5.4.2

Construction Labor Needs

For a typical 50,000 BOED synthetic fuel plant, the
follow ng construction |abor skill mx needs are repre-
sentative for the generic process as described in
Chapters 3 and 4 (rmanpower requirenments provi ded by
Chapter 4 reference information and Reference No. 53 ).
These estimtes, as described in the reference citation
are associated with the conversion process above. In
addition to these estinmates will have to be added | abor
needs associated with mning, transportation, potential
upgrading, distribution, and retailing. These requirenents,
however, w |l depend upon the specific product produced, the
particul ar resource (fuel or coal) selected, the nature of
the site, and other specific features. The Appendix to
Chapter 2 gives a representative sanple for different
specific conditions. Manpower rates used are those based
upon the previously referenced ESCOE work, which was part
of the original study design.

A Direct Coal Liquids and Shal e:

Engi neers 958 nan years
Dr af t smen/ Desi gners 625 nman years
Manual , blue collar 9160 man years

(including pipefitters,
wel ders, skilled |abor)

B. I ndirect Coal Liquids:

Engi neers 1985 man years
Dr af t smen/ Desi gner s 1330 man years
Manual , blue collar 16,185 man years

i ncludin ipefitters,
vslel ders, gkipl Iped | abor)

(. coal Gases

Engi neers 1000 man years
Dr af t smen/ Desi gner s 700 man years
Manual , blue collar 9000 man years

i ncludin ipefitters,
\/$Ie| ders, s?kipl Iped | abor)

5-44 ej b&a



The typical construction period is spread such that the
spread used for construction personnel |abor demand is
as fol | ows: (This does not include permtting require-
ments or del ays)

Year
% Depl oyment 1 2 3 4 5
Engi neers _ 30 40 15 10 5
Dr af t snmen/ Desi gner s 30 40 15 10 5
Manual / Bl ue Col | ar 0% 10% 30% 40% 20%

Using the above estimates, and the previously derived supply
depl oyment scenarios, we estinmate the follow ng incremental

| abor construction requirements (for each indicated tine
period) for each generic process and scenario (Tables 5-16
to 5-19 ).
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exqls

8v—-¢

TABLE 5-19 : COAL GASES *

| ncrenental Construction Labor Requirenments for Plants Com nOn-line in Period Ending

( Man- Year s)

1985 1990 1995 2000
Scenari o: A B A B A B A B
Engi neer 1,700 1, 700 5,410 11, 330 6, 480 10, 000 4,400 7,000
Dr af t smen/
Desi gners 1,190 1,190 3, T8+TTTT 7,910 4,543 7,000 3,080 4,900
Manual ,
Bl ueCol | ar 15, 300 15, 300 48,690 101, 700 58, 410 90, 000 39, 600 63, 000

*Tabl e 5-19 values based on process construction |abor needs identified in
Section 5.4.2 applied to values in Table 5-7.

SOURCE: E. J. Bentz & Associ ates



5.4.3 Regional Deploynment of Synthetic Fuel Plants Wrk
Force

_ Not all construction [abor needs will be uniformy
distributed. As discussed earlier, different generic
processes will favor siting in different regions:

(i) a1l Shale: Alnmpst all shale plants will be sited
In the West until the close of the century. Hence
al | | abor needs--both construction |abor and opera-
tion labor--will be centered at the sites specified

earlier (Piceance, U nta Basin) .

(ii)  Coal Liquids: Coal liquids, like coal gases, wll
pe more W dely dispersed due to the abundant and
regionally varied U S coal supplies. As discussed
earlier, nost of the earlier plants will be of the
indirect variety. Later direct plants wll be de-
ployed in the Interior and Appal achian regions.
Usi ng our previous build-up estimates, and those
of other references, (34) , we estimate the follow
ing regional work force for coal |iquids:

Tabl e 5-20: Regional Share of Increnmental Construction

VWork Force tor Plants Comng On-Line 1 n
Peri1 od Endi na:

(% Share of Totals in Man Years)'

_ 1990 1995 2000
Scenari o: A B A B A B

South Atlantic 0 11% 29% 15% 0 6%
East North Central 37% 30% 29% 35% 50% 41%
East South Central 13% 13% 14% 13% 17% 12%
West North Central 25% 21% 14% 15% o 18%
West South Central 0 0 0 5% 17% 12%
Nort h Mbuntain 25% 25% 14% 5% 17% 11%

(iii) Coal Gases: As discussed earlier, coal gases’
characteristic size units are smaller, nore

numerous and nore regional ly dispersed. It is
expected that they will share the same regional
share depl oynent as do coal liquids reflecting

sitings at coal resources, and reflected in the
t abl e above.
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5.5 Additional Concerns and | npacts: Product
Acceptabi i1ty Concerns

W have already identified key inpact concerns and
constraints: associated with synfuel devel opment al ong
the entire fuel cycle (Chapter 2); associated wth
i ndi vi dual technol ogi cal processes (Chapter 3); wth up-
grading (Chapter 4); and with actual proposed synfuel
plants (Chapter 50. W also have identified and dis-
cussed the supply-oriented needs and constraints asso-
ciated with synfuel development. Many of these concerns
are characteristic of the site-process selection (see
Footnote to Chapter 5) , and others are characteristic
of the entire industry build-up to meet synfuel ob-
jectives.

In addition to these concerns, there are other con-
cerns associated with synfuel product acceptability in
the user marketplace. Traditional end use technol ogy--
such as internal conmbustion engines--have been optim zed
to nmeet performance specifications based on power fuel
speci fications, i.e., fuel product specificity must match
eng]ne tol erances on a physical and material basis. In
addition to these performance specifications, additional
institutional requirenents have been placed on the
utilization of end use technol ogies. Choosing t he
aut onobi l e again, autonotive em ssion standards for
criteria pollutants have been established wth schedul ed
decreases in enissions over time. In addition, autonotive
fleets are subject to neeting the CAFE standards for fue
economy. Hence the optimzation process of matching auto-
nmotive performance with fuel specifications is a con-
strained one.

The potential changes in autonotive standards
(em ssion standards for diesel exhaust), as well as the
potential introduction of new regulations and procedures
whi ch inpact on fuel production (such as regulations
ursuant to TSCA, RCRA, and Hazardous Waste Act) , wll
urther constrain the choices available and the tine
available to find them Aso in the achievement of these
choi ces, tradeoffs between preservation of perfornmance
oals and renoval of potential contam nants nmay have to
e made. Several exanples of the types and nature of
these product acceptability concerns follow

«Severe hydrotreating of syncrudes may alter or
destroy certain fuel characteristics such as
lubricity. In recent tests (Reference No. 54
of hydrotreated Al askan crude, the Navy found
that the hydrotreating affected the lubricity
of the resultin? fuel, which in turn affected
the operation of their fuel punps in aircraft
engi nes.
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« The handling and burning of heavy fuel oils,

especially from coal, my raise gotential concerns

due to their high aromaticity and potentia

toxicity.

Potential carcinogenic concerns have also been
rai sed (Reference No. 55). These concerns require

further testing.

« Nitrogen renoval: Several concerns have been
rai sed about the relatively higher concentration

of nitrogen in synfuels. Anmong them

H gher nitrogen content in synfuels has

been found by Navy to be a factor in
“gunming” (reference above)

Meeting present NQautonotive em ssion

standards (1.2 grams/mle) has been

difficult for the industry. Wth the
hi gher fuel -bound nitrogen content of
oil shale liquids, this difficulty is

expected to increase. Although severe

hydrotreating of the oil shale would
certainly inprove this situation, it
i nvol ve, as discussed in Chapter 4,

woul d

addi ti onal up?rading costs. (I'n general
wou

shal e oil

| d be hydrotreated to reduce
nitrogen content prior to pipelining to

refinery. Aso arsenic contam nants woul d
be renoved as-they would poison refinery
catal ysts, a key question in the degree of
upgrading to neet anticipated specs, and at

at cost?)

Mbst SRC |iquids have been found to be too

high in sulfur and nitrogen content.

Recent

tests sponsored by EPRI at Con-Ed in New

York with SRC-Il liquids have required

conmbustion nodifications.

« The storage of inconplete refined or upgrated
products may pose disposal problenms (and costs)

esPeciaIIy In nore fragile ecosystens (see
re

erence 56 for discussion of aggregate waste

requi rements)
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Next Step(s)

Next Step(s) will require that additional research
and testing be perforned both at the fuel supplier and
end-user levels so that optimum changes can be nade
bet ween fuel upgrading requirenents and end-use conbustion
changes. As shown in Chapter 4, s¥nfuels can, in principle,
be processed to resenble current fuel production “specs”
T(e. g., gasoline produced fromthe Sun G| refinery at
oledo fromtar sands feedstocks) . Simlarly, redesign
of end-use technologies to neet |ess expensively
produced synfuel yields are potential research options.

The potential use of the higher aromatic content of

coal liquids for efficiency inprovenents in higher-
conpression engines is one exanple. The use of neat
net hanol is another. The essential series of sub-

optim zation “match-ups” --constrai ned by health,
environmental, safety and other concerns such as
liability for technology warantees--will also reflect

the utilization of current infrastructure (e.g., refinery
capacity) , and the projected conposition of natura

crude supplies (A askan and Saudi sour crudes, Venezuel an
and Bakersfield heavy crudes; Overthrust production), to
whi ch synthetic fuels contribute. This, however, is
beyond the scope of this study."
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5.6 FOOTNOTES TO CHAPTER 5

a. (1) The general nethodol ogy used in devel oping the
“bottons-up” assessnents has used the follow ng sources
of information:

(1) referenced literature and data cited in text
and footnotes

(2) nunerous interviews with industrial and govern-
nmental sources, including nenbers of the OTA
Synfuel Advisory Goup

(3) Broprietary i nformation heretofore devel oped
y EJB&A, as cited

*Mich of the interview information built upon

exi sting and on-going studies being performed by
EJB&A.  As such, the data base used was nuch

| arger than the study scope allowed in itself.
Among the key sources of 1 nterview information
wer e:

(1) Governnental interviews were conducted with
nunmerous federal - and state offices including:
the U S. Department of Energy [Policy Ofice,
Fossil Fuel” Ofice, Resource Applications,
Conservation Ofice, National Laboratories
(Cak Ridge)], the U S. Environnental Protection
Agency (Toxics Substance Ofice, R& Ofice),
Kentucky Departnent of Energy; California
Energy Conm ssion; and the Mssachusetts
Energy O fice.

(2) Industrial interviews were conducted with
nunerous staff of the major oil conpanies;
chem cal conpanies; autonotive conpanies;
and utility conpanies.

The OTA Synfuels Advisory Goup, as well as the
OTA staff, were particularly helpful in their sound
advi ce, judgment, and insights in devel oping

I nformati on.

(ii) The overall guiding general assunptions used in the
met hodol ogi cal approach were:

(1) There will be no nmajor international conflict

whi ch woul d preclude supply of foreign raw
materials and manufactured equi pment.
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(2) There will be no dramatic increase in the
consunption of energy related materials or
equi prent by other segnents of industry
which will inpact on the synfuels fuels
program

(iii) The overall approach methodology is given in
footnote p.

(iv) Specific assunptions associated with the devel opnment

of each of the scenario assessments have been given in the
text, and in footnotes: p ggeneral and for shale oil);

q (for coal gases); and r (for coal Iiquids. Furt hernore,
reglonal|zat|on techniques are cited in footnote t.

(v) Scenario scope was chosen in consultation with OTA
staff at initial and interimbriefings, and as reflected
In contract study scope.

As discussed later in the individual scenario sections,
“high” refers to a maxi mum depl oyment schedul e, which
pushes the limts of material and skill mx availability.
However, it does not represent an energency, supply
interruption contingency scenario. Developnent in the high
scenario is conducted by the private sector wth fiscal
and R&D incentives being provided by the governnent so as
to mnimze commercial risk, and to accelerate the pace
of devel oprent . The “busi ness-as-usual” depl oynent
schedul e represents a nore historical growh characteristic
of capital-intensive new growmh industries, as discussed
in Chapter 4. H gh capital demands, technical uncertain-
ties, and other factors discussed in Sections 5.2 and 5.3
dictate a nmore cautious approach that mnimzes financial
exposure.  The governnental role is mainly an R&D role,
especially in high-risk, yet potentially high payoff
beneficial technol ogies. ~ Government fiscal incentives
are very mninmal as conpared to the high scenario. High
and | ow scenario choices were chosen in conjunction wth
gui dance from the OTA staff in initial, and subsequent
Interim briefings.

l.e., in the mid-term (1980-2000), we have attenpted using
existing information on schedul ed supply projects to natch
supply concerns with demand needs. An aggregate approach
reveals little as to the “nake-up” of the fuel conposition
al though macro aggregate techniques can be valuable in

l ong-term analysis, and in investigating macro-economnc
effects such as capital formation and nonetary effects.

Post 2000 fuel demand slate requirenments are dictated

more by an assessment of |ong-term econom c market forces,
and post 1980 m d-stream supply corrections that by 1980
“current” supply deployment constraints. This is especially
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so since there is anple time (for the 2000+ peri od)

to renedy longer-term constraints and because of the

I nherent uncertainties associated with projecting |ong-
tern1squIy projections. This will be nmore fully dis-
cussed later in footnote p, subsection (v).

“Transition period” here sinply refers to the time period
1980-2000 in which we are introducing new fuel supply
sources to conplenment our existing sources. Post 2000
fuel supplies nmay consist of considerable nunmerous, non-
renewabl e, and renewable fuel sources contributions. As
such, the 1980-2000 period reflects a period of decision-
maki ng and change to achieve alternate fuel goals.

Exanpl es of these are: fuel cell use in autonobiles;
electric vehicles; and extensive use of active device
solar heating and cooling. For a nore detailed descrip-
tion of potential autonotive end use technol ogy changes
see Report of the National Transportation Policy Study
Comm ssion, June 1979, p. 93.

As an exanple of an alternate integrated approach see
Forecasts of Freight System Demand and Rel at ed Research
Needs, National Academy of Sciences, June 19/8;
“Transportation Mdeling and Frei ght Demand Trends,
po 33, E. J. Bentz & Associates

Al ready defined in (e) above.

These alternative assessments, as referenced, reflect the
use of a variety of different techniques. The specific
techni ques used differ greatly. \Wereas some forecasts
rely heavily on the use of nacroeconomc nodels (e.g., DRI,
\Wharton, Chase) , others use nore industry-specific survey
approaches. In the cited references for each alternative
forecast, the specific nethodol ogy enployed is identified.
I't should be clearly recognized that there are no “best
and only” afproaches, since different technique highlight
different effects, e.g. , an industry survey may give good

I nsight on industry-specific technology changes, but give
littTe insight on the inpacts of how potential external
changes in national interest rates nay affect the industry.

Capital formation concerns including availability and rate
concerns are a key ingredient to synfuel project devel op-
nent.  However, scope, budget, and time precluded a

di scussion of an analysis of these concerns. A genera

di scussi on of these concerns can be found in “Synthetic
Fuel s,” Report by the Subconmittee on Synthetic Fuels

of the Conmttee on the Budget, U.S. Senate, Septenber 27,
1979, Chapter 1V, p. 23, and Appendix I, p. 55.

Exhibits 5.1 and 5.2 identify respectively the potentially
critical material and equipnent requirements for coal
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liquid plants (and associated m nes), and overall
sel ected naterial and equi pnent itens required.

They both represent a series of conputer runs using the
ESPM nodel described in reference 44. The key inplica-
tions of these tables and reference 44 are:

for nost equipnment itens, projected requirenments
represent a relatively small percentage of
overall manufacturing capacity

in general, donmestic manufacturers can expand
production as demand devel ops

in addition to domestic capacity, there is
foreign manufacturing capacity that can suppl e-
ment U.S. donestic capacity

there are key items, as discussed above in the
text (such as draglines), where there may be a
potential constraint of a capacity or |eadtine
nat ur e

Furthernore, as illustrated in Table 5.2, reference 44
assessed for two different deploynment schedul es, peak
needs for equipnent as a function of current production
capacity. In this regard” “peak” was used to represent
the maxi num annual equi pment requirenents associated with
t he depl oynent schedules.- Once again, we see that

“dragl 1 nes” and “heat exchangers” are items of concern

in that peak requirenents are _a significant fraction of
existing donestic capacity. These peak concerns are
further constrained In that sone itenms such as draglines,
air separation plants, and large punps and reactor vessels
require substantial supply leadtimes. A though foreign
purchases may alleviate potential shortfalls, earl¥
programmatic planning can facilitate donestic manufac-
turing expansions. These plans would include not onl

equi pnent planni ng but planning concerning: transporta-
tion needs, capital formation, siting concerns, water
needs, and technical personnel needs. These wll be

di scussed later in text.

Overal | enploynent statistics are of limted value in
assessing potential |abor constraints. The short ages
whi ch may occur will be for a particular technical or
craft skill. For this reason, exhibits 5.3-5.4 are
broken down by skill mix. Simlarly, since project
construction-- as described in later section--is |ocation
specific, an overall regional assessnment is illustrated
in exhibit 5.5. As reference 44 discusses, the key

| abor constraint concerns are:
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the availability of chem cal engineers may be
a key limting factor in the availability of
engi neering manpower

the nost serious challenge in neeting engineering
requirenments will Erobably be in the early peak
years, as Exhibit 5.3 shows for design and
construction. This sinply reflects the early

I ntensive use of these skills in normal project
depl oynment

that the supply of civil, electrical, industrial

and nechani cal engineers wll probably not present
as severe a concern as neeting chem cal engineering
requi renents (Exhibit 5.3)

of skilled construction |abor needs, the critica
needs are those of pipefitters, welders, boiler-
makers, and electricians (Exhibit 5.4). For sone
SEarse[y settled regions of the nation where
there is a limted skilled |abor force, this wll
mean bringing in considerable new |abor (such as

in the Al askan pipeline) . Exhibit 5.5 illustrates
thlg regional pattern of potential skilled Iabor
needs.

Vat er suPpIy and availability is of key concern to the
siting of synfuel plants. As mentioned in the text

(p. 5-13) and in Chapter 2, this is particularly true for
arid regions of the West- Under the prevailing system of
purchased water rights, nost of the available surface

wat er S%Fply in these Western regions has already been
allocated. ~Assuch, these rights will have to be

acquired for prospective projects. It has been estinated
in The Nation's Water Resources, the Second National Wter
Assessnent, U S. Vater Resources Council, "Washington, D.C.,
vol.  A-Z, April 1978, that the characteristic maximm

wat er consunption in the nost water-scarce areas likely to
contain synfuel plants would be about swof current
consunpti on. State Water Law in the West: | nplications
for Energy Development, Los Alanps Scientific Laboratory,
January 1979, gives a conprehensive discussion of current
water rights, and transfer in the West, especially as they
affect potential energy site devel opnent.

Ranges of shale oil capacity vary greatly depending on key
assunptions. As an exanple, the OIA's "An Assessnent of
Ol Shale Technologﬁ, " June 1980, lists a 1990 production
target of 400,000 barrels/day as being “consistent with
achieving an efficient and cost-effective energy supply
systenf (p. 10) and an alternate 1990 production target

of 200,000 barrels/day as a target “to maximze ultimate

environnental information and production” (p. 11). Sinilarly,

Exxon, in its 1980 Report to the Business Roundtable, lists
a target of 8 million barrels/day by the year 2010 in the
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Pi ceance and Uinta Basin. These ranges which depict
the uncertainty of many key technical and soci oeconom c
variables are illustrated in Tables 5-3 and 5-4.

As discussed earlier, the determnation of site
choice for different processes is affected by many
factors. There are several critical factors that are
common to the siting of any synthetic fuel facility.
They have been discussed at length in the literature of
both coal and oil shale facilities (Reference Nos. 31,

32 and 33 ). One such review (Reference No. 32
Includes a detailed evaluation of seven representative
facilities for various critical factors, which include
both physical and institutional aspects. The situations
assessed are representative of potential siting situations
for coal and oil shale conversion facilities. The critical
factors considered are:

e Capital availability

) Industrial_narketin? deci sions such as
transportation availability

e Resource depletion

e Air pollution control

e Water availability

e Surface mne reclanmation
e Soci oeconom ¢ disruption

e ownership of land and the nanagenent of
federal |y owned | ands

The main objective is to determne on a regional
basis the potential for devel opment of a synthetic fuels
industry wth mniml conflicts. Assessnent of the
ability to mtigate sone of the environnental con-
straining inpacts have been studied (above references)

Among the characteristics that have been identified
and assessed are:

(1) Air Quality Characteristics: Special attention
has been paid to constraints due to Prevention of Signi-
ficant Deterioration and non-attainment areas.

(2) Water Availability: Institutional factors
(e.g., conpeting uses, allocation policies, water ri%hts)
as well as physical factors (e.g., stream flows, quality
of the water) have been identified.
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(3) Socioeconom c Capacity. The capability of
comuni ties to adjust successfully to the potential

soci al disturbances associated with the construction

and operation of large synthetic fuel facilities have

been identified as the key factor in affecting public

acceptance. This factor Is particularly inportant for

synthetic fuel facilities to be |located in western states
ere the comunities are small relative to the size of

the facilities. Socioecononm c capacity is evaluated with

respect to population size of the affected comunities,

their infrastructure level of services, and growth

hi story.

_ (4) Ecological Sensitivity. This factor is eval uated
with respect to susceptlblllt¥ of natural ecosystens to

di sturbances associated with large scale industrial activity.
Waste disposal operations and reclamation of mned |ands

and di sposal sites of spent shales are considered inpor-

tant considerations.

_ (5 Human Health. There is an undeterm ned potentia
risk to both the health of occupational workers enployed

in the synfuel plants, and to the popul ation surrounding
the plants. As discussed in reference 31 , the
risk factors are still largely undefined because know edge
I's lacking about the kinds and quantities of toxic materials
to be released from actual synfuel plants. (See

(6) Lﬂﬂd_ﬂ¥ﬂ$L%th. This factor, and particularly
the management of federally owned lands, i1s particularly
important in the West. There, the federal government is
a major land holder, and sonme critical |ands are owned
by Indians. Policies established under the Federal Land
Policy and Management Act of 1976, as well as existing
managenment practices are in conflict with extensive ex-
ploration and devel opnent of coal and oil shale resources

“and with the siting of synfuel facilities.

Tabl e s2shale oil build-up scenarios were constructed
using the following iterative process. This sane approach
was used in the buirld-up scenarios of coal |iquids and
gases:

(1) Utilize CGeneral Methodol ogi cal Assunptions stated in
footnote (a) (1.e., not supply interruption concerns)

(2) Specific Approach:

(i) From Table 5-1 develop initial project schedul es
basel i ne reflectln?_“ usi ness-as-usual conditions.
I n devel opi ng baseline schedules utilize specific
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(i)

(iii)

(iv)

project information; interviews with industr
and government officials and conparisons wt
ot her individual and aggregate conpani ons
(referenced in Table 5-3

After developing initial baseline, iterate by
reviewi ng agai nst above referenced conparisons
and additional interviews. Using a nodified
Del phi -type approval, develop a final baseline
schedul e.

using final baseline schedule, repeat steps

(i) and (ii) above, under new "upper limt"

condi tions. These conditions reflect a maxinum
possi ble rate-of-growmh schedule consistent with
pushing material, manpower, and siting concerns
di scussed in Sections 5.1 and 5. 2. They nostly
closely reflect an environnment of significant
governnental fiscal incentives to mnimze narket
commercial risk and accel erate devel opnent, as
reflected in the economic climate of the fall of
1980. They do, however, reflect utilization of
private market forces, and not |arge-scale direct
governmental intervention. For a nore detailed
di scussi on of governnental assistance see
“Synthetic Fuels, Report of the Senate Budget
Committee, Septenber 1979, Chapters |V and V.

As such, this “high” scenario does not reflect

an emnergency planning, oil suPpIy di sruption
scenario. Such-a scenario, although very useful
inits ow right, was not in the directed scope
of work, and would require significantly different
met hodol ogi cal assunptions and techniques.

After developin?_a final “high” and "|ow'
scenario, specific scenario characteristics,

such as differences in rate of growth, peaking

of schedul ed outputs, and leveling “off”

phenonena were conpared to above referenced
Interviews and literature. A conparison of
several of these alternate “scenarios,” albeit
using different, and nostly proprietary techniques,
Is given in Table 5-3.

post 2000 depl oynment schedules are nostly "second-
round” decisions which would be based on both
results of first round (1980-2000) successes and
failures, as well as an assessment of the narket
needs for synthetic fuels in light of the supply,
availability, and price of conventional fuels,

as well as end-uses. For these reasons, extrene
values (at 2000) reflect first round decisions on
depl oyment, and not second round decisions. As
such, they are subject to nore uncertainty. A
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| ong-term overal |l energy supply, demand, and
price forecast was outside of the scope of this

effort.
in Sect
and net
range f
| ogi cal
ener gy
System

Al'so, for the nunerous uncertainties
ions 5.1 and 5.2, as well as the technical
hodol ogi cal uncertainties inherent in |ong-
orecasting. A discussion of the methodo-
and data needs associated wth |ong-range
forecasting is given in Forecasts of Frelght
Demand and Rel ated Research Needs, National

Acadeny of Sciences, 1978, p. 33; "Transportation

Model i ng

and Freight Demand Trends,” E. J. Bentz

& Associates. A discussion of the supply and
availability of energy for future transportation

needs i
Part B,

s given in Alternate Energy Sources,
Academ ¢ Press, 1981, p. 733, Transporta-

tion and Energy, Qutlook to 2000, E. J. Bentz &
Associ at es.

(vi) There are additional product quality and accept-

abilit
synf ue

concerns associated with the use of the
products. These concerns, already

introduced in Chapter 4, are discussed in
Section 5.4 and acconpanying footnote. They

add an

additional element of uncertainty into

the deploynent schedule, but at this early research
stage are at best difficult to bracket.

From Tabl es 5-5
interviews, the

and 5-6and referenced literature and
| ow/ reed Btu and high Btu coal gas build-up

scenarios were constructed from Table 5-7, using the
iterative methodol ogy described in foot note p, and the
general assunptions outlined in footnote a. As discussed
In the text (Section B), particular reference 50 was

made to the Nati
reference as wel
devel oped by E.

onal Coal Association Coal Synfuel Survey
| as detailed proprietary information
J. Bentz & Associates, and nunmerous private

communi cations with industry and governmental officials
(federal and state). As stated on p. 5-24, the eventua
regul atory treatnent of high Btu gas (pricing, advances to

‘pipelines) wll

greatly affect the scenario schedul es.

Al though the scenarios assured that high Btu gas will be
treated as natural gas, this realization will be affected

not only by the

treatment of high Btu gas, but also on the

pricing schedule of natural gas itself (i.e., natural gas

deregul ation)

Table 5-8 sunmarizes conparisons wth

current alternative forecasts. Note, as discussed in
f oot not e P,dthese alternative forecasts enployed a
0

variet¥
As suc

From Tabl e 5-9,
using the iterat
and the genera
was constructed.
and 51, as well

ifferent proprietary nethodol ogical techniques.
“bott ons-up” conparisons are not appropriate.

and identified literature and interviews,
i ve nethodol ogy described in footnote E,
assunptions outlined in footnote a, Table 5-10

O specific assistance were references 50
as proprietary information devel oped by
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E. J. Bentz & Associates, in the deploynment schedul es.
In brief, indirect liquefaction technology is a known,
commercially proven technology. Although on-going R&D
will inmprove this technology (such as alternate gasifier
designs), it is building upon a known baseline. Al so
much of the equi pment needed is conmercially avail able.

As such, early developnent in the coal liquids area wll
utilize indirect liquefaction techniques (including the
Mobi | -M gasoline process) . Direct liquefaction offers

great promse, but requires nore R&D to achieve a
simlar commercial-type status. Also, as discussed in
Chapter 4, many of the direct products wll have to be
upgraded, at additional costs, for use in existing end-
use technol ogy. Hence, “direct liquids” will be intro-
duced later 1n our deploynent schedules. Because of the
variety and conplexity of coal |iquid sources, as well

as the shale oil liquid contribution to our liquid supply
(discussed earlier), additional iterations had to be
undertaken sequencing individual supply sources (e.g.
shale and indirect liquids earlier) and then reiterating
the sums against independent numbered conparisons and
previous interview results. As such, the “coal |iquids”
scenari os-- high and | ow-represented the greatest nunber
of iterations. The conparisons of the devel oped build-up
rates with alternate estimtes (derived using different
proprietary nethodologies) is given in Table 5-12.

As discussed in footes a, ‘p, ¢, and 5, Table 5-14

depicts alternative macro-estimtes devel oped by the
referenced sources using alternate (and often proprietary)
t echni ques.

Tabl e 5-20 deveIoPed by distributing on regional basis each
of the incremental construction work forces for each of

the processes, described in Tables 5-16, 5-17, 5-18, 5-19
and then adding regional sums. ~In tiers, these regiona
factors were first™ obtained using follow ng iIndependent

sour ces:

reference 34 regional factors devel oped for

~ coal |'i quids
. Tables 5-1, 5-5, 5-6, and 5-9
reference 20 for coal liquids (indirect) and

reference 6 for all synthetics

proprietary information devel oped by E J. Bentz
& Associ at es

NOTE: 1t should be noted that Figure 2-3 on p. 2-4
represents the geological coal resource region. Because
such a breakdown does not include all supply resources
e.g., shale) as well as the fact that site location is
ependent upon a variety of factors (see footnote o), the
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Ar oma-
tics

(W %
Benzene

Tol uene

Al kyl -
benzene

‘8°°13

regions chosen for regionalization were the well-known
and used (in all the above references) census regions.

An exanple of the diversity of aromatic chemn cal

properties associated with coal-derived gasoline is
given in the follow ng table.

Gasol i ne Gasoline from (Gasoline from Gasoline from

from SRC-11 Naphtha EDS Napht ha H Coal Gas-Q |
Petrol eum Hydrotreated Hydr ocr acked Heavy Hydrocracking
12 18.0 .08 5.1
21.8 19.0 12. 6 6.5
7.0 27.9 43. 6 14.6

SOURCE: U.S. Environmental Protection Agency, Research
Triangle Park, 1980
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APPENDI X TO CHAPTER 2

Typical Mning Characteristics: Tables 3-8
From Reference: “Technol ogy Characterizations”
U S. DOCE, June 1980
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exqls

TABLE 6 -

Burface

01l 8hale Mining

BAcT SI5THG

S118 o 73,100 tong of vaw shale par doy
o 8.41) Ioh Btu/dey

° Btu/pouad of tav ehale

. Llone/tea shale ol) conteat

® slae o'u‘lon 320.9 deye/yenr

o 14.2 5 107 tens of shals sined/yes

.

[ ]

totsl sanusl eutput 1o 136.67 & uh e
alee l1ife Lo 30 years

pRsCH TTION
o In surfece nining, the ovesburden (o
removed exposiag the underlying sha
ained using the bonch toc
fractured through drfllilag
and blesting and tremsported by truche
to primesy ciuehing site.

T
e deliliag equipment
. lom equipment ( )
® ttushese
® truche

AL _CORCRans
e sir quality deterferacion
o ssaise
@ vaterl requissment
® contemination of undasground wetas
oupplies vith saline aine weter

(1) This raprecents Jand commitiod te vae over the 1ifetine of the plant, divided by the anaual output of the ploat, enpressed Ia teillien Ku.
(2) Thie represents total coot of comstructiog the plaat, divided by the sasusl eutput af the plaat, ¢

SGUACES! LRavirommeats! Protection Agency, Momilorim

RESOUBRC s
(Per 1077 o |M Produced)

NEL
Tevw uasined shale

[ 11 1]

electeicity for operating
deilling squipment and
truche

CoMrosITIoN
evganic meterisal
weter

inorgentic materia)

-u_-!(l)

aise developaent

dlepossl of permaneat
ovarburden

speat shale

diepassl of speat shale

WATER
slaing and crushing

[ 211
construction
nanpovet

metexlale

® Qutpmoat

e cher cost

total
opssation b msintensace

)

FRASOMMEL
construction
opetation b nelntensnce

Lav lronmea

Camaron Ingtineers lacorporated, Syntheric Puels Wendbook, 1973,
Oepartaent of Pmergy, Dreft Cavironmentsl lepact Statemeat tor the (updated) Pyototyps Of) $holg Leppieg Progigy. 1979,

Univareley of Ohlakoss, £

sgy Altesnatives:

Sechtel

Cotporation, Enetgy Supply Planning Wodel,

Toae

1%

3 (by wetght)
U
.

> o -

Acce
0.8
1.4

1.1
11

Acree-Yes
1T - Ly

Pollavs (1978)

216,033
18,009

I, 640
14,192

609,283
A

A Comparstive Anslyeis, 1975,
TN T

RESIDUALGE AND PRODUCTS:

(Pev 30°° Bt Produced)

AlR POLLUTANTS Tone

e artlcdolso ﬂ‘ﬂ'

501 .
1.9

nylcocarbone 3.4

co 1.00

VATER POLLUTANTS
probabilftyol ¢« | 10C
contaninstion of uader~
ground wates by sise weier

SOLID WASTE
negligtble (.00 Precessing)

ENEACY PRODUCT
eined shale rech

sssad ln tzilliton Beu.

. $00/7-11-01%, Tebruscy 1977,
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TABLEY

Under gr oundQ | Shal e

M ni ng

ENMERCY SYSTDN:

13,700 tone of tewv shale per day
0.413 » 1012 Beu/day

2,800 Btu/pound of tev ehale

30 pslions/ton ahale oll content
tes 328.% days/yaar

alne life ta M0 y

ascairtion

24.2 a 10" tons of shale .l-a‘lu-h
total sanual output fs 133.47 & 10°° Beu

deposit le
ough & tumnel dug Inte the

otde of o valley where am outcrop sppesre.

Pillese o
suppost

laft in

sppropriate intervale.

tlon 1s aleo accompliohed by drilling ond
blastiag. The bioken shale 1o trameported
te potiable cruasher for primsry crushing.

CONpOuE NTS
o dellling oquipment
® sscevaiion aquipsent (ctemes)
® cfushese
® teuchs

EEVIROMENTAL CONCERNS

® waler requizement

with ssline sine water

tlea of uadergrouad weter supplies

RESOQURCES USED)
(Par 1032 Bty Produced)

FuEL Tone
tov uasiaed ¢ halo I’l.i&o
EnEACY
electricity for operetiing [ 7Y
deilllag equipment ond
tsuche
COMPusSITION  § we § g
orgenic asterisl t7.1
ve 1.4
tncrganic matesial 0.3
lMD‘" Agree
0.1%
ctuahing 1.9}
wATER Acte-Fae
wlaing and crushing IR e B KN R
cos1s n Dollarg (§978
cnnuucﬂu(
menpowel 164,224
metezisle 4,249
e qulpanc 234,042
other cost 821,34
totsl 344,659
® Nrttl= & malateasace L
PERSOWMMEL Worhese
construction 484
oparstion § maintenancs L)

Illl.l:t’ AND PRODUCTS)

(Pac ) Btu Produced)

AlR POLLUTANIS Toa
pstiiculates I.Ai
“l o.o012
no o.1?
lylvocubou 0.019
co e.10

VATER POLLUTANTS

probability efe dIBO
contamination e r under-
grouad valet with ¢ IMm4 wetes

SOLID wWaASTE
negligible (see Processing)

EMERCY PRODUCT Tons
o trod « IM10 rech 178,1%0

(1) Thie sepresents lond committed to use over the lifetime of the plant, divided by the sanusl output of the pleat, expressed la trillice Biu.

(2) This sepcosents total coot of constructing the pleat, divided by the annusl output of the plent, espree

SOURCES: Eavirommentsl Protection Agency, Monltoria,
Cameron Ragineers lncotporated, Syn
Depestment of Energy, Diaft Bavirormental T

d (a trillton Biu.

Eaviromment sl lupacts of the Cosl end 011 Shale lndustrias, 600/7-77-013, February, 1917,

ynthetlc '\uh WenJbook, TUTS,

wpact Statemsnt for che (updated) Prototype Oi) Shale Lessing Program, 1979,

Universicy of Oklehoms, Unergy AlternetIves: K Comparallve Raalyale, 1973

Bechtel Corporation, Enargy Supply Flsnning WodeY, TY7¥
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TABLE 8 - Coal Beeneficiation

RESQURCES USED: azs i, AND PRODUCTS:
fReacy sraTEn: Wer 107 Bte Praduced) (Por l:“ By Produced)
$128 @ Procese 2,037,000 cons of rua-of-mine (BOW) e Toue AlR_roLLVTANTS Iai_iimﬂ zome' P (wag)
coal sach pear te produce 2 million tens of run-ef-eine (ROM) or tow coal im! particulates 11 [X]
clesn cosl (ssouning eee ton of AN cosl ”‘ 1. 9.00%
® Mourly cepecity 930 tese of MON ces) hes o8 onergy comtomt o 1 11 1.9 0.6
® Opesrstes 1,000 houre per year, vaprecenting e Iltloa WBtws per 300) hy‘uulbou 1.} e.3
ten shifce pos week, 230 doye por year w o 3.4 .2
o 10 year plant life [ 171 N n
o 81.92 ellictoncy (in tovrme of Bive) electricity 3.0 u. [ IAII: :(‘xuml:! ‘e to:: {Cgegs) -; Y
3.9 2 10 S1w tots ssclved selids
o yleld by weight ta 08 eoll . .2 5007
pLscairTion un acresld) ssagences 0.2 0.0
o Cosl bemeficintion 1o o precess lor wpgrading vashing plaat [ R slualnes 1.1 0.04
coal prior te Lts wee for mecallurgical ont Joading faciiity 1.6 slac 0.04 0.003
wtility pucposes. The putpose of bensficie~ settitag pond 1.} aichel 0.01 0.00)
tioa 10 ke ¢ e lapuritios (1.0, soh and/et eullotes ] 10
sulfur) frem sev cosl. The degree of beneli- WATER Acge-Pg. total ousponded oollde 3,070 0.6
cation depends on the Lype of coal sad its consuapt ios g.i irom 4.4 0.08
The system desctibed on thie samoais 0.2 0.0%
(level £ pos Milldpe &k al.) COsSTS .iliq gl;)q )
1o & reletively & [ - It conetruction .3 10 MAIR VALTE Jesa
wore oulfus snd esh thaa wost ether types of epetation and matatensnce 3.2 2 100 primery luah‘ 0
besaliclotion, and 1t 10 aloe more costly. costee cleantngl$ ]
The resultent cleened ceal weuld ba weed lov PERSOWNEL Vorkers tov—cosl oising [ ]
wstalluegical purpeses. construction () yesr) i.l prisary clesning 10,197
opetation snd selatensace 1.9 troth flotetion ’-“1
CoranenTs thormal drying .
o ecelplag ecreen Sresking 004 ® [tIS@ 1
o crusher tetal 13,%12
e tetary be-bar
o vibrater scseons [ 17} 9
o jige 1itcle Or wome
® 4o0uatorlagmtpt w158
: ::::h“" Nolse mey o ffoct werheze favelved in
o concontrating tables ¢ 1 hydreclones clesaing ceal, but thete should be
o lletation ciscuite 1ittle or ne adverse impact oa Tacepiers
o thermal deylng ' sear benaficletion PIOO10.
THVIBOMMENTAL CONCERNS ENERGY PRODUCT Toas Beat Conton
® e articul.t. ewlostons clesned coal 36,300 hj” TS

contaninotion frem sottitng

low and/et vetuse pile ruaell

o peseible ground vater contmination from
°

(1) Thees figuree war. calculoted soouniag an enargy contont o 12,000 deu/lb o t coal (Rittmea, 1974). They.

. e otlooal avessges (sseuming
r o t91.78) sad 40 cat ® PQ1? to elabesste (1 fa pasticuler,

1) esmmy b. ® ojoct to e rsor e laco the date ecurce smouat of lead ueed vithout ® pecifying the
n@*l ewtpute f cool. la celculating these coefficlents, It W00 ¢ acad hero that plamt eutput vasthe. x . 8 thac ® paclfios
se™ section o f thie sheat.

o e ro walghted ¢ Ocliciaal aversges based upea regtonai coellicients projectied by SEAS for 1979, The regions] coelfficionte

were weighted o terms o t Btus used. Rach o 7 the coolficients showm on this sheet i o qtrol to tetel sstienal tens of residual divided
by tetel natlensl Bty output. These figures Include testiduala (roe refuse piles ¢ d the bemeficistion process 1(sell. They ¢ OO W 4 that
801+ t coade rporotica plantee r. clesed cycle e .4 that o it setusela trested. agq @ tticloacy e f %08 {in Btue) was ¢ 0au004.

(4) Ddased oa ¢ ottooal o ve ®la o Ittmm.

BOURCES: Phillipe, Peter ond Paul Dellense, “Assessing the Economice of Stean Coal Preparatio

o« Coal Nialang sndé Processing, Septembar, 197).

808 end ETA, Engineeting/Bconomic Analysts of Cosl Preparation with 50 Cleanup Proces 1938,
Bittaon Acsociates, Environmental lmpac 2fficlenc and Cost of Enelgy Sy I and_In se, 1974,

The NITRL Corpecstion, Annu fnvitonsentsl Anslyeis Repovt, 1917,
Ualversity of Oblishoms, !_n"“ Alternstives: A C arstive Analyets, 1979,
Schatde, Richard 4., Coal In Amer .
NcCraw BL1) Minlng » feystone Cosl Imdustsy Manvel, 1977,

Surcov of Lond Mansgeawnt, Federal Cosl Mansgesent Peogrea, Pinal Envirommentel Statement, 1919,




