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I. Summary
The net whole liguld process product from the SRC-II c¢oal

liquefaction process (SRC-II syncrude) was refined 1ln piloet plant.
facilities at Chevron Research Company. Advanced commercial petroleum
processing technology was employed to produce distillate fuels: gaso-
line, kerosene Jet fuel, diesel, and heating fuel. 8lx alternate
refining routes were evéluated, each involving hydrotreating at one of
several severities, followed by either hydrocracking or fluid cata-
lytic eracking when further reduction of boiling point was needed.

SRC-TI syncrude presents unusual refining problems. It 1s
notable for high nitrogen and oxygen contents and 1s composed mainly
. of cyelic compounds.

The XKey tolthe'successful refining of SRC-II syncrude is an
effective initial hydrotreating step. This removes the contaminants,
increases the hydrogen content, and permits the use of conventional
hydrocracking or fluid catalytic cracking for further converslon.

Refining costs were estimated for each of the six processing
routes based on producing 50 MBPCD of transportation or heating fuels
from a "grass roots" refinery, that 1s, a complete new refinery which
includes all of the necessary supporting facilities, such as utiiity
plants, tankage, and required environmental control equipment. In
addition, a number of variations on the s1x basic cases wWere explored.

Typlcal ylelds of finished broducts ranged from 88 to 91

liquid volume percent of feed.



Refining costs to convert SRC-II syncrude to transportatlon
fuels were estimated to be $14 per barrel of product for a product
slate of both motor gasoline and jet fuel or $16 per barrel tc produce
motor gasocline only; Costs would drop signiriéantly if products other
than transportation fuels are to be produced., Processlng cost would
be about $10 per barrel if No. 2 furnace oll is the major product.

These costs are exclusive of any cost for the SRC-II oil
itself. Partial integration with an SRC~II plant could result in
reductions of the above costs, as could integrating the facilitles
with an existing petroleum refinery. DBoth of these alternatlves are
worth further study. '

The desired product slate was the main factor causing dif-
ferences in refining costs. A glven product slate can often be made
by different refining routes at nearly the same costs, One exceptlon
is that for making all gasoline, hydrocracking 1s slgnificantly more
efficient than catalytic cracking, mainly because the catalytlic crack-
ing feed must be more severely hydrotreated to attaln suffilclent con-
version to deslred products.

The total cost of producing finished liquld fuels from coal
would include the processing costs mentioned above and also the fol-
lowing additional costs: resource acquisition, coal mining, handling,
liquefaction, waste disposal, transportation of raw SRC-II oil and
finished products, and community and support Ffacilitles.

IT. Introductlon

This work was done for the Department of Energy under

Contract No. EF-76-C-01-2315. Results are reported in



File EF-2315-47, Distribution Category UC-90D. Also included in this

file are the re;ults of the laboratory and pilot plant studies which
form the Basis for the work presented here.

The refining cost of a qrude o0ll can vary widely, depending
on many factors, such &s crude oll properties, refinery capaclty, type
of processing, desired products, and refinery location, among
others. To estimate the possible range of SRC-II oil refining costs,
a serles .of refining pians was developed based on the different
initial hydrotreating severities demonstrated in the pilot plant
étudies. Hydrotreating severity can be defined in a number of Ways.
For this study, it was defined by hydrogen consumption and arbltrarily
classified into three levels as shown 1In Figure 1 (horlzontal axis).

In broad outline, the refinery plans conslst of:

Case Ma Jor Processing ‘Desired'Products

1 High Severity Hydrotreating | Motor Gascoline
Kerosene Jet Fuel

2 Intermedlate Severity Motor Gasoline
Hydrotreating Plus Further Kerosene Jet Fuel
Downstream Hydrotreating

3 High Severity Hydrotreating Motor Gasollne
Plus Fluid Catalytic '
Cracking

4 Intermediate Severity Motor Gasoline
Hydrotreating Plus Recycle
Hydrocracking

5 Moderate Severilty Motor Gasoline
Hydrotreating Ne. 2 011

6 Moderate Severity Motor Gasoline
Hydrotreating Plus Fluild Ne. 2 011

Catalytic Cracking
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The refinery plans are based on the use of advanced,
state-of-the-art, commercially proven technology. At the heart of
each processing plan are Chevron-licensed processes well sulted to

refining thils reedstock. The hydrotreating and hydrocracking plants

are based on the Chevron hydrotreating and Isocracking processes,

catalytic reforming on the Rheniforming process, and waste water

processing for hydrogen sulfide .and ammonia recovery on the Chevron
WWT process. Process condltlons and yields for the various refinery

units are based directly on the laboratory and pllot plant data

obtained for this project, as well as on general petroleum prdceésing
correlations.

The primary basls is to produce 50,000 BPCD of the desired
products in a "grass roots" refinery; that 1s, a complete new reflnery
which includes all necessary supporting facilities such as utility
plants, tankage, and required environmental control equipment. This
product rate was selected because the SRC-II o1l feed rate would be
close .to the maximum size SRC-II plant as the process is presently
conceived. The desired products were transportation fuels {motor
gasoline, kerosene jet fuel, and/or diesel fuel) for the main cases in
the study (1-4). Production of No. 2 oll was allowed for Cases 5 and

6 to explore cost sensitlvity.

A number of varlations on the basic six cases were explored:

. Single versus two-stage hydrocracking.
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. Burning SRC-II oil versus hydrotreated products in refinery

Furnaces.

~

. Hydrogen production by partlal oxldatlon of SRC-II oil versus

steam reforming of refinery gases and naphtha.

. Separate naphtha and middle distillate versus whole oll initial

hydrotreating.

. Partial integration with the SRC-II process versus grass roots

facilities.

II1. Processing Plans

Figures 2-6 show the refinery plans in the form of block
flow diagrams. These dlagrams are meant to point out differences In
the overall refinery arrangements and, hence, do not show detalls
within the process plants. Different refining plans were developed to
best utllize the different inltial hydrotreating severitles demon-
strated in the pilot plant work.

The first plan kFigure 2) is centered around high severity
nydrotreating of the whole SRC-II oil. Specification kerosene Jet
fuel and naphtha suitable for single-stage reforming are produced in a
single step. The middle distillate produced here could also be used
as diesel fuel. The greatest advantage of this plan 1s 1ts

simplicity.
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Case 2 (Figure 3) uses intermediate severlty hydrotreatling,
followed by separate downstream hydrotreating of naphtha and middle
distillate to produce reformer feed and Jet fuel. Thls case was
included to see if "tallored" processing could reduce costs enough to

justify the added complication.

Figure i shows the processing arrangement for Cases 3 and b
in which fluid catalytic cracking 1s used to reduce the bolling range
of the hydrotreated SRC-II oil. One object of Case 3 was to produce
all motor gasoline, for which severe hydrotreating is necessary to
allow high enough catalytic cracking conversion. Case 6, on the ofher
hand, uses moderate hydrotreating, allowlng lower converslon in the
catalytic cracker and some productién of No. 2 oil., The use of alkyl-
ation 1s marginal in elther case under the ground rules of the
study. It was used in the low conversion case to lncrease the ratle
of gasoline to No. 2 oil. A comparison of Cases 3 and 6 will show the
effect of changing hydrotreating severity and, hence, attainable
cracking converslon.

case 4 (Figure 5) uses a recycle hydrocracker to produce
motor gasoline as the only desired product. Thls case will show
whether the large liquid volume expansion resulting from hydrocracking
can reduce overall refinery cost compared to the jet fuel cases
because of the ground rule to make a constant amount of deslred prod-
ucts while letting feed rate vary. By producing all gasoline, 1t will
also sﬁow one extreme in defining the effect of required product dis-
tribution on refinery costs. For this case, the initial hydrotreating

severity, selected to provlde essentially complete nltrogen removal,
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fell at the high end of the 1lntermedlate range. Different hydrotreat-

ing severities were examined, and it was found that there was little
to choose economica;ly between one~ and two-step hydrotreating ahead
of the Isocracker. The case presented here was chosen because it was
the simplest.

Case 5 (Figure 6) uses a simllar reflnery arrangement to
Case 1, except that the inltial hydrotreatlng severity 1s now moderate
and further napnhtha hydrotreating is now required. The middle distil-
late product 1s now No. 2 oil instead of jet fuel. Thils case was
included to give some idea of the effect on reflnery cost of relaxing
the ground rule to make only transportatlon fuels.

Each plan represents a completely feasible and reasonably
efficient refinery arrangement. A more detailed optimization of con-
ditions, cut points, and other factors, while not within the scope of
this study, would be carried out in the course of a normal refinery
design.

Simplified flow dlagrams for the hydrotreating, hydrocrack-
ing, and WWT plants are shown in Flgures 7, 8, and 9. The diagrams
are provided for readers unfamlllar with these Che;ron—licensed
processes. WWT plants are 1lncluded in the processing schemes not only
to allow recycling of most of the process water for use within the
process plants but also to produce about 100 tons per day of salable
ammonia from the large quantlty of nitrogen removed by hydrotreating
SRC-II oil.

Complete feed properties are given In Table 7. One assump-

tion in these studies is that the feed properties will be typlcal of



actual operation of a full-scale SRC~I1 plant. Although only time
will tell whether this assumption 1s completely valid, there was con-
cern about whether handling and storage of the feed sample had
resulted in a significant loss of lower boiling material. Flgure 10
compares the boiling point curve of the actual feed sample with an
estimate for the full-scale process received from the contact

office. Although the curves obviously differ, the lower bolling por-
tions would be almost identical if the amount of butanes glven for the
full-scale estimate (4.6 LV %) were added to the actual feedstock.
With the permission of the contact officer, the assumptlon was made
for the engineering studies that the SRC-II oll would contain that
amount of butanes.

Tables 1-6 show ylelds and product gqualities for the hydro-
treaters and hydrocrackers used in each of the processing
arrangements. This information 1s based directly on the laboratory
results (Reference 1) with some miner adjustments to represent average
yields over an entire operating cycle.

IV. Stock Balances

Detailed stock balances were developed for each reflining
arrangement using different sets of assumptlons, explained below.
Estimates of flnished gasoline production were made by using correla-
tions- for catalytic reforming of naphtha and blending of gasoline
components. Corprelations could be used in this case because the
properties of the reformer feeds distilled from the pilot plant hydro-
treater products were well wihin Chevron's range of experience on

petroleun stocks. Reforming was remarkably mild compared to petroleum
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stock because of thelexceptionally high ring content of the feeds.
Gasoline blending objectives were to make a single unleaded pool meet-
ing accepted Iindustry specifications for quallty with minlmum octane
numbers of 93 Research (F~1 clear), 84 Motor (F-2 clear), and 89
(Research + Moter)/2. These octane numbers are typlcal of those
projected for the average market during the early 1980's. Table 15
1ists the refinery product inspections and specifications. Propertiles
of the middle distiilates are discussed in Reference 1. Both keroéene
jet fuel and No. 2 heating o©ll meet all specificatlions except density,
not a critical specifilcation 1in either case.

One serles of detailed stock balances is shown in
Tables 8-12 and summarized in Table 14 designated by the letter A,
This series was based on the requirement to meet reflnery furnace fuel
and hydrogen plant feed requirements with internally supplliled clean
fuels, ensuring minimum air emissions. Boiler plants, however, were
assumed to be coal-fired in compliance with present DOE regulatlons.

In examining this series of stock balances, 1t was apparent
that stocks whiech could be used as transportation fuels were belng
consumed in the refinery furnaces. Another set of stock balances was),
therefore, developed based on burning untreated SRC-II o1l instead.
The detalled balances are not included here, but the results are sum-—
marized in Table 14 (designated by the letter B). SRC-II oil has been
tested as a burner fuel with encouraging results (Chemical and

Engineering News, January 1979).



Comparing the stock balance results shows that burning
untreated SRC-II oil 1nstead of hydrotreated products can save about
1% of the feedstock at constant product rate.

Another alternative suggesggd itself in examining the stock
balances. Potential transportation fuels were also being used as
hydrogen plant feed. Partial oxidation of SRC-II oil was, therefore,
fneluded in the studies. Yield and cost estimates for partlal oxlda-
tion were obtained from Texaco Corporation. A stock balance showing
this alternative for Case 1 1s shown 1n Table 13. Stock balance
results for this alternative on other refining arrangements are sum-
marized in Table 14 (designated by the letter C). The savings 1n feed
can be 3% to 6%, depending on the case examined.

Although this work was mainly directed toward examlinlng
grass roots refinerles, it seemed worthwhile to gain some idea of how
much benefit there could be in integrating with the SRC-II blant.
Stock balances were, therefore, developed for Cases 1, 4, and 5 1n
which gas from the SRC-II process is used as reflnery fuel and
hydrogen plant feed.

Results from these stock balances are included in Table 14,
designated by the letter D, As would be expected, this alternative
allowed a larger saving of feed, amounting to 10-15% over the base.

. he Tollowing table glves an overall summary of the stock

balance results:
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Volume Percent Ylield of Deslred

Products on SRC-IT 0il Feed

Hydro-
) treated SRC-II
Refinery Fuel: Product D1l Feed
Refinery | Refinery
T T Gas and Gas and SRC+I1II
Hydrogen Plant Feed: Naphtha Naphtha 01l PFeed | Qutslde Gas
Desired Major
Products Processing _
Hydro- 88.5 89.2 91.8 95.3
treating '
Plus
Hydro-
Motor cracking
Gasoline s
Hydro- 84.3 84.3 88.3 -
1 treating :
Pilus Fluid
Catalytice
Cracking
Severe 83.5 84.1 88.3 97 .7
Hydro-
Motor treating
Gasoline _ o
Plus Inter- 84.7 84.7 88.6 -
Kerosene mediate
Jet Fuel Plus
Downstream
Hydro-
treating -
Moderate B7.4 88.3 90.0 g4 .8
Hydro-
treating
Motor
Gasoline Moderate - - 90.2 -
Plus Hydro-
Ne. 2 011 | treating
Plus Fluid
Catalytie
Crackilng
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Using the overall yield criterla, some further observations

can be made about the efficlency of the different processing arrange-
ments. Under the ground rules, hydrocracklng ylelds 3% to 4% more
gasoline than fluid catalytic cracking without alkylation. (Adding

alkylation to the high conversion fluld catalytic cracking case
improves the overall gasoline yleld by about 0.5%.) When making gaso-~
line and jet fuel, two-step hydrotreating improves the yleld by about

0.5% over one-step hydrotreating. Requiring Jjet fuel as a pvoduct
will drop the yield efficlency by about 3% or UX compared to elther
motor gasoline plus No. 2 oil or all gascline, which give about the

same ylield.
In judging a refining plan, the yleld efficlency needs to be

combined with cost information, discussed below, as well as other
factors such &s flexibility; product demands and values, and smooth-
ness of operation.

V. Cost Estimates

Investment costs and uvtility requirements for the whole oll
and mlddle distillate hydrotreafers and hydrocrackers are given in
Table 16. These were estimated from cost correlations of actual
plants constructed by Standard 01l of Callfornla. Sizing of reactors
waé based directly on the bench-scale demonstrations discussed in
Reférence 1l along with petroleum procgssing ;orrelations where appro-
priate. Overall plant investment costs for some of the refineries are
" broken down and detalled in Tables 18-23. Reforming costs reflect
both the mild conditions required because of the high ring content of

these stocks and the potential for catalyst fouling resulting from the
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bicyclic naphthene contents. (Reformer design, howeve?, has not been
optimized with reformer feed end point, a possible subject fof further
" study.) Refining plans which use clean hydrotreated products as fuel
are emphasized here. The same type of detailed estimates were carried

out on all the options discussed. Results are summarized and compared
in the next section.

Again, these estimates were developed using cost correla-
tions based on actual plants constructed by Standard Oil of Californla
during the period from the 1960's through the mid-1370's. The
important bases for these estimates are summarlized 1in Table 17. In
addition to adjustments for inflation, plant capacity, and location,

the base estimates include allowances for other factors. These are:
. Estimated accuracy of the cost correlations themselves.

. A less favorable field labor productivity and materials
purchasing situation--1ikely to be experlenced if the U.S.
enters into a significant program of synthetic fuels

construction.

.- Changes in plant design philosophy to provide for improved
operating efficlency, better rellabllity, increased safety,
additional energy conservation, and stricter environmental

requirements.
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Also shown separately are allowances to cover the cogt of items which
the history of major projects show are encountered as the detalled
project engineering proceeds. Investments are categorlized as
"onplot," those directly éoncerned with the individual reflnery
process plants, and "offplot" for auxlliary or supportihg facllities
such as utility plants and tankage. The investments are based on
First Quarter 1980 costs, excludlng escalation for the planning,
design, and construction perlod.

The boller plant estlmates are based on cosl-fired burners
with attendant stack gas sulfur dloxide removal facilities. Where
SRC-1I oil is burned directly 1n refinery furnace;, extra facilities
were included for reduction of nitrogen oxides in the emitted gases.
As indicated in Table 17, no allowance is included for (a) coal
resource costs, (b) mining and handling of coal, (e) conversion of
coal to oll by the SRC-II process, and (d) refined product distribu-
tion and transportation from the refinery. These additlonal costs are
not requlred to evaluate refinery processing costs. However, they
should be included if 1t 1s desired to determine the overall economics
of a specific coal oil refining project.

The allowance fgr "infrastructdfe“ 1z for roads, power
lines, water supply, and effluent ﬁater disposal lines outside the
refinery. It assumes that these services can Eonnect to existing
racilitles witpin a few miles from the site. It does not include
community facilities or electrle power generation, which are also

assumed to be exlsting.
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As mentioned previously, most of the estimates assumed that
complete new refining facllities would be constructed. Estimates were
also developed for Cases 1, 4, and 5 which assumed partial integration
with the SRC-II plant, e.g., sharing of the offplot boiler plant and
office bulldings. Further study along this line might be deslrable

because integration could proceed to sharing of the partial oxidation
plant already in the SRC-=II complex.

"VI. Cost Comparison

Tables 24, 25, and 26 summarize the cost estimates and
compare the results in a standard manner.' Factors used for labor,
maintenance, taxes, and insurance are - typical of those used in analyz-
ing long-term, large-scale commercial ﬁrojects. The capital charge
Factor, the yearly rate at which the investment is charged to the
project, was chosen to provide about a 15% aftertax discounted cash
flow rate of peturn on investments based on reasonable and commonly
used assumptions for projects of this type and magnitude. These
assumptions are summarized in Table 17.

Table 24 compares the cost of different refining arrange-
ments making different product slates but with the common basis that
refinery furnace fuel and hydfogen plant feed are suppllied by inter-
nally generated hydrotreated products. Product distribution 1s by far
the most important factor in determining refinlng cost of SRC-II
oll. For the same product distribution, the effects of markedly dif-
ferent refining facilities are almost insignificant. Table 24 could

be further summarized as follows:
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Motor.  Gasoline Motor Gasoline Motor
Product Slate and Heating 011 | end Jet Fuel Gascline

Minimum Total 500 700 800
Investment, $MM

Minimum Processing 10 14 16
Cost, $/Bbl Product

As mentioned previously, ;he processing cost is excluslve of
any cost for the SRC-II o1l itself.

The table also shows that lower sevérity initial-hydrotreat-
ing followed by separate downstream hydrotreating of naphtha and
middlé distillate can save a half dollar per bgrrél over one-step
severe hydrotreating. This difference is ﬁarginally signifilcarit
within the accuracy Sf the study.

Considering this result, it is natural to ask whether split-
ting the naphtha and middle distlillate before hydrotreating rather
than after would be a better cholce. Based on cost alone and at
intermedlate or high severity, it 1s not. A bfief comparison of these

two optlons at intermediate severity follows:

"Distillate Hydrotreater Whole 011 4Oo°F+
Bbl/Operating Day 62, 000 44,000
Onplot Investment, $MM 63 57
Naphtha Hydrotreater Hydrotreated Raw

Onplot Investment, $MM 14 23
Total Onplot Investment, 77 80
$MM .
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The difference between the options 1s greater at high
severlity. The optionlof separate naphtha hydrotreatling was not
studied for the situatibns where only moderate dlstillate hydrotreat-
ing severity 1is required. It 1is likely to be more economical in those
cases and would be wortﬁ further study if transportation fuels were
not the primary objective.

Another observation from Table 24 i1s that for making all
gasoline, catalytic cracking 1s slgniflicantly more expensilve than
hydrocracking. The main reason for this 1s that catalytic cracking
requires high severity hydrotreating of the feed to reach high encugh
conversion, whereas hydrocracking reguires only intermediate severity
hydrotreating. Also, while hydrocracking to gasollne does reduce the
required capacity of the initial hydrotreater compared to the jet fuel
cases {refer back to Table 14), the cost of the extra processing far
overwhelms this effect.

Costs wefe alsc estimated for the same reflning plans when
burning untreated SRC~II oil in the refinery furnaces. Results, not
included here,.show no significant differences from those In
Table 24. As mentloned previously, there 1ls aboutblﬂ less feed
required for the same product when burning SRC«II o0l1l instead of
refinery products.

Table 25 compares the costs of the different refining
arrangements wlth the common basls that refinery fuel and hydrogen
plant feed are supplled by SRC-II oll. In these cases, the costs
include nitrogen oxlde reductlon facilities on ihe refinery furnace

gases and partial oxidation rather than steam reforming for hydrogen



production. Overall costs are agaln not signifilcantly different from
those in Table 24, although there 1s 3% to 6% less feed required.

Costs afe shown on Table 25 for one scheme which was not
shown on the previous table, that 1s, moderate hydrotreating plus
fluid catalytic cracking. Its only possible advantage 1s that it
reduces the amount of No. 2 oil from that produced Py moderate hydro-
treating but at a cost almost as high as the all-gasoline cases.

Table 26 summarizes the results of cost estimates for
pefineries assumed to be integrated with the SRC-II plant to the
extent that they would share offplot facllities and use the SRC~1I1 gas
as refinery fuel and hydrogen plant feed. Comparing the results with
those on the previcus table shows that most of the savings are in the
offplot costs. Onplot costs are also lower because gas-fed hydrogen
plants are less expensive per unit of capacity. Of course, further
savings are possible by more complete integration of the two refining
complexes. While outside the scope of thils work, this 1s a likely
area for future study.

Cost savings could also result if the facillitles were inte-
grated with an existing petroleum refinery because onplot and offplot
equipmént could be shared. Also, the low paraffinicity of coal~-
derived stocks compared to petroleum could be beneflcial to reforming
and both gasoline and distillate blending 1f the two oll types were
refined together. While beyond the scope of thils study, Co-Refining
of coal and petrcleum olls in existing refineries 1s the most likely
path for growth for an oll-from-coal industry and is a highly promis-

ing area for future work.
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The .costs discussed here are all based on refinerles produc-
ing 50,000 barrels per day of finished products. Requlred feed rate
would about match the output of a single maximum size SRC-II plant.
Although detalled estimates were not carried out in this study for
other throughput capacities, general experlence indicates that the
effect of capaclty Pn total cost can be estimated .fairly accurately.
Total investment for a refinery producing 100,000 barrels per day of
finished products would be about 160% of that for SO,bOO barrels per
day products, while cost per barrel would be about 80% of that for the

lower rate.

VIiI. Conclusilions

A "grass roots" refinery in a midcontlnént locatlon produc-
ing 50,000 BPCD of finished motor gasoline aﬁd high quality Jet fuel
from SRC-II oil .would cost &t least $700 MM to bulld now (First
Quarter 1980) and would result in a minimum total processing cost. of
about $14 per-parrel of products. Thls ls exclusive of any cost for
the SRC-II oil itself. '

The main factor causing "differences 1in refinlng costs was
found to be the produc§~slate deslred. A given.product slate can be
made by different refinery routes at nearly the same costs.

Producing all gasoline would add about $100 MM in#estment
and about $2 per barrel to the costs for a gasoline plus Jet fuel
product slate.

Costs would drop significantly if all transportation fuels

were not required: Investment would be about $500 MM and processing
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cost about $10 per barrel ;s_production of No. 2 furnace oll were
allowed. ‘ ' ' A

For making all gasoline, hydrocracking 1s significantly more
efficient than catalytic cracking, malnly because the catalytic crack-
ing feed must be more severely hydrotreated to atteln sufflcient
conversion.

Producing hydrogen by partial oxidation of SRC-II o1l
results in about-the same overall cost as does steam reforming of
internally generated_gas and haphthaf

Overall costs would be lower 1f the refining facilitles were
integrated with the SRC~II plant. There could be cost savings and
additional refinery benefits if the SRC-II oll wére processed along
with petroleum at the site of an existing refinery.

VIII. Relerences .‘ |

_1. "Refining and Upgrading of Synfﬁels from Coal and Cil Shales by
Advanced Catalytic Processes--Third Interim Report; Processing of
SRC-II Syncrude," R. F. Sullivan, H. A. Frumkin; April 30, 1980; U.S.
Department of Energy Contract No. EF-76-C-01-2315; Flle FE-2315-47;
Di#tribution Cafegory UC-90D. | |
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Tables

io

COST COMPARISONS OF ALTERNATIVE ROUTES

FOR CONVERTING SRC-II TO DISTILLATE FUELS

Index of Enclosures

Title

Yields and Product Inspections; High
Severity Hydrotreating of Whole SRC-II Ci1l;
Cases 1 and 3

¥ields and Product Inspections; Intérmediate
Severity Hydrotreating of Whole SRC-II 0il;
Case 2

Yields and Product Inspections; Hydrotreating

of 300-550°F Preduct from Intermediate
Severity Hydrotreating; Case 2

Yields and Product Inspections; Intermedlate
Severity Hydrotreating of Whole SRC-II O1l,
Case 4

Yields and Product Inspections; Single-Stage
Recycle Isocracking of 300°F+ Product from
Intermediate Severity Hydrotreating of
SRC-II 0il; Case &

Yields and Product Inspections; Moderate
Severity Hydrotreating of Whole SRC-II 0il;
Cases 5 and 6

Propertles of Whole SRC-II 01l

Stock Balance - Case 1lA; Refining SRC-II Qi1
by High Severlty Hydrotreating to Produce
50,000 Barrels per Calendar Day of Motor
Gascline Plus Jet Fuel

Stock Balance ~ Case 2A; Refining SRC-II 0Oil
by Intermediate Severity Hydrotreating to
Produce 50,000 Barrels per Calendar Day of
Motor Gasoline Plus Jet Fuel

Stock Balance - Case 34; Refining SRC-II 011l
by High Severity Hydrotreating and Fluld
Catalytic Cracking to Produce 50,000 Barrels
per Calendar Day of Motor Gasoline

s
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Drawing No.

RD

RD

RD

RD

RD

RD

RE
RD

RD

RD

793135-2

793136-2

793137-2

793141-2

793142-2

793138-2

7949981
793389~3

793390-3

793391-3



Tables

11

12

i3

14

15
16
17

18

i9

COST COMPARISON OF ALTERNATE ROUTES
FOR CONVERTING SRC~II TO DISTILLATE FUELS

Index of Enclosures

Title

Stock Balance - Case 4A; Refining of SRC-II
011 by Intermediate Severity Hydrotreating
and Single-Stage Isocracking to Produce
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TABLE 1

YIELDE AND PRODUCT INSPECTIONS
HIGH SEVERITY HEYDROTREATING OF
WHOLE SRC-II OIL - CASES 1 AND 3
DOE CONTRACT EF-76-C-01-2315

frocess Yields
Raw Feed Basis ’
Weight : )
rercent of Pounds Barrels Chemical
Input per 100 oer 100 Consumption,
Hydrocarbon Barrels Barrels scr/Barrel
He 2950
Hy 5 n.31 102
H,0 4.25 1,401 . -
NH 3 1.03 340
<) 0.2 66
Ca 0.3 49
Cy 0.4 132
iCy 0.01 3
nC, 0.2 66
Cy-180°F 5.2 1,714 6.65
180~300°F 6.8 B, 836 2.6
300-550°F 61,05 20,128 67.2
550°FY 5.0 1,64% 5.25
' Total 104.7% 34,532 11L.7
Inspections
Products
Raw 5
Stock Feed cgt C:=180°F | 180-3G0°F [ 300-5350°F §50°F*
Gravity, °*API 18.6 39.46 60 51 34 26.2
Aniline Pointc, °F 110 100 118 150
ASTM bigtillation, °F D 86/1160 © D 36 D B§ D 8¢
St/% 155/215 120/145 210/215 345/355
10/30 280/380 155/160 220/225 360/380
50 440 175 235 400
70/90 485/595 180/18% 245/265 4§25/875
95 /EPF 700/850 190/210 2757315 490/530
Composition, LV %
paraffinsg 28 ] 4 i3
Naphthenes 1 85 &6 78
Olefins - - - -
Aromatics g 3 7 M) 9
Sulfur, ppm 2,900 5 1
Total Nitrogen, ppm 8,500 0.2 <Q.1
Total Oxygen, DPpm 37,900 50 20
Bromine Mumber 0 1
Neutralization Number
Pour Pornt, °F <-80 0.02
Refractive Index 1.5073 1.4272 1.4385 1.4642
Freeze Point, °F -90
Smoke Point, °F 21
Flash Point, TCC, °F 130
Viscosaty at -40°F/~4°F, cSt 12/6
Octane Numbers
F=1 Clear a1.5 67
F-2 Clear 77.5 66.5
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TABLE 2

YIELDS AND PRODUCT INSPECTIONS

INTERMEDIATE SEVERITY HYDROTREAVING OF
WHOLE SRC-IT OIiL, ~ CASE 2

DOE CONTRACT EF=-7£~C-01-2315%

Process Yields
Raw Feed Basis
Welght
Percent of Pounds Barrels Chemical
Input per 100 per 100 Consumption,
Hydrogarbon Barrels Barrels SCP/Barrel
H, 198¢
H3S 0.3 102
H 0 4,25 1,401
NHj 1.03 340
C, 0.1 3]
Ca 0.2 58 N
C3 0.2 68 '
iC, 0.02 7
ne, 0.1 35
Cg~180°F 5.25 1,731 6.7
180~300°F 24.95 8,226 29,95
300~-550°F 58.73 19,347 £2.)
550%F+ 8.05 2,654 8.05
Total 103.19 34,022 197.0
_Inspectidns$
Products
Raw
Stock Feed Ce™ Ce=180°F | 1B0-300°F | 300-550°F 550°F+
Gravity, *API 18.6 34.1 5.9 4E.7 27.9 19
Aniline Point, °F €5 80 50 93
ASTM Distillation, °F D B6/1160 D 84 D 86
5¢/5 155/215 1207145 210}215 345/360
10/30 280/380 155/160 220/235 365/390
50 440 175 235 410
10/%0 485/595 180/185 245/2€5 440/480
95/EP 700/850 130/210 275/315 435/530
compesition, LV %
Paratfins a2 10 4 10
Naphthanes [13] 73 42 ¥
Olefins - - - -
Aromatics 40 :} 17 54 38
Selfur, ppm 2,900 10 1 10 20
Total Nitrogen, ppm 8,500 10 1 5 50 100
Total Oxygen, ppm 37,900 850 20 loo0 1200 2000
Bromine Number 10 10
Neutralization Number 0.04
Pour Point, °F <~B0
Refractive Index 1.5073 1.464
freeze Point, °F =78
Smoke Point, MM 11
Flash Paoint, TCC, °F 140
Viscosity at -40°F/-4°F, cSt 13/6
Octane Numbers
F-1 Clear 81 71
F-2 Clear 77 63
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TABLE 3

YIELDS AND PRODUCT INSPECTIONS
HYDROTREATING OF 300~5S50°F PRODUCT FROM
INTERMEDIATE SEVERITY HYDROTREATING - CASE 2
DOE CONTRACT EF=-76=-C=01-2315

Process Yields

Raw Feed Basis
Weight -
Percent of - Pounds Barrels Chemical
Input per 100 per 100 Consumption,
Hydrocarbon Barrels Barrels SCF/Barrel
- 1150
0.a2 6
0.05 15
0.20 62
0.086 19
0.0€ 19
Cg=300°F 8.¢ t2,484 2.3
3on°rt 93.58 29,057 96.8
Total 101.97 31,662 106.1
Inspections
. H 4
< Products
Raw u
Stock Feed C5~300°F | 3o00°Ft
Gravaity, °API 27,8 53 33.4
Aniline Point, *°F L0 103
ASTM Distillation, °F n 84 D 86
st/5 3457361 340/355
10/30 3657390 380/380
50 . 410 390
70/90 4407480 410/455
95 EP 195/530 475/525
Composition, LV %
Paraffins 4 4
Naphthenes 42 a0
Qlefins - -
Aromatics 54 1¢
Sulfur, Wt %
Total Nitrogen, opn 50
Total Oxygen, ppm 1200
Refractive Tndex 1.464
Pour Poin:, °F
freeze Poing, YF =78 =76
Smoke Point, mm 11- 20
Flash Poeint, TCC, °F 140 140

9-28



TABLE 4

YIELDS AND PRODUCT INSPECTIONS

INTERMEDIATE. SEVERITY HYDROTREATING OF

WHOLE SRC 11 OIL - CASE 4
DOE_CONTRACT EF-78-C-01-2315

Process Yields
Raw Feed Dasis
Weight F -
Parcernt of Pounds Barrels Chemical
- Input per 100 par 100 Corneumption,
Rydrocarhon Parrele | Barrels SCF/Barrel
My : 2500
Hy8 0.31 102
H30 4.25 1,401
NH,y 1.03 340
<1 0.1 33
Cy b.2 63
[ 0.2 Bl
ic, 0.02 ki
nCy 0.1 490
Cg=1B0"F 5.3 1,717 6.0
130-350‘? 37.0 12,199 44.1
3so*¢* 55.52 18,286 59,2
186-300°F 26.0 8,572 3l.4
300°F* 66,52 21,913 71.9
Total 104.03 34,299
. Inspections
Produnts
Raw
Stock Feed C;*_ Cy~180°F { 160-350°F a50°F* 180-300°F | 300°F*
Gravity, °API 18.6 37.5 60 47.4 28.7 49. 8 30.8
Aniline Point, °F 95 L D] 100 90 - 100
ASTM Distillatien, °*F D B6/1160 D 86 b 86 b 1160 D 86 D 11é0
st/5 155/215 120/145 220/230 395/395 | 210/220 330/350
16/30 280/380 155/160 2357245 400/415 2257230 360/390
50 440 175 260 438 235 420
10/90 4B5/5985 180/185 2857310 | 4707535 245/270 465/515
95/EP T00/850 190/210 320/360 580/€60 200/310 590/660
Composition, LV %
Paratfins 20 K ¥ LA &
Nephthenes 62 BO 65 79 (1
Olefins - - - - -
Aromatics 21 L} 13 28 13 28
Sulfur, ppm 2,900 10 1 12 10
Tota)l Nitrogen, ppm 8,500 0.3 <0.1 0.35 0.32
Total Oxygen, ppm 37,900 [: 1] 50 l20 100
Bromine Number 10
Pour Point, °F <=B80
Refractive Index 1.5073
Detane Numbers
F-1 Clear -39 €5 70
F-2 Clear 77 63 68

—
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TABLE 5

YIELDS AND PRODUCT INSPECTIONS .
SINGLE-STAGE RECYCLE ISOCRACKING OF
A00°F+ PRODUCT FROM INTERMEDIATE SEVERITY
HYDROTREATING OF SRC 1I QIL - CASE ¢
DOE CONTRACT EF-76-C-01-2315

Process Yields

Raw Feed Basis
Weight
Percent of Pounds Barrels Chemical
Input per 100 per 100 Consumption,
Hydrocarbon Barrels Barrels SCF/Barrel
Hz 1520
c, 0.65 9
C, 0.11 34
Cy i.6 1,104
iCy 10.9 3,330 16.9
nCi 2.9 887 4.3
Cg B5.1 25,935
Cg-1B0°F 26.75 #,150 33.1
190-300°F 58.35 17,785. . B6.7
Total i02.65 31,298 12:.1
Inspections
- Products
Raw
Stock Feed Cg* | C5=1B0°F | 180-300°F
Gravity, °API 10.8 58.8 £9.7 54,1
Aniline Point, °F 100 115
ASTH Distillation, °F D 1160 D 86 D 84
5t/5 330/~ 100/120 190/215
10/30 360,390 125/135 2207230
50 420 145 245
70/90 465/535 150/160 255/270
95/EP -/660 165/185 2B0/305
Composition, LV &
pParaffins 6 21.5
Naphthenes 66 ’ 71.§
Olefins - -
Aromatics 28 7
Sulfur, ppm 10
Oxygen, ppm 100
Total Nitrogen, ppnm 0.32
Dctane Numbers
F-1 Clear 86 T4
F-2 Clear 87 68

9-30




TABLE &

YIELDS AND PRODUCT INSPECTIONS
MODERATE SEVERITY HWYDROTREATIRNG OF
WHOLEZ SRC-11 OIL - CASEE 5 AND ¢

DOE CONTRACT EF-78-£-41 ~231%

Process Yields
Raw Feot Bania
Vinight "
Pernant of Pounds Barreis Chamical
Input par 100 per 100 Conpumption,
Hydroesrbon Barrels Barrels SCF/Barrud
Ha iTE3
Hy5 0.3¢ 1]
Hy0 4.11 1,388
NH .97 120
<y 8.0y 20
Cy 0.17 56
Cy o.10 b1
iCy, 0.02 7
{ne, g.08 H{3
fcg=180°F 4.5 1,484 5.4
180=- 3500 F 3.4 10,682 5.
b1 100 g 59.9 is.709 $5.865
180-300°r 26.5 8,717 5.9
1 rone¥+ §5,10 21,894 £7.08
Total 102.82 M), 200
Inspactions
- Producks
i.J
Btook Taad Cy* Cy-100"F 1 180-350%F | 350°F* 1no~3000F | Jv0ret
Gravivy, “API 1%.6 10.% 60.9 .11 0.3 4 n.%
Aniline Point, *F L1 3] _ L 3
ASTM Distillation, *F D B6/1L6N oA D M 2§ 1+ D 1188 h 1180
St/5 1587218 1307145 2107220 | 3657385 | 2107220 JLSS A0
10/30 2B0/380 1557140 10240 ] yvoraas | 28230 Yag/400
50 440 18 353 143 F 313 440
70/90 483/55% 180710% 2907325 14307380 | 2457270 435/5%0
5/EP THo/A50 1I8/200 338/735% | $43/760 mirie 4457740
Composition, LV % L
Paxaffins 12 $ 5 i3 4
Nuphfhgn.- 69 0 n L1 3}
Olefins - - - - T
Aromatics | 33 [ 3 20 [}
Sulfur, ppm 2,800 10 1 10
Total Nitrogen, ppm 8,500 350 115 53¢ 100 450
Tatal Oxygen, ppm 3%,%00 1500 1900 4300
Bromine Number 10
Pour Boint, *P <~80
Refractive Index 1.%073 1. 4608
4+ Octane Numbers
F=1 Clear -} k1! 71
F~2 Clear 18 &7 58

9-31




86
058/669
L6S/vBY

8Lh
zge/182
L1Z/¥5Y

90°0
L70g
191
961°2
£L05° T
08~ o126

et
34
£0° 0>
BOb
gL°o
0%
Lyl
9¥" 0T
197 %8
6L°€
L0
9870
6270
9781

nﬁ.wnnmg IUADIOL
1uyog pua/se
06/0L

05

0£/01

/31038

:pOTTTISTA FUBDADJ duMTOA PINDIT je
jTeyuaIyed seaxbesa uOTIRTTTISTA 0911 G/98 O WLSY

1U2DIBd DWNTOA ‘UOTIETTTISTIQ AQ a83eMm

weIg 12d sweibyiua)d ‘anyea aueTg OTSTEW
JTayuaIyed s92ahRq OfT v SIYOISTIUSS ‘A3 THODSTA
ITayuaayRd saagbod 00T IR SAYOISTIUDD *KITSODRTA
- apeibriual s99316aQ 0f IR XOpUI 2ATIORIISY
Jroyuaiyed sea1b6aq ‘JUT04 INOJ

Joqumy SUTWOIY

Jybram IETNOITON

UOTTTTH 324 s3aed ‘yYsy

Juanisd Ibioy ‘sITYNIOSUI SLIZUSY

LOTTIIW 124 s3xeg ‘ssudjreydsy sueldal I0H
quppIad Iybram ‘uoqied woljoqswey

UOTTTIW Iad s3aed ‘AWUTIOTUD

OT3IPY BIOJY uogqae)/usboipin

juaaiIad ybrom ‘udboiapiAH

jusaiad ybram ‘uoqaed

Iuao1ag 3ybioM ‘usbixo

juaniag IYDLTAM ‘udbOIITIN DIsed

juaszad IYLTIM ‘uaboIlTN TEIOL

Iusniad ybrem ‘IngIng

1av saazbag ‘A3taeid

GI£Z-10-2-9L-34 LOVHELNOD 204
TI0 II-DdS ITOHM 40 SATLHIAJOHd

L TI1gYL

9-32



0g-s1-1

voyidensuod ‘-ecy *AIPIURRD aayisbe @ 80udg () Tavaauasvd  (AcH

.am

- %
[~ 4 FAL -
178 b 14
6"L51 LA TS JA 4]
113 38 ] {%257%) 184 }9) H1il
1501) {EL57F) {866) s08°L
15256} 066701} (09065}
aoe ‘st 02T 208°% - eRa"é LS
ove's oré*s
1 1R onQ‘E
0085t 04572 BLL 8E
(34 154 }) {0L9°01) c19°8T
LT Y SEL'E
ore [.134 {as) o1 ot
£ZL [134 {0151 51 aRL‘y
. : oié s1t (173
toLe' 1} oLt
] {p9g &5} 098765
wuuauow& -uq...m uﬂﬁ u.»:n.m.ﬁw [any . eI IueTd uu.ﬁwm wmnuumw.ﬂurt mm:n.:@um.n. uamm_ﬂwuucagw . Inaduy
-Ag Buasolay 10%0W | Azaurjay | 1artow | puv £1aa0asp upbGIpiy ~r3A1ere] | A1132a95 gbyu | Lrauyjau
. 3e1di30 stw .
SIHDpO3d T BA00LY

ssumIng 3 AT §°y Bujpnioul,

WY oWy
. mging
#p13Ing uaboapiy

ARg Jvpuein) Jad svol

Aeq Ivpuared

and JRa4 DIEND pITpuRng
JO RUCTITIN ‘uaboipiy
ong
(s§or]) upen pinb1n

paed pinby (w300
yangozd gynbyr 30k

awd1) (-4 §7L6) AAmMI0LNy

W08 J.055
AUFOITY J,085-001

FusTOfes ArEAH J.000-081
auttoses 4kt 13/%)

auelng feaion
aurIMOs]
TY0 [ang JudIeAladd ‘§eD [ang

110 1a3ng juaesinby ‘[voD
sTE0 II Ju5 aldim

Avq zepuated lad siaiieg

‘EJONPOId GUV SpIIg

i e o ——— e Y g

M36: Lde BTG ANTIOSEY WOLOW A0 AWT UYORIWD 334 STIwdvd A00°0S
ANGAa OL DM IVELLO0NGEAN ALIUVAARS BDTH AA TI0 FI~3HE DATHIAZE

-

L -39-5~9{~-43 1OV4INOD 300

¥7 d5%) ~ ATMVIve 103

9 Fave

g-13



uoTaRmENo] R T TAYTIURRD SATIRDAN ¥ 230UaQ (] IPIOYIUAIDY

o861

130N
SIURING ¥ AT 9°F BuTpn 41 o

96 - 96 - BT oY
57 kY4 . InyIng
(L 827) LTBT apTITRS uBBOIPAH
AR Iepuafe] a3d RUQL
Aeq IRpUATED
a0d 1881 200D pAVPURIS
£70¥1 9t 5710 (T-411} 30 BUCITITH ‘uaboipiy
a4’ (ars’¥) toLey fosz) togs) 13ng
X110 ¥ {oin’ ) 48L°C 06s 'y (3807} UTRn prabyeg
(66T “9i (ap1°*c 1) ST PED {029°6%) paag pInbin (w30l
ST0°EL SL67RT | 06979 = [ TY: R 0o¥ ' 9f 9197¢9 196pozs prnbrT TeI0L
) e0E 11 00611 [IRI1D T~d (6} DINEIOJOY
SIG'CE (14 2811 auBsoIaN poIedICIpAY
SCS'F aES'r BWOTION 4,055
896 S1T7r1) SL0°5E SUIBCINN J.065-00F
SiL't {0069} BT CL} [ 78 At o 09§ 91 Auttosen Aaed J4,00€-081
SLLE autTosen ubyy %3/5)
059 f0LL) [ird L1 {0 aueing feurcy
as3 $193] 174 g9c ‘I aueIngoy
66 “v1 SgL Shs [TO 14y Iuatearnba ‘ses 1ang
{0521} 08Z°1 {10 [and Justearndy ’1rod
{02065} 620°65 » 170 T1 JuS HTOYM
mun.:miu.m 1ang jar m:._..:ummw yany uerd u:m_.._ JIniseJnueK .mc«n_u.n.uwx .m_:u.mm.wuoOu_._i: &:_umw..u.cu..ubx andug Aeq zepuate) 3ad s(3iieg
kg ELEELFEY] FOA10W Azsutjay | 201108 | In)INS pue uaborpdy s13AYrIe] pue a3eTI13ISTI A31xanag Ay Joy "EIONPOIA pue Spaad
101d130 Kianooay buT1ea13CAPAH 21PpIN 23 TPaMIFIUY
5%y eyyydey
muuawxvun bufssadoid
—

Tand LIC SHTd .
320G0Hd OL ONILVFHIONGAH ALINIAYS AIVICIMMILNI KB 110 IT-JHY JO ONINIIFHM

SIEZ-T10-3-92L-43 LIOVHINOD R0G

VT d5¥D - ADNVTVE ¥00IS

& 3TEVL

HITOSYD HOIOH JO AVC HVANTIYD d3d S13HMVAE Q60 0%

9-34



uagIdeASEe) ‘cacy TAITIVGRD FATIvHON R SOUBd (] SARIYUIIeG

HHION
DUEING ¥ AT 97 DUTPR{DUL,

9% 96
675t 6L
[¢ 28 14} ez
[TAS 41 0Ly L zeYd
TR (00F’¥} e’y - [£13% {529
169571} foirs 'z} nrs 1} 506”1 sThL
S.wn.ﬁ oLz ez} (0T6"S) (069°57) [[:]4 &7 14
ono’os 0e9°% - 048’22 oL 5657 AT S¥5°99
g50°02 11138 74 - -
SIF'c 111 51
(06995Z) 069752
S6Z°9 L62'9
59%° 11 <9911
{0EE“9) Ber' ey 095°€¢
6se 't 65L°¢
0Ly"y {015} 13 STS/0LL) o7l [ 11041
1139 SESZ{SrL) 1173
acz 't (00s) 59 poE 1/ 10098"¥) 008’1 ¢9L’1
ezz) ozrz {ofe'1}) [ 17% Bl 4
{5151 [T300 §
L1 T 09z ate’'s 3Ly sal
{o62'1) 068° 1T
{0ET"6S) BET 85
sjonpoig [ aurIpses 1=n4 ueld | juera ...n::w *ble nz.__-:ou.mﬂ Adsaonay suryonx) | buyieazjosphy ndug
-Ag ELEY- Azsurgod | aatvog | pus Liosocosy uabospip a13f1e3n) spuz b S13A1vaRd | Aataanag ybra] Azaurioy
014330 stH PInLd
slanpoiq BuTFsa203g

FYMOumY
. anJIng
IPTIING UIBOIRAN

Avq ampuage) 1ad suoj

Ang avpuate) aad
993 210D piepumg
30 suoIITIN ‘usboapin

Tand
(#E0T) uyes pyabyy

p#agd pinbyT yRioL
10p0ig PP 1mInL

{1827) 1-d §°86) IIMIOTNY

11¢ 31283 D34
uoI0d L d,00F

auYTosen AavIy I8
auyrosvn Iybry D04
auITeEvs AnPal J,00¥~DET
sutroswn byl ¥3/82

auwang JvoaoN
AU LAIng

URIngon]

suwdoid

. wuajddoig

110 13nj Juateainby ‘e8D [and
130 1ang juatearnby ‘ywod
+1T0 11 HS atoum

Aeq lepuate) 13d syzaeg
‘E320POIJ pUR EpISd

STEZ-10-2-9L-d3 JOVHINGD 304
ANTIOSWD HOLOW 40 AVA WWANF'TVD H3dd STAHHVA 000705 IDNA0HA OL
DHISIVHD DIEATYINDG QI ONV OMILVARLOHGAW ALI¥IAIS HOIH A9 110 IT-D¥S ONINIdR

¥{ ASWI - FORWIWE NOOLS

01 37avl

9-35



08-AZ-8 pesTasy O

vopIdwnyuol ‘w9 T ‘AITIUEND 2A13IRBON R DIOUSQ ()} SASIYIuIIVd  TIJON

2

cagduring § AT 9% DUTRNTIUT .

z6 i : ] 5
114 ¥4 . .
. : oLz LLe
Ea81 X [y . {s°z9)
. 569°¢L (536°5) fosa'T) ., tocz}
' 106176} 56L°2) 596°9 561’9
1016763 (515 #1) 1529°71) 1625'95)
00005 SEI‘L - 0FL g 065" 68 SIL'Z9
‘090°1¢ 090 1%
066°S D igz9°2L) ST9° 6%
~ ,
‘ . (58" »} (S18°p0) L1 YRS ¥4 S80°LY
yYor'yl - ’ S6L7OT 0Lt
' 00Z'1 {9p5°1) Y] SEE’1 oze’1
SZE S8 {52 g} a0t te’s i T{ |
. : 0z9'1 . LY oLy 5Ly
te11'1) ; . oIt
. - (025°95) pz5°9s
s3oApOad .m:m~omuo end Juerg u:mW.m .u:u 1S Y aanyosejnue .......uE.uOuﬂ.z ButyorIsoIpky v:a.umuhao.wvh: anduy
-ka 10300 Liauryay | 191708 | Pue L1240094 udboapiy a31yiiered pue Airaaaas Asautisy
aord3jo gty Ut Iear1oIpid 23eIpowlaiul
N efayden
’ S300POIG . mcﬁwwmuoua

B coury
. anjing
apt3ing uaboiply

Aeq aepusre) a4 suol
>sr IRPUBTRD
183 s8] S7qNa pavpuels
7O SuotiiiW ‘uabolpiy
. Tangd
{ssco1) uven prabyg

. paad prnbrT TRIOL
ganpoxg piabrg jesol

{IE@1D (-4 96) BIPUIOIINH
BHG3308 , 3,000

autjose) Asway 24006 ~08T
au¥yoseg 3ybr 33/%3

aueing [euron
AULINACS [
110 jand Juatearnby “sed Tany

(1o (3nd jua[esainby ‘{eon
w110 11 DYS§ ATouM
Aeg Jepuate)} lad syaileg

*SIINPOE] Puv SpIRd

LIEZ-T10~2~92-4d LIVHLNOD F00
INETOSYD HOLOW 20 A¥d UVONITIWD H3d STINMvE §00°05
IJNA0HT OL IHNINIVEDOSE IWWLS-JATHNIS ONV ONILVIHIOHCGAIH

ALIYIAZS JALVTCIWYILINI AH TI0 II-OHS 40 DNINIJAY
¥ IEYO - JINVIVE NDOLS

17 ATEvL

9-36



UOTIARDEUOD fT ety ‘AITIVEND PAFIThAN § Ajousg ()} mamayauelwg

0R-5T-T

PR ON
wSURING L AT 9°y BUTDNISUL.

[T 1] ) Ll
[ 2} [ 74 ) mjng
(T 14 [N 14 epr3Ing uabozpdy
AFRQ JepuUITe) 194 SuUQl
Aeg Jvguated
aud 198 DTQND pIRPUNS
1'H 0" LY (§ 48 { 18] 70 BuotITiW ‘*usbozpiy
S60'Y ts5r6c) {orc} {01F) Tang
sr1} {521°%} {149 %80°¢C (8801) ujw pinbyy
(1128 {ooa‘ol) apz’Ls) peag pInbyg (vion
S6¥LE| 405791 ocz'y - o'ty <803 Jonposg pynby 1ol
] esstu 065 ° 11 (1RITD -3 §°96) Fwaz0zay
sér'eg 060°¢ 585 °9¢ . SH03INY 4,008
. {509°?) (OR"ZI) sor'Ll ;U IoEed a“:u: J.000-081
1] $91°¢ augtoswn ubyy 33/%0
sLe stz 109z) ot ozL Y ouvIng ywaion
T GLB orz {174} (13 [LE£ 0 | IunInqosy -
F1:.14 stz os¥ . 110 paad juafeainby ‘sep 1364
Lo9ad . 098 110 (254 juayeaynby ‘teod
. 9oz L5} 00Z°35 »T10 11 J¥§ 3toun
s3onpoxd 110 | suriosen 1203 juerg §.3uerd anyins| arniseInuey BUTHIO AN buyirazyoapiyn andyg Aeq repudrvd Ied Fraired
-Ag OML 20308 Alauyyey § aay1og | puw Azaacoay uaboxpin syjAteie) pue K3ra9aag Kiany]on gianpoid pue YpId4
Jaguny Jo01d330 giy GuryRaI3oIpiy aie12pod
wyidey
s19npoid .

buygsa2014

S1€Z-10-2-3{~-33 IOVHINGD 304 . )
II0 DHIIWAH QM) HEHAN SOTd INITOSYD HOLOW JO KN HVONTIVD ¥3d STIHEVE 000 °0%
IDNA0HE OFL ONILVILLONGAH KLTHAAAS 3LVEAOOW AR TI0 Y-S SNINTJAM
¥5 ISYD - JONVTINE ND0LS

<1 IgvL

9-37



0B~5T-T

‘upyidwnsuos ‘- 3y ‘AITIVEnb BaTiebeu e ajoudp ( ) $PSIHIUAIERG  (9ION
rsauRIng 3 AT 3TF BUTPNIOULs

&L . - Y TN
(44 . [44 = anjying
’ {s°c) (41 ¢ sp1JIns uaboipiy
Twg Jepused dad suoL
' Kevl npuored
aad 3004 2tgnd parepuels
£21 [ T4 (£91) 30 SUOTTTIN ‘uaboipiy
S€1°L
(L6t} (599} (0z5} - tang
{019'8}) 0 2 0§ 00( ‘9 © (ns0]) wen pinbit
{g13°a) {eoo’zD) {ove'ar) paad prnbry rRi0L
509 YE 56f°S1 SET’E - ozg’'etl [ 7A844 N jonpoig pynbyl (Riog
. 02901 T ‘ 0z9'0t {ARRTD 1-4 L6) IW0jay
GEE'T {ts11) o5y‘y JWORIPH 44+ 055
pLe 3 I 509"yt IUPROIBY JL.065-6LT
- tooo z 1) 000°IY auypoven Aafal J.602-081
5013 s01°L puzyosED IYGTT ¥3/%)
ULB . teir} or a9zt suging [eMION
008 {noy) o€ oLT'1 FUEINGOY]
i3] %% 059 (10 (ong Juageaynbg ‘sen yang
ozl (10 T3n4 jualeataby ‘Tea)y
oLz 1} {589°L) ' {oF6'arv} £29°9%5 «110 IX DHS oTOUM
syonpoxy | Tang War | SUTIOSED) jang Juerd uam..mm anzing UOTIRRTARD B TR ] BH buyjearjoIpin yndui Xeq aepuajey sad siaiiesm
~Kg BUIS0IIN 10304 Axauigon | z2710g | pur Araaoosy Teriaed av3irezen | A3vzasag yhry! Lisutrjey ! .
3o1d3zo sty sainjdRInuen . s3onpeid pue pady
uaboapil
s300poId purssadoid

SIEZ-10-2-94 -39 LOVULNOD R0A
1303 XAr S00d INITOSYD HOLOW A0 ‘ANG YWONITVYD H34 STIHEVE 000705
FONAOUL OF ONILVAYLONGAH ALTHIAIS HOIH AS 1IQ IT-J¥S DHINLSIY
DT ASYD ~ IDNVIVE HIOLS.

. £1 ITEvL

9-38



ap-31-1

‘ito
Buyywey Om3 IIGqunt pue #jToueb 1010W o3 BUINIEID ITIATEITD
PEOT) UDTRIRaUGD Bavaidpow pue Bujivariozpdy Adyassas aamiapoN 'y
. ‘110 bU13ERy OAY
1aqunru pud BuTToswh Jojow 03 HUTIeANCIPAY AI113A08 IFWIAPON g
-aurfoseb Joa0w 07 BUINIPIA0IPAy
212321 IEME-ITHUTE puw buyzearioIply AFrrends ITeNpaIAIUL Cp
-UTTONRE 10106 07 buTYoRZ)
oyad{e3ea N3 WoImadaund> ubry puv Buyawaadoapdy A311asaE ybyn  -g
*jan] 23f puw suriosed acjow 01 buriveajorpdy
wPai13UAcp avipdas pus BuYIESII0IPAY AJTIAAIE MNIpaLIAINE ‘L
-fang 38l puf SuITOPE6 1030w 0 BuyIRAlIJOApAN Katidade ybiIj ‘Y

BanisEjnuen WaboTply Tong Aasuvien T Iqed Iy TeITIaang

1ppavyd puv suofieubisag aswd

e SPTOING Jo Bujmaojay weaIS AR RpYSING puv AiRuljay
170 II-JUS 30 UOTIEPIXG |®1338d  AawsessaN 3T 710 II-DWS

enayduN I3RPOId pUE WBD AIIUTJEN 3O buTwliojay weals Alvesaaan F§ ‘710 11-DusS

< @ o &

wyayden 30apolrd pue mey Laeu]}ag Jo SUTWIOIPY werels 39npodd peareIl0aply

S13°1 917 SE5'C SE6°S sz9°¢ P93 110 1I-J0S
[ 1T 060 ¢ o059 I 0 (18 214 09s°'t 111 0s»°Z sfC'z (13 M 4 05'% R120pO3d PIObIN payea1loIpin
DSE’T 099 (111 (12 S66 Qsy' 1 (17241 008°1 631 SIF"E [T T 717 poR ook 650°7 71°1 170 [9ng Iusgearnbz ‘sep Aaauyjen
(110 4 L SIR'S ort’t 110 [and Juateatahy ®3 FRTEINO
Awa ampuaes 3ag s{RiaNg “lang Liduy)ay
S9C'CT | SBD'EL | S00°CE 11358 11 60 'TC TT0 BUTIVeR oml 2equny
. vk 62| szo°cc | sos‘we | sevierc| ozeiei foB’'s¢ 1304 130 Juacosay
SCr9E | ce6'91 | Ses’er [T s05'91 | oooros 0o0's | ooo'os | oopros L0405 pow'os | s10‘0z| Ge6'9E | s6L’ST | sel'sr| oes'Cl a0t 'l FUTTOSED 1030M
Avd Iepueiwd J34 E[aiawq “930npoad
00s°9 ous’e Lianoamd wpuy kv
LTS . “worarthyiy
1} | LL ot1 150 I £144 Ll UOIIRPIND TWTIIRE
ti 99 " Zey et 291 ort %51 T oLt aLr Butusolay oears
' Avp butiwiado 194 333] aIQND pIRpURAS
30 NUGTITTW *BuTIMIIRjRURN uabolpin
[¥T3] [E19] 196} 113411 {5 96) 196} (586} [t 1] 196) [T (LAl 3] 13°%6} {26) (11 (117 {86} B LG) AUPID0 @31 1-4)
TaO'ET { oa0'Ft | 000'ST 000 vl poo°rT ] 006°6E ¢00‘6C | 00076 | 0DDS( [ Rk 48 0DO‘6Z J QOO‘HT) 000"y | 000°'CLU | wOd'CI| oDwO’YF oelt Bulwiojsy DTIATEIND
opo‘sz | oo0'sT | 00’91 o001 800 ¥ | B00'4C ogo’6C | ooo‘ec | 000'8f fo0'etTl ono’si i 6UTIT1I0IPLK BYIYLm
000" ¥( 0a0° 8t G0l 3RAXT0IPAN FI(]LINTE ITPPIN
00051 080 SC { 005'®f ] ODO'9E BuTyowidolpdn 2bwas a(burg
(L11] iyl _ {3uadaugd sunjop PLARIT ‘UOTSISAUID)
000°8C [4:1 Y 4 BUTYDF1) J1IATRIND pINTd
o065 | 0oa*cs | 900'(§ Q0045 [T R A10124d8 IRWPOR
opo sk opa*Er 0oo“re 000°0% a00’'CS| 085°'T9 A3 Ta3a8 JdTTpImrIIUL
[ 113424 [ LT 000°25 | 006725 @00°0% opo'te £av3ansg yhg
i SuY3221301pAR 10 310uk
" Awg putjpaadn 2ag $1eaIEd BuIINNDOIG
SLL'S 096’L 11} 4F4 1710 [end jue[eatnby "Ses APIRINY
DES oBL 0z9 pza 098 066 o1L 11581 [ 1880t Qi1 08Y°T 09¢ acz'y o'l oLz’ a06"t [ TA'AS § 110 [#n3 watearnby '1ea)
09’55 | se6’ey | UR‘SS (1% M 11 00z'ts | oze‘se ShAYS | Sr5°95 | Ofo'LS 01995 ecT*sS | o1v’9s| oza'es | S¥0T6r | sistey 098 65 110 LI J4S *10d4
. AgQ IWPUITEY Jag Taaxgn 'Indul
BT 11 2% ' Y5 e a8 ar Y o LT 13 oz HZ + ¥ o7 a1 a1 ¥l up3

SICT-10-2-9L-33 IOWHANGD 303
SLONG0HEA AIWISIa 4O Awa HAL STINHVA
600°0S AX190M4 OL 70 I1~-J45 S0 DNINTLEE
AHWWRNS A0MYING NDOLS

LANE 1478

9-39



TABLE 15

HEFINERY PRODUCT INSPECTIONS

REFINING QF SRC~II QIL

DOE CONTRACT EF-76-€-01-2315

Inspections of Metor Gasoline

Reid Vapor Pressure, FPounds
Dector Test
Sulfur, Weight Percent

Ccrane Number,

Research Unleaded
Motor Unleaded

Distillstion Temperature, °C

At 501 Distilled
End Poant

Inapections of Kerosene Jet Fuel

Specific Gravity, Relative to |
Water at 15.5°C

Arcmatics, Velume Percent

Flash Pocint, °C

Freezing Poancg, *C

Smoke Point, Mallimeters

Mercaptan Sulfur, Weight Percent

Distillation Temperature, °C

Ar 10% Recovered
At 20\ Recovered
At 50% Recovered
At 90% Recovered
Final Boiling Point

Viscosity, Centistokes at -20°C

Net Heat of Combustion, Btw/Found

Copper Strip Corresion after Two
Hours at 100°C

waphthalenes, Volume Percent

Exl1stent Gum, Milligrams par
Hundred Milliters

Thermal Stability, Jet Fuel Therma
Oxidation Test, Rating at 280

}Inspechxons of No. 2 Heating 01l
|

Bpecafic Gravity, Relative to
wWater at 15,5°C

Flashk Point, *C

Pour Point, °C

wWuter and Sediment,

Carbon Pesidue on 10%
Weight Percent

Distillaticen Temperature at
0% Recovergd, °C

viscosity, Saybolt Secands
Universal at 18°C

Kinamatic Viscosiky,
at 3BYC

Copper Strip Corrosion afrer
Two Hours at 100°C

Splfur, Weight Percent

Thervnal Stability, Percent
fleflectance after %0 Minutes
ar 150°C

Bottoms,

Centistokes

1
ac

Volume Percent

Case
. 1978 .
,ASTM Methed | Specifications 1 2 3 4 -1 £
)
D 323 - 19 10 10 10 10 1o
D 484 . Negative Negative Negative Negative | Negative | Negative | Negative
D 12686 0.03 Max <0.03 «c0.02 <0.01 <0.01 <0.07 «<5.03
D 265% 93 Mzn.: 94 34 95.3 93.3=-%4 94-94.5 94.8
D 2700 B4 Min. B4 B4 84 84 .6<-85 84 84
D 8€ 116 Max. 102=-107 112-116 11z 96-104.5 111 118
215.5 Max. 215.5 215.5 215.5 215.5 215.5 215.5
b 287 0.8398-0.7753 |0.845-0,855% 0.855~-0.858 - - - -
D 1319 20 Max. i 1¢ - - - -
0 56 37.8 Min. 38-5 49-54 - - - -
D 23B6 =40 Max. -0 -60 - - - --
D 1322 20 Min, 21 20 - - - -
D 1323 0.003 Max. <0.001 <0.0C1 - - = -
D BE
204.4 Max. 170-182 175-18B2 - - - -
, - 182-148 184-188 - - w -
- - 204. 202=204 - - - -
- 246 246 - - - -
300 217 277 - - - -
D 445 8§ Max. 5.2-5.1 5.% - - - -
O 1405 18,400 Min. 18460-18570 {18,375-18,400 - - - -
D 130 No.l Max. No. 1A No. lA - - - -
b 1840 3 mMax. 0.15 0:25 - - - -
D 3Bl 7 Max. 1} 1] - - - -
D 1660 (5ee Text) No. 1 No. 1 - - - -
D 287 G.8762 Hax. - - - - 0.919- $.947
0.825
o9l 38 Min. - - - - 43«47 is
D 97 -6 Max. - - - - =50 =30
D 1796 Q.05 Max. - - - - <Q,01 <0.01
b 524 0.35 Max. - - - - <{.05 0.1
D B& 282-338 - - - - 304 3121
D 445 32.6-37.9 - - - - 33 1l
D 445 2.0-3.¢ - - - - 2 1.6
b 136 No, 3 Max. - - - - No. LA No. 4
D 2662 0.5 Max. - N - - - <0.001 <0.0L
(See Text) - - - - 90 -

dverage Harket Projections for the Early 1980°:¢

15480
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TABLE 17

BASES FOR COST ESTINATES AND CUMPARISONS
REFINING OF SRC-II OIL B
DOE CONTRACT EF-76-C-01-2315

Genezal

Estimated processing costs include annual capital charges. and operating costs reguired to
refine SRC-IF ©i1l usinc conventieonal refining processes. No allowance is iacluded in these
eatamates for (a) coal resource costs, (B) mininy or handlang of cosl, ic) conversion of

coal to oul by the SRC-II process, (d) SRC-I1 eil trangportation to the refinery, le}

refined product distribution and transportation from the refinery, or (£) community facalaties,
®lsctric power generation or other support facilities (except for a small "infrastructura®
allowance for roads, power lines, water supply, and disposal lines from the refinery to
cornect to existing services a few miles away). Notes apply to all subseguent cost cables.
Item nutbers are kayed to comparative cost Summaries.

Investment Costs
Investment esrimates are based on:

1. First quaxter, l98C costs. (Excludes escalaticon during planning, design, and gon-
structlon periods.}

2. Mid-Continent refining location.

3. Tankage egquivalent t¢ ten days of SRC-II oll feed, fifteen days of motor gasoline blend
components, fifteen days of light products, and ten days of intermediste products.

4. Cost correlations based on actual plants constructed by Standard O1l Company of
California from the 1960'g through mid-1970's. Ip addition to adjustments for
' inflation, sii¢ and known differences in plant locatidn, the base estimates include
allowances for:

2. Accurancy of the cost correlations,

b, A less favorable field labor productivity and materials purchasing situation
that will lakely be experienced 1f the U.5, enters into a significant program
of synthetic fuels plant construction.

©. Changes in plant design philesophy to provide for improved operating sfficiency,
batter rellability, 1ncreased safety, additional energy conservation, and
stricter environmental reguirements,

5. Ahdinq an estimating allowance of about 101 of total onplot and offplot investment
to account for the cost of addicional items which the history of major projects
shows are encountared as the detailed project engiusering proceeds.

Working Capital Includes

&. Vvalue of feed and product 1lnventories in storsge, assuming tanks are half full,
7. Estimated value of spare catalyst and spare parts.

8. " Estimated value of accounts receivable less” accounts payable for thirty days,

Capital Charge Factor

9. Overall processing costs are bagsed on a capital charge egual to 30% of total investment
lancludlng working capital and initial catalysc costs) per year. This capital chargs
factor 18 approximately equivalent to a 15% afcer tan discounted cash flow rate of
raturn on invesztment based on:

a. 51% income tax,
b. Four=-year construction peried.

€. Investment payments squal to 104, 151, 25%. and 50% of total investment durang the
four years of CoNSLIUCEIOR. -

d. 568 of design capagaiey duraing first year of operation; 100% in second year and
thereafter.

@. 10k investment tax credit.
f. Sum of the years' digiis depreciation; li-year tax life of rafining squipment.
g. 20-year projecc lafe,

Utilsties and Operating Coscs

10. Refanery fue)l and Steam are internally supplied. Boiler plant fuel is purchased coal
tamounts shown ¢n stock balances).

11. Process water 16 conservad by.tredatment 1n the WWT plants and then returned to the
refininy unrts. Neb make-up water cost estimated at 5300 per aillion gallons.

12. Maintenance cost estimated at 2-1/2% of onplot plus offplot per year.

11. Froperty téxes ard irsurance estimated at 2-3/2% of onplot plus offplot per year.

id4. Operating labor cosL estimated at 110,000 dollars per shift position per year. Saaty-
five percent 1s then added to cover suppert labor (technical service, administratasn,
securikcy, etec,i and supplies.

15. Power cost estimated at three cents per kilowatt-hour.

16. Coal cost estimaced at epight dollars per egquivalent fue)l o1l barrel. (Net heating value
of six mrllion Hritish thermal units.)
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TABLE 18

ESTIMATES OF INVESTMENTS AND UTILITIES:

CASE 1A

REFINIRG OF SRC-IY OIL BY HIGH SEVERITY
HYDROTREATING TO PRODUCE 50,000 BARRELS PER
CALENDAR DAY OF MOTOR GREOLINE FLUS JET PUEL

9-43

Catalysts and
Initial Het Chamicals,
Investment, Catalyst, Powar Millions of Labor,
Millions of |Miilions of | Required, | Doliars per Shift
Bize Dollars Dollars Megawatte Year PoBitions
Onpiot Facilities
— e
High Severity Whole 041 Hydrotrsater | §1,000 Barrels per 159 12 6.5 5 2.5
Oparating Pay
Hydrogen Manufaccure 2 x 8B Million of Etandard 181 2 1 1 [
Cubic Feet per Operating Day
Reformer "] 11,000 Barrels per Operating 17 3 - - 2
Pay .
WWT Plant 500 Gallons per Minute 12 - c.5 - 1
Hydrogen Sulfide Recovery 2,700 Pounda per Hour 1 - - - 6.5
Sulfur Production and 30 Tons per Operating Day 5 - - - 1
Tail Gas Treating =
Subtotal 3859 17 B 6 12.5%
Estimating Aliowance a7
Offplot Facilities
e e
Boiler and Mascellaneous 780,000 Pounds per Hour a9 - - -
Utilicy Plant Eteam
Cocling Tower 36,000 Galisne par Minute 6 - 0.5 -
Electrical Distribution 30,000 Kilovolt-Amperes 9 - - -
Fead and Product Storsgs Tahks 1.7 Miliion Barrels n - - -
Interconnecting and Tankfield - 16 - 0.5 -
Fipewaya Plus Blending Facilities
Site Pevelopment 110 acres & - - -
Relief and Flare System - 2 - - -
Buildings and Maintenance - X - - -
Equipment
Waete Digsposal - 18 - - -
Land Purchase and - 7 g - _ i .
Infragtrocture Allowance -
Subtotal 226 - 1 - 3
Estimating Allowance 23
Working Capital
Feed Inventory Half Full 20
Intermediste and Finished
Product Inventory Half Full 29
Spare Catalyst and Parts - 0
AcCounts Receivable 10 pays i
Minue Fayable
Subtotal &0
Note: No allowance 38 included ip these estimates for (a) eoal resturce costs, fb} mining or handling of
coal, (c} conversion of coal to oil by the SRC-11 process, {(d) SRC-II oil trangportation to the
refinery, or (e} refined product digtribution and transportaticn from the refinery.
Se¢ Table 17 for estimsting bases.
1-15-80




TABLE 19

ESTIMATES OF 'TNVESTMENTS AND UTILITIES:
REFINING OF SRC-II OIL BY INTERMEDIATE SEVERITY

CASE 2A

HYDROTREATING TC PRODUCE 50,000 BRRRELS PER
CALENDAR DAY OF MOTOR GASOLINE PLUS JET FUEL
DOE CONTRACT EF-76~0~01-2313

Catalyges ang

tnicial et Chenicala,
Investment, Catalyst Fowaer Hillions of Labor,
Millione of |Hillioas OF { Reguirted, Bellars par Shife
&lze Loliars Dollara Megawatts Ysar FOE1L1OT%
Onplor Facilities )
Inctermediate Severity Whole 011 Hydrotreatsr | 62,500 Barxels per 111 4 [ q 2.5
Operacing Day
Pyarogen Manefacture 2 x 78 Mallions of Standard 137 2 1 9.5 6
Cobi¢ Feet per Operating Day
ridéle Distillate Hvdrocreacer 38,000 Barrelc per Operating 41 2 1 0.5 2
Day
Naphcha Hydrotreater 15,000 Barrels per Oparzting 1s - ¢35 - 1
TDay
Reformer 15,000 Barrels per Operating 22 k] 9.5 - 2
Day
WWT Plant 500 Gallons per Hinute iz - 0.5 - 1
Hydrogen Sulfide Racouvery 2,500 Pounds per Hour ° N - - - [
Sulfur Producticn and 10 Tons per Operating Day & - - = -
Tail Gas Treating
Subtotal 358 11 5.5 5 15.5
Esxtimating Allowance 38
Offplot Facilities
Boller and Miscellaneous Urilacy Plant $10,000 Pounds per Hour 66 - - -
Steam . . R
Caouing Tower 39,000 Gallons per Mihuczé E - 1 -
Electrical pistrabuiion 30,0080 Eilovoclt-hmperes a - - -
Feaed and Product Storagm Tanks 2.1 Million Barrels 28 - - -
Int¢rcannecting and Tankfteld - Yo - 9.6 -
Fapeways Plus 8lending Tacilities )
Si1te Develeopment 133 acres 7 - - -
Rel:zef and Flare System - [ - - -
Buildings and Maintenante IZfuioment - 18 - - -
Waste DLsposal - 19 - =
Land Purchase and Iptrastructure Allowancs = L} = hd T
sumtotal 211 - 1.5 - 3
Egtimating Allowance - et
Working Capital
Feed Invercory Kalf Full 9
Produtt lnventory Half Full i1
Spare Catalyst and Parcs - 7
Accounts Receavable Minus Payable 30 Days 1
Eubrotal 11:]
(-2 Po allowance 15 ircluded 1n these estimites for (a, Coal Rescurce Costs, (b} Yiping or handling of

cgal, (o) convgrsion ef eoal ro ©i1l1 by the SRE-I? nroceas,

rebiner s, fe) reiined product distribution and transnortation from the refinery.

Ene Table 17 for 2stlmating basea.

1-15-90
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(d) STC-IT o1l transoorvation to the




TABLE 20

ESTIMATES OF INVESTMENTS ARD UTILITIES: CASE 3A
REFINING &RC-IT1 CIL BY HIGR SEVERITY
BYDROTREATING AND FLUID CATALYTIC CRACKING TO PRODUCT
50,000 BARRELS PER CALENDAR DAY OF MOTOR GASOLINE

. DOE CONTRACT EF=T6-C=01-2315

Onplot Facilities
RHigh Severity Wheole 0ll Hydrotreater

Fluid catalytic Cracker
Hydrogen Manufacturée
Chevran Rhenifermer
Light Ends Racovery

Chevron WWT Plant
Hydrogen Sulflide Recovery

Sulfur Production and
Tail Gas Tresating

Subtotal
Estimatihg Allowance

offplot ¥acilities

Boiler snd Migcellsnecus
Ltilicy Blant

cooling Tower
Electrical Distribution
Feed and Produrst Storage Tanks

Interconfectina and Tankfield
ripeways Plus Blendinn Facilities

Site Develooment

Relief and Flars Syatem

Buildings and Maintenance Equipment
wWaste Disposal

Land Purchase and
ipfrastructure Allowance

Subtotsl
Estamating Allowance

sorking Capital
Feetl Inventory
Product Inventory
Spars Catalyst and Pacte

Accounté Receivabie
Minus Payablsz

Subtotal

Cutalysts and

Tnitial Net Chemicals,
Investment, Catalyst., Power Millions of Laborc,
. Millions of [Miillioms of | Required., | Dollars per Shift
Sie Dollars Dollars Megawstis Yaar Popitinng
63,000 Bavrels Fer 155 12 6 ] v
Cparatina Day
25,000 Barrels Per g - 1 X {.5
Gperating Day
2 x 70 Millien of Standard 135 2 1 1 17
Cubic Peet per Operating Day
29,000 Barrels per a3 k] 0.5 - 1.5
Operating Day
6,000 Barrals per 11 - - - 1.8
Operating Day
500 CGallone per Kinute 12 - 6.5 - 1.0
2,750 Ppunds pey Hour 1 - - - 0.5
39 Tona par Qperating Day ] - = - A 2.0
155 21 9 . 7 12
45
790,000 Pounds par Hour 89 - 0.5 -
Steam
35,000 Galleons per Minute & - 1 -
A0, 600 Kilovolt-Amperas 9 - - -
t.6 Million Barrels [L] - - -
- [13 - Q.5 -
140 hcrad ] - - -
- 9 - - .
- 19 - - -
- 20 -
- . B ] . ‘
259 - H - []
£9
dalf Full £
Half Full “ !
- 13
30 Days -1
[ 1]

Note: Ho mllowance im included in these estimates

te} conversion of coal to 0il by the SRC-II process, ¢td) SRC-IT oil transporr:-ion to the relinery,
and ls) refined product distribution and transportation Lrom the

See Table 17 for estimaraing bases.

1-15-80
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refinery.

for (a) Coal Hemource Costs, (b} Mining or handling of coal,




TABLE 21

ESTIMATES OF INVESTMERTS AND UTILITIES:

CHASE 4A

REFINING OF SRC-II-CIL BY INTERMEDIATE EEVERITY
HYDROTREATING AND SINGLE-STAGE ISOCRACKING

TO PRODUCE 50,000 BARRELS PER CALENDAR DAY OF MOTOR GASOLINE

DOE _CONTRACT EF-76-C-01-2315

Catalysts ang

Note:

9-46

Initaal Het Chemicals
Investment, Catalyst, Power Millions of Labor,
Millionsg ef |Millions of | Regquired, Dollars per Shaft
Size Dollars pollars Megawatte Year Positions
onplot Facilities
Intermadiace Soverity Whole Oil | 60,000 Barrels per Operating 125 5 7.5 3 2.5
Hydrotreater Day
Bydrocracking 36,000 Barrels per Operating 50 4 1 1 1
Day
Hydrogen Manufacture 2 x Bi Millions of Standard 151 F 1 0.5 [
Cubic Feet per Operating Day
Waphtha Hydrotreater 18,000 Barrels per QOperating 23 - 1.5 - 1
Day
Refarmer 38,000 Barrels per Operating 39 9 1 - 1.5
Day
WWT Plant 500 Gallone per Mirits iz - 4.5 - 1
Hydrogen Sulfide Recovery 2,600 Pounds per Hour 4 - - - 0.%
Sulfur Production and 28 Tons per Qperating Dey .5 - - - 1
*ail Cas Treating -
Subtotal 412 21 l12.3 4.5 4.5
Estimaring hllowance LP)
Offplot Facilities ,
Boiler and Miscellaneous 540,000 Pounds par Hour &7 - - -
Ugilaivy Plant Steam
CoQling Tower 317,000 Gallens per Minute L - 1 -
Electrical Discribution 19,000 Kilovolc-pmperes 9 - - -
Feed and Profuct Storage Tanks 12.6 Million Barreis 45 - - -
Interconnecting and Tankfiald - 13 - 0.5 -
Pipeways, Blending Facilities
Si1te Development 140 Acres 7 - - -
Aelief and Flare System - g - - -
Bu:ldings and Maintenance - 18 - - -
Zguipment
Waste Disposal - 19 - - - i
Land Purchase and - 8 - . T - ‘
Inrfrastructure Allowance
Subcotal 232 - 1.5 - 9
Estimating Allowance 23
Warking Capital
feed Inventory Half Full 34
froduct Inventory Half Full 41
Spare Catalyat and Parts - 12
Accounts Receivable 30 Days 1
Minus Payable
Subtoral 8%
No allowance is included in these estimates for (a} coal resource costs, (b} mining or
handling of cwal, (o} canversion of coal to ©il by the SRC-11 process, (d) SRC-II oil
trangsportation to the refinery, or {e] refined product distribution 2nd transportation
from the refanery.
Seq Table 17 for estimating bases. <D Revised 8-28-80
E-28-80




HYDROTREATING 0 PRODUCE 50,000 BARRELS PER CALENDAR DAY OF

TABLE

ESTIMATES OF INVESTMENTS

Iz

AND UTILITIES:

CASE Sh

REFINIHG OF SRC-II OIL BY MODERATE SEVERITY

MOTOR GASOLINE FLUS NUMBER TWO HEATING CIL
DOE CONTRACT EF-76-C-~01-231%

Catalysts and
Initial Net Chemicals.
Investment, Catalyst, Power Millions of Labor,
Millions »f |Millians of | Required. | Dollars par Shift
Size Doliars Dollara  Megawattis Year Positions
Onplot Facilities
Moderate Ssverity Whole Oil Hydrotreater | 61,000 Barrela per Operating &l H L} 4 2.5
. Day
Jiydrogan Manufacture 34 Millions of Standard 31 3 0.5 0.5 3
Cubic Feet per Operating Day
Naphths Hydrotrearer 14,000 Barrels per Operating 15 - 0.5 - - 1
. Day
Reformer 14,000 Barrels per Opsrating 21 a Q.4 - 1.5
Day
WWT Plant $00 Gallons per Minute 12 - 0.5 - 1
Hydrogen Sulfide Recovery 2,600 Pounds per Hour 4 - - - 0.5
sulfur Producrion and 28 Tons per Operating Day [ - - - i -
Tail Gas Treoating -
Subtokal 230 & [ 4.5 10.5
Escimaring Allowance 23
offpiot Facilaties
Bealer and Miscellanecus Urility Plant 350,000 Pounds per Hour £l - - -
Steam
Cooling Tower 23,000 Gallons per Minute 4 - 0.5 -
Electrical Distriburion 20,000 Milovolt~Amperes 1 - - -
Faed and Product Beorage Tanks 1.8 Million Barzels 1 - - -
Interconnecting and Tankfield - 5 - 0.5 -
Pipeways Plus Blending Fasilicies
Site Davalopment 110 ARcres '3 - - -
RelieF and Flare System - 5 - - -
Buildings and Maintenance Egquipment - 17 - - -
waste Disposal - 1% - -
Land Purchase and - 7 hd = ol e
Infrastructure Allewance - .
Subtotal 173 - 1 - &
Eatimabing Allowance 37
Werking Capital
Feed Inventory Half Full 9
Product Inventory Hal? Full 34 '
Spare Catalyst and Parts - 5
Atcouhts Receivable Minus Payable 30 Days 2
Suhtotal €0
Hotes: HNo allowance i included in these sstimates Inr (a} coal reaource costs, {b) mining or handling of

cgal,

(¢) econversion of coal to ol by the SRC-11 process,

rafinery, or (el refined product distribution snd transportation from the refinery.

See Table 17 for estimating baser.

1-15=80
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TRELE 23

ESTIMATES OF INVESTHMENTS AWD UTILITIES: CASE 1C

REFINING OF SRC-I1 OIL BY HIGH SEVERITY
HYDROTREATING TO PRCDUCE 50,000 BARRELS PER
CALENDAF DAY OF MOTOR GASOLINE PLUS JET FUEL

onplot Facilities

kigh Severity Whole O1l Hydrotreater
Hyd-rogen Manufachure (Partzal Oxidation)
Reformer

WWT Flant
Bydrogen Sulfide Recovery

Sulfuer Production and
Tail Gas Treating

Selective Catalytic WOy Reduction

S5untotal
Farimacing Allowance

Cifflor Facilities

Sciler and Migcellaneous
Uralaiz, Planc

Caoling Tower
Electrical Distribution
Feei and Product Storage Tanks

lsnterconnectlng and TankZfield
Pipeways Pluc Elending Facllitles

Site Develoorment
Relisf and Flare System

Baildings apd Maintenance
Cour - ment

wagte Disposai

Land Purchass and
infrastructure Allowance

Subtotal
Eetimicing Allowance -

werxing Capital
Feed Inventory

Intermediate and Finished
Product Inventory

Spare Catalyst and Parts

Aouluanks Revervable
Minus Payacle

Suototal

Catalysts and

Inicial Net Chemicals,
IAavestment, Catalyst, Power Millions of Labor,
Millaons of | Millions of | Required, Dollars per Shaft
Bize bollacs Dollars Megawatts Year Positions
52,000 Barrels per 141 1o [ 5 2.5
Operating Day
? % 69 Million of Standazd 180 3 4 2 3
Cubic Feet per Operating Day
13,000 Barrels per Oparating 20 3 - - 1.5
Day
500 Gallons per Minute 12 - 1 - 1
2,300 Pounds per Hour L] - - - 0,5
25 Tons per Operating Day 1] - - - 1
- 5 R - - - -
158 18 il 7 11.%
kN
533,600 Poupnds per Hour - [<:] - - -
Stean
90,000 Gallons per Minute 12 - 2 -
30,000 Kilovolt-Amperes 3 - - -
1.9 Mpllion Barrels 30 - - -
- k%] - 9.3 -
110 Acres & - - -
- 7 - - -
- _ 17 - - -
- 18 - Q.5 -
- = —= —_ i N
207 - 3 - 5
21
Malf Full 1
Half Full 29
- 11
30 Days 1 N
(1]

Note: Mo allowance is included in these estimates of (a) coal resource costs, (b) mining or handling of

coal, {c) conversion of £oal to oil by the SRC-11 process,

refinery, or (e] refined product dastrjibut:on and rransportation from the refinery.

.t Tallc 17 for bases.

5-48
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TABLE 26

COMPARATIVE COST SUMMARY
REFINING OF SRC-II OIL

REFINERIES PARTIALLY INTEGRATED WITH SRC-II PROCESS
50,000 BARRELS PER CALENDAR DAY OF DESIRED PRODUCTS

DOE CONTRACT EF-76-C-01-2315

Refinery Fuel and Hydrogen Plant Feed Supplied by Gas from SRC-II Process
Partial Sharing of Offplot Facilities Assumed

Case

Desired Products

Major Processing

Investment Costs,
Millions of Dollars

Onpleot Investment
Offplot Investment
Estimating Allowance
Initial Catalyst
Working Capital

Total Investment Costs

Onerating Costs,
Millions of Dollars Per Year

Catalysts and Chemicals
Maintenance

Taxes and Insurance
Labor

Power

Boiler Plant Coal

Total Operating Costs
Total Processing Cost,
Dollars Per Barrel of
Desired Products*

Volume Ratio of Desired
Products to SRC-II Feed

1D 4D 5D
Motor Gasoline Motor Gasoline
Plus Kerosene Moteor Plus No. 2
Jet Fuel Rasoline 0il
Hydrotreating
Severe Plus Moderate
Hydrotreating | Hydrocracking | Hydrotreating
Notes
{See Table 17)
(LY, {2), (4} 300 360 210
(1},1{2), (3, (4} 140 150 110
{5} 50 50 30
10 20 10
{6),(7)., (B} 60 90 &0
560 670 420
- 6 5 4
(12) 11 12 8
(13) 11 13 8
(14) 3 © 9 3
(15) 2 3 2
(16) s 3 2
38 40 27
(9} 11.5 13 8.5
0.977 0.961 N.948

*Based on a Capital Charge at 15% Value of Money and Rounded to the Nearest Half Dollar

Per Barrel
$) Revised 8~28-80

8-28~-80
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Above Naphtha

Destination of Product Boiling

FIGURE 1

CHARACTERIZATION OF SEVERITIES -

INITIAL HYDROTREATING OF SRC-11 0OIL
'+ DOE CONTRACT EF-76-C-01-2315

60

Low Conversion FCC

Further Hydrotreating for 30
Kerosene Jet Fuel

Voiume Percent

Aromatics in Whole Liquid Product,

Hydrocracking
Feed

10
FCC Feed or Hydrogen Consumption,
Kerosene Jet Fuel -0  Standard Cubic Feet Per Barrel
lBIGD 20]00 ZSIGO 30?0
1nitial ,
Hydrotreating Moderate Intermediate High
~ Severity
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FIGURE 10
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