of the
SHALE OIL TECHNICAL ADVISORY COMMITTEE
held at
Sinclair 0il & Gas Regional Office
Denver, Colorado
on
January 17, 1966

Minutes of the Tenth Regular Meeting ;/ /
o0

Those present for the Committee weret

W. L. Jensen Continental 0il Company

J. H., Smith - Continental 0Oil Company

W. H. Decker ; Sinclair Research, Inc.

R. T. Ellington, Chairman Sinclair 0il & Gas Company

D. C. Smith Phillips Petroleum Company ‘
R. Charles Phillips Petroleum Company

N. P. Peet Humble 0il & Refining Company

B. L. Schulman Esso Research & Engineering Company
R. Mungen Pan American Petroleum Corporation
K. L. Berry Pan American Petroleum Corporation
S. L. Meisel ' Socony Mobil Oil Company, Inc.

K. M. Elliott Socony Mobil 0Oil Company, Inc.

Also attending were P. W, Snyder, J. E. Lawson and R. H. Cramer,
Program Manager of the Anvil Points staff. The meeting was called
to order at 8:40 a.m.

I. 0ld Business

The minutes of the Ninth TAC Meeting were approved in the
form previously distributed.

Cramer reported that the next audit of the project will
be carried out on February 14 by J. L. Pelej, Socony Mobil, and
T. E. Davis, Humble 0il Company. The audit will cover the period
from the last audit up to and including January 31, 1966.

At the last meeting question had been raised regarding
the handling of patent cases in which there was valid co-inventorship
and the individuals were from different Participating Parties,

It was agreed that this situation could be handled relatively easy.
Each inventor will file his concept with his own company in the
normal manner with acknowledgment of the participation of his co-
inventor. He will assign his share of the invention to his company
in the normal manner. The actual filing and prosecution of the
patent will then be carried out by one company with the agreement
of the other. All of the contract provisions of the Project will
apply so there will be no question as to the relative positions of
the companies involved, or subsequent licensing of the patent.



II. New Business

Preliminary arrangements were made for the next TAC
meeting with the consideration that they might be revised after
report had been made on the experimental program and plans for
the next phase of the experimental work were presented. The revised
dates for the next Technical Observers' meeting are Tuesday, March 1,
and Wednesday, March 2, 1966. The next TAC meeting will be held
in Rifle on Wednesday, March 9, with the possibility of carry-over
to Thursday, March 10, 1l966.

Cramer opened his general remarks with the report that
total project expenditures through December 31, 1965 amount tq
$72,185,624; they also have accrued costs amounting to $95,969 for
a total cost of $2,281,593. This gives a variance with respect to
the budget of minus $43,871. He reported that the main components
of the overrun variance were $15,300 for mine road graveling and
$33,000 for materials and supplies for retort modification. On
this basis he estimated that the $2,720,000 defining Stage I of
the Project will run_out.sometime during the third week in April,
1966,

e e gy

——

. In reporting personnel matters, Cramer reported that the
CSM administrative manager had been replaced on November 26 and at
the end of December, the staff consisted of 21 oil company people,
with a total project staff of 106. Of the oil company personnel,
18 are technical people, including the three technical observers.
Cramer next reported the presentations which had been made regard-
ing an NLRB election of the CSM Research Foundation operating
personnel and NLRB's ruling that it did have jurisdiction. The
election was scheduled for January 21, 1966, The choice is between:
the 0Oil Chemical and Atomic Workers:; United Mine Workers, District
15; Operating Engineers International; or no union at all. The CSM
Research Foundation has filed an appeal with NLRB regarding the
election, but this has not been ruled upcon. There was some discus=—
sion and conjecture regarding the factors, including safety, which
might have caused the employees to seek the election. Cramer also
reported that a copy of the Contracts had been put on file at the
NLRB hearing to show the temporary nature of the Project. The
gquestion was then asked as to whether a union could force continua-
tion of the Project beyond Stage I if the Parties voted to stop.
Opinions will be sought. ;

To initiate the technical discussion, Cramer reviewed the
objectives and conclusions of the experimental program for November
and December and briefly discussed the major conclusions that can
be made on the basis of the data obtained. The broad objective was
to define and understand the Gas Combustion Retorting process in
sufficient depth so that economic operation can be achieved in com—
mercial retorts. The stated local objective was to obtain yields
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approaching 90% of Fischer Assay with 0.75 to 1l.5-inch shale at a
mass flow rate of 500 lb/hr-ft2., The major hypothesis guiding the
investigation was that kinetic effects governed by heat transfer
control kerogen decomposition, coke and gas combustion, and carbonate
decomposition. It is also hypothesized that the reaction sequence

is complicated by dust and oil recirculation and that the o0il re-
circulation is initiated and controlled by impaction of mist particles
and condensation on the surface of downcoming dust and shale. He
stated that they felt that the primary requirements for control of
the kinetic effect are: (1) uniform heat supply, (2) minimization
of dust accumulation in the retorting zone, and (3) sufficient retort
zone residence time and temperature. When a run meets these condi-
tions, yields close to 90% can be expected. It was acknowledged,
however, that yields of the order of 105% of Fischer Assay might be
obtainable if complicating phenomena were removed. The limiting
factor appears to the staff to be mist impaction.

As a result of the test work and especially that conducted
most recently, the major conclusions of the staff are as follows:
the utilization of dilution gas injected with input air has little
benefit. The majority of the generation of dust occurs in the
retorting zone; consequently, dust removal from the combustion zone
would appear to be of little benefit. Very low air injection veloc-
ities have no benefit. Substantial variation has been made in
time-temperature profiles above 800°F without improving yield above
about 90% F.A. The impingement of oil shale mist on the surface of
dust and incoming shale appears to be the major cause for reducing
the obtainable yield below a potential limit of 105% F.A.; the
presence of dust in the retorting and condensing zone is definitely
suspected as a contributing factor. High yields have been obtained
with shale blends averaging 35 to 36 GPT; 38 to 40 GPT blends have
also been run but with some difficulty. This does seem to permit
consideration of "high-grading" operation in developing a commercial
project. ‘

Next, discussion of reordering experimental program items
was taken up. The Committee recommended that the program items on
shale richness and the sloping wall in Retort 2 should be carried
on as scheduled. After this, the effect of 0il refluxing would be
determined in Retort 1 while Retort 2 was being prepared for the
demonstration run. The run is to be started near February l. Pro-
gram Item 13, shale size and rate study, will follow the demonstra-
" tion run and after this, other promising leads. Item 9, dust removal,
will be removed from the program for the present and Item 11,
external heating, will be displaced backward in timing. The
Committee agreed to postpone further recommendations on experimental
programming until the next meeting. '

After considerable discussion of the objectives of Stage
II, there seemed to be general agreement that Stage II should be so
planned and executed as to yield experimental data and operating



experience that the engineering department of any Participating

Party or contractor could design completely a prototype plant.

Such a plant would be of sufficient size that it could constitute

a module that would be repeated as necessary to develop full plant
capacity. The sense of considerable further discussion was that

all possible care should be taken in planning Stage II and especially
in designing Retort 3 to maximize the probability of attaining the
stated objectives. Cramer was questioned regarding whether present
staff would have time to carry out the planning studies in sufficient
detail. He was asked to inform the TAC immediately if short-term
assignment of other personnel might be necessary to carry out
planning and analysis for Stage II with the necessary detail.

Cramer was asked to update the scoping study for Stage II
and have it ready for discussion before or at the next meeting.
It was agreed that this study should estimate the cost of all parts
of the proposed program as accurately as possible. The desirability
of having the proposal show the point at which the $3,000,000 orig-
inally projected in the Project Agreement would run out was dis-
cussed. New areas of research proposed for Stage II were discussed
in the following order: investigations previously planned on
Retorts 1, 2 and 3; investigation of retorting under pressure;
extended mining research; and a farm—out study of crushing parameters.
voting on the items was tabled until the next meeting.

Alternative areas were discussed for mining because of
concern for the condition of the roof in Able haulageway. This situ-
ation is to be given extended consideration before the next meeting.

In the executive session, the first matter of consideration
was the new method of presenting technical material. Cramer, Lawson
and Synder were complimented on the way this went off. The proposed
amendment of the Research Agreement to permit use of technical
personnel from all Participating Parties to expand the Anvil Points
staff for Stage II was reviewed and tabled until the next meeting.

The meeting adjourned at 10:10 p.m.

7 ELinZo7 S v
R, T. Ellington4 Chairman
| “/,/157/47;;7& é;%%ékggg//f7

S. L. Meisel, Secretary
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POTENTIAL MECHANISMS WHICH MOST
LIKELY AFFECT YIELD

%w. 17,1964

.OIL REFLUXING - Impingement and condensation of oil on

shale which polymerizes and cracks on revaporization.

.DUST CIRCULATION - Internally circulating dust adsorbs

0il which polymerizes or cracks on revaporization.

INADEQUATE TIME-~-TEMPERATURE - Retorting at temperatures

above 900° F causes‘cracking to coke and gas.

ERRATIC SHALE FLOW - Unretorted oil shale and

’

oil laden

dust drop into the combustion zone where the oil is

burned or cracked.
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HANDOUT 3 PWS

CALCULATED IMPACTION EFFICIENCY VERSUS
OFFGAS RATE ‘

Operating Conditions:
Shale rate = 500 lb/(hr)(ftz)
Shale Size (APD) = 0.4 Inches
Oil Mist Size = 2 Microns

Superficial Gas Velocity, Ft/Sec
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GAS COOLING RATE ON

EFFECT OF

OIL MIST SIZE LEAVING RETORT
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SUMMARY OF RCSULTS FROM RECENT QUENCH TESTS
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SUMMARY OF AVAILABLE DATA ON THE
EFFECT OF TIME-TEMPERATURE ON YIELD

Bureau of Mines Information .

Maximum Shale ' 0il
~ Shale , Residence . Yield
Process Temp., °F . Time, Minutes Vol % RSFA
Fischer Assay . 1020 _ ~ 50 98
930 40 100
840 50 104
Royster - 1150 - 100’ : 94
1090 120 99
1030 - 130 . 101
970 170 104
Gas Flow ~ 11020 _ 40 ' 95
980 50 96
940 B 70 . 102
! PWSnyder

1/12/66
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DEFINITIVE EXPERIMENTS TO HELP RESOLVE THE
EFFECTS OF OIL REFLUXING

OBJECTIVES:

1. Develop the effect of oil refluxing on yield.
2. Develop the cause and poteqtial amount of refluxing.

3. Develop the effect ofy conditions on mist

size,

IN PROGRESS OR DEFINITELY PLANNED: -

l. Evaluate the effect of adding a known amount of shale
oil to the shale charged to a Fischer Assay.

2, Evaluate the effects of recycling oil product into

the condensing zone of Retort No. 1 on yield, tempera-

ture profile, pressure profile, and oil properties,

3. Evaluate the effect of water injection in the o0il
condensing zone of the retort when operating at con-
ditions which produce large mist size.

4. Develop the impingement characteristlcs of crushed oil
shale (bench scale).

. 5. Continue to obtain mist size measurements from gas

taken at various positions within the retort as well
as from the offgas.

BEING CONSIDERED:

ll. Develop the mist size - gaé coollng'rate relationship -

by controlled cooling of a simulated retort gas.

2, ' Evaluate injection of very fine oil mlat in the con=-
densing zone as a nucleating agent.

+

PWSnyder
1/13/66
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DEFINITIVE EXPERIMENTS TO HELP RESOLVE THE EFFECTS AND

SOURCE OF DUST IN THE RETORTING ZONE

OBJECTIVES:

1.

2,

Establish how dust affects yield when present in the
retorting zone.

.

Establish the source of dust occurring in the retorting
zone.

IN PROGRESS OR DEFINITELY PLANNED:

1.

2,

3,

4,

5.

Investigate the extent of yield loss when evaporating
shale o0il from oil socaked spent shale fines.
Investigate the extent of yield loss when adding 10 to -
30 per cent normal spent shale fines, retorted only
fines, and raw shale fines to the normal Fischer Assay
charge.

Run quench tests on Retort No. 1 after retorting lean
and rich shales to establish the effect of richness on
the fines concentration profile.

Tag about 100 pounds of spent shale fines with MnCl2,
inject the tagged fines into Retort No. 1 at the com-
bustion zone, run a quench test, and establish the
distribution of the tagged fines.

Modify Retort No. 2 to permit removing dust from the
gas leaving the combustion zone.

BEING CONSIDERED: -

1.

Radioactively tag spent shale fines, inject the tagged
fines continuously into the combustion zone of Retort
No. 2 and -measure the equilibrium distribution during

‘ operation of the retort with a scintillator.

PWS

PWSnyder

- 1/13/66
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DEFINITIVE EXPERIMENTS TO HELP RESOLVE THE
EFFECT OF TIME-TEMPERATURE

OBJECTIVE:

Establish the maximum yield possible from optimum retorting time
at temperatures below 900° F.

*

IN_PROGRESS

"Bench scale study of the effect on o0il yield of varying the

time-temperature profile of the Fischer Assay.

BEING CONSIDERED: , ; .

Modi fy Retort No. 2 to provide a retorting soakiﬁg zogé after
rapidly heating the shale to about 950° F, "‘Yhe concept of this
modification is as follows: i
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DEFINITIVE EXPERIMENTS TO HELP RESOLVE THE
EFFECTS AND EXTENT OF ERRATIC SHALE FLOW

OBJECTIVES:

1. Minimize wall effect,

2, Establish the extent of erratic and/or bridging
during retort operation.

IN PROGRESS OR DEFINITELY PLANNED:

Evaluate the effect of sloping walls on the performance
of Retort No. 2 as measured by yield, temperature profile,
pressure gradients, ring flow tests, and physical probing

‘of the bed,

BEING CONSIDERED:

l. Use nuclear density gauging to measure bed density
profiles during retort operation.

2, Run a drawdown test on Retort No. 2, priﬁarily to
establish the average flowing density.
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HANDOUT 3 JEL
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: SHALE FLOW PROFILES IN MULTI-LEVEL DRAWOFF SYSTEMS

EVALUATIONS BASED ON MARKED SHALE TECHNIQUE

2 Slot Deck _ Addition of 4 Slot Deck

Distances Measured Distances Measured ‘Distances Corrected

Above 2 Slot Deck Above 4 Slot Deck To 2 Slot Deck

Initial Final Initial Final TInitial Final

: Change, Break, Change, Break, Change, Break,

'Shale Size - Ft- Fto Ft. Fta rto ) Fto
1/4 - 1 in. 7(1) 41,2 B 112 11 5 1/2
3/4 - 1 1/2 in. 11 5 1/2 6 1/2 1172 10 1/2 5 1/2
1 -3 in. 1112 6172 >8 2 12 . 6

(L) Evidence of change at 10 1/2 feet but pattern recovefed.‘
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PROPOSED AGENDA :
TENTH TECHNICAL ADVISORY COMMITTEE MEETING

, DENVER, COLORADO
{ / I JANUARY 17 AND 18, 1966
AP WL S
. ‘01d Busihess \ W
A, lApgroval of Minutes _
B, \Timing of Next Audit
C. Problem of Joint Inventorship by Representatives of Diffarent
Companies
D. Other
" Il. New Business
' A, Arrangements for Next Meeting .- :
- Bs Technical Presentation ' -
Y - 1. General Remarks
o 2. Retort Program
_ pesS a. Discussion of major reasons for discrepency between
g . X actual and theoretical yields
o Y- b, Summary of program results, November to January . g
3 p»s c¢o Definitive experiments to resolve yield diacrepencies L
; gvt d. Summary of major conclusions A
o .. QW e. Future Plans
T - Jb 2, ' Mechanical Models
. - Co Stage II Considerations C :
E - - 1. . May 1965 Scoping Study - . : v
i 2. Stage II Additions '
B a. Mining research proposed at October TAC meeting
e b. Crushing study . S
" ¢.. Pressurized retorting -
D. Other

: III. Executive Session

K]

\

. V\/

Consider proposal to 'amend the Research Agreement to provide‘
for possible use of technical personnel from a11 Paxticipating
Parties on the Anvil Paints ataff. JOEE R | _ ,
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HUMBLE OIL & REFINING COMPANY

HOUSTON, TEXAS 77001

SHALE &1l PROJEEGT } "‘1' OFFieL BOX 2189

 PROPOSED REEXAMINATION OF STAGE II

Objective ' ; e

Provide detalled engineering and product data on mining, crushing, and retorting to
permit direct scale-up to design of commercial plant. :

Procedure
I. Select alternatives for evaluatien

A. Retorting ' !
1. Gas combustion L ' S
a. Atmospheric pressure S .
b. ©-60 psig
2. Externally heated
3. Multiple vessel
B. Mining research
C. Crushing research

II. Define scope of evaluation

A. Initial cost of facilities (including modern 1nstrumenxs, additional
analytical equipment, etc.) ‘ ,
1. Mining . .
2. Crushing
3. Retorting
B, Outline of research program
l. Variables to be investlgated
2. Order in which to be investigated
3. Approximate time schedule

C. 8chedule
‘ l. Preparation of facilities
8. Mining
b. Crushing

¢. Retorting

2. Carrying out of experimental program
a. Retorts 1 and 2
b. Retort 3

D. Staffing

l. Technical ‘
a. Groups (operations, mechanical, snslytical, etc.)
b. Number in each group

' ' 2., Non-technical

’ : 8. Groups
‘ ‘ b. Number in each group
— " B. Overall cost
T 1. Initial cost of facilities .

2. Operations, including modificetions to equipment




o silictuimmssnrmamesmh A ventem

III. TAC to appoint special Task Force of Technical Qbservers to assist Anvil
Points staff to
A. Reexamine Stage II
B. Help Program Manager keep Stage II plans updated, analyzed, and
reported to TAC

Flnancing

I. Inform respective mesnagements of estimated overall cost, schedule for Stage II

‘II. Ask for approval of Stage II ac per prescnt contract ($3MM or 18 mos,., which=
ever reached first) with understanding that 1 or 2 extensions will be reqpired
and that overall cost, schedule will be approximately as shown in I. :

NPPeet:me
12/10/65
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ADVANTAGE FOR PRESSURE RETORTING c
TA Ve
cfe Y“
| No® v ¥ s
| 2 W YA
Basis: , T ,}u‘f

An advantage of $13 MM in onsite investment cost (present day dollars)
for a retort complex producing 120,000 B/CD of retorted oil from
30 gal /ton shale. WV£

X)( F. A. yield 90% -~ S L—V?@
‘))0 Income tax 502 — Cs N
\x Investment credit 7% - :

V Depreciation: 6.67% —
\ﬁw,} Offsites Stamdoff Z H |
\\‘ & . Operating costs " z \})]}\Y
Interest rate 107 after taxes “oo l
Assumptions:

Addition of 50,0060 B/GD ecapacity eaeh year fov tem years beginning 1970.

An investment savings of $5.41 MM is obtained for each 50,000 B/CD increment
based on a linear proration of the 120,000 B/CD costs (actual savings would
probably be somewhat higher fsr the smaller plants). Depreciation and in-
vestment credit started in year following commitment of investment corres-
ponding to plant start-up. Depreciation calculated on double declining
_halance basis. (This gives the most conservative ‘result, i.e., lowest

advantage for pressure.) Note: The scheduling shown is for illustrative
purposes only and should not be construed as the actual timetable for
any company or group of companies.

Conclusions:

Cash flow table attached. Present worth of project including incremental
research cost is $15.7 MM> This is $31.40/B/CD ox@_@nglyr. Incremental
research costs of $_l_2'1 MM generate gross investment savings of $54.1 MM &

’_)?o the 500,000 B/CD total capacity. Profitability of incremental research
(present worth of savings divided by present worth of incremental research
cost) is 22.5.

o} yro swesnd ad- S
H.P.Dengler/hl A/ﬂ W E’P m"“"}é""" S.)

Petroleum Staff P . H~% ﬁ;r‘ Poluie v’t%@ﬁ\
Dec. 9, 1965 HT*/ H;};;P L)t )(,\,, BMMW



http:Staa~.ff

'CASH FLOW _TABLE FOR PRESSURE RETORTING PROJECT

(All cost data in millions of dollars. Advantage for pressure shown as)

(positive values, debits have a minus sign proceding them. )
Incre~ :
"mental ‘ Undepre-
Year Research Inv, Inv. Depre- ciated ~Cash Flow P.VW.

'(Jan.) Cost Saving Credit ciation Inv. AT, - Factor P.W.
1966 = .04 ' C=.02 1.0 -+ 02
1967 -2 C.,21 .91 -.19
1968 =1.25 A ’ -.63 .83 -.52
1969 - .75 -
1970 5.41 x8 , - 5.41 5.41 . .68 . 3.68
1971 5.41. -.38 .72 10.10 4,67 S 462 2.90
1972 5.41 -.38 -1.33 14,18 4,37 ‘.56 2.45
1973 5.41 ~.38 ~-1.87 17.72 4,10 T.51 2.09
1974 5.41 -.38 -2.34 20.79 3.86 47 -1.81
1975 5.41  -.38 -2.74 23.46 3.66 42 1.54
1976 5.41 -.38 -3.10 25.77 3.48 .39 1.36
1977 5.41 -.38 -3,40 27.78 3.33 - .35 1.13
1978 5.41 -.38 -3.66 29.53 - 3.20 «32  1.02
1979 5.41 -,38 -3,89 31.05 3.07 +29 .70
1980 "-.38 -4.10 26.95 -2,43 " .26 -.63
1981 -3.55 23.40 -1.77 .24 -.43
1982 -3.08 20.32 -1.54 ’ .22 -.34
1983 ~2,68 17.64 -1.34 .20 -.27
1984 ’ ‘ -2.33 15.31 -1,16 . .18 -.21
1985 -2.02 12, 64% - =1,01 .16 -.16
1986 o -1.67 10.32 -, 83 «15, -.12
1987 - =1.36 8.31 -, 68 .14 - =s 10
1988 , -1.10 6.56 " =455 .12 -. 07
1989 - -0.87 5.04 -. 43 .11 -,05
1990 ~-0.66 3.73 -.33 ’ .10 ~.03
1991 ' ~-0.49 2.59 -, 24 .09 .=s 02
1992 -0.34 1.60 -, 17 .08 . .01
1993 : -0.21 0.74 -+ 10 .08 =-,01 -
1994 -0.10 0. 64 -, 05 « 07 0
1995 ‘ 0 0 ‘ :

Total ~-1.71 54.10 3.80 47.61 - 25.66 15.70

* Beginning in 1985 residual undepreciated investment of $0.65 MM is deducted each
year since each plant is depreciated over a 15 year period (6.6%/yr. on a straight
line basis), . ( ; ,

T ———————




SUMMARY OF ADDITIONAL COSTS FOR INVESTIGATING PRESSURE

A

Alternative o ___Extra Cost ($M) for
Operations Investment Total

A. Run Retort No. 1 in Stage II, backing . L T
‘out marginal work on this unit . 0 - Lo o ko

B. Expand Stage II by addition of 3%
months for pressure study on

7 Retort No. 1 o o ko I . R 700
C. Expand Stage II by: ‘

Addition of 3—— mos. for pressure .
study on Retort No. 1 420

Addition of l&’g mos. for study on
“larpge retort, if results from wor d\-“)
750

Alternative C total ' S : : 170

- on Retort No. 1 look good .

Esso Research and Engineering Ccmpany
B. L. Schulman
. 12/3/65
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