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PREFACE 

The U.S. Department of Energy is actively pursuing economic 
and market assessments of shale oil towards commercial development 
of oil shale technology to help reduce the import of foreign 
oil. This report answers some of the key questions which face 
commercialization as viewed by the Pace Consultants & Engineers 
and Booz-Allen and Hamilton. The report addresses following 
questions: 

1. What is the optimum mix of products that can be refined from 
shale oil based on economics, good refining practices, and 
logistics for the Northern Tier, Mid-Continent, Gulf Coast, 
Rocky Mountain, and West Coast regions? Determine the optimum 
slate of products using current market prices that can be 
refined from 100 percent shale oil by the typical refinery 
configuration of each region. 

2. What are the required economic parameters which would allow 
refiners to process shale oil? 

3. Where do the petroleum products testing facilities in the 
public and private sectors exist? Prepare a strategic plan 
for testing fuels and transportation products derived from 
shale oil relative to product specifications and performance. 

4. ~hi6h refineries are the most logical processors of shale 
oil in terms of geography and refinery configuration? Also, 
identify the market demand issues based on the best shale 
oil product mix. ,Determine an optimum refinery for a new 
refining configuration for proces.sing oil shale considering 
current prices. 

5. Which specific refineries in the Northern.Tier and Western 
Slope would likely desire to refine shale oil, and the 
capital costs these refineries would incur in modifying (if 
necessary) for the refining of shale oil? Identify refineries 
in each of the.market areas mentioned previously which are 
logical shale oil processors. 

6. If the shortage of domestic refining capacity is to be 
improved, what is industry's perspective towards processing 
shale oil and heavy oil along with domestic crude oil? 

This report obviously does not answer all questions concerning, 
but it does represent the perceptions of one segment of the 
industry. Its value should be judged accordingly. 

A .  P. Sikri 
Technical Project Officer 
Division of Fossil fi'uel Extraction 
Fvssil Eiiergy 



EXECUTIVE SUMMARY 

INTRODUCTION 

The Pace Company Consultants & Engineers, Inc., under 
contract with the Department o,f Energy and Booz, Allen & 
Hamilton, assessed the technical, economic, and geographic 
factors involved in the utilization of shale oil. 

The study projects an increase of shale oil production 
from 10,000 barrels per day in 1985 to,750,000 barrels per 
day in 2000. Shale oil's greatest market potential exists 
in the mid-continent and Rocky Mountain regions of the 
United States. Early emphasis will be in the mid-continent 
states that have the capability to receive and process a 
significant volume of raw market demand for distillate or 
residual fuels. The primary fuels expected to be produced 
from shale oil are diesel, distillate heating oils, kerosine- 
based (commercial) jet fuels, and residual fuels. 

The market demand and other key issues which will have 
a significant impact on'the volume and timing of shale oil 
introduced into the United States energy picture are out- 
lined in-this summary. A visual representation of this 
projected supply and demand framework is presented in 
Figure I. Figure I1 .depicts the geographical breakdown of 
the U.S. into the five Petroleum Administration for Defense 
Districts that were used in this study. 

FACTORS CONSTRAINING THE SUPPLY OF SHALE OIL 

Processing Restrictions 

- Eleven refineries in PADDs 2A and 2B have 
been identified as potential processors of 
shale oil. PADD 4 would require construction 
of major new refineries to allow processing 
of significant quantities of raw shale oil. * 

- 1n.many cases, refinery configurations will 
have to be modified and additional equipment 
acquired for processing shale oil. Specifically, 
hydrotreating capability required to produce 
transportation fuels exceeds the design limits 
of many existing refineries. 



FIGURE I 

SHALE OIL CONTRIBUTION TO PROJECTED DEMANDS FOR,DIESEL 
AND JET FUELS OR RESIDUAL FUELS IN PADDs 2A, .2B/4, 3 ,  AND 5*  

aPADD9 IMCLUDE THE NORTHERN TIER, MlD.CONTINENT. OULT COAST. 

YEARLY DEMAND FOR RESIDUAL FUELS ROCKY MTN. AND WEST COAST REGIONS. 
"ASSUMES EOUAL VOLUME DISPLACEMENT OF SHALE OIL FOR RESlD 

/ YEARLY DEMAND FOR JET AND DIESEL FUELS OR 75 PERCEFT CONVERSION OF SHALE OIL TO DIESELIJET FUEL 

YEARLY SUPPLY OF SHALE OIL A V A l l  ARI F TO 
MEET DEMAND F O R  ~ E S I D U A L  O R  JET AND DIESEL FUELS 



FIGURE I1 

PETROLEUM ADMINISTRATION for DEFENSE DISTRICTS -PAM) 



- Many existing refineries which'have the cap-' 
ability of processing raw shale'oil can only 
handle small volumes unless additional sources 
of hydrogen can be employed. As the percentage 
of high nitrogen crude fed to these refineries 
increases,:the quantity of surplus hydrogen 
will dwindle and so will the refineries' shale 
oil processing capability. 

Distribution Restrictions 

- Exeess capacity in major pipeline systems, 
the northern system (between PADD 4 and PADDs 
2A and 2B) and the southern system (between 
PADDs 3 and 5 ) ,  is projected to be about 
300,000 barrels per day. New pipelines will 
be needed for shale oil production in excess 
of this level. 

- Tie-ins with existing pipeline systems will 
require major expansions or additional feeder 
lines from the shale oil production site. 

- The existing crude oil pipeline system will 
encounter difficulties in handling raw shale 
oil's high viscosity, pour point,' and con- 
taminant levels. 

- Movement of many small volumes of shale oil 
to geographically dispersed locations will 
present logistical problems. 

Inv'estmen't and Operating Costs for New Equipment 

- Investment and operating costs for processinq 
raw shale oil could be minimized if there 
existed an availability of surplus hydrogen 
(about 2,000 std.cu. ft. per barrel of shale 
oil charged) and if the shale oil represents 
a small proportion 0.f the refinery's total 
throughput. 

- ~t current prices, a 10,000 barrel per stream 
day shale oil hydrotreating facility could be 
constructed for, agproximat.ely $40 million. 
Operating costs would vary from appro.ximately 
$6.40 to $9.40 per barrel, depending on the 
availability of surplus hydrogen. If additional 
hydrogen generating equipment were needed, the 
investment cost would be greater. If thc shale 



oil represents less than 2 percent of the re- 
finery throughput and if sufficient hydrogen was 
atailable, it may be possible to process shale 
oil with no incremental investment. 

- As the refiner attempts to process relatively 
larger percentages of shale oil, the required 
investment becomes larger. Approximately 
.$120 million is required to construct a 
facility necessary to process 50,000 barrels 
per stream day of shale oil. Operating costs 
per barrel, however, would be less as hydroL 
treating severity could be tailored to the 
requirements of individual side stream frac- 
tions. These costs range from approximately 
$4.40 to $6.30 per barrel, again depending upon 
the availability of hydrogen. 

- The upgrading of shale oil onsite or in a 
regional facility would allow the integration 
of syncrude into more existing refining and 
pipeline systems at a lesser cost and with 
minimum time delays. This is an option open 
to shale oil producers who may encounter down- 
stream resistance in marketing raw shale oil, 
however, water availability and usage issues 
must be addressed. 

DEMAND FOR SHALE OIL 

Short Term 

- Until shale oil becomes established as a stable 
and consistent source.of supply to refiners, 
the initial demand will be as boiler fuels. 
This initial consumption of shale oil in 
boilers could be reduced by the establishment 
of a Federal shale oil storage program which 
would ensure a supply that is dependable' 
enough 'to allow conti'nuous procegsing into' 
trans,portation fuels. A stable supply is not' 
likely to be encountered until after 1985 with 
no significant impact until 1990. 

- Preliminary demand for shale oil as a refinery 
feedstock will come mainly from those refiners 
who are shale oil project sponsors wishing to 
refine shale oil in their own refineries, and 
secondly from refiners who are without assured 
crude oil supplies. 



Long Term 

- The greatest incremental demand for refined 
products between 1985 and 2000 will be in the 
form of diesel fuel and jet fuel, with the 
ability of shale oil to meet a significant 
portion ofthis demand by 1990. All of the 
PADDs examined exhibit this projected in- 
crease in commercial jet and diesel fuel 
demand. 

- A strong incremental demand for utility and 
industrial boiler fuel (resid) will also be 
experienced, particularly in PADD 2 B / d .  

The DeparLn1eii.t u.f Defense represents a sig- 
nificant potential demand (600 MBPD) for shale 
oil products. However, about 50 percent 
of this demand is accounted for by naphtha, 
a minimal product yield from shale oil. 

- Additional large-scale tests of raw shale oil 
in industrial or utility boilers are needed 
to develop techniques of nitrogen oxide 
emissions control. 





INTRODUCTION 

Booz Allen and Hamilton, Inc., and The Pace Company Consultants & Engineers, 
Inc., assessed the technical, economic, and geographic factors involved in the 
utilization of shale oilfor the United States Department of Energy. Six tasks 
were defined covering various aspects of this subject. The first portion of this . 

report gives brief answers to questions posed in these six tasks, along with 
references to  detailed supporting material contained in the second portion of 
the report. 

The issues analyzed in detail include: 

Shale oil characteristics of importance from a refining stand- 
point 

Current shale oil refining technology, including process descrip- 
tions and operating conditions 

Investment and operating costs for shale oil refining 

Potential products which can be produced from shale oil and a 
projection of the demand for these products 

Identification of refineries having the potential to process shale 
oil 

Limitations of the existing pipeline systems which could trans- 
port shale oil, as  well a s  an evaluation of new pipeline require- 
ments 
Refining industry outlook on processing shale oil 

Shale oil product testing requirements. 

Included in an appendix are several abstracts of recent studies dealing with 
shale oil processing. 





CONCLUSIONS 

This study identified several key issues which will have a significant effect on 
the cost, timeliness, and ease with which shale oil can be introduced into the 
United States1 refining system. 

0 The capacity of the existing refining industry to process raw 
shale oil is limited by the availability of surplus hydrogen for 
severe hydrotreating. Hydrotreating severity required to pro- 
duce transportation fuels will exceed the design limits of exis- 
ting units in many refineries. Those refineries which appear 
capable of processing raw shale oil can only handle small 
volumes a t  any one location and are geographically dispersed. 

The existing crude oil pipeline system will encollnter difficulties 
in handling raw shale oil's high viscosity, pour point, and contam- 
inant levels. In addition, major expansion of feeder lines will be 
required to allow movement of shale oil out of the oil shale 
region to tie-ins with existing major pipeline systen~s. Excess 
capacity in these major pipeline systems is projected to be about 
300 thousand barrels per day. Shale oil production in excess of 
this level will require major new pipeline construction. 

The cost, of processing raw shale oil as an alternate to petroleum 
crude oil is extreme1.y variable and primarily dependent upon the 
percentage of shale oil run in the refinery, as well as the 
availability of excess hydrogen. If the shale oil represents 
relatively small proportions of the total throughput, many exis- 
ting refiners could run it with the addition of only a whole shale 
oil hydrotreating urtit. At Ciirrent prices,.a 10 thouswd barrels 
per stream day shale oil hydrotreating facility could be con- 
structed for $ 40 million. Operating costs would vary from 
$6.40 to $9.40 per barrel. The cost range is a function of 
hydrogen availability. If excess hydrogen is present in the 
refinery, its value is as file1 gas; however, if hydrogen must be 

, manufactured, its cost is significantly higher. In the event that 
an existing refiner processed rel,ati,vely large percentages of 
shale oil, substantially more equipment would have to be added. 
The most likely scheme would be to distill the  shale oil and 
hydrotreat the individu.al fractions. Operating costs for such an 
crpr.ration would bc $4.40 to $6.30 per barrel. Again, the range is 
a matter of hydrogen availability. The investment requirement 
Ro process 50 thousand barrels per stream day of shale oil in this 
manner is estimated at $ 1 2  0 million. 



@ A large fraction of any shale oil which is produced will be 
refined by the major oil companies who participate in the shale 
oil projects. These companies do not anticipate problems in 
processing the shale oil in their refineries. 

9 Shale oil produced for sale to  independent refiners will initially 
be sold a s  boiler fuel because these refiners will require evidence 
of a stable and consistent source of supply before they will 
invest the capital to  refine shale oil in their facilities. A federal 
shale oil storage program might be feasible to supplement the 
Strategic Petroleum Reserve. This would allow later processing 
to  transportation fuels and eliminate the need to burn shale oil in 
boilers a s  an initial outlet for shale oil production. 

9 Shale oil upgrading onsite or in a regional facility would allow 
the integration of syncrude into the existing refining and pipeline 
systems a t  minimum cost and with minimal time delays. 

e Based on refinery configurations, hydrogen supply, ,transportation 
systems, and crude availability, eleven refineries in 'petroleum 
Administration for ,Defense ' Districts (PADDs) 2A. and 2B have 
been identified a s  potential processors of shale oil; PADD 4 
would require construction of major new refineries to allow 
processing of significant quantities of raw shale oil. 

Based on refining technology and projected product demands to  
the year 2000, shale oil will be best suited to  the production of 
diesel fuel and jet Fuel. 

Additional large-scale tests of raw shale oil in industrial or 
utility boilers are needed to  demonstrate techniques of nitrogen 
oxide emissions control. 



SUMMARY OF THE TASKS 

TASK 1 

Determine the optimum slate of products that can be refined from shale oil 
based on economics, good refining practices, and logistics for the Northern 
Tier., Mid-Continent, Gulf Coast, 'Rocky Mountain, and West Coast regions. 
Determine the optimum slate of  products using current market prices that can 
be refined from 100 percent shale oil by the typical refinery configuration of 
each region. 

Based on Pace's "Energy and Petrochemical Outlook to  2000," we have 
projected the  demand for products which can be produced. from shale oil 
between 1985 and 2000. This evaluation was conducted using a more conven- 
tional Petroleum Administration for Defense District (PADD) division in order 
to  meet time constraints. An analysis was also made of shale oil refining 
technology (Section C), economics of refining (Section D), and refinery cliiiract- 
eristics by PADD and transportation limitations (Section E). Based on these 
inputs, i t  was determined that  in the short term, when the shale oil industry is 
operating with fluctuating 'shale oil production levels and qualities, the use of 
shale oil as a tioiler fuel represents the  most probable outlet for production. 
Once a longer-term, stable level of operation has been reached, shale oil will 
primarily be refined t o  meet substantial increases in demand for diesel and jet 
fuels. 

A determination of "optimum" product slates given current product prices was 
not made because this would require the use of a refinery simulation model 
which can evaluate all of the processing trade-offs occurring: in a typical 
refinery. . While this- can be done in the future, i t  .would require 'substantially 
more time and manpower than was available for this study. It should be noted 
that  a t  this t i m e  there is considerable doubt rclg~rding t h e  phyoical and 
cher~~iutl l  prs'perties of shale oil which wil l  be available for refining. These 
quality differences will have a strong effect  on the optimum product s h t e  
produced by a given 'industry. Also, in our evaluation of the refining industry 
outlook for processin2 shale oil, we have assumed that  refiners are planning t o  
process shale oil along with conventional crude oils rather  than utilize a 
100 percent shale oil-dedicated facility. 

TASK 2 

What are the required economic parameters which would allow refiners to 
process shale oil? @ 

i- 



In order for a refiner to process shale oil, it must be competitive with the 
qlternate processing of petroleum crudes. The attractiveness of shale oil as a 
feed to a given refiner is heavily dependent on the configuration and current 
raw material and product slate of that refinery. A large refinery processing 
high sulfur crude oils would have in-place hydrotreating equipment which would 
allow running incremental barrels of shale oil with minimum expense. If the 
shale oil represented a very low percentage of total feed, it could probably be 
handled with the addition of only a whole shale oil hydrotreating unit and the 
necessary offsite facilities, such as tankage. Pace estimates the investment 
requirement (in 1979 dollars) to process 10  thousand barrels per day of raw 
shale oil at approximately $ 4 0  million. 

When the shale oil proportion of total charge is large enough, hydrotreaters for 
the individual shale oil fractions will be required in order to protect catalyst in 
downstream existing units, such as catalytic reformers and fluid catalytic 
crackers. A likely configuration would be a shale oil distillation unit similar to 
a crude oil distillation unit and sidestream hydrotreaters for the naphtha, 
middle distillate, and gas oil fractions. Pace has estimated the investment 
requirement for a 50 thousand barrels per day shale oil distillation facility with 
sidestream hydrotreaters a t  $ 1 2 0  million. 

What are the major impacts of processing increasing blends of shale oil on 
existing refining operations? Outline the specific economic and physical 
limitations of refining shale oil. 

The properties of shale oil whi'ch lead to refining difficulties and the conditions 
required to refine shale oil in various processing units are discussed in detail in 
Section C. A summary of the major problems in refining shale oil is as follows: 

@ Trace metals (primarily arsenic) poison hydrotreating catalysts 
and must be removed from shale oil. 

High nitrogen' content must be reduced to prevent poisoning of 
hydrocracking, catalytic reforming, and fluid catalytic cracking 
catalysts, and to meet product stability specifications. Denitri- 
fication requires severe hydroprocessing with resulting hydrogen-, 
consumption as high as two thousand standard cubic feet per 
barrel. Equipment limitations will prevent many refiners from 
being able to attain the required hydroprocessing severity with 
existing equipment. 

Olefins and diolefins in shale oil cause gum formation when 
exposed to air. The gums tend to deposit on heat exchange 
equipment in various processing units. 



Unless conversion processes such as  hydrocracking and fluid 
catalytic cracking are used, the yield of gasoline from shale oil 
will be minimal. 

The benefits resulting from shale oil refining are: 

Shale oil can be processed to produce high yields of diesel and jet 
fuel which will be in increasing demand between 1985 and 2000. 

Shale oil contains only a minimal bottoms fraction. Refiners 
whose capacity is limited by market limitation on bottoms 
product could achieve higher throughputs if they were otherwise 
able to process shale oil. 

The economic implications of refining shale oil are: 

As the percentage of shale oil run in the refinery increases, 
investment requirements will also increase. With shale oil 
volumes representing very low percentagcs of the total through- 
put ,  the incremental operating cost for shale oil over crude 
would be $6.40 t o  $9.40. The cost of running high percentages of 
shale oil in a refinery will be $4.40 t o  $6.30. 

What is the oil industry's perspective regarding utilization of 50 t o  100 thousand 
barrels per day of  shale oil by 1985 or sooner? 

Refiners' perspectives towards shale oil refining are .discussed in detail in 
Section H. 

The following points need t o  be stressed in this regard: 

Barring a crash program by the federal government to  develop 
shale oil, including suspension.of many environmental siting, and 
permitting requirements, the chances that shale oil production 
will reach a level of 50 t o  100 thousand barrels per day by 1985 
or sooner are minimal. 

The refiners who will process the major. portion of shale, oil 
produced from currently envisioned projects .will be the  same 
companies who are developing oil shale. For these companies, 
the production of oil shale and the subsequent refining steps a re  
integral operations. Our contacts with thes companies indicate 
that they are not anticipating unsolvenble refining problems 
from shale oil. In some cases this results from onsite upgrading 
to produce a syncrude which can be handled by any refinery. 



@ Those oil shale projects faced with selling shale oil to outside 
refiners see a ready market to refiners without assured crude oil 
supplies. Once a continuous operating record is established for 
the oil shale 'projects, these refiners will invest the capital 
required to process shale oil because it represents a long-term, 
consistent source of supply. 

@ Small, independent refiners are likely to underestimate the 
processing requirements which shale oil will impose on their 
operations. Shale oil must be made available to these refiners 
on a small volume basis to allow them to assess its operational 
impacts on a laboratory, pilot plant, or small production run 
scale. These same refiners are likely to face capital limitations 
which will restrict their ability to modify their facilities to 
handle shale oil. 

What market is best for shale oil utilization? 

This issue is discussed in Section E. In summary, from both a market demand 
standpoint and a processing standpoint, shale oil will be of greatest value for 
the production of diesel and jet fuels in existing refineries. In the short term, 
shale oil can be used to replace conventional boiler fuels in utilities and 
industry, and liquid fuels in refineries. 

Evaluate the reasonable options for utilizing small amounts o f  shale oil (less 
than 50 thousand barrels per day) which would likely be produced in the early 
stages of  commercialization. 

This primarily equates to a reliability of supply problem. Even at production 
volumes below 50 thousand barrels per day, shale oil would be in demand by 
refiners seeking an assured, long-term source of refinery feedstock. Large 
swings in production levels, including stoplstart production, are likely during 
the initial stages of development of the oil shale industry. Under these 
conditions, the use of shale oil as boiler fuel represents the best outlet for 
initial production. Major uses of boiler fuel, such as utilities with oil-fired 
plants, can aeuommodate shclle oil as a substitute fuel with minimal modifica- 
tions. This approach is discussed in Section E. 

An .alternative approach to dealing with erratic shale oil production levels is the 
establishment of a stockpiling/storage program by the federal government as an 
addition or alternative to the Strategic Petroleum Reserve. This approach 
would have the advantage of reserving the initial shale oil production for higher 
priority end users such as transportation fuels rather than for boiler fuels. This 
program could continue even af te r .  the shale oil industry has established 
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continuous and sustained production levels. Both storage in suitable geological 
formations and abandoned mines could be considered. subsequent recovery of 
shale oil from the storage location would be problematical unless the raw shale 
oil had been processed to remove heavy ends and lower the pour point to 
substantially below storage temperature. 

~ e t e r m i n e  the capital investments a refinery would face in order to process 
shale oil and associated costs of those investments as well as evaluating the 
incremental operating costs which such a refinery would incur as a result of 
refining shale oil. 

We have estimated the investment for processing 10 thousand barrels per day of 
shale oil in an existing refinery where that volume represents a small portion of 
total crude charged. The onsite investment for the wholc shale oil hydrulreater 
is estimated at  $30 million, while offsite investments should total $10.0 mil- 
lion. The offsites investment includes tankage facilities for storage of raw 
shale oil. The cost to operate this facility would vary between $6.40 per barrel 
if adequate excess hydrogen were available in the plant to $9.40 per barrel 
charged if the hydrogen had to be manufactured. 

Also studied was a facility to process 50 thousand barrels per day of shale oil 
where that volume wollld represent a significant portion of the refinery charge. 
Total onsite investment of $85 million includes the shale oil distillation 
facility and sidestream hydrotreaters for naphtha, distillate, and gas oil frac- 
tions. The offsites investment requirement would be $35 ' million, making the 
total investment $ 1 2 0  million. Total operating costs for the distillation and 
hydrotreating units would be $4.40 per barrel if the refinery could provide 
adequate hydrogen, or $6.30 per barrel if hydrogen generation facilities were 
required. 

TASK 3 

Identify petroleum products testing facilities in the public and private sectors 
and prepare a strategic plan for testing fuels and transportation products 
derived from shale oil relative to product specifications and performance. 

This task is addressed in Section II of this report. 

Is a product testing program or engine testing program required? 

Without quest ion t11c Department oZ Defense would require extensive testing of 
fuels to be used in military hardware. Of particular concern would be the 
performance of shale-derived fuels in military aircraft. Those areas of critical 
importance in jet fuels are summarized in Section C (Distillate Hydrotreating). 



An integrated testing program would require not only full-scale combustor tests 
and ground tests of engines, but also flight-testing in aircraft to determine 
longer-term maintenance problems which might result from the use of shale oil. 

The testing of shale oil-derived products in civilian applications would also be 
required, and would most likely be conducted by refiners in conjunction with the 
Coordinating Research Council. 

Timing would be a major problem in any shale oil testing program. To conduct 
exhaustive tests on shale oil which is not typical of that which will be produced 
during commercial production will be of limited value. The same consideration 
applies to the methods of refining--unless the fuels to be tested are representa- 
tive of those to be produced by commercial refining operations, the results will 
be of limited value. At the present time it is not possible to predict when shale 
oil production and processing will be well enough defined to start commercial 
scale end use testing programs. 

Would the Department o f  Defense be able to  perform the necessary test  
programs? 

The Department of Defense has already conducted considerable research into 
the production, refining, and use of shale oil for military applications. This 
work has primarily been accomplished at the Air Force Aero Propulsion 
Laboratory at Wright-Patterson Air Force Base in Ohio, and at  the Naval Air 
Propulsion Test Center in Trenton, New Jersey. 

The Department of Defense will face problems in conducting engine tests in the 
near term because of the lack of shale oil which will be representative of long- 
term production. Although the Department of Defense can probably conduct 
the engine tests in-house, shale oil production and refining will have to be done 
on a contract basis. 

TASK 4 

Identify those refineries which are the most logical processors of  shale oil in 
terms of  geogrlcrphy and refinery configuration. Also, identify the market 
demand issues based on the best shale oil product mix. Determine an oglirr~urn 
refining configuration for a new refinery for processing shale oil considering 
current prices. 

Determination of .an optimum. refining configuration for processing shale oil 
considering current product prices implies a knowledge of. the current cost of 
shale oil to the refiner. This information is simply not available. Estimated 
costs of shale oil range between about $14 and $24 per barrel. This uncertainty 
reduces the value of a determination of an optimum processing configuration. 



It is possible--given very tight constraints--to determine an optimum proces- 
sing configuration. . However, this requires specification of the following items 
at  a minimum: 

e Product slate require ments (volume and quality) 
@ Processing unit availability 

, @ Raw material costs and qualities 

In order to determine an optimum configuration from both an economic and 
processing standpoint, it would be necessary to utilize Pace's RefineryIPetro- 
che mica1 Linear Programming (LP) Model to simulate refinery operations with 
shale oil. This can be done in the future, but neither the time nor manpower . 
was available for this level of effort in this study. 

Determine the capital investment requirements of  modification to handle shale 
oil feedstock blends o f  5 percent, 10 percent, 35 percent, 50  percent, and pure 
shale oil feed.  Also determine operating cost increases resulting from shale oil 
processing. 

The econo~nics of shale oil processing are presented in Section D of this report. 
These questions are also addressed in the first, second, and last questions of 
Task 2. 

Precise investment requirements at various levels of shale oil substitution for 
crude oil cannot be de'termined ori a generalized basis. Each refinery in 
question would need to be analyzed for its current hydrotreating capabilities 
and feedstock qualities. We can, however, distinguish between' an operation 
where the shale oil represented a small' percentage of total feed and an 
operation in which the shale oil provided a significant portion of total refinery 
charge. The investment require ments for processing 10 thousand barrels per 
day of shale oil in low percentages are roughly $40 million. ~acili t ies to 
process 50 thousand barrels per day. where thn.4 number reprcscnts a large 
purlion of total feed, would require an investment of $$DO million. When the 
shale oil is run in low percentages, the incremental operating cost over crude is 
simply the cost of running the shale oil hydrotreater, which would range from 
$6.40 to $9.40 per barrel. The alternate operation on large volumes of shale oil 
involves distillation and hydrotreating facilities. The distillation of shale oil 
would cost the same as distillation of crude; roughly $0.80 per barrel. The 
hydrotreating steps for the naphtha, distillate, and gas oil fractions total $3.60 
to $5.50 per barrel of shale oil charged. 

Determine the relative value of raw shale oil and upgraded shale oil in the five 
rr~urlcct areas m sntioned in Task 1 .  

This question essentially asks for the incremental cost of shale oil hydrotreating 
to produce a syncrude suitable'ror use as a refinery feedstock. If a syncrude 



nitrogen content of 500 ppm is assumed (equating to 97.5 percent nitrogen 
removal from shale oil containing 2.0 weight percent nitrogen), no catalyst 
'poisoning in a refiner's fluid catalytic cracking units would be anticipated. The 
cost of upgrading to  this level is estimated to  be $6.40 t o  $9.48 per barrel a s  
discussed in Section D for whole shale oil hydrotreating. 

The incremental cost to  produce .an upgraded shale oil or syncrude is of 
considerable importance. As discussed in Sections F and H of this report, many 
refiners lacking an assured crude supply would consider processing shale oil in 
their plants. However, many of these refiners operate small, widely dispersed 
plants lacking sufficient hydrogen supply, refining capacity, or ability t o  meet 
processing severity requirements. In addition, these plants might not be able to 
obtain raw shale oil because pipelines supplying the plants could not accom- 
modate this material. 

If the raw shale oil were upgraded on site or in a regional 'upgrading facility 
which might process shale oil from several projects, the syncrude could be 
processed by any refiner with essentially no modification of plant facilities. 
Thus, the cost of upgrading on site or in a regional facility would establish an 
upper limit on the incremental cost a large number of refiners would have t o  
bear to refine shale oil. 

The concept of a regional upgrading facility operating on a co-op or inter- 
mediate processor basis appears to have merit and should be further evaluated. 
The economics of scale of a centralized facility, along with the elimination of 
the stringent refining and transportation requirements of raw shale oi1,'would 
be major advantages. 

What geographic market is best suited to process shale oil? 

The availability of crude supplies, transportation facilities, refining capacity, 
and surplus hydrogen have all been analyzed in Section F t o  determine 'the 
answer to this question. Based on analysis of all factors, PADDs 2A and 2B 
appear to  be the best suited for processing shale oil. 

TASK 5 

Identify specific refineries in the Northern Tier and Western Slope which would . 
likely,desire to refine shale oil, and the capital costs these refineries would 
incur in modifying ( i f  necessary) for the refining of shale oil. Identify refineries 
in each of the market areas mentioned previously which are logical shale oil 
processors. 

We have identified those refineries in PADDs 2A, 2B, 3, 4, and 5 which are 
logical processors of shale oil. This information is contained in Section F. 



Several points should be emphasized. A multitude of refineries have the 
potential t o  process shale oil. For example: we evaluated 17 refineries in 
PADD 4 which had hydroprocessing facilities and a source of hydrogen. These 
refineribs ranged in size from 5,300 barrels per day capacity t o  52 thousand 
barrels per day. Because of the small size, each of these refineries would have 
very limited flexibility t o  accommodate raw shale oil. In addition, many of 
these independent refineries would not be in a position to  make substantial 
capital investments to  upgrade their facilities. 

When these same refineries were analyzed to determine their potential hydro- 
gen surplus, only one plant--Exxonls Billings, Montana refinery--was judged t o  
have the potential to  handle even a minimal amount of shale oil (9,500 barrels 
per day): The total  potential for the PADD was 36,500 barrels per day 
apportioned among 16  plants. This clearly represents a tremendous distribution 
problem if shale oil production is commercialized a t  several h~indred thousand 
barrels per dtiy, and if a significant volume of shale oil is to be refined in 
PADD 4. 

An upgraded shale oil could be processed in much larger volumes in PADD 4 as  
soon as it became available. The alternative will be for small refiners to  wait 
until an assured long-term supply is available before making the investments 
required to process shale oil. 

Given the present configuration of these refineries, determine the capital costs 
of modification and the costs of processing shale oil in the blends described 
above. 

Because of time and manpower constraints we have not attempted to determine 
the modification and processing costs of the refineries identified above. This 
wt-tlld require an in-depth analysis of current refinery crude slate and proces- 
sing configurations, and could be done in the future if desired. 

TASK 6 \ 

If  the shortage of  domestic refining capacity is to be improved, what is 
industry's perspective towards processing shale oil and heavy oil ulong with 
domestic crude oil? 

Industry's outlook on processing shale oil is discussed in Section E as  well a s  in 
Task 2 ,  Item 3. 



TECHNICAL ASPECTS OF REFINING 



TECHNICAL ASPECTS OF REPINING 

SHALE OIL CHARACTERISTICS 

Comparison of Shale Oil 
And Conventional Crude Petroleum 

Raw shale oil is a valuable source,of hydrocarbons which can be used to supply 
any end use normally associated with conventional petroleum products. As with 
conventional crude' oils, shale oil must be refined to remove undesirable 
contaminants and to meet product specifications. Conventional petroleum 
refining processes can in principle be used to upgrade shale oil; however, 
processing equipment, operating conditions, and catalysts may require modifi- 
cation to handle shale oil's peculiar raw material characteristics. : 

The properties of raw shale oil differ depending upon the type of retorting 
process used. The most significant differences are apparent between shale oils 
produced by surface retorting, and shale oils produced by in situ retorting. 

Table C1l lists the significant bulk proberties of six raw shale oils produced by 
different retorting processes. The Tosco, Union, and Paraho processes employ 
surface retorting, and the GarretIOXY processes utilize in situ retorting. For 
comparison, the properties of four conventional petroleum crudes which will 
compete with shale oil for refining capacity are also shown. It can be seen 
from Table C-1 that shale oil generally has a low API gravity, a moderate 
sulfur content, and very high nitrogen and pour points compared with conven- 
tional crude oils. 

Refining Characteristics 

Each of these bulk parameters is of importance to a refiner. The API gravity 
' gives a rough indication of whether the shale oil or crude oil contains large 
amounts of low boiling "light" components or high boiling "heavy" components. 
Shale oil's low API gravity indicates, that the raw material is lacking in low 
boiling components which are typical of gasoline fractions. This is better 
illustrated in Figure C-1 which compares the volumes of naphtha, distillate, gas 
oil, and residuum recoverable from three shale oils and two petroleum crudes. 
This figure shows that raw shale oil contains small volumes of the gasoline, 
diesel, kerosine, and jet fuel fractions (naphtha and distillate) and large 
volumes of the fuel oil fraction (gas oil). This clearly illustrates the need for 
conversion processes such as coking, hydrocracking, and fluid catalytic cracking 
if a significant portion of the shale oil is to be used for transportation fuels. 



As shown in Table C-2, shale oil .from surface retorts will be lower in sulfur 
content than domestic production or imports through 1990. The sulfur content 
of shale oil has a direct influence on, hydrogen consumption in a refinery, but 
from a processing standpoint it is of secondary importance. This occurs 
because shale oil is significantly easier to desulfurize than it is to denitro- 
genate. Therefore, denitrogenation controls refining severity and adequate 
desulfurization is readily accomplished during denitrogenation. 

The nitrogen contents of raw shale oils are extremely high in comparison with 
petroleum crudes. The average nitrogen content of domestic crude oils is about 
0.15 weight percent, which is an order of magnitude less than for shale oil. The 
nitrogen content of shale oil is of primary concern because many nitrogen 
compounds act as a catalyst poison in refinery processes which are used to 
upgrade shale oil. Secondarily, nitrogen compounds adversely. affect the 
thermal stability of transportation fuels with resultant gum formation, and they 

' 

also contribute to emissions of nitrogen oxide when the fuels are burned. 

The high pour points which are characteristic of most raw shale oils present 
problems in transporting the shale oil to remote upgrading facilities. Special 
handling procedures such as the use of heated pipelines, pour point depress~nts, 
a ~ i d  onsite upgrading have all been suggested as means of alleviating this 
handling problem. 

In addition to the bulk shale oil characteristics discussed above which are of 
major concern to the refiner, shale oil also contains appreciable concentrations 
of oxygen, arsenic, iron, and in some cases finely dispersed particulate matter. 
Typical concentrations of these materials in shale oil are as follows: 

Oxygen (Weight Percent) 0.8-1.4 
Arsenic (ppm) 18-33 
Iron (ppm) 33-108 
Bottom Sediment and Water 

(Volume Percent) 0,2-0.7 

The oxygen compounds are removed during hydroprocessing and add to the 
hydrogen consumption during refining. Arsenic compounds accumulate on 
hydroprocessing catalysts and reduce their activity. It has also been shown that 
the arsenic, in the presence of the relatively high concentrations of iron in the 
shale oil, contributes to the formation of solid deposits in the hydroprocessing 
reactor. Equipment plugging due to such deposit formation has occurred in 
many of the laboratory-scale shale oil refining programs, as well as the 
88 thousand barrel run recently completed by Sohio. 

Depending upon the retorting method used, raw shale oil may contain signifi- 
cant amounts of mineral material as carry-over from the retorting proc'ess. 
These finely divided solids, along with entrained or emulsified water, show up in 
analyses for bottom sediment and water (BS&W). A solids removal step will be 



required prior to processing to prevent plugging of downstream refining 
processes. 

SHALE OIL PROCESSING 

Pretreatment 

In order to process shale oil in aconventional refinery, provisions must be made 
to handle those requirements which are not typically dealt with in petroleum' 
processing. We have termed these requirements as "pretreatment" when some 
type of processing is required to convert the shale oil into a suitable refinery 
feedstock. In some instances, pretreatment may include what the oil shale 
industry commonly refers to as upgrading. In the industry context, upgrading 
generally refers to onsite processing to produce a,syncrude for pipelining to a 
remote refinery. Thus, upgrading represents extensive pretreatment which in 
actuality is the first stage of a two-stage refining scheme. 

The question of whether to provide pretreatment/upgrading on site or at  a 
. remote location must be considered on a case-by-case basis. This is due not 

only to differences in raw shale oil properties, depending on the retorting 
process, but it is also dependent upon how and where the shale oil will be 
refined and/or used. For example: the initial module of Union Oil's Long Ridge 
Project represents raw shale oil handling at  its simplest. The first module will 
produce about 9 thousand barrels per day of raw shale oil. Union plans to sell 
the shale oil' from this first module for direct use as a boiler fuel in electric 
generating plants. The product will be shipped from the plant by rail. This end 
use and method of transportation require essentially no pretreatment (with the 
possible exception of solids removal). 

The next stage of complexity in shale oil pretreatment is encountered when raw 
shale oil is to be transported by pipeline to a remote refinery for processing. 
The use of pipelines for transportation imposes two requirements: 

Q The facility must be designed to handle the high pour points of 
crude shale oil or the pour point must be reduced. 

The shale oil should be relatively free of solids. 

It is readily apparent that raw-shale oils having a pour point of 60°F to 8 5 O ~  
cannot be transported through pipelines where the average ground temperature 
may be 40°F to 50°F without special facilities .or pour point modification. 
Several options exist to overcome the pour point problem. These include: 

Construc tion of shale oil-dedicated, high-volume heated pipe- 
lines 

@ Use of proprietary pour point depressants to lower the pour point 
of the raw shale oil 



Use of proprietary shale oil preparation techniques which essen- 
tially slurry wax crystals of high pour point shale oil fractions in 
a low pour point shale oil fraction 

Chemical conversion of the raw shale oil by processes such as 
coking to remove high pour point materials. 

Solids removal can be accomplished by several techniques. Gravity settling a t  
elevated temperatures will remove substantial amounts of both water and oil 
shale fines. The particulate matter in whole shale oil could also be removed 
with small-pore filters which are currently in use to remove particulates from 
crude oil residuum prior to hydrodesulfurization. This can also be accomplished 
by continuous centrifuges or electrostatic heater treaters. Most refineries are 
equipped to remove any additional fines which might remain entrained in the 
shale oil. This is normally accomplished in an electrostatic desalter which 
re moves both particulate matter and water. 

Refining 

'l'he technology of conventional petroleum refining has advanced. to the point 
where the substitution of an alternate feedstock such as shale oil does -not 
require state-of-the-art advances in technology. 

Many options are possible for processing shale oil in a refinery. Very large 
refineries, which are typical of the Gulf Coast or Upper Mid-Continent 
(150 thousand barrels per day or greater capacity), have a wide variety of 
processing units and the resulting flexibility to process shale oil by several unit 
configurations. Unfortunately, most of the refineries which are typical of the 
Rocky Mountain States are relatively simple and will a t  best have one way in 
which to process shale oil. In the following discussion, descriptions of the major 
refining processes which can be used in shale oil refining are presented along 
with representative operating conditions when processing shale oil.. Any given 
refinery will have several--if not all--of the processing units. This discussion 
will provide a basis to estimate the ability of a refinery to process shale oil. 

Hydro trea ters 

Hydrotreaters will play a major role in shale oil refining because they provide 
the means to remove the heteroatoms (sulfur, nitrogen, and oxygen) as well as 
arsenic. This is done in a hydrotreating unit such as that shown in the general 
schematic diagram of Figure C-2. The general flow schemes of hydrotreaters 
to treat naphtha, kerosene, or gas oils are similar. The feedstock- is mixed with 
hydrogen, either before or after preheating, and passed through a gll~rd r e a c t ~ r  
(not showri) which lie kiloves arsenic a i d  'iron, and prevents poisoning of the 
downstream hydrotreating catalyst. Most hydrotreating reactions are carried 
out below 800°F to minimize cracking, and the feed is usually heated to 
between 500°F and 800°F. 



The reactor  normally contains a fixed bed of ca ta lys t  pellets  impregnated with 
nickel, carbon monoxide, molybdenum, or  tungsten or  combinations of these  
elements.  Units which process heavy oil or  resid of ten ,u t i l ize  an ebullated 
ra ther  than a fixed bed of catalyst .  In t h e  presence of t h e  hydrogen and 
cata lys t ,  nitrogen, sulfur, and oxygen a r e  converted to  a m  monia, hydrogen 
sulfide, and. water ,  respectively. In addition, aromat ics  and olefins a r e  
saturated.  Some conversion of heavy mater ia ls  t o  lighter components also 
occurs. The degree t o  which these  reactions proceed depends upon t h e  
conditions employed. The hydrotreater also provides facil i t ies for  recycling 
unused hydrogen back t o  t h e  reactor ,  removal of t h e  hydrogen sulfide,' am- 
monia, and water  by-products, and fractionation t o  produce t h e  desired boiling 
range products. 

The hydrogen which is consumed in t h e  hydrotreater must e i ther  be  supplied 
from other  units  in the  refinery which produce by-product hydrogen, or  a stand- 
alone hydrogen generation unit must be  built. Many refineries operate  with a 
balance between by-product hydrogen production and t h e  consumption of 
hydrogen in hydrotreaters.  If a change in feedstock is made, such as adding 
shale oil t o  t h e  crude s la te ,  the  plant hydrogen balance may be significantly 
a l tered because of the  g rea te r  hydrogen consumption required for shale oil 
hydrotreating. 

Naphtha Hydrolrea ting 

If high octane gasoline is t o  be produced from shale oil  naphtha, t h e  nitrogen 
content  of t h e  naphtha must be reduced t o  about  0.5 ppm or  less in a naphtha 
hydrotreater.  Higher nitrogen concentrations will lead t o  deactivation of t h e  
cata lys t  employed in t h e  downstream ca ta ly t i c  reforming unit. Li tera ture  
references  t o  the  conditions required for shale naphtha hy drotrea  ting a re  
generally limited t o  cases  in which a blend of naphtha from coking and s t ra ight  
run naphtha is processed. Operating conditions reported sufficient  to  produce 
1.5 ppm product nitrogen a r e  1,500 psig, 700 OF, and 1.0 LHSV (liquid hourly 
sp.ace velocity). (The hydrogen consump tion reported for these  conditions was 
627 standard cubic f e e t  per  barrel , .  which . ref lects  a high hydrogen requirement 
t o  sa tu ra te  t h e  large  concentrations of olefins produced during coking. Actual  
hydrogen consumption for a s t ra ight  run naphtha would be  considerably lower 
and is of little economic consequence if t h e  naphtha is subsequently processed 
in a cata lyt ic  reformer.  Under these  circumstances,  hydrogen consumed during 
denitrogenation is subsequently recovered from t h e  reformer.) In actual i ty ,  t h e  
smal l  volume of s t ra ight  run naphtha available from raw shale oil  fractionation 
would probably b e  blended with o ther  naphtha s t r e a m s  in t h e  refinery. 

The hydrotreated naphtha could be blended t o  naphthenic type JP-4 military j e t  
fuel, or undergo fur ther  processing to  produce gasoline stocks. 



Distillate Hydrotreating 

The shale oil fractions boiling between about 380°F to 530°F are suitable 
components for jet fuel, diesel fuel, and fuel oil. The use of shale oil to 
produce jet fuels and inarine diesel fuel has been of considerable interest, due 
in part because the Department of Defense would like to have a secure supply 
of military fuel for reasons of national security. 

A complete discussion of all the characteristics and specifications required for 
an acceptable jet fuel is beyond the scope of this report. However, the major 
problem areas facing oil shale-derived jet fuels are as follows: 

Low hydrogen contents of jet fuels have been correlated with 
increased soot and smoke emissions. In addition to being an 
environmental problem, smoke emissions increase the vulnera- 
bility of military aircraft. The particulates in smoke are also 
responsible for the formation of a luminous flame which greatly 
increases the heat transfer by radiation to engine components. 

e High fuel bound nitrogen contents translate to increased nitrogen 
oxide emissions. In addition, a relationship between the ten- 
dency for increased gum formation and poor storagelthermal 
stability with increased nitrogen content has been observed for 
shale oil-derived jet fuels. 

@ Olefinic content is important because the olefins are precursors 
of gum, which degrade thermal and storage stability. 

@ Aromatics, in addition to having a low hydrogen content and 
resulting smoke formation problems, cause elastomeric O-rings 
in fuel systems to swell. If aromatic concentrations are too 
high, swelling is excessive and the O-ring can expand out of its 
cavity. If aromatics are too low, swelling is not sufficient to 
effect a seal, and leakage occurs. . 

1 

Under contract with the Air Force, Exxon has evaluated the hydrotreating 
conditions necessary to produce suitable jet fuels from shale oil distillate. 
Their laboratory work showed that acceptable jet fuels can be produced with 
nickel-molybdenum catalysts under moderately severe hydrotreating conditions 
of 7 0 0 ° ~ ,  4,000 standard cubic feet per barrel treat gas rates, 1,200 psig, and 
one LHSV. Hydrogen consumption was approximately 7,050 standard cubic feet 
per barrel. Under these conditions, the sulfur content of Paraho-derived shale 
oil was reduced from 0.74 weight percent to less than 10 ppm. Nitrogen 
content was reduced from 1.16 weight percent to 5 ppm at the start of 
operations, and 40 lo 100 ppm after a thirty-day 1'1111. (This decrease in nitrogen 
removal was caused by slow deactivation of the nickel-molybdenum catalyst for 
denitrogenation.) 



From a refining standpoint, shale oil is a very good alternate feedstock for jet 
fuel type transportation fuels. One of its major drawbacks is that the volume 
of material boiling in the jet fuel range is limited. 

If shale oil distillate is to be blended into fuel oil, the product specifications are 
significantly reduced and the distillate shale oil hydrotreater could operate 
under much less severe conditions. Thus, the production of jet fuels from shale 
oil distillates represents a I'worst caseu approach to refining of this particular 
stream. 

Gas Oii Hydrotrea ting 

The atmospheric and vacuum gas oils we blended in fuel oils or--depending on 
the refinery processing units available--are converted to  lighter fuels in a 
hydrocracking or fluid catalytic cracking unit (FCCU). The amount of shale gas 
oil which could be blended into fuel oil would depend both on the size of the 
existing market for .fuel oil and on the pour point of the fuel oil blend. Fuel oil 
based entirely on shale oil components would face potentially high nitrogen 
oxide emissions if substantial denitrogenation was not accomplished. The 
probable worst case requirement for gas oil denitrogenation is based on 
providing a suitable feed to  a FCCU. Since basic nitrogen compounds ac t  to 
temporarily deactivate cracking catalysts, the maximum nitrogen content for 
subsequent catalytic cracking would be about 1,500 ppm. The operating 
conditions required to  denitrogenate atmospheric and vacuum gas oils would be 
similar to those required for whole shale oil hydrotrea ting. Reactor conditions 
of 745OF, 1,850 psi8 hydrogen partial pressure (2,200 psig total pressure), 
0.6 LHSV, and a gas t rea t  rate  of 5,000 standard cubic feet  per barrel have been 
shown by Chevron to  produce a hydrotreated gas oil nitrogen concentration of 
approximately 1,000 ppm. These tests were made on whole shale oil; a 
hydrogen consumption for the gas oil fraction alone was not available. Under 
these severe conditions, some hydrocracking of the shale oil fraction occurs. 

Whole Shale Oil Hydrotreating 

The technology which has been developed in residuum hydrodesulfurization 
. makes it  possible to hydrotreat whole shale oil without a prior fractionation 
step. This approach has been taken both on the laboratory scale, and in a 
recent 88 thousand barrel refining test done by Sohio. It is technically possible 
to increase the severity of this initial hydrotreating process to  the point where 
the product oil contains one ppm of nitrogen. However, a s  discussed previously, 
a more reasonable approach seems to  be to  hydrotreat t o  about 1,500 ppm 
nitrogen product level to  accommodate downstream processing catalyst deacti- 
vation requirements. 



In laboratory tests, Chevron has hydrotreated whole Paraho shale oil a t  745OF, 
2,200 psig total pressure (1,850 psia hydrogen partial pressure), 0.6 LHSV, 
5,000 standard cubic feet per barrel recycle gas rate, with a nickel-tungsten 
catalyst to produce a 500 ppm nitrogen product. The gross hydrogen consump- 
tion was about 2,000 standard cubic feet per barrel. Union Oil has also reported 
on the product yields from hydrotreating whole shale oil produced in a Union 
retort. Although the reactor conditions were not specified, the hydrogen 
consumption was given as 1,500 standard cubic feet per barrel, and an indicated 
catalyst life of 1.5 years is expected. 

Catalytic Reforming 

If motor gasoline is to be produced from shale oil naphtha, a catalytic 
reforming unit would be used to increase the octane rating. The unleaded 
octane rating of hydrotreated shale oil naphthas ranges between 30 and 50. The 
catalytic reforming unit typically utilizes a platinum-impregnated catalyst to 
convert low octane components into high octane components with a net 
production of hydrogen. Figure C-3 is a schematic diagram of UOP1s Platform- , 

ing process, which is illustrative of catalytic reforming technology. 

The pretreated feed and recycle hydrogen are heated to 925OF to 975 O F  before 
entering the first ,reactor. In the first reactor, the major reaction is the 
dehydrogenation of naphthenes to aromatics and--since this is strongly endo- 
thermic--a large drop in temperature occurs. To maintain the reaction rate, 
the gases are reheated before being passed over the catalyst in the second 
reactor. As the charge proceeds through the reactors, the reaction rates 
decrease, the reactors become larger, and the reheat needed lessens. Three 
reactors are usually sufficient to provide the desired degree of reaction, and 
heaters are needed before each reactor to bring the mixture up to reaction 
temperature. In practicd, either separate heaters can be used or one heater can 
contain several separate coils. The reaction. mixture from the last reactor is 
cooled and the liquid products condensed. The hydrogen-rich gases are 
separated from the liquid phase in a drum separator and the liquid from the 
separator is sent to A frac tionator to be debutanized. 

The hydrogen-rich gas stream is split into a hydrogen recycle stream and a net 
hydrogen by-product which is used in hydrotreating or hydrocracking operations, 
or as fuel. 

From a refinery standpoint, operation of a catalytic reforming unit on hydro- 
treated shale oil naphthas should not require specialized equipment or operating 
procedures because virtually all of shale oil's troublesome components have 
been removed during hydrotreating. Laboratory tests have been conducted on 
c ~ t ~ l y t i c  reforming of  s h ~ l e  oil naphtliti which show that at  90B1"F, 2.95 LRSV 
and 500 psig operating conditions, a 90.0 octane gasoline (RON, clear; 
82.4 MON, clear) can be produced with a C4+ volume yield of 83.8 percent. The 
net hydrogen production was 931 standard cubic feet per barrel. 



Fluid Catalytic Cracking 

The fluid catalytic cracking (FCC) process is widely used to convert heavy oils 
into more valuable gasoline and light products. Several types of FCC Units are 
in use, and Figure C-4 shows simplified flow diagrams of three process 
configurations. 

The process employs a catalyst in the form of very fine particles which behave 
as a fluid when aerated with a vapor. The fluidized catalyst is circulated 
continuously between the reaction zone and the regeneration zone, and acts as 
a vehicle to transfer heat from the regenerator to the oil feed and reactor. 
Average reactor temperatures are in the ran e of 870°F to 950°F, with oil feed 5 preheat temperatures from 600 F to 850 F, and regenerator temperatures 
from l,lOO°F to 1,300°F. Newer units are designed to take advantage of high 
activity zeolite catalysts which allow nearly all of the cracking reactions to 
take place in the riser which transports the catalystloil mixture to the reactor. 

1 

Control over the product slate is obtained by varying reactor temperature, the 
catalystloil ratio, and catalyst activity. This unit is very important in providing 
a refiner with the flexibility to produce a wide variety of products depending on 
seasonal and market conditions. 

Hydrotreated shale gas oil is a desirable feedstock for fluid catalytic cracking 
because naphthenic materials (such as shale oil) are much more readily cracked 
than aromatic materials. The amount of carbon or coke which is deposited on 
the cracking catalyst also varies significantly with different types of feed- 
stocks. Hydrotreated shale oil produces appreciably lower coke yields than 
hydrotreated Arabian gas oils a t  constant conversion and a t  similar feed 
nitrogen levels. 

Chevron's experience in the catalytic cracking of hydrotreated shale oil and 
hydrotreated Arabian gas oil was as follows: 

s At 930°F reactor temperature, hydrotreated Paraho shale oil 
with 1,300 ppm nitrogen was cracked to about the same con- 
version as the Arabian gas oil with 320 ppm nitrogen when the 
two stocks were cracked at  constant severity. 

@ Coke yields for the shale oil are appreciably lower than those for 
the Arabian gas oil with 860 ppm nitrogen at  reactor tempera- 
tures of 930°F and 975'~.  The coke yields were the same a t  
975OF as when compared with a lower nitrogen Arabian gas oil 
(320 ppm nitrogen). 

e Gasoline yields (C5s/4300F) for 1,300 ppm nitrogen shale oil are 
intermediate to those obtained for the 320 and 860 ppm nitrogen 
Arabian gas oils at  930'~.  At 975OF, the shale oil gasoline 
yields were equal to those of the 320 ppm nitrogen .Arabian gas 
oil. 

0 The gasolines and cycle oils have properties which are similar to 
those obtained from petroleum gas oils. 



In conclusion, the use of the fluid catalytic cracking process to produce a 
variety of light fuels from heavy shale oil fractions represents an .attractive 
refining process to utilize shale oil. 

Hydrocrac king 

The catalytic hydrocracking process performs a refining function which is 
similar to that of the fluid catalytic cracking process--it converts low value, 
heavy fractions to gasoline, jet fuels, and light fuel oil. By changing catalysts, 
processing conditions, and equipment configurations, the hydrocracking process 
can utilize distillate or residual feedstocks and can also provide a great deal of 
product slate flexibility to accommodate changing market conditions. 

Shale oil might be processed in either a single stage or two-stage system. In FI 

single stage system, the process flow is the same as for the second stage of a 
two-stage plant. Because hydrocracking catalyst is susceptible to poisoning by 
metallic salts, organic nitrogen, oxygen and sulfur compounds in the fcedstock, 
the feed must be hydrotreated to remove these contaminants before hydro- 
cracking. In a two-stage system, the first stage essentially acts to remove 
additional nitrogen from the feedstock. 

A schematic diagram of a two-stage hydrocracker is shown in Figure C-5. The 
fresh feed is mixed with makeup hydrogen and recycle gas (high in hydrogen 
content) and passed through a heater to the first reactor. The reactor effluent 
goes through heat exchangers to a high pressure separator where the hydrogen- 
rich gases are separated and recycled to the first stage for mixing both makeup 
hydrogen and fresh feed. The liquid product from the separator is sent to a 
distillation column where the gasoline and lighter fractions are taken overhead 
and the bottoms used as feed to the second stage reactor. If jet fuel or diesel 
fuel is one of the products desired, the distillation column separation is made 
with the jet fuel or diesel fuel going overhead. The bottoms from the 
distillation column are mixed with recycle hydrogen and sent through a furnace 
to the second stage reactor. It1 t h e  second stage reactor the temperature is 
maintained to bring the total conversion of the unconverted oil from the first 
stage and second stage recycle to 50 to 70 volume percent per pass. The second 
stage product is combined with the first stage product prior to fractionation. 

Chevron has evaluated the single stage pilot plant hydrocracking of both a 
6 5 0 ° ~ +  shale gas oil stream and a 625/850°F shale oil stream. The nitrogen 
content of both feeds was about 530 ppm. Operating conditions for the 
625/850°~ feedstoclc runs were 7 9 0 ~ ~  reactor temperature, 1.0 LHSV, 
2,150 psia hydrogen partial pressure (2,350 psig total pressure), 8,000 standard 
cubic feet per barrel recycle gas rate, and a recycle cut point of 550'~.  The 
recycle oil stream was cracked t.0 extinction. A 53 percent., ~ 3 5 ~ 1 :  conversiun 
per- pass was obtained with a chemical hydrogen consumption of about 
1,250 standard cubic feet per barrel. The yields of ~ ~ / 1 8 0 ~ F ,  180/300°F, and 
3 0 0 1 5 3 ~ ~ ~  products were approximately 14,  27, and 68 volume percent, 
respectively. This illustrates the potentially high yields of jet fuel components 
(3001535 O F )  which can be produced by shale oil hydrocracking. 



Coking 

Coking has been widely considered as a means for both partial upgrading of 
whole shale oil to, produce a pipelineable material, and as a refining process to 
convert high boiling shale oil fractions to lighter materials. The delayed coking 
process was developed to minimize refinery yields of residual fuel oil by severe 
thermal cracking of high boiling stocks. 

A schematic diagram of a delayed coking unit is shown in Figure C-6. Hot 
fresh feed is charged to the fractionator two to four trays above the bottom 
vapor zone. This quenches the vapor from the coke drums and preheats the 
fresh feed. Unvaporized fresh feed and condensed recycle are pumped from the 
bottom of the fractionator through the coker heater where they are partially 
vaporized, and then moved into one of two coke drums. The unvaporized 
portion of the heater effluent settles out in the coke drum where the combined 
effect of retention time and temperature causes the formation of coke. Vapors 
from the top of the coke drum return to the base of the fractionator. These 
vapors consist of steam and the products of the thermal cracking reac tion--gas, 
naphtha, and gas oils. 

When the coke drum in service is filled to a safe margin from the top, the 
heater effluent is switched to the empty coke drum and the full drum is 
isolated, steamed to remove hydrocarbon vapors, cooled by filling with water, 
opened, drained, and the coke removed. 

The amount of coke formed during shale oil coking is dependent on the end 
boiling point of the coker distillate. As the coker distillate end point increases, 
less of the feedstock is converted to coke. Chevron found that when coking . 

whole Paraho shale oil the amount of feed converted to coke was linear with 
the coker distillate end point. At 850 O F  end point, the coke yield was 7 weight 
percent. An end point of 650°F produced a coke yield of 22 percent. Delayed 
coking runs by Sohio on a 700°F+ Paraho shale oil fraction produced a coke 
yield in relatively good agreement with the Chevron results. 

Delayed coking concentrates the nitrogen, arsenic, iron, and ash in the coke. 
The changes in concentration of these components between whole shale oil and 
coke are indicated as follows: 

r 

Shale Oil 
Feed Coke 

Nitrogen (Weight Percent) 2.15 4.08 
Arsenic (ppm) 2 7 190 
Iron (ppm) 68 100 
Ash (Weight Percent) 0.04 0.38 

_I 



As would be expected, the coker distillate represents an improved feedstock for 
further refining because the coking operation has removed very heavy compo- 
nents and a significant . portion of the contaminants. This improvement in 
quality is apparent from Table C-3 for coking of whole Paraho shale oil. 

The major disadvantage of delayed coking in a refining system is that the yield 
of liquid products from a given volume of feed material is significantly reduced. 
Also, the high nitrogen coke is likely to have a low by-product value. 

SUMMARY 

The operating conditions described in this report .as being sufficient to produce 
an end product of given specifications can serve as a rough guide to determine 
an existing refinery's shale oil processing capability. It should be evident from 
the  prcccding discussion t l ~ a l  the refining industry has a t  i t s  command a 
multitude of processes for upgrading and refining shale oil. Virtually any 
product which can be produced from conventional' petroleum feedstocks can 
also be produced from shale oil. The availability of refining technology will not 
limit the integration of shale oil into the refining system. 

The lloptimuml' method of refining shale oil is not discernable a t  this point. 
Considerable laboratory work has been done on the conditions required to  
produce various specification products using a variety of processes. A modern 
refinery is very complex. with extensive mixing of intermediate streams and 
numerous processing units which are required to provide flexibility in meeting 
changing market demands. Given the diverse nature of the current data base, 
considerable effort would be required to develop a consistent set  of infor mation 
which incorporates differences in raw shale oil properties, processing methods, 
and product specifications. Only when such a unified body of information is 
available can an at tempt be made to  identify an l'optimuml1 shale oil refining 
flowsheet. The economic implications of each refining process will also have to 
be well-defined before an optimum method can be identified. 



FIGURE C-1 

COMPARISON OF FRACTION RECOVERABLE 
FROM SHALE OIL AND CRUDES 
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FIGURE C-2 

GENERALIZED HY DROTREATER SCHEMATIC DIAGRAM. 



FIGURE C-3 

GENERALIZED CATALYTIC REFORMING SCHEMATIC DIAGRAM 
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FIGURE C-4 

FLUID CATALYTIC CRACKING UNIT CONPlGURATION 



FIGURE C-5 

GENERALIZED TWO-BTACIE HYDROCRACKINQ ISCHEMATIC DIACIRAM 
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~9 FIGURE C-6 

GEWERALIZED DELAY ED COKING SCHEMATIC DLAGRAM 
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TABLE C-1 

COMPARISON OF SHALE OIL 
AND CONVENTIONAL PETROLEUM PROPERTIES 

A PI Sulfur Nitrogen 
Gravity ( W t .  %) (Wt .  %) 

Raw Shale Oils 

Tosco 21.0 0.67 1 .85  
Paraho Direct 19 .3  0 .71  2 .OO 
Paraho Indirect 19 .7  0.63 2.16 
Garrett 25 .O 0 .64  1.30 
OXY 23.7-24.3 0.9-1.20 1.10-1.33 
Union 22.2 , 0.80 1 .80  

Petroleum Crudes 

Alaskan North Slope 27.5  0.96 0.04" 
PADD 4 Low Sulfur 39 .O 0 .18 0.03* 
PADD 4 High Sulfur 26.2 2.25 0.01* 
PADD 4 Asphaltic 23 . O  2.70 0.01* 

Pour Point 
OF 

*Nitrogen contents for petroleum crudes based 
on 5 2 5 ' ~  to l,OOO°F cuts. 



TABLE C-2 

PROJECTED SULFUR CONTENT 
OF DOMESTIC AND IMPORTED CRUDE OILS 

(Weight Percent Sulfur) 

Domestic Production 

,'- 
i . Imports 

Composite 

Shale Oil 

Surface Retorts 

Oxy In Situ 



TABLE C-3 

PROPERTY IMPROVEMENT RESULTING PROM 
DELAY ED COKING OF WHOLE SHALE OIL 

Type 

Inspections 

Gravity (O API) 
Sulfur (Wt. %) 
Total Nitrogen (Wt. %) 
Oxygen (Wt. %) 
Arsenic (ppm) 
Pour Point (ASTM, OF) 
Iron (ppm) 

Whole ~hal;. Oil 
Shale Oil 

Coker Distillate 
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SHALE OIL PROCESSING ECONOMICS 

Invest ment requirements and operating costs associated with refining whole 
shale oil cannot be precisely determined without specific details of the shale oil 
properties, processing capabilities of the existing refinery, and definition of the 
base charge and product' slates. 

Shale oil can be processed in conventional petroleum refining facilities if the 
high nitrogen content is reduced. Presence of nitrogen is of primary concern in 
the shale naphtha and gas oil streams due to its deactivation of catalyst in 
catalytic reformers and fluid catalytic crackers. Once the nitrogen content 
problem is resolved, investment requirements and npernting costs for dswn- 
stream units such 9s hydrocrackers, CR t ~ l  ytin ' r ~ f n r  mers, and fluid oatalytio 
crackers are equivalent to those for crude oil streams. 

Two basic options exist for handling shale oil in a refinery. Whole shale oil 
hydrotreating and subsequent blending into the crude oil charge is the simplest 
approach and should be acceptable when the volume of shale oil represents a 
small portion of the total feed. Distillation of the whole shale oil followed by 
separate hydrotreating of the naphtha, distillate, and gas oil sidestreams is the 
more complex and investment-intensive approach. This configuration allows 
hydroprocessing the components of shale oil to the extent required to protect 
downstream catalyst when the shale oil fraction is blended into the crude oil 
fraction. Thus, large volumes of raw shale oil could be handled. 

Whole shale oil hydrotreating could be integrated with an existing refinery as 
shown in Figure D-1. Figure D-2 depicts the probable configuration employing 
whole shale oil distillation. 

Economic considerations for each approach are discussed in the following 
sections. Table D-1 lists the bases for our economic calculations. 

HY DHOGEN ECONOMICS 

Hydrogen consumption is the most significant factor in determining the cost of 
operating hydrotreaters. Excess hydrogen in refineries is burned as plant fuel; 
therefore, the lowest hydrogen value is based on its heat content. With fuel 
valued a t  $2.30 per million BTU, hydrogen is valued at  $0.70 per thousand cubic 
fmt.  Typir~l  refinery hydrogeii titl-eulr~ti ur*c at  relatively impure concentra- 
tions, and prior to compressing to the required level for the hydrotreating unit, 
a cryogenic enrichment step should be taken. The cost of such a process is 
estimated at $0.10 per thousand standard cubic feet, bringing the minimum 
hydrogen value to $0.80 per thousand standard cubic feet. 



In a situation where no hydrogen is available, it must be purchased or produced 
onsite. Operating costs for a hydrogen plant, shown in Table D-2, indicate the 
value of manufactured hydrogen to be $2.30 per thousand standard cubic feet. 
This represents the maximum hydrogen cost to a refiner. A situation in which 

, the quantity of excess hydrogen was inadequate and the balance was made up by 
manufactured hydrogen would result in an average price in the range of $0.80 to 
$2.30 per thousand standard cubic feet. 

I N m M E N T  FOR WHOLE 
SHALE OIL HY DROTREATIWG 

As shown in Figure D-1, filtered whole shale oil would be hydrotreated and then 
blended into the crude charge prior to desalting. For a unit capable of 
hydroprocessing 10  thousand barrels per stream day, the onsite investment 
requirement is estimated a t  $3B million (including the filtration equipment). 
The offsite investment requirement is estimated at  $10 million, and includes 
$1.3 million for tankage to handle 15 days of shale oil inventory. Other offsite 
requirements include utilities, distribution and production equipment, environ- 
mental facilities, roads, buildings, etc. The whole shale oil hydrotreater would 
operate a t  conditions very similar to an atmospheric crude oil residuum 
desulfurizer, and would require a correspondingly similar investment. 

OPERATING COSTS FOR 
WHOLE SHALE OIL HY DROTREATING 

I 

Table D-3 details the actual consumptions and costs per barrel of feed for a 
whole shale oil hydrotreater. The total cost of operating the unit is between 
$6.40 and $9.40 per barrel charged. This range is due to the variable hydrogen 
cost which contributes $1.60 to $4.60 per barrel. No further .costs would be 
attributed to processing shale oil as,opposed to crude oil since our base 
assumption is that the whole shale oil hydrotreating approach would only be 
chosen when the shale oil portion of total feed was sufficiently low for the 
shale oil-derived stream to be safely blended with the corresponding crude oil 
fractions. 

INVESTMENT FOR WHOLE SHALE OIL AND 
DISTILLATION AND SIDE SI'KHAM HY DROTREATING 

For this case a facility capable of handling 50 thousand barrels per stream day 
of shale oil was analyzed. Estimated investment requirements are detailed in 
the following table: 



C 

$MM - 
Onsite 

50 MBPSD ' ~ t m o s ~ h e r i c  Distillation Unit 10.7 
14 MBPSD Shale Naphtha Hydrotreater 7.6 
SMBPSDShaleDistillateHydrotreater , 6.1 

25 MBPSD Shale Gas Oil Hydrotreater 58.9 

.Total Onsite 83.3 
, (or about 8 5 )  

Offsite 

25 Days of Tankage 10.6 
Other Offsites (30 Percent of Onsite) 25 .O 

Total Offsite 35.6 
(or about 3 5 )  

Total Invcotmcnt 118.9 
(or about 120) 

The investment for t h e  shale oil distillation unit is equal t o  t ha t  for a crude oil 
distillation unit of t he  same capacity. 

The shale oil side. s t ream hydrotreaters require more investment, than similar 
units for crude oil-derived streams. This is due t o  the  high operating 
temperature and pressure, and (in some cases) lower space velocities for the  
shale oil'units. The onsite investment required for crude oil fraction hydro- 
t rea te rs  is compared to  tha t  for shale oil fraction hydrotreaters in t he  following 
table. All units a r e  sized to  process 10 thousand barrels per s t ream day. 

(Million ~ o l l a r s )  

Naphtha Distillate Gas Oil 

Crude Stream Unit 4.4 6.5 9.8 
Shale Oil Stream Unit 6 .O 9.8 28.9 

Increased Investment For 
Shale Oil Stream (Percent) 36.4 50.8 194.9 

L 

The investment increase for shale oil hydrotreating is substan tially higher for 
the  heavier fractions due t o  the significantly higher severity required t o  reduce 
t he  nitrogen content  of the heavier material. 



OPERATING COSTS FOR SHALE OIL DISTILLATION 
AND SIDE STRHAM HYDROTRRATING 

The costs for operating each unit in the shale oil distillation/hydrotreating 
facility are shown in Table D-4. The total costs per barrel charged each unit 
are summarized as follows: 

, 

Total Operating Costs For 
Shale Oil Distillation And 

' Hydrotreating Units 
(Dollars Per Barrel) 

Distillation Unit 0.80 
Naphtha Hydro treater - 1.63 - 2.61 
Distillate Hydrotreater 2 . 9 1  - 4.41 
Gas Oil Hydrotreater 5.63 - 8.63 

Table D-5 shows the consumption rates for each unit. 

The cost of operating the distillation unit should not vary significantly from 
shale oil to crude oil feeds.. Hydrotreater operating costs are higher for shale 
oil units.. Table D-6 compares the cost to operate crude oil hydrotreating units 
with shale oil units of equal size.. 

The average total cost per barrel charged is $0.90 less for crude oil naphtha 
than for shale oil naphtha; $1.70 less for crude oil distillate; and $6.08 less for 
crude oil-derived gas oils. As with inve'stments, the severity requirements for 
shale oil increase dramatically for the higher boiling range materials. 



FIGURE D-1 

CONFIGURATION TO PROCESS SMALL PERCENTAGE OF 
SHALE 011 IN A N  EXISTING REFINERY 
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FIGURE D-2 

CONFIGURATION TO CHARGE LARGE PERCENTAGE OF 
SHALE OIL TO A N  EXISTING REFINERY 
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BASES FOR SHALE OIL PROCESSING 
ECONOMIC ANALYSIS 

A. Estimates for 1979 costs: Nelson's Construction Index=750. 

B. Tankage investment estimated a t  $8.50 per barrel. 

C. Other offsite investment taken as 30 percent of onsite 
investment. 

1, 

11. OPERATING COST FACTORS 

Salaries and wages estimated a t  2.4 times direct labor. Direct 
labor rate is $8.50 per operator hour. 

Fuel cost @ $2.25 per million RTUs. 

Power cost @ $25.00 per thousand kilowatt hours. 

Cooling water cost @ $0.01 per thousand gallons. 

Maintenance taken as 2 percent of offsite + 4 percent of onsite 
invest ment per year. 

Plant supplies estimated a t  8 percent of maintenance. 

Taxes and insurance estimated a t  2 percent of total investment 
per year. 

Depreciation based on 10 percent of total investment per year. 

Before tax profit is 20 percent of e t a 1  investment per year. 

Stream day factor = 0.9. 



TABLE D-2 

HYDROGEN PLANT OPERATING COSTS 
(Dollars Per Thousand Standard Cubic Feet) 

Naphtha Feed ($0.43/Gallon) 
Salaries and Wages 

Fuel 
Power 
Coolingwater . 

Maintenance 
Plant Supplies 
Catalysts and Chemicals 
Taxes and Insurance 
Depreciation 

Total Manufacturing. Cost 1 .97  
( o r  about 2.00). 

Before Tax Profit (20 Percent Total InvestrnentIYear) 0 .'33 

( o r  about 0 .30)  

Hydrogen Twnsfer Price 2.30 



TABLE D-3 

WHOLE SHALE OIL HYDROTREATING CO8l'S 
AND CONSUMPTION PACTOIPS 

Invest m ent Basis : 

10 MBPSD Shale Oil Hydrotreater  28.9 
Offsi te Investment . 10 .O - 

Total Investment 38.9 
(or about 4Q.O) 

Operating Cost 

Fuel (73.7 MBTUIBb1) 
Power (6.2 KWHIBbl) 
Cooling Water (0.10 MGalIBbl) 

Salaries and Wages (3  MenIShift) 
Maintenance 
Plant Supplies 
Cata lys t  and Chemicals 
Taxes  and Insurance 
Depreciation . 

Total Processiqg Cost Excluding Hydrogen 

Hydrogen (2,000 SCFIBbl) 

Total Processing Cost 4.10-7,lO 

Before Tax Prof i t  2.27 
. ... . 

(or about 2.30) 
Total Operating Cost 6.37-9.37 

(or about  6.40-9.40) 



TABLE D-4 

Investment Basis : 

SHALE OIL DISllLLATION AND SIDE SI'REAM HYDROTREATING 
OPERATING COSl'S 

50 MBPSD Distillation Unit 
f 4 MBPSD Naphtha Hydrotreater 
5 MBPSD Distillate Hydrotreater 
25 MBPSD Gas Oil Hydrotreater 

Total Quite 83.3  (or about 85)  

Offsite Investment 35.6  (or about 3 5 )  - 
Total Investment 118.9  (or about 120) 

$/BBL OF FEED TO EACH UNIT 
50 MBPSD 14 MBPSD 5 MBPSD 25 MBPSD 
Dist illa- Naphtha Distillate Gas Oil 

t ion Hydrotrea ter Hydrotreater Hydrotrea ter 

Operating Costs 

Fuel 
Power 
Cooling Water 
Salaries & Wages 
Maintenance 
Plant Supplies 
Catalyst and Chemicals 
Taxes and Insurance 
Depreciation 

Total Processing Cost Excluding Hydmgen 

Hydrogen 

Total Processiw Cost 0.56 1.13-2.11 1.87-3.37 3.71-6.71 

Before Tax Profit 0 .24  0 .50 1 .04  1 . 9 2  - 
Total Operating Cost 0 .80  1.63-2.61 2.91-4.41 5.63-8.63 

Approximately: (1.60-2.60) (2.90-4.40) (5.60-8.60) 



TABLE D-5 

SHALE *3IL DISTILLATION AND SIDE STREAM HYDROTREATING 
CONSYMPTION FACTORS 

Naphtha Distillate 
Distillation Hydrotreater Hydro trea ter 

Fuel (M3TU/Bbl) 87.9 12.3 . . 37.9 
Povrer ( RW H/Bbl) 0.24 2 .O 1.43 

Cooling Water (MG€l/Bbl) 0.50 0.87 0.07 

Operatox Per Shift 

Hydrogen (SCF/Bbl)l 

Gas Oil 
Hvdrotreater 



TABLE D6 

Investment (SMM) 

Onsite 
Offsite 

Total 
Approximately : 

Operating Costs ($/Bbl) 

Processing Cost Exc. Hydrogen 
Hydrogen 
Profit 

Total Cost 
~pproximately: 

Average Cost 

Increase in Average Cost For Shale Oil 
Over Crude OilStreams 

COMPARISON OF CRUDE OIL AND SHALE OIL 
SIDE SFREAM HY DROTREATING 

' (All Units 10 MBPSD) 

Whole Naphtha Distillate 
Shale Oil crude Shale Oil Crude Shale Oil 

Gas Oil 
Crude Shale Oil - - 
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PRODUCT SLATE AND 
END USE CONSIDERATIONS 

PROJECTED SHALE -OIL PRODUCTION LEVELS 

In order t o  determine where shale oil will f i t  into t h e  regional energy fuel  
demand picture,  both  t h e  volume of shale  oi l  available and t h e  potent ia l  end us,e 
must be considered. As part  of Pace's "Energy and Petrochemical  Outlook t o  
2000," we have projected t h e  volumes of shale  oil likely t o  be produced between 
1985 and 2000. Our projection is based on Cameron Engineers1 knowledge of t h e  
shale  oil industry in .general, and planned or  projected projects. These 
projections assume t h a t  an economic incentive such as the  $3.00 per barrel  
shale  oil t a x  c red i t  will be promulgated, and t h a t  some relaxation of a i r  quali ty 
s tandards  will occur.  The 'projections do not include allowance for  a major 
federa l  program t o  develop shale  oil  on a crash basis. 0,ur projections of shale  
oil production a r e  as follows: 

Production 
Year (BPD) 

1985 10,000 
1987 100,000 
1990 . 200,000 
1995 500,000 
2000 750,000 

REGIONAL REFINED PRODUCT DEMANDS 

As previously discussed, shale oil could be refined t o  produce essentially any 
fuel  prbduced from conventional petroleum. However, i t  is our judgment t h a t  
shale oil can  be ta rge ted  toward four markets: 

a 'l'ransportaiion fiiels (gasoline, heavy naphtha/JP-4, Jet A, and 
diesel fuel)  

Liquid refinery fue l  

e Number 2 fuel  oil 

@ High sulfur fuel  oils normally used by industry and uti l i t ies -as 
boiler fuel. 



These fuels represent the full spectrum of refining severity. The transportation 
fuels require the greatest amount of processing in order to meet strict product 
specifications and to minimize feedstock compatibility problems with proces- 
sing catalysts. Number 2 fuel oil can be produced from a blend of petroleum 
fractions and partially upgraded shale oil. Liquid refinery fuels and utility 
boiler fuel (resids) provide the opportunity to use raw shale oil to displace heavy 
petroleum fractions which might be more suitable for upgrading to transporta- 
tion fuels than raw shale oil. 

Based on "The Pace Energy and Petrochemical Outlook to 2000," we projected 
the demand for the fuels identified above by PADDs for the years 1985, 1990, 
and 2000. Projections were not made for the period up to 1985 because of the 
probable lack of significant quantities of shale oil being available in that time 
frame. The results of these projections are shown in Figure E-1. In all cases 
the projected demand for premium leaded gasoline and heavy naphtha1JP-4 is 
less than 2 percent of the total demand for the other products, and therefore 
does not show up on the demand figures. The compound growth rates in fuel 
demands between 1985 and 2000 are given in Table E-1. It can be seen from 
this table that each PADD experiences the greatest increase in demand for 
diesel, Jet A,  and resid. Unleaded gasoline also experiences a modest demand 
increase during this period. However, based on the requirement for a high 
aromatic content in order to meet minimum'octane requirements, we do not 
feel that shale oil fractions would represent the most desirable feedstock for 
unleaded gasoline production. Allowing shale oil fractions to displace more 
aromatic conventional petroleum fractions which are not currently used in 
gasoline production appears to be a more logical use for the shale oil. A map of 
the United States showing the states in each PADD is shown on Figure E-2. 

It can therefore be concluded that diesel fuel and Jet A will be the fuels 
experiencing the greatest incremental demands in all of the PADDs which were 
examined. A strong incremental demand for utility and industrial boiler fuel 
(resid) will also be experienced, particularly in PADD 2Bl4 and 3. 

- It is important to maintain'a pergective regarding the impact which shale oil 
will have in displacing or supplementing petroleum feedstocks to refineries. By 
comparing the projected shale oil production rates presented previously with the 
aggregated demand for petroleum products in PADDs 2A, 2B14, 3, and 5 
indicates that shale oil could supply the following percentages of refined 
product demand in 1985, lYYU, and Z U U U :  



I t  can be  seen t h a t  even if the  t o t a l  shale  oil prnjcr ted fo r  a given 
year  were consumed in a given PADD, shale  oil's contribution would be  minor 
unti l  a f t e r  1990. By 2000, t h e  to ta l  shale oil production would have a 
significant impact  on any given PADD, but t h e  impact  on t h e  aggregated 
demand of the  PADDs would st i l l  be  relat ively minor. However, if this  same  
comparison is made assuming t h a t  75 percent  of t h e  raw shale oil production 
can  be  converted t o  diesel and jet  fuel  (corresponding t o  Chevron's es t imated 
production f rom a grass  roots  hydrotreatinglhydrocracking refinery), or  t h a t  t h e  
raw shale oil would displace high sulfur resid, the  impact  of shale oil is much 
more  significant (Table E-2). 

* 

If shale oil is used t o  displace high sulfur resid as a boiler fuel ,  i t  can have a 
significant impact  on any given PADD by 1990 and can supply over 40 percent  
of the  projected aggregate  demand for  resid in 2000. With conversion of shale 
oil  t o  j e t  fue l  and diesel  fuel ,  a significant impact  would be  observed in any 
given PADD in 1990, and on the  aggregate  demand by 2000. 

POTENTIAL PRODUCTS FROM SHALE OIL 

L 

Potent id Total Refined Product Demand 
Supplied by Shale Oil 

(Percent)* 

PADD 1985 1990 2000 

2A 0.29 5.73 17.26 
2B/4 0.52 9.82 32.78 
3 0.32 5.80 17.95 
5 0.36 7.13 20.82 
Aggregate 0.09 1.70 5.20 

*Assumes to ta l  shale  oil production would 
be consumed by each PADD. 

- 

During t h e  init ial  years  of production, shale oil will be produced in  low volumes 
and on an in te rmi t t en t  basis due t o  s t a r t u p  and shutdown of a l imited number of 
production modules. Until production reaches a sustained level  which can be 
rel ied on by a given refinery,  shale oil will not represent  a desirable feedstock. 
I t  is during these  init ial  yea rs  when production is get t ing underway t h a t  t h e  use 
of raw shale oil as boiler fusl could provide a valuable out le t  for supplies which 
a r e  unpredictable f rom both a timeliness and quality standpoint. 

b 

Considerable doubt s t i l l  exists  a s  t o  whether shale oil can be burned directly or  
blended with petroleum fuel  oils without excessive emissions of nitrogen oxides 
and/or part iculates.  A large-scale test firing of shale oil lfuel  oil blends was 
conducted in 1976 by Southern California Edison in a 45 megawat t  boiler. The 



boiler was equipped with six front-face mounted oil burners arranged in two  
rows, and ra ted  at 85  million BTUs per hour each. Shale oil  was blended in 
various proportions with low sulfur fuel  oil before  i t s  combustion in t h e  boiler 
so t h a t  t h e  sulfur content  of t h e  fuel  blend did not exceed 0.5 percent.  The fue l  
handling system for the  test boiler was modified t o  achieve t h e  blending of t h e  
shale and low sulfur oils in t h e  piping network. The fuel  piping was arranged t o  
e i ther  supply the  shale oil blends t o  all six burners or t o  t h e  bottom row burners 
only. Emission of air  contaminants was determined when t h e  shale  oil blend 
was burned in all six burners (tank blending) and when the  oil blend was burned 
in t h e  bot tom row of burners only, followed by t h e  combustion of low nitrogen 
fuel  in the  upper burners. The segregation of t h e  high and low nitrogen fuels  in 
two independent fuel  sys tems was t e rmed  "dual fue l  c o m b ~ s t i o n . ' ~  

These tests showed t h a t  in orider t o  mee t  a nitrogen oxide emission restr ict ion 
of 225 ppm which applies in Southern California, a blend of up t o  17  percent  
shale  oil (1.98 weight percent  nitrogen) could be  burned using specially designed 
low nitrogen oxide burners and s taged combustion techniques. If a shale oil  
blend was t o  be  burned in t h e  bottom row of t h e  burner and natural  gas  burned 
in t h e  upper row, a blend of up t o  58 percen t  shale  oil  could be  used and st i l l  
mee t  t h e  emission restr ict ion.  

These results  a r e  part icularly significant when in terpreted in l ight of the  
recently passed Utility and ~ n d k s t r i a l  Fuel Use Act. This Ac t  is intended t o  
minimize the  use of natura l  gas  and petroleum in new and exist ing power plants 
and major fuel  burning installations. The Act  provides, however, for  a n  
exemptien from the  prohibition against t h e  use of natura l  g a s  or oil if a mixture 
of gas  or  oil  and an a l t e rna te  fuel  (such as sha1.e oil) is used. Although t h e  
regulations implementing t h e  Ac t  a r e  .not finalized, i t  is very possible t h a t  if 
raw shale  oil  can be combusted without nitrogen oxide problems, i t  would be in 
demand by those inst a l la t  ions facing an expensive conversion from natural  gas  

, or oil-fired equipment t o  coal-fired equipment. 

In our judgment this is a cr i t ica l  a r e a  which needs t o  be explored fur ther  
because t h e  use of raw shale  oil as uti l i ty fuel  could provide a n  important  and 
useful out le t  for this mater ia l  during the  ear ly  developmental  s t ages  of the  
shale  oil industry. Specifically, additional large-scale tests on raw shale  oil  
combustion in boilers of d i f ferent  design and s ize  need t o  be performed. 
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TABLE E-1 

GROWTH RAT= IN FUEL DEMAND 
BY PADD 
(Pepcent) 

P ADD 
2A 2B/4 3 5 

- Resid 
Refinery Fuel 
No. 2 Fuel Oil 
Diesel  
J e t  A 

Regular Gasoline 
Unleaded Gasoline 



TABLE E-2 

Resid* 

1985 
1.99 0 
2000 \ .  

REBID OR DIESEL FUELIJET FUEL 
SUPPLIED BY SHALE OIL 

(Percent) 

PADD 
2A 2B/4 3 5 - - - - Aggregate 

Diesel FuelIJet Fuel* 

*Assumes equal volume displacement o f  shale oil  fo r  resid, or 75 percent  
conversion of shale oil  t o  d iesel l je t  fuel. 
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REFINING INDUSTRY CAPABILITIES 

REGIONAL CHARACTERIZATION OF 
EXISTING PLANTS 

Raw shale oil will require large  volumes of hydrogen t o  produce specification 
fuel. The amount of hydrogen required is es t imated a t  about 2,000 standard 
cubic f e e t  per barre l  of raw shale oil. A review of each of t h e  264 refineries 
located in PADDs 2A, 2B, 3,  4,  and 5 was conducted t o  determine: 

@ If existing facil i t ies were capable of refining shale oil t o  end 
products 

Which refineries had a surplus of hydrogen above t h a t  required 
by existing refinery units 

0 Shale oil refining capaci ty  based on surplus hydrogen. 

The ref iner ies  evaluated are listed in Table F-1. 

Shale oil  refining capability was based on whether a refinery had ca ta ly t i c  
reforming,. ca ta ly t i c  hydrorefining, and/or ca ta ly t i c  hydrotreating units. Those 
refineries which did not have such units were  eliminated. Hydrogen balanccs 
for refineries with shale oil capability were es t imated by adding hydrogen 
production from cata lyt ic  reformers  and hydrogen generators ,  and subtract ing 
hydrogen demand by ca ta ly t i c  hydrotreating,  ca ta ly t i c  hydrorefining, and 
cata lyt ic  cracking units. 

Raw shale oil refining capaci ty  was determined by dividing t h e  daily surplus 
hydrogen by t h e  hydrogen demand of raw shale oil  (2,000 standard cubic f e e t  
per barrel  of crude oil). Table F-2 l ists  those  refineries in PADDs 2A, 2B, 3,  4,  
and 5 with raw shale oil capaci t ies  of 10,000 barrels per day or  more,  and shows 
t h e  es t imated hydrogen surplus. 

Table F-2 shows t h a t  based on es t imated hydrogen surplus, t h e  refineries with a 
shale  oil capaci ty  of 10 thousand barre ls  per day or more  could ref ine  nearly 
760 thousand barrels per day of raw shale oil. However, i t  would be  incorrect  
t o  conclude from these  s ta t is t ics  t h a t  ample  hydrogen will be  available for  raw 
shale oil processing a t ' p ro jec ted  shale oil production r a t e s  in 1990 and 2000. 
The explanation of this apparent  paradox is t h a t  hydrogen surplus is keyed t o  
the  quality of crude oil supply. Supplies of light, low sulfur crude oils a r e  
declining, and supplies of heavier, higher sulfur crude oils a r e  required t o  make 
up the  difference. The heavier, higher sulfur crude oils such a s  Alaskan North 
Slope will consume considerably more hydrogen with resultant  loss in hydrogen 
surplus. 



An additional problem is immediately apparent from Table F-2. No refinery 
within the five PADDs reviewed has the hydrogen surplus to refine .raw shale oil 
a t  a rate of 50 thousand barrels pel: day or more (a level generally considered to 
be the output of a single commercial oil shale facility). PADD 5 has the highest 
per refinery raw shale oil capacity, but excess Alaskan North Slope crude oil in 
the PADD lowers the potential for a shale oil market. The low per refinery raw 
shale oil capacity will require the distribution of projected shale oil production 
by 1990 and 2000 to numerous refineries. a 

A final consideration is that the severity of shale oil processing imposes 
stringent restrictions on equipment design and hydrogen purity. Shale oil 
denitrogenation requires high pressure operation of hydroprocessing facilities 
which are nearer to hydrocracking requirements than conventional hydrotreat- 
ing requirements. In our survey of refineries with hydroprocessing facilities it 
was not possible to determine if existing equipment could operate under 
suff icieiitly severe conditions to denitrogenate shale oil. Also, in many cases 
the excess hydrogen produced by catalytic reformers might not be of high 
enough purity to meet hvdro~rocessing requirements, This occurs because the 
pressure required for denitrogenation .is based on hydrogen partial pressure. If 
the available excess hydrogen is of low purity,, the total hydroprocessing 
pressure must be increased to satisfy the hydrogen partial pressure require- 
ments. This could in turn cause the total pressure requirement to exceed the 
pressure rating of existing equipment. 

In summary, the refineries listed in Table F-2 appear capable of processing 
shale oil when hydrogen availability is the only variable considered. To more 
accurately assess shale oil refining capability will require a much more in-depth 
analysis of projected changes in crude slate for each refinery, and an assess- 
ment of existing process unit capabilities. 

REFINERY ACCESS TO 
CONVENTIONAL PETROLEUM SUPPLIES 

As the production of shale oil increases with the startup of additional projects, 
the pipeline transportation system will have to be expanded to transport raw 
shale or syncrude to remote refining centers, or to transport refined products to 
demand centers. The transportation system will be a critical link in the 
ultimate usage of oil shale. 

) 

Up until this time most of the effort .expended on oil shale development has 
dealt with the logistics and technology of mining and processing. When 
corn mercial projects get underway, existing pipelines will quickly reach their 
design capacity, and expansion or new pipeline construction will be required. 
As was discussed in the section of t h i ~  report dealing with shnlc oil rthnrnrttcr 
istics, shale oil's high pour point will require special considerations for existing 
or new pipelines. The use of existing petroleum pipelines will require either an 
upgraded shale oil or syncrude, or use of flow improving additives. New shale 
oil pipelines can be designed from the start to accommodate shale oil's high 
pour point. 



Since pipeline transportation will be critical to oil shale's orderly development, 
we have briefly examined the constraints and requirements of both flow 
improving additives (pour point depressants) and new shale oil-dedicated pipe- 
lines. 

Flow Improving Additives 

The use of chemical additives to modify flow properties of waxy crude oils is 
very much an art rather than a science. Each particular system or feedstock 
must be tested with candidate flow improving additives because of the inability 
to translate results between different systems or feedstocks. Considerable 
effort by many companies has been made to develop additives, which by 
modifying the wax crystal structure result in a marked change in the flow 
properties. Furthermore, these same additives reduce the thixotropic effects 
(the tendency of a gel to liquefy under vibration,, and solidify at  rest) of the 
fluid. In the general case these additives can seldom be justified due to the 
high cost of the treatment compared with the alternative of a good pipeline 
system design. However, there are a number of situations in which the use of 
these additives can be justified: 

e Injection of an additive prior to a scheduled shutdown so as to 
avoid the use of flushing oil. 

Addition to the oil during a difficuit restart operation when the 
system may remain cold until flow is fully established. 

Q Transportation. of an oil with flow characteristics more severe 
'than those for which the system was originally designed. 

 rans sport at ion of crude oil in an existing buried, uninsulated, 
conventional crude oil pipeline. 

In designing a pipeline system it costs very little to make provisions for the 
injection of an additive for use in the above listed situations. For satisfactory 
results, it is desirable to ensure that all the wax is brought into solution prior to 
additive treatment. This usually entails heating to 90 O F  to 130 O F .  

The use of flow characteristics improvers currently appears to be limited by the 
available excess capacity of the existing pipeline system which could be 
devoted to shale oil transport. 

Exinsting Pipeline Systems 

Two existing crude oil pipeline systems have the potential to transport raw or 
upgraded shale oil: the northern system and the southern system are shown in 
Figure F-1. The ability of both systems to handle projected shale oil production 
by 1985, 1990, and 2000 is subject to existing and projected throughput of 
conventional crude oil and the various proposals to move. Alaskan North Slope 
crude oil from ports on the West Coast to areas of need (PADDs 2B and 2A). 
Both systems would require construction.of connecting lines and expansions to 
connect with Piceance Creek oil shale facilities and to increase available 
capacity. A description of the two existing crude oil pipeline systems follows. 



Northern System 

The northern system was developed to move crude oil from the states of 
Montana, Wyoming, Colorado, and Utah to refineries located in those states, 
and to export crude oil production in excess of refining capacity to PADDs 2A 
and 2B. Canadian crude oil was transported via the system into PADDs 2A and 
2B. Curtailment of Canadian imports has in some cases increased available 
capacity in the system. 

Chevron 

Chevron Oil Company operates a crude oil pipeline that originates at  Rangely, 
Colorado and terminates at  Salt Lake City, Utah. The line consists of two 
10-inch pipelines, each 160 miles long with a capacity of 105 thousand barrels 
per day and a throughput of 100 thousand barrels per day. Although existing 
available capacity is relatively small, declining domestic crude oil production 
and/or expansion of the line could increase available capacity significantly. 

Arnoco pipelines originate at Rangely , Colorado (10 -inch) and near Craig, ' 

Colorado (&inch). The 10-inch line connects with the 8-inch line crossing 
southern Wyoming, which. terminates in Salt Lake City, Utah and at  Fort 
Laramie, Wyoming. The Fort Laramie terminus includes a connection with the 
major 20-inch Amoco line from Elk Basin, Wyoming to Freeman, Missouri. 

The 8-inch line from Craig, Colorado crosses the southern Amoco line and 
terminates near the Ariloco line in Casper, Wyoming. The Amoco line across 
southern Wyoming is operating at capacity to Salt Lake City (40 thousand 
barrels per day), and slightly below capacity to Fort Laramie, Wyoming 
(29 thousand barrels per day with 25 thousand barrels per day throughput). If 
this Amoco system in Wyoming and Colorado were expanded to handle large 
volumes of shale oil, it would provide access to several other pipeline systems 
which supply both major and minor refining centers. Possible tie-ins are listed 
in the following table. Once the shale oil reaches the.Midwest v'ia the Amoco, 
Platte, or Arapahoe pipelines, other pipeline connections could transport the 
shale oil to refineries in PADDs 2A and 2B having the available processing 
facilities. 



Many of these  a l ternat ives  may be a f fec ted  by potential  flow of Alaskan North 
Slope crude oil f rom t h e  proposed Northern Tier  pipeline. However, shale  oi l  
could supply the  secondary market  or southern markets  of t h e  proposed 
Northern Tier pipeline with about 280 thousand barre ls  per day through exist ing 
pipeline systems, allowing more of the  Alaskan North Slope crude oil t o  be  
delivered in the  northern portions of PADDs 2A and 2B. In addition, t h e  Amoco 
system allows access t o  t h e  refineries in Utah,  Wyoming, and Montana which 
are currently running below capaci ty  because of cur ta i lment  of Canadian ' 

imports and declining local  production. 

Excess 
Capaci ty  

Pipeline Terminals (BPD) 

Amoco (20-inch) Elk Basin, Wyoming t o  45,000 
Freeman, Missouri 

'I 

P l a t t e  Byron, Wyoming t o  Wood River, Illinois 120 ,000 

Conoco Gurnsey, Wyoming t o  Denver, Colorado 18,000 

Arapahoe Gurley, North Dakota t o  100,000 
Humboldt, Kansas 

Total 283,000 
* 

Southern System 

L 

The southern sys tem (see Figure F-1) was  developed t o  move crude oil f rom t h e  
Four Corners a r e a  t o  Long Beach, 'California and t h e  Midland, Texas area .  
However, t h e  western s t re tch  f rom.  Long Beach t o  . the  Four Corners a r e a  is  
currently moving 28 thousand barre ls  per day of Alaskan North Slope crude oil  
from Long Beach t o  t h e  Four Corners area.  Due t o  t h e  l imited refining 
capaci ty  along t h e  West Coast  and t h e  excesses of Alaskan ~ o r ' t h  Slope c rude  
oil, shale oil markets will probably be  located in West Texas or  t h e  Gulf Coast. 
This delivery system would increase flow t o  PADD 3,  but is not  expected t o  a id  

w e n s  of PADD 2A and 2B which are suffering f rom Canadian import  curtail- 
ments. , 

Pure Oil Pipeline 

The Pure Oil Pipeline originates in Lisbon, Utah and t e rmina tes  at Aneth, Utah. 
The ra ted  capaci ty  is  50 thousand barre ls  per day and throughput i s  35 thousand 
barrels per day. Construction of pipelines f rom t h e  Piceance Creek basin t o  
Lisbon, Utah and expansion of the Pure  Oil Pipeline would allow shale  oil  t o  b e  
transported t o  t h e  south, where i t  could en te r  t h e  TexasINew Mexico pipeline. 



Texas/New Mexico Pipeline 

This pipeline originates at  Aneth, Utah and terminates at Port Arthur, Texas. 
The line has a capacity of 100 thousand barrels per day and a throughput of 
80 thousand barrels per day. Expansion of this line would allow transportation 
of significant volumes of shale oil from the Pure Oil pipeline at  Aneth to West 
Texas and the Gulf Coast. However, increased deliveries of Alaskan North 
Slope crude oil by way of the Arco Four Corners pipeline would decrease 
capacity available for shale oil. 

In summary, the existing crude oil pipeline system has the potential to move 
about 300 thousand barrels per day of shale oil to the Gulf Coast and 
Midwestern refining centers. Utilization of this excess capacity will require 
major expansion or new construction of feeder lines from the oil shale region to 
the Platte, Amoco, and Arapahoe lines to the north, and the TexasINew Mexico 
line to the south. Utilization of this available capacity is also dependent on the 
rate of decline of local conventional crude oil production and shipments of 
Alaskan North Slope crude oil from the proposed Northern Tier pipeline. Once 
shale oil production reaches 300 thousand barrels per day, major new pipelines 
will be required to handle any additional production. 

In the short term, existing lines which originate in the shale oil region appear 
wholly inadequate to handle shale oil production levels in excess of 50 thousand 
barrels per day. 

New -Shale Oil Pipelines 

It is apparent from the discussion on shale oil characteristics that there may be 
a considerable difference between the pour point of shale oil retorted by in situ 
or surface technologies. Since considerable doubt exists regarding the viability 
of in situ technology, evaluation of future new pipeline constraints should 
address t he  "worst case" conditions encountered with high pour point surface 
retorted shale oils. 

In order to better define the economic burdens which a new shale oil-dedicated 
pipeline would impose on a developing industry, we have made a rough estimate 
of the costs and requirements of a pipeline having a capacity of 40 to 
180 thousand barrels per day. This size range was chosen because it provides 
flexibility for gradual increases in capacity which will be a requirement of a . 
developing industry,.yet will allow for reasonable economics of scale at fu l l  
capacity. 

In the absence of rheological data arid the time to make a proper design study, 
the following must be regarded as an intelligent assessment of known conditions 
based on actual experience of an 18-inch insulated pipeline designed for the 
separate transportation of heavy waxy crude oil (and of residual fuels of 120 OF 
pour point). 



The properties of the  heavy crude oil a r e  similar in general  t e rms  t o  shale oil as 
can be seen from t h e  following table:  

,' Heavy 
Crude Oil Shale Oil 

Gravity (' API) 25 20 
Specific Gravity at 60 ' F 0.9024 0.934 

Viscosity 

@ 1 0 0 ' ~  C.S. 17 .O 38 .O 
@ 1 2 2 ' ~  C.S. 11.4 22.5 
@ 2 1 0 ' ~  C.S. 4.0 5 .1  

Pour Point ( ' F) 95 85 
I) -~ 

The shale oil pipeline was assumed t o  s t a r t  at Rifle,  Colorado and t o  proceed 
via Kansas Ci ty  t o  Chicago, serving a number of Midwestern refineries. The 
RifleIKansas Ci ty  distance is about 750 miles, and Kansas Ci ty  t o  Chicago is 
roughly 450 miles, giving a to ta l  distance of 1,200 miles. An.18-inch diameter  
pipeline was chosen which, a t  maximum capacity,  would have a throughput of 
140 thousand barrels per day a t  a maximum permissible design pressure of 
1,200 psig. A ground tempera tu re  of 3 0 ' ~  at four f e e t  depth  was assumed. 

A t  Rifle, t h e  shale  oil would be heated t o  1 8 0 ' ~  and a n  appropriate number of 
reheat ing and pumping s ta t ions  would be  provided t o  ensure one of t h e  following 
cr i ter ia :  

8 Increasing capac i ty '  t o  140 thousand barrels per day t o  Kansas 
Ci ty ,  or 

8 .Extending t h e  pipeline t o  Chicago at a throughput ( to  Chicago) 
of 140 thousand barrels per day, with 180 thousand barrels per 

, day in the  Kansas Ci ty  section a s  f a r  as McPherson, Kansas. 

For all throughputs of between 40 and 140 thousand barrels per day t o  Kansas 
Ci ty ,  t h e  initial heating and pumping s ta t ion at Rifle would be  required, 
followed by four pump booster and reheat  s ta t ions  t o  raise t h e  oil t empera tu re  
f rom 8 5 ' ~  t o  1 8 0 ' ~ .  The to ta l  cost  of this sy tem including rights-of-way, 
insulated line, f ive pump and heater  stat ions,  flow metering,  instrumentation,  
and communication equipment,  but excluding all  tankage and breakout sys tems 
would be  approximately $230 to '$300 million. Link-up t o  hea te r  s ta t ions  would 
be designed fo r  full throughput of 140,thousand barrels per '  day, but with 
provision for operation at the  reduced throughput at 40 thousand barrels per 
day. Only a small  reduction in investment for t h e  initial operation at 
40 thousand. barrels, per day is possible by omit t ing some of the  booster pumps 
and drivers. 



The extension of t h e  pipeline t o  Chicago for a throughput of 140 thousand 
barre ls  per day would require t h e  provision of th ree  booster and hea te r  s ta t ions  
which, together  with the  insulated pipeline and other  facil i t ies as described for  
t h e  Kansas Ci ty  sect ion,  would require a n  investment of a fu r the r  $140 t o  
$180 million. Operation of this section at 100 thousand barrels per day would 
be  possible with 40 thousand barre ls  per day disposed of before Kansas City. A 
full 140 thousand barre ls  per day delivered t o  Chicago with a fu r the r  40 thou- 
sand barrels per day delivered as f a r  a s  t h e  concentration of refineries in t h e  
Wichita, El Dorado, Augusta/McPherson a r e a  would be possible t o  give a to ta l  
o f f t a k e  out of Rifle of 180 thousand barre ls  per day. This could be  a t t a ined  
with t h e  provision of two  booster s ta t ions  without heaters  at an incremental  
cos t  of around $5 million. 

The to ta l  cos t  of t h e  shale  oil-dedicated pipeline t o  Chicago is thus $370 t o  
$480 million. I t  is apparen t  t h a t  t h e  cost  of pipeline sys tems which have largely 
been ignored in discussions of the  cost  of shale oil production can represent  a 
very significant additional expense. Pipeline coristruc tion lead t i m e  can  also 
present problems. The upgraded shale oil pipeline proposed for  the  Colony 
Project  (which would transport  shale  oil from Rifle, Colorado t o  Lisbon, Utah) 
required an Environmental Impact  S ta tement  which took over th ree  years  t o  
complete.  

AREAS WlTH CRUDE OIL AND 
REFINING CAPAClTY DEFICITS 

Shale oil production has the  potential  of supplementing domestic crude oil 
production and reducing at leas t  a portion of our requirement for  imported 
foreign c rude  oil. The question ar ises  regarding what a r e a  (PADDs 2A, 2B, 3, 4, 
or  5) could most benef i t  by t h e  projected production of shale oil. Table F-3 is a 
comparison of ac tua l  and projected production, existing refinery capaci ty ,  and 
a c t u a l  and projected demand for  refined products. From Table F-3, 
both  PADD 2A and 2B will experience the  g rea tes t  need for supplemental  crude 
oil. Cur ta i lment  of Canadian crude oil imports has increased t h e  def ic i t  of 
supply versus demand for  refined products. PADDs 2A and 2B could benefit  
most '  from shale  oi l  production, and projected demand for refined products 
indicates  a need for  increased refining capacity.  New refining capaci ty  (single 
or multiple plants)  total l ing nearly 200 thousand barre ls  per day is indicated a s  
needed by 1990 in PADDs 2A and 2B. This shortfal l  between product demand 
and refining capaci ty  has historically been m e t  by imports of refined products 
(primarily f rom PADD 3). 

PADD 4, although current ly  an exporter of crude oil, is an  importer of refined 
products--predominantly f rom PADDs 2B and 3. New refinery capaci ty  in 
PAUU 4 could reduce product imports from outside the  region, and shale oil 
production could supplement declining local  crude oil production and t h e  loss of 
Canadian imports. Shale oil would aid refineries in Montana and Wyoming t h a t  
have been a f fec ted  by t h e  Canadian curtai lments.  



New refining capacity in southeastern Wyoming which would refine shale oil and 
produce refined products for Montana, Wyoming, North Dakota, South Dakota, 
Nebraska, Western Kansas, and Colorado could reduce or nearly eliminate the 
demand of refined products from PADDs 2B and 3. These displaced refined 
products could then be routed to make up the product deficits in the northern 
PADDs 2A and 2B areas. A refinery with production capacity of over 
100 thousand 'barrels per day is indicated by Table F-3 as  necessary by 1990 in 
the PADD 4 area t o  bring capacity and product demand into balance. 

SUMMARY 

The review of potential shale oil transportation systems, market areas, and 
existing refinery shale oil capability has led to  the following conclusions: 

Based on estimated hydrogen surplus, no existing refineries in 
PADD 4 appear capable of denitrification of shale oil volumes of 
a t  least 10 thousand barrels per day. Eleven refineries in 
PADDs 2A and 2B could process 10 thousand barrels per day 
more of raw shale oil, and have aggregate capacity 'of about 
186 thousand barrels per day. Although a relatively high shale 
oil capacity exists in these two PADDs, shale oil refining would 
be divided among eleven different refineries, which. can be 
expected to  complicate raw shale oil distribution problems. 
These refineries are  listed in Table F-2. Shale oil upgrading a t  
the oil shale processing site would permit refining a t  virtually 

'any refinery. 

, e Examination of existing pipelines originating near the Piceance 
Creek Basin oil shale area indicate that  they are inadequate t o  
handle shale oil production levels in excess of 50 thousand 
barrels per day. Major expansions of feeder lines would allow 
transportation of nearly 300 thousand barrels per day to 
PADDs 2A, 28, and 3 refineries. The highest existing potential 
for shale oil pipeline capacity is the northern system (Amoco). 
Expansion of this system's feeder lines would allow shipment .of 
nearly 285 thousand barrels per day to  the PADDs 2A and 2B 
refineries through the Amoco, Platte, and Arapahoe pipelines. 
Pipelining of raw shale oil will require heating and increased 
pump capacity or the addition of viscosity improvers. Alterna- 
tives to  existing pipelines would include construction of new 
pipelines designed to meet the high pour pointlhigh viscosity 
characteristics of raw shale oil. 

Based on comparisons of crude oil supply, total refining capacity, 
and demand for refined products, PADDs 2A, 2B, and 4 are areas 
of greatest shale oil market potential. Curtailment of Canadian 
imports has resulted in lower crude oil input for many refineries 



in these PADDs. Construction of the proposed Northern Tier 
pipeline would help eliminate the shortfall, but shale oil could 
supplement Alaskan North Slope crude oil in secondary or 
southern market areas to the proposed pipeline. 

When all of these factors are considered together, only the 
refineries listed in PADDs 2A and 2B appear to have the 
capability to receive and process significant volumes of raw 
shale oil. Although PADD 4 does not currently have the capa- 
bility to process significant volumes of shale oil', it would be a 
logical contender for major new refinery construction which 
could handle shale oil. 

If onsite or regional shale oil upgrading were practiced, .the 
resulting syncrude could be processed in essentially any existing 
refinery and transported in any existing pipeline system. This 
wo111d also prevent costly dl~pliration of high severity processing 
equipment by many small refiners dispersed over a wide area. 
This would allow integration of shale oil production into the 
nation's refining system with minimum cost and delay. 
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TABLE F-1 

REFINERIES EVALUATED FOR SHALE OIL REFINING CAPABILITY 

Company i n d  loration . -- 
ALABAMA 

........... Hunt Oil 3.-~uscalwra 

Louisiana iand b fiploratirn Co.- 
Saralamd . . . . . . . . . . . . . . . . . . .  

Mobile $ ReLning ,b.-Chickasaw, 
Mobil Ba: ellnng Co -4slckasau 

. . . . . . .  Vulcan RtCning ::a,-Cord'ivd 
Warrior &hall Co. of 

Alabanc Inc.-Halt ............. 

Charge caprity, blsd - . -Productioo capacity, blr- - C~dtcapacity- Vacuum Thermal 4 a l  cracking- Cat Cat hydm Cat hydro- Cat hydm. AIkyl, Aromatic11 Hydrogen, 
blcd b i d  distillation operatidm Freshleed Recycle relorming crackin< refining t n a l i g  lion isomtriotion Lubes Asphalt MMcfd ---- 

- - - - - - - - -  
. . . . . . . . . . . . . . . . .  . . . . . . . . . . .  Told . . . . . . . . . . . . . . . . . . . . . . . . .  130.41: 135.31 20.500 . . . . . . . . . . . . . . . .  B.SW . . .  9.000 14.5W 16.5M 

. . . . .  - 
ARIrnNA 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Arizona fua:s Cora.-fredwia ........ 6.000 5,400 3.500 
- - - - 
ARKANS,AS 
Berry Pel~leuln. Division ,I Cvsral 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  Oil Co.--jtevcas 2,9J2 3.0W 2.m ; . . . . . . . . . . . . . . . . . . . . .  
Cross Oil .L Refiring Co. d' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . .  Arkanm-Smdkover ............. 8,600 8.750 3,100 01,200 1 . W  1,500 '2.9 
Macmillamli~~gJ-ee Oil Co.- ,tsao- ,ai . . . . . .  1.950 1.500 . . . . . . . . . . .  

Norphle: . . . . . . . . . . . . . . . . . . . .  4.400 4.W 3.GUO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . .  . . . . . . . . . . .  10x0 Cow-El Dwado . . . . . . . . . . .  47.000 - 48.300 11.000 . . . . . .  '15,500 3.000 ' 5,750 . . . . . . . . . .  Sex, 339 

'3.300 
'1.1M - -  _ _  - - _ - _ _  . -  

. . . . .  . .  . . . . . .  . . . . . .  . . . . . . . . . . . . . .  . . . . . .  Iotal :. 62.942 64.550 25,100 l5.OCO .3PqO 5.750 :.. 13.100 4,500 4,250 6,750 28 ....., 

CALWORNIA . . 
• Atlantic BBhfieU .Co.-Cirsan . . . . .  180,000 lsd.00 7 6 . m  '10.000 '56.W None 138.0M '19,000 ...... "35.W '7,200 '2.500 '50.0 1,800 . . . . . . . . . . . .  

a42.000 'l8,oOa 
'32.500 '5,500 

'16.500 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Basin Pel;.leum Inc.--lorg Bean .. NR 15,000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........... . . . . . .  . . . . . . . . . .  Beacon 0,8 Co.-+anlard 12,300 12.400 '500 "1.650 
'2.750 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . .  Cb@in:Petrdmm Ce.+ildn@ao. 31,200 32.m 20,000 'It.MO .:.. :. 1 .  650 

Source: "02 and Gas Journalm March 26, 1979 (Legend follows Tab-e) 
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Table F-1 (cont inuzd) 

Charge capacity. b l rd  - .. -Production capacity. bls- Coke, - Crnde capacity - Vacuum Thermal d a t  cracking- Cat Fat d a  Cal w r o -  Fat hyd:o. AIhyla- llromaticsl Hydrogen tons1 
Company and location -. 

b i rd  blsd distillation operations Ireshlted Recycle ref~rminr cr& rclidnp lreallng tiom lsomeriution Lubes Asphall MMcld' day - 
. . . . . . . . . . . .  . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  Rod- 111.0C4 117.000 38.500 0042,500 "26.000 '30.0M '21.000 3.600 4.250 '70.0 1.8M 

'9.00C 
r l d f l M  --,"". 

. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  USA Petlochem Corp.-Yentwa . . . . .  20.0a) 19 .m '6,000 '7,50C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . .  West Ceast Oil Co.--0lldalc 19,OtX NR .:. 600 - -  - - - - - _ -  _ _ _ - - - -  -- 
........ . . . . . . . . . . . . . . .  Total 2,453,620 2,561,219 1.126.100 419.183 516,111 85.933 521,039 328.922 320.914. 1119.022 94.289 13.600 20.100 13.050 831.4 16.100 

'All liga~es are capacity. Slrearr,.day figures not reparled. -- - -- 

COLORADO 
Aramera Oil U.S. 1nc.- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  Commerce C i t  :_ .............. NR 18,WO 7.000 .'7.000 200 '3 .W '1.800 
Conlineiial Oil o Demr  10.000 11,MM 2.500 . . . . . . . . . . . . . . .  '6.500 . . . . . . . . .  '7.000 

. . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ 

'?.So@ 
. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  Gary W~itern Co.-huita . . . . . . . . . .  13 .m 14.0~3 10.000 '2,OM) 2,lkIl :. '0.6 _ _  - -  - - _ _ _ _ _ - _ _ - - -  - 

. . . . . . . . . . .  . . . . . . . . . .  Totd . . . . . . . . . . . . . . . . . . . . . . .  40,100 43.WO 19.500 . . . . . .  1.000 200 11.500 . . . . . . . . . .  11.5CO 1.800 0.6 

ILUNOIS 
. . . . .  Amoco Oil Co.-Woad like: . . . . . . .  llO.&M 115.000 36.000 '38.000 4.000 '12.300 

Clark Z l  6 Refining Corp.- 
Blue Island . . . . . . . . . . . . . . . . . . .  66.540 70.lCO 27.000 . . . . . .  '26.000 1.0131 
Har.brd . . . . . . . . . . . . . . . . . . . .  57,000 6O.lCO 18.000 '13.000 '28,000 1,000 

9 Maralbon Oil Co.-Robinson . . . . . .  195,000 i05.lCO 62.000 '2.800 '38.OW 400 
;19.000 

Mobil Oil Corp.-Joliel . . . . . . . . . .  180.000 200.0(m 88.000 34,000 '92.000 27,600 
. . . . .  . . . . . . . . . . . . . . . . . . . . .  M. 1. tichards 1nc.--Qossvilk 700 73: 9 Shell 3 1  Co.-Wood River ......... 283.000 295.0(D 95.500 . . . . . .  1g4,m 0 - 

Texacc Inc.'-lawrenctville . . . . . . . .  84.000 N t  24.000 '9.030 '36.000 NR 

Loclwrl . . . . . . . . . . . . . . . . . . . . . .  72,000 tit 14.000 '27.000 '30.000 NR 

Union Oil Co. ol Califoraia- 
l e m n l  . . . . . . . . . . . . . . . . . . . . . .  151.000 N I  55.000 '21.000 '55,000 8 . m  

. . . .  . . . .  Wireba9 Oil Co. Inc.--fl)molPh 1.&00 NF '1.800 . . . . . . . . . .  
Yeller Oil Co.-Colmar ........... 1,000 1,052 1.000 ' . . . . . . . . . . . . . . . .  

Tebl . . . . . . . . . . . . . . . . . . . . . .  1.202.000 1.ZlI.B~l 424.122 131,600 442.111 83.332 
'All figvres are calendar day. Streamday figures ~t le~or ted 



Table F-1 (continued) 

Chane capacity, b i r d  - . -Produclion capaclty. bls- Coke. 7-- 

-Crude capacity Vacuum Thermal -Cat crackini- Cat Cat h dro Cal hydro- Cat hydro. Alkyh. Aromatlcsl Hydrogen, tons1 
Company and locatlon b lcd  b lsd  dislillation operations freshfrtd Recycle reforming craeiing' relining treating tion Isomerizalion Lubes Asphalt MMcld day - --- 

INDIANA 
Amoco Oil Co.-Whiling . . . . . . . . . .  380,000 405.000 180.000 '25,000 '140.000 4.000 '76,000 . . . . . . . .  '83.000 '19,000 'i2.800 6.200 40,000 . . . .  1.200 

'38.000 2.900 
"5.160 

720.000 
Energy Cooperative 1nc.- 

. . . . . . . . . .  . . . . . . . . . .  . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  East Chicago 126,000 140.000 70,000 '48.000 2.000 '20.000 '20,000 '6,000 10,400 
125.000 

Gladieur Refinery Inc,-qt. Wayne . 10,600 12.200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Indiana Farm Bureau Cooperat~ve 

Associalion 1nc.-41. Vernon . . . .  21.500 NR 8 . F  . . . . . .  '7,200 690 '33.0@J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Industrial fuel & Asphall of Indiana 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  1nc.-Hammond 9,800 NR 
Laketon Asphalt Refining 1nc.- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  Laketon . . . . . . . . . . . . . . . . . . . . . .  , 7.500 3.000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  Princeton Refinery l n ~ . ~ P r i n c e t o n  . . . . . . . . . . . . . . . . . . . . . . . .  "UOII '1.500 

Rack Island Relining Corp.- 
. . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . .  Indianapolis 43,600 44.500 17,000 : 'llp00 None "8,700 '13.500 '?4.200 5 . W  - - - -  - - - - - - - - - - - -  

rota1 ....................... ~~MZOO 641.988 182500 '25.000 ~ U P  8.690 1 0 o . z ~ ~  . . . . . . . . . .  2 ~ ~ 1 6 0  ~ a t ~  15.100 ww 58.400 . . . . . .  1.100 --- 
KANSAS 

. . . . . .  . . . . . . . . . . . .  ..... CIU Inc.+)rille . ............. 49.850 51,250 17.000 2a.000 '!6,OBO 18.M)0 '3,000 '19.8W '6,000 2,500 -450 
. . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . .  Phill$bf( ... :. ........ : :  26,600 27 460 10,OM 8,500 '5,500 '1.500 '2.300 2,000 

. :  Wy e l ~ E o - - ( Y ~ ~  25800 271656 9.800 43.600 'lorn U W  'S.000 . . . .  : . . . . .  I5.m a3.DN . . . . . . . . . . .  ...,.. ...... 160 

E-Z Sene Relinin Inc Shallowater . 
G e l t ~  Refining s J  hlariirrr Co.- 

El  Oorodo ..................... 

Mid.America Relining Co. Inc.- 
Chanute . . . . . . . . . . . . . . . . . . . .  

Mobil Oil Carp.-Augusta . . . . . . . . .  

National Cooperalive Relinery 
Associatio&cPherson 

Pester Relinery Co -€I Dorado . 
Phillips Petroleum Co.-Kansas City 

..... To l i l  Pelroleum-4rkansai City 

Total . . . . . . . . . . . . . . . . . . . . . .  

KENTlJCKY 
Ashland Petroleum Co.-Callettsburg . 

Louisville . . . . . . . . . . . . . . . . . . . .  
Kenlucky Oil 6 Relining Co. Inc.- 

Betsy Layne . . . . . . . . . . . . . . . . . .  
Somerset Relinery Inc.-Somerset . . 



Table F-1 (contiwed) 

- CCam -I$, blsd - .----RndWbn erpan'ly. b l r h  
-Cmda capacily - Vacuum Thermal 4 a t  cracking- Cat Eat dr* C a  hflm. t a t  hydrd- A l b l b  llramallcs/ w. 

Csmpany and laea6on b e d  bIsd distillalion operations Hydrogen. tons1 
Freshfeed heyet8 reforming crazlng r t l m i ~  treallng lion Isomr in t ion  Lobes AspNIt YMeM . .  _____-_______ 

LOUISIANA 
M a s  Processing Co., Divij,on of 

IPenntoil-Shrev?porl . . . . . . . . .  45 000 47.400 9.100 . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
'4.800 

&you Stale Oil Carp.-hslm 5.000 NR 2.000 . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  
. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cilumet Refining Co.-Priiceton 2.400 NR 4.800 . . . . . . . . .  2.000 HH) . . . . . . . . . . .  

Ucasieu Relining Lld.- 
. . . . . . . . . . . . . . . . .  Lake Charles N R  6.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  . . .  Cmal Relining Co.-Churci Point 6.400 6.500 '2.100 . . . . . . . . .  s6.,bob ,.33,0"0 .,.2.,j . . . . . . . . . . . . . . . . . . . . . . .  
Ci.ies Service Co.-Lake Cbatl~s .... 291.000 NR 83.000 '28.000 'i25.000 20,000 J46.W0 . . .  'E000 7.000 . . . . . . . . . .  1.000 

'30 000 '14,000 
. . . . . .  O~ibcrne Gasoline Co.-Llbon 6.500 6,700 . . . . . . . . . . . . . . . . . .  '!.ZOO . . . . . .  

lh t inen la l  Oil Co-Lake Charles . .  87.000 90.000 11,500 '7.000 :25.500 5,000 :18:500 . . . .  ,,9,bbo ";4j,jo ' ; i jb  : : : ' :  : : ' : "  : '  : :  : : : ' :  
'8.500 

Cdton Valley Solvwls IKer-.McCee 
Refining Corp.l-Collan Valley . . 11.000 11.225 . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . *  

Gangeline Refirling Co. Inc- 
. . . . . . . . . . . . . . . . . . . . .  lennings NU 5.000 '600 . . .  

G i o n  Co.-Baton Rouge . . . . . .  MO!lW 540.000 215.00(1 "50000 '15'4:000 N R  :83.000 '2j.000 ': . .  ?2.600 '29800. . .  1'6,000 28.900 : : 1 '  : : 2.~00 
:70.000 
~20.000 
'3.000 

U o d  Hope Ref iner~s Inc.- 
Cood Hope . . . . . . . . . . . . . . . . . .  86.000 95.000 60.000 . .  '65.000 930 '4.500 . . .  . '4.500 I? nnn 

. . . . . . .  . . . .  . . . . . . . . . . . . . . . . . .  6 Call Oil Carp.-Belle Chase 195.900 202.000 73.000 '16.000 '78.000 2.301 '37,500 '1i.OCO '42.000 '28.W '11,100 840 
se.aoo 5,400 

'Venice . . . . . . . . . . . . . . . . . . . . . . . .  2&.700 29.100 . . . . . . . . . . . . . . . . . . . .  '18.000 ':I.MO . . . . .  '14.4W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
181 Pelraleum Co.-Krotr Springs . . .  10.100 10.700 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IzJel Im.-St. James . . . . . . . . . . . . .  20.000 NR 20.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  Lbralhon Oil Co.-Carpilk . . . . . . . . .  200.000 205.000 1M).000 . . . . . . . . . . . . . . . .  137,500 '53.5m '37,500 . . . . . . . . . . . . . . . . . .  20.000 . . . . . . . . . . .  
"3;.000 

W. Airy Refinery Co.-Mt-Air? . . . . . .  11600 14,200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W J ~ P ~ Y  Oil Corp.-Me:aw .......... 92500 95,400 40,W)O . . .  :. . '10.500 500 b233.0W . . . . . . . . . .  '23.000 '3,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' 15.000 
Fbcid Refining Ca-Port 91ko . . . . . .  34200 36.000 20.000 . . . . . . . . . . . . . . . .  '5.500 . . . . . . . . . .  '6.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
%.ell Oil Co.-No~o . . . . . . . . . . . .  230.MW) 240.000 90.000 .18.000 '10.000 2,OCO '18.000 ':4.000 '2i.000 "9.000 '13,500 . . . . . . . . . . . .  10.000 '51.0 860 

'29.000 '28.000 
'1 7.900 

. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ztepherd Oil Inc.-Mermmtau 10.000 1 ~ ~ 0  :. 
. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .L S Relining t n c ~ l e n n i ~ g s  10,200 10.984 

. . . . . . . .  . . . . . . . . . . . . .  lerneco Oil Co.--Ohalmel!e NI! 120.000 23,000 '9.000 '22.000 NR '35.000 '18.000 '13,OUJ '24.M)O "5,OW '7.000 '22.0 350 
. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  6 h a c o  fnc.t-(;onvent. 140,000 NR 35.000 "12.000 '70.000 NR "30.000 '55.000 '12.500 - - - -  ------ 

. . . . . . . . . . . . . . . . . . . . . .  Total flP9.950 2.263.133 188.242 194133 561.111 106.433 402.133 llB.SJ0 203500 451.011 I31.WB 28.430 21.200 60.000 73.0 5.450 
T a t  poly. IA l l  figures ulsndar day. Streamday tigurer not reported. 



Table F-1 (continued) 

Chawe caprlty. blsd . -Pmdmtlan capacity. bIs+ Coke. - Cmde capacity - Vxnom Thermal &at nacklng- Cat Cat 1 dm- Cat hydro Cat hydro. Ilkyla- , Ammalicsl dro en. tom1 
LIcd blsd distillation s~eralions Fresh Iced Remle reformint c rs l l n r  refining treating tion isamerimtiao M e s  l u t u l t  br tomnanr m d  location 

- - - -- - - - 

MlCHlGAN 
.... Cwta l  Relinin$%.Fson City 6.200 4.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Dm Chemiul SA Bay Crty ..... 14.000 22.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lakeside Refining &I.-Walamazw .... 5.600 NR . . . . . . . . . . . . . . . . . . . . . .  '2.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Marathon Oil Co.-lktroil .......... 65.000 67.000 25.000 . . . . . .  '25,500 1,300 '16.000 . . . .  41Z.HI0 '16.500 '3,MO . . . . . . . . . . . .  8.650 . . . . . . . . . . .  

.. . . . . . . . . . . . . . . . . . . . . .  Osceola Refining Co.-West Branch 12.500 10.000 '1,600 .... '1.600 . . .  . :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
'1.150 

Total Petroleum Inc.-Alma ........ 40,000 4 2 . m  . . . . . . . . . . . .  '16,000 550 '10,000 . . . .  ?,500 '10.000 y33.000 ~1.000 . . . . . . . . . . . . . . . . . . . . . . .  
'1.500 

MINNESOTA 
Continental Oil Co.-Wrenshall ...... 23.500 24,OW 
Koch. Refining Co.-Rosemat ...... 127,300 131,905 . 

Noflhwntern Relining Co.. 
Division of Ashland Petroleum 
&I.-St. Paul Park . . . . . . . . . . . . . .  67.000 69,000 

- - 
r o w  ....................... n1.m 224.905 

*Cat polymerization. 

MISSISSIPPI 
........ Amerada.Heu C o r p . - h i s  30.000 NU. 

...... Chevron USA 1nc.---~ascagcuia 280.000 NR 

Ergon Relining I=.-Vicbburg ..... IO.WU 10.000 
Southland Oil Co.--Lumberton ...... 5.725 6.600 

Sandersville .................... 10.958 12.5W 
Yazm City . . . . . . . . . . . . . . . . . . . . .  3,765 4.500 - -  

Total . . . .................... 340.448 U9.914 

MISSOURl 
Amoco Oil Co.-Sugar Creek ........ 109.000 'III.WO 40.000 '13,500 '42.000 12,M)O '16,000 

- -  - - - - -  - - - - - - -  -- 
r a w  .... . . . . . . . . . . . . . . . . . . .  I ~ P O  tt1.000 40.m t ~ , m  42.000 tz,ow 18.m . . . . . . . . . . .  61.500 s.000 . . . . . . . . . . .  6s.m . . . . . .  sm - -- 

MONTANA 
Cenu--laurel . . . . . . . . . . . . . . . . . . .  40.400 42.500 14.000 . . . . . .  '12000 '12.000 . . . .  '14.000 '15.000 '3.000 '2.000 . . . . . .  6.MIO . . . . . . . . . . .  
i n n t  i t  ~ o i ~ i n  . . . . . .  9.m r m  7 ,  . 115,000 "% 315,m . . . . . . . . . .  1!6,000 .3,800 4 2 . m  ...... 1,500 . . . . . . . . . . .  

9.500 
'12.5GCl 

B~mCo.--Billings . . . . . . . . . . . . . . .  45.000 46.000 18.000 '7,000 '19.200 14.50 '14,500 '4,900 . . . . . .  l15.500 '3,400 . . . . . . . . . . . .  3.000 '16.7 310 
4 1 0 . m  
'10,000 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kenco Relining I=.--Wolf Point 4,500 4.700 
Phillips Pelroleum &I.--Great Falls .. 6.000 6.300 2.100 . . . . . .  '2.100 1.250 '654 . . . . . . . . . .  '750 . . . . . . . . . . . . . . . . . .  850 . . . . . . . . . . .  

'1,250 
Westco Relining Co.4ut  Bank . . . . .  5.300 6,000 . . . . . .  '2.200 . . . . . . . . . .  '2.300 . . . . . . . . . .  '2.300 . . . . . .  '100 . . . . . . . . . . . . . . . . . . . . . . .  

71.000 - - - - -  - - - - - - - - - - -  
Total . . . . . . . . . . . . . . . . . . . . . . .  153,700 161,500 51.100 9.200 48.300 23.750 45.150 4.900 14.000 93.800 10.200 4.700 14.350 1 310 

'Cat pdyrneritalion. 



Table F-1 (con.tinued) 

Chaqe capxi)): blsd- . A r o d u c l i o n  capacity, b l t h  Coke. 
Cmds capac* - ' Vacuum Thermal C - t  crmUq-. Cat Cat b dro Cat hydro- Cat hydro- Alt).lb Ammatis1 llydro~en. tuns1 

Cernpany and locallon b l rd  blsd distillation opcrationr Freshleed Reqch relormlng crarIlnp relining treating tlon isomerlmlion Lubes Asphalt M W d  dV ---- 

hrEVADA 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wsda  Relining Ce.-Tonapdl~ . . . . . .  4,000 NR _ - -  _ _ - _ _ _ _ - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rota1 ....................... 4 . m  0.mo 

NEW MEXICO 
. .  . . . . . .  Caribou Four Caners In;.-Kiriland 2.375 2.500 

. . . .  . . . . . .  Giant Industries bc.-farmingtan 8.800 NU 
. . . . . .  .. a Navajo Relining Co.-North Artesla NR 6.250 

. . 
South Artesir . . . . . . . . . . . . . . . .  NUr- ' 23.750 . 4.000 

. . . . .  . . . . . . . . . .  Plateau 1nc.-8lmmlleld 12.900 14.000 
. . . . . . . . . . . .  Shell Oil Co.-Ciniza 18,000 19.000 7.900 

Southern Union Relininp Co. 
. lovingion . . . . . . . . . . . . . . . . . . . . .  36.OM) 37,000 . . . . . .  

Monunient . . . . . . . . . . . . . . . . . . . . .  5.000 5.200 . . . . . .  
Thrillway Co.-Btwmlield . . . . . . . . . .  3.500 5.000 ...... - - -  

Total . . . . . . . . . . . . . . . . . . . . . .  115.074 121.963 11.BW 

OHIO 
. . . . .  Ashland Petrole'~m Co.-Canlm 64.000 66.000 33.000 

. . . . . . . . . . . . . . . . . . . . . . . .  Findlay 'NU 21,000 8.000 
Gull Oil Co.-Oeves . . . . . . . . . . . . . .  42.700 44.000 13.000 

Toledo . . . . . . . . . . . . . . . . . . . . . . .  50.300 51,000 12,500 
Standard Oil Co. of Ohio-lim . . . . .  168.000 177.000 51.000 

Toledo . . . . . . . . . . . . . . . . . . . . . .  120.000 126,M)O 68.000 
Sun Co. 1nc.-Toledo . . . . . . . . . . . . .  125.000 130.000 22.000 

Total . ...................... 589.950 615.000 207.500 
'Seasonal operalionr: 7 monlhs of the year. 

OKLAHOMA 
rlllied Materials Gorp.-Shoud ...... 7.000 1.250 7.250 
Champlin Petrol~um Co.--Enid . . . . . .  53.800 56.000 18.000 9 Continental Oil Co.-Ponca Cily .... 132,000 136.000 32,000 

Hudson Relining Co. 1nc.-4ushing . . 19.000 19.814 7.000 

Kerr.McCee Relining Carp.- 
Wynnewood . . . . . . . . . . . . . . . . . . . .  

DKC Refining ln:.-~kmulgee~.:'.,:': . . .  2 5 . W  24.000 3.200 
Dklahoma Relining Co.-CMl :. . . . . .  14,DIO 14.700 5.000 
jun Co. 1nc.-Cuncan . . .  : . . . . . . .  48.500 50.000 17.000 

Tulsa . . . . . . . . . . . . . . . . . . . . . .  88.500 90.000 31.500 

. . . . . .  . . . . . .  lonbwa Reliniing Co.-Arnett 6.000 6 . W  
dickers Pelroleurn Cotp.-Ardmore . . NR 64.500 30.000 - - -  

lotat ....................... 555.075 572,395 177.061 

'Cat poly. tAl l  figures me calendar day. Sbeam day figures not reported. 



Table F-1 (continued) 

Charge capacity, b lsd  - . -Production capacity, b l s h  Coke. 
7 Cmde capacity - ' Vacuum Thermal -cat cracking- Cat Cal hydro- Cal hydro. Cat hydro Alkyla. Aromatics/ Hydrogen, tons1 

Company and localion b lcd  h lsd  distillation operations Frcshleed Recycle relolming cracking refinint treating l ion isomerizalion Lubes Asphall MMcld day 

OREGON 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chevron U.S.A.. Inc.-Portland . . . . . . .  14,000 NR 15.000 8.600 . . . . . . . . . . .  - - - --. - - - - - . - -  - - -  

. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total . . . . . . . . . . . . . . . . . . . . . .  14.000 14.131 15.Otll . . . . . .  ....,. . . 8,600 . . . . . . . . . .  -- 

TENNESSEE 
Della Refining Co.-Memphis 42.500 43.820 12,000 . . . . . .  '12.500 None '9.300 . . . . . . . . . .  '9.300 '3.600 . . . . . . . . . . . .  3.015 . . . . . . . . . . .  

'4.200 - - - - - - - - - - - - - - - 
Total . . . . . . . . . . . . .  . - .  . . . . . .  42.500 43.820 t2.000 . . . . .  12.500 . . . .  #.mO . . : .  . . . . . .  13.500 3.600 . . . . . . . . . . . .  3,015 . . . . . . . . . . .  

TEXAS 
Adobe Relining Co.-La B l a m  . . . . . .  5.000 5.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
American Petrofina Inc.-- 

Big Sp~ing . . . . . . . . . . . . . . . . . . . . .  60.000 65.000 25.000 '10.000 '24.000 1.000 *20.000 .... '8,000 '25.000 '6.WO '4.500 . . . . . .  8.000 . . . . . . . . . . .  
'2.500 

'800 
Poll Arlhur . . . . . . . . . . . . . . . . . . .  90,000 110,OM) 28.000 '10.000 '34.000 2,000 "22,000 . . . .  '30,000 '22,000 '2.500 '3.000 . . . . . . . . . . . . . . . . . . . . . . . .  

= I  ,601~ 
. . . . . .  . . . . . .  . . . . . .  Amoco Oi l  Co.-Texas City . . . . . . . . .  415.000 432.000 191,000 '33.500 '184,000 33,000 '134,000 '42,000 '139,000 '31.000 '45.000 5.300 1.500 

:50.000 
. . , .  . . . . . . . . . . . .  . . . . .  8 Allanlic Richfield Co.-Houston 363,WO 381.000 149.000 430.000 '76.000 5.000 ' 95 ,000  '88.m '44.000 95.000 '8,000 '9.000 '11.2W 6.400 1.800 

b31.000 '6.600 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Carbonit Refinery Inc.-Hearne . . . . . .  10,000 11.000 

Champlin Petroleum Co.- 
. . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . .  . . . . . . . . . . . . . . . . .  CorpusChristi 155,000 159.000 52,000 '65,000 NR '6.300 '50.000 '27.000 '17,600 '2.500 

'25.000 '6.300 '1.600 
Charter International Oil Co:- 

. . . . . . . . . .  . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  Houslon 65,000 70.000 22,000 '10.000 '40.000 NR '13,500 '15.000 '4.500 '2.850 5,000 
'6,000 
'1.800 

. . '16.000 
'7.500 

. . . . .  . . . . . . . . . .  . . . .  . . . . . . .  Chevron U.S.A. Iw.-El Paso . . . . . . .  76.W NR 26.000 '22,000 NR '25,000 '14.000 '25.000 '5.0130 '2,000 5 . W  
Coaslal Slates Petrochemical Co.- '4.000 

Corpus Chrisli . . . . . . . . . . . . . . . . .  185,000 NR 45.000 '12.000 '19,000 600 '15.000 . . . .  '25.000 '30.000 '2.500 '11.500 . . . . . .  500 ...... 500 
~20.000 ' 10.000 '6.000 

'@ Crown Central Pelroleum Gorp.- ',10.000 
Hou$ton . . . . . . . . . . . . . . . . . . . . . .  100.000 103.000 38.000 '9.500 '50,000 0 '8.000 . . . .  . . . . .  22.000 '10,000 '2.000 . . . . : .  . . . . . . . . . . . .  300 

y ~ 4 . ~  '2.000 
Diamond S h a m r d  bp. -Smray  . . .  51.MO 5 3 3 0  16.580 '2.500 '11.500 2.000 '14,000 . . . . . . . . .  '14.000 '8.700 '1.400 . . . . .  2.508 . . . . . . . . .  

'I1.MO 2.000 

Dorchester Refining Co.- 
. . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . .  MI. Pleasant . . . . . . . . . . . . . . . . . . .  26.000 28,500 13,000 . . . . . .  ylO.OOO 500 '4.000 11,000 22,400 8.000 

'-'6,000 
. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  While Deer . . . . . . . . . . . . . . . . . . . .  NR. 1.000 'l,WO . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  Eddy Relining Co.-Houston NR 3.500 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Erickson Refining Co.--Port Neches .. 30.000 32.000 . . . . . . . . . . . .  

. . . . .  . . . . .  . . . . . . . . .  . . . . . .  L ~ X O ~  CO. ~ .S .~ . -~ay lown 6411.~10 668,000 180.00~. liis,&%o ~s,obi, iii,ooi, 121;btjo 'ais,ooo -iii.bbo ;26,660 33.800 12.000 '75.0 
'60,000 '78.000 '192,000 

'45.000 b41.000 
'8.500 

. . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . " . . . . . . " . . . . . . .  f l int  Chemical Co.-San Antonio 1.200 1.400 +iioo , Isjib i d . . . . . . . . . . . .  
Gulf Oil Co.-Port Arthur . . . . . . . . . .  334.Yl0 342.000 151.500 '30,000 '120.000 6.000 '5.500 '2.100 13.200 . . . . . .  '28.8 1.390 

'14.500 >2.500 . 
'7.200 



Table F-1 (cont ini~ed) 

Cb?rla uprcitl. b l rd  . +rodtlction u p x i l ~ .  bls- Cob, 
-Cnds c8pacib- Vacuum n e m l  A a l c r a c l l ~ -  Cat Cat w kcat $& cat hydro. Alkyb lmmrtlcsl dragen. tuns1 

Company and locallon ---- L l d  b l rd  dlrtitlaUen opsratlons Rsrb bed lrrycls reforming mzq refining treatin8 "on Isomerlatlon Lubes L lphl l l  )2l Mcfd day - --.- .- 

Gulf Stales Oil I Refining I%.- 
. . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  Corpus Christi 12MC NR 

. . . . . . . . . . . . . . .  ....... Howell Carp.--Corpus Christi 1 5 m  15.790 4 . a  
. . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  San Antonio 4.000 .:. '1,300 ,3.,h " .  m . . . .  '1% . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . . . .  Independent Relining Corp.-Winnie . .  1@ 15,360 . . . . . . . . . . . . . . . . . . . . . .  '8.000 '400 

'2.700 "300 
...... . . . . . .  . . . . . . . . . . . . . . . . . . . .  Lffitoria Oil 6 Gas Co.-Tyler 29.300 29,700 '3.000 '10.000 '9,500 . . . . .  '7.WO '3.000, .:. . 8D 

412,000 
Longview Refining Co.. Dirisim of 

. . . . . . .  Crystal O i l  Co.--longview 8421 9.000 

. . . . . . .  Marathon Oil Oo.-Texas City &.Om, 68.m 
. . . . . . . .  Mobil Oil Cup.-Beaumont 325,OW 335.000 

Phillips ~ e t r ~ l e u m  Co.-Borger . . . . .  97.000 lW.000 

. . . . . . . . . . . . . . . . . . . . .  @ Sweeny 97 .m 100,WO 

Pioneer Relinir Ltd --Nixon 4.30C ,5000 
Pride Refining kc.-kilene . : : : : : : : 20,socl 36.500 
Puintana Relinrry Co.- 

.................. Corpus Chridi 1 5 . M  15.790 

. . . . .  Puitman Refining I%.-Pv~ilman 6.W 5.700 
Rancho Refining I%. of Tezas-Donna . 12Q 1.154 
Saber Refining Co.-Corpus Christl . . 20.00G 21.000 

. . . . . .  Sector Refining Co.-Tucker 9.70(1 10,000 
Sentry Refining Inc.--Corpus Christl . . 1 0 m  10,000 

. . . . . . . . .  Shell Oil Co.-Deer Park 285.00G ?10.000 

. . . . . . . . . . . . . . . . . . . . . . .  Odessa 32.OI)O 35.000 
. . .  Sigmor Refining Co.-Three Rirers 22.@lC 24.000 

South Hamplan Relinir Co Silrbee 20.MC 22.S00 
Southwestern Refining to .  iG,- ' 

Corpus Chridi . . . . . . . . . . . . . . .  120.000 922.450 

Sun Co. Inc.4orpus Cbristi ....... 57.000 60,000 

Temo Petrolenm Gorp.- 
................ Carrizo Sprhlfr 2AlDO 27,W 
............... Teiaco'-Amalit o 2RmO ' NR 

El Paso ....................... 17,WO N4 
. . . . . . . . . . . . . . . . . . . .  Port Arthur 405.000 NR 

Port Neches ................... 47.000 NR 
Tenas Asphall 6 Refining Co.- 

Euless 5,000 6.000 
Terns Citr Reliainn Im.- . . . . .  

.. . . . . . . . . . . . . . . . .  Texas. t i t y  .: 119.61N 130.000 
Thrillway Inc.-Graham ............. 1.800 2.500 
Tipperary Cor inglslde .... : ..... 6.590 6,500 
Uni Relining k--tngledde ........ HF: 11.500 
Union Oil Co. 01 California- 

. . . . . . . . . . . . . . . . . . . . . .  Beaumont 120.0110 NU 

Winston Relining Co.4er l  Worth ... 20.000 20.500 - - 
lob1 . . . . . . . . . . . . . . . . . . . . .  4.108.511 4.957.352 



Table F-1 (continued) 

Charge capaclb. blsd - - A r o d u c t i o n  capacity. b l s h  Coke. 
-Crude upacl - Vacomm Ihennal cEa tc racU-  Cat Cal d m  Cat hydro- Cat bydm CIkyl, l lmmatiul Hydrogen. bus1 

Company and locallon Dlcd Sblrd distillation operations rrerhfeed Recycle rrformlng c a l n g  ralining trcalinl Uan lromeriration Lubes llrphalt ClMcld day 
-. 

- - . --- 
Ammo Oil Co.-Salt lake City ...... 39.000 41.500 . . . . . . . . . . . .  '18.W 4.000 '6.000 . . . . . . . . . .  '6,000 '3.750 '3,000 . . . . . .  9,ObO . . . . . . . . . . .  
Caribou four Corners 1nc.- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Woods Cmss ................... 7.050 1,400 . 1.000 . . . . . .  '2,000 IlR ...... '1.100 . . . . . .  '3.500 
Chewon USA.-Salt Lake City . . . . . .  45,000 NR 35,000 '8,MD '11.000 None '5,500 . . . .  '5,500 '5.500 '4,300 '754 . . . . . . . . . . . . . . . . . .  350 

'7.000 1.000 
Hush Oil Co North Salt ~~l~ city.-. . . . . . . . . . . . . . . . . . .  25.000 26.000 3.800 . . . . . .  y 4 . 4 ~  2.530 ",OM) . . . . . . . . .  '6.000 =1.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Morrison Petroleum Co.- 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Woods Crass . . . . . . . . . . . . . . . . . .  2.500 NR : :. 
Phillips Petroleum Co.- 

Woods Cross . . . . . . . . . . . . . . . . . .  24.000 25.000 3.200 . . . . . .  '8.400 2.600 . '4.700 . . . . . . . . . .  , '2.100 . . . . . . . . . . . .  1,700 . . . . . . . . . . .  
.I- 

Plateau 1nc.-Roosevelt . . . . . . . . . . .  8,MO . . . . . . . . . . . .  '5,200 None . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Werrem In=.-Woods Cross . . . . . . .  12.500 1,000 '2,300 - - - - - - - - -  - - --  --- 

...... . . . . . .  Tolat ....................... 162,425 170.899 44.000 .O.WO 58,000 10.700 23.500 1.100 5.500 11.6W 11.150 3.750 10.700 350 
-- 

WASHINGTON 
Allantic Richlield.Co.-Cherry P'Jlnl. 

ferndale ...................... 106.000 llO.000 65,000 '30.000 . . . . . . . . . .  '39,000 '39.000 L12.000 '27p00 . . . . . . . . . . . . . . . . . . . . . . .  '62.0 1.600 
Chewon USA. I=;--Sealtle ......... 4.933 NR 5.000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.000 . . . . . . . . . . .  
Mobil Oil Carp-ierndale .......... 11,500 75.000 13.000 '1.WO '25.500 2.000 7 1 1 . ~  . . . . . . . . .  :!!.Po '5.900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.17 Mn 

Shell Oil Co.-Anscorles .......... 91.000 94,000 33.000 . . . . . .  '36.000 17,000 '20,000 . . . . .  '8.500 "2D.OW) '12.100 '2,900 .:. . .: . . . . . . . . . . . . . . . . .  
'7.000 

!2l;aoo 8 .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Sound Relining I = . - l a m  ....... &Oil0 10.000 3,500 . . . . . . . . . . . . . . . .  
Te~sco Inc.*Anacales .............. 78,000 NR 25.000 ...... '30.000 NR ~2d.000 . . . . . . . . . . .  '25.000 '6.600 . . . . . .  . . . . . :  _ . . . . _ . _ _ . . . . . . .  

'17,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uniled Independent Oil Co.-lacma . 1.000 NR i . . . . . . . . . . . . . . . . . . . . .  
U.S. Oil 8 Relining Co.-1- .... 21.400 NR 4,800 . . . . . . . . . . . . . . .  33,000 . . . . . . . . . .  '3.OM) . . . . . . . . . . . .  . I . .  . . . . . . . . . . . . . . . . . . .  - -  _ _ _ _ _  - _ _ - -  

TOW ....................... UI1.m 399.420 152.078 37.0~) 84,833 38~100 1 o l . m  ,g,ooo t o . ~ ~  158.687 a.m 2.900 .: . . . :  4,DW 62.0 1600 
'All.figures me calendar day. Streamdq fignm not reported. 

--- 
WISCONSIN 
Murphy Oil Carp.-Superior . 



T ~ b l e  F-1 (continued) 

Charge capocity. blsd - h r c l c r c t i a o  capleity. b / r b - - ,  Coke. 
-Clubs capscitp- Vacumn lhenrl + a t e c x b J n m  Cat U b3dre 'Cstly&o- Wq&oma Wla hamaDsI H-, tonal 

Com~my and location blcd b:rd dislillallon operations herhfeed Recycle relorminp crachhg re l lmg treating lion isomriratlon Lubes Asphall MMcld day 

W-OkllNG I ! 
. . . . . .  . . . . . . . . . . .  Amow Oil Co.--Casp:r . . . . . . . . . . . .  47.W 48.W 15.H)O . . . . . .  '13,000 1.500 '5,800 . . . . . . . . . .  '7.100 '1.300 :1,830 1.550 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CgH.3efinery Inc.-igrk 190 2 0  200 :;, 
Glacier Park Co.-Osage . . . . . . . . . . .  3.900 4 , W  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  L . . . . . . . . . . . . . . . . . . . . .  

.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Glenrack Refiner Inc --Glenrock NR l!XIO , : I : ; . .3,,6ib . . .  . -  . . . . .  
Hushy0il~o.-Eheycnne .......... 24,200 25.2(0 14,000 . . . . . .  '10.000 2.500 '1.OW . . . . . . . . .  : '6.?00 '2,750 *1.500 . . . . . . . . . .  

"5.200 '4.MO 
. . . . . .  C h  . . . . . . . . . . . . . . . . . . . . . . . .  10,800 11.3CO 6,500 '3,300 1,000 '1.500 . . . . . . . . . .  '1.500 '800 . . . . . . . . . . . .  4.OW . . . . . . . . . . .  

Lillle .l.merica Refining Co.- Carper . 24.500 H) 8.600 . . . . . .  '6.500 4.MM '3.750 . . . . . . . . .  ;?,y&l . . . . . . . . . . . . . . . . .  . . 2,000 . .  
'l.tO0 

a,. 4" 
MwnLineer Refining Co. 1nc.- . 

LaIsge ....................... 500 700 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ; .  . . . . . . . . . . . . . . . . . . .  
Sa e C~eek Refining Co. Inc.- L ! Y  . . . . . . . . . . . . . . . . .   ma 1.2m . . . . . . . . . . . . . . . . . . . .  .uo : :  . , ; i j , ~  ;( ij6b . . . . . . . . .  . . ;  . . . . . . . . . . . . . . . . .  

...... Sinclau Oil Gorp.-Siwl.alr. 2 . .  . . . . . .  49.000 50,OCO l6.100 '17.700 1,200 '9.700, . . . . . . . . . . .  I 2.6W . . . . . . . . . . .  
. . 4 1 2 . ~  

Southwestern Refining to.--LaBar~ . 1.000 N t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r u a m  Inc.'--Casper . . . . . . . . . . . . . .  21.000 Na IO.ml0 '4.000 l 7 , W  . . . . . . . . . . . . . . . . .  . . . . . .  NR '4,000 . . '4. DW '4.030 1.500 125 
Wpm@ Refining Co.- 

..................... . . : . . . . . . . . . .  Newaslle 10.W 1I.M#, '4,4(100 3,000 . . . . . . . . . . . . . . . . . . . . .  '900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - _ - - -  ----- 
lrbl ....................... 194.540 .?01.W 72.011 4.444 8Zn8 19.933 31.894 .... 16,644 ' 59.04 1.S50 IbM 1 . 8 ~  14.817 . . . . . .  125 

'All l ig~res are calendar day. Sl~eamday figures not reputed. 
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Refineries with capability to denitrify 10 thousand barrels per day of raw shale oil. 

. . 



LEGEND 
Numben Identify processes In table. 

CAT HYDROREFINING 
1. Residual desulfurizing .. : . . .. . 
2. Heavy gas-oil desulfurizing 
3. Residual visbreaking 
4. Cat-cracker and cycle-stock 

feed pretreatment 
5. Middle distillate 
6. Other 

\, 

CAT HYDROTREATING 
1. .Pretreating cat-reformer feeds 
2. Naphtha desulfurizing 

., 3. Naphtha olefin or aromatics . -. 1:. . . ' 
saturation 

4. Straight-run distillate 
,- , - 5. Other distillate 6. Lube-011 "polishing" 

7;' Other 

AROMAT~CS~~SOMERIUTION 
1. BTX 

. .. 

2. Hydrodealkylation 
3. Cyclohexane 
4. C, feed 
5. CI feed 
6. C, and C, feed 

* CAT HYDROCRACKING 
1. Distillate upgrading 
2. Residual upgrading 

, 3. Lube-oil manufacturing 
4. Other 

CAT REFORMING 
Semiregenerative: . , 

1. Conventional catahst 
2. Bimetallic catalyst 

Cyclic: 
3. Conventional catalyst 
4. Bimetallic catalyst 

Other: 
5. Conventional catalyst 
6. Bimetallic catalyst 

THERMAL PROCESSES 
1. Gas-oil cracking 
2. Visbreaking . 
3. Fluid coking . 
4. Delayed coking 
5. Other 

ALKYLATION 
1. Sulfuric acid 
2. Hydrofluoric acid . . 

CAT CRACKING 
1. Fluid 
2. Thermofor . 

3:HoudriIlow 

HYDROGEN 
1. Steam methke reforming 
2. Steam naphtha reforming 
3. Partial oxidation 
4. Cryogenic 
5. Other 

NR-not reported 



TABLE F-2 

REPINERIES WITH SURPLUS HYDROGEN 
ALLOWING REFINING OF RAWLSHALE OIL 

VOLUMES OF 10,000 BARRELS PER DAY OR MORE 

PADD 2A 

Marathon Oil/Robinson, Illinois 
Mobil OilIJoli e t ,  Illinois 
Shell Oil/Wood River, Illinois , 

~exaco /~awrencev i l l e ,  Illinois 
Amoco OilIWhiting, Indiana 
Ashland Petroleum/Catlettsburg, Kentucky 
Sun OilIToledo, Ohio 

Total 

PADD 2B 

Getty Oil/Eldorado, Kansas 
Mobil OilIAugusta, Kansas 
Continental OilIPonca City, Oklahoma 
TexacoITulsa, Oklahoma 

Total 

PADD 3 

Amoco OilITexas City, Texas 
ArcoIHouston, Texas 
ChevronIEl Paso, Texas 
Crown Central Petroleum/Houston, Texas 
ExxonIBay town, Texas 
Gulf OilIPort Arthur, Texas 
Mobil OilIBeau mon t , Texas 
Phillips PetroleumIBorger, Texas 
Phillips PetroleumISweeny, Texas 
Southwestern RefiningICorpus Christ i, Texas 
Sun OilICorpus Christi, Texas 
Union Oil of California/Beaumont, Texas 
Cities Ser vice/Lake Charles, Louisiana 
Exxon /Baton Rouge, Louisiana 
Gulf OilIBelle Cl~tlsse, Louisiana 
TexacoIConvent , Louisiana 
Chevron USA/Pascagoula, Mississippi 

Total 

Surplus 1 

Hydrogen 
(MMSCFD) 

Potential 2 

Shale Oil 
Capacity 

(BPD) 

....... Continued 



TABLE F-2 - Continued 

PADD 4 

None 

PADD 5 

ArcoICarson, California 
ChevronIEl Segundo, California 
ChevronIRich mond, California 
ExxonIBenicia., California 
Mobil OilITorrance, California 
Texaco/Wilmington, Caliofrnia 
Tosco CorporationIMartinez, California 
Union OilILos Angeles, California 
Union OilIRodeo, California 
ArcoICherry Point, Washington 

Total 

1 poten tialz Surplus Shale Oil 
Hydrogen Capacity 

(MMSCFD) (BPD) 

Notes: Refineries only include those with catalytic reforming and 
catalytic hydrotrea tinglcatalytic hydrorefining units. 

'~pproximate  hydrogen surplus based on'plant hydrogen balance. 

'capacity of refining raw shale oil which is estimated to require 
2,000 standard cubic feet of hydrogen per barrel of crude oil to 
remove excess nitrogen and sulfur. 



TABLE F-3 

COMPARISON OF PRODUCTION, 
EXISTING REPINING CAPACITY, AND DEMAND 

(Thousand Barrels Per Day) 

PAD District  
2A 2 B 3 4 5 

Production 

Actual  

1977 

Projected 

1985 
199 0 
2000 

Existing Refinery Capacity 2,860 1 ,250  6 ,880  504 2,860. 

Refined Product Demand 

Actual 

1976 

Projected 

198 5 
1990 
2000 





GRASS ROOTS REFINERY CONSIDERATIONS 

CAPITAL INVESTMENT REQUIREMENTS 

A configuration of a.,grass roots shale oil refinery would depend on the desired 
product slate and volume of available shale oil in the area. The investment 
estimate of $85 million for the onsite processing facilities required to distill 
50 thousand barrels per day of shale oil and hydrotreat the naphtha, distillate, 
and gas oil fractions is representative of the required investment for a standard 
hydroskimming type refinery. For a grass roots refinery of this nature, the 
offsites investment would be roughly $55 million, bringing the.  total invest- 
ment to $140 million. Further processing equipment, such as catalytic reform- 
ing, hydrocracking, or catalytic cracking could be added if a complex refinery 
were the operator's desire. Investment requirements for those units in a shale 
oil refinery should not vary from those of a conventional crude oil refinery. 

PLANT SITDWG CONSIDERATIONS 

Factors which must be considered in siting a grass roots refinery or undertaking 
a major expansion of an existing facility include: 

Regional demand for products which can be produced from shale 
oil. 

Availability of a reliable supply of.shale oil--a constant produc- 
tion rate and access to a shale oil transportation system are 
required. 

Need for additional refining capacity to meet the product 
demand. 

Ability to meet environmental restrictions as well . as other 
federal, state, and local regulations. 

r! Availability of infrastructure to accommodate construc- 
tionloperation of refinery. 

e Availability of other resources, such as water, which will be 
required by the new facility. 



The siting of a grass roots refinery is problematical and would require a major 
effort to define potential sites. However, the following observations which 
apply particularly to oil shale are in order. 

At first glance it appears logical to site a grass roots oil shale refinery near the 
resource--namely the Piceance Creek Basin of Colorado or the Uintah Basin of 
Utah. The current political realities are that such a refinery would receive a 
cool reception by the State of Colorado, and probable support from the State of 
Utah. Water availability to support both a shale oil industry and refining 
industry would be likely to provide a focal point for opposition. 

While sufficient water will probably be available for both industries, conflicts 
with competing users would intensify as the shale oil industry grows. If the 
public gradually comes to accept the fact that liquid hydrocarbons will be in 
tighter and tighter supply, support for ,r local source of fuel supply might gain 
public acceptance as a means to avoid shortages. 





REFINING INDUSTRY ATI'ITUDES 

Concern has been expressed that shale oil may be difficult to market to refiners 
because of its severe refining requirements. If this were the case, it is 
conceivable that shale oil's role in supplementing conventional energy supplies 
would be limited because of refiners' resistance to process shale oil. Closer 
examination of this critical issue indicates that the concern may be unfounded. 

Refiners' acceptance of shale oil must be viewed from a perspective of the , 

shale oil industry. Most of the shale oil projects which are proposed are being 
conducted by oil companies planning to process any shale oil produced in their 
own refineries. Hence, shale oil production and refining are tied together in 
these projects. If the shale oil could not be refined, it would not be produced. 
We have contacted the sponsors of those shale oil projects which have been 
proposed and are currently active to determine the disposition of any produced 
shale oil, and their outlook on refining problems which might be encountered. A 
summary of these findings is presented in the following. 

COLONY DEVELOPMENT OPERATION 

The Colony Project is jointly sponsored by Tosco and Arco, who propose to 
produce 47 thousand barrels per day of upgraded shale oil to be pipelined to 
Arco's Houston refinery. Arco chose to upgrade on site to produce syncrude for 
the following reasons: 

e Raw shale oil would cause operational problems in their Houston, 
Texas refinery given its present configuration. 

Raw shale oil would produce contamination problems with other 
crude oils which are flowing through the TexasINew Mexico line 
to Houston. 

Fuel gas is available on site for the production of hydrogen by 
steam reforming. 

Upgraded shale oil will be used by Arco to back out imported oil, 
and it might also be traded to other refiners in exchange for 
other crude supplies. Raw shale oil would present problems in 
such trades. 

It can thus be concluded that shale oil refining will not be a problem for 
production f rom the Colony Project. 



PARAHO 

Paraho has proposed a modular shale development a t  Anvil Points on the Naval 
Oil Shale Reserves. Because the shale oil produced by Paraho a t  Anvil Points 
would be the property of the government, Paraho has not attempted to  market 
the  shale oil, although authorization to  do so has been requested. Paraho's 
opinion is that the diversity of the refining industry and broad range of 
conditions which apply to crude availability will make shale oil an attractive 
feedstock to  enough refiners to  dispose of any available shale oil. 

Thus, the disposition of shale oil produced by Paraho is uncertain--it might be 
sold to independent refiners or used as boiler fuel. 

OCCIDENTAL PETROLEUM 
(TRACT C-B) 

Oxy has proposed a project to  produce 57 thousand barrels per day of raw shale 
oil for sale to  refiners or for use a s  boiler fuel. Oxy has assessed the 
marketability of their shale oil, including a1 extensive marketing survey done 
fur  them by Purvin & Gertz, Inc. This survey was submitted to the Department 
of Energy as  Appendix K in "Summary Report for the Period November 1, 1976 
t o  October 31, 1977, Volume II." The survey included talks with the following 
refiners: 

Amoco 
Ashland 
Centex 
Clark 
Conoco 
Energy Cooperative 
Exxon 
Farmland Industries 
Koch Refining 

Marathon 
Mobil 
Murphy 
Phillips 
Shell 
Skelly 
Texaco 
Union 

We conclude that refiners with a lack of long-term crude oil supplies were 
interested in acquiring shale oil as a feedstock. Refiners whose plant capacities 
were limited 'by high bottoms production were also interested in shale oil due to 
its lack of a large bottoms fraction. Those refiners who were not interested in 
shale oil generally either had an assured crude oil supply or lacked hydrotreat- 
ing capacity. 

RIO BLANCO OIL SHALE 'COMPANY 

The Rio Blanco Oil Shale Project is jointly sponsored by Gulf and Standard of 
Indiana (Amoco), and proposes to build a 76 thousand barrels per day com- 
mercial oil shale plant in Colorado, 



Rio Blanco would only provide enough onsite treatment to  make the raw shale 
oil pipelineable. This would be done with pour point depressants and thermal 
treatment. An Amoco pipeline would be used to  transport the shale oil t o  the 
Midwest where i t  would be processed in Amoco or Gulf refineries. The small 
relative volumes of shale oil would not present a problem to  either Gulf or 
Amoco from a refining standpoint. 

SUPERIOR OIL 

Superior has proposed a 13 thousand barrels per day oil shale retorting modular 
program which would also recover nahcolite and dawsonite. 

Superior Oil is strictly an exploration/production company, and has no refining 
facilities. Therefore, Superior Oil is planning to  sell i ts shale oil production t o  
other refiners or utilities. Superior has talked to  several refiners regarding 
their capability and interest in refining raw shale oil. Because Superior is in the  
business of selling crude oil to  refiners, they had no particular problems in 
identifying refiners who are in need of additional crude oil supplies. 

Refiners who have excess capacity are not concerned about the contaminants in 
shale oil. Superior expects that  raw shale oil will be marketed a t  a discount of 
about $1.00 per barrel compared with medium quality crude oil. If the discount 
for shale oil were to reach $3.00 to  $4.00 per barrel, Superior would probably 
look a t  onsite upgrading. 

~ a s e d  oq the above, Superior feels that shale oil will be readily accepted by 
refiners who are crude oil limited. If raw shale oil is assessed a large quality 
penalty, onsite upgrading to  syncrude will be considered. 

UNION OIL 

Union Oil .is proposing a 9,000 barrels per day module to  produce raw shale oil in 
its Long Ridge Project. 

Raw shale oil produced from the first module would be sold as boiler fuel. 
When three modules are operational, Union would most likely go with onsite 
upgrading to  produce syncrude for their Los Angeles, California; Rodeo, 
California; Beaumont, Texas; or Chicago, Illinois refineries. 

Union does not anticipate any problems in either using the raw shale oil a s  
boiler, fuel, or in processing the upgraded shale oil in their refineries. 



In summary, shale oil refining will be an integral part of many shale oil projects 
because the  project sponsors plan to process the shale oil in their own 
refineries. In these cases, refining is not viewed as a major problem. Those 
projects which will sell raw shale oil have found refiners without assured crude 
oil supplies to  be very interested in processing shale oil. Lack of hydrotreating 
capacity and equipment capable of operating under severe conditions will be the 
limiting factors preventing individual refiners from accepting raw shale oil. 

In our discussions with project sponsors, a simple tradeoff was expressed: if 
problems develop in marketing raw shale oil to refiners, onsite upgrading will be 
employed. This makes the  shale oil transportable in any pipeline, and capable 
of being processed in any refinery. , 
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INTRODUCTION 

Inc luded  i n  t h i s  Appendix a r e  a b s t r a c t s  o f  papers  

and r e p o r t s  which i d e n t i f y  and document p r e s e n t  s h a l e  

o i l  process ing '  R & D  technology,  r e f i n i n g  o p t i o n s  being 

cons idered ,  and p rospec t ive  market  o u t l e t s  f o r  re ' f ined  

produc ts .  Because of t h e  number o f  documents on t h e s e  

s u b j e c t s  and because o f  t h e  g r e a t  degree  o f  r e p e t i t i o n  

o f  sub j :ec t 'mat te r ,  i t  was necessary  t o  s c r e e n  t h e . d o c u -  

ments f o r  i n c l u s i o n  i n  t h i s  Appendix. Therefore ,  t h e s e  

a b s t r a c t s  r e p r e s e n t  c u r r e n t  and thorough t r e a t r ~ ~ e n t  

o f  t h e  i s s u e s  a t  hand. 



AB S TRACT 

R E F I N I N G  OF PARAHO SHALE O I L  I N T O  

MILITARY SPECIFICATION FUELS : 

RESULTS OF PHASE I; PILOT PLANT STUDIES - 

E .T. Robinson, SOH10 

February 1979 

This  paper p r e s e n t s  t h e  f i n a l  r e s u l t s  of  t h e  f i r s t  

phase o f  a  three-phase  program t o  r e f i n e  up t o  100,000 

b a r r e l s  of Paraho s h a l e  o i l  i n t o  m i l i t a r y  s p e c i f i c a t i o n  

f u e l s .  The program i s  a  j o i n t  e f f o r t  by DOE and DOD and 

i s  managed by t h e  U.S. Navy. 

The r e f i n i n g  process  i n c l u d e s  i n  a  p r e - t r e a t i n g  phase 

ba t ch  s e t t l i n g  and guard bed t r ea tmen t  t o  reduce i r o n  and 

a r s e n i c  a s  w e l l  as  a s h  and s o l i d s .  Following p re - t r ea tmen t  

t h e  whole o i l  i s  c a t a l y t i c a l l y  hydro t r ea t ed  a t  e l e v a t e d  

tempera tures  and hydrogen p a r t i a l  p r e s s u r e .  The hydro- 

t r e a t e d  o i l  i s  subsequent ly  f r a c t i o n a t e d  and a c i d / c l a y  

t r ea tmen t  was necessary  t o  meet m i l i t a r y  s p e c i f i c a t i o n  

gum and s t a b i l i t y  requi rements .  

Pre l iminary  r e s u l t s  from t h e  a c t u a l  r e f i n i n g  run l e a d  

t o  t h e  conc lus ion  t h a t  m i l i t a r y  s p e c i f i c a t i o n  f u e l s  can be 

produced from s h a l e  o i l .  However, g iven t h e  p roces s  scheme 

used i n  t h e  t e s t  run ,  t h e  guard bed i s  necessary  t o  - p r o t e c t  

t h e  h y d r o t r e a t i n g  c a t a l y s t  from n i t r o g e n  po isoning  and 

h y d r o t r e a t i n g  i s  r e q u i r e d  t o  remove heteroatoms,  i n c r e a s e  

t h e  hydrogen/carbon r a t i o ,  and improve t h e  y i e l d  of  650° 

minus produc t .  Acid/clay t r e a t m e n t  i s  r e q u i r e d  t o  meet 

thermal  and s t o r a g e  s t a b i l i t y  requirements  o f  j e t  and , 

d i e s e l  f u e l .  



SHALE O I L :  AN ACCEPTASLE REF'INERY SYNCRUDE 

S t a u f f e r ,  H . C .  and Yanik, S . J .  

Gulf Sc ience  and Technology Company 

September 1 9 7 8 .  

This paper  i s  concerned wi th  t h e  upgrading of  s h a l e  

o i l  which i n  raw s ta te  i s  n o t  s u i t a b l e  f o r  convent iona l  

r e f i n i n g  p roces ses .   he upgradirlcj s t u d i e s  have two 

o b j e c t i v e s :  (1) produce a  syncrude t h a t  can be p i p e l i n e d  

and then  r e f i n e d  i n  an  e x i s t i n g  f a c i l i t y ;  o r  ( 2 )  upgrade 

and r e f i n e  t o  a f u l l  s l a t e  of  p roduc ts  a t  t h e  r e t o r t  

s i t e .  I n  e i t h e r  c a s e ,  t h e  o v e r a l l  upgrading requirements  

are s u b s t a n t i a l  and q u i t e  s i m i l a r .  This  paper  p r e s e n t s  

t h e  r e s u l t s  of  t h e  most r e c e n t  e x p l o r a t o r y  s t u d i e s  made 

t o  determine (1) t h e  e f f e c t i v e n e s s  of t h e  commercially- 

a v a i l a b l e  h y d r o t r e a t i n g  technology f o r  upgrading s h a l e  

o i l  t o  a petroleum s u b s t i t u t e  and ( 2 )  t h e  response  ob ta ined  

i n  convent iona l  downstream r e f i n i n g  p roces ses .  This 

r e p o r t  i s  p re sen ted  under  the fo l lowing  headings:  

upgrading Routes .  

Sha le  O i l  Q u a l i t y  

Delayed Coking o f  Residuum 

C a t a l y t i c  Cracking 

PPC Produc t  Q u a l i t y  

Middle   is till ate Hydro t rea t ing  

NAPTHA p r e t r e a t i n g  and Reforming 

A l t e r n a t e  Upgrading Route. 



X t  i s ' c o n c l u d e d  t h a t  s h a l e  o i l  f r a c t i o n s ,  when s u i t a b l y  

upgraded,  a r e  q u i t e  amenable t o  r e f i n i n g  i n  c o n v e n t i o n a l  

p r o c e s s e s .  

P roduc t  y i e l d s  and q u a l i t y  a r e  comparable t o  t h o s e  

o b t a i n e d  .wi th  a  good q u a l i t y  pe t ro leum c rude .  Upgrading 

t h e  t o t a l  s h a l e  o i l  v i a  t h e  modi f i ed  g u l f  HDS p r o c e s s  

r e s u l t s  i n  an  improved y i e l d  s t r u c t u r e  and a  less complex 

f a c i l i t y .  New c a t a l y s t  f o r m u l a t i o n s  a r e  expec ted  t o  

s u b s t a n t i a l l y  reduce  p r o c e s s  s e v e r i t y .  



ABSTRACT 

REFINING AND UPGRADING OF SYNFUELS FROM 

COAL AND O I L  SHALE BY ADVANCED CATALYTIC PROCESSES: , 

FIRST I N T E R I M  REPO.RT;' PROCESSING OF' PARAHO SHALE O I L  

Chevron Research Company 

I 

J u l y  1978 

S u r f a c e  r e t o r t e d  Parclho o i l  f r o n ~  t h e  Pfceance Creek 

Bas in  i n  Colorado was r e f i n e d  i n  p i l o t  p l a n t  f a c i l i t i e s .  

The o b j e c t i v e  of t h e  p r o j e c t  was t o  u t i l i z e  petroleum 

p roces s ing  technology t o  conve r t  crllde shale  o i l  i n t o  

t r a n s p o r t a t i o n  f u e l s .  Four r e f i n i n g  r o u t e s  were demonstrated:  

Hydro t r ea t ing  fol lvwed by hydrocracking 

Hydro t r ea t ing  fol lowed by c a t a l y t i c  c r ack ing  

Coking fol lowed by h y d r o t r e a t i n g  " 

Hydro t r ea t ing  t o  produce a s y n t h e t i c  crude 

which i s  s u i t a b l e  f o r  p roces s ing  i n  an e x i s t i n g  

petroleum r e f i n e r y .  

The s h a l e  o i l  used i n  t h i s  s tudy  con ta ined  over 2 w t  - 

p e r c e n t  n i t r o g e n ,  roughly an o r d e r  of  magnitude g r e a t e r  

t han  t y p i c a l  pet roleum crudes .  The p i l o t  p l a n t  t e s t s  

showed th .a t  n i t r o g e n  can be reduced t o  1 ppm w i t h  s e v e r e  

hydro,Lreating a l though  t h i s  low n i t r o g e n  l e v e l  i s  n e i t h e r  

economical,  nor  necessary .  



Ref in ing  c o s t s  w e r e  e s t ima ted  f o r  each  of  t h e  f i r s t  

t h r e e  p roces s  r o u t e s  based on  producing (1) 50,000 BPCD o f  

t r a n s p o r t a t i o n  f u e i s  from a  :grass  r o o t s "  r e f i n e r y  i n  a  

remote Rocky Mountain l o c a t i o n ,  and ( 2 )  1 0 0 , 0 0 0  BPCD of  

t r a n s p o r t a t i o n  f u e l s  from a  "g ra s s  r o o t s "  r e f i n e r y  l o c a t e d  

near  a  Rocky Mountain o r  Mid-Continent urban c e n t e r .  . The 

c o s t s  f o r  hydroprocess ing t o  produce a  s y n t h e t i c  crude 

a l s o  were e s t ima ted  bo th  f o r  a  "g ra s s  r o o t s "  s i t e  nea r  

t h e  s h a l e  o i l  r e t o r t i n g  f a c i l i t i e s  and f o r  l o c a t i o n  a t  a  

- t y p i c a l  e x i s t i n g  Mid-Continent r e f i n e r y .  A l l  r e f i n e r i e s  

were desi'gned with  f a c i l i t i e s  t o  meet p r e s e n t  environ-  

mental  requirements  and a n t i c i p a t e d  near-term environ-  

mental  and energy conse rva t ion  r e g u l a t i o n s .  

Inc lud ing  a  15  p e r c e n t  DCF r a t e  of r e t u r n ,  t h e  s tudy  

found t h e  c o s t  o f  p roces s ing  s h a l e  o i l  i n t o  f i n i s h e d  pro- 

d u c t s  ranged from $8-10 pe r  b a r r e l  f o r  a  100,000 BPCD 

r e f i n e r y ,  wh.ile t h e ' c o s t  of upgrading raw s h a l e  o i l  i n t o  

syn the . t i c  c rude ,was  about  $6.50 pe r  b a r r e l .  A l l  c o s t  

f i g u r e s  a r e  based on Rocky Mountain and Mid-Continent 

' 'grass  r o o t s "  r e f i n e r i e s .  

Technical  a r e a s  were i d e n t i f i e d  which i n d i c a t e  

f u r t h e r  s t u d i e s ,  b u t  no o v e r r i d i n g  problems. w i t h  t h e  

technology were found. 



AB S TRACT 

MARKETS FOR CRUDE SHALE OIL I N  CENTRAL U.S. 

Occ iden ta l  O i l  Sha l e ,  Inc .  

May 1977 

This  s tudy  focused on  t h e  t r a n s p o r t a t i o n  modes and 

c o s t s  of c rude  s h a l e  o i l ;  market  a n a l y s i s  f o r  t h e  r e f i n e d  

produa tc ,  p r i c i n g  and r e g u l a t o r y  i s s u e s  ; and pe t r u c l l e ~ ~ l i c a l  

markets.  

The s tudy  i n d i c a t e d  t h a t  a lmost  200,000 BPD o f  s p a r e  

c a p a c i t y  e x i s t s  i n  t h e  k o c o  P i p e l i n e  Company and P l a t t e  

P i p e l i n e  Company systems.  These p i p e l i n e s  o r i g i n a t e  i n  

Casper, Wyoming, and t r a n s p o r t  c rude  o i l  t o  v a r i o u s  mid- 

w e s t  t e r m i n a l s .  This  may be t h e  b e s t  p r o s p e c t  f o r  inex-  

pens ive  t r a n s p o r t  o f  s h a l e  o i l  t o  r e f i n i n g  c e n t e r s .  To 

u t i l i z e  t h e s e  p i p e l i n e s ,  a  new p i p e l i n e  would have t o  be 

b u i l t  t o  connec t  t h e  Piceance Creek Basin  t o  t h e  Casper 

a r e a .  The c o n s t r u c t i o n  o f  such a p i p e l i n e  has  been under 

c o n s t r u c t i o n  by t h e  Marathon P i p e l i n e  Company f o r  s e v e r a l  

y e a r s .  

The s tudy  concluded t h a t  a  r ea sonab le  t a r i f f  f o r  t h e  

Piceance-Casper p i p e l i n e  is  about  $0.30 p e r  b a r r e l .  T o t a l  

1980 t r a n s p o r t a t i o n  c o s t s  by p i p e l i n e  from Colorado t o  

Chicago were e s t i m a t e d  a t  about  $0.90 'per b a r r e l  wh i l e  t h e  

Colorado t o  Minneapolis  t a r i f f  would be about  $1.30 p e r  

b a r r e l .   rans sport at ion c o s t s  of Alaskan o r  imported o i l  

t o  t h e s e  r e f i n i n g  c e n t e r s  was s u b s t a n t i a l l y  g r e a t e r  t han  

f o r  s h a l e  o i l  because o f  t h e  proximity  of  s h a l e  o i l  t o  



t h e  midwest. Other  s h a l e  o i l  t r a n s p o r t a t i b n  systems 

s t u d i e d  had shortcomings e i t h e r  i n  economics o r  a b i l i t y  

t o  handle  movement of  l a r g e  amounts (200,000 BPD) of  

s h a l e  o i l .  

The most f a v o r a b l e  market  f o r  raw s h a l e  o i l  i s  as a 

r e f i n e r y  f eed .  The s tudy  d iv ided  t h e  c e n t r a l  U.S. i n t o  

f o u r  r e f i n i n g  a r e a s  t o  r e f l e c t  d i f f e r e n c e s  i n  r e f i n i n g  

c a p a c i t i e s ,  crude supply ,  and produc t  demand. For each  

case ,  p roces s ing  margins f o r  c rude  o i l  and raw s h a l e  o i l  

were developed,  t ak ing  i n t o ' a c c o u n t  t h e  m o d i f i c a t i o n s  

necessary  t o  r e f i n e  s h a l e  o i l .  These mod i f i ca t ions  

r e q u i r e d  c a p i t a l  investment  i n  t h e  f a c i l i t i e s  and r e s u l t e d  

i n  h i q h e r  o p e r a t i n q  c o s t s  f o r  p rocess inq  raw s h a l e  o i l  

t han  f o r  petroleum crude.  Th i s ,  coupled wi th  a  d i f f e r e n t  
r e f i n e d  produc t  mix, i n d i c a t e s  t h a t  crude s h a l e  o i l  va lue  

w i l l  be less than  convent iona l  crude by about  $2.10 per b a r r e l  

(Grea t  Lakes a r e a )  t o  $3.00 p e r  b a r r e l  (Colorado and 

Wyoming) . 



ABSTRACT 

MOTOR GASOLINE FROM SHALE O I L  

P h i l l i p  L .  Cottingham, Laramie Energy Research Center  

March 1976 

Sha le  o i l  produced from o i l  s h a l e  o f  t h e  Rocky 

Mountain r eg ion  by many of t h e  u sua l  r e t o r t i n g  p roces ses  

c o n s i s t s  mainly of h igh  backing'compounds nf n i t r o g e n ,  

s u l f u r ,  and oxygen; less than h a l f  t h e  o i l  c o n s i s t s  o f  

hydrocarbons.  T h e r m a l  c r ack ing  of t h e  o i l  fol lowed by 

a c i d  and c a u s t i c  t r e a t i n g  o f  t h e  g a s o l i n e  f r a c t i o n  has  

produced s t a b l e  g a s o l i n e s  w i t h  low t o  moderate oc t ane  

numbers. Hydrogenating t h e  r a w  crude o i l  has  produced 

h ighe r  y i e l d s  of s t a b l e  g a s o l i n e s ,  a l s o  w i th  low t o  

moderate oc t ane  numbers. The y i e l d s  and oc t ane  numbers 

of t he  g a s o l i n e s  a r e  dependent on t h e  hydrogenat ion tem- 

p e r a t u r e s  used.  Low-octane hydrogenated g a s o l i n e  has been 

c a t a l y t i c a l l y  reformed over  pla t inum con ta in ing  c a t a l y s t  

t o  produce high-octane motor f u e l .  



ABSTRACT 

FINAL REPORT: THE- PRODUCTION AND REFINING O F  

CRUDE SHALE O I L  I N T O  MILITARY FUELS - 

Applied Systems Corporat ion 

August 1975 

The t e c h n i c a l  o b j e c t i v e s  of t h e  program were t o  

demonstra te  t h a t  a  wide spectrum o f  m i l i t a r y  o p e r a t i o n a l  

f u e l s  de r ived  from s h a l e  o i l  c rude  could be ob ta ined  i n -  

a  commercial i n d u s t r i a l  f a c i l i t y  w i th  minimum o r  minor 

mod i f i ca t ion ,  and t o  produce i n c e n t i v e s  f o r  i n d u s t r y  i n  

o i l  s h a l e  development and technology.  

/ 

Shale  o i l  crude was processed i n t o  g a s o l i n e ,  heavy 
/ 

f u e l  o i l ,  and JP-4 i n  s m a l l  l a b o r a t o r y  q u a n t i t i e s  i n  t h e  

United S t a t e s  by t h e  Bureau o f  Mines (ERDA) and p r i v a t e  

i n d u s t r y ,  however, no l a r g e - s c a l e  commercial r e f i n i n g  of  

t h e  s h a l e  o i l  crude i n t o  a  wide v a r i e t y  o f  p roduc ts  has  

been a t tempted  up u n t i l  t h i s  program. 

The produc t ion  of 5,765 b b l  of  v a r i o u s  m i l i t a r y  

o p e r a t i o n a l  f u e l s  (JP-4, JP-5/Jet  A,  DFPI/DF-2, g a s o l i n e ,  

Heavy Fuel  O i l )  from 10,000 b b l  of  crude s h a l e  o i l  was 

accomplished in a eomrncrcial r e f ine ry  having a  c a p a c i t y  

of about  9,000 BPSD. 

The 10,000 bb l  of  c rude  s h a l e  o i l  w a s  produced by 

t h e  Paraho process  u s i n g  t h e  s h a l e  mined from t h e  Naval 

O i l  Sha le  Reserve l o c a t e d  i n  Anvil P o i n t s ,  Colorado. 



The v a r i o u s  f u e l s  produced m e t  a  m a j o r i t y  o f  t h e  

m i l i t a r y ,  F e d e r a l ,  and commercial s p e c i f i c a t i o n s  r e q u i r e -  

ments.  However, t h e s e  f u e l s  t ended  t o  e x h i b i t  s t o r a g e  

and the rmal  i n s t a b i l i t i e s .  I n  a d d i t i o n ,  t h e  f u e l s  con- 

t a i n e d  a  h i g h  wax c o n t e n t ,  h i g h  p a r t i c u l a t e  mctter, and 

h igh  gum c o n t e n t .  I t  is- b e l i e v e d  t h a t  a  h i g h e r  p r e s s u r e  

i n  t h e  hydrogena t ion  s t a g e  ( abou t  1500 t o  3000 p s i ) ,  a l ong  

w i t h  c l a y  t r e a t m e n t  o f  t h e  f i n a l  p roduc t s ,  wou ld ' r educe  o r  

e l i m i n a t e  some o r  most o f  t h e s e  problem a r e a s .  

I t  i s  ooncluded . t h a t  it i s  f e a s i b l e  t o  obtain m i l i -  

t a r y  and c i v i l i a n  o p e r a t i o n a l  f u e l s  from s h a l e  o i l  c rude  

u s i n g  a commercial r e f i n e r y .  HowPver, a d d i t i o n a l  e f f o r t  

h a s  t o  be  expended t o  overcome some refinery and opera.Liorla1. 

problems t o  o b t a i n  maximum y i e l d s  and improved p r o p e r t i e s .  
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