r o j e c t .  The meeting r e s u l t e d  i n  the  s e l e c t i o n  o f  t he  f o l  low ing 

key v a r i a b l e s  : 

1) what m o d i f i c a t i o n s  need t o  be made t o  the  c u r r e n t  p l a n t  design, 

2)  g iven t h a t  t h e  above m o d i f i c a t i o n s  have been made, what i s  t he  

p r o b a b i l  i t y  o f  b u i l  d ing  and opera t ing  a  successful  demonstrat ion 

p l a n t  (de f i ned  as one t h a t  i s  ab le  t o  produce l i q u i d  f u e l  

f r a n  coal ,  regard less  o f  t he  e f f i c i e n c y  o f  t he  process),  and 

what cou ld  cause t h e  p r o j e c t  t o  f a i l ,  

3 )  and g iven t h a t  t he  process works: 

a) what w i l l  be t h e  d u r a t i o n  o f  t h e  p r o j e c t ,  

b)  what w i l l  be the  on-stream f a c t o r  f o r  t he  l a s t  twelve 

months o f  t h e  demonstrat ion, 

c )  what w i ' l  1  be t h e  design capac i t y  f a c t o r  f o r  t he  l a s t  

twelve months o f  t h e  demonstrat ion, 

d) what w i l l  be the  t o t a l  c a p i t a l  c o s t  o f  t he  p lan t ,  and 

e) what w i l l  be the  average d i r e c t  annual ope ra t i ng  costs. 



A more detailed definition of each of these variables i s  presented 

in Chapter 11. 

I t  was decided that the best way to obtain estimates for these 

variables would be through interviews of people with substantial experience 

in the f ield.  O f  the eighteen participants, thirteen have operating and 

engineering experience, three have been invol ved in process development , 

one has canmercial/econmic background, and the other has a financial 

background. The graphs in Appendix C show the years of experience for 

each participant. Each subject was f i r s t  asked w h a t  modifications he 

envisioned being made to the current plant design. Discussion was 

1 imited to major systems that  might require partial redesign and comments 

concerning the plant in general. The table on page 5 summarized th is  

portion of the interview, the X's indicating which subjects expressed 

concerns about a given area. 

The interviewees were next asked to estimate the probabil i ty of 

success for the project, given that  the modifications they envisioned 

were in fact made. These estimates, along with possible scenarios that  

could cause the project to f a i l ,  are summarized on page 6. Subjects B 

and J did not feel qualified. to estimate the probability of success, 

which explains the missing numbers in the table. Most subjects, as 

shown, believe there i s  a very good chance that the project will be a 

success. 

For the remaining five quantities, probability distributions were 

t o  be developed. The responses each subject gave t o  a series of questions 

provided a basis for  deriving their  probability distributions, which 



were then mathemat ica l l y  combined as discussed i n  Chapter V t o  y i e l d  one 

p r o b a b i l i t y  curve f o r  each va r iab le .  These combined d i s t r . i b u t i o n s  are  

shown on pages 7 through 11. O f  p a r t i c u l a r  i n t e r e s t '  i n  i n t e r p r e t i n g  the  

graphs are the  f o l l o w i n g  ' i tems: 

1. The mode o f  t he  d i s t r i b u t i o n  i s  t h e  s i n g l e  p o i n t  es t imate  o f  

t h e  most l i k e l y  va lue  and. i ' s  g r a p h i c a l l y  .def ined as the  h ighes t  

p o i n t  on the  p r o b a b i l i t y  curve. 

2. The median represents  the  p o i n t  where i t  i s  equa l l y  l i k e l y  
0 

t h a t  the  t r u e  va lue  w i l l  be below t h i s  p o i n t  as above it. 

Th is  va lue  corresponds t o  t h e  .50 f r a c t i l e  which was est imated 

b y  each subject .  

3. The shape and. range o f  t h e  d i s t r i b u t i o n  a re  a1 so very impor tan t  

i n  that- t hey .show. jus t .how f a r  above and be low, the  median and 

mode the -  actual  va lue o f  t h e  v a r i a b l e  m igh t  be as est imated by 

the. p a r t i c i p a n t s .  . The end p o i n t s  o f  t h e  curve represent  t h e  

va lues  t h a t  capture  90% o f  the  p r o b a b i l i t y  d i s t r i b u t i o n .  I n  

o the r  words, f o r  p r o j e c t  du ra t i on ,  t he re  i s  o n l y  a  5% chance 

t h a t  i t  w i l l  exceed 14.3 years.  

4. The base c o s t  es t ima te  denotes the  p r e v i o u s l y  developed s i n g l e  

p o i n t  e s t i m a t e . o f  t he  mode. fo r  the  s tochas t i c  va r i ab le .  The 

f o l l o w i n g  are'  t h e  .values f o r  t he  base case est imates:  

P r o j e c t  Dura t i on  

On-Stream Factor  

~ e s i ~ n  Capacity Fac tor  

. . . .. . 

10.25 yea rs  

85% 



Cap i ta l  Costs ( i n  11/78 do1 l a r s )  $755 m i l  l i o n  

D i r e c t  Operat ing Costs ( i n  11/78 do1 l a r s )  $73 m i l l  i o n  

The cumulat ive p robab i l  i ty t a b l e s  f o r  each va r iab le ,  presented on 

pages 12 through 16 a re  one o f  t he  most impor tan t  r e s u l t s  o f  t h e  study. 

Each t a b l e  shows t h e  approximate p robab i l  i ty t h a t  t he  t r u e  val  ue o f  t h e  

v a r i a b l e  w i l l  exceed o r  be l e s s  than a c e r t a i n  value. For example, 

t h e r e  i s  about a 48% chance t h a t  t he  p r o j e c t  w i l l  extend beyond eleven 

years, o r  converse ly  t he re  i s  a 52% chance t h a t  t h e  p r o j e c t  d u r a t i o n  

w i l l  be l e s s  than e leven,years.  

I n  conclus ion,  t he  modes o f  t he  combined d i s t r i b u t i o n s  i n d i c a t e  

t h a t  t he  respondents i n  general f e l t  t h a t  the  base case es t imates  repre-  

sented the most probable outcomes w i t h  t h e  poss ib le  except ion  o f  the  

c a p t i a l  c o s t  est imate.  On t h e  o t h e r  hand, t h e  respondents c o n s i s t e n t l y  

judged t h a t  t he re  i s  a chance t h a t  the demonstrat ion p l a n t  w i l l  perform 

s i g n i f i c a n t l y  worse t h a t  t he  base case f o r  each o f  t h e  v a r i a b l e s  t h a t  

were pro jec ted .  Th i s  conc lus ion  i s  supported by t h e  skewness o f  the 

d i s t r i b u t i o n s .  These d i s t r i b u t i o n s  can be expected t o  narrow and some 

o f  t h e  skewness w i l l  d isappear as the  f i n a l  design of t h e  p l a n t  i s  

determined. 

The chapters t h a t  f o l l o w  present  a more d e t a i l e d  a n a l y s i s  o f  t he  

methodology employed i n  t h i s  study. 



Major Systems Requir ing P a r t i a l  Redesign: 

1. Coal feed. 

2. S l u r r y  mix ing and preheating. 

3. D isso lver . .  

4. Fract ionat ion.  

5. Pressure letdown. , 

6. Gas i f i ca t i on .  

7. Recycle clean-up. 

Other Comments : 

1. Plant  must be decoupled. 

.2. P l an t  s i z e  should be reduced. 

3. Provide f o r  an a l t e rna te  source o f  
hydrogen. 

4. There w i l l  be s i g n i f i c a n t  corrosion, 
eros ton and abrasion problems. 

5. Good spar ing w i l l  be required. 

6. P lan t  should have only one t r a i n .  

7. Transfer l i n e s  between the bottoms and 
t he  g a s i f i e r  need redesigned. 

Design Modi f ica t ions and Comments 

In te rv iew Subjects 

A B C D E F G H I J K L M N O P Q R  



Probabi 1 i t y  o f  Success 

In terv iew Subjects 

A B C D E F G H I J K L M N O P Q R  
I 

P robab i l i t y  o f  Success (%) 

Possible Causes o f  a Fai l u re :  

1. Compound equi pment f a i  1 ures. 

2 .  Much of the process has no t  been 
tes ted  a t  the p i  l o t  p l a n t  stage. 

3. Excessive government regu la t ion.  

4. Envi ronmental constra ints.  I 

5. The process i s  too h i gh l y  integrated.  I 
6. Insurmountable abrasion and corrosion 

problems. 

7. SRC-11 process i t s e l f  i s  unproven. 

8. P lan t  i s  inadequately con t ro l  led. I 





ONSTREAM 'FACTOR f 
(PERCENTAGE) 

APPROX. MODE = 87.5% 

APPROX. MEDIAN = 86.1% 

BASE I CASE 
ESTIMATE . . 

% Percentage of time the plant operates during the last 12 months of the project 



DESIGN CAPACITY FACTOR P 
(PERCENTAGE) 

+ Percentage of design copacity realized when the plant i s  operating during the BASE CASE 
lost 12 months of the project 

I 
ESTIMATE 



APPROX. MODE = $825 MILLION 

APPROX. MEDIAN = $845 MILLION 

CAPlTAL COSTS + 
(MILLIONS OF DOLLARS) 

BASE CASE 
ESTIMATE 

3 Total capital costs for phases I 8 1I in 11/78 dollars 





Val ue - .  

8.98 

9.25 

9.50 

9.75 

10.00 

10.25 

10.50 

10.75 

11.00 

11.25 

11.50 

11.75 

12.00 

12.25 

12.50 

12.75 

13.00 

13.25 

13.50 

13.75 

14.00 

14.25 

14.31 

Project  Duration 

(years 

Cumulative Probabi l i ty  Table 

Prob. of Being 
Less Than Value 

(%)  

Prob. of Being 
More Than Value 

(%)  



Ons tream Factor 

(percentage) 

Cumulative. Probabi l i ty  Table 

Value 

e65. 9 

68.0 

70.0 

72.0 

74.0 

76.0 

78.0 

80.0 

,82.0' 

'84.0 

86.0 

88.0 

90.0 

92.0 

92.5 

Prob. of Being 
Less Than Value 

( % I  
5.0 

5.3 

6.0 

7.2 

8.8 

11.0 

14.4 

Prob. of Being 
More Than. Value 

(%) 

95.0 

94.7 

94.0 

92.8 

91.2 



Value - .  

Design Capacity Factor 

(percentage) 

Cumulative ~ r o b e b i  l i  t y  Table 

Prob. of Being 
Less Than Value 

( % I  

Prob. of Being 
More Than Value 

(%) 

95.0 

94.3 

92.9 

91.3 

89.0 

86.1 

82.5 

77,6 

71.1 

59.0 

21.0 

8.8 

5.0 



Value 

6 92 

700 

72 5 

750 

Capi t a l  Costs 

( m i l l i o n s  o f  11/78 d o l l a r s )  

Cumulative Probabi li t y  Table 

Prob. of Being 
Less Than Value 

(%) . 

5.0 

5 . 8 .  

10.2 

Prob. of Being 
More Than Val ue 

(% ) 



D i r e c t  Annual Operat ing Costs 
( m i  11 i o n s  o f  11 /78 do1 1 a rs )  

Cumulative Probabi li ty Table 

Value 

62.9 

64.0 

66.0 

68.0 

70.0 

72.0 

74.0 

76.0 

78.0 

80.0 

82.0 

84.0 

86.0 

88.0 

90.0 

92.0 

94.0 

94.9 

Prob. o f  Being 
Less Than Value 

( % I  

Prob. o f  Being 
More Than Value 





I I. I d e n t i f i c a t i o n  o f  S tochast ic  Var iab les  

A p lann ing  meeting was h e l d  on August 1, 1979 w i t h  members o f  t h e  

SRC-I1 p r o j e c t  team t o  determine what v a r i a b l e s  should be discussed i n  

o rder  t o  p rov ide  a  meaningful  conf idence a n a l y s i s  r e p o r t  as requested by 

t h e  Department o f  Energy. It was decided t h a t  t he  f o l  low ing i tems 

should be discussed w i t h  each i n t e r v i e w  sub jec t :  

1) Design M o d i f i c a t i o n s  

I d e n t i f y  ma jor  design changes t h a t  a re  expected t o  be made, 

keeping i n  mind t h a t  t he re  are  bo th  c a p i t a l  and t ime r e s t r i c t i o n s .  

2 )  Probab i l  i t y  o f  Success 

Given, t h a t  the above m o d i f i c a t i o n s  have been made, what i s  t he  

p r o b a b i l i t y  o f  b u i l d i n g  and ope ra t i ng  a  sucessfu l  demonstrat ion 

p l a n t .  A successfu l  p l a n t  i s  def ined.  as a  p l a n t  t h a t  i s  ab le  

t o  produce 1  i q u i d  f u e l  from coa l  , regard less  o f  t he  e f f i c i e n c y  

o f  t he  process and q u a n t i t y  produced. 

3) F a i l u r e  Scenario. 

As de f ined above,. what coul d  cause t h e .  p r o j e c t  t o  f a i l  . 
For t h e  remain ing f i v e  var iab les ,  p r o b a b i l i t y  d i s t r i b u t i o n s  would 

be devel oped. 

4)  P r o j e c t  Dura t i on  

T h i s  v a r i a b l e  was de f i ned  as the  t o t a l  elapsed t ime i n  years 

from the  beginning o f  Phase I o f  the  p r o j e c t  t o  t h e  end o f  

Phase 1'11. A d d i t i o n a l l y ,  i t  was assumed t h a t  du r ing  Phase 



111, the plant would run fo r  four years fol lowing the shake- 

down period ( i  .e. ,  four years of operation were f ixed) .  The 

only areas of uncertain duration would then be engineering 

design, construction, and start-up. 

5) On-Stream Factor 

On-stream fac tor  represents the percentage of time tha t  the 

plant i s  operating (producing any volume of product) during 

the l a s t  twel ve months of Phase 111. A val ue of 100% would 

represent operating the plant 365 days a year whereas an 

stream factor  of 90% would represent 328 days operating time. 

6 )  Design Capacity Factor 

The plant has a design capacity of 6700 tons per stream day. 

Design capacity fac tor  i s  defined as  the percentage of the 

design capacity tha t  will be realized, on the average, when 

the plant i s  operating (as  defined above) fo r  the l a s t  twelve 

months of Phase 111. 

7 )  Total Capital Costs ( i n  11/78 do1 l a r s )  

Capital costs include a1 1 depreciable capital  investments as  

well as engineering and tes t ing;  in other words, t h i s  i s  the 

total  plant investment. Excluded, however, was the cost of 

modifying the Fort Lewis plant, the cos t  of s i t e  acquisi t ion,  

the addi tional cost incurred shoul d a modified engineering, 

procurement, construction approach - not be used, as  well as 

a1 1 Phase I I1 capital  costs. 



8) Average D i r e c t  Annual Operat ing Costs ( i n  11/78 do1 l a r s )  

This  v a r i a b l e  was de f i ned  t o  be the  average ope ra t i ng  cos ts  

i n c u r r e d  from the beginning o f  s ta r t -up  t o  the end o f  Phase 

111. D i r e c t  annual ope ra t i ng  cos ts  i n c l u d e  ope ra t i ng  l a b o r  

and benef i ts ,  maintenance l a b o r  and bene f i t s ,  c a t a l y s t s  and 

chemicals, ope ra t i ng  suppl i es ,  maintenance ma te r ia l s ,  e l e c t r i -  

c i t y  , and c o n t r a c t  maintenance. Speci f i c a l  l y  exc l  uded are  

overhead cos ts  and coa l  expense. 





111. The I n t e r v i e w  Process 

I n  order  t o  determine the  under l y ing  p r o b a b i l i t y  d i s t r i b u t i o n s ,  

e igh teen sub jec ts  were in terv iewed.  The i n t e r v i e w  process i n v o l  ved s i x  

d i s t i n c t  steps. T h e , f i r s t  o f  these was a  m o t i v a t j o n a l  exe rc i se  i n  which 

t h e  sub jec t  was to1 d  the  importance o f  what was a'bout t o  be done and 

asked t o  c a r e f u l l y  t h i n k  through.  h i s  answers. The mo t i va t i ona l  s tep  was 

f o l  lowed by a  d i scuss ion  o f  t h e  method01 ogy t h a t  was being used ( i  .e., 
0 

what would take  p lace i n  these i n te rv iews) .  I f  t h e  sub jec t  was n o t  

f a m i l  i a r  w i  t h  p robab i l  i t i e s ,  a  b r i e f  exp lana t i on  was provided. 

The t h i r d  s tep  i s  c a l l e d  cond i t i on ing .  A t  t h i s  j u n c t u r e  t h e  i m -  

por tance o f  d e f i n i n g  any assumptions t h a t  a r e  being made and any p a r t i -  

c u l a r  scenarios t h a t  are envis ioned when responding t o  quest ions about 

one o f  t he  v a r i a b l e s  was stressed. Anchoring was a l s o  discussed a t  t h i s  

po in t .  Anchoring i s  a. common b i a s  t h a t  i s  in t roduced when one has i n  

mind a  most l i k e l y  o r  mean val ue f o r  some v a r i a b l e  and bases a1 1  the  

responses t o  quest ions concerning t h e  v a r i a b l e  on t h i s  c e n t r a l  value. 

Th i s  tends t o  produce d i s t r i b u t i o n s  t h a t  a re  c l o s e l y  centered around a  

value when i n  r e a l i t y  t he  . t r u e  d i s t r i b u t i o n  covers a  much wider  range. 

By e x p l a i n i n g  t h i s  common bias, i t  was hoped t h a t  the  sub jec ts  would 

consc ious ly  a t tempt  t o  overcome t h e i r  anchoring. 

The l a s t  t h r e e  steps i n  t he  process were repeated.  f o r  each q u a n t i t y  

t h a t  requi.red a  p r o b a b i l i t y  d i s t r i . b u t i o n .  The f i r s t  o f  these i s  s t r u c t u r -  

ing ,  which merely  i n v o l v e s  de ' f i n i ng  the q u a n t i t y  and s t a t i n g  any assumptions 



t h a t  a r e  t o  be made. A t  t h i s  p o i n t  t h e  s u b j e c t  would be sure  t o  r e s o l v e  

any unanswered quest ions and would s t a t e  any a d d i t i o n a l  assumptions he 

was making. 

The nex t  s tep  was t o  ac tua l  l y  encode t h e  d i s t r i b u t i o n .  The r e s u l t  

of t h i s  s tep  was a  l i s t  o f  va lues t h a t  have .05, . lo ,  .2'5, .50, . 7 5 ,  

.90, and .95 p r o b a b i l i t y  of occur r ing .  A f t e r  o b t a i n i n g  t h i s  l i s t  o f  

values, t he  f i n a l  s tep  i s  t o  v e r i f y  t h e  consis tency o f  t h e  answers. 

T h i s  was t y p i c a l l y  done by asking the  s u b j e c t  i f  he f e l t  t h a t  the un- 

known q u a n t i t y  was e q u a l l y  l i k e l y  t o  f a l l  i n  any o f  t h e  f o u r  q u a r t i l e s  

he had p r e v i o u s l y  de f ined.  The t a i l s  of t he  d i s t r i b u t i o n  were v e r i f i e d  

i n  a  s i m i l a r  manner. I f  t h e  sub jec t  f e l t  t h e r e  was a  g r e a t e r  chance o f  

t he  va lue  fa1 l i n g  i n  one q u a r t i l e  as opposed t o  another,  t h e  encoding 

process was repeated u n t i l  a  p o i n t  o f  i n d i f f e r e n c e  was encountered. 





I V .  Resu l ts  o f  t h e  I n t e r v i e w  Process 

Appendix A conta ins  t h e  ac tua l  f o m s  used d u r i n g  t h e  encoding 

process. A t  the  top  o f  each form i s  t he  code name (A, B, C, .. .R) o f  

t h e  sub jec t  being i n te rv iewed  and t h e  q u a n t i t y  f o r  which he i s  p rov id ing  

a  d i s t r i b u t i o n .  Below t h i s  i s  a  p r o b a b i l i t y  l i n e  on which t h e  s u b j e c t ' s  

responses t o  t h e  quest ions were recorded. The seven p o i n t s  (responses) 

corresponding t o  p robab i l  i t i e s  f o r  t he  occurrence o f  a  va l  ue were then 

p l o t t e d  on t h e  upper h a l f  o f  t h e  form and a  curve was drawn through t h e  

po i n t s  c r e a t i n g  a  cumul a  t i v e  d e n s i t y  f unc t i on .  

The cumulat ive d e n s i t y  f u n c t i o n  may be i n t e r p r e t e d  by  s e l e c t i n g  a  

p o i n t  on the  curve and drawing l i n e s  perpend icu la r  t o  each a x i s  f r a n  

t h i s  po in t .  The p o i n t  a t  which t h e  l i n e  i n t e r c e p t s  t h e  v e r t i c a l  a x i s  

denotes t h e  p r o b a b i l i t y  t h a t  t he  actual  va lue f o r  t he  g i ven  q u a n t i t y  

w i l l  be l e s s  than t h e  va lue  represented by  t h e  p o i n t  a t  which t h e  o t h e r  

perpend icu la r  i n t e r c e p t s  t h e  h o r i z o n t a l  axis.  Va r ia t i ons  o f  t h i s  a n a l y s i s  

can be used t o  determine t h e  cumulat ive p r o b a b i l i t y  associated w i t h  a  

c e r t a i n  val ue, o r  the  va l  ue corresponding t o  a  g i ven  cumulat ive probab i l  i ty. 

I n  o rder  t o  determine t h e  approximate shape o f  t h e  d i s t r i b u t i o n ,  

t h e  cumul a t i v e  d e n s i t y  f u n c t i o n  was d i v i d e d  i n t o  i n t e r v a l  s. The change 

i n  p r o b a b i l i t y  w i t h i n  an i n t e r v a l  represented a  p o i n t  on t h e  graph a t  

t h e  bottom o f  t he  page. A f t e r  p l o t t i n g  one p o i n t  f o r  each i n t e r v a l ,  a  

curve was drawn through the  p o i n t s  thereby approximat ing a  p r o b a b i l i t y  

d i s t r i b u t i o n  f o r  the  va r iab le .  



The rmainder of the chapter will be devoted t o  presenting the 

scenarios envisioned by each subject that  could cause the true value of 

the variable to be significantly higher or lower t h a n  the estimated 

median. The tables on pages 2 4  through 28 summarize each subjects 

comments for a particular variable, the X ' s  indicating which subject 

made which comments. I t  should be noted that  not all subjects f e l t  

qualified to canment on each of the five variables and of the subjects 

t h a t  d i d  participate, only unusual scenarios were recorded. 



P r o j e c t  ~ u r a t i  on Scenarios 

1. f e w  ( i f  any) government delays. 

2 .  e a r l y  freeze of t h e  p l a n t  design. 

3. smooth s ta r t -up .  

4. no env i  ronmental delays .. 
5. good con t r a c t  management. 

6. acce lera te  the  cons t ruc t i on  a c s v i  ty. 

I n t e r v i e w  Sub jec ts  

A B C D E F G H I J K L M N O P Q R  

' Poss ib le  causes of a  s i g n i f i c a n t  increase 
( p e s s i m i s t i c  scenaros) 

Poss ib le  causes of a  s i g n i f i c a n t  decrease 
( o p t i m i s t i c  scenar io )  

1. c o s t l y  government delays. 

2 .  s t a r t - u p  problems. 

3. environmental problems. 

4. design changes. 

5. l a b o r  and mechanical problems. 

6. poor c o n t r a c t  management. 

7. l ong  equipment l e a d  times. 

A 

X x X X ' X X  

X X X X X 



Onstream Fac to r  Scenarios 

I n t e r v i e w  Sub jec ts  

A B ' C D E F G H I J K L M N O P Q R  
I 

Poss ib le  causes of a s i g n i f i c a n t  increase 
( o p t i m i s t i c  scenar io )  

1. lower maintenance than expected. 

2. good sparing. 

3. b a s i c  design i s  good. 

4. good r e l i a b i l i t y  on major  pieces o f  
equipment. 

5. cons is ten t  supply s f  coal.  

6. good operators. I 

Poss ib le  causes of a s i g n i  f i cant  decrease 
( p e s s i m i s t i c  scenar io )  

1. h i g h e r  maintenance than expected. 

2. major equipment f a i l u r e .  

3. bo t t lenecks  develop which a r e  t o o  c o s t l y  
t o  co r rec t .  

4. poor management. 



Design ~ a p a c i  t y  Factor  Scenarios 

Poss ib le  causes o f  a s i g n i f i c a n t  increase 
( o p t i m i s t i c  scenar io )  

1. over design o f  t he  p l a n t  ( s a f e t y  margin) 

, 2. b e t t e r  grade o f  coal  i s  used. 

. 3.. low down-time on p a r a l l e l  un i t s .  
. . 

4. techno log ica l  improvements. 
! 

I Poss ib le  causes o f  a s i g n i f i c a n t  decrease 
1 ( p e s s i m i s t i c  scenar io)  

1. on ly  one t r a i n  func t ions .  
- 2. bo t t lenecks .  

3. major equipment problems. 

4. equipment performs a t  l ess  than design. 

5. r e p a i r s  a re  uneconomical f o r  a demo 
p lan t .  

I n t e r v i e w  Subjects 

A B C D E F G H I J K L M N O P Q R  

. . 
X X X X X X X  X  X  X X  

X  X  

X  x 
X  

X X X  

X  



C a p i t a l  Cost Scenarios 

1. few ( i f  any) government delays. 

2. compe t i t i ve  vendor b idd ing  f o r  cont rac ts .  

3. no design changes. 

I n t e r v i e w  Subjects 

A B C D E F G H I J K L M N O P Q R  

i n v  s  ment f o r  commercial p l a n t  i s  
4. !Eml na?e8. 
5. c lose  c o n t r o l  o f  const ruc t ion .  

Possible causes o f  a  s i g n i f i c a n t  decrease 
( o p t i m i s t i c  scenar io )  

6. l ess  c o s t l y  design i s  adopted. I 

.. . 

Poss ib le  causes o f  a  s i g n i f i c a n t  increase 
( p e s s i m i s t i c  scenar io)  

1. government regu la t i ons  and delays. 

2. design changes. 

3. more spar ing  required.  

4. longer  d e l i ~ v e r y  schedules. 

5. l a c k  o f  a c t i v e  b idd ing  by vendors. 

6. t echn ica l  problems and equipment f a i l u r e s  

7. l a b o r  problems. 



Possib le causes o f  a s i g n i f i c a n t  decrease 
(opt imi  s f i c  scenario) 

I 1. lower maintenance than expected. 

2. fewer people required. 

. 3. l i t t l e  overtime. 

1 4. waste disposal costs are minimal. 

5. poor p l a n t  performance lowers power, 
c a t a l y s t  and chemi ca l  requ i  rements . 

Possib le causes o f  a s i g n i f i c a n t  increase 
(pess i m i  s t j  c scenario) 

1. h igher  maintenance than expected. 

1 2. inadequate instrumentat ion..  

I . , 3. environmental and sa fe ty  problems. 

4. more e l e c t r i c i t y  i s  consumed than I .  . expected. 
. . 

1 5. add i t i ona l  operators are required. 

D i r e c t  Annual operat ing Cost Scenarios 

I n t e r v i ew  Subjects 

A B C D E F G H I J K L M N O P Q R  

X X X X  X 

X 





V .  Combining D i  s t r i b u t i o n s  

Due t o  t h e  d i f f e r i n g  op in ions  demonstrated b y  t h e  graphs o f  t h e  

s tochas t i c  v a r i a b l e s  shown i n  Appendix A, i t  became necessary t o  s e l e c t  

a  va l  i d  s t a t i s t i c a l  method f o r  combining t h e  d i s t r i b u t i o n s  i n  some 

d e f e n s i b l e  manner. The t a b l e s  on pages 3 1  through 35 summarize the  

resu l  t o f  t h e  f o l  low ing methodology: 

1 )  Record a l l  the  da ta  p o i n t s  (responses t o  the  i n t e r v i e w  quest ions)  

f o r  each s u b j e c t  (i .e., A, B ,  C ,  0, . . . R )  and f o r  each v a r i a b l e  

( i  .e., P r o j e c t  Durat ion,  Onstream Factor ,  . . . Operat ing Costs).  

2) For each p r o b a b i l i t y  l e v e l  ( i  .e., 5%, lo%,  25%, . . . 95%) and 

f o r  each va r iab le ,  c a l c u l a t e  a  mean (s imp le  average) and 

standard d e v i a t i o n  ( s t a t i s t i c a l  measure o f  d i s p e r s i o n  about 

t h e  mean). Refer  t o  the  t a b l e s  t i t l e d  "Combined D i s t r i b u t i o n s  
I 

( F i r s t  Pass)" on pages 3 1  through 35 f o r  t h e  r e s u l t s  o f  t h i s  

c a l c u l a t i o n .  

3)  I n  a  s i m i l  a r  manner, reco rd  i n  a  second t a b l e  a1 1  da ta  p o i n t s  

t h a t  f a l l  w i t h i n  one standard d e v i a t i o n  o f  t h e  mean c a l c u l a t e d  I 

i n  s tep  2. Be record ing  o n l y  those p o i n t s  w i t h i n  one standard 

d e v i a t i o n  o f  t h e  mean, out1 i e r  p o i n t s  ( p o i n t s  s i g n i f i c a n t l y  

d i f f e r e n t  f r u n  the  mean) a r e  dropped from cons idera t ion .  The 

p o i n t s  dropped, t he re fo re ,  represent  p o i n t s  t h a t  appear t o  be 

e i t h e r  o v e r l y  o p t i m i s t i c  o r  o v e r l y  pess im is t i c .  

4 )  Ca lcu la te  a  new mean and standard d e v i a t i o n  f o r  these data 

p o i n t s  ( r e f e r  t o  t h e  "Second Pass" t ab les ) .  Th i s  new mean now 



b e c m e s  the p o i n t  t o  be used i n  f i t t i n g  a  p r o b a b i l  i t y  d i s t r i -  

b u t i o n .  Each o f  t h e s e  d a t a  p o i n t s  i s  p l a c e d  on a n  encod ing  

form a s  shown i n  Appendix B w i  t h  the d e r i v e d  p r o b a b i l  i t y  

d i s t r i b u t i o n s  a p p e a r i n g  on pages  7 t h r o u g h  11. 



Combined D i s t r i b u t i o n s  f o r  P r o j e c t  Dura t ion  

(years 

F i r s t  Pass 

Subject  

Second ' Pass 

Observations 
.05 .10 .25 .50 .75 .90 .95 

A 
C 
D 
E 
F 
G 
H 
I 
K 
L 
M 
N 
0 

Me an 
Std. Dev. 

10 10.5 11 12 13.5 14 15 
9 9.25 9.5 10.25 11.25 12.25 13.25 

10 10.5 11 12 13 14 15 
8 8.25 8.5 10 11.5 13 15 
8.75 9 9.25 10.25 12.25 13.25 14.25 
9 9.25 9.5 10 10.5 11 11.5 

10.25 11.25 11.5 11.75 12 12.5 13.25 
7.5 8 9 10 10.5 12 15 
9.5 9.75 10 11.5 12.5 13 14 
8.25 9 9.25 9.75 10.75 11.75 12.75 
8 9.25 9.75 11 11.75 12.5 14 
8 8.5 9 12 14 15 17 

12.25 12.75 13.25 14.25 15.25 17.25 17.5 

9.12 9.63 10.04 11.13 12.21 13.19 14.42 
1.29 1.32 1.31 1.29 1.43 1.61 1.63 

Subject  

A 
C 
D 
E 
F 
G 
H 
I 
K 
L 
M 
N 
0 

Mean 
Std. Dev. 

Observat i  ons 
.05 .10 .25 .50 .75 .90 .95 

10 10.5 11 12 13.5 14 15 
9 9.25 9.5 10.25 11.25 12.25 13.25 

10 10.5 11 12 13 14 - - 15 
8 10 11.5 13 15 
8.75 9 9.25 10.25 12.25 13.25 14.25 
9 9.25 9.5 10 - - - 

10.25 - - 12 12.5 - 11.75 - 13.25 
9 10 - 12 15 

9.5 9.75 10 11.5 12.5 - 13 - 14 
8.25 9 9.25 11.75 
8 9.25 9.75 11 11.75 12.5 

- 
- 14 

8 8.5 9 12 - - - - - - - - - 
8.98 9.44 9.73 10.98 12.22 12.83 14.31 

.86 .68 .74 .89 .76 .77 .74 



Combined . D i  s tri  GutionS fo r  Onstream Factor 

(per cent age) 

F i r s t  Pass 

Subject  

A 
C 
D 
E 
F 
G 
H 
I 
K 
L 
M 
N 
0 

Me an 
Std. Dev. 

Observati ons 
.05 .10 .25 .50 .75 .90 .95 

60 70 75 80 82 85 9 2 
75 80 85 88 90 92 93 
75 80 84 88 90 9 1 92 
50 7 0 85 90 9 2 9 6 97 
60 75 80 8 5 9 0 93 9 5 
60 70 7 7 80 82 85 90 
7 5 80 85 9 0 9 1 92 94 
50 6 5 80 85 92 9 4 9 7 
7 5 80 85 88 90 9 1 92 
7 5 7 8 80 85 90 9 1 92 
70 7 5 81 85 89 90.5 92 
30 50 6 5 85 90 92 9 3 
0 2 5 50 80 83 85 86 

58.1 69.1 77.8 85.3 88.5 90.6 92.7 
22.1 15.7 - 10.1 3.5 3.6 3.5 2.9 

Second Pass 

Subject  

A 
C 
D 
E 
F 
G 
H 
I 
K 
L 
M 
N 
0 

Mean 
S t d .  Dev. 

Observations 
.05 .10 .25 .50 .75 .90 .95 

6 0 70 75 - - - 92 
75 80 85 88 90 9 2 9 3 
7 5 80 84 88 9 0 9 1 92 
5 0 7 0 85 - 92 - - 
60 7 5 80 85 90 93 9 5 
60 70 77 - - - 90 
7 5 80 85 - 9 1 92 94 
5 0 65 - 80 85 92 94 - 
75 80 85 88 90 91 9 2 
7 5 78 80 85 90 9 1 9 2 
7 0 7 5 8 1 85 89 90.5 92 
- - - 85 90 92 9 3 - - - - - - - 
65.9 74.8 81.5 86.1 90.4 91.8 92.5 
,lo. 2 5.3 3.5 1.6 1.0 1.1 1.4 

-. - -  .. - - . . . . 7 '  . . -  . * .  . * .A* 



Combined D i  s t r i  b u t i  ons f o r  Design Capaci t y  Factor  

(percentage) 

F i r s t  Pass 

Se'cond Pass 

Subject  

A 
C 
D 
E 
F ' .  
G 
H 
I 
K 
L 
M 
N 
0 

~e an' 
Std. Dev. 

Subject  

Observat i  ons 
.05 .10 .25 .50 .75 .90. .95 

. . 

5 0 .85 .95 .. 100 '103 ' .. . 105 . ,  110 
.89 .92 .95 100 '102 103 104 
: 75 .85 . 9 0 95 100 10 3 ., 105 
5 0 70 80' : .85 , 90' '95 100 
50 .75 .85 .95 100 105 110 
60 70 7 5 85 .95 . . 105 1.10 
50 75 90 100 105 110 120 
5 0 7 0 90 100 . . 102 10 4 108 
90. 93 95 100 '105 107 110 
80 9 0 96 100 104 110 120 
78 83 88 9 0 .93 97.5 99 
5 5 65- 70 95 9 7 I00  10 5 
30 5 0 65 80 85 90 100 

85.7 94.2 98.5 102.7 107.8 62.1 77.2 
18.4 I?. 4 10.2 7.0 6.2 5.8 6.7 

Mean 
Std. Dev. 

Observat ions 
.05 .10 :2 5 .50 .75 .90 '.95 



Combined D i s t r i b u t i o n s  - f o r  Capi ta.1 Costs  

( m i l l i o n s  o f  d o l l a r s )  

F i r s t  Pass  

S u b j e c t  

B 
C 
D 
E 
F 
G 
H 
I 
J 
b 
M 
N 

'0 

Me an 
.--.-..- S-td. De Y.. 

Observa t i  ons 
.05 .10 .25 .50 .75 .90 .95 

800 900 950 1000 1150 1200 1300 
600 650 700 750 800 850 900 
6 30 660 7 10 750 800 870 950 
750 775 85 0 900 1000 1100 1300 
675 690 700 72 5 7 50 800 900 
750 800 850 900 1000 1100 1300 
660 680 700 760 850 975 1100 
550 650 700 770 840 900 95 0 
6 90 700 750 850 95 0 1000 1100 
750 82 5 860 900 950 1000 1100 
675 7 10 750 800 875 920 950 
775 800 82 5 87 5 925 950 975 
650 6 75 700 850 1000 1100 1200 

689 7 32 773 833 9 15 9 82 10 79 
7 3  -- -29  - ..- . . ..-8&--_ .-_ - -.-81 . _-- . 110 . . .--. 117. 155- . . A 

Second Pass  

S u b j e c t  

B 
C 
D 
E 
F 
G 
H 
I 
J 
L 
M 
N 
0 

Mean 
Std .  Dev. 

Obse rva t ions  
.05 .10 .25 .50 .75 .90 .95 

- - - - - - - 
- - 700 - - - - 
630 660 7 10 - - 870 950 
750 775 850 900 1000 - - 
6 75 690 700 - - - - 
750 800 850 900 1000 - - 
660 680 700 760 850 975 1100 - - 700 770 840 900 950 
690 700 750 85 0 950 1000 1100 
750 - - 900 9 50 1000 1100 
675 7 10 750 800 875 920 950 

800 82 5 87 5 92 5 950 975 
650 675 700 850 1000 - 1200 

6 92 72 1 749 845 932 945 1041 
4 7 55 63 56 64 50 9 6 

- > ., ., - -... - * - - 6 -  - . .  
- -- 

, . 



3 5 
Combined D i s t r i b u t i o n s  f o r  D i  r e c t  Annual Operat ing Costs 

( m i l l i o n s  o f  d o l l a r s )  

F i r s t  Pass 

Second Pass 

Sub jec t  

C 
D 
E 
F 
G 
I 
M 
N 
0 

Mean 
Std. Dev. 

Observat ions 
.05 .10 .25 .50 .75 .90 .95 

6 0 62 65 67 70 7 5 80 
65 68 7 2 75 80 85 90 
5 0 5 9 6 8 73 80 9 0 9 5 
60 65 70 73 80 85 90 
7 5 80 90 100 105 115 12 5 
63 65 6 7 75 7 9 8 3 84 
57 58 6 0 65 70 7 7 85 
70 75 80 85 9 3 100 110 
65 6 7 70 80 90 100 110 

62.8 66.6 71.3 77.0 83.0 90.0 96.6 
7.3 7.2 8.8 10.5 11.3 12.8 15.1 

Sub jec t  . , - 

C 
D 
E - -*. 

F 
G 
I 
M 
N 
0 

Mean 
Std. Dev. 

Observat ions 
.05 .10 -25 .50 .75 .90 .95 

6 0 62 6 5 6 7 - - - 
65 6 8 72 7 5 85 90 - 80 - 68 73 80 90 9 5 
60 65 73 80 8 5 90 - 70 - - - - - - 
63 6 5 67 75 79 8 3 84 
57 - - - - - 

- 85 
70 80 85 93 100 110 
6 5 67 70 80 90 100 110 

62.9 65.4 70.3 75.4 83.7 90.5 94.9 
4.3 2.3 4.9 5.7 6.2 7.7 11.0 





V I .  Sources o f  E r r o r  

There are  f i v e  poss ib le  sources o f  e r r o r  t h a t  can be i d e n t i f i e d  

w i t h  t h i s  s tudy as discussed below. 

1) Inapprop r ia te  cho ice  o f  sub jec ts  t o  be in terv iewed.  

Care was taken t o  s e l e c t  sub jec ts  o f  subs tan t i a l  exper ience 

who a r e  c u r r e n t l y  i nvo l ved  i n  t h e  S R C - I 1  p r o j e c t ,  bu t  t h e r e  

s t i l l  e x i s t s  t h e  p o s s i b i l i t y  t h a t  a  nonrepresenta t ive  group 

was chosen. 

2 )  Bias. 

I n h e r e n t  b iases t h a t  a  sub jec t  may have a re  d i f f i c u l t  t o  

overcome, b u t  every e f f o r t  was made d u r i n g  t h e  i n t e r v i e w s  t o  

tit through biases and check t h e  consis tency o f  t he  responses. 

3) Re1 iance on base case numbers.. 

. . The sub jec ts  were aware o f  t h e  est imated val ues f o r  each 

q u a n t i t y  t h a t  were used i n  t h e  base case. . As .a r e s u l t ,  t h e  

p robab i l  i ty d i s t r i b u t i o n s  f o r  each q u a n t i t y  o f t e n  r e f l e c t  the  

s u b j e c t ' s  f e e l i n g s  towards these base case est imates.  

4)' Inaccura te  es t imate  o f  f u t u r e  costs. 

It i s  most d i f f i c u l t  t o  es t ima te  i n  1978 what t h e  c o s t  w i l l  be 

f o r  a  p l a n t  t h a t  may n o t  be completed f o r  perhaps f ive.  t o  s i x  

years. 

5 )  Inaccura te  es t imate  o f  technol og i ca l  improvements. 

As w i t h  f u t u r e  cos ts ,  i t  i s  e q u a l l y  d i f f i c u l t  t o  e n v i s i o n  

technol og i ca l  advances and engineer ing developments over  t h e  

nex t  f i v e  year  per iod.  
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