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INTRODUCTION 

As research, development, and-demonstration programs focus 

on specific technologies, regional analytical capability becomes 

. increasingly important. As the implications of such technologies 

are clarified on a national scale, their potential implementation 
b 

. ..- . - 
requiiements-and effects must be examined regionally. Regional _ _  - - .  - . - -  . - 

variations in. climatic conditions, environmental issues and problems, 

the supply potential and c o s t  of various fuel forms, and the pre- 

vailing or induced patterns of energy consumption all affect the 

future course of -such developments. ~ e ~ i o n a l  transportation options 

and the costs of transmitting present and future energy forms 

further influence any selective choices. Thus, a multi-regional 

model permits energy policies to be addressed at a re.giona1 level 

of disaggregation, within the constraints of national policies and , 

supplies. Additionally, it allows greater sophistication in the 

analysis of the environmental and socioeconomic impacts which are 

generated at regional levels. 

A multi-regional linear programming model of the nation's 

energy system is currently being developed at the National Center 

for Analysis of Energy systems,' Brookhaven National Laboratory. 

This is part of the continuing Energy Systems Studies Program 

supported by the Administrator for Planning, Analysis, and 

Evaluation, United States Energy Research and Development Adminis- 

tration. The two essential components providing the analytical 

power to such a'model are an adequate representation of the 

regional cost structure2of energy transportation and region 

specific resource supply functions. In support of these modeling 

,_ .- 



activities, the Logistics Management Institute (LMI) has derived 

the volumes and transportation unit costs of coal, crude oil and 

natural gas shipped between the Nation's Census Regions. LMI 

has also provided regional supply functions in these same resources. * 

The volumes and costs are based upon the 1985 Reference Case of 
J 

the Federal Energy Administration's Project Independence Evaluation 

System (PIES) Model. 

The task was complicated partly by the fact that fossil fuel 

production in the PIES Model is not related to Census Regions and 

partly by the fact t h a t  the consumption of fossil fuels in PIES 

demand or utility regions (both of which are coincident with 

Census Regions) is not modeled to take place at a single location 

within each Region. A further complication that affects crude .oil 

is that the PIES Model considers it to be consumed in refinery 

regions that are not coincident with Census Regions- as are the 

utility and demand regions in which coal and natural gas are consumed. 

The PIES Model simulates the delivery of coal, natural gas 

and refined products to 21 metropolitan areas throughout the nation. 

These areas are intended to represent the centro'ids of demand 

throughout the nation. (Crude oil is transported from production 

regions to seven refinery regions.) Thus, typically, each Census 

Region is represented by two or three metropolitan areas. 

In order to reach a specific destination, coal, for example, 

moves either by rail or by barge along links in a transshipment 
I network. Transfers between rail and barge and vice versa are 

permitted at a number of nodes in the network. 

The actual route taken between a source and a destination 

is the route with the minimum overall cost. 
- - - - - - - -- - - -- -- 
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It was necessary to allocate fossil fuel production in pro- 

duction regions to Census Regions since many of the PIES pro- 

duction regions extend over two or more Census Regions. It was 

also necessary to' aggregate fuel production from the two or more 

production regions that fall into specific Census Regions and to 
1'8 

determine to which Census Regions the fuel is transported. 

Even though the PIES utility and demand.regions coincide 

with Census Regions, the demand region may have two or three 

destinations at which consumption may be considered to take place. 

The costs of transportation to each of these destinations are 

different, and the relative volumes shipped to each destination 

are different. The PIES Model is at liberty to supply some 

destinations in a region from one source and other destinations 

frorn other sources. Indeed, the model does precisely this. 

For these reasons, costs based on the per unit costs in 

the PIES data base would not reflect the weighted costs of 

transportation from one Census Region to another. Consequently, 

it was necessary to use an actual set of results from the model: 

the 1985 Reference Case. 

Results in terms of volumes and unit costs of fossil fuels 

moved between Census Regions are shown in matrices. Coal move- 
' 

1- ments are covered in Chapter I; crude oil in Chapter 11, and. 

'C natural gas in Chapter 111. 

As indicated, LMI has also provided data on fossil fuel supply 

curves used in the PIES Model, to include information on price 

and quantity increments. Coal supply curves are presented in 

Appendix A, oil supply curves in Appendix B, andinatural gas 



supply, curves. in Appendix C . 
We would like to acknowledge the cooperation and support of 

our contract Technical Monitor, Dr. Richard J. Goettle of the 

Economic Analysis Division, Brookhaven National Laboratory. 



',L I. 'COAL 'TRANSPORTATION COSTS 
q.1 

PIES COAL TRANSPORTATION NET.WORK 

I n  d i s t r i b u t i n g  t h e  coa l  t r a n s p o r t a t i o n  v o l m e s  and u n i t  c o s t s  

from the  P r o j e c t  Independence Evaluation System ( P I E S )  on t h e  b a s i s  

of Census Regions f o r  use by Brookhaven National Laboratory, LiYI 

adapted t h e  coa l  transshipment network used by t h e  Federal  Energy 

Administration (FEA) i n  i t s  PIES Model. A b r i e f  desc r ip t ion  of 

t h e  coa l  transshipment network fol lows,  taken from LMI ' s r e p o r t  

on t h e  PIES Model. The movement of coa l  by r a i l  and barge i s  

modeled i n  PIES using a transshipment model t h a t  r ep resen t s  t h e  

flow of ma te r i a l s  t o  inte,rmediate po in t s  enroute  t o  t h e i r  f i n a l  

des t ina t ion .  There a r e  1 9  nodes in t h e  r a i l  network and 16 nodes 

i n  t h e  water network. The nodes and t h e  corresponding Census 

$ ( - . $  -, 
Regions of  the  nodes when serv ing  as f i n a l  d e s t i n a t i o n  e i t i c s  are 

i d e n t i f i e d  i n  Table 1-1. 

A map of t h e  r a i l  network i s  shown i n  Figure 1-1; t h e  waterway 

network i s  depicted i n  Figure 1-2. To i n j e c t  coa l  i n t o  t h e  network, 

l i n k s  a r e  provided between t h e  coa l  supply region nodes and the  

r a i l  and water nodes; these  l i n k s  a r e  shown i n  Figures 1-3 and 1-4. 

To allow f o r  r a i l  movement of coa l  t o  p o r t s  f o r  shipment by barge,  

l i n k s  a r e  included between t h e  r a i l  nodes and water nodes repre-  

sen t ing  t h e  same physical  loca t ion .  Thus, i n  the  model, it is  

poss ib le  f o r  Great P l a i n s '  coa l  t o  move by r a i l  t o  S t .  Louis and 

then by water t o  Boston. A l l  demands f o r  coa l  a r e  suppl ied by 

l i n k s  connecting r a i l  transshipment nodes t o  u t i l i t y  and demand region 

I The In tegra t ing  Model o l  ' the P ro jec t  Independence Evaluation 
System, by Logis t ics  Management I n s t i t u t e ,  Washington, D.C. ,  
f o r  the  Fede.ra1 Enerw Administration, Aucrust 1976. 



TABLE 1-1 TRANS.'SHIPMENT NETWORK ' NODES 'AND 

. . .. CORRESPONI?ING. CEXSUS REGIONS 

T  = ' R a i l  Node; W = Sarge  Node 

N e t r o ~ o l i t a n  A r e a  . . Code 
1 - Censiis Region 

Boston 

New York 

E a l t i m o r e  
Washington 
P h i l a d e l p h i a  

Miami 

P i t t s b u r g h  

A t l a n t a  

. C i n c i n n a t i  

D e t r o i t  

ch icago  

S t .  Louis  (b10 & IL) 

,Ninneapolis S t .  Paul 

Ksasas C i t y  (MQ & KS) 

Bouston 

F t .  Worth 
Dallas 

Denver 
Los Angeles 

San Franc i sco  

S e a t t l e  

New O r l e a s  

Nor theas t  J 

Middle A t l a n t i c  

Middle ~ t l a n t i c  (k) and 
South A t l a n t i c  (3/4? 

A t l a n t i c  

Middle A t l a n t i c  

South A t l a n t i c  

E a s t  North C e n t r a l  ( l / 7 )  
and 5. E a s t  South C e n t r a l  
(6/7) 

E a s t  Ncr th  C e n t r a l  

E a s t  North C e n t r z l  

E a s t  North C e n t r a l  (10/45) 
and 6. W e s t  North 
C e n t r a l  (35/45) 

West North C e n t r a l  

W e s t  North C e n t r a l  

West South C e n t r a l  

7 .  West South C e n t r a l  

8. Mountain 

9 .  P a c i f i c  

'9. P a c i f i c  

9. P a c i f i c  

5. Z a s t  South Centra l  

Note 1: For  t hose  d e s t i n a t i o n  c i t ies  a s s o c i a t e d  wi th  t w o  
census  r e g i o n s ,  t h e  f r a c t i o n s  i n  pa ren theses  r ep re -  
s e n t  t h e  p ropor t ions  i n  which coal d e l i v e r e d  t o  t h e  
d e s t i n a t i o n  c i t y  i s  d i s t r i b u t e d  t o  t h e  two census  
r eg ions .  The f r a c t i o n s  a r e  a p a r t  of t h e  PIES 
Model f o r n u l a t i o n .  
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PIGURB 1-2. THE BARGB TRANSSHI PMENT' NETWORK 
(Link Cost i n  1975 Dollars per Tan) 



PIGURE 1-3 .  RAIL L I N K S  CONNECTING COAL SUPPLY REGION CDNTROIDS 
TO RAIL TRANSStIIPMENT NETWORK 

(Distance i n  Sllort Line ~ i l e i / ~ o s t  in 1975 Dollars per Ton) 



PIGURD 1 - 4 .  LINKS CONNECTING COAL.SUPPLY REGION CENTROIDS 
TO RARGE TRANSSIIIPMONT NBTWORK 
(Link Cost in 1975 Dollars per Ton) 



nodes. To supply coal from water nodes, links are added connecting 

each water node to the rail node for the same physical location. 

The PIES utility and demand regions, to which coal is shipped, are 

coincident with Census Regions, shown in Figure 1-5. 
' *  

The coal shipping network is composed of seven types of links: 

f L 
four movement links and three transfer links. The four movement 

links are coal supply centers to rail-node-links, coal supply centers 

to water-node-links, rail-node-to-rail-node links, and water-node- 

to water-node-links. Costs of moving a ton of coal are attached 

to each link. A coal supply center to rail-node-link bears the 

fixed rail handling charge plus a mileage charge. Similarly, 

a link from a coal supply center to a water-node is composed of 

a fixed portion plus a mileage charge. The rail-node-to-rail-nodes 

links and water-node-to-water-node links have a cost parameter 
6 

(I reflecting a mileage charge times the link distance. 

The three transfer links are rail-node-to-water-node links, 

water-node-to-rail-node links and rail-nodes-to-consumption-center- 

node links. Recall that the only links between water-nodes and 

rail-nodes are those between nodes representing the same physical 

location. The cost attached to a link from a rail-node to a 

water-node is the cost of transferring coal from a unit-train into 

barges. The water-node-to-rail-node link carries a cost representing 

b only the extra cost of unloading barges as compared to unloading 
-5 ; Xhhl . .- unit-trains. There is no cost attached to the links from rail-nodes 
:& - -.+f, k- . *.d > t,: - 
fir to utility centers. However, the links from the rail nodes to the 
4 .  

demand consumption centers bear a cost that represents a surcharge 

on unit-train cost paid by users receiving coal in smaller lots. 

'.. This $2 per ton additional transportation charge for non-unit train 



FIGURE 1 - 5 .  CENSUS REGIONS 



transshipments which carry coal for industrial use in demand re9ions 

is applied to the transportation link betwan trznsshipment nodes 

and demand regions and does not enter into the unit cost figures 

prepared for Brookhaven National Laboratory. Figure 1-6 summarizes 

by presenting a small coal transshipment network with cost attached 

to each link. 

where 

a - 
b - 
C - 
d.. - 
,lJ - 
f -  

m.. - 
'I " , 

fix charge portion of rail  r a t e  = $1.60 
mileage charge portion of rail r a t e  = Oo0094 
fixed charge _portion of berge r a t e  . . 

cost of shipping by water  from i t o  j 
cost of unloading hopper cars &id loading barges = $0.25 
cost of unloading barges in excess or' unloading hcpper 
cars = $0.20 
?ail miles between i and j 
cost of shippins coal from Dznsshigment node t o  utility 
center  = $O.DO 
cost of shipping c o d  from transshipment riode to demand 
center  = $2.00 

. . 



The c o s t  f a c t o r  i n  d o l l a r s  p e r  t on  mile  f o r  moving c o a l  a long 

l i n k s  by t r a i n  i s  based upon r eg re s s ion  a n a l y s i s  of t h e  f u l l y  

a l l o c a t e d  o p e r a t i n g  c o s t  a s  a func t ion  of d i s t a n c e  f o r  t r a i n s  

o p e r a t i n g  a s  100-car u n i t - t r a i n s .  I t  i s  t h e s e  u n i t  t r a i n  c o s t  

f a c t o r s  t h a t  a r e  used i n  p repar ing  u n i t  c o s t s  f o r  Brookhaven 
J 

Nat iona l  Laboratory on t h e  b a s i s  of Census Regions. The c o s t  d a t a  

i n  d o l l a r s  p e r  t on  mi le  f o r  moving c o a l  by barge a long  t h e  network 

l i n k s  a r e  based on a c t u a l  sh ipp ing  c o s t  f i g u r e s .  A s  noted i n  

~ i ~ u r e  1-6, t h e  t r a i k p o r t a t i o n  ' c o s t s  from t h e  c o a l  supply  reg ions  

t o  t h e  source  t ransshipment  node a r e  based upon t h e  mode, e i t h e r  

. . r a i l  o r  barge,  by which c o a 1 . i ~  c a r r i e d  from t h e  source  t r a n s -  
I : 

shipment node. The f ixed-charge.  p o r t i o n  o f  r a i l  and barge t r i p  

c o s t s  a r e  app l i ed  t o  t h e  t r a n s p o r t a t i o n  l i n k  between t h e  c o a l  
d.:... 

2 ?:.% . .. .>....: 
I . .  .- s .yj,p;7 supply reg iobs  and t h e  source  t ransshipment  node. There i s  a  

.L.- , 

20-cent-per-ton handl ing charge t o  switch from barqe t o  r a i l ,  a 

25-cent-per-ton charge t o  switch from r a i l  t o  barge ,  and no charge 

f o r  sh ipp ing  c o a l  from a t ransshipment  node t o  a  u t i l i t y  c e n t e r .  

OUTPUT OF 1985 PIES 2EFERENCE CASE 

I n  d i s t r i b u t i n g  t h e  PIES c o a l  t r a n s p o r t a t i o n  volumes and u n i t  

c o s t s  o n ~ e  b a s i s  of  Census Regions, w e  used t h e  p r i n t e d  ou t?u t  

o f  t h e  r e s u l t s  o f  t h e  1985 Reference Czse (wi th  a  bus iness  a s  

u sua l  s c e n a r i o  and p e r  b a r r e l  imported crude o i l  

p r i c e )  of  t h e  PIES Xodel, shown i n  F igures  I-7A and 7 3 .  

The ou tpu t  g ives  d a t a  on t h e  u n i t  c o s t  and volumes shipped 

by r a i l  o r  barge between o r i g i n  and d e s t i n a t i o n  f o r  each of 

n ine  t ypes  of c o a l  found i n  t h e  PIES Model. The u n i t  c o s t  of 

t r a n s p o r t a t i o n  f o r  a  shi?ment i n  d o l l a r s  p e r  ton  is  given i n  t h e  
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FIGURE I-7B COAL TRANSPORTATION OUTPUT OF 1985 PIES REFERENCE ,C?.SE 
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TOTAL 

-- 
TOTAL 209.1 

-.----------------- --- 
1*1S a f f L R L h C L  C I I C  

L O C A l I D ~  
.---------u---ia..- 

COOL hA*C ---- --- 
m A t L  UN LOCAL 

C. c CULI ro  t UOIJSTU~I IAIL 
C b  C  C U L I  I t  T  OALLAS) I A I L  
C l  C  L A I l L 9 m  MOPIRLY*  Cat.? C L A I M S  T8  1 ST,PAUL-MIWLA?L.) P A I L  --- 

TOTAL 71.2 

. - - - - - - - 
c 8  C. -CIVEP~ ~ U l T n t r ~  G a f b T  P L A I M S  T? T O E M v t a r  P A I L  
C A  : 10urnwC11 TC 1 LOI AMCELCII PAIL 
C 8  C  *Owln . ta l  .I . SEATTLCl  O A 1 C t  
11 T s t r l l ~ t 8  @AIL rn T rr- r a r ~ c l ~ c o ~  PAIL .I . s f a ~ i ~ c ;  BAPCL TI T  SEATTLE8 P A I L  

P l P t L l h E  0 0  LOCAL 
a1 s I-ALL RECIOU I nr R P A O Z ~  . --- 

TOTAL J00.0 

CD c o c u  L 1 w u i u ) ( r e ' c n l  

CIPCLIML O* LOCAL 
C z  I1 2  P A C I F I C  COAST J I A T L S  05 I P A 0 5  ---- 

TOTAL 11Tb.S 

P I P C L I N C  0 0  LOCAL 
01 0  b + t 8 1 k n *  GULF B A S I N  a 2  n P I 0 2 1  



column of F iqures  I-7A and 7B. Data on t h e  o r i g i n  of  a shipment 

a r e  given i n  t h e  nex t  t h r e e  columns: t h e  code f o r  and name of 

c o a l  supply r eg ions ,  r a i l  o r  barge t ransshipment  nodes. Data 

on t h e  i n t e r i n  o r  f i n a l  d e s t i n a t i o n  o f  a  shipment a r e  given i n  

t h e  nex t  t h r e e  columns: t h e  code f o r  and name of  r a i l  o r  barge 

t ransshipment  nodes. The volume of c o a l  i n  thousand t o n s . p e r  

ca l enda r  day (MT/CD) moving i n  t h e  shipment i s  given i n  - t h e  l a s t  

column. 

PROCEDURE TO ALLOCATE COAL PRODUCTION BY CSNSUS REGION 

A procedure was developed t o  a l l o c a t e  c o a l  p roduc t ion  from 

PIES c o a l  supply reg ions  by Census Regions. The a i l o c a t i o n  pro- 

cedure ,  which i s  approximate, i s  based upon prev ious  y e a r s '  pro- 

duc t ion  by Bureau of Mines' m i n i n ~  d i s t r i c t s ,  by S t a t e  and, by 

2, county where necessary.  The a l l o c a t i o n  scheme i s  de f ined  i n  

Table 1-2. For r e f e rence ;  a map showing t h e  PIES c o a l  supply 

reg ions  i s ' p r e s e n t e d  i n  Figure  1-8. 

METHODOLOGY TO DISTRIBUTE PIES COAL TRANSPORTATION VOLUMES ' ATD 
UNIT COSTS BY CENSUS REGION 

I n  t h e  PIES ~ o d e l ,  c o a l  i s  d iv ided  i n t o . t h r e e  product  

c l a s s e s - m e t a l l u r g i c a l ,  low-sulfur and h igh-su l fur  c o a l .  The 

combined c o a l  product  c l a s s e s  o f  low-sulfur and h igh - su l fu r  

c o a l  a r e  known as steam coa l .  Me ta l lu rg i ca l  c o a l  i s  de f ined  as 

' Kinera l  Indus t ry  Survey, "Bituminous Coal and L i g n i t e  D i s t r i b u t i o n  - 
Calendar Year 1975", Bureau of Mines, U . S .  Department of  t h e  
I n t e r i o r ,  Washington, D.C. ,  A p r i l  12 ,  1976 f o r  product ion d a t a  
by mining d i s t r i c t ;  Coal Mine Expansion Study by ICF I n c . ,  Washing- 
t on ,  D.C. ,  f o r  Of f i ce  of  Coal,  Federa l  Energy Adminis t ra t ion ,  ~ a y  
1976 f o r  product ion d a t a  by S t a t e ;  and Bureau of  ~ i n e s  Mineral 
Yearbook, "Coal-Bituminous 2nd L i g n i t e " ,  U.S. Department of 
I n t e r i o r ,  Washington, D . C . ,  1975 f o r  product ion d a t a  by county. 



'I'ABLE 1 - 2  METHOD TO ALLOCATE COAL PRODUCTION l7l1OM P I E S  COAL 

SUPPLY REGIONS BY CENSUS REGIONS 

P I E S  
C o a l  S u p p l y  R e g i o n s  

1. N o r t h e r n  A p p a l a c h i a  

2 .  C e n t r a l  A p p a l a c h i a  

3. S o u t h e r n  A p p a l a c h i a  

4 .  M i d w e s t  

C e n t r a l  West 

G u l f  

 astern N o r t h e r n  
G r e a t  P l a i n s  

Wes te rn  N o r t h e r n  
G r e a t  P l a i n s  

R o c k i e s  

S o u t h w e s t  

N o r t h w e s t  

A l a s k a  

B u r c s u  of Mines ' 
N i n i n g  D i s t r i c t s  

1 2 , 1 4 , 1 5  
(except T e x a s )  

T e x a s  

C e n s u s  R e g i o n  A l l o c a t i o n  Scheme 

1 / 2  f r o m  C.R. 12  Middle A t l a n t i c  
1 / 4  f r c .n i  C . R .  H3 South A t l a n t i c  
1 / 4  f r o m  C . R .  # 4  E a s t  N o r t h  C e n t r a l  

1 / 2  from C.R.  # 3  S o u t h  A t l a n t i c  
1 / 2  f r o i n  C.R. #5 E a s t  South C e n t r a l  

A l l  from C. R. #5 E a s t  S o . ~ t h  C e n t r a l  

3 / 5  from C.R. # 4  E a s t  N o r t h  C e n t r a l  
2 / 5  Z r o m  C.R. # 5  E a s t  S o u t h  C e n t r a l  

2 / 3  f r o m  C.R. # 6  W e s t  N o r t h  C e n t r a l  
1 /3  f r o m  C.R.  # 7  West S o u t h  C e n t r a l  

A l l  f r o m  C.R. # 7  West S c u t h  C e n t r a l  

2 1 , 2 2  
( l i g n i t e  o n l y )  A l l  from. C.R. # 6  West N o r t h  C e n t r a l  

1 6 , 1 9 , 2 2  
( e x c e p t  l i g n i t e )  A l l  f r o m  C.R. # 8  ~ o u n t a i n  

1 7 , 2 0  A l l  f r o m  C. R. # 8  Mountain 

18 A l l  from C.R,  # 8  M o u n t a i n  

2 3  ( e x c e p t  ~ l a s k a )  A l l  from C.R. #9 P a c i f i c  

A l a s k a  A l l  f r o ~ n  A l a s k a  





premium qua l i ty  coking coal  with less than 1.3 percent su l fu r ,  less 

than 0.8 percent ash, and more than 26 mil l ion BTU per ton. Since 

the  l eve l  of  demand f o r  metal lurgical  coal  i s  set outside of the  

PIES Model and r e s t r i c t e d  t o  domestic coking and export markets, 

no s ing l e  estimate of BTU content is  required by the  model for 

metallurgical  coal. Low-sulfur coal  i s  defined t o  m e e t  the  

Environmental Protect ion Agency's new source performance standard 

of 0.6 pounds of  s u l f u r  per mil l ion BTU. The remaining coal  is , + ..., - 
I-  .% ..Ic 

ca l l ed  high-sulfur. 

Both high- and low-sulfur stcam coal from each region is  

assigned t o  one of four BTU categories: 

Category 

High 
Medium 
Low 
Very Low 

These four categories represent  (I) eas tern  bituminous coals ,  (2 )  

other  bituminous coals ,  (3) sub-bituminous coals ,  and ( 4 )  l i g n i t e s ,  

respectively. 

The nine types of coal  used i n  t he  PIES Model a r e  i den t i f i ed  

i n  Table 1-3, along with t h e i r  PIES code and l e v e l  of production 

i n  thousand tons per  calendar day (MT/CD), which w i l l  serve as 

t he  bas i s  f o r  an ari thmetic check of the  d i s t r i bu t ion  of coal 

.volumes by Census Region. 

For each type of coal ,  t h e  procedure outl ined below w a s  

followed: 

- The t ranspor ta t ion network was sketched from coal  

supply region t o  transshipment node f o r  movement by 

r a i l  and/or barge fo r  f i n a l  d i s t r ibu t ion  t o  Census 

Regions. As an example a netwcrk i s  shown fo r  one 

type of coal  i n  Figure 1-9; 
-16 - 



TABLE SUKMARY OF COAL PRODUCTI.ON I N  MT/CD BY TYPE OF COAL 

Code . . . Type  of C o a l  

. CH: High BTU ( 2 4  x l o 6  BTU/T) , h i g h  s u l f u r  
* ' 

P r o d u c t i o n  Volume 
( i n  MT/CD) 

, C I :  H i g h  BTU ( 2 4  x l o 6  BTU/T) , l o w  s u l f u r  451.4  

CM: . Metal lurgical  

CU: V e r y  l o w  BTU ( 1 4  x l o 6  BTU/T) , h i g h  s u l f u r  

6 '  
CV: Low BTU ( 1 9  x 1 0  BTU/T), h i g h  s u l f u r  

6 
. . CW: Medium BTU ( 2 2  x 1 0  BTU/T) , h i g h  s u l f u r  )+. . . , I-> 
' C S  :.2 . : 

CX: Low BTU ( 1 9  x l o 6  BTu/T),  l o w  su l fu r  

CY: V e r y  l o w  BTU ( 1 4  x l o 6  BTU/T) , l o w  s u l f u r  

CZ: Medium BTU ( 2 2  x l o 6  BTU/T), l o w  s u l f u r  73 .6  

TOTAL 2809 .6  



STAYS 

b-Assume a l l  from @ 

I\I'I'/CD: Il~ousand Tons per 
Calendar Day 

$O.OO/T: Link Tr;lnspo~.tation 
Cost i n  $'s/'l'c~n 

[ O U O ] :  Link Distance i l l  

S t a t u t e  blj.lcs 



- Each shipment o f  c o a l  was t r a c e d  from c o a l  supply 

reg ion  through t h e  r a i l  and/or barge t ransshipment  

network t o  a d e s t i n a t i o n  node and i ts  corresponding 

Census Region(s1. F igure  1-10 t r a c e s  t h e  movement 

of  t h e  d a i l y  product ion o f  h igh  BTU, h igh-su l fur  - 

c o a l  from c o a l  supply r eg ion  1. A s imp l i fy ing  

assumption was made f o r  t h e  case i n  which one type  

o f  coal was shipped from two c o a l  supply reg ions  

t o  a common t ransshipment  node f o r  f u r t h e r  t r a n s -  

shipment. The t ransshipment  of  t h e  l e s s  c o s t l y  

c o a l  a r r i v i n g  from t h e  ( g e n e r a l l y )  c l o s e r  c o a l  

supply reg ion  i s  exhausted be fo re  t r ans sh ipp ing  

t h e  more c o s t l y  c o a l  from t h e  f a r t h e r  c o a l  supply 

region.  

- For each shi?ment, t h e  volume moved i n  thousand 

t o n s  p e r  ca lendar  day (MT/CD),  d i s t a n c e  inoved i n  

m i l e s ,  t o t a l  t r a n s p o r t a t i o n  c o s t s '  and un ' i t s  c o s t s  

terns o f  d o l l a r  p e r  t o n  ($/TI and d o l l a r  p e r  ton- 

mile  ($/Tm) were found: 

- The d a t a  f o r  each t v ~ e  o f  c o a l  w a s  c o l l e c t e d  and 

summarized bv Census Reaion: 

- Data on d a i l v  volumes and u n i t  c o s t s  a r e  d i s ~ l a v e d  

i n  a 1 0  x 1 0  mat r ix  ( i n c l u d i n a  Alaska) .  The r e s u l t s  

f o r  each t v ~ e  of  c o a l  a r e '  inc luded  i n  t h e  ma t r i ce s  

(Tables  1-4 through 1 - 1 2 ) .  The summary of  c o a l  

product ion by type  of c o a l ,  shown i n  Table 1-3, 

se rved  a s  t h e  b a s i s  f o r  an a r i t h m e t r i c  check of  





TABLE 1-4. TRANSPOR'PATION OF CH COAL (HIGII DPU 24 x 10' BPI'U/T. HIGH-SULPUIL) 
PROM CENSUS REGION TO CENSUS REGION 

-- - -- --- --- .... - -  - . -- ........ . .- ................ _ . . . .  
NO. I HO. 2 NO. 3 1.10, 4 No. S NO. 6 NO. 7 NO. II NO. !I 

NEW MI I)III.E solrrl~ I~ASI' NOII.~.II l i~s.~' snu'rll w ~ s r  N~ICIII w~isr so11n1 I 

, tllJllt~I'A IN  AI.ASIA , I!N(;I.ANI) A1'I.ANT LC A'I'I.AN'I'IC (;liN'l'lt~\l. f:l~N'I'ltAl. ~: l~NI ' l fAl ,  (:l:NI'ltAl. I'AC I 1: 11: 

NO. I 

Nlilf 
I~NI~I.AI4II f 

-- - - . - .- .- -. -- -- --. -- .... -- ___ __ _________ 
NO. 2 . M'I'/(:l) 16.85 M'I'/CI) 87.51 M'I'/(.:l) 47.59 M'I'/Cll 4!l.74 

1.11 1ll~l.I: t1.V 8.ti7 $/'V 5.27 $/'I' 4.77 $/'r 1.47 

A.I.I,,,:I.I.I $/'I'ln 0.01 I 5 0  $/'I'III 0.01 316 $/'I'll1 0.0141 I $/'I'm 0 .Ill 

. - -- - --- .- ... _ 
E l l ) .  3 M I  8.33 M'I'/C:I) 5 3 . 9  I 90.'31 M'l'/(:lj 24.88 

$/,I' 8.G'l $/'I' 5.24 $/'I' 5.6H $/'I' 4.47 . SI'IIJ'I'I I 
A.I.I.A,I.,. I(: $/'I'll1 0.01 150 $/'I'll1 (1.01 35U $/'I'III U. OIRU'J $/'l'n~ O.lll401 

. - - - -  - - .. 
NO. 4 M I  8.33 M'I'/(':U 43.76 M'I'/(.:l) 23.79 M'I'/(:l) 24.88 

$/.I' 8.67 $/'Is 5.27 $/'I' 4.77 $/'I' 1.47 I:A!<l' ElOlt'l I I 
$/'I'III U. 0 1 150 $/'I'll, 0.0 1345 $/TIII 0.0 14 1 I $/'I'll1 0.  O 140 l (:l:Kl'lft\~, 

- - .- - - - - - - - - - -. .. - . - - - - ..... ... ........ .... .. .. . -- . - 
NI). 5 I 9.43 Mal'/(:lJ 81 .A2 

$/'I' 5.09 $/'I' 8.73 EAS SOll'lll 
~:l~N'l'ltAl, $/'I'III 0.01 372 $1'1'111 0.01233 

..... ... __ 
NO. I 

lYl!SI' Nillt ' l l l 
I:IiN'I'ItAI. 

... . . . - . .  .... 
Nil. 7 

IWSI' soll'l'll 
CliN'l'ltAl, 

.... - -- -. -. .. .... . . . . . . - . . . .  - ..... - ..... 

LEGEND 

b l l l l l ~~ l ' h  I I4 MT/CL) VO~IIIIIC I n  Thaumnd Tons per C a l e ~ ~ J n r  

. .... ... .... -. . .  -- . .___d .--.. .. .... 

NO. 9 
' . . . . .  . -- . 

$/l'~n Cost  in Do l la rs  ~ c r  Ton M i l e  
........ ..... 

Al.A!iKA 

- -. -- -- 



TABLE 1-5. TRANSPORPA'IION OF CI COAI. (MIGH B'PU 24 a ~ O ~ R T U / ' I '  , LOW-SULFUR) 
FHOM CENSUS REGION TO CENSUS RE.GPON 



TABLE 1-6. TRANSPOH'FA'FION OF CM COAL (METAI,I,URGBCAI,) 
P I ~ ~ E N S O S ~ ~ I B M  TO CENSUS RECKON 



'I'AULE 1-7. 'PRANSL~ORTATION OF CU COAL (VElLY LOW UTU 1 4  x ~ ~ ' D T U / ' I '  . MIQII-SULFUR) 
FROM CENSUS REGION 'I'O CENSUS REGION 



TABLE 1-8. TRANSPORTAIMON OF CV COAL (J.OW B'PU 19 x ~ O ~ R T U I T  , HIGH-SULFUIZ 
PROM CENSUS REGION TO CENSUS REGION 



TAB1.B 1-9. TItANSl~ORTATION OP CW COAL (MEIIlUM RTU 2 2  x I O ~ D . ~ U ! T  ,HIGH-SUL.PUR) 
FlZOM CENSUS REGION 'fO CENSUS REGION 



f " .  ,,7 .., . .. . . ',. .: 
1.' ' , .. . ,.* ::: .> 
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. . 
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'I'AULB 1-10. TItANSPORTATION OF CX COAL (LOW U'TU 19 x 10' U T U / ' ~  ,LOW-SULPUIZ) 
I .  1 ; R O M m S U S  REGION TO CENSUS JtEGION 



T A B L ~  1-11. TRANSL~OIITATION OF CY COAL. ( V E I ~ Y  LOW trru 14 x I C I ~ B T U ~ I .  , LOW-SULFUR) 
FROM CENSUS REGION TO CENSUS REGION 



TABLE 1-12. TI~ANSPOHTATION OF cz COAL (MEDIUM BTU 22 x I O ~ D T U I T .  LOW-SULFUR) 
PROM CENSUS REGION TO CENSUS REGION 



t he  d i s t r i b u t i o n  of coal. volumes by Census Region. 

The same da ta :  volume i n  MT/CD and u n i t  c o s t s  i n  $/T and 

$/Tin. a r e  aggregated f o r  a l l  types of coa l  and displayed i n  a 

s i n g l e  1 0  x 1 0  matrix (Table 1 - 1 3 ] .  A s m a r y  of coa l  volumes 

moving from and t o  Census Regions ' (and Alaska)' i s  shown i n  Table 

1 - 1 4  a s  t h e  bas i s  f o r  an a r i t h m e t r i c  check of the  d i s t r i b u t i o n  

shown i n  Table 1-13.  



T A B L E  1-13. TRANSPOTtTAII'ION OF ALJ. COAL ( A G ~ R E G A T E D )  FllOM CENSUS REGION TO CENSUS REGION 



TABLE 1 - 1 4  SUMMARY O F  COAL VOTJUMES I N  ElT/CD MOVING FROM AND TO C E N S U S  R E G I O N S  AND ALASKA 

P r o m  C e n s u s  R e g i o n .  N o .  1 - 

Alaska ' 0 . 3 0  

To  C e n s u s  Region N o .  1 41.41 

8 145.90 

9 3 3 . 9 0  

Alaska - 

T O T A L  2 8 0 9 . 6 1  MT/CD T O T A L  2 8 0 9 . 6 1  MT/CD 



1-1. The I n t e g r a t i n g  Modex o f  t h e  ' p r o j e c t  Independence Eva lua t ion  
Sys.tem, L o g i s t i c s  Management I n s t i t u t e ,  Washington, D.C., 
f o r  t h e  Federa l  Energy Adminis t ra t ion ,  August 1976. 

1-2. Mine ra l . Indus t ry  Survey, "Bituminous Coal and L i g n i t e  D i s t r i -  
b u t i o n -  Calendar .Year l97SW,  Bureau of Mines, U . S .  Depart- 
ment o f  t h e  I n t e r i o r ,  Washington, D.C., A p r i l  1 2 ,  1976. 

1-3. CoalMine Expansion Study, ICF Ine . ,  Washington, D e C . ,  f o r  
*eOffice of  Coal,  Federa l  Energy Adminis t ra t ion ,  May 1976. 

1 - 4 .  Bureau of Mines Mineral Yearbook, "Coal-Bituminous and L i g n i t e " ,  
U . S .  D parL,cnent of  I n t e r i o r ,  Washington, D . C o ,  1975 



11. CRUDE O I L  TRANSPORTATION COSTS 

INTRODUCTION 

I n  t h e  PIES Model crude o i l  i s  produced i n  one of 1 4  o i l  

r eg ions  (which correspond t o  t h e  NPC o i l  and gas  reg ions  shown i n  

- ~ i g u r e  11-1, and i s  t r a n s p o r t e d  t o  one o f - 7  r e f i n e r y  reg ions  where it 

it conver ted i n t o  t h e  gaso l ine ,  r e s i d u a l  o i l ,  d i s t i l l a t e  o i l  

and o t h e r  petroleum produc ts  which a r e  r equ i r ed  by t h e  PIES Equ i l i -  

b r a t i n g  Mechanism. Nei ther  t h e  o i l  reg ions  nor  t h e  r e f i n e r y  

r eg ions  (which correspond t o  Petroleum Adminis t ra t ion f o r  Defense 

D i s t r i c t s  - PADDs) shown i n  F igure  1 1 - f ' c u r ~ e s p o n h  d i r e c t l y  t o  Census 

Regions ( s e e  Figure  11-3) .' Indeed, . t he  boundaries o f .  a number of t h e  

o i l  and gas  reg ions  do n o t  even co inc ide  wi th  S t a t e  borders .  

PIES raw d a t a  con ta ins  crude o i l  t r a n s p o r t a t i o n  c o s t s  between 

o i l  producing reg ions  and r e f i n e r y  regions .  The c o s t s  a re -g iven  

f o r  two s e p a r a t e  modes of t r a n s p o r t a t i o n ;  p i p e l i n e s  and barges.  

The p i p e l i n e  mode a l s o  i nc ludes  road t r a n s p o r t a t i o n  where r e l e v a n t  

and t h e  barge mode inc ludes  t anke r  t r a n s p o r t a t i o n  where t h a t  i s  

permi t ted .  With t h e  except ion  of  t h e  Trans Alaskan P ipe l ine ,  no 

c o n s t r a i n t s  a r e  placed on a q y - o f  t h e  t r a n s p o r t a t i o n  l i a k s i  i . e .  

un l imi ted  q u a n t i t i e s  of f u e l  may flow between any o i l  prcducing 

reg ion  and r e f i n e r y  r eg ion  provid ing  t h a t  a l i n k  does i n  f a c t  

e x i s t .  

The two PIES  Standard Tables  which con ta in  t h e  t r a n s p o r t a t i o n  

c o s t s  a r e  named TROPLPRC ( p i p e l i n e  c o s t s )  and TROBLPRC (barge c o s t s )  

r e s p e c t i v e l y  (Tables  11-1 and 1 1 - 2 1 .  Costs  a r e  only-  provided where 

l i n k s  a r e  p o s s i b l e ;  i .e.  where p i p e l i n e s  a l r eady  e x i s t  o r  a r e  

planned o r  where barge o r  t anke r  t r a n s p o r t a t i o n  i s  f e a s i b l e .  

-34- 
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FIGURE 11-1 NPC OIL AND GAS REGIONS 





FIGURE 1 1 - 3  

P I E S  ELECTRIC UTILITY AND DEMAND REGIOtJS 
( C o r r e s p o n d i n g  to C e n s u s  R e g i o n s )  



TABLE 11-1 - INTER-REGIONAL CRUDE O I L  PIPELINE TRF-NSPORTATIDN, COSTS 
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Links where both  p ipe l ine  and. barge t r a n s p o r t a t i o n  a r e  p o s s i b l e  

w i l l  have c o s t s f o r - b o t h  t r a n s p o r t a t i o n  modes. Because. no c a p a c i t y  

c o n s t r a i n t s  a r e  used;  t h e  model however w i l l  choose t o  send 

a l l  t h e  crude v i a  t h e  cheaper  of t h e  two. modes..  I n  gene ra l  

t h i s  w i l l  be t h e  p i p e l i n e  mode wi th  the, except ion  6f crude . . £ram 

Alaska t o  r e f i n e r y  r eg ions  o t h e r  than  C a l i f o r n i a  ( r e f i n e r y  reg ion  

5). I n  o r d e r  t o  conver t  crude o i l  c o s t s  t o  an in te r -census  reg ion  

b a s i s  i t  i s  necessary t o  a l l o c a t e  o i l  product iun i n  thc PIES rn~del  

t o  Census ~ e g i o n s  and a l s o  t o a l l o c a t e  refine-ry capac i ty  from PADDs 

t o  Census. Regions. 

ALLOCATION OF OIL PRODUCTZON TO CENSUS mGIUN, . .  

I n  t h e  r e f e rence  c a s e ,  t h e  PIES model permi t s  t h e  product ion 

o f  20  d i f f e r e n t  t ypes  of  crude o i l  i n  t h e  U.S. Each c rude  i s  

/r<,>. . . c h a r a c t e r i z e d  by having a  d i f f e r e n t  assay  w h i c h ' i s  used t o  d e f i n e  
;..-:-;:;:;:: ~. . . . ... . . .... . 

.>- t h e  crude o i l  a t t r i b u t e s  needed by t h e  PIES r e f i n e r y  model. The 

supply curves ( i . e .  t h e  q u a n t i t y  ve r sus  p r i c e  r e l a t i o n s h i p s )  f o r  

each of t h e s e  crude types  a r e  contained i n  t h e  O i l  Standard Tables.  
. . 

I n  gene ra l ,  each crude type  i s  produced i n  o n l y ' o n e  or two oil 

r eg ions ;  f o r  example o i l  type  AS (Alaskan South Brooks Range) i s  

produced i n  PIES o i l  reg ions  1 and 4 .  I n  t h i s  c a s e ,  t h e  o i l  pro- 

duced i n  reg ion  4 i s  n o t  t r u e  Alaskan crude b u t  i s  crude wi th  an 

a s say  s i m i l a r  t o  t h a t  o f  Alaskan crude. P IES  domestic crude o i l s  

are l i s t e d  i n  Table Z I - 3 .  

Table11-4 shows t h e  reg ions  i n  which each of t h e  crude types  i s  

produced. The a l l o c a t i o n  of product ion t o  s p e c i f i c  S t a t e s  has  

been done us ing  maps o f  t h e  Nat ion ' s  o i l  f i e l d s .  (Ref. 11-1). The 

a l l o c a t i o n  of s p e c i f i c  o i l  f i e l d s  t o '  s t a t e s  i s  l a r g e l y  unambiguous. 

The right-most column i n  Table i I - 4  shows t h e  r e f i n e r y  reg ions  t h a t  



TABLE 11-3 DOI'IESTIC CRUDE OIL TYPES 

Code - Description 

Aleskan S. Brooks Range 
West Coast Blend 
Pacific Offshore 
'Wyoming IVJx Oil Region 4 

Oil Region 5 
W e s t  Texas Mix 
Lo.uisiana Onshore 

Louisiana Offshore 
Oklahoma Mix 
Indigenous I2 
Indigenous If 
Alaskan North Slope Proven 
Alaskan Prudhoe Bay 
+Alaskan Beaufort Sea 
Neval Petrol Reserve 1 
Heavy Crude, PADD 5 
Heavy Crude, PADD 3 
Heavy Crude, PADD 2 
.%ap Sands Synthetic Crude 
Texas Gulf 

East Texas Mix 

Shale Oil 
Synthoil 

Constituent Crudes 
For Which Attributes Exist 

M 
WC 
WO 
WM-80% AS-3% WT-17% 
WM-86% H3-14% 
WT 
LC-48% ' GT-40% ' TE-1% 
\VT-2% 
LO 
OK-93% H3-'7% 
12-91% If -9 ?6 
I1 
AN 
AN 
AN 
wc 
H5 
~3 
HZ 
OL 
Treated as Constituents 
of Qther Crudes 
Treated as Constituents 
of Other Crudes . . 

, 

SO 
8L 



T A B U  11-4 ALLOCATION OF PIES CXUDE OIL 
PRODUCTION TO CENSUS REGIONS 

Permit ted t o  
Produced i n  CorrespOndhg . S t a t e  Census 
PIES Region NPC Region Region 

t r a v e l  t o  
Refinery Zegion 

Oil Tpe  
Code - 



t h e  crude i s  permi t ted  t o  f low t o .  This  column merely shows t h e  

l i n k s  t h a t  a r e  considered f e a s i b l e .  4s w e  s h a l l  s e e  l a t e r ,  t h e  

Model uses  only  a f r a c t i o n ' o f  a l l  t h e  l i n k s  t h a t  e r e  a v a i l a b l e  

t o  it. Using Table 11-4  it i s  p o s s i b l e . t o  a l l o c a t e  a l l  PIES o i l  
. . 

product ion t o  Csnsus Regions. 

I n  a d d i t i o n  t o  normal crude product ion,  PIES permi t s  t h e  

product ion of  o i l  from t a r  sands  (TS) , o i l  from s h a l e  o i l  (SO) 
, . 

and s y n t h e t i c  o i l  from c o a l  (OL) . I n  t h e  PIES 1985 '$13  reference 

case  s y n t h e t i c  o i l  is t o o  expensive t o ' b e  brought i n t o  ? rodac t ion  

($17/bbl) and need be given no fu r l t he r  cons ide ra t ion .  O i l  from 

. t a r  sands i s  t r e a t e d  l i k e  any ~ t h e r  crude wi th in  t h e  model b u t  

produces t h e  pooled crude (OL) wi th in  t h e  model. With a .  productior ,  

c o s t  of  $15/barr&l  it t o o  i s  t o o  expensive t o  come i n t o  produc t ion  

i n  t h e  $13 rer 'erence case and i n  any case  i s  no t  perfi . i t$ed' to be 

considered f o r  product ion except  t h e  a c c e l e r a t e d  

scena r io .  

A t  $12/bb l ,o i l  from s h a l e  o i l  6oes come i n t o  produc t ion .  It 

is  produced i n  a s i n g l e  s e p a r a t e  s h a l e  reg ion  ( S l )  which we have 

l o c a t e d  i n  t h e  Rocky Mountains (Census Region 8 )  . 
TRANSPORTATION BETWEEN CENSUS REGICNS -9ND REFINERY REGIO?JS 

I n  o r d e r  t o  determine t h e  way i n  which t h e  Model chooses t h e  

l i n k s  by which crude i s  a c t u a l l y  t r a n s p o r t e d ,  it i s  necessary  t o  

look a t  t h e  PIES Report (known f a m i l i a r l y  as Wonderbread). Pages 

79 through 83 of  t h e  Report d e t a i l  t h e  o i l  flows between.0i.l  and 

Ref inery Regions. These pages a r e  inc luded  as ~ p p e n d i x  A t o  

t h i s  chapte r .  

The flows descr ibed  on t h e s e  pages a r e  summarized i n  Table fI- 
i. 

'< \.:: .... 
5' which shows. t h e  o r i g i n  of  o i l  on t h e  b a s i s  of Consus Fegion 



T A B L E  11-5 O I L  FLOWS FROM C E N S U S  R E G I O N S  TO R ~ F ~ N E R Y  REGI'ONS 

Re f inery  Region 1 Re f inery  Regicn 2 Re f inery  Region 6  

O i l  Volume C o s t  Product  Volume C o s t  Product  Volume C o s t  Product .  
Type 

T o t a l s  
or Means 

m 
In 

T o t a l s  1 3 8 . 4  . I 4 6 6  
or Means 



O i l  
Type 

T o t a l s  
or Means 

mBLE 11-5 OIL FLOWS FROM CENSUS REGION TO REFINERY REGION 

Ref inery  Region 3 

Volume C o s t  Product 

Ref inery .  Region 7 

Volume C o s t  Product 



TAl3l.E 11-5:. : O I L  PI,OLdS .FR!)M CENSUS. REGI:ON TO III2FINERY REGION ..--.---.-- - ----- -. --- --.-- --.-- 
* 

n e f i n e r y  Region 2 R e f i n e r y  Regjon 3 I l e f i n e r y  Region 4; nori.tlery Itegloh 7 

01 1 Vo 1 umc C o s t  Product Vo1u11!c! C o s t  Product  Volumo C o s t '  Product V o l r ~ n t o  
'I'yi'e 

C o s t  Product 

A l ' o t a l s  359.6 . - 3 7 2  
ar 
I 

o r  Means 



TABLE 11-5 O I L  FLOWS FROM C E N S U S  REGION TO R E F I N E R Y  REGION 

R e f i n e ~ y  R e g i o n  3 R e f i n e r y  R e g i o n  4 R e f i n e r y  R e g i o n  5 
O i l  V o l u m e  C o s t  P r o d u c t  V o l u m e  C o s t  P r o d u c t  ' V o l u m e  C o s t  P r o d u c t  
TY Pe 

- .. . -.- 

a ' 0 t a k  ~ 3 8 ~ 0  4 , 0 1  6 0 3 . 9  - 5 9 6 3  NOT APPLICABLE 
or M e a n s  . . 



. .. , ,  . ar.2 t h e  d e s t h a t i o n  of t h e  o i l  i n  t e r n s  of Refinery Region. 
... . .. . 

.:..I 

ALLOCATION OF EFINZXY C-LZACITY TO CENSUS PEGION 

This  has been <one on 'he b a s i s  -of re<ine,-y c a c a c i t y  i n  use 

. or. January l s t ,  1976, us ing  d a t a  i n  Reference V I - 1  which desc r ibes  

each r e f i n e r y  i n  t e -ns  of l o c a t i o n ,  ownership, capzcify, e t c .  The 

geographical  data i s  d e t a i l e d  i n  Table 11-6  and s-qarized i n  xi-:. 

These same d a t a  correspond t o  s i m i l a r  d a t a  publ ished by t h e  

ZEA and t he  Bumeau of 3fines. (BefsrenCe IP-2) 

Tables 11-5 and 11-7 nay now be ilsed t o  l e ' r e , V i ~ e  the casts cf 

t r a n s p c z t i n g  crude frcm one Census Region t o  another .  

! .  The procedur2 i s  t o  Setemt ine  Zrom Table 21-5 r o  which Z e f i n e r ~  

Reqions c r u Z t i s  t r3nspor t rC frcm ecch Census Reqion. The corre-  

sgoz5ence between Refine-y Regions acd Csnsus Regions is given 

. ,?;'?: 
,:;:. ;..$. 

by Tabla Ti-7 :  T a l e s  TI--8 and 11-9  show t h e  c o s t s  per  bzrrel and f l o ~ x s  
:,.:: .: '<: 7.1 .>.' 

between Csnscs Begions. The c o s t s  a r e  the  costs fromTablo Ii-5. . . .-. * 

except  vhen crcde f r c m  a census r q i o n  t r a v e l s  t o  t w c  ( o r  nozei 

r e f i n e r y  r e s i o n s ,  both of which nav+ a r e a s  which f a l l  i n t o  one 

Census Region. I n  those  ins tances  we have cor~pctal? t h e  wsighted 

aversgal  of the c o o t s  of the crude o i l  flowin? i n t o  t h e  rogion. 

?or exanqle,  o i l  ?rodaced i n  Census Rsgion 7 flows t o  lILS 

Refinery 3sgions 3 and 7. 92% of R.=fizezy Regicns 3's cagaci ty  

i s  i n  Census Region 7 and 41.3% of Ref inekl  Region 7 ' s  capaci ty .  

Tkus 5 4 7 3  (= 0 . 9 2  x 5 9 4 9 . 2 )  rhousand berrel;/Zay of oil i s  

t ranspor teZ t o  the region  a t  a c o s t  of  7 .5$/bar re i  

and a f a r t h e r  199.5 (= 0'. 4 1 3  x 4'83.1) thousand b a r r e l s /  

day a t  a c o s t  cf .448C/5arrel. The weighted 



TABLE 11-6 ' AILLOCATION .OF REFINERY CAPACITY TO CENSUS REGI@.FTS 

Census Region 1 Refinery Capacity PADD - 
bbls/CD 

LYaine 

' New Hamshire 

Vermont 

Nassachuset ts  

Rhode I s l a n d  

Connecticut  

Cens.us Region 2 

N e w  J e r s e y  

Pennsylvania 

.fl.:~%, 
,. . . 
, . .;.::: . .  . ., . , : . . ....xr Cellsus Region . 3 . 

[ W. V i r g i n i a  

l4ary land  
z .. 

C e l a w a r e  

V i rg in i a  

Wash., D.C. 

N. Caro l ina  

S. Caro l ina  

Georgia 

- F l o r i d a  

0% of  P ~ D  1A Capaci ty  (PIES 

1A '"I Refinery Region 1) 

fA } 1 0 0 %  of  PADD IA Capaci ty  (PIES 
\ Refinery Region 1) 

100% of PADD 1 B  Capaci ty  
(PIES Xefinery Region 6 )  



Zef i n e r y  Capaci ty  PADD - Census Region 4 

Wisconsin 

I l l i n o i s  

Ind iana  

Michigan 

. ' Ohio 

2A 3% of PADD 2B Capacity (PIES I Refinery Region 7  
8 9 %  of  PADD 2A Capacity (PIES 
Refinery Xegion 2 )  

2A 

. . Census Region 5 

Keililucky , 

8 %  of PADD 2A c a p a c i t y  ( P I E S  
Refinery Region 2) Tennessee 

. . M i s s i s s i p p i  
6 %  of PADD 3 Capacity (PIES 

Refinery Region 3) Alabama 
. .-- . 

a &,: ."" 
: ..? 1. .::2 

>; ,:,:Y? 

, "" Census Region 6 

N. Dakota 

S. Dakota 

Nebraska 558  of PADD 2B Capacity (PIES 
Ref inery Region 7 )  

- Kansas 

Minnesota 

Iowa 

2A 4 %  of PADD 2 9  Capacity (PIES 
Refinery Region 2 )  

Missouri  

Census Region 7  

2B 4 1 %  of PADD 2B Capacity (PIES 
, Refinery Region 7 )  

Texas 

8 7 %  of  PADD 3 Capacity (PIES 
Refinery Region 3 )  

. . 

..,.? < 
Arkansas 

;::; ' :;. . .> 
; .:.. 
'.-....? .... Louisiana 



R e f i n e r y  C a p a c i t y  

Idaho - 
Nevada - 
Utah 1 5 2 , 0 0 0  

A r i z o n a  4 , 0 0 0  

Montana 1 5 6 , 1 8 1  

Wyoming 

C o l o r a d o  

New N e x i c o  1 0 4 , 2 3 0  

C e n s u s  R e g i o n  9 

W a s h i n g t o n  3 6 6 , 9 0 0  

O r e g o n  1 4 , 0 0 0  

A l a s k a  7 4 , 2 5 0  

. . 
H a w a i i  . . , 1 0 1 , 7 5 0  

PADD - 

1 0 0 %  of PADD 4 C a p a c i t y  (P IES '  
R e f i n e r y  R e g i o n  4)  \ ~ 1 %  of PADD 5 C a p a c i t y -  (PIES 
R e f i n e r y  R e g i o n  5 )  

2 %  of PADD 3 C a p a c i t y  ( P I E S  
R e f i n e r y  Region 3,) 

5 capacity (PIES 
( R e f i n e r y  i t e g i o n  5 )  



. % .,.-, .. TABLE 11-7 PERCENTAGE O F  P I E S  REFIE!ERY' CAPACITY A T T R I B U T - U L E  TO CENSUS 
.. , 

\ .  ,: REGIONS' 

P I E S  R e f i n e r y  
R e g i o n  1 

C e n s u s  R e g i o n  

1 



T A B L E  1 1 - 8 .  C O S T S  O F ' O I L  TRUISPORTATIOEJ  BETWEEN CENSUS R E G I O N  ' 

( I n  $/bar.rel) 

T o  C e n s u s  
F ' r o m  R e g i o n s  . 1 

I. 

I C e n s u s  
R e g i o n  

~, 



W L E  - 1 1 - 9 ,  CRUDE O I L  'FLOWS BETWEE1.J CESSUS REGIONS 

(in thousand of barrels/ .day) . 

: From 
Census To Census Region 
Region 1 2 3 ' .  4 . 5  6 7 8 

. Alaska 



The h i g h . c o s t s  of  t r a n s p o r t a t i o n  from Census Region 9 r e f l e c t  t h e  

c o s t s  of t r a n s p o r t a t i o n  from Alaska. 

Within Census Region 9 i t s e l f ,  C a l i f o r n i a a i l  i s  t r a n s p o r t e d  

a t  a c o s t  of $0 .012l /bar re l  and Alaskan O i l  i s  t r a n s p o r t e d  t o  

C a l i f o r n i a - a t  a c o s t  of  $1 .3 l /bar re l .  PIES r e f e rence  c a s e  has  

2.3 m i l l i o n  ba r r e l s /day  moving from Alaska t o  C a l i f o t n i a  R e f i n e r i e s  

and 1.34 .mi l l i on  ba r r e l s /day  o f  W e s t  Coast  o i l  . . moving t o  r e f i n e r i e s  

a l s o  i n  C a l i f o r n i a .  
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The c o s t s  of t r a n s p o r t a t i o n  of imported n a t u r a l  gas  a r e  

included i n  t h e ' p u r c h a s e  p r i c e .  Imports  a r e  moved d i r e c t l y  from 

PIES import reg ions  t o  PIES u t i l i t y  o r  demand region.  

Links a r e  provided t o  t r a n s p o r t  n a t u r a l  gas  from gas  reg ion  

t o  t h e  co- located PIES r e f i n e r y  reg ions .  No c o s t s  a r e  a s s o c i a t e d  

wiA& t h e s e  l i n k s .  

ALLOCATION OF GAS PRODUCTION TO CENSUS REGION. 

Table 111-2 shows t h e  correspondence of  n a t u r a l  gas p roduc t ion  

i n  PIES, gas  r e g i o n s - t o  S t a t e s  and thus  t o  'census Regions. The N a t i c n ' s  

major gas p r o d u c i n g , £ i e l d s  do n o t  i n  gene ra l  co inc ide  geographica l ly  

wi th  t h e  o i1 :p roduc ing  f i e l d s  a l though they  a r e  gene ra l ly  l oca t ed  

i n  c l o s e  proximity.  A s  wi th  o i l  p roduc t ion ,  we have a l l o c a t e d  gas  

product ion t o  S t a t e s  on t h e  b a s i s  of  maps i n  t h e  I n t e r n a t i o n a l  

Petroleum Encyclopedia Vol. 6 .  There were only  two i n ~ t a n c r s  where 

gas f i e l d s  appeared t o  ove r l ap  two Census Regions. These were i n  

PIES  gas reg ion  OA which includesKansas,  Texas and Oklahoma and 

PIES  gas  reg ion  OC which inc ludes  Pennsylvania and W e s t  V i rg in i a .  

I n  reg ion  OA Kansas i s  i n  Census Region 6 w h i l s t  Texas and Oklahoma 

a r e  i n  Census Region 7. I n  reg ion  OC Pennsylvania i s  i n  Census 

~ Region 2 and Wes t .V i rg in i a  i n  Csnsus Region 3 .  

W e  a l l o c a t e d  product ion i n  t h e s e  r eg ions  t o  Census Region 

according t o  t h e  1974 r e l a t i v e  product ion l e v e l s  of  non-associated ~ ~ n a t u r a l  gas  i n  each of  t h e s e  s t a t e s  a s  given on p.25 of 1974 G a s  

~. 
Fac t s  publ ished by t h e  AGA. ~ h e s e  a l l o c a t i o n s  are shown i n    able' 1 1 1 - 2 .  

I Table 111-3 l i s ts  t h e  crude ' o i l s  types  which have a s s o c i a t e d  gas  

product ion i n  t h e  P I E S  Model. Also l i s t e d  a r e  t h e  o i l  and Census 

Region i n  which t h i s  product ion t a k e s  p l ace .  
1. : .. .. ..... 

-65- 
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TABLS 111-2 FELATIOIJSHIP OF ?IES GAS REGIONS TO CENSUS REGIONS 

. ,:: ;&, 

Proportion 
of 

Production 
By State State 

NPC 
Region 

PIES 
Region 

Census 
.Region 



TA13LE 111-.3 CRUDE O I L  TYPSS HAVING ASSOCIATED NATURAL GAS PRODIJCTION 

O i l  Types P'IES ' O i l  R e ' g i o n  Census' R e g i o n  

9 (AK) 



Product ion of s y n t h e t i c  n a t u r a l  gas  t akes  p l ace  i n  PIES 

Coal Reqion 08 (The Western Northern Great  P l a i n s )  and PIES 

c o a l  r eg ion  OA (The South-West) bo th  reg ions  being i n  Census Region 

8. 

TmSPORTATION BETWEEN PRODUCTION REGIONS AND CONSUMEDTION REGIONS 

Although t h e  model p rov ides  f o r  a g r e a t  number of  p o s s i b l e  

t r a n s p o r t a t i o n  Ii~dcs, i n  pracLice  on ly  a f e w  are used. I n  o r d e r  

t o  determine which l i n k s  are a c t u a l l y  used it i s  necessary t o  use 

t h e  PIES Report. Pages 85 and 86 of t h e  Report d c t a i l  the flows 

between pra6uc t ion  and aonsumpt.ion regions .  

The in te r -census  reg ion  t r a n s p o r t a t i o n  c o s t s  t h a t  w e  dez ive  

a r e  given i n  Table 1 1 1 - 4 .  Table 111-5 shows t h e  q u a n t i t i e s  c2 

n a t u r a l  gas  t r a n s p o r t e d  t h a t  a r e  a s s o c i a t e d  wi th  t h e s e  c o s t s .  



. . i 

TABLE 111-4' NATURAL GAS INTER-CENSUS REGION 'TRANSPORTATION COST 
( $ / t h o u s a n d  standard- cubic f e e t )  

C e n s u s  
R e g i o n  To 1 2 3 4 5 6 7 8 9 

F r o m  

8' 0.0921 0.0378 

. . 

9 0,0996 

, . 

Alaska B,083* 

* D e n o t e s  cost i s  a w e i g h t e d  average. 



TABLE 111-5 INTER-CENSUS REGION FLOWS OF NATURAL GAS 
(in thousands of standard cubic fee?/calendar day) 

Census 
Region ' To 1 2 3 4 5 G 7 8 9 

From 

7 

8 

9 

Alaska 



APPENDIX PIT-A 

P a g e s  85  and 8 6  of the P I E S  $ 1 3  R e f e r e n c e  Case R e p o r t  for 1 9 8 5  
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APPENDIX A. COAL SUFPLY CURVES 

The following introductory discussion of coal supply curves 
s*- .A,y*.- I+, - 'y 

is taken from LML1 s report on the PIES Model.' Coal supply c3*ed.~; '' ' 

as functions of price and quantity were developed as raw data 

input into the PIES Model.. Excellent references are available 

which describe the development of these supply curves. 2,3 

Twelve coal supply regions .are used, based upon combinations 

of Bureau of Mines' (BOM) mining districts. Figure A-1 shows 

the boundaries of the coal regions and identifies them by name. 

Coal is divided into three product classes-metallurgical, low- 

sulfur and high-sulfur for several heat values. The combined 

coal product classes of low-sulfur and high-sulfur coal are 

known as steam coal. Metallurgical coal is defined as premium 

quality coking coal with less than 1.3 percent sulfur, less than 

0.8 percent ash, arid more than 26 million BTU per ton. Since 

the level of demand for metallurgical coal is set outside of 

the PIES model and restricted to domestic coking and ex;?art 

markets, no single estimate of BTU content is required by the 

mdelfor metallurgical coal. Low-sulfur coal is defined to 

meet the l3nvironmental Protection Agency's new source perfo-ce 

standard of 0.6 pounds of sulfur per million BTU. The remaining 

Tho Integrating Model of the Project Independence Evaluation System, 
by Logistics Management Institute, Washington, D.C., for Federal 
Energy Administration, August 1976. 

PIES Coal Supply Curve Methodology, Final Report, by ICF Inc., 
Washington, D.C., for Federal Energy Administration, January 1976. - " 1976 National Energy Outlook, Appendix D "Coal, Oil and Gas Supply ,.- 
Federal Energy Administration, Washington,D.C., 1976. 
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\, 
coa l  i s  c a l l e d  high-sulfur.  . Table A-1 def ines  the  regional  break- 

ou t  by BOM mining d i s t r i c t  and l is ts  the  region/product c l a s s /  

hea t  value combinations f o r  which s ~ ~ p f y  curves were developed. 

Both high- and low-sulfur steam coa l  from each region is 

assigned t o  one of four  BTU ca tegor ies :  

High 2 4  
Medium 22 
Low 19 
Very Low 14 

.These four  ca tegor ies  represent  (1) e a s t e r n  bituminous coa l s ,  ( 2 )  

o t h e r  bituminious coa l s ,  ( 3 )  sub-biturinous coa l s ,  and ( 4 )  l i g n i t e s ,  

respect ive ly .  The BTU hea t  value assignments f o r  steam c o a l  by 

region a r e  a s  follows: 

Region . 

Northern Appalachia 
Central  Appalachia 
Southern Appalachia 
Midwest % 

Central  West 
Gulf 
Eastern Northern 

Great P la ins  
Western Northern 

Great P la ins  
Rockies 
Southwest 
Northwest 
Alaska 

Each s t e p  of t h e  coal  supply curves represents  t h e  development 

of a d i f f e r e n t  mine type. 'There a r e  su r face  mines def ined by 

mine s i z e  (annual production l e v e l )  and overburden r a t i o ,  which 

is  defined as  cubic yards of overburden.per ton of coa l .  There 

a r e  a l s o  deep mines defined by mine s i z e ,  seam thickness  and 

seam depth.. A t o t a l  of l o 2  nine types were developed cons i s t ing  

of 36 sur face  mine types,  which represent  various.  combinations 



TA3LE A-1. COAL SUPPLY REGIONS AND 
PRODUCT CUSSES FOR PIZS MODEL 

Res ion 
- ,  

BOM Mining Product Heat Value 

Districts Ciasses 

1. Northern 1-6 Metallurgical 26 
Appalachia. Low Sulfur 24 

High Sulfur 24' 

I 
; .  , 2. Central 78i8 ~etallurgical 26 

24 Appalachia Low Sulfur ' - 

. - High Sulfur 24 

Southern 1 3  Mctallurgici! 1 26 
Appalachia Low Sulfur 24 

High Sulfur 24 

Midwest 9-11 Low Sulfur 22 
.High Sulfur 22 

Central West 12,14615 (ex- Metallurgical 26 
cept Texas) High Sulfur 22 

., :7-. 

6. Gulf Texas High Sulfur 
i .  . .. 

14 
s ,  . ;.:$ . . . -. . . . ; :,.:5' . . 7. . Eastern Northern 21&22 (only Low Sulfur 11 . . 

Great Plains lignite Bigh Sulfur 14 
reserves) . . 

t . . 

19 8. Western Xorthern 16,i9&22 (ex- Low Sulfur . .  

Great Plains cluding lignite High Sulfur 19 . .. . 
. - 

. . 

. . reserves) 

9. Rockies ~etallur~ical 26 
Low Sulfur 22 

18 19 , . Low Sulfur 10. ,Southwest 
Hig.h Sulfur 19 

. / ._  

High Sulfur f 9 11. Northwest 23 (except . . 

Aleska) 

12. Alaska Alaska Low Sulfur 19 

. . .  . 

Source: PIES Coal Suooly Curve.Xethodoloay, ICF Ine. 



F' . . 
i: . 
<:': _... ... 

of  s i x  mine s i z e s ,  f i v e  seam th icknesses ,  and f o u r  seam depths.  
.. . 

The p r i c e  a t tached  t o  each s t e p  i s  t h e  minimum acceptab le  

s e l l i n g  p r i c e  ( i n  constant d o l l a r s ) .  f o r  c o a l  from t h a t  p a r t i c u l a r  

I .  mine type.  The minimum acceptab le  s e l l i n g  p r i c e  is  t h e  p r i c e  

a t  which a coa l  company wouldrecover a l l  of i t s  c o s t s  p l u s  ea rn  

z ! 

: .  an e i g h t  percent  r e t u r n  on its invqstment i n  t h e  mine being 

c s s t ed .  The minimum acceptab le  p r i c e  f o r  each mine tfrpe and t h e .  

. p r o j e c t e d  market c l e a r i n g  p r i c e  a r e  two d i f f e r e n t  concepts ,  The 

minimum acceptab le  p r i c e s  t r a c e  o u t  a supply curve with  some mines 

cheaper t o  develop than o the r s .  I t  is  assumed t h a t  t h e  mines 

w i l l  be developed i n  o rde r  o f  i nc reas ing  c o s t .  The market 

c l e a r i n g  p r i c e  is  t h e  minimum acceptab le  p r i c e  f o r  only t h e  

l a s t  mine t o  be developed ( i .e .  , t h e  marginal mine) . The pro- 

;.$: . .'<$., 
2z.,,~,7i.5s 

duct ion  l e v e l  a s soc ia t ed  w i t h  each step .is t h e  maximum annual 
. /... .: : .. <;?? 
.',..i 

production t h a t  t h e  BOM-demonstrated r e se rve  base could s u s t a i a  

from mines of t h a t  p a r t i c u l a r  mine type i n  t h a t  reg ion  f o r  20 

years .  Table A-2 provides  a summary of ' the  es t imated  minimum 

acceptable  s e l l i n g  p r i c e  f o r  each of t h e  102 mine tfr?es for which 

c o s t s  were es t imated.  

The fol lowing 24  e x h i b i t s  p r e s e n t  t h e  long-term c o a l  supply 

curves used i n  t h e  PIES ModelO4 Although t h e  f i g u r e s  p r e s e n t  

only t h e  supply curves f o r  1985, t h e  t a b l e s  have e s t ima tes  f o r  

1980 ,  1985 and 1990. The p r i c e s  shown i n  t h e  e x h i b i t s  a r e  

g r e a t e r  than t h e  corresponding p r i c e s  shown i n  Table A-2 s i n c e  

t h e . p r i c e s  shown i n  t h e  e x h i b i t s  r e f . l e c t  t h e  fol lowing adjustments:  

4 
6 '. PIES Coal Sugp1.y Curve Methodology, op, c i t e  
:...:I .- \ ... : 
i- 



TADLE 672, ESTIMATED MINIMOM ACCEPTABLE SELLING PRICE FOR RAW COAL BY MINE TYPE 
(1935 $/Ton - FOB Mine) 

Mlne Slze Overhurdcn na t la *  

f i o 6  Tolls#acL 581 - 10: 1 1581 20: 1  2 5 : l  4 5 : l  x- x ~ 7 ; 4 7  YQ;IT a m  z-§xu 
0 . 5  X 3 .11  11.14 13 .15  15.27 17.54 26.02 
1 . 0  5.90 7 .16 0 .46 9 .04  11.34 12.95 1.3.53 
2 .0  5 .16 6 . 3 0  7 .50  0 .70 10.10 11.51 16 .90  
3 . 0  4 .75  5.82 6 .95 0 .13  9 .35  10 .63  15.34 
4 . 0  4 .40 5.18 6.54 7 .65 X X X 

DEEP MINRS 
I 
-I Mllle Slze Seam 'l'lrlckneos Seam Thlckneas 
a, 6 

, _(lo Tons/YcacL 72" 60-71" 40-59'' 36-41. 20-35' 72' 60-11" 40-59' 36-47' 20-35' I -- - 
o c i f t  - s l i a  E t --lmOPoo t D= 

0 . 1  X 15.+4 16.52 17.76 21.20 2 2 . 6 r  10 .96  
0 . 5  X ::: :: 14 .35  15.21 16.17 E: :: 15.71 ::::: 17.61 10 .71  
1 . 0  X 12.71 13.30 14.09 X 13 .71  14 .50  15.20 16.10 X 
2 . 0  X X 10.OL1 X X 11.10 11.62 12.16 X X 

-. Shaft - 780 Foot DcEl l  Sl~aCt - 1,000 Foot Ikpth 
0 . 1  20.12 21.09 ~ ~ 2 3 .  a0 24.03 1 2 . 4 3  _. 1 . 24.51 25.14 27.10 
0 . 5  15.20 16.14 17.07 18.07 19.10 15.10 16.57 17.51 10.52 19.64 
1.0 13.98 14.73 1 5 . 5 1  16.34 X 14.19 14 .95  15.73 16.59 X 
2.0  11.24 11.76 1 2 . 3 1  X X 11.37 11.91 12.46 X X 
3 . 0  10.00 X 1 X X 10.11 x X X X 

a Crrblc yardo o f  overburden pcs ton of coal. 

X indlcatso that  8 1 0  mine wao cootcd o ~ ~ t  nitla the indlcoted spcclf lcat loaa.  

tio~rrcea PIES Coal Supply Cllrve Metliodaloqy, ICP  Inc. 



- a cleaning char.ge of $2.00. pe r  ton  was .added t o  

a l l  high and medium BTU coa l ;  

- a cleaning charge of $4.00  per  ton  was added t o  

a l l , m e t a l l u r g i c a l  coa l ;  

- Alaska p r i c e s  were i n f l a t e d  by 50 percent  t o  r e f l e c t  

high regional  l abor  and c a p i t a l  c o s t s .  

The p r i c e s  do n e t  include a b o i l e r  charge f o r  burning low BTU and 

very low BTU coa l  o r  reclamation c o s t s  or  severance t axes -  

The babels i n  t h e  f i r s t  column of t h e  e x h i b i t s  i d e n t i f y  t h e  

type of mine being operated. SX and SY symbolize e x i s t i n g  su r face  

mines. S X  represents  mines i n  opera t ion  a s  of December 31 ,  1974. 

ST represents  those mines scheduled t o  be i n  a t  l e a s t  p a r t i a l  

production a s  of December 31, 1976. Production from the  SP nines 

may no t  reach f u l l  capacfty until as l a t e  as 1979 i n  some eases. 

DX and BY s i g n i f y  e x i s t i n g  deep mines. A s  with t h e  su r face  miaes, 

BX represents  those mines i n  operat ion a s  of Decembek 31, 1974 

and DY presents  those mines scheduled t o  be i n  a t  least p a r t i a l  

production a s  of December 31, 1976. 

The new sur face  mine l a b e l s  begin with S and have txo  numbers 

t r a i l i n g ,  e.g. ,  S/10/1.0, The f i r s t  number i s  t h e  overburden 

r a t i o ,  i . e . ,  cubic yards of overburden pe r  ton i n  place.  i h e  

second number i s  t h e  s i z e  of t h e  mine being developed i n  mi l l ions  

of tons  per  year.  Thus, t h e  l a b e l  S/10/1.0 t r a n s l a t e s  i n t o  

sur face  mines with 1 0 '  t o  1 overburden r a t i o s ,  each capable of 

producing one mi l l ion  tons of coa l  annually. 

The new deep mine l a b e l s  bec in .wi th  D and have t h r e e  numbers 

t r a i l i n g ,  e .  g.,  ~/48/04/0.5.   he f i r s t  number i s  t h e  minimum 



. ...., . ..'.. ::. : ... .- ...: .... ... seam thickness  being mined i n  i n c h e . ~ .  The second namber i s  the  

depth of  the  seam i n  hundreds of f e e t .  The t h i r d  n u d e r  i s  the  

s i z e  of the'rnine i n  mi l l ions  of tons  per  year.  Thus, t h e  l a b e l  

. n/48/04/0..5 s tands  f o r  a .deep .mine 'with a  48 inch seam ly ing  

400 f e e t  below t h e  su r face  'and producing 500,000 tons  anrlually. 

Two zeroes i n  t h e  depth columns i n d i c a t e  a d r i f t  mine. 

Note t h a t  t h e  hor izon ta l  axes vary between f i v e  d i f f e r e n t  

s c a l e s :  , (1) 0-20 mi l l ion  tons ,  ( 2 )  0-80 m i l l i e n  tons ,  ( 3 )  0-160 

mi l l ion  tons ,  ( 4 )  0-400 mi l l ion  tons  and (5 )  0-800 mi l l ion  tons.  

Since these  s c a l e s  a r e  simply mul t ip les  of each o the r ,  supply 

curves drawn on d i f f e r e n t  s c a l e s  can be e a s i l y  compared. R e m e m b e r ,  

however, t h a t  the  BTU content  of coa l  v a r i e s  by region and product 

c l a s s .  A l l  t he  v e r t i c a l  axes a r e  t h e  same, going from 0 t o  $35 

a ton. A dot ted  l i n e  i s  used t o  i n d i c a t e  t h a t  the  supply curve- 

extends beyond t h e  l i m i t s  of  sca le .  





EXHIBIT A-Ib 

Region: Northern Appalachia 

Price 
Xine Type ( $/Ton 

Product Class: Metallurgical 
BTU Content (10s BTU/TON) : -- , 

Annual Production 
By ~ i n e  Type emulative Annuai Pradvetion 
(106 ~ 0 n . i ) '  (106 Tons) 

'1980 - 1985 - 1990 - 1980 - 1985 - 1990 - 
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Region: Northern Appalachia - - 
- - . -- -- Product  Class:  Low S u l f u r  

-- - -- - - - - - - - - BTU Content (106 BTU/TON): 24 

&nual Production 
P r i c e  By Mine Type Cumulative Annual Product ion 

. Nine Type - ($/Ton) - ( lo6  Tons) ( lo6  Tons) 
1980 - 1985 - 1990 - 1980 - 1985 - 1990 - 

3.7 
.9 .n 
11.6 
11.7 
11.8 
12.3 
12.8 
13.3 
1 3 . 8 .  
14.4 
15.2 
15.5 
16.1 
16.4 
16.9 
17.5 
17.8 
l a .  1 
18.4 
19.6 
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EXHIBIT A-IIIb , . 

P r i c e  
. Mine T p e  ($/Ton) 

Region: Northern Appalachia 
Product C l a s s :  High Su l fu r  
BTU con ten t  ( l ob  BTU/TON) : 24 

Annual Production 
By Mine T s e  Cumulative Annual Production 

(106 Tons) ( lo6  Tons 
1980 - 1985 - 1990 - 1980 1985 1990 
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Mine Type 
Pr ice  

( $/Ton) 

EXHIBIT A-IIIb (Continued) 
Region: Northern Appalachia 
Product Class: High Sul fu r  
BTU Content (106 BTJ/TON) : 24 

Annual Production 
By Mine Type Cumulative Annual - Production 

!lo6 Tons) ( lo6  Tons) 
1980 - 1985 - 1990 - 1980 1985 1990 
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Mine Type - . 

Price 
( $/Ton) 

Region: Central Appalachia 
Product Class: Metallurgical 
BTU CONTENT (loG BTU/TON) : -- 

Annual Production 
By Mine Type 
(lo6 Tons) 

1985 . - 
Cumulative Annual Production 

(lo6 Tons) 
1980 1985 - 1990 -. 
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Mine Type I ,  . 

P r i c e  
( $/Ton 1 

EXHIBIT A-Vb 

Region: Cen t r a l  Appalachia 
Product Class:  Low S u l f u r  
BTU CONTENT (106 BTU/TON).: 24 

Annual Production 
By Mine Type Cumulative Annual Product ion 

( lo6 Tons) 
1980 1985 - 1990 
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EXHIBIT A-VIb 

Mine Type 
. 

Pr ice  
( $/Ton 

Region: Central  Appalachia 
Product Class: High Sulfur  
BTU CONTENT (106 BTU/TON) : 24 

Annual Production 
By ?line Type 

( lo6 Tons) 
1980 - 1985 - - 1990 

Cumulative Annual Production 
( l o6  Tons) 

1980 1985 - 1990 



EXHIBIT A-VIb  (Continued) 

Region: Central  Appalachia 
; Product Class: Hish Sulfur  < 

BTU CONTENT ( lob  BTU/TON) : 24 

Annual Production . . 
Price  By Mine' Type Cumulative Annual .Production 

Mine Type ' ($/Ton) ( lo6  ' ~ o n s )  -.. - .- (106 Tons) .- - - . .- . . - - . . . - -- . -- .. 

c .. . - -- - 1980 - 1985 - 1990 
- '  

1980 . . 1985 1990 . 





EXHIBIT A-VIIb 

Pr ice  

Region: Southern A~pa lach ia  
Product Class: meca l lu rg ica l~  
BTU CONTENT (106 BTU/TON) : -- 

Annual Production 
By Mlne Type Cumulative Ann1.1al. Prndilction 

Mine wpe ( $/Ton j106 ~oni? ( lo6  Tons) 
1980 - 1985 - 1990 - 1980 - 1985 - 1990 - 

,.. ., 
I . .  . . . . . ... 
<r ... 
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EXHIBIT A-VIIIb 

Region: Southern Ap~a lach ia  
Product Class: Low Sulfur 
BTU CONTENT (10ij BTU/TON) : 24 

Annual Production 
Price By Mine Type Cumulative Annual Production 

Mine Type - - . -  ($/Ton) ( lo6  ~ o n s )  (loG Tons) - - 

- - - 1980 1985 - 1990 - 1980 - 1985 - 1990 - 





EXHIBIT A-IXb 

, -. Price 
Mine Type . . - - --- (  on 1 

Annual Production 
By Mine Type 

Region : Southern Appalachia 
Product Class: High Sulfur 
BTU CONTENT (106 BTU/TON) : 24 

( l o 6 .  Tons) - . - . . - . 
1980 

- ,  
1985 - 1990 - 

Cumulative Annual Production . . .  

( lo6  Tons) .-. - . -- 
1980 - 1985 - 1990 - 



PRICE 
($/Ton) 

3 0 

Production 
( lo6 Tons/Year) 



EXHIBIT A-Xb 

Price 
Mine T s . e  C$.L[Ppn -. - - . - - -. - 

. Region: Midwest 
Product Class: Low Sulfur 
BTU Content (106 BTU/TON) : 22 

Annual Production 
By Mine Type Cumulative +ma1 Production 
(lo6 Tons) (lo6 Tons) - 

1980 - 1985 - 1990 ' 
7 

1980 - 1985 - 1990 - 



PRICE 
($/'son) 
3 0 

a00 ~ O O  4 60 5d0 6d0 



EXHIBIT A-XIb 

Price 
Mine Type -- ..~. ($/Ton) 

Region : Midwest 
Product Class: High Sulfur 
BTU CONTENT (106 BTU/MN) : 22 

Annual production 
By Mine Type Cumulative Annual Production 
(lo6 ~ons) (lo6 Tons) - . .- 

1980 - 1985 - 1990 - 1980 1985 1990 



EXHISIT A-XIb , (Continued) 

14ine Type 
Pr ice  

( $/Ton 1 

Region: Midwest 
Product Class: High Sulfur  
BTU CONTENT (106 BTU/TON) : 22 

Annual Production 
By Mine Type Cumulative Annual Production 

( lo6 Tons) ( lo6 Tons) 
1980 - 1985 - 1990 - 1980 1985 1990 
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Kine Type 
I '  1 j 

Pr ice  
( $/Ton) 

EXHIBIT A-XIIb 

. \ Region : Centra l  West 
Product Class:  Metal lurgical  
BTU CONTENT (106 B!N/TON) : -- 

. Annual Production 
By Mine Type Cumulative Annual Production 

( lo6  Tons) ( l o 6  Tons) 
1980 - 1985 - 1990 - 1980 - 1985 - 1990 - 
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. EXHIBIT A-XIIIb 

Region: Centra l  West 
-- ---- 

Product Class: High Sulfur  
BTU CONTENT (106 BTU/TON) : 22 

Mine Type 
Pr ice  

($/Ton) 

Annual Production 
By Mine Type 

(106 Tons) 
1980 - 1955 - 1990 - 

Cumulative Annual Production 
( lo6  Tons) 

1980 - 1985 - 1990 - 
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EXHIBIT A-XIVb 

Ut 

IN) : 14 

1 .  Annual Production 
Pr i ce  By Mine Type Cumulative ~ n n u a l  production 

. . ( lo6  Tons) Minc Type ( ?/Toll) llu6 Tons) 
1980 . 1985 - - 1990 - 1980' - 1985 - 1990 - 

7.7 
9.1 
6.0 
4.0 
8.0 
6.0 
3 .O 

10.0 
8.0 
6 - 0  
9.0 

PO. 0 
8.0 
6.0 
9.0 

10.0 
9.0 



EXHIBIT A-Wa 

Region: 'Eastern Northern Great P la ins  
Product Class: Low Sulfur 



EXHIBIT A-XVb 

Region: Eastern Northern Great Plains 
Product Class: Low Sul fu r  
BTU CONTENT (106 BTU/TON) : 14 

I . 
Annual Production 

Pr i ce  By ~ i n e  Type Cumulative Annual Production 

C .Kine Type ($/Ton) . ( lo6  Tons') . ( lo6  Tons) 
1980 - 1985 - ,1990 - 1980 -. 1985 1990 

, . 

1.7 
4 . 3  
11.0 
6.0 

PO. 0 
8.0 
6.0 
9.0 

10.0 
8.0 
6.0 
9?0  

10.0 
9.0 



PRICE 
( $/Ton) 

3 0 



Price  
Mime Type ($/Ton) 

EXHIBIT A-XVIb 

j i r  aurLui 

BTU CONTENT (106 BTU/TON) : 14 

Annual Production 

By Mine Type Cumulative Annual Production 
(lo6 Tons) (lob Tons) 

1980 - 1985 - 1990 - 1980 1985 1990 
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EXHIBIT A-XVIIb 

Region: Western Northern Great  Plains 
Product C l a s s :  Low S u l f u r  
BTU CONTENT ( lo6 BTU/TON ) : 19 

Annual Production 
P r i c e  By Mine Type Cumulative Annual Production 

Mine Tyve ($/Ton ( l o 6  Tons) ( lo6  Tons) 
1980 - 1985 - 1990 .__ 1980 1985 1993 
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EXHIBIT A-XVIIIb 

Region: Western Nor'thern Great  P l a i n s  

P r i c e  
( $/Ton 1 

3.80 
4.38 
4.48 
4.75 
5.16 
5.48 
5.82 
5.90 
6.30 . 

6.54 
6.95 
7.16 
7.50 
9.65 
8.13 
8-46  
8,78 
9.84 
9.89 

10.00 
10.11 
11.10 

.11.24 
11.37 
11.62 . . 
11.76 
11.91 
13.77 
13.98 
14.19 
14.50 
14.73 
14.87 
14.95 
15.28 
15.70 
15.71 
16.14 
16.57 
17.97 . 

18.96 
20.12 
21.09 
22.49 
23 ..47 

Product Class :  High S u l f u r  
BTU CONTENT (106 BTU/TON) : 19  

Annual Product ion 
By Mine Type 

( lo6  Tons) 
1980 - . 1985 - 1990 - 

Cumulative Annual Product ion 
( l o6  Tons) 
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EXHIBIT A-XIXb 

Region: Rockies 
Product Class :  Me ta l l u rg i ca l  
ETU CONTENT (106 BTU/TON: -- 

Mine TyDe ~ - 
I, 

P r i c e  
. .- . . . - ($/Ton) 

Annual Production 
gv Mane Type 

( fob  Tons) 
1980 - 1985 - 1990 - 

Cumulative Annual Product ion 
( lo6  Tons) . - 

1980 - 1985 - 1990 - 
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EXHIBIT A-XXb 

Mine W e  
Pr ice  

($/Ton) 

Region : Rockies 
Product Class: Low Sulfur 
BTU CONTENT ( 106 BTU/TON 1 : 22 

Annual Production 
By Mine Type Cumulative Annual Production 

( lo6 Tons) (1 o6 Tons 
1980 - 1985 - 1990 - 1980 . , 1985 1990 - 



EXHIBIT A-XXb (continued) 

Region : Rockies . . .  

Product Class: Low Sulfur  
BTU CONTENT (106 BTU/TON) : 22 

. - . ,  Mine Typ 
. - . - . - . e 

. -- - -- - 
.. - - 

Price  
( $/Ton) 

Annual Production 
By Mine Type .. 

(lo6 Tons) . %. . . . - . 
1980 - 1985 - 1990 - 

Cumulative Annual Production 
( lo6 Tons) . .  --- . 

1980 1985 1990 -- - 
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EXHIBIT A-XXIb 

Mine ..Type 
Pri'ce . 

... . ( $/Ton) 

Region : Southwest 
Product Class: Low Sulfur 
BTU CONTENT (106 BTU/TON) : 19 

Annual Production 
By Mine Type Cumulative Annual Production 

( lo6  Tons) ( lo6 Tons) 1990 .- - .. . 

1980 - 1985 - 1990 - 1980 - 1985 - - 



PRICE 
($/Ton) 

3 0 

Production 
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EXHIBIT A-XXIIb 

Region: Southwest 
Product Class: ~ i g h  Sulfur 
BTU CONTENT ( lo6  BTU/TON) : 

. .  . 
~ n k a l  Production , . . 

By Mine Type ' Cumulative Annual Production 
Mine Typ e --:. - ($/Ton) - . (106Tons) ( 106 Tons - . .  

1980 . . - - - 1985 - 1990 ' 1980 1985 1990 - 





EXHIBIT A-XXIIIb 

Mine .Type 
Price 

( $/Ton 

Region: Northwest 
Product Class: High Sulfur 

Annual Production 
B y  Mine Type Cumulative Aqnual Production 
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EXEIBIT A-XXIVb 

Mine Type 
P r i c e  

( $/Ton 1 

Region : Alaska 
Product Class :  Low S u l f u r  . 
BTU CONTENT (106 STU/TON) : 19  

Annual -Production 
By ,Mine Type Cumulative Annual - Product ion 

( lo6  Tons) ( lo6 Tons) 
1980 - .  1985 - 1990 - 1980 - 1985 - 1990 - 



LZPENDIX B OIL  SUPPLY CURVES 

The 1985 PIES Business a s  Usual. O i l  Supply curves  a r e  shown 

.in Table B-1. ~ i f f e r e n t  o i l  supply curves  p e r t a i n  f o r  t h e  FEAts 

a c c l e r a t e d  development scena r io  and f o r  o t h e r  t a r g e t  years .  

Supply curves a r e  given f o r  each o i l  type i n  each product icn 

region.  The codes used t o  i d e n t i f y  o i l  types  a r e  descr ibed i n  

Table 11-3. The PIES o i l  reg ion  i n  which these  crudes  a r e  pro- 

duced a r e  shown i n  Table 1 1 - 4  a long wi th  the Census Regicnsto which 
. . 

. . 

t h e s ~  o i l  reg ions  correspond. 

The.product ion of crude o i l  i n  PIES i n  dependent n o t  only 

upon t h e  marginal p r i c e  which o b t a i n s  i n  a t a r g e t  yea r ,  b u t  a l s o  

upon t h e  p r i c e  a n t i c i p a t e d  by t h e  indus t ry  p r i o r  t o  t h e  t a r g e t  

year.  Thus t h e  o i l  supply curves may i n d u d e  more than one incre-  

m e n t a t e a c h  p r i c e . '  W e  have l i s t e d  a l l  t h e  increments i n d i v i d u a l l y ,  

The cumulative q u a n t i t y  column.includes a l l  p o s s i b l e  increment . ,  

t h e r e f o r e ,  t h e  curves  must .be  i n t e r p r e t e d  a s  quant i ty-cos t  r e l a -  

t i onsh ips  assuming t h a t  t h e  p r i c e  a t  any p o i n t  is  g r e a t e r  than  

o r  equal  t o  t h a t  a n t i c i p a t e d  by t h e  indus t ry .  

Note should be made t h a t  o i l  product ion i n  P I E S  i s  t r e a t e d  

a s  t h e  production of a number of  j o i n t  products ,  i . e .  o i l ,  asso- 

c i a t e d  gas ,  gas l i q u i d s  and butane. I t  is  t h e  o v e r a l l  r eg iona l  

requirement i o r  a l l  of  t h e s e  products  wi th in  t h e  PIES model 

t h a t  determines t h e  production l e v e l s  of  p a r t i c u l a r  crude types .  

Thus, t h e  supply curves  given here  r ep resen t  an a b s t r a c t i o n  of 

a more complex process  wi th in  PIES. 

The supply curve f o r  W e s t  Coast blend ( o i l  type  WC) inc ludes  

2 0 0 , 0 0 0  bar re l s /day  of o i l  from t h e  Navel Petroleum Reserve ( o i l  

type N 1 )  . 



c> I n  addi t ion  t o  t h e  crudes descr ibed i n  t h e  Table B-1,  Table 
1, /'. 

"'8 . .- 
B-2 d e t a i l s  a d d i t i o n a l  production s t e p s  increments permitted In  

t h e  Alaskan, North Slope. 



OIZ S'UFOLY CUXVES 

Quantity 
Increment 
(MB/CD 1 

Cumulative 
Quantity 
(MB/CB) 



Oil Quantity 
Increment 
(MB/CD 1 

Cumulative 
Quantity 

(LYB/CD 

200.00 

Price 
( $/bbl) 



Quantity 
Price Increment 

( S/bb1 1 (MB/CD) 

Cumulative 
Quantity 
(MB/CD) 

I1 
(OBI 



(' . . 
. . . .  TABLE 'B-2 ADDITIONAL ALASKAN CRUDE PRODUCTION ' 

J o i n t  
Crude Type  Mix - P r i c e  L i m i t  

$ 1  (ba .%/ '~~)  
AN One b a r r e l  + 4 1 9  cu. f t .  of N a t u r a l  Gas 9 . 4 9  7 2 0 , 0 0 0  . 

ELP One b a r r e l  + 1 , 2 5 0  cu. f t .  of N a t u r a l  G a s  4 . 0 8  1 , 6 0 0 , 0 0 0  

AB One b a r r e l  + 6 4 2  cu. f t .  of N a t u r a l  G a s  7 . 9 9  4 4 8 , 0 0 0  



APPEND1X.C NATURAL GAS SUPPLY CURVES 

Table C-1 contains the PIES 1985 $13 o i i  reference scenario 

naturzl gas supply curves. Associated gas - which accounts' for  

some 20% of  t o t a l  gas production is  not included i n  these tab les  

(see Appendix B) . 



Gas 
Region 

TAELE C-1 NATURAL GAS SUPPLY CURVES 

Quan t i ty  Cumulative 
P r i c e  Increment Q u a n t i t y  

($/thousand (MSCF/CD ) (MSCF/CD ) 
cubic  f t. ) 



Q u a n t i t y  Cumulat.ive 
Increment Q u a n t i t y  
(MSCF/CD (MSCF/CD) 

Gas 
Region P r i c e  

($/thousand 
cubic  f t. ) 



Gas 
Region P r i c e  

($/thousand 
cubic  ft. ) 

Quan t i ty  
Increment 
(-MSCF/CD) 

Cumulative 
Q u a n t i t y  
(MSCF/CD ) 




