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Comparative Oil Reserves
Grade (gpt) % Org. Matter

> 25 > 15
10 - 25 6—-15
5-10 3—-6
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Oil Shale is a huge resource, exceeding the entire
world reserve of petroleum. But the significance of this
data is that if we can recover the lean end of the oil
shale, which we anticipate the CHESS process can

economically do, it will increase the resource some 6 or 7
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SHALE OIL RECOVERY

Simple process: pyrolysis — heat to about 950°F

Condense & collect the ail.




Problems:

1. For Green River Oil Shale 10% organic (17 gpt), results in

8% liquid, 90% inorganic mineral.

2. 20% of organic (2%) converts to char or coke.

3. Inorganic mineral, 1/3 dolomite, CaMg(CQO3)2, calcines




Recent History

Since 1970’s, commercialization efforts have been directed

around two process approaches:

1) In-Situ retorts (MIS): Object was to recover oil

with minimal effort and cost, shale oil on-the-cheap. This
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Recent History
2) Above-ground retorts:
a. UNOCAL’s Rock Pump retort

b. Advanced methods: recycled ash heat carriers
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e.g. Lurgi, Taciuk
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Processing Cost

What does it cost to produce a barrel of shale oil?
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Processing Cost

Qil cost climbed to $40 / bbl in 1981 (about $80 in today’s

dollars). Considering the difficulties, everyone naturally assumed

d cost all of the $4C(
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These negative reports were a disservice to the
industry, as they provided an overly-harsh view of the
problems and cost estimates that were only based on

those failed processes.
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Currently no one knows what shale oil will cost as it has never been
successfully commercialized. But if a simple, reliable process were used,
then the 1981 WRSP estimate would be reasonable.

WRSP: Eastern Utah White River Shale Project estimated $15 / bbl in




Southern Pacific Petroleum estimated shale oil cost at $10.70
(1983 $US) for the Condor (Australia) deposit. This estimate was

based on the use of Lurgi technology. Their subsequent use of the

Taciuk technology would undoubtedly improve the economics still

further.
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Principles of Efficient Oil Recovery

1. Minimize coking reactions to achieve high oil yield

2. Efficient heat recovery

Avoid dolomite calcin
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ONEC R EFFECT OF HEATING RATE ON OIL YIELD

UNDESIREABLE. LOW HEATING RATES RESULT IN OIL LOSS DUE TO COKING.
DATA POINTS ARE FROM TWO DIFFERENT SOURCES.

(After J. H. Campbell et al. IN Situ, 2(1), 1978). I




MINIMIZE COKING REACTIONS

SURFACE COKING*

1200F, 0.2 SEC. = 14% LOSS
1200F, 1.2 SEC. = 40% LOSS
S8R, & SIEC, = 1 LOEE

AL OXIDE SORBPTIOI




NO OXYGEN

ROBINSON & HUBBARD FOUND WHEN OIL SHALE WAS
RETORTED AFTER IT WAS PREHEATED IN GAS WITH AS
LITTLE AS 0.1% OXYGEN PRESENT, THE OIL YIELD WAS
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REACTION RATE (% PER DEG F)
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EFF|C|ENT O”_ IDEALIZED OIL SHALE RETORT

FOR OPTIMAL HEAT RECOVERY AND PRODUCT YIELD
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IDEALIZED OIL SHALE RETORT
FOR OPTIMAL HEAT RECOVERY AND PRODUCT YIELD
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THREE HIGH EFFICIENCY FEATURES

CHESS (Counter-current Heat Exchange in Solid Streams) is a unique
retorting approach that :

1. Recovers about 80 to 90% of sensible heat energy.

2. Burns residual char for process heat.

Operates below the calcinatior
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CHESS ACHIEVES THE FOLLOWING
NUMEROUS ADVANTAGES

HIGH OIL YIELD: 109% OF Fisher Assay — 20% above that anticipated
(90% of FA) for other processes.




ADVANTAGES

LOW VERTICAL PROFILE

COMPACT SINGLE VESSEL MULTI-OPERATION
LOW CAPITAL COST - 30% OF WRSP

SIMP QUIPMENT, EASY SCA R
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ADVANTAGES

LOW TEMPERATURE COMBUSTION
MINIMAL ENVIRONMENTAL COST

MANY ADDITIONAL ADVANTAGES
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CHESS EXPECTED TO BENEFIT THREE OF
FOUR PROCESSING AREAS

1. MINING & HANDLING
2. RETORTING
3

REFINING
ENVIRONMENTAL REMEDIATION
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MINING & HANDLING

BY PROMOTING SURFACE MINING

MINING RULE OF THUMB IS $10 / TON UNDERGROUND vs
$1/TON FOR SURFACE
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RETORTING

70% CAPITAL EQUIPMENT COST REDUCTION

85% LESS POLLUTION GAS TREATMENT
EQUIPMENT
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ENVIRONMENTAL REMEDIATION
8 BENEFITS

ASH THAT IS pH NEUTRAL
ASH THAT IS COOL




WHAT ARE LIKELY PROBLEMS

1. SCALE UP? NOT A PROBLEM. SINGLE SHORT HORIZONTAL

VESSEL, CAPACITY PROPORTIONAL TO VOLUME.

2. DUST CONTROL? CHESS k




