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INTRODUCTION

As research, development, and demonstration programs focﬁs
on specific technologies, regional analytical capébility becomes
increasingly important. As the implications of such technologies
are clarified on a national scale, their potential implementation
" requirements and effects must be examined regionally. Regional
variations in climatic conditions, environmental issues and problems,
the supply potential and cost of various fuel forms, and the pre-
vailing or induced patterns of energy consumption all affect the
future course of such developments. Regional 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 regional level
of disaggregation, within the constraints of national policies and
supplies. Additidnally, it allows greater sophistication in the
analysis of the environmental and socioeconomic impacts which are
generated at regionai levels. b'

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 flanning, 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 structure:of 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 aleo provided regional supply functions in these seme resoufces.
The volumes and costs are based upon the 1985 Reference Case of
the Federal Energy Administration's ProjeCt‘Independence Evaluation
System (PIES)AModel. |
- The task was compllcated partly by the fact that fossil fuel

productlon in the PIES Model is not related to Census Regions and
partly by the fact that 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. VA‘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 centroids of demand
throughout the nation. (Crude oil is transported from production
regions to seven refinery regions.) Thus, typlcally, each Census
Reglon 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 aloﬁg links in a transshipment
network. Transfers between rail and barge and vice versa are
permitted at a nuﬁber of nodes in the network.

The actual route taken between a source and a destination
is the route with thelminimum overall cost.

-ii-



It was necessary to allocate fossil fuel production in pro-
duction regions to Census Regionsvsince many of the PIES pro-
duction fegions extend over two or more Census Regions. It was
also necéssary to'éggregate fuel production from the two or more
productioh regions'that fall into specific Censué Regions and to
determine to which Census Regions the fuel is transported.

Even though the PIES utility and demand»regioﬁs coincide
with Census Regions, the demand region may have two or three
destinatidns at which consumption may be considered to take place.
The costs of transportation to each of these destinétipns are
different, and the relative volumes shipped to each destination
are different. Tﬁe PIES Model is at liberty to supply some
destinations in a region from 6ne source and other destinations
from other sources. Indéed, the model does precisely this.

For these reasons, costs,basea 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 ﬁhe model:
‘the 1985 Reference Case.

Results in terms of volumes and unif costs of fossil fuels
moved between Census Regions are shown in matrices. Coal move-
ments are covered in Chapter I; crude oil in Chapter II, and.
natural gas in Chapter III. |

As indicated, LMI has also provided data on fossil fuel suppiy
curves used in the PIES Model, to inélude information on price
and quantity increments. Coal supply curves are presented in

Appendix A, oil supply curves in Appendix B, and: natural gas
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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.
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I. 'COAL TRANSPORTATION COSTS

PIES COAL TRANSPORTATION NETWORK

in distributing the coal transportation volumes and unit costs
from the Project Independence Evaluation System (PIES) on the basis
of Census Regions for use by Brookhaven National‘Laboratory, LMI
adapted the coal transshipment network used by the Federal Energy
Administration (FEA) in its PIES Model. A brief description of
.the coal transshipment network follows, taken from LMI's report
on the PIES Model.l The movement of coal by rail and barge is
modeled in PIES using a transshipment model that repreéents the
flow of materials to intermediate points enroute to their final
destination. There are 19 nodes in the rail network and 16 nodes
in the water network. The nodes and the corresponding Census

Regions of the nodes when serving as final destination cities are

identified in Table I-1.

A map of the rail network is shown in Figure I-l; the waterway
network is depicted in Figure I-2. To inject coal into the network,
links are provided between the coal supply region nodes and the
rail and water nodes; these links are shown iﬁ Figures I-3 and I-4.
To allow for rail movement of éoal to ports for shipmént by barge,
links are included'between the rail nodes and water nodes repre-
senting the same physical location. Thus, in the model, it is
possible for Great Plains' coal to move by rail to St. Louis and

* - then by water to Boston. All demands for coal are supplied by

links connecting rail transshipment nodes to utility and demand region

1 The Integrating Model of the Project Independence Evaluation

System, by Loglistics Management Institute, Washington, D.C.,
for the Federal Enerqvy Administration, Aucust 1976.

/g
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TABLE I~1 TRANSSHIPMENT NETWORK NODES AND
CORRESPONDING. CENSUS REGIONS

T = Rail Node; W = Barge Node

Metropolitan Area = - Code ' : Census Regionl'
Boston TL w1 - l. Northeast
New York T2 W2 . - 2. Middle Atlantic
‘Baltimore ) T3 W3 : 2. Middle atlantic (%) and
Washington f ' _ 3. South Atlantic (3/4)
Philadelphia . o ‘
Miami . T4 W4 3. South Atlantic
Pittsburgh TS WS 2. Middle Atlantic
_Atlanta . T6 - o 3. South Atlantic
. Cincinnati ' T7 W7 - 4. East North Central(l/7) =
' o and 5. East South Central
- (8/7)
Detroit : T8 W8 4. East Ncrth Central
Chicago T9 W9 4. East North Central )
St. Louis(MO & IL) TA WA 4., East North Central (10/43)

and 6. West North
‘Central (35/45)-

Minneapolis St. Paul TB WB - 6. West North Central

Kansas City (MO & XS) 'TC WC 6. West North Central
‘Houston ' : TD WD 7. West South Central
Ft. Worth g' TE = - 7. West South Central
Dallas : '
Denver | TF - 8. Mountain

Los Angeles : TG WG 9. Pacific

San Francisco TH WH 9. Pacific

Seattle ' TI WI 9. Pacific

New Orleans TJ WJ ' 5. East South Central
Note 1: For those destination cities éssociated with two

~census regions, the fractions in parentheses repre-
sent the proportions in which ccal delivered to the
destination city is distributed to the two census

, . regions. The Zfractions are a part of the PIES

(o Model formulation.



PIGURE I-1, THE RAIL TRANSSHIPMENT NETWORK
(Distance in Short Line Miles/Cost in 1975 Dollars per Ton)
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FIGURE

-2, THE BARGE TRANSSHI PMENT. NETWORK

(Link Cost in 1975 Dollars per Ton)
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FIGURE TI-3. RAIL LINKS CONNECTING COAL SUPPLY REGION CENTROIDS
TO RAIL TRANSSHIPMENT NETWORK

(Distance in Short Line Miles/Cost in 1975 Dollars per Ton)
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nodes. To supply coal from water nodes, links are added connecting
each water node to the rail node for the same physical locaticn.
The PIES utility and demand regions, to which coal is shipped, are
coincident with Census Regions, shown in Figure I-5.

The coal shipping network is composed of seven types of links:
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
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
only the extra cost of unloading barges as compared to unloading
unit-trains. There is no cost attached to the links from rail-nodes
to utility centers. However, the links from the rail nodes to the
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

=
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transshipments which carry coal for industrial use in demand regigns.
is applied to the transportation link betwen.transshipment nodes
and demand regions and does not enter into the unit cost figures
prepared for Brookhaven Nationél Laboraféry. Figure I-6 summarizes
by presenting a small coal transshipment network with cost attached

to each link.

FIGURE I-6. A REPRESENTATIVE COAL MOVEMENT MODEL

12

@

where
a - fix charge portion of rail rate = $1.60
b - mileage charge portion of rail rate = 0.0094
c - fixed cherge portion of berge rate -
di' - cost of shipping by water frorn ito]
ell - cost of unloading hopper cars and loadmg barges = $0.25
£ - cost of unloading barges in excess of un..oadmg’ hepper
cars = $0.20
mij . = rail miles between i andj
u - cost of shipping coal from tr,nssmoment node to utility

center = $0.00
'S - cost of shipping coal from transshipment node to demand
center = $2 00

-9=-




The cost factor in dollars per ton mile for moving coal along
i;nks by train is based upon regression analysis'df the fuliy‘
allocated-operating éost as a function of distance for trains
operating as 100-car unit-trains. It is these unit train cost
factors that are used in preparing unit costs for Brookhaven
National Lébﬁratory on the basis of Census Regions. The cost data
ih dollars per ton mile for moving‘coal by barge'along‘the netwvork
links.are based on actual shipping cost figures. . As noted in
Figﬁré I-6, the traﬂsportaﬁion'costs from the coal supply regions °
to thé source transshipmentvnode.are based upoﬁ theAmode; either
rail or barge, by which coal. is carried from the source trans-
.shipment nodé. The fixed-charge. portion of rail and barge trip
costs are applied to the transportation link between the éoal-
supply regions and the soufce transshipmehﬁ node. There is'a‘
20~-cent-per-ton haﬁdling charge to switch from barge to rail, a
25-cent-p§rfton charge to switch from rail to barge, and no charge
for shipping coal from a tfansshipmént node to a utility center.
OU"ITPUT OF 1985 PIES REFEﬁENCE CASE

In distributing the PIES coal transportation volumes énd unit
costs on the basis of Census Regions, we used the printed output
of the results oﬁ the 1985 Reference Case (with a business as
uéual supply scenario and a $13 per barrel imported crude oil
price) of the PIES Model, shown in Figures I-7A and 73B.

The output gives data on the unit cost and volumes shipped
by.rail or barge betweeﬁxorigin and destination for each of
nine typés of coal found in the>PIES Model. The unit cost of,

transportation for a shipment in dollars per ton is given in the

-10-
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FIGURE I-7B COAL TRANSPORTATION OUTPUT OF 1985 PIES REFERENCE CASE
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A d20¢ T DENVEN) wall TH T ST, PAUL=MINNAPL ) WALL 8
$.9700 T DEwvER) RallL TC T waNSa3 CITYp Raly S .1
" 1,000 T DEinvlugy RAIL . TE T OALLAS) RAlL 1.3
dealov T nPw URLEANY RAIL. T0 T wOUSTUNS WATL K3
1.80709 " PITTI0UROH; DA4CE WY 8 CINCINNATI) BARGE ' 20,6
«2900 W CINCINNATY) HARGE TT 1 CImLinmall) dalL 28.0
- 42000 ®»  CrICAGUT BARGE 19 1 CHICACOr mAlL 32,
<2000 a  ST,LOUES) BARGE TA T 3T,LOUTYy Rary 8,2
1,0900 » 31,L0UI3r BaARGE w9 & CMICAGD) BARGE 2.9
<2000 » NEw ORLEANS) BANGL TJ T NEN-ORLEANSY Aalt 12,13
T13%AL S8e,2
€2 SUAL whD=aTU.LO=3(AT/C0)
’ RAIL QR LOCAL
2.8200 . Ca € nlowE3y w? % CINCinmaTl; Baner 39.0
s.1800 €9 C mOCKIES TF T DENYER) AalL 32.1
11,7400 €9 ¢ wuckits 16 T LOS aNGELESy RATL 17
12,09v0 €9 ¢ wucxity . T T SaN FRANCISCO; RAlL Y
2.5500 19 T CMICAGO: wajL T8 T OETAOIT) RaAlL 32.1
e,2300 TC T «anSa3 CITY) RalL 1% T CWICACO) RAZL 32.1
55,9700 T8 T DENVERy RAlL TC T ®ANSAS CITY; RAIL 2.2
«2006 w7 o CINCINNATI) HARGE T7 7 CINCINNATIg RALL 39,0
—eeeen
ToTAL 209,1
CL CLAL,aLL LO=S(NT-ETY]Y/CO)
TASLE OF PRImARY PRUDUCTS THRU STSTEA PACE 79
1983 REFERENCE CASE
o .
ROOEL sassoveossscscascosacnsasane 3334V02
OEMaND SCEMARIQ
DATL & REVISION
IMPORTS  seannre
natEd LAL LOCATIUN TRANIPURT. OESTINATION QUARTITY
errwesvvenanecsenen -e - PGPS
coot EPY.] 4 cooe nant nupt  CODE nang
—eew eone eoes oeae . aaow cwnw eean
~dTUsR]®3(T/CD) Lo
€V COAL YLO=-dTU,K]® vaty Ui Lﬂ!ll., . .
o ce € SuLr " wOUSTURY RAIL 18,
:'3:2:: Co € CuLP TE T DALLAS) RAIL 3608
s:.goo €1 C EASTERN NORTRENN CREAT PLAINS T8 T ST, PAULen]unAPL,p RALL 16,7
1araL 73,2
wg (U, =3(»T/CD)
CY CUaL LO=olu,~l RATL OM LUCAL
.0700 €8 C. wESTERN NURTWEMN GREAT PLAINS IF T OENVER; RAIL 43.1
11.8300 €A T SOUTwwEsT TC T L0D3 ANGELESS RAIL 18.2
1.5700 €8 C NOWTRM=EST wl w  SEATTLE) SANGE . 11,0
3.ae00 T1 7 SEaTILL; RAIL M T Sim FRANCISCO) RAIL 8.2
.2000 wl o SEATILER BARGE T1 T SEATTLES RAlL 11,8
P,
T0TaL 89,7
(=9/C03
30 SmiLt Olt ] PIPELINE 02 LOCAL
«3720 31 8 IMALE RECION R2 R PsO2L - 300,98
10TAL 300,00
(masCDY
€D COLu Lliwujib L] PIPELINE OR LOCAL
T QUAST ALENO(mA/CO)
C oEST cuAsT ML PIPELINE 09 LOTAL
L0121 can 2 PACIFIC CNAST STATES RS R PADS 1176,5
T0TAL 1176,3
#a002(8/C0)
N mEavY cRuut.. aphe PIPELINE OR LOCAL
.2012 " gro e L STEHN GULF BaSIM R2 R PAD2A 78,0
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column of Figureva-7A and 7B. Data on the origin of a shipment
are given in the next three columns: the code for and name of
coal supply regionmns, rail or'barge transshipment nodes. Data
on the interim or final-déstination of a shipment are given in
the next three columns: the code for and name of rail or barge
transshipment nodes. The volume of coal in thousand tons per
" calendar day (MT/CD) moving in the shipment is given in the iast
coluﬁn.. f | - |
PROCEDURE TCIALLOCATE COAL PRODUCTION BY CENSUS REGION

| A procedure was developed to allocate coal pfoduction £rom
PIES coal supply regions by Census Regions. The allocation pro-
cedure, which islépproximate, is based uypon previous years' pro-
duction by Bureau of Mines' mining distficts, by State and by

county where necessary. The allocation scheme is defined in
Table I-2. For reference, a map showing the PIES coal supply
regions is presented in Figure I-8. -

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

In the PIES Model, coal is divided into three product
classes-metallurgical, low-sulfur and high-sulfur coal. The
combined coal product classes of low-sulfur and high-sulfur

coal are known as steam coal. Metallurgical coal is defined as

2 Mineral Industry Survey,"Bituminous Coal and Lignite Distribution -

Calendar Year 197/5", Bureau of Mines, U.S. Department of the
Interior, Washington, D.C., April 12, 1976 for production data

by mining district; Coal Mine Expansion Study by ICF Inc., Washing-
ton, D.C., for Office of Coal, Federal Energy Administration, May

1976 for production data by State; and Bureau of Mines Mineral
Yearbook, "Coal=-Bituminous and Lignite", U.S. Department of
Interior, Washington, D.C., 19753 for production data by c¢ounty.
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3.
4.

10.

11.
12.

'"ABLE I-2 METHOD TO ALLOCATE .COAL PRODUCTION FROM PIES COAL

PIES
Coal Supply Regions

Northern Appalachia

Central Appalachia

Southern Appalachia
Midwest

Central West

Gulf

Eastern Northern
Great Plains

Western Northern
Great Plains

Rockies
Southwest
Northwest
Alaska

SUPPLY REGIONS.BY CENSUS REGIONS

Bureau of Mines'
Mining Districts

9 - 11

12,14,15
(except Texas)

Texas

21,22
(lignite only)

16,19,22
(except lignite)

17,20
18
23 (except Alaska)
Alaska

Census

1/2
1/4
1/4
1/2
1/2

All

"~ 3/5

2/5

2/3
1/3

All
All

All
All
All
All
All

from
frcm
from

from

from

from

from
From

from
Exrom

from

from

from
from
from
from

from

Region Allocation Scheme

C.R.
C.R.
C.R.

C.R.
C.R.

C.R.
C.R.
C.R.
C.R.

2
k3
#4

#3

#5

#5

14
#5

#6
#7

#7

46

#8
48
48
#9

Alaska

Middle Atlantic
South Atlantic
East North Central

South Atlantic
East South Central‘

East Soath

East North Central
East South Central

West Noxrth Central
West South- Central

West Scuth

Central

Central
West North Central

Mountain
Mountain
Mountain

Pacific
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=rm

Legend

.a ; Bltuminous Coal

Subbliuminous Coal

- Lignha

“ Anthracite

Source:

U. 5. Geological Survey Bulletin 1412

FIGURE 1-8 PIES COAL SUPPLY REGIONS

L

Coal Resources of the United States, January 1, 1974

1. Northorn Appalachla
2. Gonlral Appalachia
3. Southern Appalachia
4, Midwesl
5. Conlral Wesl
6. Gull
7. Eastorn Northern
Greal Plalns
D. Woslarn Norihorn
Greal Plalng
9. Rockles
10. Soulhwesl
11. Northwest
12. Alaska (not shown)



premium quality coking coal with less than 1.3 percent sulfur, less
than 0.8 percent ash, and 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 export markets,
no single estimate of BTU content is required by the model for
metallurgical coal. Low=-sulfur coal is defined to meet the
Environmental Protection Agency's new source performance standard
of 0.6 pounds of sulfur per million BTU. The remaining coal is
called high=sulZfur.

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

assigned to one of four BTU categories:

Category lOGBTU/Ton
High 24
Medium 22
Low 19
Very Low 14

These four categories represent (l) eastern bituminous coals, (2)
other bituminous coals, (3) sub-bituminous coals, and (4) lignites,
respectively.

The nine types of coal used in the PIES Model are identified
in Table I-3, along with their PIES code and level of prcduction
in thousand tons per calendar day (MT/CD), which will serve as
the basis for an arithmetic check of the distribution of coal
-volumes by Census Region.

For each type of coal, the procedure outlined below was
followed:

- The transportation network was sketched from coal

supply region to transshipment node for movement by
rail and/or barge for f£inal distribution to Census
Regions. As an example a netwcrk is shown for one

type of coal in Figure I-9;
-16 -



TABLE I-3 SUMMARY OF COAL PRODUCTION IN_MT/CD BY TYPE OF COAL

N

Code ' .. - Type of Coal o . Production Volume
4 - (in MT/CD)
CH: High BTU (24 x 10° BTU/T), high sulfur . s70.2
{ .o CI: High BTU (24 x 106 BTU/T), low sulfur ‘ 451.4
CM: Metallurgical o o ' ~ 378.8

6 Bru/T), high sulfur = 73.1

Cu: Very low BTU (l4lx 10

CV: Low BTﬁ (19 x ldG'BTU/T), high suifur | ' 70.5

CW: Medium BTU (22 x 10% BTU/T), high suifuf | f413,4
] cX: Low BTU_(19»£ 108 BTU/T), low sulfur . 709.6

CY: Very low BTU (14 x 105 BTU/T), low sulfur = 69.0

Cz: Medium BTU (22 x 10° BTU/T), low sulfur _73.8

TOTAL 2809.6
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33.8 MT/CD
STAYS

202.3 MT/CD
STAYS -

57.4 MT/CD

109.5 MT/CD
. STAYS

MT/CD:

$0.00/T:

[000).:

Thousand Tons per
Calendar Day

Link Transportation
Cost in §$'s/Ton
Link Distance in
Statute Miles




- Eaéh shipment.of coal was traced from coal suppiy.
region throﬁgh the rail and/of barge transshipment
network to a destination node and its corresponding
Census Region(s). Fiéure I-10 traces the movement

~ of the daily production of high BTU, high-sulfur - -
coal from coal supply region 1. A simplifying
assumption was madeffor the case in which one’typé
of coal was shipped'frdm two coal supply regions
to a common transshipment node for further trané-

'~shipment.' The.transshipment of the less costly
éoal ar:iving from the (éenerally) cioser coal
suppiy'region is exhausted before'trahsshipping

the more costly coal from the farther coal sﬁpply

:egion.

- For each shipment, the volume moved in thousand
téns per calendar aay (MT/CD’, distance movéd in
miles, total transportation costs and units costs
terms of dollar perltch ($/T) and dollar per ton-

‘mile ($/Tm) were.foﬁnd: | |

- The data for each tvpe of coal was collected and
summarized bv Census Reagion:

= Data on dailv volumes and unit costs are disvlaved
in a lb x 10 matrix (includinga Alaska)..'The results

N " for each tvoe of.coal are included in the matrices

(Tables I-4 thréugh I-12). The summary of coal

production by type of coal, shown in Table I-3,

served as the basis for an arithmetric check of

=19~




FIGURE 1~10 SAMPLE WORKSHULET TRACING WOVEMENT OF HIGH BT, RIGN SULFUR COAL (TYPE Cil) -

Coal Sup Reg Cens Reg originating RNode Hext Nodu Destin Made Cens Reg Total Total Veciv D‘“ll"‘
A Divt Cost Costyr  Cost/Im
Dist Unit Transf Dast Unit
Ho Vol No Vol Code to Cost to |Codu Cost Vol tao Cost. to | Code Vol ho Vol
. Cl ° 403.0 (L/72)#2 201.4 TS 10 mi $1.69/T » TS 16.9 2 16.9 10 mi $ 28,561 $1.69/T $0.169/Tm .
(1/4)83. 100.8 »T5 8.45 2 .45 $ 14,201
(L/4) 84 100.0 » TS 8.45 §2 0.45 $ 14,201
0 49.74° 296 mi $2.78/T 10 49.74 44 49.74 1306 mi  $222,338 $4.47/r = $0.0146)/Tm
(1] 24.88 T8 «4.88 14 24.88 | 306 mi $111,214
1] 24.08 T8 «4.t0 #4 24.80 | 306 mi $111,214
gi) 0 134.01 3286 mi  $3.08/T «—»-13 63.45 (174142 15.86 ] 338 mi .S 75,652 $4.77/7T $0.01411/Twm
o (374183 47.59 $227,004
; i
-0 67.4) 328 mi  $3.08/T T3 31.725 [(h/4: 82 7.93 -§ 37,826
(3/4:83 23.79 $113,478
328 mi T3 31.725 [(1/4:82  7.93 $ 37,826
(3/4%43 23.79 y $113,470
71.4 187 mi  $1.75/7 2 %4.75 - #2 54,75 | 525 ml $356,970 $6.52/7 $0.01242/1m
35.7 ' 27.375 2 27,38 $178,4065
35.7 27.375 82 27.38 $170,485
16.65 229 mil  $2.15/T 1 16.65 #1 16.65 | 754 mi $144,356 $8.67 $0.001150/T
[1) 9.3] Tl 8. 325 #1 8.33 $ 72,178
[¢) 0.33 i 8,328 g1 8.1) $ 72,178



TABLE 1-4. TRANSPORTATION OF CH COAL (HIGH BTU 24 x 10
FROM CENSUS REGION TO CENSUS REGION

6

i

BTU/T , HIGH-SULFUR)

(Y ND, 1 NO. 2 NO. 3 Ho. 4 NO. S NO. 6 NO. 7 ] MO, 8 NO. 9
H .
' NEW MIDDLE SOUEN GAST NORTH | EAST Sownt | west Nowvn | wisT sown HOLNFATN PACIEIC ALASKA
FROM ENGLAND ATLANTIC ATLANTIC CENTRAL CENTRAD CENTRAL CENTRAL - S :
NO. |
NEW
ENGLAND
NO. 2} MT/CD 16,65 MT/CD BT.SY| MT/CH 4759 MI/CD 49,74
BIDDLE 174} 8.647] $/v 5.2784/1 - 4.1t 8w 447
AvLANFIC ] /T 000150 $/Tm 0.01316] $/Tim 001418 $/Tm 0.0846}
MO. 3 MT/CD 8.33 MT/CD 8319 MF/CD 90 1| MI/CD 24,88
— $/7 8.6 $/T1 5.24) $/1 5.68[$/1 4.47
coarrre | $Tm 0.001500 $/Tm 0.01350] $/Tm 0.00309] $/Tm  0.01461
ATLANTIC
NO. 4 MT/CD 833 MT/CD  43.76] ME/CD 23.79] MT/CD  24.88
| past nown | ¥V 8.67 §/1 5.27) $/1 4.771$/7 1.47
t IR TR $/0m 000150 $/Tm 0.01345) $/Twe 0.01411{ $/Tim D.01463
e b .
' . B ISRV U AU S
NS ME/CD 9.43k MT/CD 81.82
el e ¥ 5.001 $/F 6.73
EAST soutil - - )
CENTRAL $/Tm 0.01372) $/tm 0.011.1?1
NO. ©
WEST NOR'TI
CENTRAL
NO. 7
WEST SOUTH
CENTRAL
NO. 8 LEGEND
MOUINTA LN MT/CD Volume In Thousand Tons per Calendar
R I ey L SO R SE— - e
NO. 9 $/r Cost n Dollars per Ton
ACIFIC . ‘ .
ract $/Tin  Cost in Dollars per Ton Mile
ALASKA
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TABLE 1-5. TRANSPORTATION OF CI COAL (HIGH BTU 24 x IOGBTU/'I‘ , LOW-SULFUR)
FROM CENSUS REGION TO CENSUS REGION
T0 ND. 1 NO. 2 NO. 3 NO. 4 (s J NO. 6 NO. G NO. 8 HD. O S
NEW MIDDLE SO EAST NORTTS EAST SOUTH WEST NORTI WEST S0 . P ALASKA
EROM ENGLAND ATLANTIC ATLANT I CENIRAL CENTRAL CENTRAL CENTRAL, POMYAIN PACIFIC
Nu: 1
NIW
ENGLAND
NO. 2 211‘/(.:1) 8.91 211'/.(:0 11.00 v
. /T 1.6¢ /e 4.41
A.'If:x:}'l‘.'l'c $/1m 0.|r.'1 $/1rm 0.0t461
MO, 3 MT/CD 3.8!‘1 MT/CDH 82.0 MT/CD  93.49] MT/CD  8.56] MT/CD 15.6Y o T - o
o $1 8.9 $/v  G.24 §/v 6.2 $/1 1.3 $/r 4.00
A.",’LAN].W $/Tm 0.00147 $/Tm 0.01297 $/0m 0.012685 $/1m 0.01494] $/Tim 0.D1563
NO. 4 MT/CD)  4.45 MT/CD  5.95
o - $/r 1.6¢ $/r 4.417
EAST NORTIH oy . .
CENTRAL $/Tm  0.16Y $/Tm 0.01461
—;z:)r._h MT/CD  3.80 MT/CD 77.6:’ ME/CD 116.7¢ MT/CD 2.68) M1/C0 15,60 R
st sournt | 3Y 8.94 $/1 6.3d $/1 5.61] $/1 4.00} $/7 4.00
L 47T 0.01841 $/Tm 0.01257 $/Tm 0.01304 $/Tm 0.01563] $/Tm 001563
o SO DU ) R DU _
L WEST NOR'TH
CENTRAL
— - — SR S - e e - o
WEST Sount
CENTRAL,
NO. 8 LEGEND I D B
MOUNTAIN MT/CD  Volume in Thousand Tons per Calemdar
ST, I Day S R —— - (ST, .
HO. 9 $/r Cost in Dollars per Ton
rACTEIC $/Tm  Cost in Dollars per ‘Fon Mile
ALASEA
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TABLE 1-6. TRANSPORTATION OF CM COAL (METALLURGICAL)
: FROM CENSUS REGION TO CENSUS REGION
A 10 NO. 1 NO, 2 NO. 3 NO. 4 NOL S M. 6 HO. 7 m».— 2 B NO), s; B R
, NEW - MIDDALR SO EAST NOITY | BASY Sotrri | wEST RORIM | wesT sounn . etk e ALASKA
FROM ENGLAND ATLANTIC ATLANTIC CENTRAL CENERAL CENTRAL CENTRAL MINTAIN  PACIFIC
NO.
NEW
ENGLAND
NOL 2 MT/CD  4.24 IMricn 13.02 MrT/cH 1054 LEGEND
MIDILE $/:l: 1.69 $/T 1.33 §/r 3.44 . .
ATIANTLC $/Tm  0.169 $/Tm 0.01314 B/Tm 0.007015 MT/CD :/)ulume in Thousand Tons per Calendar
. | P — Jay -
NGL 3 MT/CDY 0,20 [MT/CD  46.54 |MT/CH 78,04 [MI/CHD  21.54 IMI/CD 5.48 ! . .
cont :/'r 8.99 |$/T 5.63|$/T 5.00 [$/71 5.33 /v 3.46 $/T  Cost in Dollars per Ton
N /Tin 0.01142|$/Tm 0.01313 [$/Tm 001372 [$/Tm  0.00762 B/Tm 0.10743 :
NFLANTIC . ' B2 T B $/Tm Cost in Dollars per Ton Mile
e e . e U IU— A A o —
NO. 4 MI/CH 2.3 Mr/cn G50 (Mr/en 5,21
et o $/T 1.69 $/T 4.33 jsy 3.44
EAST NORHIL o . . .
CENTRAL $/fm  0.169 $/1m 0.01313 §/1wm _u.un‘nl..
. S MI/CD 0.201M17CD 44, 81 IMT/CD 85.24 [MT/CD 1976 IMI/CD 12,01 M'l‘/(:l)- 0.5;_';“"7..}'(}" pso - o o
EAST SOUTH $/r 8.99[8/1 5.82|$/1 S 14 18/7 5.92 /¢ 3.36 B/¥ 5.39 | /v 6.76
'(:;:N‘fm\l $/0m 0.00142|$/Fm 0.01300 |$/¢m 0.01365 {$/Tm 0.00690 /1w 0.00681 5/Tim 0.00852 | $/1'm 0.00785
- . S, WU, e
WEST NORTI
CENTRAL
— —— _— I R RSOSSNV N
WEST SUWII
CENTRAL
NO. 8 MT/CD  4.60 MY/Co o 1,30 | M1/CD 130 | MT/en 5,90 [mMsep 3070
AL $/T7. 14.38 8/ 16.60 | $/1 12.02 | ¢/7 4.18 [$/¢ 12.13
MOUNTAIN $/Tm 0,056 C[HYm 001089 | $/Tim 0.01083 §$/1m 0.01520 | $/Ti 0.01082
NO. 9 '
PACIEIC
ALASKA
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TABLE 1-7.

TRANSPORTATION OF CU COAL (VERY LOW BTU 14 x 10 BTU/[‘

/{'

R

HIGH-SULFUR)

FROM CENSUS REGION TO-CENSUS RECION

10 NO. No. 2 HO. 3 NO, 4 . s NO. 6 N7 HY. B NO. 9
T NEW MIDDLE Soun EAST MORTI EAST SO WEST NORIIL | wisT som e rrirge ALAGYA
FRROM ENGLAND ATLANTIC ATLANTIC CENTRAL. CENTRAL, CEMIRAL LIENFRAL MONINTA RN PACEEILC
NO. L
NEW
ENGLAND
MO, 2
MIDDLE
CATLANTLC
M. 3 ’
SOUTH
ATLANTIC
NO. 4
EAST NOWHI)
CENTIAL
NOL S '
EAST SO
NTIRAD
HO. 6 ME/CH 1670
WEST NORTH *l,', ' '?;“4
CENTRAL » $/Tm -0.01312
NO. 7 MI/CB 56.40
HEST SO $/1 2.97
ENTRAL $/1m 0.02032
N). 8 LESEND
MOUNTAIN MT/CD Volmme in Thousand Tons per Calendar
SOOI © Day — e et e e, N R N
NO.
$/T Cost in Dollars per ‘Ton
PACIFIC . o .
Cost in Dnllars per Ton Mile

ALASKA

—

$/Tm
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TABLE i-8.

TRANSPORTATION OF CV COAL (LOW BTU 19 x 105 BrU/T

.

FROM CENSUS REGION TO CENSUS REGION

, HIGH-SULFUR

o

FROM

NO. 1

NEW
. ENGLARD

NO. 2
MIDOLE -
ATLANTIC

NO. 3

som
AFLANTIC

NO, 4

EAST NHOR'TH
CENTRAL

[ ws

EAST SO
CENTRAL

HO. 6

WEST NORTH
CENIRAL

NO. 7

WEST SOUTIL
CENTRAL

NOL R

MMINTAIN

NO. 9

PACIEIC

ALASKA

NOL T

NEW
ENGLAND

NO. 2

HIDDLE
ATLANTIC

HO. 3
s0ur
ATLANTIC

N
EAST NORTIE
CENTRAL
NO. S
EAST SOUTH
CENTRAL

NO. 6

WEST NORI
CENTRAL

WEST Souti
CENTRAL

NO. R

HOUNTA LN

NO. 9

PACIFIC

ALASKA

8/t
$/Tmn

MY/CD

LEGEND

Day

Yolume - in Thousand Tons per Calendar

Cost in Dollars per ‘Yon

Cost in Dollars per ‘fon Mile

MT/CD 43,10
$/r 4.67
$/Tm 0.00428

MT/CD 16.40
$/T 11.82
$/Tm 0.01086

MT/CH 100
$rr 8.08
$/1m 0.01186




TABLE I-9.

6

TRANSPORTATION OF CW COAL (MEDIUM BTU 22 x 10" BTU/T ,HIGH-SULFUR)

FROM CENSUS REGION TO CENSUS REGION

T0

FROM

NO. 1

NEW
ENGLAND

MIDDLE
ATIANTIC

sourn

NO. 3

ATLANTIC

NO. 4

EAST NOURTH
CENTRAL

NO. &

EAST SOUNMH
CENTRAL

ND. 6 -

WEST NORTIE
CENTRAL

WEST SOirgu
CENTRAL

NO. 3

HO. 8

MOUNTAIN

H). 9

PACTEIC

ALASKA

—92—

—
HO. 1

" NEW
ENGLAND

NO. 2

MIDDLE
ATLANTIC

- . RN SOV [N | e e e o e e e
SO
ATLANTLC
HO. 4 MT/CD 103,02 MECHD  91.81 h’l’l'/(flb 11.97
EAST NORTH $/T 3.50 B 2.84 B/r 1.64
CENTRAL $/Tm 000529 B/ 0.00504 B/Fin 000588
NO. & I:wr/(:n 68.68 [MT/CD 54.54 MT/CD 3198 S
o - t/1 3.50 /1 2.84 /7 1.64
EAST SO "y ; " - g
CENTRAL ST 0.00529 B/8m 0.00504 3/1m 000588
NO. 6 MT/CD 16,93 I N T
o ) JAN 1.69
WEST NORIN -~ . .
CENTRAL B/ Ve 0.169
NO. 7 ME/Cn 847 D T T
- JAN t.69
WEST Soum i .
CENTRAL B/rm 0,169
NO. R LEGEND T o
HOUNTAIN MT/CD  Volume in Thousand Tons per Calendar
SR Duy S DS N
[
NO. 9 $/r Cost in Dollars per Ton :
PACIFIC $/Tm  Cost in Dollors per Fon Mile
ALASKA




c.LZ_

TABLE 1-10.

'l‘RANSPOR'[‘ATION OF CX COAL (LOW BTU 19 x 10

BTU/T , LOW-SULFUR)

IFROM CENSUS REG

ilON TO CENSUS REGION

0

l’lu)ll\

ENGLAND

NOD, 2

MIDDLE
ATLANTIC

" N0, 4

EAST NORTH
CENTRAL

HNO. S

EAST 20U
CEMTRAL

NO. 8 : NO., 9

MOUTA EN PACIFIC

ALALKA

1) A}

NEW
ENGLAND

ny. 2
MIDDLE
ATEANTIC
NO., 3
SO
ATLANTIC
NO rl
EAST NORURIE
CENTRAL

NO. 5
FAST soui
CENTRAL
NO. 6

WEST NOorhl
CENTRAL

B

NO. 7

WEST sunmi
CENTRAL

NO. 8

MOUNTALN

iMl/( D 201.03

$/v 15.15
$/m 001649

NO. 9

PACEIFIC

ALASKA

M v/
$/v 15.81
$/0m 000065

D16, »0

LEGEND

MT/CD Yolume in Thousand Tons per Calendar

Day
Cost in Dollars per Ton

Cost in Dollars per Ton Mile

58. '10 MT/CH 96.90
12.485) b/7 4.61
$/'l'm 0.00088 3/ D028

Imr/en 0,30
$r 9.8Y
$/tm 0.00521
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TABLE I-11.

TRANSPORTATION OF CY COAL (VERY LOW BTU 14 x 106 BTU/T , LOW- SULI‘UR)

FROM CENSUS REGION TO CENSUS REGION

o

FROM

HO. )

NEW_
ENGLAND

ND, 2

MIDDLE
ATLANTIC

NO. 3
soir
ATLANTIC

NO. 4 NO. S
EAST HORTH
CENTRAL,

EAST SOUTH
CENTRAL

N3, 6

WEST NOWI
CENTRAL

M, 7
WIS SOUTH
CENTIRAL

NO. 8

MWINTAIN

NO. O

PACIEIC

ALASKA

NOLA

NEW
ENGLAND

NO?

MIDDLE
ATLANTIC

NO. 3

SOt
ATIANTIC

NO. 4

FAST NORTIL
CENTRAL,

NO. S

| EAST SOUTit

CENTRAL

NO, 6

NEST NORTY
CENTRAL

NOL T

WEST SouT
CENTRAL

NO, 8

MOUNTAIN

N9

PACIFIC

ALASKA

MT/CI) 69.00
/7 5.64
$/1m 0.013412

MT/CD

$/t

$/1m

LEGEND)

Volume in ‘Thousand

Day

Tons per

Cost in Dollurs per Ton

Cost in Dollars per Ton Mile

Calendnr

USRS (S
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TABLE 1-12, TRANSPORTATION OF CZ COAL (MEDIUM BTU 22 x 10 BTU/T, LOW—SULFUR)
FROM CENSUS REGION TO CENSUS REGION
\n NO. 1 NO. 2 NO. 3 NO. 4 s NOD. 6 NO. 7 NO. 8 HO. © _
) NEW MINDLE SOURN EASY NORTH | BAST SOUTH | wiST NORDE | WEST SO - e TE T (- ALASKA
FROM ENGLAND ATLANTIC ATLANTIC CENTRAL CENTIAL CENTRAL CENIRAL HOUNTAIN rACIFIC
NO. )
NEW .
ENGLAND
NOL 2
MIDDLE
ATLANTIC
NO. 3 LEGEND
A.ﬁ“,:::::.‘“. MT/CD Volume' in Thousand Tons per Calendar
e - - O [ U I Day .
0. T/ . Ten 20, .
NO. 4 ‘M/'l/( n g.::; :I/.Ir/‘ b ‘g g( $/T Cast in Dollars per Ton
EAST NORTH ) . : :
‘m0.00938 [$/1 L1093
CENTRAL $/tm 0.0 'S/Im 0-009 $/tm  Cost in Dollars per Ton Mile
no. S MT/Ch 2.23]MT/CD 13,3 -
$/T 3.02$/7 3.0
EAST souriit o g -
CENTRAL $/Tm 0.00938 [$/7m  0.0093
NO. 6
WEST NOR'I
CENTRAL
NO. 7
WEST SOUTI
CENTRAL.
N().‘R ME/Ch 32,10 MT/CD 2,50
$/r 16.93 $/r 11.85
MOUNTA LN $/Tm 0.01006 $/Tm 0.01861
NO. Y
PACIEFLC
ALASKA




the distribution of coal volumes.by Census Region.
" The same data: volﬁme in MT/CD and unit costs in $/T and
$/Tn. are aggreéated for all types'of coal and aisplayed in a
singie 10 x 10 matrix (Table I-13). A summary of coal voiumes

moving from and to Census Regions (and Alaska) is shown in Table

I-14 as the basis for an arithmetric check of the distribution

shown in Table I-13.
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i TN
TABLE 1-13. TRANSPORTATION OF ALL COAL (AGGREGATED) FROM CENSUS REGION TO CENSUS REGION
0 NO. 1 NO. 2 NO. 3 NO. 4 no, S NO. 6 to. 7 NOL 8 NO. 9
, ,
HEW MIDDLE SOUTH OEAST NORTI | EAST SOUNE | WEST NORTH | WEST S0uml - AT ALASKA
FROM ENGLAND ATLANTIC ATLANTIC CENTRAL CENTHAL CENTKAL CENTRAL PMINTAIN rACIFIC
o, )
NEW
ENGLAND
NO. 2 MT/CD  16.65] MT/CD 100.65] MT/CD 47.59| MT/CD 7466 [MT/CH 10,54 LEGEND
MIDDLE $/r 8.67| $/T 5.00( $/1 4.7/ 4.4518/¢ 3.44 . ‘ . .
ATIANTIC | $/7Tm 0.011501 $/1m 0.01433) $/Tm 0.014011{$/Tm 0.01433{$/Tm 0.00715 MT/CD Yolunur in- Thousand Tons per Calendar
e — - R R N — i Jny e
NO. 3 MT/CH  12.38) MI/7CH 181, 79] MT/CD 261.84] MI/CH  S54.98|Me/CD 2117 ' . ' :
soum s 8.77 $/T 5700 $/1 5. 70l $/1 a.78$/7 186 $/T Cost in Dollars per Ton
ATLANTIC 3/[nl_0."?l47 $/fm 0.01315[$/Tm 0.01307]$/Tm 0.01045[$/Tm 0.01238 Lff1n" Cost in Dollars per Ton Mile
NOL 4 MT/CD 8,33 MI/CD S0.34] ME/C1D 23,79 ME/CD 142,69 |MT/CH 107,14 [MT/CD 47,97 '
kast nonm | T 6.87] $/1 5.00] $/7 4.1 %7 3.8/ 2.90 |$/1 3.04
Ccentras ¥/ Tm 001150 $Tm 001462/ $/Tin 0.01411]$/ T €.00664 [$/Tw 0.00564 |$/ T 0.00588
NO. 5 ME/CH 4,050 MT/CD 131,45 MT/CD 283.85{Mt/CD  e3.28fMe/Cn 9s. 6t {mi/cn 38.36 M/ o.50
east somm | 3T 8.99f $/1 6.091¢/T 5.791$/1 4.01|$/7 aazlsr 3.93[8/T -+ 6.76
CENTRAL $/Tin 0.01142] $/Fm 0.01272]$/Tm 0.01298]$/Tim 0.00587 ‘S/'I'm 0.006G63 {$/TM 0.00633 1$/1m 0.00785
NO. 6 : MT/CD 102,63 ‘
WEST NORTIN s 4.99
CENTRAL $/Tm 0.01383
No. 7 [Mr7cp 84T {MI/CD 56.40
WEST SOUTH s/ 1.69 |$/1 2.97
CENTRAL $/Tm 0169 [$/Tm 0.02032
‘NO. 8 JME/CH 340 T3IMT/CH 116,50 IMT/CH 13447 [MT/CD 6000 MT/CD 145,900 MT/CD 22,61
A $/r 15.31|$/T 15.810 [$/T 12. 418 [$7¢ 12.09 $/T 4.64 $/1 t1.81
MOUNTAEN $/vm 0.00048]$/Tm  0.00765 [$/Fm 0.01077 {$/Tm 001081 $/Twm 0.01431] $/1m 0.0113
N, 9 MT/CD 11,01
$/r 8.0
PACIFIC $/0m 001186
» MT/CD 0,30
AMASKA 187 9.09

$/Tm 000521
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TABLE 1-14 SUMMARY OF COAL VOLUMES IN MT/CD MOVING FROM AND TO CENSUS REGIONS AND ALASKA

From Census Region No. 1

“Alaska

TOTAL

250.09

532.16

381.26
647.10
102.63
64.87
820. 20
11..00

0.30

2809.61

To Census Region No. 1.

o

Alaska

MT/CD ~ TOTAL

41.41

464.23

617.07

707.34
350.96
331.90
116.90
145.90

33.90

2809.61

MT/CD
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II. CRUDE OIL TRANSPORTATION COSTS

INTRODUCTION

In the PIES Model crude o0il is produced in one of 14 oil
regions (which correspond to the NPC 0il and gas regions shown in
iFigure II-1, and is transported to one Of 7 refinery regions whéere it

- it converted into the gasoline, residual oil, distiilate oil
and other petroleum products which are required by the PIES Equili;
brating Mechanism. Neither the oil regions nor the refinery:
region; (which correspond to Petroleum Administration for Defense
Districts - PADDs) shown in Figure II-2 correspond directly £o Census
Regions (see Figure II-3). Indeed, the boundaries of a number of the
oil and éas regions do not even coincide with State borders.

PIES raw data contains crude oil transportétion costs between

0il producing regions and refinery regions. The costs are-given

for two separate modes of transportation; pipelines and barges.
The pipelihe mode also includes road transportation where relevant
and the barge mode includes tanker transportation where that is
permitted. With‘the exception of the Trans Alaskan Pipéline, no
constraints are placed on any.qf the transportation links; i.e.
unlimited gquantities of fuel may flow between any oil prcducing
region and-refinery region providing that a link does in fact
exist.' |

The two PIES Standard Tables which contain the transportation
costs are named TROPLPRC (pipeline costs) and TROBLPRC (barge costs)
respectively (Tables Ii-1 and>II-2). Costs are only provided where
links are poésible; i.e. where pipelines alreaay exist or are

planned or where barge or tanker transportation is feasible.
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FIGURE II-1 NPC OIL AND GAS

REGIONS
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FIGURE II-2

PETROLECE ADRINISTRAYION FAR DEFEMSL (PAD) ODISTRICTS
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FIGURE II-3

PIES ELECTRIC UTILITY AND DEMAND REGIOHS
(Corresponding to Census Regions)

WOH 1M DAROTA ,

AW0IH GURDTA WLONY

RAhLAS

| AOMA
(TN

Northeast

Mid—Atlantic

Soutiz Atlantic
East North Central of

East South Central \

West North Central

West South Central

Mountain

Pacific

CENOOAENN



-SE_

3l
R}
a9
04
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JC

R2
RS
R4
RS
Rb
R
C1
Ce
cs
cu
5
Co
Cr
cs
cY
CA
cd
cC
81
N
v

TABLE TROPLPRC

R1

1.11980
1.1198¢0
853200
855200
426600

JU09600
« 374500
3006600
«172100
« 368400
« 140600
0.,00000
250600
410800

185400
250800
172100
172100
LU09B0Y
.l?dlUU
306000
409600
855200
853200
JB8535200
, 853200
1.11980
1,42¢80
2853200
200000

TABLE II-l - INTER-RECIONAL CRUDE OIL PIPELINE TRANSPORTATION, COSTS

R6
1,09080
1409080
4795000
795000
426600

470200
«239900
«256900
0172100
162400
167200
185400
« 163600
227800

000000
s 16B400
172100
172100
470200
172100
256900
«470200
« 7195000
e 195000
« 795000
« 195000
1,09080
1.45440
7195000

R2

0992600
992600
« 372000
W430200
«2353900

287200
250800
169600
« 060600
« 306600
244800
250800
0,00000
272700
430200

« 163600
« 060600
060600
N 060600
287200
2 060600
109600
287200
450200
«430200
« 372000
372000
«992600
1,29%60
372000

R/

856800
856800
« 305400
254500
183000

221700
« 328400
044800
111500
« 375700
« 313900
« 20800
0600600
e 165600
e D96 300

168400

111500
111500
221700
W 111500
L04aEOO
221700
» 254500
s 254500
s 305400
« 305400
856800
1415960
« 505400

R3

,652000
4652000
. 305400
0515100
183000

012100
V63000
181800
279900
.5E?dUU
JH10BOY
2121700
0s00000
«S574400
« 197400
227800
163600
219900
219900
012100
219900
181800
012100
915100
.515100
305400
s S05u00
« 052000
1:01560
« 305400

RY

22906300
»D9b 300
0355900
012100
0 335500

W D15100
021700
190200
LU060OO
070200
608890

J450200
276490
O«000UU
LH96500

L9596 500
LU06000
J4006000
e215100
LH40600U
190200
215100
«012100
Juleliuu
« 598900
e 555900
096500
L899 3500
2 354900

K5

s012100
J0i2iov
W 266600
+ 596500
!ubqﬁou

o 719740V
879900
+B815200
1,u0l1iv
1,01080
1.,08590

AR
«596500
UabUULU

100110
1,00110
T 1400
1,00110
W813200
W 197400
+ 596300
596500
s 2bbbLQV
sbBO0OU
01210V
« 8555500
s200HOYY

1.3100U

RY

1?00090

UeUNULO
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F1

e
F3

Fd
FS
Fi
Fo&
F9
FA
FB.
FC
FJ
ct
ce
Cs
cd
cH
()
c/

TABLE TROBLPRC

11

2043000
1o76950
1076950

127200
«24%400
s UBUBYO

JdU24200
« 060600
Q.UBUUO
. 5800V V0
310000
v 380000
1,03000
680000
.590090
sB8300VY
1476000
1,26000
1680000
175000
1,74000
0,00000

0245400

1476950

TABLE II- 2 ~ INTER-REGIONAL CRUDE OIL BARGE/TANKER TRAMNSPORTATION COSTS

R2
2630000
1.89070

1489070

e 127200
e 245400
L UB4BO0

»666600

1,03020
4435000
0490000
0560000
s630000
§.20000
0930000
s BU0000
§.09000
201000

29350000
2:00000
1,99000
0,00000

2345000

1.09070

R3

1,96000
1o 54530
1454530

012100
072700

2606000
J181800
606000
4,01000
«800000
« 570000
.QOOOOO
v 930000
«900000
810000
e 980000
1.86000
1.26000
09200000
185000
1,84000
0,00000
«606000

«606000

0012100

1o 54530

RS

1edt000
0012100
012100

1449360
1.39380

1.39380

“1e 70890

3,36000
420000
1.26000
1.25000
«D60000
2.15000
2,00000
2s16000
1,70000

- 1411000

1.11000
169000

§,68000

0,00000

1,39300

012100

R
2ed40000

170890

Le70890

L666600
JUBABRQUL
424200

0 7127200
363600
2012100
4o ltb000
e 280000
e 310000
¢ 380000
1203000
080000
,590000
e U350000
1.76000
1.26000
2680000
1¢75000
174000
0,00000
127200
1217200

48480V

1079590

R

201@000
2407250
230(250

» 709000
121200
s 6bbbUY

, 848400
1.21200
4,21000
s 490000
e 26UU0D
+630000
1.20000
0930000

L BUVOYL

1405000
2,01000

930000

2500000
1,99000
0,00000

J121200

2,07250

. i
K4
171000

S.,Y6U0u
650000
294000V
a9 1000V

ie2000v -

io 36000
1,27000
1,910090
2, 3900V

1. 356000
2,290U00
2,e¢8000
500000

RN

21Q7UUU
1080950
1480950

0 167200
2324800

$464200
0!00600

0000000
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LinksAwhere both pipeline and barge transportation are possible
will have costs: for -both transportation modes. Because no capacity

constraints are used, the mcdel however will choose to send

all the crude via the cheaper of the two modes. - In general

"this will be the pipeline mode with the exception of crude Erom

Alaska to refinery regions other than California (refinery region .

5). In order to convert crude oil costs to an inter-census region

basis it is necessary to allocate oil productiun in the PIES mode]

to Census Regions and also to allocate refinefy capacity f£rom PADDs
to Census, Regions. _
ALLOCATION OF OIL PRODUCTION TO CENSUS REGION ..

In the referenée case, the PIES model permits the production

of 20 different types of crude oil in the U.S. Each crude is

-.characterized by having a different assay which is used tc define

the crude oil attributes neéded by the PIES refinery model. The

‘supply curves (i.e. the quantity versus price relationships) for

each of these crude types are contained in the 0il Standard Tables. '
In general, each crude type is produéed in only one or two wil
regions; for example 0ll type A5 (Alaskan South Brooks Range) is
produced in PIES o0il regions i and 4. In this case, the o0il pro-
duced in region 4 is not true Alaskan crude but is crude With an
assay similar to that of Alaskan crude. PIEE domaétic crude oils
are listed in Table TI-3. |

Table I1I-4 shows the regions in which each of the crude types is

produced. The allocation of production to specific States has

~been done using maps of the Nation's oil fields (Ref. II-1l). The

allocation of specific oil fields to states is largely unambiguous.

The right-most column in Table II-4 shows the refinery regions that
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TABLE I1I-3 DOMESTIC CRﬁDE OIL TYPES

Constituent Crudes

-41-

" Code A ' . Description For Which Attributes Exist
AS Aleskan S. Brooks Range - AS
wC - West Coast Blend : wC
WO Pacifie Offshore - WO , ‘
- WM Wyoming Mix  Oil Region 4 - WM-80%  AS-3%  WT-17%
' Oil Regicn 5 WM-86%  H3-14% -
WT West Texas Mix WT ' o
- LC Louisiana Onshore LC-48% GT-40% TE-1%
. ' WT-2% '
LO Louisiana Offshore Lo
OK -~ Oklashoma Mix OK-83% H3-T%
12 Indigenous 12 12-91% 11-9%
1 Indigenous I1 I
AN Alaskan North Slope Proven AN
AP Alaskan Prudhoe Bay ‘ AN
AB Alaskan Beaufort Sea AN
N1 Naval Petrol Reserve 1 wC
. H3 Heavy Crude, PADD 5 HS
- H3 - Heavy Crude, PADD 3 H3
H2 Heavy Crude, PADD 2 H2
TS Tar Sands Synthetic Crude OL
GT Texas Gulf ‘ Treated as Constituents
of Other Crudes
TE East Texas Mix Treated as Constituents
of Other Crudes
SO Shale Oil SO
L1 Synthoil OL




TABLE IT-4 ALLOCATION OF PIES CRUDE CIL
PRODUCTION TO CENSUS REGIONS

: C ~ Permitted to
0il Tvoe Produced in .Corresponding ~ State Census travel to

~—Code ~  PIES Region NPC Region S " Region Refinerv Region

AS ol 1 AK 9. 4,5
we 02 2 ca 9 4,5
Wwo 03 - 2a ca 9 4,5
AN oD 1 AX 9 1,2,3,4,5,6,7
AD oD 1 AK 9 1,2,3,4,5,6,7
AB ' N e)s) 1 AKX 9 1,2,3,4,5,6,7
N1 o2 2 o ca 9 4,5
H5 02 2 ca 9 5
SO S1 8 2,4,7
WM . 04 3 WY 8 2,4,7

‘ WM 05 4 WY 8 2,4,7
23 . 05 4 WY 8 3
TS 04 3 WY 8 1,2,4,5,6

, As 04 3 WY 8 4,5

‘ WT 06 5 TX | 7 1,2,3,4,6,7
c , 07 6 LO 7 1,2,3,4,6,7
GT 07 6 TX 7 1,2,3,4,6,7
T 07 5 X 7 1,2,3,4,6,7
Lo | 08 : 67 LO 7 1,2,3,4,6,7
OR 09 7 OR 7 1,2,3,4,6,7
H2 .07 : 6 Lo 7. 2,7
H2 09 7 0K 7 2,7
I1 OB ‘ 11 NJ 3 ' 1,2,3,6,7
11 oc 11A NT 1,2,3,6,7
Il oA 8,9,10 Pa’ 2 1,2,3,6,7
12 ' oA - 8,9,10 PA 2 ©1,2,3,4,6,7




i the crude is permitted to flow to. This column merély shows the
links that are considered feasible. As we shall see late:;.the
Model usesvdnly a-f:action'of éll the links that are available
to it. Using Tabie II-4 it is possible to allocate all PIES oil
production to C=nsus Regioné. |

| In additioﬁ to normal crude production, PIES permits the

. production of oil from tar sands (TS), oil from shale o0il (S0)
and synthetic oil from coal (OL). In the PIES 1985 $13 reference

_ éasé synthetic oil is too expenéiﬁe to be brought into production
($17/bbl) and need be given no fu:therAconsideration, 0il from
tar sands is treated like any cther crude within the model but
prdduces the pooled crude (OL) within the model. With a production
cost of $l5/barrel it too is too expensive to come into production

in the $13 reference case and in any case is not permitted to he

considered for production by 1985 except in the accelerated
sdenario; :

At $12/bkl,0il from shale oil does come into production. It
is produéed'in a single separate shale region (S1l) which we have
locétéd in the Rocky Mountains (Census Region 8). |
TRANSPORTAT-ION BETWEEN CENSUS REGICNS AND REFINERY REGIONS

In order to determine the way in which the Model chooses the
links by which crude is actually tfansported, it is neéessary to
look ét the PIES Report (known famiiiarly as Wonderbread). Pages
79 through 83 of the Report detail the oil flows between 0il and
Refinery Regions. These pages are included as Apéendix A to
this chapter.

The flows described on these pages are summarized in Table II-

5 which shows the origin of oil on the basis of Census Region
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TABLE II-5 OIL FLOWS FROM CENSUS REGIONS TO RﬁFiNERY REGIONS

Refinery Region 1

0il

Refinery Regicn 2 Refinery Region 6

or Means

Volume Cost Product Volume Cost Product Volume Cost Product.
Type
o
0 .
an Il 27.1 .0606
n o
oA
o b .
0o
m \12 274.5 .0606
Totals 301.6 .0606
or Means
m
12}
~g‘; I1 138.4 .1466 120.5 .1624 -
‘@ .
Totals 138.4 .1466 120.5 19.57

. 1624'



0il
Type

WT(Q4)
WT (06)
WT (07)-
{ vr(09)
| TE

LC

—Sb_
Census Region 7

y GT
Lo

OK

H2

Totals
or Means

TABLE II-5 OIL fLows FROM‘CéNSUS.REGION TO REFI&ERY REGION
Refinery Regioh 3 .A Refinery Region 7
Volume Cost Product | Volume Cost Product

23,2 .3054 7.0853
1587.4 .1830  290.4942
56.8 -.0121 ‘.6873
33.2 .0448
264.2 .0121  3.4388
1564,1 .0121 .16.5056
1136.8 .  .0121 13.7553
1418.7 - .0630 89.3781
10,9 .0448 
78.0 .2872  22.4016 9.0  .0448

5949.2 . 075 443.7462 483.1 .0448

{
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census

0il
Type

AS

50

WM(04)

WM (05)

Hs

Totals
or Means

leEinery Region 2

Volume

CostL

TABLE

Product

11-5; : OIL FLOWS .FROM CENSUS REGION M0 REFINERY REGION

Refinery Region 3

Volume Cost

Product

Refinery Region 4

Volume

L]

Refinery Reglon 7

Cost ° Product Volume Cost Product
4.1 .3539
300 .372
59.6 .372 49.3 © 43054
470.2, .2545
82.5 .5151A )
359.6 - .372 82.5 .5151 4.1 .3539 519.5. .2593 134.72



Census Region §

_L?—

TABLE II-5 OIL FLOWS FROM CENSUS REGION TO REFINERY REGION

Refinery Region

Refinery Region 4

or Means

Volume. Cosp Product Produc?' Volume Cost Product
:328,4 k.31
1176.5 .0121
37.1 .0121
48.0 4.01 2000 1f31
'iz9 | L0121
48.0 4.01

NOT APPLICABLE

Refinery Region 5



and the destination of the oil in terms of Refinery Region,
ALLOCATICN OP.REéINE.Y CAPACITY TC CENSUS REGION.

This has been done on the basis of refinery capacity invuse
. on January lst, 1976, using data in Reference II-1 which describes
each'refinery in terms of location, ownership, capacity, etc. Thé

geographical data is detailed in Table II-6 and summarized in Table II-7

™ i e

These same data correspond to.simiLar data published by the
FEA ané the Bureau ef Mines., (Refe;enée II=2)

Tables II-5 and II-7 may now be used to determine the costs ci
transporting crude frcm one Census Region to another.

The précedure is to determine from Tabls II-5 to which Refinery
Regiocns crude is transportsd £rcm each Census Region. The corre-
spondence between Refirery Regions and Cznsus Regions is given

by Table II-7. Tables II-8 and II-9 show the cOsts per barrel and flows
between Census Rsgions. The costs’a:e the costs from Table II-5.
excéf- when crude from a census region travels to two (or moxe)
refinery recions, both of which have areas which fall into one

Census Region. In those instancss we have computed the weighted

averagas of the costs of the crude oil flowing into the ragion.

[2)}

or example, oil produced in Census Region 7 flows to PIES

h

Refinery R2gions 3 and 7. 92% of Rzfinery Regicns 3's capacity

rh

is in Census Region 7 and 41.3% of Refinery Region 7's capacity.

Thus 5473 (= 0.92 x -..2) thousand barrels/&ay of oil is

transported to the region at a cost of 7.5¢/barrel
and a further 199.5(= 0.413 x 483.1) thousand barrels/

day at a cost of .448¢/barrel. The weighted

average cost is-7.39¢/barrel ( = 5473 x 7.5 + 199 5 x 4.48)
5
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TABLE II-6 "ALLOCATION OF REFINERY CAPACITY TO CENSUS REGIONS

Census Region

Maine

New Bamshire

Vermont

Massachusetts
‘Rhode Island

Connecticut

1 Refinery Capacity PADD
bbls/CD ‘
- 1A
- _ 1a
- 1A S :
0% of PADD 1A Capacity (PIE
- 1a Refinery Region 1)
- ia
= A 1a

Census Region 2

New York

New Jersey

Pennsylvania

111,385 | 1A

539,000 1A 2100% of PADD 1A Capacity (PIES
. ) Refinery Region 1) .
757,020 : 1a

Census Region 3

W. Virginia

Maryland
Delaware

Virginia

Wash., D.C.
N. Carolina

S. Carolina

Georgia

Florida

19,450 1B
28,500 1B
140,000 1B
53,000 | 1B
- 100% of PADD 1B Capacity
_ (PIES Refinery Region 6)
18,000 1B
5,700 1B
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Census Region 4 Refinery Capacity ~ PADD

Wisconsin 45,400 2B
" Illinois 1,176,050 ) 2A
Indiana 561,160 - 22 ) 3% of PADD 2B Capacity (PIES
‘ : , . Refinery Region 7
Michigan - 147,200 2RA ) 893 of PADD 2A Capacity (PIES
Ohio ' ‘ 589,770 22 Refinery neg;onIZ)

Census Region 5

Keutucky - ' 164,000 2A ,

} 8% of PADD 2A Capacity (PIES
Tennessee 48,500 2A) Refinery Region 2)
Mississippi 329,500 3 -

} 6% of PADD 3 Capacity (PIES
Alabama ’ 49,875 ‘ 3 Refinery Region 3)

Census Region 6

N. Dakota , 58,658 2B

S. Dakota - |

Nebraska 5,000 28 55% of PADD 2B Capacity (PIES
- Kansas 451,180 S 2B Refinery Region 7)

Minnesota- 216,800 ' 2B

Iowa | -

Missouri' : . 107,000 : 22 4% of PADD 2A Capacity (PIES

Refinery Region 2)

Census Region 7

Oklahoma ‘ ' 545,775 2B 41% of PADD 2B Capacity {PIES

Refinery Region 7)
Texas 3,966,330 .3 :
~ Arkansas - . 60,786 ' 3) 87% of PADD 3 Capacity (PIES

Refinery Region 3)

Louisiana 1,753,095 3
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;nsus. Region 8

‘Refinery Capacity

Idaho‘
Nevada

" Utah

_ Arizona
_vMontana
Wyoming
'Colqrado

New Mexico

Census Region 9

Washington
- Oregon

¢ .California
Alaska

Hawaii

152,000

4,000

156,181 .

187,340

62,125

104,230

366,900

14,000
1,903,935

74,250

101,750

-51-

PADD

(5)

(5)

100% of PADD 4 Capacity (PIES
Refinery Region 4)

<1% of PADD 5 Capacity (PIES
Refinery Region 5)

2% of PADD 3 Capacity (PIES
Reflnery Region 3)

599% of PADD 5 Capacity (PIES
Refinery Region 5)



.~ TABLE II-7 PERCENTAGE OF PIES REFINERY CAPACITY ATTRIBUTABLE TO CENSUS
v ' ’ REGIONS :

PIES Refinery
Region 1 2 3 . 4 5 6 . 7
Census Region '
1 :

2 100

3 , | ' 100

8 | 2100

9 100
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TABLE II-8 COSTS OF'OIL'TRANSPORTATION BETWEEN CENSUS REGION
(In $/barrel) .

To Census ‘ -
From Regions - 1. 2 3 4 5 6 7 8. 9
Census ’ ' ‘ ' :
Region-

1
I I 0606 .0606 .0606

3 o .1466 .1624

7 . : : S ’ .0448 .075 .0448 .0739 .075

8 - o . .366  .3942 .2647 -.3261 .4002 -
| | | .01

or

9 , : S 4,01 4.01  .6017 '1.31
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s

TABLE. II-9° CRUDE OIL 'FLOWS BETWEEN CENSUS REGIONS

~ From
Census - To Census Region’
Region 1 2 3 "~ 4

1

2 S . 266.92

3 ' ' 138.4 - 120.5

7 ' 16.43

7
nalt

. Aléska

22.62

356.95

31.92

-54-

(in thousand of barrels/day).

- 12.06

267.15

301.67

0 5672.78

290.45

44.16



‘The high costs of.trénsportétion from Census Region 9 refleét the
costs‘of.transportaﬁion ffom Alaska._

Within Census'Reéion 9 itself, Californiean ail isvtrénsported
| ét a cost of $0.0121/barrel and Alaskan Oil is transported to
California'at a cost of $l.31/barrel. PIEsvreferenée case has.
2.3 million barrels/day moving.ffom Alaska to Californizn Refineries
and 1.34.miliion barrels/day of West Coast oil moving to refineries

also in California.
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Appendix II~-A

"Paces 79 throuch 83 of the PIES $13 Reference Case Report
for 1985
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.

IIT NATURAL GAS TRANSPORTATIO!! COST

INTRODUCTION
Within PIES, natural gas is modeled as beingfproddcea pri-

marily from gas wells but also is produced in association with.

.crude oil. Prlmary productlon of natural gas occurs in one of

. 15 gas reglons.' These gas reglons correspond to the 14 NPC

011 and gas regions except that Alaska ls lelded lnto two reglons,

_North and South. Productlon of assocla*ed natural gas occurs in’

the Qll reglons in which the crude productlon takes place.
Some production of synthet;c natural gas also takes place in
PIZS coal regions. | '

Natural ges.is'also imported from Canada and from Algeria‘

as LNG (liguefied natural gas). Consumption of natural gas takes

“place both in otility and demand regions both of which coincide

with Census Regions. In addition, natural gas is used as a

refinery feedstock and consequently provision must be made in

‘the model for transporting natural gas to refinery regions.

Tn all cases, natural gas is assumed to be transported by
plpellne from the p01nt of production to the poxnt of con"unotmon.
No constraints are placed on volumes that may move between reglons.

Natural gas transportatlon costs areioontalned in the PIES

- Standard Tablé TRNPLPRC (Table III-1) which gives costs betweenigas;

import and coal regions to utility, demand and refinery regions.
The PIES Model structure provides links so that associated

natural gas produced in oil regions is transported from the oil

regions to the coincident gas regions. There are no costs

associated with these links.

-60-




6e.

TABLE TRNPLPRC

D1

1,66/40
1,892%0
0727200
727200
698100
« 606000
V515100
428500 -
. 398200
,402600
«259000
147100
+ 335300
129900

0,00000

147100
147100
y 28500
. 259600
402600
< 428500
600000
606000
«698100
1698100
127200
1066740
0.00000

02
1,63950

“1,86500

088100
, 588100
009300
e9D62600
WU67500
« 378300
¢ 346300
.359200
212100
099600
281400
«077800

0,00000

2 099600
s 099600
378300
212100
e 359200
W 578300
v H62600
« 962600
. 689300
649300
088100
1463950

4050000

TABDLE III-1 PIES STANDARD TABLE TRNPLPRC

DU
143710
1,66260
493500
L493500
«400200
313900
. 294200
«251100
268300
168700
< 056200
108100
285700

- 2194800

0,00000
0108100
0108100

.e251100

« 056200
.168700
+251100
e 313900
« 313900
2400200
2400200
W 493500

1.43710

Do

1,35650
§4956200
385100
. 385100
092100

194800

, 1681800
173000
216400
, 056900
103900
2207700
289900

$277000

0,00000

s 207700
0207700
e173000
«1039V0
,056900
v 175000
.19“800
194800
2092100
092100
« 585100
1033550

V3

151830
1,74389
e 205400
ETEY T
470800
429600
,285700
V177400
142700
219100
s 116800
138400
121200
. 142700

0,00000

.l35000
« 138409
177400
,116800
219100
177400
429600
429000
U/0d9ov
V470800
545490
1e91839

]

f.UrBo60 -

1,70400
«506300
. 06300
WH21500
', 589600
251100
0159400
v 1124090

L, 186100

«108100

e 160200 .

. 138400
0171900

0,00000

0160200
» 160200
|13§“00
2108100
186100
130400
s S8Y60V
589600
427500
2427500
0206300
1e4/869

v7
1057990

11,6054y

« 389990
. 389900
+3ub40v
e 585400
J1ibB0U
«02150v
112400
1bU2y
216400
«S11/0v
«22110U
« 537000

U,u0u0v

311700
« 311700

021500

210400
«160¢00
« 021500
¢« 335400
¢« 335400
+ 308409
308400V
s 389500
1637999

Do
1,18600
t.41140
2293500
«€29300
0992100
WVS7BUO
161900
2554090
. 324500
s 121200
0259609
« 363600
R

1@37200

0,00000
« 363600
+ 363600
« 255400
»€59600
121200
e 255400
WU37800
WU 37800
0992100
V92100
229500

1418600

b9

0v921100

11,1465

«079600
099600
0281400

W 340800

346300
s416000
«562600

C 385100

«523800
W 621500
692500
«701000

0,00000
0,00000
2627500
627500
876000
2525800
o 585100
076000
0340500
s SHOBOV
251400
281400
0099000
0921100

U1

l,66740
1,b929
e l27200
e feicuy
698100
WH0060LY
«Olb1u0
28500
e S98200
s40206VY
e 29590600
s14/100
355500
0129900

0,00000

1U71U0
147100
lizb5u0
«e 259600
JAV2BUY

e l28500

0606000
2606000
ebYBIUY
e6Y810V0
«712/cu0
1.66740U

ue
lebs950
1,865006

bBb1oU

JoBB10U
1909500'
¢962600
467500
375504
s 34630V
399200
0€12100
s 099600
cBl4gu
V77800

0,00000

099600
V99600
NYLETTH
W€1210U
359200
3783006
«Ob260U
«e9Db62604

e b49500

.bQ9§UU
o?UBIOU
lqu?SU

L US0U0U




Cu
CC
GN
040
al
02
03
a4
b)
ob6
ot
4]

TABLE

TRNPLPRC=CONTINUED

vd ue

1.43710  1,33650
1e66260  1,56200
$493500  , 385400
W493500 ,385400
WHoL200  ,092100
.513?90 «194800
294200 (181800
v251100  ,173000
268300 ,216400
168700 ,056900
1056200 4103900
108100 L207700
285700  , 289900
(194800 ,277000
0,00000 0,00000
108100 ,207700
J108100 207700
251100 ,173000
1056200  ,103900
168700 ,056900
0251100 175000
(313900 ,194800
315900 194800
WH00200  ,092100
400200 ,092100
J493500 ,385100
1,43710 1,33650

vl

1,51830
1e7U380
« 545400
e 545400
2470800
429600
0285700

177400

o 142700
2191040
«116800

138400

0121200
442700
0,00000

136400
o 158400
177400
« 116800
0219100
177400
429600
429600
470800
J470800

,545400 °

1,518350

us

1,47860
1.,70400
«D206300
1906300
2427500

251100
o 138400
v112409¢
186100
«108100
160200
o 138400
177400
V,00000

v16020)
. 1602UD
e 138400

e 1081090

v10606100
« 138400
389600
. 389600
JU27500
27510

0506300
1,47860

u7
1,37990
1e6054y

.0359500

« 389500
308400

"¢ 855400

110800
021500
112400
2100200
» 210400
0511700
251100

e 357600

0.00000

311700
0311709
021500
021§400
« 160200
0021500

. 555400

$ 355000
« S0BUOV
« 306400

.}59500
l|i7999

us
1,18600

1441140

529300
2293500

092100

057890
0161900
e 2959400
1929500
0121200
0259600
» 363000
441490

437200

0.00000

0363600

363600

. €55400

W 259600

oiZiBOU‘

0255400

NEYLTT)
LU37500
W 092100

L 092100

, 229500
1418600

u9

s <110V
141605y
+ 099000
e QY900
0282490

e 34y8p0 -

+ 348500
el iouQu

562600
« 385100 -

0525600
627300
692500
«TulLou
V0L OV
U,u0uoU
61500

4;617509
Wldibupu

«525890
¢ 385100
J4ibou
« 540B0G

390800
s231400
0281400

o L7900V
921100

0,00000 -

0400000

4

Ue00VOU

0s00UOU



co

TABLE TRNPLPRC=CONTINUED

RS R6 R7 RN 62
0400000
0,000v0
0,00000
0,00000
0,00000
0400000

0.00000

G4

U, 0000

6>

0,00000

Gb6

00000

67

00000y

Go

Vs 0000
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TABLE!I TRNPLPRC=CONTINUED , A
G9 GaA . 'GB GC G GE- 61 s

05

26

I ' .

os 0,00000

99 ' 0,00000

DA 4 . 0,00000 0,00000
gy : 0400000 -
oce , SR 7 000000

Qv . : T 0,V0V0U

~bw ' N - 0.000v0



The costs of transportaﬁion of impofted natural gas are
included in the purchase price. Imports are moved directly from
PIES import regions to PIES utility or demand regién.l

| Lihks'are,provided td transpdrt natural gas from gas region
‘to the co-located PIES refinery regioﬁs. No costs are associated
with these links.
»ALLOCATION OF GAS PRODUéTION TO CENSUS REGION.

Table III?Z shows the correspondence of natural gas production

in.PIES gas regions to States and thus to Census Regions. The Naticﬁ's
 major gas produciﬁg_fieLds do not in general coincide geographically
wiﬁh_the oil:producing‘fields'although they are generally located
in closé prpximiﬁy.‘ AS with Qil production; we have allocated gas

production to States on the basis of maps in the International

Petroleum Encyciopedia'Vol, 6. There were only two instances where

gaé fields appeafed to overlap two Census Regions. These were in
PIES gas region OA which includeskansas, Texas and Oklahoma and
PIES gas region OC which includes Pennsylvania and West Virginia.
Iﬁlregion OA Kansas is in Censu% Region»G whilst Texas and Oklahoma
are in Census Region 7. In region OC Pennsylvania is in Census
Reéion 2 and West Virginia iﬁ Census Region 3.

| We allocated production in these regions to Census Region
according to the 1974 relative production levels of non-associated

natural gas in each of these statés as given on p.25‘6f 1974 Gas

Facts published by fhe AGA. These allocations are shown in Table III-2.

Table III-3 lists the crude oils types which have associated gas
production in the PIES Model. Also listed are the oil and Census

Region in which this production takes place.
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TABLE ITI-2 RELATIONWSHIP OF P2IES.

PIES
Region

2

GAS REGIONS TO CENSUS REGIONS

NPC
Region

1s

- 2A

6A

8,9

10

11

11A

State

Ca

cA

AWY '
i}
CO'

fd

TX

LO

Lo

KS
{TX}
OK

OH

{PA

-66-

. Proportion
of
Production
By State

8%
92%

29%
71%

Census
Region
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TABLE IIZ-3 CRUDE OIL TYPES HAVING ASSOCIATED NATURAL GAS PRODUCTION

0il Types

-

"WC

Wo

T WT
LC
.LO

OK

I2

Il

AB

PIES Oil Region

AS .

0l
02

03

'°_7
08
09
- OA
oC
oD
QD

oD

-67-

Census Region

9 (AK)
9 (CA)

9(Ca)



Préduction of. synthetic natural gas takes place in PIES-
Coal Region 08 (The Western Northern Great Plains) and PIES
coal region OA (The South-West) both regions being in Census Region
8.4 _
TRANSPORTATION BETWEEN PRQQUC?ION REGIONS AND CONSUMPTION'REGIQ&S

Aithough ihe model provides for a'great number ofbpossible -
tfansportation iinks; in practice only a few are used; in order
to determihe which links are actually‘used it is necessary to use
the PIES Report. Pages 85 ana 86 ot thé Report detail tHe flows
between production and consumption regions.

The inter-census region transportation costs that we derive -
are given inATable III-4. Table III-5 shows the quanﬁities cf

natural gas transported that are associated with these costs.
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TABLE III—4 NATURAL GAS INTER-CENSUS REGION‘TRANSPORTATION cosT

($/thousand standard- cubic feet)

Census . .
Region To 1 2 3 4
From
1
2 0.0467%*

3 = 0.0996

4 : 0.0562
6 ' 0.1687

7. ' 0.3463 0.1427 0.0469*

Alaska

*Denotes cost is a weighted average.

0.0569

0.1124 0.1797%

0.0921

0.0357*

0.1619

© 0.0378

0.0996

1.083%*



Census
Region
From

~

-OL'-
w

Alaska

To

"TABLE III-5 INTER-CENSUS REGION FLOWS OF NATUFAL GAS

(in thousands of standard cubic fee%/calendar day)

1095.2

928.7

419C.0

4842.9

127.0

782.9

11859.9

335).4

4.0 .

2699.4

3914.0

 23503.6

755.0

2690.6

1235.8

3184.7



APPENDIX III-A

Pages 85 and 86 of the PIES $13 Reference Case Report for 1585
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APPENDIX A. COAL SUPPLY CURVES

The following introductory discussion of cocal supply curves
is taken from LMI's report on the PIES Model.l Coal supply curves
as functions of price and guantity 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, and 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 export
markets, no single estimate of BTU content is required by the
model for metallurgical coal. Low-sulfur coal is defined to

meet the Environmental Protection Agency's new source performance

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

1
The Integrating Model of the Project Independence Evaluation System,
by Loglistics Management Institute, Washington, D.C., for Federal
Energy Administration, August 1976.

2

PIES Coal Supply Curve Methodology, Final Report, by ICF Inc.,
Washington, D.C., for Federal Energy Administration, January 1976.

w

1976 National Energy Outlook, Appendix D "Coal, 0il and Gas Supply,”
Feceral Energy Administration, Washington,D.C., 1976.
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FIQURE ;1\-1 PIES COAL SUPPLY REGIONS

Logend
Dituminous Coal

Subbltuminous Coal

(B

~ Lignita
f4 Anthraclte

Source:

U. S. Geological Survey Bulletin 1412

Coal Resources of the United States, January 1, 1974

9.
10.
1.
12.

Roglons

. Norihern Appalachla
2. Cenlral Appalachla

. Southern Appalachia
. Midwesl

. Cenlral West

. Gull

. Eastern Northern

Greal Plalns

. Wastern Northorn

Great Plaina
Rockles

Southwesl
Northwesl

Alaska (nol shown)



coal is called high-sulfur. . Table A-1 defines theAregioﬁal break-

out by BOM mining district and listé the region/product class/

heat value combinations for which supply curves‘were developed.‘
Both high- and low-sulfur steam coal from.each region is

assigned to one of four BTU categories:

Category ‘ l'O'GB‘TU/Ton
High ' v : . 24
Medium - 22
Low ‘ 19
Vary Low 14

These four categories represent (1) eastern bituminous coals, (2)

othér bituminious coals, (3) sub-bituminous coals, and (4) lignites,
respectively. The BTU heat value assignments for steam coal by

region are as follows:
6

Region- 10 "BTU/Ton
Northern Appalachia - 24
Central Appalachia ' 24
Southern Appalachia ' ' 24
Midwest ' ' 22
Central West . - 22
Gulf 14
Eastern Northern o :

" Great Plains 14
Western Northern ,

Great Plains : 19
Rockies ' , 22
Southwest i 1¢
Northwest 19
Alaska : : , 19

Each.step of the coal supply curves represents the development
of a different mine type. There are surface mines defined by
mine size (annual production level) and overburden ratio, which
is defined as cubic yards of overburden per ton of coal. There
are also deep mines definéd by mine size, seém thickness and

seam depth.. A total of 102 mine types were developed consisting

. of 36 surface mine types, which represent various combinations

=75
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TABLE a-l.

COAL SUPPLY REGIONS AND

PRODUCT CLASSES FOR PIleS MODEL

Region
1. Northern
Appalachia
2. Central
Appalachia
3. 'Southern
Appalachia
4, Midwest
5. Central West
6. Gulf
7. Eastern Northern
Great Plains
8. Western Northern
Great Plains
9. Rockies
10. Southwest
11. Northwest
12. Alaska
Source:

BOM Mining
Districts

1-6

788

13

9=11
12,1415 (ex-
cept Texas) -
Texas
21522 (only
lignite
reserves)

16,19822 (ex~-

cluding lignite

reserves)

17&20
18
23 (eicept

Alaska)
Alaska

Product
. Classes

Metallurgical
Low Sulfur

- High Sulfur

Metallurgical
Low Sulfur -
High Sulfur
Mctallurgical
" Low Sulfur’
High Sulfur

Low Sulfur
_High Sulfur

Metallurgical
High Sulfur

High Sulfur
Low Sulfur

High Sulfur

Low Sulfur
High Sulfur

Metallurgical
Low Sulfur

Low Sulfur
High Sulfur

High Sulfur

" Low Sulfur

PIES Coal Suvpply CurveAMethddolocv,'iC?~Inc.
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Heat Value
(106 Btu/Ton)

26
24
24
26
24
24
26
24
24

22
22

26
22

14
14
14

19
19

26
22

19
19

i3

19
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of six mine sizes, five seam thicknesses, and four seam depths.

The price attached to each step is the minimum acceptable
selling price (in constant dollars) for coal from that particular
mine type. The mihimum acceptable selling price is the price
at which a coal company would recover all of its costs plus earn
an eight pércent return on its investment in the mine being

costed. The minimum acceptable price for each mine type and the.

.projected market clearing price are two different concepts. The

minimum acceptable prices trace out a supply curve with some mines
cheaper to develop than others. It ié assumed that the mines
will be developed in order of increasing cost. The market
clearing price is the minimum aéceptable price for only the

last mine to be developed (i.e., the marginal mine). The pro-
ductionflével aésociated with each step is the maximum annual
production that the BOM-demonstrated reserve base could sustain
from mines of that particular mine type in thét region for 20
years. Table A-2 provides a summary of the estimated minimum
acceptable selling price for each of the 102 mine types for which
costs were egtimated.

The follpwing 24 exhibits presént the long-term coal supply
curves used in the PIES Model,4 Although the figures present
only the supply curves for 1985, the tables have estimates for
1980, 1985 and 1990. The prices shown in the exhibits are
greater than the corresponding prices shown in Table A-2 since

the prices shown in the exhibits reflect the following adjustments:

PIES Coal Supply Curve Methodology, op.cit.
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TADLE A-2, ESTIMATED MINIMUM ACCEPTABLE SELLING PRICE FOR RAW COAL BY MINE TYPE
(1975 $/Ton -~ FOB Mine)
B SURFACYK_MINES
Mine Slze ‘ Overburden Ratlo*
(106 Tons/Year) 511 10:1 15:1 20:1 25:1 3031 45:1
U. - X 27.97 I . k) ¢3.90
0.5 X 9.21 11.14 13.15 15.27 “17.54 26.02
1.0 5.90 7.16 8.46 9,04 11.34 12.95 19.59
2.0 5.16 6.30 7.50. 8.70 10.10 11.51 16.90
3.0 4.75 5.82 6.95 8.1)] . 9.35 10.63 15.34
1.0 4.48 5.48 6.54 7.65 X X X
NEEP MINES
Mine Slze' Seam Thickness Seam Thickness
(106 Tons/Year) 72" 60-71" 40-59* 36-47" 20-35" 72" 60r7l' 40-59" 16-47* 20-35"
: Deift. Shatt -"300 Foot Dcpth
0.1 X .10 15.41 15.52 I7.7% . = . v N1E
0.5 X 13.55 14.35 15.21 16.17 14.87 15,71 16.62 17.61 10.71
1.0 X 12.71 13.30 14.09 X 13.77 14.50 15.20 16.10 X
2.0 X X 10.08 X X 11.10 11.62 12.16 X X
3.0 X X X X X 9.09 X X X X
Shaft - 700 Foot Depth Shaft - 1,000 Foot Depth
0.1 20,12 21,09 22,16 23.40 21,03 22,09 2147 -24.51 25.74 27.10
0.5 15.20 16.14 17.07 18.07 19.18 15.70 1€.57 17.51 10.52 19.64
1.0 13.98 14.7) 15.51 16.34 X 14.19 14.95 15.75 16.59 X
2.0 11.24 11.76 12.31 X X 11,37 11.91 12.46 X X
3.0 X -X 10.11 X X X X

10.00  x X

¥ Cublc yards of ovecburden per ton of coal,

X indicates that no mine was cooted out with the indicated speclflcaflons.

Source:s

PIES Coal Supply Curve Methodoloyy, ICF Inc.




- a cleaning charge of $2.00 per ton was added to

all high and medium BTU coal;

- a cleaning charge of $4.00 per ton waé added to

all.metallurgical coal;

- Alaska prices were inflated by 50 percent to reflect

high regional labor and capital costs:
Thé prices do not include a boiler charge for burning iow BTU and
very low BTU coal or reclamation costs or severance taxes.

The labels in the first column of the exhibits identify the
" type of mine being operated. SX and SY symbolize existing surface
. mines. SX represents minés in operation as of December 31, 1974.
SY‘represents those mines scheduled to be in at least partial.
production as of December 31, 1976. Production from the SY mines
‘may not reach full capacity until as late as 1979 in some cases.
DX and DY signify existing deep mines. As with the surface mines,
DX represents those mines in operation as of December 31, 1974
and DY presents those mines scheduled to be in at least ?értial
production as of December 31, 1976.

The new surface mine labels begin with S and have two numbers
trailing, e.g., S/10/1.0. The first number is the overburden
ratio, i.e., cubic yards of overburden per ton in place. The
second number is the size of the mine being developed in millions
of tons per year. Thus, the label S/10/1.0 translates into
surface mines with 10 to 1 overburden ratios, each capable of
producing one million tons of coal annually.

The new deep mine labels becin with D and have three numbers

trailing, e.g., D/4é/04/0.5. The first number is the minimum
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seam thickness being minedvin inches. The second number is the
~depth of the seam in hundreds of feet. The thirdvnumbef isAthe
size of the mine in millions 6f tbns per yéar.. Thus, the label
D/48/04/0-5 stands fo; a deep mine with a 48 inch seam lying
406 feet below thé surface and producing 500,000 tons annually.
- Two zerces in the depth ¢olumns indicate a drift mine. '
Note that_tﬁe horizontal axes vary between five_different
scales: © (1) 0-20 million tons, (2) 0-80 millien teons, (3) 0-160
million tons, (4) 0-400 million tons and (5) 0-800 hillion'tons..
Since these scales aie simply multiples of each other, supply |
curves drawn on different scales can be easily compared. Remémber,
however, that the BTU content of coal varieS'by:regicn and product
class. All the vertical axes are the same, going from 0 to $§5
a ton. A dotted line is used to indicate that the sup?ly curve" -

éxtendslbeyond the limits of scale.
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EXHIBIT A-Ia

Region: Northern Appalachia
Product Class: Metallurgical
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) Mine Type )

D/48/00/0.1
D/48/07/1.0
D/48/10/1.0
D/36/04/1.0
D/36/07/1.0
D/36/00/0.1
D/36/10/1.0
D/48/04/0.5
D/48/07/0.5
D/48/10/0.5

D/36/04/0.5
D/28/00/0.1
D/36/07/0.5
D/36/10/0.5
D/28/04/0.5
D/28/07/0.5

D/28/10/0.5
D/48/04/0.1
D/36/04/0.1
D/48/07/0.1
D7/28/04/0.1
D/36/07/0.1
D/48/10/0.1
D/28/07/0.1
D/36/10/0.1

D/28/10/0.1

NT5/45/0.1

Price

($/Ton)

13.30
15.958
17.70
19.27

19.44

19.51

19.75

20.10
20.34
20.52
£ 20.59
20.62
21.07
21.51
21.54
21.61
21.76
22.07
22.52
22.71
. 23.18
23.59
23.64

24.05.

25.28
26.16
26.69
27.40

28.54

28.83

29.74 -

30.82
31.10
44.42
50.93

73.90

EXHIBIT A-Ib .

Northern Aépalachia

Annual Production
By Mine Type
" {10% Tons)

Product Class:

Metallurgical

BTU Content (106 BTU/TON):

Cumulative Annual Production
(106 Tons)
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PRICE
($/Ton)

EXHIBIT A-IIa

Region:

Northern Appalachia

Product Class: Low Sulfur

1
10

30

25

20

15

83~

10
5
0

Production
(106 Tons/Year)




EXHIBIT A-IIb

Reqidn: Northern Appalachia
Product Class: Low Sulfur
BTU Content (106 BTU/TCN): 24

Annual Production

. Drice By Mine Type .. Cumulative Annual.Production
_ _Mine Type . ($/Ton) . (10 Tons) (106 Tons)
I 1980 1985 1990 . 1980 1985 1990 -

DX 15.94 3.7 3.7 3.7 3.7 3.7 3.7
DY 17.23 5.3 5.3 5.3 - a.0 9.0 9.0
SX 18.42 2.6 2.6 2.6 11.6 11.6 11.6
D/36/00/0.1 : 18.52 0.1 0.1 0.1 11.7 11.7 11.7
D/28/00/0.1 19.76 0.1 0.1 0.1 11.8 11.8 11.8
D/36/07/0.5 - 20.07 0.5 ° 0.5 0.5 12.3 12.3 12.3
D/36/10/0.5 20.52 0.5 0.5 0.5 12.8 12.8 12.8
D/28/07/0.5 . 21:18 0.5 0.5 0.5 13.3 - 13.3 13.3
D/28/10/0.5 21.64 0.5 0.5 0.5 13.8. 13.8 13.8
D/36/04/0.1 '23.28 0.6 0.6 0.6 14.4 14.4 14.4
D/28/04/0.1 24.69 0.8 0.8 0.8 15.2 15.2 - 15.2
D/36/07/0.1 . 25.40 0.3 0.3 0.3 15.5 15.5 . 15.5
D/28/07/0.1 26.83 0.6 0.6 0.6 16.1 16.1 - 15.1
D/36/10/0.1 27.74 0.3 0.3 0.3 16.4 . 16.4 16.4
$/45/0.5 28.82 0.5 0.5 0.5 16.9 16.9 16.9
D/28/10/0.1 29.10 0.6 0.6 0.6 17.5 17.5 17.5
$/20/0.1 36.13 0.3 0.3 0.3 17.8 17.8 17.8
s/25/0.1 . 42.42 0.3 0.3 0.3 13.1 18.1 18.1
§/30/0.1 48.93 0.3 0.3 0.3 18.4 158.4 18.4

1.2 1.2 1.2 19.6 19.6 19,6

S/45/0.1 ‘ 71.90
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PRICE
($/Ton)

EXHIBIT A-IIIa

Region: Northern Appvalachia

Product Class: High Sulfur
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EXHIBIT A-IIIb

Region: Northern Appalachia

Product Class: High Sulfur

BTU Content (10° BTU/TON):_24

' Annual Production

Price ) By Mine Type Cumulative Annual Production

_Mine Type _____ ($/Ton) (106 Tons) (10® Tons

o L e 1980 - 1985 1990 : 1980 1985 1990

sX - 7.76 52.0 42.0 32.0 52.0 42.0 32.0
DX 10.68 74.5 59.5 - 44.5 126.5 - 101.5 76.5
bY , 10.73 16.6 16.6 16.6 143.10 118.1 93.1
$/20/2.0 10.78 6.0 6.0 6.0 149.1 - 124.1 99.1
$/20/1.0 © 11.84 7.0 7.0 7.0 156.1 131.1 - 106.1
$/25/2.0 12.10 8.0 8.0 8.0 164.1 139.1 114.1
D/48/00/2.0 12.88 . 8.0 8.0 8.0 172.1 " 147.1 122.1
5/25/1.0 : 13.34 9.0 9.0 9.0 181.1 156.1 131.1
$/30/2.0 13.51 8.0 8.0 8.0 189.1 164.1 " 139.1
D/60/04/2.0 13.62 2.0 2.0 2.0 - 191.1°  166.1 ©141.1
D/60/07/2.0 . 13.76 4.0 4.0 4.0 195.1 170.1 145.1
D/60/10/2.0 13.01 4.0 4.0 4.0 199.1 174.1 159.1
. D/48/04/2.0 14.16 42.0 42.0 42.0 241.1 216.1 191.1
D/48/07/2.0 14.31 58.0 58.0 - 58.0 299.1 "274.1 249.1
D/48/10/2.0 . 14.46 58.0 58.0 58.0 357.1 332.1 - 307.1
; D/60/00/1.0 14.71 1.0 1.0 1.0 358.1 333.1 308.1
- §/30/1.0 14.95 9.0 9.0 9.0 367.1 342.1 317.1
$/20/0.5 15.15 7.5 7.5 7.5 374.6 349.6 324.6
D/48/00/1.0 15.38 3.0 9.0 9.0 383.6 "’ 358.6 333.6
D/60/00/0.5 15.55 1.0 1.0 1.0 384.6 359.6 334.6
D/36/00/1.0 16.09 9.0 9.0 9.0 393.6 - 368.6 343.6
D/48/00/0.5 . 16.35 8.0 8.0 8.0 401.6 376.6 351.6
D/60/00/0.1 . 16.48 0.8 0.8 0.8 402.4 - 377.4 352.4
D/60/04/1.0 16.50 5.0 5.0 5.0 407.4 382.4 © 357.4
D/60/07/1.0 16.73 5.0 5.0 5.0 412.4 387.4 362.4
D/60/10/1.0 . 16.95 - 5.0 5.0 5.0 417.4 392.4 367.4
D/36/00/0.5 17.21 10.0 10.0 10.0 427.4 402.4 377.4
$/25/0.5 17.27 8.5 8.5 8.5 435.9 410.9 385.9
D/48/04/1.0 17.28 42.0 42.0 42.0 477.9 452.9 427.9
D/48/00/0.1 17.44 9.0 9.0 9.0 . 486.9 461.9 426.9
D/48/07/1.0 17.51 60.0 60.0 60.0 546.9 "521.9 496.9
D/60/04/0.5 ~  17.71 3.5 3.5 - 3.5 550.4 525.4 500.4
D/48/10/1.0 17.75 60.0 60.0 60.0  610.4 585.4 560.4
'D/36/04/1.0 18.10 49.0 49.0 49.0 659.4 '634.4 609.4
D/60/07/0.5 . 18.14 5.5 5.5 5.5 . 664.9 639.9 614.9
D/28/00/0.5 . 18.17 8.0 8.0 8.0 672.9 647.9 622.9
D/36/07/1.0 18.34 68.0 68.0 68.0 740.9 715.9 690.9
D/36/00/0.1 18.52 10.6 10.6 10.6 751.5 726.5 ~ 701.5
D/60/10/0.5 18.57 5.5 5.5 5.5 757.0 732.0 - 707.0
D/36/10/1.0 18.59 68.0 68.0 58.0 825.0 800.0 775.0
.. D/48/04/0.5 ©18.62 43.0 43.0 43.0 868.0 ~  843.0 818.0
@i} S/45/2.0 18.90 24.0 24.0 24.0 892.0 867.0 842.0
'D/48/07/0.5 19.07 60.0 60.0 60.0 - 952.0 327.0 902.0
D/48/10/0.5 19.51 -  60.0 60.0 60.0 1,012.0 987.0 962.0
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Mine Type

$/30/0.5
D/36/04/0.5
D/28/00/0.1
D/36/07/0.5
D/36/10/0.5
D/28,/04/0.5
D/60/04/0.1
D/28/07/0.5
$/45/1.0
D/28/10/0.5
D/48/04/0.1
D/60/07/0.1
D/36/04/0.1
D/48/07/0.1
D/28/04/0.1
D/36/07/0.1
D/60/10/0.1
D/48/10/0.1
D/28/07/0.1
D/36/10/0.1
S/45/0.5
'D/28/10/0.1
$/20/0.1
S/25/0.1
$/30/0.1
S/45/0.1

EXHIBIT A-IIIb (Continued)
Region:
Product Class:
BTU Content (106 BTU/TON):

Annual Production

Northern Appalachia

High Sulfur

Cumulative Annual Production -

Price By Mine Type
(S/Ton) (106 Tons)
1980 1985
19.54 8.5 8.5 8.
19.61 49.0 49.0 49.
©19.76 8.7 8.7 8.
20.07 68.0 68.0 68.
20.52 68.0 . 68.0 68.
20.71 41.5 41.5 41.
20.96 3.5 3.5 3.
21.18 58.0 58.0 58.
21.59 '27.0 27.0 27,
21.64 58.0 58.0 58.
22.05 43.1 43.1 43.
23.09 5.1 5.1 5.
-23.28 49.8 49.8 49.
24.16 60.2 60.2 - 60.
24.69 42.1 42.1 42.
25.40 71.1 71.1 71.
25.47 5.1 5.1 5.
28.54 60.2 60.2 0.
26.83 59.1 59.1
27.74 71.1 71.1
28.82 26.0 26.0
29.10 59.1 59.1
36.13 7.1 - 7.1
42.42 8.7 8.7
©48.93 8.7 8.7
71.90 25.8 25.8

-87-
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(106 Tons)
1980 1985
020.5 995.5
1,069.5 1,044.5 1,0138.5
1,078.2 1,053.2 1,028.2
1,146.2 1,121.2 1,096.2
1,214.2 1.189.2 1,164.2
1,255.7 1,230.7 1,205.7
1,259.2 1,234.2 1,209.2
1,317.2 1,292.2 1,267.2
1,344.2 1,319.2 1,294.2
1,402.2 1,377.2 1,352.2
1,445.3 1,420.3 1,395.3
1,450.4 1,425.4 1,400.4
1,500.2 1,475.2 1,450.2
1,560.4 1,535.4 1,510.4
1,602.5 1,577.s  1,552.5
1,673.6 1,648.6 1,623.6
1,678.7 14653.7 1,628.7
1,738.9 1,713.9 1,688.9
1,798.0 1,773.0 1,748.0
1,869.1 1,844.1 1,819.1
.1,895.1 1,870.1 1,845.1
1,954.2 1,929.2 1,904.2
1,961.3 1,936.3 1,911.3
1,970.0 1,945.0 1,920.0
1,978.7 1,953.7 1,928.7
2,004.5 1,979.5 1,954.5
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" EXHIBIT A-IVa

. Central Appalachia
Region:
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EXHIBIT A-IVb

Region: Central Appalachia

Product Class: Metallurgical

BTU CONTENT (10° BTU/TON): --

. Annual Production _
Price By Mine Type : Cumulative Annual Production

Mine Izge . ($/Ton) . (10 Tons) (106 Tons)

1980 1985 1990 © 1980 1985 . 1990

, SX 8.83 17.6 8.6 - 17.6 8.6 -
; DX 12.36 40.0 22.0 . 4.0 57.6 30.6 4.0
| DY ’ 12.41 7.2 7.2 7.2 64.8 ° 37.8 11.2
S/15/1.0 12.46 1.0 .1.0 1.0 65.8 . 38.8 12.2
$/20/2.0 12.78 2.0 . 2.0 2.0 67.8 . 40.8 14.2
$/20/1.0 13.84 5.0 5.0 5.0 72.8 45.8 19.2
$/25/2.0 . 14.10 2.0 2.0 2.0 74.8 47.8 21.2
$/15/0.5 15.14 1.0 1.0 1.0 75.8 48.8 22.2
S/25/1.0 15.34 5.0 5.0 5.0 80.8 53.8 27.2
s$/30/2.0 - 15.51 2.0 2.0 2.0 82.8 . 55.8 29.2
D/48/10/2.0 16.46 2.0 2.0 2.0 84.8 57.8 31.2
$/30/1.0 16.95 5.0 5.0 5.0 89.8 62.8 36.2
$/20/0.5 17.15 4.0 4.0 4.0 94.8 66.8 40.2
S/25/0.5 19.27 4.0 4.0 4.0 98.8 70.8 44.2
D/48/07/1.0 19.51 3.0 3.0 3.0 101.8 73.8 = 47.2
D/48/10/1.0 19.75 2.0 2.0 2.0 103.38 75.8 . 49.2
D/36/07/1.0 . 20.34 22.0 22.0 22.0 125.8 97.8 71.2
D/36/10/1.0 20.59 33.0 33.0 33.0 158.8 130.8 104.2
$/45/2.0 20.90 10.0 10.0 10.0 168.8 140.8 114.2
D/48/07/0.5 21.07 1.5 1.5 1.5 170.3 142.3 - 115.7
D/48/10/0.5 21.51 3.0 3.0 3.0 173.3 145.3 118.7
$/30/0.5 21.54 4.0 4.0 4.0 177.3 - 149.3 . - 122.7
D/36/07/0.5 22.07 22.5 22.5 22.5 199.8 171.8 145.2
D/36/10/0.5 22.52 33.5 33.5 33.5 233.3 205.3 178.7
D/28/07/0.5 23.18 18.5 18.5 18.5 251.8 223.8 197.2
S/45/1.0 23.59 12.0 12.0 12.0 263.8 235.8 209.2
D/28/10/0.5 23.64 28.0 - 28.0 28.0  291.8 263.8 237.2
D/48/07/0.1 26.16 2.0 2.0 2.0 293.8 265.8 239.2
D/36/07/0.1 27.40 22.9 22.9 22.9 316.7 288.7 = 262.1
D/48/10/0.1 © 28.54 2.8 2.8 2.8 319.5 291.5 264.9
D/28/07/0.1 28.83 18.8 "18.8 18.8 338.3 310.3 283.7
D/36/10/0.1 29.74 34.6 34.6 34.6 372.9 344.9 318.3
§/45/C.5 30.82 11.5 11.5 11.5 384.4 356.4 329.8
D/28/10/0.1 31.10 28.0 28.0 28.0 412.4 384.4 357.8
s§/15/0.1 31.97 1.0 1.0 1.0 - 413.4 385.4 358.8
$/20/0.1 38.13 3.8 3.8 3.8 417.2 389.2 362.6
. §/25/0.1 44.42 3.8 3.8 3.8 421.0 393.0 366.4
S/30/0.1 50.93 . 3.8 . 3.8 3.8 424.8  396.8 370.2
S/45/0.1 . 73.90 11.2 11.2 11.2 436.0 408.0 381.4
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EXHIBIT A-Vb

Region: Central Appalachia
Product Class: Low Sulfur
BTU CONTENT (100 BTU/TON): 24

Annual Production

Price By Mine Type . Cumulative Annual Production
Mine Type . {$/Ton) (106 Tons) (10 Tons)
1980 1985 19390 1980 1985 1990
- 8X 7.83 . 19.4 19.4 19.4 19.4 19.4 19.4
sY ) 9.14 2.2 2.2 2.2 21.6 21.6 21.6
DX 10.36 42.1 42.1 42.1 63.7 63.7 63.7
DY 10.41 7.1 7.1 7.1 70.8 70.8 70.8
$/15/1.0 10.46 2.0 2.0 2.0 72.8 72.8 - 72.8
$/20/1.0 11.84 3.0 3.0 3.0 - 75.8 - 75.8 . 75.8
$/15/0.5 13.14 1.5 1.5 1.5 77.3 77.3 77.3
$/25/1.0 13.34 3.0 3.0 3.0 80.3 80.3 80.3
s§/30/1.0 ) 14.95 3.0 3.0 3.0 83.3 83.3 83.3
$/20/0.5 15.15 1.5 1.5 1.5 84.8 84.8 84.8
D/48/00/0.5 16.35 0.5 0.5 0.5 85.3 85.3 - 85.3
b/36/00/0.5 17.21 1.0 1.0 1.0 86.3 86.3 86.3
$/25/0.5 17.27 1.5 1.5 1.5 87.8 37.8 87.8
D/48/04/1.0 17.28 1.0 1.0 1.0 88.8 88.8 88.8
D/48/00/0.1 17.44 0.1 0.1 0.1 88.9 88.9 88.9
b/48/07/1.0 17.51 1.0 1.0 . 1.0 89.9 89.9 89.9
D/48/10/1.0 17.75 1.0 1.0 1.0 90.9 90.9 9C.9
D/36/04/1.0 18.10 2.0 2.0 2.0 - 92.9 92.9 92.9
D/26/00/0.5 18.17 0.5 0.5 0.5 93.4 93.4 93.4
D/36/07/1.0 18.34 3.0 3.0 3.0 96.4 96.4 %6.4
D/36/00/0.1 18.52 0.5 0.5 0.5 96.9 96.9 96.9
D/36/10/1.0 18.59 3.0 3.0 3.0° 99.9 99.9 99.9
D/48/04/0.5 18.62 1.5 1.5 1.5 101.4 101.4 101.4
$/45/2.0 18.90 4.0 4.0 4.0 105.4 105.4 . 105.4
D/48/07/0.5 19.07 1.5 1.5 1.5 106.9 106.9 106.9
D/48/10/0.5 19.51 1.5 1.5 1.5 108.4 108.4 108.4
$/30/0.5 19.54 1.5 1.5 1.5 109.9 109.9 109.9.
D/36/04/0.5 19.61 3.0 3.0 3.0 112.8 112.9 112.9
D/28/00/0.1 19.76 0.7 0.7 0.7 113.6 113.6 113.6
D/36/07/0.5 20.07 4.0 4.0 4.0 117.6 ©117.6 117.6
D/36/10/0.5 20.52 4.0 4.0 4.0 121.6 " 121.56 121.6
D/28/04/0.5 20.71 3.0 3.0 3.C 124.6 124.5 124.6
D/28/07/0.5 21.18 4.0 4.0 4.0 128.6 128.6 128.6
s/45/1.0 21.59 5.0 5.0 5.0 133.6 133.6 133.6
D/28/10/0.5 21.64 4.0 4.0 4.0 137.6 137.6 137.6
.D/48/04/0.1 22.05 0.9 0.9 0.9 138.5 138.5 = 138.5
D/36/04/0.1 23.28 2.6 2.6 2.6 141.1 "141.1 141.1
D/48/07/0.1 24.16 1.3 1.3 1.3 142.4 142.4 142.4
D/28/04/0.1 24.69 3.2 3.2 3.2 145.6 145.%6 145.6
D/36/07/0.1 25.40 3.7 3.7 3.7 149.3 149.3 149.3
D/48/10/0.1 26.54. 1.3 1.3 1.3 150.6 150.6 150.6
D/28/07/0.1 26.83 4.7 4.7 4.7 155.3 155.3 155.3
D/36/10/0.1 27.74 2.7 3.7 3.7 159.0 159.0 159.0
o S/45/0.5 28.82 4.5 " 4.5 4.5 163.5 163.5 163.5
\.. D/28/10/0.1 29.10 4.7 4.7 4.7 168.2 168.2 168.2
. $/15/0.1 29.97 1.4 1.4 1.4 169.6 169.6 169.6
$/20/0.1 36.13 1.7 1.7 1.7 171.3 171.3 171.3
§/25/0.1 ©42.42 1.7 1.7 1.7 173.0° 173.0 173.0
$/30/0.1 148.93 1.7 1.7 1.7 174.7 174.4 174.7
$/45/0.1 ©71.90 5.1 5.1 5.1 179.8 179.8 179.8
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PRICE
($/Ton)

EXHIBIT A-VIa

Region: Central Appalachia

Product Class: High Sulfur
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EXHIBIT A-VIb

Region: Central Apoalachia
Product Class: High Sulfur
BTU CONTENT (10® BTU/TON): 24

Annual Production

Price By Mine Type ’ Cumulative Annual Production
Mine Type ($/Ton) (106 Tons) ' (10 Tons) .
T T 1980 1985 1990 1980 1985 1930
SX 6.94 6.3 3.3 0.3 6.3 3.3 0.3
sY 8.22 7.0 7.0 7.0 13.3 10.3 . 7.3
DX ) 9.40 15.6 9.6 3.6 28.9° 19.9 10.9
DY . 9.45 15.5 15.5 15.5 44 .4 35.4 26.4
S/15/2.0 9.50 2.0 " 2.0 2.0 48.4 37.4 28.4
5/15/1.0 10.46 5.0 5.0 5.0 S1.4 42.4 33.4
$/20/2.0 10.78 4.0 4.0 4.0 55.4 46.4 37.4
$/20/1.0 11.84 5.0 5.0 5.0 60.4 - 51.4 - 42.4
§/25/2.0 12.10 4.0 4.0 4.0 64.4 55.4 46.4
S/15/0.5 13.14 4.0 4.0 4.0 68.4 59.4 50.4
$/25/1.0 13.34 5.0 5.0 5.0 73.4 64.4 55.4
S/30/2.0 13.51 4.0 4.0 4.0 77.4 68.4 59.4
D/48/04/2.0 14.16 4.0 4.0 4.0 81.4 72.4 63.4
D/48/07/2.0 14.31 6.0 6.0 6.0 87.4 78.4 69.4
D/48/10/2.0 14.46 6.0 6.0 6.0 93.4 84.4 75.4
s/30/1.0 14.95 5.0 5.0 5.0 98.4 89.4 80.4
$/20/0.5 15.15 4.5 4.5 4.5 102.9 93.9 84.9
D/48/00/1.0 15.38 1.0 1.0 1.9 103.9 94.9 85.9
D/36/00/1.0 16.09 2.0 2.0 2.0 105.9 96.9 87.9
D/48/60/0.5 16.35 1.5 1.5 1.5 107.4 98.4 89.4
D/36/00/0.5 17.21 2.5 2.5 2.5 109.9 100.9 91.9
$/25/0.5 17.27 4.5 4.5 4.5 114.4 105.4 96.4
D/48/04/1.0 17.28 4.0 4.0 4.0 1)8.4 109.4 100.4
D/48/00/0.1 17.44 ‘0.9 0.9 0.9 119.3 110.3  10l.3
D/48/07/1.0 17.51 6.0 6.0 6.0 125.3 . 116.3 . 107.3
D/48/10/1.0 17.75 6.0 6.0 6.0 131.3 122.3 113.3
D/36/04/1.0 18.10 11.0 11.0 11.0 142.3 133.2 124.3
D/28/00/0.5 18.17 2.5 2.5 2.5 144.8 135.8 126.8
D/36/07/1.0 18.34 16.0 16.0 16.0 160.8 151.8 142.8
D/36/00/0.1 18.52 2.5 2.5 2.5 163.3 154.3 145.3
D/36/10/1.0 18.59 16.0 16.0 16.0 179.3 170.3 161.3
D/48/04/0.5 18.62 5.0 5.0 5.0 184.3 175.3 166.3
$/45/2.0 18.90 12.0 12.0 12.0 196.3 187.3 178.3
D/48/07/0.5 19.07 6.0 6.0 6.0 202.3 193.3 184.3
'D/48/10/0.5 19.51 6.0 6.0 6.0 208.3 199.3 190.3
$/30/0.5 19.54 - 4.5 4.5 4.5 212.8 203.8 194.8
D/36/04/0.5 19.61 12.0 12.0 12.0 224.8 215.8 206.8
D/28/00/0.1 19.76 2.8 2.8 2.8 . 227.6 218.6 209.6
D/36/07/0.5 20.07 16.0 16.0 16.0 243.6 234.6 225.6
D/36/10/0.5 20.52 16.0 16.0 16.0 259.6 250.6 241.6
D/28/04/C.5 20.71 13.0 13.0 13.0 272.6 263.6 254.6
»/28/07/0.5 21.18 18.5 18.5 ' 18.5 291.1 282.1 273.1
3/45/1.0 21.59 15.0 15.0 15.0 306.1 297.1 288.1
D/28/10/0.5 21.64 18.5 18.5 18.5 324.6 315.6 - 306.6
D/48/04/0.1 22.05 4.4 4.4 4.4 329.0 320.0 311.0
D/36/04/0.1 23.28 12.0 12.0 12.0 341.0 332.0 323.0
-93-




Mine Tyve

Price

EXHIBIT A-VIb (Continued)

Central Appalachia

Annual Produqtion
By Mine Type

'D/48/07/0.1
D/28/04/0.1
D/36/07/0.1
D/48/10/0.1
D/28/07/0.1
' D/36/10/0.1

S/45/0.5

D/28/10/0.1

$/15/0.1
$/20/0.1
5/25/0.1
~ §/30/0.1

$/45/0.1

./ {s/Ton)

24.16
24.69
25.40
26.54
26.83
27.74
28.82
29.10
29.97
36.13
42.42
48.93
71.90

Product Class:

High Sulfur

BTU CONTENT (10° BTU/TON) :

Cumulative Annual Production

(106 Tons) . (106 Tons) o

1980 . - 1985 1990
6.1 6.1 6.1 347.1 338.1 329.1
13.7 13.7 13.7 360.8 351.8 342.8
17.1 17.1 17.1 377.9 368.9 359.9
6.1 6.1 6.1 384.0 375.0 366.0
19.0 19.0 19.0 403.0 ° 394.0 385.0
17.1 17.1 17.1 420.1 411.1 402.1
14.0 14.0 14.0 434.1 425.1 416.1
119.0 19.0 19.0 453.1 444.1 435.1
3.6 3.6 3.6 456.7 447.7 438.7
4.8 4.8 4.8 - 461.5 452.5 443.5
4.8 4.8 4.8 466.3 457.3 448.3
4.8 - 4.8 4.8 471.1 462.1 453.1
13.9 13.9 13.9 485.0 476.0 467.0



PRICE
($/Ton)

EXHIBIT A-VIIa

Region: Southern Appalachia

Product Class: Metallurgical
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Mine Type

SX
SY
DX
DY

EXHIBIT A-VIIb

Region: Southern Appalachia
Product Class: Merallurgical:
BTU CONTENT (106 BTU/TON): --

- Annual Prodiuction -
Price By Mline Type Gumulative Annual Praduction

- A{$/Ton) (108 Tons) . ~ -(10® Tons)
: 1980 1985 1990 1980 1985 1990
8.83 1.2 0.2 - 1.2 0.2 -
10.64 0.2 0.2 0.2 l.4 0.4 0.2
12.94: 0.4 - - 1.8 0.4 0.2
14.70 10.8 10.8 10.8 12.6 11.2 11.0
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EXHIBIT A-VIIIa

Region: Southern Appalachia

- Product Class: Low Sulfur
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Price
_ _Mine Type = ($/Ton)
SX : T.83
s T 9.14
DX , 18.81

Ahnual Production
By Mine Type.

EXHIBIT A-VIIIb

Region: Southern Apvalachia
Product Class:
BTU CONTENT (10® BTU/TON): 24

Cumulative AnnuailProduction

Low Sulfur

(108 Tons) (106 _Tons)

1980 1985 .. 1990 1980 1985 1990
3.6 3.6 3.6 3.6 ‘3.6 1.6
1.4 1.4 1.4 5.0 5.0 5.0
2.4 2.4 2.4 7.4 7.4 7.4
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EXHIBIT A-IXa

Region: Southern Appalachia

. . Product Class: High Sulfur

PRICE
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EXHIBIT A-IXDb

Region: Southern Appalachia
Product Class: High Sulfur

_g BTU CONTENT (106 BTU/TON): _ 24
: Annual Production
Price By Mine Type Cumulative Annual Production
Mine Type ~ ($/Ton) (108 Tons) - (106 Tons)

_ L . 1980 1985 1990 1980 1985 . 1990
sX o b.Y4 4.7 3.7 2.7 4.7 3.7 2.7
DX 14.17 2.9 1.9 0.9 7.6 5.6 3.6
D/48/04/1.0 17.28 - - 1.0 1.0 1.0 8.6 6.6 . 4.6
D/48/00/0.1 17.44 -- U.5 0.5 0.5 9.1 7.1 5.1
'D/48/07/1%.0 17.51 2.0 2.0 2.0 11.1 2.1 7.1
D/48/10/1.0 17.75 2.0 2.0 2.0 13.1 11.1 9.1
D/36/04/1.0 18.10 1.0 1.0 1.0 14.1 12.1 10.1
X D/36/07/1.0 ' 18.34 1.0 1.0 1.0 15.1 13.1 11.1
D/36/00/0.1 . 18.52 0.7 0.7 0.7 15.8 13.8 11.8
D/36/10/1.0 18.59 1.0 1.0 - 1.0 16.8 14.8 12.8
D/48/04/0.5 18.62 1.0 1.0 1.0 17.8 15.8 13.8
D/48/07/0.5 19.07 1.0 1.0 1.0 18.8 16.8 14.8
.. D/48/10/0.5 19.51 1.0 1.0 1.0 19.8 17.8 15.8

:D/36/04/0.5 19.61 1.0 1.0. 1.0 20.8 18.8 16.8
D/28/00/0.1 19.76 0.5 0.5 0.5 21.3 19.3 17.3
D/36/07/0.5 20.07 2.0 2.0 2.0 23.3 21.3 19.3
v D/36/10/0.5 20.52 2.0 2.0 2.0 25.3 23.3 21.3
; D/28/04/0.5 20.71 1.0 1.0 1.0 26.3 24.3 22.3
D/60/04/0.1 20.96 0.2 0.2 0.2 26.5 24.5 22.5
D/28/07/0.5 21.18 1.5 1.5 1.5 28.0 26.0 24.0
D/28/10/0.5 21.64 1.5 1.5 1.% 29.58 27.5 25.5
D/48/04/0.1 22.05 0.9 0.9 0.9 30.4 28.4 26.4
D/60/07/0.1 23.09 0.3 0.3 0.3 30.7 28.7 26.7
D/36/04/0.1 23.28 1.5 1.5 1.5 32.2 30.2 28.2
D/48/07/0.1 24.16 1.1 1.1 1.1 33.3 31.3 29.3
D/28/04/0.1 24.69 1.8 1.8 1.8 35.1 33.1 31.1
D/36/07/0.1 25.40 2.0 2.0 2.0 37.1 - 35.1 33.1
D/60/10/0.1 25.47 0.3 0.3 0.3 37.4 35.4 - 33.4
D/48/10/0.1 26.54 1.1 1.1 1.1 38.5 36.5 - 34.5
D/28/07/0.1 26.83 2.4 2.4 2.4 40.9 38.9 36.9
D/36/10/0.1 27.74 2.0 2.0 2.0 42.9 40.9 38.9
D/28/10/0.1 29.10 2.4 2.4 2.4 45.3 43.3 41.3
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EXHIBIT A-Xb

. Region: Midwest ,
Product Class: Low Sulfur
BTU Content (106 BTU/TON): _22

o Annual Production
Price By Mine Type Cumulative Annual Production

e __($/Ton) . 4 (106 Tons) ’ (108 Tons)
~ 1980 1985 1990 1980 © 1985 - 1990
SX 10.90 3.3 3.3 3.3 3.3 3.3 3.3
SY . , 13.02 0.4 0.4 0.4 3.7 3.7 3.7
DX 14.80 2.2 2.2 2.2 5.9 5.9 5.9
DY 15.08 0.6 0.6 0.6 6.5 6.5 6.5
$/20/0.5 - - 15.15 0.5 0.5 0.5 7.0 7.0 - 7.0
{  s/25/0.5 o 17.27 0.5 0.5 0.% 7.5 7.5 7.5
. D/60/07/0.5 18.14 0.5 0.5 0.5 8.0 8.0 8.0
D/60/10/0.5 18.57 0.5 0.5 0.5 8.5 8.5 8.5
¢ D/48/04/0.5 18.62 0.5 0.5 0.5 9.0 - 9.0 9.0
i D/48/07/0.5 19.07 0.5 0.5 0.5 9.5 9.5 9.5
" D/48/10/0.5 19.51 0.5 0.5 0.5 10.0 10.0 10.0
$/30/0.5 . 19.54 0.5 0.5 0.5 10.5 10.5 1C.5
D/36/04/0.5 19.61. 0.5 0.5 0.5 11.0 11.0 11.0
D/36/07/0.5 20.07 0.5 0.5 0.5 11.5 11.5 11.5
~ D/36/10/0.5 20.52 0.5 0.5 0.5 .12.0 12.0 12.0
{  D/60/04/0.1 20.96 0.6 0.6 0.6 12.6 12.6 12.6
1. §/45/1.0 : 21.59 1.0 1.0 1.0 13.6 13.6 13.6
D/48/04/0.1 . 22.05 0.6 0.6 0.6 14.2 14.2 14.2
©  D/60/07/0.1 23.09 0.2 0.2 0.2 14.4 14.4 14.4
‘ D/36/04/0.1 . 23.28 0.4 0.4 0.4 14.8 14.8 14.8
D/48/07/0.1 24.16 0.8 0.8 0.8 15.6 15.6 15.6
D/20,/04/0.1 24.69 0.5 0.5 0.5 16.1 16.1 16.1
D/36/07/0.1 25.40 0.6 0.6 0.6 16.7 16.7 186.7
D/60/10/0.1 25.47 0.2 0.2 0.2 16.9 16.9 16.9
D/48/10/0.1 26.54 0.8 0.8 - 0.8 17.7 17.7 . 17.7
'D/28/07/0.1 26.83 0.6 0.6 0.6 18.3 18.3 18.3
«  D/36/10/0.1 - 27.74 0.6 0.6 0.6 18.9 18.9 18.9
S/45/0.5 : 28.82 0.5 0.5 0.5 19.4 - 19.4 19.4
0.6 0.6 0.6

D/28/10/0.1 29.10 20.0 ' 20.0 20.0
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EXHIBIT A-XIb

Region: Midwest
Product Class: High Sulfur
BTU CONTENT (10® BTU/TON): 22

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

Mine Type ($/Ton) (106 Tons) . (108 Tons) o
_, o 1980 1985 1990 1980 1985 1990
sX : 7.20 | 63.5 49.5 - 35.5 63.5 49.5 35.5
sY 8.66 11.4 11.4 11.4 74.9 €0.9 46.9
DX : 10.03 41.3 31.8 22.3 116.2 83.2 69.2
DY 10.08 16.0 16.0 . 16.0 132.2 99.2 85.2
$/20/3.0 10.13 24.0 - 24.0 24.0 156.2 123.2 109.2
§/20/2.0 . . '~ 10.78 . 28.0 28.0 28.0 184.2 151.2 137.2
$/25/3.0 11.35 24.0 © 24.0 24.0 208.2°  175.2 161.2
$/20/1.0 11.84 27.0 27.0 27.0 235.2 202.2 188.2
§/25/2.0 , 12.10 28.0 28.0 28.0 - 2R3.2 230.2 216.2
§/30/3.0 12.63 24.0 24.0  24.0 287.2 254.2 240.2
$/25/1.0 13.34 28.0 28.0 28.0 315.2 282.2 268.2
$/30/2.0 13.51 28.0 28.0 28.0 343.2 . 310.2 . 296.2
D/60/04/2.0 13.62 36.0 36.0 36.0 . 379.2 346.2 332.2
D/60/07/2.0 13.76 44.0 44.0 44.0 423.2 390.2 376.2
D/60/10/2.0 13.91 44.0 44.0 44.0 467.2 434.2 20.2
D/48/04/2.0 14.16 64.0 64.0 64.0 531.2 498.2 484.2
D/48/07/2.0 14.31 74.0 74.0 . .74.0 . 605.2 572.2 558.2
D/48/10/2.0 ~ 1l4.46 74.0 74.0 74.0 679.2 646.2 632.2
$/30/1.0 14.95 28.0 28.0 28.0 707.2 674.2 660.2
$/20/0.5 15.15 27.0 27.0 27.0 734.2 701.2 687.2
D/60/04/1.0 . 16.50 . 39.0 39.0 39.0 773.2 740.2 726.2
D/60/07/1.0 16.73 44.0 44.0 44.0 817.2 ' 784.2 770.2
D/60/10/1.0 16.95 44.0 44.0 44.0 861.2 828.2 814.2
$/25/0.5 17.27 26.5 26.5 26.5 887.7 854.7 840.7
D/48/04/1.0 17.28 65.0 65.0 65.0 952.7 919.7 905.7
S/45/3.0 17.34 78.0 78.0 78.0 1,030.7 997.7 983.7
D/48/07/1.0 17.51 76.0 ©76.0 76.0 ©  1,106.7 1,073.7  1,059.7
D/60/04/0.5 . 17.71 38.0 138.0 38.0 1,144.7  1,111.7  1,087.7
D/48/10/1.0 17.75 76.0 76.0 76.0 1,220.7  1,187.7 1,173.7
D/36/04/1.0 18.10 55.0 55.0 - 55.0 1,275.7  1,242.7  1,228.7
D/60/07/0.5 18.14 - 43.5 - 43.5 43.5 1,319.2 1,286.2 1,272.2
D/36/07/1.0 18.34 63.0 63.0 63.0 1,382.2  1,349.2  1,335.2
D/60/10/0.5 18.57 43.5 43.5 43.5 1,425.7  1,392.7  1,378.7°
D/36/10/1.0 "18.59 63.0 63.0 63.0 1,488.7  1,455.7  1,441.7
.D/48/04/0.5 ~  18.62 64.5 64.5 64.5 1,553.2 1,520.2  1,506.2
$/45/2.0 18.90 80.0 80.0 80.0 1,633.2  1,600.2 1,586.2
D/48/07/0.5 19.07 - 76.0  76.0 76.0 1,709.2  1,676.2 1,662.2
D/48/10/0.5 19.51 76.0 76.0 $76.0 1,769.2  1,752.2 - 1,738.2

$/30/0.5 ©19.54 26.5 26.5 26.5 . 1,795.7 1,778.7 1,764.7
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s EXHIBIT A~XIb (Continued)

Region: Midwest

Product Class: High Sulfur

BTU CONTENT (100 BTU/TON): 22

" Annual Production

' Price By Mine Type Cumulative Annual Production
_HMine Type ($/Ton) . (108 Tons) : (10® Tons)
: 1980 1985 1990 1980 1985 1990

D/36/04/0.5 19.61 - 56.0 56.0 56.0 . 1,851.7 -1,834.7  1,820.7
D/36/07/0.5 - 20.07 63.5 63.5 63.5 1,915.2 ~ 1,898.2 . 1,884.2
D/36/10/0.5 20.52 63.5 63.5 63.5 1,978.7 1,961.7 1,947.7
D/28/04/0.5 20.71 25.5 25.5 25.5 2,004.2 1,987.2 1,973.2
D/60/04/0.1 20.96 38.2 38.2  38.2 2,042.4 2,025.4 - 2,01l1.4
D/28/07/0.5 - 21.18 27.0 27.0 27.0 2,069.4 2,052.4 2,038.4
S/45/1.0 21,59 81.0 81.0 .81.0 2,150.4 2,133.4 2,119.4
D/28/10/0.5 . 21.64 27.0  27.0 27.0 2,177.4 2,160.4 2,145.4
D/48/04/0.1" 22.05 65.6 ° 65.6 65.6 ©2,243.0 2,226.0 2,212.0
D/60/07/0.1 23.09 44.8 44.8 44.8 2,287.8 2,270.8 2,256.8
D/36/04/0.1 23.28 57.8 57.8 ~  57.8 2,345.6 2,328.6 2,314.6
D/48/07/0.1 24.16 76.4 76.4 76.4 ©2,422.0 2,405.0 2,391.0
D/28/04/0.1 . 24.69 - 26.6 26.6 26.6 2,448.6  2,431.6 2,417.6
D/36/07/0.1 25.40 65.9 ~ 65.9 65.9 2,514.5 2,497.5 2,483.5
D/60/10/0.1 25.47 44.8 44.8  44.8 2,559.3 2,542.3  2,528.3
D/48/10/0.1 26.54 76.4  76.4 76.4 2,635.7 ' 2,618.7 2,604.7
D/28/07/0.1 26.83 27.7 27.7 27.7 2,663.4 2,646.4 2,632.4
D/36/10/0.1 27.74 ~ '65.9 65.9 65.9 - 2,729.3 2,712.3 2,698.3
$/45/0.5 28.82-  80.5 80.5 80.5 2,809.8 2,792.8 2,778.5

D/28/10/0.1 29.10 27.7 27.7 27.7 2,837.5 - 2,820.5 2,806.5
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EXHIBIT A-XIIb

i o ‘ o Region: Central West
Product Class: _Metallurgical
BTU CONTENT (10® BTU/TON): _ ==

Annual Production

Price . By Mine Type Cumulative Annual Production
Mine Type ($/Ton) (106 Tons) (108 Tons) '
N ‘ 1980 1985 1890 © 1980 1985 1990
§/45/1.0 23.59%9 2.0 2.0 2.0 2.0 2.0 2.0
D/36/04/0.1 25.28 0.2 0.2 0.2 2.2 2.2 2.2
D/28/04/0.1 26.69 0.2 0.2 0.2 2.4 . 2.4 2.4
D/36/07/0.1 - 27.40 0.2 0.2 0.2 2.6 2.6 2.6
D/28/07/0.1 28.83 0.2 0.2 0.2 2.8 2.8 2.8
D/36/10/0.1. 29.74 0.2 0.2 0.2 3.0 3.0 3.0
+S/45/0.5 30.82 1.5 1.5 1.5 4.5 4.5 4.5
D/28/10/0.1 - 31.10 0.2 0.2 0.2 4.7 - 4.7 4.7

~
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a . . EXHIBIT A-XIIIb

Region: Central West
Product Class: High Sulfur
BTU CONTENT (106 BTU/TON): _ 22

Annual Production

: Price By Mine Type Cumulative Annual Production

Mine Type {$/Ton) (106 Tons) (105 Tons)

1980 1985 1990 1980 1985 1990
| sX ' 7.99 7.3 5.8 4.3 7.3 5.8 4.3
$/25/3.0 11.35 6.0 6.0 6.0 13.3 11.8 10.3
$/25/2.0 12.10 6.0 6.0 6.0 19.3 17.8 16.3
$/30/3.0 12.63 9.0 9.0 9.0 28.3 26.8 25.3
. §/25/1.0 13.34 7.0 7.0 7.0 35.3 33.8 32.3
S/30/2.0 13.51 12.0 12.0 12.0 47.3 45.8 44.3
D/48/04/2.0 " 14.16 4.0 4.0 4.0 51.3 49.8 438.3
D/48/07/2.0 14.31 4.0 4.0 4.0 55.3 53.8 52.8
D/48/10/2.0 14.46 4.0 4.0 4.0 59.3 57.8 56.3
's/30/1.0 14.95 12.0 12.0 . 12.0 71.3 69.8 68.3
$/25/0.5 ' 17.27 7.0 7.0 7.0 78.3 76.8 75.3
D/48/04/1.0 - " 17.28 " 5.0 5.0 5.0 83.3 8l1.3 80.3
S/45/3.0 17.34 © 33.0 33.0 33.0 116.3 114.8 113.3
D/48/07/1.0 17.51 6.0 6.0 6.0 - 122.3 ~ 120.8 119.3
D/48/10/1.0 17.75 6.0 6.0 6.0 128.3 126.8 125.3
.D/36/04/1.0 18.10 13.0 13.0 13.0 141.3° - 139.8 . 138.3
“p/36/07/1.0 18.34 15.0 15.0 15.0 156.3 154.8 - 153.3
D/36/10/1.0 18.59 15.0 15.0 15.0 171.3 169.8 168.3
D/48/04/0.5 18.62 4.5 4.5 4.5 175.8 174.3 172.8
S/45/2.0 18.90 34.0 34.0 34.0 209.8 208.3 206.8
0/48/07/0.5 19.07 6.0 6.0 6.0 215.8 214.3 212.8
D/48/10/0.5 19.51 6.0 6.0 6.0 221.8 220.3 218.8
$/30/0.5 19.54 11.5 11.5 11.5 233.3 231.8 230.3
D/36/04/0.5 19.61 13.0 13.0 13.0 246.3 244.8 243.3
D/36/07/0.5 20.07 15.0 15.0 15.0 261.3 259.8 258.3
D/36/10/0.5 20.52 15.0 15.0 15.0 276.3 274.8 273.3
D/28/04/0.5 20.71 15.5 15.5 15.5 291.8 - 290.3 288.8
D/28/07/0.5 21.18 18.0 18.0 18.0 309.8 308.3 306.8
S/45/1.0 21.59 34.0 © 34.0 34.0 343.8 342.3 340.8
D/28/10/0.5 21.64 "18.0 18.0 18.0 361.8 360.3 358.8
. D/48/04/0.1 22.05 4.7 4.7 4.7 366.5 365.0 . 363.5
D/36/04/0.1 23.28 13.6 13.6 13.6 380.1 378.6 377.1
' D/48/07/0.1 24.16 5.5 5.5 5.5 385.6 384.1 382.6
D/28/04/0.1 24.69 16.1 16.1 16.1 401.7 400.2 398.7
D/36/07/0.1 25.40 16.2 16.2 16.2 417.9 416.4 414.9
 D/48/10/0.1 26.54 5.5 5.5 5.5 423.4 421.9 420.4
D/28/07/0.1 26.83 18.9 18.9 18.9 442.3 440.8 439.3
'D/36/10/0.1 27.74 16.2 16.2 16.2 458.4 457.0 455.5
S/45/0.5 -28.82 34.0 34.0 34.0 492.5 491.0 © 489.5
D/28/10/0.1 29.10 18.9 18.9

18.9 511.4 509.9 50€.4
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\"“\\

" _Minc Type

sx’
sY
$/05/3.0
$/05/2.0
S/10/4.0
$/10/3.0
$/05/1.0
S/10/2.0

s/10/1.0
S/15/2.0
$/20/4.0
$/20/3.0
s/15/1.0
S/20/2.0
§/20/1.0

Price

(3/Tou)

4.03
4.39
4.75
5.16
5.48
5.82
5.90
6.30
6.54
6.95
7.16
7.50
7.65
8.13
8.46
8.78
9.84

EXHIBIT A-XIVb

Region: Gulf

Product Class: High Sulfur.

BTU CONTENT (106 BTU/TON): _14

Annual Production

By Mine Type Cumulative Annual Production
(108 Tons) ’ (10° Tons) o

1980 - 1985 1990 1980 1985 1990
7.7 7.7 7.7 7.7 7.7 7.7
9.1 9.1 2.1 16.8 16.8 l6.8
6.0 6.0 6.0 22.8 - 22.8 2..8
4.0 4.0 4.0 26.8 26.8 26.8
8.0 8.0 8.0 34.8 34.8 34.8
6.0 6.0 6.0 40.8 40.8 . . . 40.8
3.0 3.0 3.0 43.8 43.8 43.8
10.0 10.0 10.0 53.8 53.8 33.8
8.0 - 8.0 8.0 61.8 61.8 61.8
6.0 6.0 6.0 67.8 67.8 © 67.8
2.0 9.0 9.0 76.8 76.8 76.8
10.0 10.0 10.0 86.8 8€.8 86.8
8.0 8.0 8.0 94.8 94.8 . 94.8
6.0 6.0 6.0 100.8 100.8 100.8
9.0 9.0 9.0 109.8 109.8 109.8
10.0 10.0 10.0 119.8 119.8 119.8
9.0 9.0 9.0 128.8 . 128.8 128.8
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EXHIBIT A-XVa

Region: ‘Eastern Northern Great Plains
Product Class: Low Sulfur
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‘ " EXHIBIT A-XVb

Region: - Eastern Northern Great Plains

.Product Class: Low Sulfur

BTU CONTENT (106 BTU/TON): _14

Annual Production : -
Price By Mine Type Cumulative Annual Production

. Mine e - ($/Ton) - (10° Tons) . (10° Tons)
T 1980 1985 1990 1980~ 1985 1990
- 8% ~ 4.45 1.7 1.7 1.7 1.7 1.7 1.7
sy -4.96 4.3 4.3 4.3 6.0 6.0 6.0
S$/10/4.0 5.48 8.0 8.0 8.0 14.0 - 14.0 14.0
$/10/3.0 5.82 6.0 6.0 6.0 20.0 20.0 20.0
$/10/2.0 6.30° 10.0 10.0 10.0 30.0 30.0 30.0
S/15/4.0 6.54 8.0 8.0 8.0 38.0 138.0 38.0
$/15/3.Q 6.95 6.0 6.0 6.0 44.0 . 44.0 = 44.0
$/10/1.0 7.16 9.0 9.0 9.0 53.0 53.0 53.0
Ss/15/2.0 7.50 10.0 10.0 10.0 63.0 63.0 ~ 63.0
$/20/4.0 - 7.65 8.0 8.0 8.0 71.0 71.0 71.0
© 8/20/3.0 - 8.13 6.0 6.0 6.0 77.0 77.0 77.0
' 5/15/1.0 8.46 9.0 9.0 9.0 86.0  86.0 86.0
$/20/2.0 8.78 10.0 10.0 10.0 96.0 96.0 96.0
$/20/1.0 9.84 9.0 9.0 2.0 105.0 105.0 105.0
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EXHIBIT A-XVIa

Region: pactawn zo*..nUmiJ Great Plairsg’
Product Class: High Sulfur
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5
N

Mine

sX
$/10/4.0
S/10/3.0
$/10/2.0
S/15/4.0
$/15/3.0
s$/10/1.0
S/15/2.0
$/20/4.0
$/20/3.0
S/15/1.0
§/20/2.0
S/20/1.0

e

Price

($/Ton)

4.45
5.48
5.82
6.30

6.54

6.95
7.16
7.50
7.65
8.13
8.46
8.78
9.84

Annual Production

EXHIBIT A-XVIb

Region:

Eastern Northern Great Plains

Product Class:

BTU CONTENT (106 BTU/TON): 14

By Mine Type

" (10% Tons)
1980 1985 1990
6.1 6.1 6.1
68.0 68.0 68.0
69.0 69.0 69.0
68.0 68.0 68.0
68.0 68.0 68.0
69.0 69.0 68.0
70.0 70.0 70.0
68.0 68.0 68.0
68.0 68.0 68.0
69.0 69.0 69.0
70.0 70.0 70.0
70.0 70.0 70.0
69.0 69.0

=115-

High Sulfur

Cumulative Annual Production

(10% Tons)

1980 1985 1930
6.1 6.1 6.1
74.1 74.1 74.1
143.1 143.1 143.1
211.1 211.1 "211.1
279.1 279.1 279.1
348.1 348.1 348.1
418.1 418.1 418.1
1 486.1 486.1 486.1
554.1 554.1 554.1
623.1 623.1 623.1
©693.1 693.1 693.1
763.1 763.1 763.1
832.1 832.1 832.1




PRICE
($/Ton)

EXHIBIT A-XVIIa

- Region:

Western Northern Great Plains

Product Class: _low Sulfur
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EXHIBIT A-XVIIb

Region: Western Northern Great Plains
Product Class: Low Sulfur
BTU CONTENT (10° BTU/TON): 19
Annual Production
Price By Mine Type Cumulative Annual Production
Mine Tvpe ($/Ton) (106 Tons) (106 Tons)
1980 1985 1990 1980 1985 1290
SX 3.80 2.0 2.0 2.0 2.0 2.0 2.0
sY 4.14 .97.3 97.3 97.3 99.3 99.3 99.3
DX 4.38 0.1 0.1 0.1 99.4 99.4 99.4
DY ‘ 4.43 1.8 1.8 1.8 101.2 101.2 101.2
S/05/4.0 4.48 72.0 72.0 72.0 ©173.2 173.2 173.2
$/05/3.0 4.75 78.0 78.0 78.0 251.2 251.2 251.2
$/05/2.0 5.16 78.0 78.0 78.0 329.2 329.2 329.2
S/10/4.0 5.48 92.0 92.0 82.0 421.2 421.2 - 421.2
S/10/3.0 5.82 96.0 96.0 96.0 517.2 517.2 517.2
S/C5/1.0 5.90 76.0 76.0 . 76.0 593.2 593.2 593.2
S/lO/ZQO 6.30 96.0 96.0 96.0 689.2 689.2 682.2
$/15/4.0 ) 6.54 92.0 92.0 0 92.0 781.2 781.2 781.2
% s/15/3.0 6.95 96.0 96.0 96.0 877.2 877.2 877.2
S/10/1.0 7.16 94.0 94.0 94.0 971.2 971.2 971.2
S/15/2.0 ) 7.50 . 96.0 96.0 96.0 11,067.2 1,067.2 . 1,067.2
$/20/4.0 7.65 92.0 92.0 92.0 1,159.2 1,159.2 1,159.2
$/20/3.0 ' 8.13 96.0 26.0 - 96.0 1,255.2 1,255.2 1,255.2
$/15/1.0 8.46 94.0 94.0 94.0 1,349.2 1,349.2 - 1,349.2
$/20/2.0 8.78 96.0 96.0 96.0 1,44¢E.2 1;445.2 ~ 1,4438.2
s/2C/1.0 9.84 94.0 94.0 94.0 1,539.2 1,539.2 1,539.2
D/72/04/3.0 9.89 114.0 114.0 114.0 1,653.2 1,653.2 1,653.2
) D/72/07/3.0 10.00 114.0 114.0 114.0 1,767.2 1,767.2 1,767.2
: D/72/10/3.0 10.11 114.0 114.0 114.0 1,881.2 1,881.2 1,881.2
D/72/04/2.0 11.10 114.0 114.0 114.0 1,995.2 1,995.2 1,995.2
D/72/07/2.0 11.24 - 114.0 114.0 114.0 2,109.2 2,109.2 2,109.2
.B/72/10/2.0 : 11.37 114.0 114.0 114.0 2,223.2 2,223.2 2,223.2
D/60/04/2.0 11.62 54.0 54.0 54.0 2,277.2 2,277.2 . 2,277.2
D/60/07/2.0 v 11.76 54.0 54.0 54.0 2,331.2 2,331.2 2,331.2
D/60/10/2.0 11.91 54.0 54.0 54.0 2,385.2 2,385.2 2,385.2
D/72/04/1.0 13.77. 115.0 115.0 115.0C 2,500.2 2,500.2 2,500.2
D/72/07/1.0 13.98 . 115.0 115.0 115.0 2,615.2 2,615.2 2,615.2
D/72/10/1.0 14.19 116.0 116.0 116.0 2,731.2 2,731.2 2,731.2
D/60/04/1.0 14.50 56.0 - 56.0 56.0 2,787.2 2,787.2 2,787.2
D/60/07/1.0 14.73 56.0 56.0 56.0 2,843.2 2,843.2 2,843.2
D/72/04/0.5 14.87 115.0 - 115.0 115.0 2,958.2 2,958.2 2,958.2
D/60/10/1.0 14.95 57.0 57.0 57.0 3,015.2 3,015.2 3,015.2
‘D/72/07/0.5 15.28 115.0 115.0 115.0 . 3,130.2 3,130.2 3,130.2
D/72/10/0.5 : 15.70 115.5 115.5 115.5 3,245.7 3,245.7 3,245.7
D/60/04/0.5 15.71 56.0 56.0 56.0 3,301.7 3,301.7 3,301.7
D/60/07/0.5 16.14 56.0 56.0 56.0 3,357.7 - 3,357.7 3,357.7
* D/60/10/0.5 16.57 55.5 55.5 55.5 . 3,413.2 3,413.2 3,413.2
D/72/04/0.1 17.97 116.0 116.0 116.0 3,529.2 - 3,529.2 3,529.2
D/60/04/0.1 18.96 56.2 56.2 56.2 3,585.4 3,585.4 3,585.4
D/72/07/0.1 20.12 116.0 116.0 116.0 " 3,701.4 3,701.4 3,701.4
e D/60/07/0.1 21.09 56.2 56.2 - 56.2 - 3,757.6 3,757.6 3,757.6
(Qﬁ b/72/10/0.1 22.49 - 1ls.2 116.2 116.2 3,873.8 3,873.8 3,873.8
D/60/10/0.1 23.47 - 56.4- - 56.4 56.4 3,930.2 3,930.2  3,930.2
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EXHIBIT A-XVIIIb

Region: Western Northern Great Plains
Product Class: High Sulfur
BTU CONTENT (10° BTU/TON): 19

Annual Production

Price By Mine Type Cumulative Annual Production
Mine Type - ($/Ton) (10% Tons) ' , (105 Tons)
' . 1980 - 1985 1990 1980 1985 1990
SX 3.80 29.0 29.0 29.0 29.0 ©29.0 - 29.0
DX : . 4,38 1.2 1.2 1.2 30.2 - 30.2 30.2
$/05/4.0 4.48 40.0 40.0 .40.0 70.2 - 70.2 70.2
$/05/3.0 - 4.75 45.0 45.0 ‘45.0 115.2 115.2 © 115.2
$/05/2.0 ~ 5.16 " 42.0 42.0 42.0 157.2 157.2 - 157.2
$/10/4.0 5.48 42.0 42.0 . 42.0 199.2 199.2 199.2
£/10/3.0 5.82 54.0 54.0 54.0 ©253.2 253.2 253.2
s/05/1.0 . ' $.90 43.0 43.0 - 43.0 - 296.2 296.2 296.2
o $/10/2.0 6.30 - 52.0 52.0 52.0 348.2 348.2 . 348.2
5 S/15/4.0 6.54 42.0 42.0 42.0 390.2 390.2 390.2
S/15/3.0 ‘ 6.95 54.0 54.0 - 54.0 444.2 444 .2 444 .2
s/10/1.0 7.16 54.0 . 54.0 54.0 498.2 498.2 498.2
$/15/2.0 7.50 52.0 52.0 52.0 550.2 550.2 550.2
$/20/4.0 7.65 42.0 42.0 42.0 ' 592.2 592.2 522.2
! $/20/3.0 8.13 54.0 54.0 54.0 645.2 646 .2 646.2
S/15/1.0 8.46 54.0 54.0 54.0 700.2 700.2 700.2
$/20/2.0 8.78 52.0 52.0 52.0 752.2 752.2 752.2
$/20/1.0 - 9.84 54.0 54.0 54.90 B06.2 - 806.2 806.2
D/72/04/3.0 9.89 15.0 15.0 15.0 821.2 g21.2 821.2
D/72/07/3.0 10.00 15.0 15.0 lS.Q : 836.2 836.2 836.2
D/72/10/3.0 10.11 15.0 15.0 5.0 851.2 851.2 : 851.2
o D/72/04/2.0 ) 11.10 18.0 . 18.0 18.0 869.2 869.2 869.2
. D/72/07/2.0 -11.24 18.0 18.0 18.0 887.2 8387.2 887.2
D/72/10/2.0 11.37 18.0 18.0 18.0 905.2 905.2 905.2
D/60/04/2.0 11.62 - . 8.0 8.0 8.0 913.2 913.2 913.2
D/60/07/2.0 11.76 8.0 8.0 8.0 921.2 921.2 921.2
D/60/10/2.0 11.91 8.0 8.0 8.0 $29.2 929.2 a29.2
- D/72/04/1.0 13.77 18.0 18.0 18.0 947.2 - 947.2 947.2
D/72/07/1.0 13.98 18.0 18.0 18.0 965.2 . 9€5.2 965.2
D/72/10/1.0 14.19 18.0 18.0 18.0 983.2 983.2 983.2
D/60/04/1.0 . 14.50 8.0 8.0 8.0 991i.2 991.2 g $91.2
D/60/07/1.0 14.73 8.0 8.0 8.0 999.2 999.2 999.2
D/72/04/0.5 14.87 17.5 - 17.5 17.5 1,016.7 1,016.7 1,016.7
D/60/10/1.0 14.95 8.0 8.0 8.0 1,024.7  1,024.7 1,024.7 .
D/72/07/0.5 15.28 17.5 17.5 17.5 1,042.2 1,04292 1,042.2
‘D/72/10/0.5 15.70 18.0 18.0 18.0 '1,060.2 1,060.2 1,060.2
D/60/04/0.5 15.71 8.5 8.5 8.5 1,068.7 1,068.7 .1,068.7
D/60/07/0.5 16.14 8.5 8.5 8.5 1,077.2 1,077.2 1,077.2
D/60/10/0.5 16.57 9.0 9.0 9.0 1,086.2 1,086.2 1,086.2
D/72/04/0.1 17.97 17.7 17.7 17.7 1,103.9 1,103.9  1,103.9
D/60/04/0.1 18.96 8.8 8.8 8.8 1,112.7 1,112.7 1,112.7
D/72/07/0.1 20.12 17.7 17.7 17.7 1,130.4 1,130.4 1,130.4
/60/07/0.1 21.09 8.8 8.8 8.8 1,139.2 1,139.2 1,139.2
e /72/10/0.1 22.49 17.5 17.5 17.5 1,156.7 1,156.7 1,156.7-
i; v/60/10/0.1 23.47 8.4 8.4 8.4 1,165.1 1,165.1  1,165.1
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EXHIBIT A-XIXb

Region: Rockies
Product Class: Metallurgical
BTU CONTENT (106 BTU/TON: --

' ] Annual Production

S Price . A By Mine Type - Cumulative Annual Production
Mine Tvpe . _(s/7Ton) ‘ {10° Tons) (106 Tons)

: 1980 1985 . 1990 1980 1985 1990
SX : 6.94 1.5 1.5 1.5 1.5 1.5 1.5
DX 11.95 4.6 4.6 4.6 6.1 6.1 6.1
DY . ‘ 13.60 0.2 0.2 0.2 6.3 6.3 6.3
D/72/07/2.0 15.24 2.0 2.0 2.0 . 8.3 8.3 8.3
D/72/10/2.0 15.37 2.0 2.0 2.0 10.3 10.3 10.3
D/72/07/1.0 17.98 1.0 1.0 1.0 11.3 11.3 11.3
D/72/10/1.0 18.19 2.0 - 2.0 2.0 13.3 13.3 13.3
D/60/07/1.0 18.73 1.0 1.0 1.0 14.3 14.3 14.3
D/60/10/1.0 18.95 1.0 1.0 1.0 15.3 15.3 15.3
D/72/07/0.5 19.28 1.0 1.0 1.0 16.3 16.3 16.3
_D/48/07/1.0 19.51 1.0 1.0 1.0 17.3 17.3 17.3
19.70 | 2.0 2.0 2.0 19.3 19.3 19.3
19.75 1.0 1.0 1.0 20.3 20.3 20.3
D/60/07/0.5 20.14. 0.5 0.5 0.5 20.8 20.8 20.8
D/60/10/0.5 20.57 1.5 1.5 1.5 22.3 2.3 22.3
D/48/07/0.5 - 21.07 0.5 0.5 0.5 22.8 22.8 22.8
- D/48/10/0.5 21.51 1.5 1.5 1.5 24.3 24.3 24.3
D/36/07/0.5 22.07 0.5 0.5 0.5 24.8 24.8 24.8
‘AD/36/10/O.5 22.52 1.0 1.0 1.0 25.8 25.8 25.8
D/72/07/0.1 24.12 1.2 1.2 1.2 27.0 27.0 27.0
D/60/07/0.1 25.09 1.0 1.0 1.0 28.0 28.0 28.0
D/48/07/0.1 . 26.16 1.0 1.0 1.0 29.0 29.0 29.0
D/72/10/0.1 26.49 1.8 1.8 1.8 30.8 30.8 30.8
D/36/07/0.1 27.40 0.9 0.9 0.% 31.7 31.7 31.7
D/60/10/0.1 27.47 1.2 1.2 1.2 32.9 32.9 32.9
D/48/10/0.1 ' 28.54 1.2 1.2 1.2 34.1 34.1 34.1
D/28/07/0.1 28.83 0.2 0.2 0.2 34.3 34.3 34.3
. D/36/10/0.1 . 29.74 1.1 1.1 1.1 35.4 35.4 35.4
p/28/10/0.1 31.10 0.3 0.3 0.3 35.7 35.7 35.7




PRICE
(S$/Ton)

EXHIBIT A-XXa

Region:

Rockies

Product Class:

Low Sulfu

160

¥
140

100

60

do

2o

-

3o .

25

20

15

=122-

10
S

Production
(106 Tons/Year)



EXHIBIT A-XXb

Region: Rockies
Product Class: Low Sulfur
BTU CONTENT (10® BTU/TON): 22

Annual Production :
Price By Mine Type Cumulative Annual Production

Mine Type " ($/Ton) (10% Tons) . (106 Tons)

1980 1985 1990 1980 - 1985 1990

SX 6.94 1.7 1.7 1.7 1.7 1.7 1.7

SY 8.05 0.2 0.2 0.2 1.9 1.9 1.9

DX . 9.06 4.2 4.2 4.2 6.1 6.1 6.1

DY 9.11 5.6 5.6 5.6 11.7 11.7 11.7

$/10/1.0 " 9.16 1.0 1.0 1.0 12.7 12.7 12.7

s$/15/1.0 10.46 2.0 2.0 2.0 14.7 14,7 14.7

S/10/0.5 11.21 0.5 0.5 0.5 15.2 15.2 15.2

. §/20/1.0 11.84 2.0 2.0 2.0 17.2 17.2 17.2

- D/72/04/2.0 13.10 4.0 4.0 4.0 21.2 '
$/15/0.5 ' 13.14 1.5 1.5 1.5 22.7
D/72/07/2.0 - 13.24 4.0 4.0 4.0 26.7
S/25/1.0 13.34 2.0 2.0 2.0 28.7
D/72/10/2.0 13.37 4.0 4.0 4.0 32.7
S/30/1.0 14.95 2.0 2.0 2.0 34.7
$/20/0.5 15.15 1.5 1.5 1.5 36.2
D/72/04/1.0 15.77 3.0 3.0 3.0 39.2
D/72/07/1.0 15.98 3.0 3.0 3.0 42.2
D/72/10/1.0 16.19 3.0 3.0 3.0- 45.2
D/€0/04/1..0 © 16.50 2.0 2.0 2.0 47.2
D/60/07/1.0 16.73 2.0 2.0 2.0 49.2
D/72/04/0.5 16.87 3.5 3.5 3.5 52.7
D/60/10/1.0 16.95 2.0 2.0 2.0 54.7
S/25/0.5 17.27 1.5 1.5 1.5 56.2
D/48/04/1.0 17.28 2.0 2.0 2.0 58.2
D/72/07/0.5 17.28 3.5 3.5 3.5 61.7
D/48/07/1.0 17.51 2.0 2.0 2.0 63.7
D/72/10/0.5 17.70 3.5 3.5 3.5 67.2
D/60/04/0.5 17.71 1.5 1.5 1.5 68.7
D/48/10/1.0 17.75 2.0 2.0 2.0 70.7
D/36/04/1.0 18.10 2.0 2.0 2.0 72.7
D/60/07/0.5 18.14 1.5 1.5 1.5 74.2
D/36/07/1.0 © 18.34 2.0 2.0 2.0 76.2
D/60/10/0.5 18.57 1.5 1.5 1.5 77.7
D/36/10/1.0 18.59 2.0 2.0 2.0 79.7
D/48/04/0.5 18.62 1.5 1.5 1.5 81.2
"$/45/2.0 18.90 4.0 4.0 4.0 85.2
D/48/07/0.5 19.07 1.5 1.5 1.5 86.7
D/48/10/0.5 . 19.51 1.5 1.5 1.5 88.2
$/30/0.5 19.54 1.5 1.5 1.5 89.7
D/36/04/C.5 19.61 2.0 2.0 2.0 91.7
D/72/04/0.1 19.97 2.6 2.6 2.6 94.3
D/36/07/0.5 20.07 2.0 2.0 2.0 96.3
D/36/10/0.5 20.52 2.0 2.0 2.0 - 98.3
S D/28/04/0.5 20.71 2.0 2.0 2.0 100.3
~ D/60/04/0.1 20.96 1.6 1.6 1.6 101.9
: D/28/07/0.5 - 21.18 2.0 2.0 2.0 103.9
-123-




. _Mine Type

- 8/45/1.0
D/28/10/0.5
D/48/04/0.1
D/72/07/0.1
D/60/07/0.1
D/36/04/0.1
 D/48/07/0.1
D/72/10/0.1
D/28/04/0.1
D/36/07/0.1
D/60/10/0.1
D/48/10/0.1
D/28/07/0.1
D/36/10/0.1
$/45/0.5

D/28/10/0.1

EXHIBIT A-XXb (Continued)

Annual Production

By Mine Type

Rockies

Product Class: ' Low Sulfur

BTU CONTENT (106 BTU/TON) :

Cumulative Annual Production

(10® Tons)
1985
4.0 4.0 4.0
2.0 2.0 2.0
1.6 1.6 1.6
2.6 2.6 2.6
1.6 1.6 - 1.6
2.2 2.2 2.2
1.6 1.6 1.6
2.7 2.7 2.7
2.8 2.8 2.8
2.2 2.2 C 2.2
1.6 1.6 1.6
1.6 1.6 “ 1.6
2.8 2.8 2.8
2.2 2.2 2.2
3.0 3.0 3.0
2.8 2.8 2.8

_lzg;

s . (106 Tons)‘

- 1980 ..1985 1990
107.9 107.9 107.9 -

.109.9 109.9 109.9
111.5 111.5 111.5
114.1 114.1 114.1
116.7 116.7 116.7
118.9 118.9 118.9
120.5 120.5 120.5 "
123.2 123.2 123.2
126.0 126.0 126.90
128.2 128.2 128.2

© 129.8 129.8 129.8
131.4 - 131.4 131.4
134.2 134.2 134.2
136.4 136.4 136.4
139.4 139.4 139.4
142.2 142.2 142.2
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EXHIBIT A-XXIb

Region: Souﬁhwest, ,
Product Class: Low Sulfur
BTU CONTENT (10° BTU/TON): 19

: Annual Production ,
Price . . By Mine Type Cumulative Annual Production

Mine Type . . . .{($/Ton) (10® Tons) (106 Tons)
' ' ' 1980 1985 1990 1980 1985
sx: 5.94 1.2 1.2 1.2 1.2 1.2 1.2
sY 6.3% 5.5 5.5 5.5 6.7 6.7 6.7
s/10/1.0 7.16 1.0 1.0 1.0 7.7 7.7 7.7
S/15/1.0 8.46 1.0 1.0 1.0 8.7 8.7 8.7
S/20/1.0 9.84 1.0 1.0 1.0 9.7 9.7 9.7
D/72/04/0.5 - 14.87 0.5 0.5 0.5 10.2 10.2 10.2
D/72/07/0.5 15.28 0.5 0.5 .0.5 10.7 10.7 10.7
D/72/10/0.5 15.70 0.5 0.5 0.5 11.2 11.2 11.2
D/72/04/0.1 17.97 0.3 0.3 0.3 i1.5 11.5 11.5
D/60/04/0.1 18.96 0.3 0.3 0.3 11.8 11.8 11.8
V= D/72/07/0.1 20.12 0.3 0.3 0.3 12.1 12.1 12.1
D/60/07/0.1 21.09 0.3 0.3 0.3 12.4 12.4 12.4
D/72/10/0.1 22.49 0.3 0.3 0.3 12.7 12.7 12.7
D/60/10/0.1 23.47 0.3 0.3 0.3 13.0 13.0 13.0

-126-
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EXHIBIT A-XXIIb

Region: Southwest
Product Class: High Sulfur
. BTU CONTENT (10° BTU/TON) :

Annual Production

By Mine Type " Cumulative Annual Production -

Mine Type . ($/Ton) - ~ (106 Tons) (106 Tons)
- 1980 1985 1990 - 1980 1985 1990
sX _ - 4.40 14.8 14.8 14.8 14.8 14.8 14.8
S$/05/2.0 " 5.16 2.0 2.0 2.0 -16.8 - 16.8 16.8
$/10/4.0 5.48 4.0 4.0 4.0 20.8 20.8 20.8
S/10/3.0 - 5.82 6.0 6.0 6.0 26.8 26.8 - 26.8
S/05/1.0 5.90 2.0 2.0 2.0 28.8 28.8 28.8
$/10/2.0 6.30 8.0 8.0 8.0 36.8 36.8 36.8
S/15/4.0 6.54 . 4.0 4.0 4.0 40.8 40.8 40.8
s$/15/3.0 6.95 6.0 6.0 6.0 46.8 46.8 46.8
S/10/1.0 7.16 6.0 6.0 6.0 52.8 52.8 52.8
s/15/2.0 7.50 8.0 8.0 8.0 ' 60.8 60.8 60.8

' S/20/4.0 7.65 4.0 4.0 4.0 64.8 64.8 64.8

~§/20/3.0 8.13 6.0 6.0 - 6.0 70.8 70.8 '70.8
S/15/1.0 8.46 6.0 6.0 6.0 76.8 76.8 76.8
S/20/2.0 8.78 8.0 8.0 8.0 84.8 84.8 84.8
S/20/1.0 9.84 6.0 6.0 6.0 30.8 90.8 90.8
D/72/04/1.0 13.77 2.0 2.0 2.0 92.8 92.8 92.8
D/72/07/1.0 - 13.98 2.0 2.0 2.0 94.8 94.8 94.8
D/72/10/1.0 - 14.19 2.0 2.0 2.0 96.8 96.8 26.8

' D/72/04/0.5 14.87 0.5 0.5 Q.5 97.3 97.3 97.3
D/72/07/0.5 15.28 0.5 0.5 0.5 97.8 97.8 . 97.8
D/72/10/0.5 . 15.70 0.5 0.5 0.5 98.3 98.3 98.3
D/60/04/0.5 15.71 1.0 1.0 1.0 99.3 99,3 99.3
D/60/07/0.5 16.14 1.0 1.0 1.0 100.3 100.3 100.3
D/60/10/0.5 16.57 1.0 1.0 1.0 101.3 101.3 101.3
D/72/04/0.1 17.97 1.0 1.0 1.0 102.3 102.3: 102.3
D/60/04/0.1 18.96 0.3 0.3 0.3 102.6 102.6 102.6
D/72/07/0.1 20.12 1.0 1.0 1.0 103.6 ~  103.6 103.6
D/60/07/0.1 . 21.09 0.3 0.3 0.3 103.9 103.9 103.9
D/72/10/0.1 . 22.49 1.00 1.0 1.0 104.9 104.9 104.9
D/60/10/0.1 23.47 0.3 0.3 0.3 105.2 105.2 105.2

Fivs
N
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VN » EXHIBIT A-XXIIIb

Region: Northwest

* Product Class: High Sulfur

BTU CONTENT (106 BTU/TON): 19

Annual Production

Price By Mine Type Cumulative Annual Production
Mine Type ($/Ton) (106 Tons) o (10® Tons)

1980 " 1985 1990 1980 1985 1990
sX 5.45 4.0 - 4.0 4.0 4.0 4.0 4.0
sY 6.20 1.0 1.0 1.0 5.0 5.0 5.0
DY 6.20 1.0 1.0 1.0 6.0 6.0 - 6.0
$/15/3.0 6.95 3.0 3.0 3.0 9.0 9.0 9.0
$/15/2.0 7.50 2.0 2.0 - 2.0 11.0 11.0 11.0
© §/20/3.0 8.13 3.0 3.0 3.0 - 14.0 14.0 14.0
$/15/1.0 8.4A 2.0 2.0 2.0 16.0 16.0 16.0
5/20/2.0 R.78 2.0 2.0 2.0 18.0 18.0 18.0
$/20/1.0 9.84 2.0 2.0 2.0 20.0 20.0 20.0
D/72/04/2.0 11.10 2.0 2.0 - 2.0 22.0 22.0 22.0
D/72/07/2.0 11.24 2.0 2.0 2.0 - 24,0 25.0 24.0
.D/72/10/2.0 11.37 2.0 S 2.0 2.0 26.0 26.0 26.0

D/72/04/1.0 13.77 3.0 3.0 3.0 29.0 29.0 29.0
D/72/07/1.0 13.98 3.0 3.0 3.0 32.0 . 32.0 32.0
D/72/10/1.0 . 14.19 _ 3.0 3.0 3.0 35.0 35.0 35.0
D/60/04/1.0 14.50 1.0 1.0 1.0 36.0 36.0 36.0
D/60/07/1.0 14.73 1.0 .1.0 1.0 37.0 37.0 37.0
D/72/04/0.5 - 14.87 1.5 1.5 1.5 38.5 38.5 38.5
D/60/10/1.0 ° 14.95 1.0 1.0 1.0 39.5 . 39.5 39.5
D/72/07/0.5 ~ = 15.28 1.5 1.5 1.5 41.0 41.0 41.0
D/72/10/0.5 15.70 1.5 1.5 1.5 42.5 42.5 42.5
D/60/04/0.5 15.71 1.0 1.0 1.0 43.5 . 43.5 43.5
D/60/07/0.5 16.14 1.0 1.0 1.0 44.5 44.5 44.5
D/60/10/0.5 16.57 1.0 1.0 1.0 45.5 45.5 45.5
D/72/04/0.1 17.97 1.8 1.8 1.8 47.3 o 47.3 47.3
D/60/04/0.1 18.96 1.2 1.2 1.2 48.5 48.5 - 48.5
D/72/07/0.1 20.12 1.8 1.8 1.8 . 50.3 50.3 50.3
D/60/07/0.1 21.09 1.2 1.2 1.2 51.5 51.5 51.5
D/72/10/0.1 22.49 1.8 1.8 1.8 " 53.3 53.3 53.3
1.2 1.2 1.2 54.5 54.5 - 54.5

D/60/10/0.1 23.47
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EXHIBIT A-XXIVa

Region: Alaska
Product Class: Low Sulfur
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By

EXHIBIT A-XXIVb

Region: Alaska

Product Class: Low Sulfur .

BTU CONTENT (10° BTU/TON): 19

Annual Production

Price » By Mine Type Cumulative Annual Production
Mine Type ~{$/Toén) (105 Tons) . ' (106 Tons)

1980 1985 - 1990 - 1980 1985 1930

SX 6.59 0.7 0.7 0.7 0.7 0.7 0.7
$/05/2.0 7.74 2.0 2.0 2.0 2.7 2.7 2.7
s/05/1.0 8.85 1.0 1.0 1.0 3.7 3.7 3.7
$/10/2.0 9.45 2.0 2.0 2.0 5.7 5.7 5.7
s/10/1.0 10.74 2.0 2.0 2.0 7.7 7.7 7.7
$/15/2.0 11.25 2.0 2,0 2.0 9.7 9.7 9.7
s/15/1.0 - 12.69 2.0 2.0 2.0 11.7 S 11.7 11.7
'§/20/2.0 13.17 2.0 2.0 2.0 13.7 13.7 13.7
S$/20/1.0 : - 14.76 2.0 2.0 2.0 15.7 15.7 15.7
D/72/04/3.0 14.84 3.0 3.0 3.0 18.7 18.7 18.7
D/72/07/3.0 15.00 3.0 3.0 3.0 21.7 21.7 21.7
D/72/10/3.0 " 15.16 3.0 3.0 3.0 24.7 24.7 24.7
D/72/04/2.0 16.65 4.0 4.0 4.0 28.7 28.7 28.7
D/72/07/2.0 , 16.86 4.0 4.0 4.0 32.7 - 32.7 32.7
D/72/10/2.0 © 17.06 4.0 4.0 4.0 36.7 36.7 36.7
D/72/04/1.0 - 20.66 4.0 4.0 4.0 -40.7 40.7 40.7
D/72/07/1.0 20.97 4.0 4.0 4.0 44.7 44.7 44.7
D/72/10/1.0 21.28 4.0 4.0 4.0 48.7 48.7 48.7
D/60/04/1.0 21.75 3.0 3.0 3.0 51.7 51.7 51.7
D/60/07/1.0 22.10 3.0 3.0 3.0 54.7 54.7 54.7
D/72/04/0.5 22.30 4.5 4.5 4.5 59.2 59.2 59.2
D/60/10/1.0. 22.42 3.0 3.0 3.0 62.2 62.2 62.2
D/72/07/0.5 22.92 4.5 4.5 4.5 66.7 656.7 66.7
D/72/10/0.5 _ 23.55 4.5 4.5 4.5 71.2 71.2 71.2
D/60/04/0.5 23.56 2.5 2.5 2.5 73.7 73.7 73.7
D/60/07/0.5 24.21 2.5 2.5 2.5 76.2 76.2 76.2
D/60/10/0.5 24.86 2.5 2.5 2.5 78.7 78.7 78.7
D/72/04/0.1 26.96 3.9 3.9 3.9 82.6 82.6 82.6
D/60/04/0.1 28.44 2.0 2.0 2.0 84.6 84.6  84.¢6
D/72/07/0.1 ' 30.18 3.9 3.9 3.9 88.5 88.5 88.5
D/60/07/0.1 31.64 2.0 2.0 2.0 .90.5 90.5 90.5

D/72/10/0.1 33.74 3.9 3.9 3.9 94.4 94.4 94.4 .
2.0 2.0 2.0 96.4 96.4 ©96.4

D/60/10/0.1 _ 35.20




APPENDIX B OIL SUPPLY CURVES

The 1985 PIES Business asbﬁsual 0il Supply curves are shown
in TeblebB-l. Different'oil»supply curves pertain for the FEA's
acclerated development scenario and for other target years.

1 Supply curves are given for each oil type in each producticn
region. The codes used to identify oil types are described in
‘Table II-3. The PIES oil region in which these crudes are oro-'
duceo'are shown in Table II-4 along with_the Census Regims to which
- these 0il regions correspond. . o
| The. production of crude oil in PIES in dependent not oniy
upon the marginal prlce which obtalns in a target year, but also
upon the price ant1c1pated by the lndustry prior to the target
year. Thus ‘the 0il supply curves may lnciude more than one 1ncre-

ment ateach price. We have llsted all the lncrements 1nd1v1dua11y,

'~ The cumulative quantity column .includes all possible increments,

‘therefore, the curves must be interpreted as quantity-cost rela-
tionehips assuming that the price at anyApoint is greater than
or equal to that anticipated by the industryt
Note should be made that oil production in PIES is treated.

as the production of a number of joint products, i.e. 0il, asso-
ciated gas, gas liquids and butane. It is the overall regicnal
requirement for all of these products within the PIES model |
that determines the production levels of particular crude types.
Thus, the supply curves glven here represent an abstraction of
& more complex process within PIES.

~ The supply curve for West Coast blend (oil type WC) includes
200,000 barrels/day of oil from the Navel Petroleum Reserve (oil

type N1l). ~133-




In addition to'the crudes described in the Table B-l, Table

' B-2 details additional production steps increments permitted in

the Alaskan, NOrth Slope.
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. . TABLE B-1 OIL SUPPLY CURVES

0il A ~ Quantity ' . Cumulative

Type Price Increment ‘ Quantity
: ($/bbl) (MB/CD) (MB/CD)
WT ' © 5.0 ~ 1110.40 ' 1110.40
. 12.0 | 4§g.g + 1587. 40
14.0 95.0 o 1682.40
16.0 © 7.3999 - 1689.80
20.0 14.6001 . 1704.40
Lc . - 5.0 18¢9.10 . - - 1899.10
12.0 - 208.3 + | 2841.90
| | 734.5
16.0 136.2 2978.10
20.0 - 224.1 . 3202.20
L0 5.0 . 674.0. 674.0
8.0 - 163.2 o+ 1289.5
| ‘ 452.3 - |
12.0 129.2 1418.7
16.0 4.3 . 1423.0
20.0 _ 0.6 ~ 1423.6
CK o 5.0 . 136.5 | 136.5
8.0 ~182.0 318.5
12.0 50.0999 + 474
| . 105.4
14.0 77.1001 551,10
, 16.0 26.0999 | . 577.20
20.0 . 56.4001 . 633.60
“ as 5.0 53.0000 - 53.00
8.0 9.2000 + ~ 328.40
266.2
12.0 130.1001 358.50 -
16.0 9.0998 _ 367.60
20.0 0.3 | 367.90
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0il ' Quantity : ~ Cumulative

Type Price Increment Quantity
($/bbl) (MB/CD) . - (MB/CD)
We 1.45 200.00 200.00
’ ) 5.0 480.700 680.70
8.0 ©21.500 +. . 702. 30
A .0998 - :
. 12.0 - 163.100 + 584.800 1450.20
+ - .,0002 )
16.0 ~ © 19.1001 : 1469.30
WO . 5.0  80.4000 80.40
8.0 0.1 + 403.3 483. 80
12.0 ' 1.2 + 154.9 '639.90
14.0 _ 1.0 640.90
16.0 ' ©1.2998 642.20
WMo 5.0 - 135.8 ©135.8
(04) C12.0 0.4 | 136.2
14.0 76.8 213.0
16.0 3.8999 .. 216.9
20.0 8.3999 225.3
WM - . 5.0 © 310.8 | 310.8
(05) 12.0 42.8 + 193.1 546.7
14.0 121.8 : 668.5
16.0 84.7998 753.3
20.0 105.8 859.1
I2 | 5.0 131.1 _ .131.1
‘ ' 12.0 - . 19.2 + 151.2 301.6
+ 0.1 v .
14.0 - 6.3 . 307.9
16.0 ' 9.2 ~ 310.8

20.0 . 7.1001 A 317.9
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0il _ ' Quantity Cumulative

Type , Price , Increment Quantity
($S/bbl) - _ (MB/CD) ' (MB/CD)

Il ' : 5.0 ' 23.2 _ 23.2

(0B) 12.0 C97.3 120.5

14.0 : 95.6 - 216.1

16.0 16.3 . 232.4

20.0 ' 26.7 . 259.1

Il : 8.0 0.1 + 128.4 128.5

(oc) 12.0 9.9 | 138.4

16.0 : 2.5 140.9

- HS - 5.35 67.0 67.0

(02) 7.56 62.0 129.0

12.31 75.0 | 204.0

H3 8.35 6.0 - 6.0

- (05) 12.84 8.0 14.0

H2 5.83 o 27.0 27.0

(07) 8.44 51.0 78.0

13.71 . 131.0. 209.0

H2 o 6.83 4.0 4.0

(09) 10.26 ' 5.0 9.0

TS 15.00 10.0 ' 10.0
(04) | .
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TABLEAB-Z. ADDITIONAL ALASKAN CRUDE PRODUCTION

: _ : Joint :
Crude Type ‘ ' Mix Price Limit
‘ ’ ($) (barrel/CD)
AN One barrel + 419 cu. ft. of Natural Gas 9.49 720,000 -
AD One barrel + 1,250 cu. ft. of Natural Gas 4.08 1,600,000
AR . One barrel + 642 cu. ft. of Natural Gas 7.99 448,000
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APPENDIX C NATURAL GAS SUPPLY CURVES

Table C-1 contains the PIES 1985 $13 oil referencé scenario

natural gés supply curves. Associated gas - which accounts for

some 20% of total gas production is not included in these tables

" (see Appendix B).
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TABLE C-1 NATURAL GAS SUPPLY CURVES

Gas : : '~ Quantity Cumulative
Region Price Increment Quantity
($/thousand (MSCF/CD) . (MSCF/CD)
cubic ft.) ' .
' G3 1.0 146.949 146.949
1.2 6.1472 153.10
1.4 14.3437. 167.44
1.7 2.0490 169.49
2.2 25.1745 194.66
2.4 1.1709 195.83
2.8 2.9272 198.76
G4 1.2 16.3927 16.3927
. 98.6490 115.04
. 9.9527 124.99
. 7.9036 132.90
. 4.9763 . 137.87
. 5.8545 143.73
G5 0.71 178.080 178.080
' 0.89 - 117.810 295.89
1.0 869.400 1165.29
1.2 260.527 1425.82
1.4 - 27.2231 1453.04
1.7 67.6203 1520.66
2.0 47.4216 1568.08
2.2 - 35.4203 1603.50
2.4 31.3217 1634.82
2.8 60.3021 1695.13
G6 0.86 164.380 164.38
1.0 909.503 1073.88
1.2 779.240 1853.12
1.4 23.7112 1876.83
1.7 46.2503 1923.08
2.0 52.9839 1976.07
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‘Gas

Region

G7

G8

G9

. GA

Price
($/thousand
cubic ft.)

Quantity
Increment
(MSCF/CD)

36.5909
. 16.3930
75.8160

2312.25
1761.34
99.5272
312.633
545.351 -
42.4454
468.363
-451.678

10490.2
2859.35
471.588"

795.040

560.870

487.974
330.198
1432.60

12296.3
3.8077

- 11.7091
4.0936

5961.97

2183.16
191.443
305.607
175.051
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Cumulative
Quantity
(MSCF/CD)

2012.66
2029.05
2104.87

2312.25
4073.59
4173.12
4485.75
5031.10
5073.55
5541.91
5993.59

110490.2

13349.55
13821.14
14616.18
15177.05
15665.02
15995.22
17427.82

12296.3

12300.11
12311.82
12315.91

5961.97
8145.13
'8336.57
8642.18
8817.23




P

Gas Quantity Cumulative

Region Price . " Increment Quantity
($/thousand ' (MSCF/CD) (MSCF/CD)
cubic ft.) S '

2.2 ~ 189.980 ~ 9007.21
2.4 - 111.822 9119.03
2.8 , . 371.178 9490.21
GB 1.0 89.2818 89.2818
| 1.7 37.7618 127.04
GC 1.0 354.200 = 354.20
1.2 1101.869 456.07
1.4 132.020 588.09
1.7 68.4981 “ 656.59
2.0 39.5182 696.11
2.2 25.1745 721.28
2.4 27.5163 1 748.80
2.8 74.0596 822.86
G2 1.10 794.500 | ~794.50
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