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Minutes of the Thirteenth Regular Meetlng
of the
OIL SHALE TECHNICAL ADVISORY COMMITTEE
held at
Anvil Points Research Center
Rifle, Colorado
on ,
June 23, 1966

Those present for the Committee were:

W. L. Jensen Continental 0il Company

R. T. Ellington Sinclair 0il and Gas Company

D. C. Smith, Chairman Phillips Petroleum Company

R. P. Lehman _ Phillips Petroleum Company

N. P. Peet - Humble 0il and Refining Company

H.. P. Dengler ’ Esso Research & Engineering Company
R. Mungen " Pan American Petroleum Corporation
K. L. Berry A Pan American Petroleum Corporation
K. M. Elliott Mokil 0Oil Corporation

‘ Messrs. J. H. Smith, W. H. Decker and S. L. Meisel were
absent. Dr. H. P. Dengler of Esso Research and Engineering Company
was welcomed as a new member of the committee replacing B. L. Schulman
who will continue to follow the project work and attend observers'
meetings. :

0ld Business

Minutes of the 12th regular Technical Advisory Committee
meeting were approved as distributed.

Mr. Cramer reported on the information he was able to
collect on spent shale disposal. The results are summarized in the
appendix. No program on spent shale disposal is planned.

N. P. Peet referred to the problem of spent shale disposal,
including air and water pollution aspects, and raised the question of
what it would cost to have crushing tests and compaction tests per=-
formed on spent shale. In the discussion some reservation was ex-
pressed with regard to spent shale work, and particularly with regard
to the objective of solving the spent shale disposal problem. No
objections were expressed to a small effort restricted to determining
the properties of spent shale, 'including crushing and compaction. It
was agreed that Bob Cramer would determine what could be done by the
staff with modest effort and using equipment that might be available
at Anvil Points, with conclusions to be reported at the next meeting.

New Business

) The next observers' meeting was scheduled for August 24-25
at the Anvil Points Research Center. The next TAC meeting was sched-
uled for September 8 in Denver, probably in Phllllps offices on the
13th floor of the Security Llfe Bulldlng. - :
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The technical presentation of progress since the previous
meeting was made by Bob Cramer and members of his staff, as summar-
ized in the appendix. Particular attention is directed to the 1list
of eight major conclusions drawn on the basis of work during this
period.

Much of the technical presentation heard by the committee
brought forth no committee discussion of consequence and is adequately
covered in the appendix. Additional information and discussion de-
veloped around a number of points, as summarized in the following
paragraphs.

In summarizing work on process understanding and economics
Paul Snyder emphasized that the effect of dust was always a factor,
with the extent of dusting a determining factor in yield loss. It
was indicated that the addition of dust to Fischer Assay experiments
had confirmed the loss in yield, but it was developed in discussion
that extrapolation of Fischer Assay results to dynamic retort condi-
tions is somewhat questionable. It was reported that the dust effect
is operable at all times and may account for the limit of 92 percent
FA retort yield as compared to a p0551ble 105 percent FA yield. Un-
condensed shale oil naphtha, which is in the off gas because of its
low partial pressure, also may account for part of the yield loss.

In response to a question during the repoft on shale size
and rate studies it was stated that standard practice now involves
running four 8-hour material balances per condition being investigated.

In discussion of maximum particle size for retorting, now
believed to be in the range of 2% to 3", it was stated that some yield
loss even at optimum retorting time-temperature conditions is ex-
pected for 3" shale and that there is little cost advantage on going
to maximum shale sizes above 3",

Reporting on horizontal air distributor studies, John Hasz
concluded that the same problems were encountered as with previous
work using horizontal distributors (bridging and clinkering) and that
operability which had been achieved with the 8-bayonet design had not
been realized with horizontal distributors, particularly at higher
gas rates. This may be due either to (1) greater cross-section re-
striction which enhances the dusting effect, or (2) a more uniform
gas and air flow pattern which prevents downward dust escape. In
discussion the view was expressed that horizontal air distributors
appeared to offer no advantage with respect to operability or yield,
but that they might still be desirable from the standpoint of main-
tenance or cost in commercial operations if comparable operability
and yield could be obtained.

Tom Lyons in reporting on mechanical model studies, which
now include small scale models of Retorts Nos. 2 and 3 and the 60.
and 100 ton storage bins, concluded that the 4-bayonet air dis-
tributor design for Retort No. 2 gives superior mass flow properties
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to the 8-bayonet design when using 1% - 3" shale. This was portrayed
convincingly by movie films, and, combined with retort experience,

leads to the conclusion that improved shale flow properties outweigh

the poorer air distribution in the case of the 4-bayonet design. In
committee discussions it was indicated that liberal documentation of
this important model work is desirable. Cramer stated that loan or

copy of all films are available upon reguest, and that a film~documented
repcrt on flow model studies would be prepared and distributed later.

In regard to program planning, John Lawson reported that the
study being conducted currently is on 35 gal/T shale in Retort No. 2
in an effort to confirm results obtained previously on Retort No. 1.
This work should be completed by the plant shutdown. During the shut-
down, July 1l-July 17, it is anticipated that a 1l5-bayonet air dis-
tributor will be installed in Retort No. 2, in an attempt to improve
operability with small shale. Some slack time for additional studies
in Retorts Nos. 1 or 2 is expected to be available during the September-
October period, and specific recommendations will be included in the
next Planning Group report in time for discussion at the next observers"
and TAC meetings. It was reported that the crushing plant will be in-
operable during the first two weeks of this period, imposing some
limitations on the retorting program.

Priority-wise, support studies for Retort No. 3 will receive
first attention during the next two months, with work on processing
fines and shale richness studies receiving about equal but secondary
emphasis. In response to Cramer's gquestion if the committee had
greater interest in richness studies than in fines processing, various
opinions were expressed with the consensus being that both will have
to be thorouchly evaluated. Cramer stated that the work scheduled
on rich shale included two recycle rates and two size ranges, which in
effect is one small step toward establishing optimum conditions for
rich shale processing.

In the discussion it was suggested that work on wide range
1/4 - 3" shale should receive full consideration because if oper-
ability could be established at satisfactory yield much of the exten-
sive work planned on separate ranges might be abandoned.

Gordon Haworth reported that all eguipment for mining work
during Stage II had now been ordered except the downhole drill, which
will not be needed until bench mining starts next Februdry. Diffi-
culties were encountered during the opening of the new mine portal.
These problems have now been overcome with the advance away from the
cliff face and with the change to Swedish bits and steel for drilling.
In response to a question, it was indicated that none of the University
group contacted were interested in performing fundamental measurement -
~on oil shale properties, so that these studies will be contracted out.
to Terrametrlcs Inc. of Denver.
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Bergen indicated that Retort No. 3 is still scheduled for
completion during the week of October 3, with 50 percent of the
engineering now completed, 10 percent of construction completed, and
25 percent of the material ordered. 1In discussion it was reported
that Torkelson had been paild something in the range of $700-800 to
prepare a critical path (200 event) program which uses the University
of Utah computer to give a comprehensive print-out of all-starting
and completion dates, etc., at a cost of $40 per print-out. Bergen
. stated that this is proving invaluable in following progress on
Retort No. 3 and insuring against delays.

The maximum design capacity for mass rate of Retort No. 3
(which was discussed at the previous meeting and left to Bergen's
discretion) was kept at the 700 lbs/hr ft2 capability, but two stages
of compression have been eliminated and the size reduced for gas
piping. It was emphasized that these can be added later, if needed for
the higher mass flow rates, without appreciable penalty in project time
or cost. Maximum bed height above air distributors will be 15 feet,
as compared to the l7-foot maximum height used to date in test work
on Retort No. 2. Bergen stated his belief that the top star feeder
would have to be removed and the retort operated at balanced pressure .
in a commercial design, indicating that possible work along this line
could be considered later. :

Executive Session

There was a brief discussion of current activity and pub-
licity with respect to nuclear applications to oil shale, with the
consensus being that much of the publicity evolving from such activ-
ities is based on information which is both unreliable and unrealistic,
and which should have no bearing on the plannlng and conduct of project
work. :

At the next observers' meeting, continuation of the formal
concluding critique by a representative from each company will not be
‘'planned or scheduled, but all comments will be welcomed.

In a final round of comments from each of the companies
general satisfaction was expressed with regard to progress since
the previous meeting, and Mr. Cramer and his staff were thanked for
their efforts and for their good presentation at the meeting.

Bob Cramer announced that the planned tour of the mine and

retort facilities would start at 8 o'clock on the following morning,
~ June 24. ' : -

5 4 —Z /;ﬁr/f/ [f Z

D, C. Smith, Chairman

S. L. Meisel, Secretary
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APPENDIX

' THIRTEENTH REGULAR TECHNICAL ADVISORY COMMITTEE MEETING, JUNE 23 1966' |
'  RIFLE, COLORADO

I. 0l1d Business

B. (Other) Spent Shale Dispoéal Information:
| in accordance with the request by the Technical Ad&isory
Committee at the May 2, 1966 meeting to develop info£métion‘
on outside.work concerning spent shale disposal the Program
Managexr reported that he hadkcontacted the U, s. éureaur'
of Mines at Laramie, Wyoming. Harold Sdhhs of Laramie
;indicated that the Bureau was not condﬁcting any researchv
- along this line at présent, but that they had included
.. some work'in their three-year p?oposal, scheduled for’about
1968, | ”
In the past, work haﬁ been carried out on growthkof ‘
. Vegatation on potted gpenf.shale from Rulison, ﬁnion andv
.the Gas Combustion ﬁetbrt, in conjunction with the University . -
of Wyoﬁing.' It 'was found that dry land grases (Kachia, |
Crested‘Wheat Grass and Wihter Wheat Grass) grew. Tﬁe |
najor proélem encountered was.ihét coarse grahular spent
shales would not retainvsufficient water to sustain growth.
However, if the spent shales were crushed to minus ~'4d |
mesh, there was good water retention and growth occurfed,
The é@nclusion was that if the spent shale4wés crushed

. and a nutrient was added satisfactory growth occurred.




II.

Leaching of sa{ts from the spen£ shales was not a
problem unless’naccolite or trona occurred. This would
be a very minor problem.

The major problem encountered in the study of the
behavior of piled spent shale was concerned with finely
divided solids in water rﬁn-off. This éould require
settling ponds

Ih an experiment performed on Union spent shale, shale
o0il was sprayed on the pile. During the firstAthreé
yvears, the shale o©¢il acted as an herbicide. After this
period; the shale oil acted as a mild fertilizer, because
of slow release of nitrogen. At present vegetation is»
growing on this pile. |

The Program-Manager reported'thatwno program on spent

shale disposal is planned.

New Business

B. fTechnical Presentation

l. General Remarks - R. H. Craner

The Program Manager discussed estimated éxpenditures
through June 30, 1966, shown on Handout RHC~1. This
indicates that the program expenses are running abpu;

$50,000 under budget. TheAlarge accrued ékpenses



($547,474) reflect the orders for large scale mining
equipment, construction contractors expenses, etc.
Pfogram manpower totals 138 as Ef June 30 ﬁ-23‘from‘
the Participating Parties and 115 from the Research Foun-
dation. Two from the Pafticipating»?axties are still

carried as Technical Observers. New.staff comprises:

Retort Engineers ' Reported
R. L. McGalliard (Pan American) May 4, 1966
B. L. Reymond (Continental) .. June 20, 1966
W. M. Broman (Sinclair) . . Est.July 18, 1966
' Secretary Stenographer (Mobil) ~ June 27, 1966

The plant vacation shutdown will be fromiJuly 1 .to
July 17, 1966 inclusive. During this period, personnel
. on site will conduct turnaround maintenance work. In
"addition, the coﬁtractor,will cénduét a majbr overhaul of
. the cruéhing‘plaﬁt. -
The Program Manager reviewed the Program objectives,
'iwhich.are: |
Broad: To define and understand the Gas Combustion

| Retorting.procéss in‘sufficient depth sc

‘"that economical operation can be achieved in °

‘;commercial retorts. | B

Specific: 1. Understand the Gas Combustion Process in
(Stage II)-

sufficient depth so that results achieved
on Retort No. 2 can be scaled up to
Retort No. 3.

2, Develop sufficient undérstanding so that
’Retoft No. 3 results canrbe scaled.tgv‘“

- . commercial operation.



3. Develop sufficient understanding of miniﬁg .
so that results can be scaled to.commerqial
operation. | |

The ?roéram Manager theﬁ reviewed the major conclusions
arrived at since thevMay'Z, 1966 meeting. These are pre- .

" sented on Handout 2 - RHC.

2. Retort Program

a. Discussion of Theoretical Aspects

.i‘l. Review Mechanisms éontrolling‘OpergbilityA“
~ and Yield o |
P. W. Shydér touched on and unified the
‘;.following past.and current results related to‘:

‘process understanding.

‘(a) Mechanisms Controlling Opverability

- (Handout 1 - PWS)

(1)  Heat Input

‘lAt least 400,000 Btu/Ton}(4,000 SCF/T)f .

- for stable combustion,

.;M(Z)' Clinkering

. '_(a)‘ Not over 7,000 SCFR/T of air;
_or clinkers V o

(b) Poor air distribution par-

| ticularly with low recycle

(startups)f'

(c)  Particular problem with sﬁall

e ' ‘ size shale since intrinsic
| N bufningvrate is four to five

T o

times that for cracking catalyst.



{3) Shale Flow

(a) Adequate shale flow dimensions ,?
must bé provided in the -
retort around internals - thé

‘minimum_spacing increases with
" shale size. |

(b) Recent mechanical model study
in the small plexiglass |
Amodel has hammered home the

. importance of this factor.

(4) Dust Circulation

(a) ‘DeScription - Dust is formed
' in retorting aga combustion
zones - fine particles are

"elutriated 'up the bed until';

they reach the 0il condensing
zone (900 to 1,0000 F). They

~are agglomerated by the oil

" wet shale and carried back
dowﬁ. If this becomes

 éxcessive the interétices,
‘can become completely blécked
by a.tafgy-oilAdust mixture
and shale flow stopped.

(b} Evidence |
:‘(ly~'Presence |
Qe Mechanical Model studﬁes.-

b. Quench tests on Retort

NO-‘ 1.



‘¢. ~Grab samples from
Retort No. 2.

(2) Circulation and 0il

Accumulation

a. Mechanical models.
"b. Special tagged-dust
‘run on Retort No. 1.
. C. High pressure gradient'“A
in region of initial
oil condensation‘
(500 to 1,000 F).
d.  Gas velocity limitation :/
: irréspective.of raw
shale size. |
e, .Analyses of‘grab
| and guench sanmples

. of oil-dust mixture.
. (3) - Effects -
| as Small restriction
of cross-sectiongl
area in retortirg
:or cpmbustion zone
causes'dust accumulation
at,500 mass rate with |
. eventual shale flow
'stoppage. |
1. Initialkhorizontal

air distxibutors{



._temperature'in the

- 2. Recent streamlined

horizontal dis- "

tributors.

3, Tapered retort.

4, ' Bayonet air dis-
tributors with

enlarged caps.

Excessive gas velocity

via increased mass
rate or increased

gas ratio also can

" cause dust buila-upk

" to the point of

shale flow stoppagef

Uniform horizontal

combustion zone may

~also contribute to

dust accumulation

above the air distri--

" butdrs. Uniform tem=—

peratures mean uniform
gas velocities which .~
eliminate localized

low gas velocity

 areas for dust td
- drop through the

combustion zone.

Our recent experience



{(5) " 0il~Refluxing

| with the horizontal
air distributor

which proauceé ;
uniférm temperaturé~
is some evidencé
supporting this
hypotheses although
notlconclusive. éut
‘the converse is true
that what we would
consider fairly
severe non-uniform
temperatﬁres do not ‘

hurt operation,

de

‘ Description - There is the

" encountered. This mechanism involves

'0il impingement and condensation

dust-o0il reflux previously
described, but oil refluxing
referred to here is the

"bogging" problem sometimes

(when cooling rates become low} ‘~§

on the shale near‘the,top of
the retort. This can become |
excessive and cause a retort

shutdowd.

* Causes



1. Excessive gas velocity:

or gas ratio.

b.. Mechanisms Controlling Yield (Handout 2 - PWS)

(1)

Dust Circulation

"(a) Description Relative to Yield Loss
Internally circulating dust adsorbs oil

which polymerizes or cracks on revaporization.

(b) Evidence

(1) Can Cause Yield Loss .-

~ (a) Fischer Assay Retorting in the
- presence of retorted shaie
fines reduces yield. This

s - . loss is a function of the . L

s . dust/oil ratio as shown by

varying richness in this

study:
) Assay Yield Loss
2006 .
28 4 |
37 | 1

1‘  (b) Vaporization of oil from )
retorted shale fines resulted
’,in a 15% oil loss.
(2) Its presence in our retort was covered -

under operability.

(c) The Adverse Effects of Dust on Yields

" Are Minimized bv:

(1) 'Limiting gas velocity.below the point

of poor operability.
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(3) Impaction Studies Indicate 0il

Refluxing Above the Retorting Zone

" May Be Minimized By:

{a)A

(b)

(e

Time-Temperature

Maintaining good nucleating
conditions (a iarge per cent
of the mist particles over

4 microns will be refluxed -

impaction varies exponentially

"with Dp3) therefore rapid

cooling of the gas.

Processing large shale -

Aimpaction varies exponentially

with the inverse of APD.
Maintaining as low a gas
velocity as is reasonable from -
time-temperature considerations.
Impactions varies exponentially"
with the gas velocity. With )
gas velocities above 4 feet

per second the top of the

bed will always f£lood.

(a) Description - Rétoﬁting shale at tem~

| APeratures much above 9000 F cracks some‘ 
of the oil to coke and gas. A rapid
ﬁeat up in our countercurrent process
results in retorting at temperatures.

Tabcve 9000 F.
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(b) Evidence

(1) High Retorting Temperatures Do .

Destroy Yield

(a)’ Bureau of Mines data.

(b) Our experience with low gas

| rates ~ faced with éomp;omise

as low gas rates hélps
nucleation.’

(c) AOur experience with large shale -
and wide range shale.

. {2) High Retorting Temperatures Are

" Minimized By:

(a).. Maintaining maximum gas-to-shale
ratio consistent with good
- operability and lgﬁ oil réfluxiﬁq;
(b) ‘Process small shale which more
| closely approaches the gas A ,
temperature and permits avu
more'répid cooling for the
_same retorping residence time, -

‘ (4)”;Sha1e,Flow

. (a) DescriPtion Relative to Yield - ‘I'hke 7
retort may be very operable an@«still“,.»b"
Vﬂfhave a pooy shale flow with respect'tb .
yiéld. There may be particle'size | j
segregation Or a stable'bridgénand— .

~ break flow. Both of these results can

have an adverse effect on the time-

¥

" temperature history of the large particles.
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(b) Evidence

(1) cChanging the locations of the feed
‘chute on Retoft No. 2 to minimize
paréicle size segregation in the
retort resulted in an increased
vield.

(2) Our recent studies retorting largevsize
shale showed a yield>improvement'
when changing the air distributor'
to one which was designed for mini-
mum shale flow problemvaf thé
expense of gaé diéfribution.

"(3) shale flowrstudies through small

. plexiélass models of Retort No. 2:'
have clearly shown the bridge-and~.
break flow results in a large |
reduction in the density of the bed -
and de§elopment of large voids.

(¢c) ~ Poor Shale Flow Can Be. Minimized By:

) Use of the small plexiglass models
- to develop internals which have the

.

minimum effect on shale flow,

“(2) Sacrifice good gas distribution for
adeéuate spacing of internals. |
(3) Not tr§ing to run a shale size thch
" is too large for the maximim geometry

~available - i.e. Retort No. 2 is

limited to about 2 1/2 inch maximumn
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size as a narrow size fraction.
(4) Des;gnlng to prevent size segregatlon :
at the top of the retort. A

(5) Naphtha Vapor in Offgas

(a) Description ~ The low partial pressure

_of heavy hydrocarbons in the offgas
‘retains'naphtha as a vapor. ﬁhen,thié
material is recycled it can craék ox
bu?? to gas'and coké{' | |
~ (b) Evidence |
(1) Vapor-liquid equilibrium caiculationé
~made last year showed that if there
is any naphtha it will be retaihedL 7'
as a vapor at normal offgés | a
températures of 130 to 150° F.
(2)  Analytical has recovered naphtha
' _ from the recycle gas via cold traps.
This has amounted to 2 to 3 pounds :
pex 1,000 SCF or 5 to 10% of n
- Fischer Assay loss with the vent gas.
(3) The naphtha is 50% olefinic with '
diolefins such as 1,3 butadiene
being measured.

(c) Loss'Because of the Retention of Heavy :

Hydrocarbon as a Vapor Can be Minimized By:

(1) Minimizing the amount of cracking
in the process.
. (2) Maintaining offgas temperatures

below 1400 F. .In one recent test
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a 2% yield loss resulted when bed
height was lowered to the extent
of increasing offgas'temperaturés'
from 130 to 160° F.

2. Updating Process Performance Correlations

S a. Distribution of Carbon Among Products

Versus Yield (Handout 3‘— PWS}

-Although we still have about 4% unaccounted
for organic carbon (which-is most likely .
undetected naphtha in the vznt gas). Yield
losses increase the carbon in both the

~gas and in the spent shale. |

‘b. ~ Bed Height Requirement

E ) Height above the air distributor
should be controlléd to maintain
‘an offgas temperature‘of lés#’than
140© F., This means bed heights~fi
. of about: .
1/4 té 1l inch A5 feet.
3/4 to 1 1/2 inch 9 feet
1~-3inch - .12 feet
1 1/2 to 2 1/2 inch .15 feet
[(;) 'Height below the air distributor
also increases with shale size.
One to three inch shale requires about
7 feet versus 6 feet for 3/4 ﬁo'
1 1/2‘inéhes. ‘Increasing bed

I 3 N height 1 1/2 feet and installing
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improved bayonets reduced the una@cdunted
for heat from 80 MBtu/Ton to ~— 40

MBtu/Ton,

‘. Preliminary Estimates of Economic Optimum Shale

- Rate and Maximum Size.

1.

" Conclusions From Initial Estimates of Economic

Optima For Mass Rate and Maximum Shale Size -

a.

‘Mass rates can be varied + 751bs/ (hx) (£t2)

from the optimum without varying overall

cost more than 1¢/bbl.

The optimum mass rate for size fractions  |
in the range of 1 1/2 to 3 inches in the :
region of 350 to 450 lbs/(hx) (£t2).

The optimum shale mass rate for size

~fractions below 1 1/2 inches is in the

region of 500 to 600 1lbs/(hr) (£t2).

The optimum maximum shale size is between .

2 1/2 and 3 inches depending on what

is done with fines.

Crushing cost versus maximum size, as .

well as fines make, are major factors .
in establishing the optimum particle

size.

Shale Size Definition: (Handout 4 - PWS)

a.

Yields correlate with weight mean.
(Automatic or grab samples adequate).

Bed height reéuirements; retgrtinthime,v'
and other heat transfer related factors

correlate with APD. The Ty-Lab results
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in a misleading APD és does including

the pan fraction. ‘ |
‘c.’ "C" belt sample is representative of

what is in retorts. | |

3. Optimum Mass Rate (Handout 6 = PWS)

" a. Bases for calculations

(1) vield -

(2) Economic

(3{ Retorting single‘size‘shaie - wheﬁ‘f

o combined with overall operations
‘there is some inteiaction in the
final optimization. But-ihis aépears
to predict it within 50 1bs/(ﬁr)(ft2>‘ ,
and + 0.5¢/B. . | P

b. Conclusions

AQ.  ‘Optimum Maximum éize (Handout:V.PWSL
a.. Bases for qalculatibns
(1) viela
(2) Economic : .o~
- (3) Fines make

b. Conclusions

5. . Status of Crushing Studies
,a.. fSecondary crusher contract has been
executed and will be installed duringk
shutdown.
b. Size distribution aﬁd cost study hasi
ibeen reviewed by Mobil attorneys and

is now being reviewed by Allis-Chalmers.
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c. Nordberg has not submitted their propoéal

yet.

6. Incentive For. Processing Fines (HandouﬁVS‘— PWS)
a.. Bases | -
b. - Conclusions:
| (1) ‘Being able to process 1/4 inch to
8 mesh at 200 mass rate with 85%
yield .is a big step in reducing
. the cost, 4¢/bbl out of a potential *
10¢/bbl. - |
‘(2)A Increasing mass rate‘on the.fihes'.
fraction from 200 to 500 lbs/(hr)'
(££2); processing the remaining
25% of the fines; and increasing

yield to 95% on fines retorting

will each reduce costs another 1 1/2

Fa—

. to 2¢/bbl.
V(3) Processing all fines could reduce
| costs another 3 1/2 to 6¢/bbl.
"The alternate of licensing a process -
to retort these fines may be an even
more éttracti?e routé; however;fit
is beyond the scope of the program at
'Anvil Points to establish the economics -
of this routé.

c: Shale Size and Rate Studv in R&tort No. 2 = R. L. -

Clampitt

1. Purpose of Studyk(Provide data which would

permit the economic analysis group to define
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_general region of economic optimums for

nass rate, size range, and maximum shale- =
* . A

size.)

Results of mass rate and size range on oil

yieldehiie'retoyting with the 8—baydnet v'

© distributor.

"a. Oil yield versus mass rate for various -

size ranges of shale with 8-bayonet
distributor at constant gas raﬁes -
. Handout 1 ~ RLC.
(1) New shale size chaﬁacterization‘
| method (comparison of o0ld and ﬁéw
methods on Handout 1). In planning
. this study an arbitrary basis was
chosen for characﬁerizing the size
range shale. Purpose was to
establish a reference basis of
"size distribution for all pertinént
. pé;t shale size mass ratetinves~l :
tigations as well aé'further
investigations. ‘ .
(2) oOperability for 1/4 to 1 inch;
" 1/2 to 3/4, 1 to 3 inch, 1/4 to e
inch shale sizes.
(é)' Conclusions drawn while'operating‘
’iwith 8-bayonet distfibutor '
(Yields‘at 500 méss rate aie good

but may‘be'able to improve operability
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with 1/4 to i inch shale. Improved
“air distributof design - 15-ba2§nets.
Possibly dilution gas. Then firm

up yields with the improved,dis-.
tributor design;)

(Yields and operability with

3/4 to 1 1/2 inch extremely close

to optimum.)

(Operations with 1 to 3 inch shale
unsatisfactory because of poor

shale flow, oil in spent shale
| and high offgas temperatures, high
-alr rates required. lPocr éhale

flow observed with distributor
.was predicted by Mechanical Model
Group in scale mbdel work. ‘Thesé
results precipitatea a new air dis;
tributor design.) ) .
(Operability was good with 1/4
Fo 3 inch however yields were low -
increasing size range of shale |

‘results in lower Yields.)

Operability and yield results while

‘retorting 3/4 to 3 inch shale with a

4-bayonet distributor designed to provide
good shale flow and adeguate air distribution.
a. Mechanical changes to Retort No. 2 prior

‘. "to these operations.
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(1) 4-bayonet distributor 12" X 16"
centers. |
(2) We increased the bed heigh£ below
'the‘air distributor by 1.5'. |
This increase was based on calculation
of additional height required for
iarge shale sizes.
(3) Installed equipment to permit
- obtainment of 17' bed height above
| distributor. B
;fé) We increased rectangular size of
feed chute to eliminate shale |
bridging. | '
Effects of chéngeé listed above on
operability and yields while retorﬁing
:ﬁhe 3/4 to 3 inch shale (Handout 2 - RLC.?:.
(1) Conclusions why we‘got'improvedf: .
| yield and operability. .
K -Improved shale flow with 4~b%yonétwv
distributor. Improved. the ovérail
retorting residence time. Pro-
duced a more dense bed; thus in=-
creasing surface heat exchange afea,
" This in turn reduced the effective
bed height requirements required

to give the same offgas temperétures.zKV
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R. L. Clampitt compared the 500

mass rate opération with offgas

temperatures 170° F using 8-bayonet -

13.5' bed height with the 4-bayonet
distributors, offgas temperatures
1359 F ~ 13.5' bed height. I also
would like to point out that the
improved shale flow and the denser
bed with the 4-bayonet distributor
was analogous to results obtained
' when we initially instailed
stainless steel liner back in summer
of 1965. Offgas temperatures came
down then. Based on calculations
~it had been predicted earlier
bthét‘high offgas tem?eratures wquld
lower yields becéuse of naphtha |
losses. ‘ . -
‘ -Lower offgas temperatures improved o
vields by décreasing the amount of
naphtha in the wvapor state whicﬁ
is recycled back to the retort.
Our policy is to maintain offgés
. temperatures at.l25 té 1350 F if
mechanically possible. '
Recent-experiehce where reduction‘
of bed height lowered yields by
. 2 to 3% was reviewed. Offgas tem-
v . _ ..peratures Qere incréased from 25 to 300 F
~The additional bed height of 1.5'

k below the air distributor had a
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positive effect on yields by.

- increasing the overall'heat recovery
from the spent shale - this allowed
us.ﬁo reduce the air rate require-
ments. Previously it had been
shown that reductions in air rates .
will improve yieldé. ‘Additional

. bed height helped to reduce the
oil in tﬁe spent shale.

- We were able to 'improve operability
following a startup by reducing the
vai: and recycle 6% from the 4,606'
SCF/T and 16,500 SCF/T level.

" Had what appearedvto be a total

~gas rate limitation which was observed

“in the two week demonstration run.

;In-scale'up to Retort No. 3, we’will"
be able to increase the clearances
between the retort walls and the |

' improved distributor design while
retorting 1 to 3 inch shale. This
éhoula result in further improve- .’

ments in shale flow and operability{
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d. Fines Processing - R. L. McGalliard

Because of the appafent.economic'inceﬁtive'fofb
shale fines processing, advantage wasAtaken of recent
Retort No. 2 turnarounds to conduct preliminary fines
- operability studies in Retort No. 1. Past experienée.
with 1/4 to 1 inch shale had indicated that combustion
disﬁributidn'and clinkering would be problemé with this
even finer mateiial. Better air distribution, air
dilption,l and/or partial éxternal combustion were
considered as potential tools for attacking these
problems. o |
. Initial operations with +8 mesh tdvl/é inch shale
~gave an oil yield of,gbout 81%. Although operabiiity
was poor, indications were that +8 mesh to 1/4 inch
"shale could be p{ocessed>by,the gas Qoﬁbustion retort.
Difficulty in establishing'stabie eveﬁ combustion and
formation of clinkers did prove to be major problemsf

During the'secénd operating period, comparative
~ data on a wide range maferial; +10 mesh to 1 inchywasi"
~generated. Operability and yiela'was poorer than |
f6r the‘+8 mesh to 1/4 inch shale study. Considerip@f
}the high yield and mass rates characteristic of +1/4
. to 1 inch shale retbrting, there appearedlto be no
“incentive to iﬁvestigéte th¢v+10'mesh,t9 1 inch_shale:‘<

'furtﬁer?
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Additional +8 mesh to 1/4 inch shale studies were
conducted during the.third operating period. 1In’
addition to the primary‘objective of evaluating air
dilution as a means < improving operability, a short
evaluation of partial external combustion was planned.
This short bértial external combustion test gave yield
about the same as that of tﬁe previoﬁs +8 mesh to 1/4
‘inch operations. Shortly after‘éwitching to undiluté&
air opefations, the retort was shut down by bridging.

A massive clinker was found blocking the center of the
’rétert.f~The retort was restarted after the removal.of‘
the center air distributor and was again shut down by
bridging. A clinker cerfing half the cross section

fof the reiort was again found in the retort. An

-~ analysis of the data showed that‘ga3~channéling up the
vertical thermowell was the cause of the clinker.
‘Failure of support equipment prevented fu ther operations
at this time.

Periods of excellent shale fiow, even with a‘major
portion of.the‘rétort cross‘séction blocked by clinker,
and reasonably éood yields (about 80%), with poor
operability, make it appear that fiﬁés can be processed
satisfactorily in the gas combustion retort; - Further |
studies on the +8 meéh to l/% inch shale fraction -
appear justified. Retoxts No. 1 or No. 2 may be
utilized for these studies if relative priorities

allow.
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€. Horizontal Air Distributor Studv - J. W. Hasz

1. Objecﬁ of Study:

To determine if good air distribution with
resultant more uniform temperatures and gas
velocities was desirable or undesirable.

2. Differences Between These Horizontals and

Previous Horizontals
(a) Two distribﬁtors,parallel'ﬁo long axis
of retort instead of threé inﬁerngl
distfibutors parallei to short axis
.of retort. | | ' | o
(b) Stainless steel liner..'Liner
-'extenﬁed to air injection level.
‘(c). Both roll feeders operable.
i;(d) Shale feed chute modified tolreduce' |
particle size segfegation;v
.(e) Provided about 90% open areé at air
injection level versﬁs 78% for the'fivé-’A_"
pipe horizogtais. |
(f}' Diéﬁr@butor cross section shown in
Handout lv— JWH. ;
i’(g) Remark by operators - "Most professi;oalv o

looking air distributors they had. seen".

-3.w " Shale Sizes Investigated
(a) 3/4 to 1 1/2 (1/2 to 1 1/2) demonstration
run condition, 500 mass rate, 4,300 SCF/T
air, 15,000 SCF/% recycle.

(b) "1 to 3 (3/4 to 3) demonstration run
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condition, 500 mass rate, 5,000 sCr/T
~air, 13,000 SCF/T recycle.
(c)’ 1/4 to 1 (1/4 to 1) demonstration
runicondition, 500 mass rate, 4,300‘SCF/T

air, 15,000 SCF/T‘recycle.

4.? Results
(a) 3/4 to 1 i/2 inch shale _
(l)V‘Operated about 20 hours total after
reaching con&itionsl
(2) Operation appeared smooth until
two hours before shutdown. ‘
(3) Shale bridged above.air distributor.
(4) See attached Handout 2 - JWH for
plot of temperatures,'presspre
drop, pressure gfadient, and
liquid product rate as a function
of time.
(Note steady increase in temperatures,Q
AP '

(5) Yield from B886PT = 8l1.8 Vol % FA.

.

Typical yield for previous horizontals =

828,

(b) 1 to 3.inch shale
(1) Started up on 3/4 to l_l/2}inéh.
V shale, switched to 1 to 3 inch shale
without difficulty.
(2)° Operated with 1 to 3 inch shale

at lower recvcle higher air.



(3) Bridge-and-break type operation.
'(4) Raised recycle rate to 15,000 . -
SCF/T - bridge did not break.
(5)  Air&distributor spacing not
adequate for 1 to 3 inch shale.
(6) Yield B-887 = 75.3 vol % FA.
(c} 1/4 to 1 inch shale |
'(l) Had poor initial startup - clinkered.-i
| - knocked clinker loose but shut down
to verify} |
(2) * Second startup~good;
(3) Operated six hours after reaching
| demonstration run operatiﬁg,con-
ditions. | .
(4) Starﬁed bridgihgftwo hours after
reaching cénditions. V ) |
 (5)f Bridged and clinkered above air: 
| distributor. | |
(6) See Handout 4 - JWH fdr plot of
températures, pressures, etc.

5. - Conclusions: ‘ : : ' .

'~ 'a. Horizontal air distributors not operable
at same gas rates as bayonets.
~.b. Even horizonfal temperatures not good
'in Retort No. 2.
(1) ‘May result from additional restfiction
caused by the hardware required to

~give an even profile.



" (2) May be result of the uniform

temperatures and velocities causing

more stable bridges.

' (3) Probably both.

Failure mechanism may have been différent.fi
for the 1/4 to 1 inch shale than for the
3/4 to 1 1/2 inch shale. |

The fact that the linerVwas extended

to air injection level may have been

"~ a contributing factor in failure.

Additional work is needed to quantize

the design of air distributors.



Mechanical Models -~ T. C. Lyons

The Mechanical Model group continues to supplement

 the retorting effort by providing: (1) Understanding

(a)

Mist

{2) Design Guidance

Studies

(L)

(2)

fThey

(3)

- Phil Gifford has been studying the behavior

‘of mist for some time and his work is

nearing conmpletion.

Although his results have not:

"{a)' Changed the retort operation to any '

great extent.
{b) Reduced the yield loss we have
experienced.’ V

certainlx have:

(a) Led to a better understanding of

certain phenomena which had been
obsetved by the retort people -
flooding and the rapid pressure
“buildup associated with it,'refluxiﬁg,
liguid entrainment out of the bed, ’
‘and has shed light on mist size as -

a function of gas cooling rate.

(b) Tied together - in the form of an

empirical correlation - the many

factors that influence the impaction

of mist in'a bed of shale. |
In addiéion, these studies'have‘assisted ,
iﬁ har&ware design. They have:

{a) Demonstrated that elaborate hardware



is not required in theltop of the -

unit to disengage mist from the shale

bed. | |
(b) ﬂemonstrated the value of skimmexr-~

type devices in the low pressure

0il .recovery train. )

(b} Shale Flow Studies

(1) In the shale flow area, the most important

news is the Evolution of Small-Scale Models
as a research tool. |
{a) Qriginally.built for aemonstration
purposes.
(b) Noted:
| . (1) similarities to large flow quels;
“{2} Shortcomings in our thinking for
design of Retort No. 3. ‘(Spacing
of recycle distributors) ‘:
(c) Needed confidence in small models-ﬁ

before decisions could be,maae based’

on the observations. S

(2) Direct Comparison of Small vs. Large

Flow Models

(a) Made a direct comparison of a~la£ge
flow model (iOfeet X 20 feet x 2 feét)
with a miniéturerl/IZ scale model
(10 inches x 20 inchesAva in&bes)

(1) ’in spite,of some inconsistenpies)
~ the small scale model predicted‘ff 

' the results of hardware changes
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with surprising accuracy.

This included:
 (a) Basic systems without
internal hardware.
(b) Recycle distributor shape.
(c) Recycle distributor spacing
. within the retort.
- (1) Concluded that scale modéls

- could-give valuable guidance'

and that we could proceed with
. studies in a scale model of

Retort No. 3.

(3) Flow Studies in 1/12 Scale Model of

Retort No. §.

(a) The shape and spaciﬁg of fécycle‘
| gas disﬁributors now planned
for Retort No. 3 were based on .
our obser§ations of the flow
through the small model of that:“
‘unit. | |
(1) Sgécing'-‘Found that
distributor eléments'should
be equally spaced in the
retort vessel to provide
‘adéquaée shale flow at the
walls'wiﬁh the larger shale
sizes. (Favors shale flow

rather than gasbdistribution.)



{2) Shape - Found that the
smoothest shale floﬁ was
obtained with”elements which
had a sharp leading edge and
a triangular top section.
(Have used this information
to contour all the horizontal
manifolds in a retort in the
air distributor section as
well as the recycle section.)
HANDOUT 1 shows the general
shapes that were evaluated -
short triangles with vertical
skirts (lower left) gave the"‘
best flow patterns in allj J
cases. There, this shape w

~was recommended for the
recycle distributor in Retort

A ' No. 3. |

v . (b) Checked the 6-pipe shale feed

' system and found no flow_iﬁcon4

.

sistencies.

(4) Prepared Film Clip to Illustrate Howri

We've Used Scale Models to Solve A -

Typical Design Problem.

PROBLEM: To develop a risef+type air .
| ' distributor for Retort No.

2 which will flow the larger

shale sizes and still give -

adequate air distribution. -
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(a)

(b) .

(c)

(@)

The Film Strip Illustrated the

. Following.

The 1/6 scale.model of

Retort No. 2.

The 3/4 - 1 1/2 inch shale
flows through the 8 riser
distributor system adequately -
demonstraﬁion run was O. K. =

but, there is evidence of

‘larger voids forming in the

distributor section.

The flow of 1 1/2 - 3 inch

~shale is very poor through

the ‘8 riser system - large

voids =~ bridge and break

giﬁes'accordian>type flow.

. (Retort people agree
that this was what was

happening in the retort

e with this shale:size.)

Proceeded to streamline the A

intexvals

(1) Reduced number of risers

from 8 to 4.

(2) Improved contour of
horizental manifold to
faéilitate flow - now

~.-sharp and thin.

(3) Repositioned the hori-



We plan to continue using scale models as a quick and
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zontal manifolds to
' providé adequate wall:
clearance.. . |
(4) This design resulted
in flow through the
-model with 1 l/2—3V

inch which was compar~

able to that of 3/4 -

1 1/2 inch-shale with -

8 risers.
(5) This vastly improved
" shale flow was also
notéﬁ in the retort

operation.

of being misled.

. We now have scale models of:

Retort‘z .

Retort 3

60 ton storage bins with drawoff intervals

100 ton storage bin with covical intervals .

Large shale flow model

A et e e r o 3 2y e i A e o oAt s g e me

. inexpensive means of solving a problem. Wherever possible

" we will cross check large.vs. small to minimize the chances

e o e A 8
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" (4) Réseérch‘?rogram Planning, J. E. Lawson

(£) Status of Program
| Program planning-in fecent paét has{centefed
around definitio@ of the various probléms which
_mustlbe solved ﬁor successful prosecution of the'
Retott 3 proéram. Also, recent ecénomic'analysis
work has given‘perspective Qn‘the de&elopment |
'work which has greatest potential in purely
economic terms. A summary of the status of each
of these items is presented in Handout 1 (JEL). -
Data recently obtained include those of
- the effect of and reqﬁirements for bed heights
" below and above the air distributor for large
size éhaleo. These data, coupled with information
deveioped earlier, provide a basis for confident
estimation of bed heights requiied once shale

-~ size and mass rate are specified. Work in both

small and large models have provided design bases -
relative to the shale feed and drawoff systems
to be used for Retort 3 and for spacing of air
and recycle gas‘distributor maniféidé;

Problems near solution include (1) gaXimum
economical particle size, (2) number of particle
size ranges to be examined in the program,‘and
(3) optimum mass rates for each particle size.
All shale size - mass rate data planned for the

.program has been collected  and analysis of theseuy

data will provide answers to the above problems.



Recent experience with the four bayonet distri-
butor has indicated that it is an adequate air
distributor for large size shale. Compléte
analysis of this data, it is believed, will
allow selection of a désign suitablé for large -
-shale in Retort 3.
~ A significant problem remaining in estab—
lishing design criteria for Retort 3 is that
of distributor configuration reéuired for
‘small shale (i.e., 1/4 - 1 inch or 1/4 - 3/4
" inch). As described in earlier presentations,
the concern here is clinkering. Runs with a
15 bayonet air distributor, and perhaps dilution
- gas, are planned in an effort to impréve ﬁhis -
ksituation. -
‘Economic analysis\work, reported earlier,
has shown the economic importance of successful’
processihg of fines. Preliminary efforts in
the‘retortihg program have produced some encour;
aging results, reported earlier. FurtherQefforté
are Qlannéd.' It is also known that under o
specific conditions, wherein rich shale can 5e
mined cheaply, processing of rich shale (i.e.,
'greater thah 30 gpt) can be very attractive. |
Ruﬁs~to confirm Retort 1 éaﬁa on 35 gpt shale-
are planned.
Assumihg~£here is time available;.certain
cher exploratory work might'be desirable. A

listing of these possibilities is shown at the



‘bottom of Hahdout 1. Some of ﬁhese items, how-
ever attractive, would require unanimous consent
by the TAC for prosecution since they représeﬁt
radical @epartures from the Research Agreement.
It is planned to establish economic potential

_*and success probabilities for each of these

' studies and thereby establish an order of
priority for ﬁtilization of program time avail-~
able after basic :equirements are met. Recom~ -
mendations in this regard will be made prior |

to the next TAC meeting.

VE(II) Program Plan

. A{a) Retort 3 Program

No‘fuither definition of’the Retort 3
‘program has been attempted. The program shown
"is still merely illustrative since shale size

ranges to be used are not yet defined. Such
‘definition is awaiting analysis of the results
of  the current program on Retort 2.

(B) Retorts 1l and 2 Program - High Priority

The current program on Retorts 1 and 2
has comﬁandedimost of the recent efforts’in
planning. These efforts have culminaté& in
a comprehensive~plan to safisfy the reguire-
ﬁents for successful prosecution of the Stage
CII major objective. The plan for this'pgrt

" of the>program is presented in the bar graphf
of Handout 2 (JEL). |

(1) Process Variable Studies




{(a) Shale size and rate studies -

Efforts in the above category
are now complete except for final analysis
and conclusions from the data.

(b) Optimization

One period of operation has

" been coﬁpleted. These studies examined bed
height requirements and an air distributor for
large shale, apparently with success. One |
more period is planned in the current program,'
i.e., examination of an improved air distribuﬁorA
for sﬁall shale. " This study may also include
the effect of dilution gas on clinkering, if

the 15 bayonet distributor is not completely
satisfactory. ‘

{c} Raw Shale Screening

This program is an effort to
“improve oﬁr ability to produce shale for
retort.studies of specified particlé size
range. It will be carried out in conjunction
with preparation of shale for retort studies
and will not require any appreciable program_
time. | |

(d)  Base Runs for Retort 3

In orxder to establish reliéble
base points for demonstration in Retort 3} it
is planned to run single conditions on eéch
shale size for approximately six days. Once

adeguate hardware is available and shale sizes
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and economic mass rates are established, these’
base point runs will be made. As shown in the
plan, these runs are expected to occur in August.

(2) Fines Retorting

Two exploratory periods of operation have
'alreédy been accomplished, with results reportedv
Aearliet. One more period of operation is
currently planned; This‘opexation is planned -

to confirm encouraging results on 8 mesh - 1/4‘“
inch shale, and possibly té examine the effect |
‘of dilution gas and external heating to reduce
what is apparently thé,major problem of the o

'oggration, clinkeriﬁg. | | |

-~ {(3) shale Richness Study

Two periods of operation on rich shale

' © . are currently planned. The.first will be

‘an attempt to confirm Retort'l results‘on 3/4 ;. 
'l~1/2.inch 35 gallon per ton shale in Retort 2.
Assuming this is succesgsful, a second aﬁtempt |

' will examine 1/4 = 3/4 inch, 35 gpt. shale.

“The lattef operation should pfovgde the severestb
test sihce'it combinés excessive richngéé with |
small:'shale, which has the greatest tendeﬁQyAA
toward floodiﬁg.and clinkéringa Further plan-‘A
ning in the shale richness category will be

deferred until ‘the results of these tests are

. available.

(4) Startup Studies

Currently, the confidence in startup



capability is high. Therefore, it is considered
that no special startup studies are required.

This effort will consist of documentation of

-normal startups and consequent evolutionary

improvements such that no net program time will

. be required.

{(5) Horizontal Distributors

This study is complete and was reported

earlier. No further work in development of

horizontal air distributors is planned at

- this time.

{6) Slack Time

| Some 45 days of slack time prior to startup‘.

of Retort 3 will be available after plans out=- .

lined above are complete. This time will be

" used, under first priority, to finish up work

'in the categories outlined above. Any remain-.-

ing time will be utilized to undertake other
exploratory work under the syétem of Prioritiés E
established for such work.

(C) Retorts ; and 2 - Low Priority

The plan shown in this section of the bar

‘graph is illustrative only for a very good reason;

i.e., time available is g function of Retort
3 service factor, which is still undetermined.
Currently, the intention is to use such time

as is available for exploratory work under the

_previously mentioned priority system for the .

work in this category.



5. Analvtical Laboratorv Analvses = D. Licderman

fa. Recvcle Gas
| (l)ﬂ Despite plant upsets and mechanicél
- problems, the water aha Cy¥ orgénic content
in the Total Gas‘Line "A" is hic¢her than
calcﬁlated from vent purge measurements.
C3+(hydrocarbons may normally;be as high
as 3 lgs/MSCF of gas‘-.8% of Fischer Assay o j 
.oil.losé with vent gas with additional .
loss via the recyéle‘gas and cracking in
- ..the retort. |
(2) - with pr&perly heat-traced. lines, the gas -
after thé vent purge condenser is equivalent
(in water and C3* orxganic) to the gas at
the laboratory (Handout l’; DL) . .
(3). Mass spectrographic and chrématographic “,
;: | ) analyses of -1100 P cold trap hydrocarbons
| v indicate fraction.is Cy - Cyj with averages
‘of Cg or C7 (Handoﬁt 5 - DL). |

k'~(4) There are guantities of heavy. (API =V20.9);

oil which run along the bottom of the recycle |

line.

b. - Fischer Assay Versus Particle Size and Spent

* Shale Composition (Handout 2 =~ DL)

'(l} Slight lowering of Fischer Assay with

decreasing particle size.
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(2) " No variation of carbon, hydrogen or benzene
| éxtractables as decomposed kerogen (oii) ~ 
‘@oﬁes'up Fiécher Assay retort from the |
boﬁtpm layers.through other spent shale'

‘layers.

c. Fischer Assay Versus Particle Size (Handout 2A - DL)

-

. (1) Slight decrease of Fischer Assaylwith

decreasing particle size. Magnitude of this

effect is not known.

(2) _Shale losses during grinding operations are
.. disturbing snd will be investigated.
"d. Water Contents - Centrifugation Versus Distillation

(Handout'3 - DL)V
Por Samples cited, both methods are entirély

equivalent.

e. Cooperative Program (Laramie and Anvil Points)

(Handout 4- DL)
(1) Data indicate slight bias in
‘water content ("t" test = 3.7)
‘Specifié gravity ("t" test = 7.3)
‘(2) “Anvil Points data is more pfeqise than
Laramie's. We‘should perhﬁps not use
Laramie as our standard referengeiwhen it
‘comes to analytical work. lFrom our cooperative
- programs, it appears that the Anvil P§ints |

data are more precise than data from Laramie.



{6) Mining Program - G. Haworth

(1) General Mining Plan and Schedule (Handout 1-GRH)

(a) Present status of schedule

(b) - Discussion'éfkcompletion dates for vafioué
phases of the development work.

(c) Ventilation méthods.

(2) Selection and Purchase of Equipment
. (a) Down hole drill vet to be ordered.

(b) Heading drill jumbo purchased from Gardner'{
'Denﬁer, selection based on versatility, |
‘good back-up service and previous eXper-
ience with rotary drilling. -

(c). Aerial platform purchased from Truco
Denver, selection based upon design
advantages (Handout 2 and 2a GRH)

{(d) Loader is to be réntéd from Koehhing
selectioﬁ based upon h;gh'capacity,per
dollar investeé.~'Fast 1oading cycle and “
track typé undercarriage as opposed to |
wheeled units.

(e) Fort§ ton truck is to be rented from Mack
Trucks, selectiop based upon'price and
design which 1s suitable for operation on
mine road.

)1(3) Opening up of new miné portal (Handout 3 GRH)

(a) Problems encountered in establishing a
’sound back.

{b)- Problems encountered drilling in weathered

shale.p
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- 4A, 5, GRH) : | , S o

2

(6)
¥

8

S (9)

" Summary of bench scale test program-.to be B

in ventilation ~ crosscut for determination of

- 45 -

s

|
o
| :

- Description of the type of blasting rounds used

»

" in driving the ventilation crosscut (Handout 4,

(a) Bum cut
(b) Pyramid cut
(c) V-cut

Description of work started on driving haulage

ramp

Sunmary of roof bolt test work (Handout 6 7 GRH)Q»E

contracted td Ter:amgfrics. .

{a) Cost .

(b) Type of equipment (Handout 8 GRH)

(c) Type of tests to be undertaken (Handout 9 GRH)

Description of over-coring work to be carried out

-

rock stresses inherent in the rock (Handout ld,GRH)

Screen analysis of run-of-mine shale
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~accord with projected schedules.
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Stage II Rehabilitation - W. S. Bergen

- o o gy

Rehabilitation and revisions to Retort No. 3

and supporting facilities are progressing in

~

*

To date - Enginéering is approximately 50%
complete, construction about 10%, and about
i/éth.of materiéls'are on order. |
We are scheduled to finish Retort No. 3 the

end of the first week in October - barring any

strikes. As yet we have not encountered any

" material delivery problems that we have not

been able to overcome.
To assist in any scheduling the work, a

Critical Path Schedule was prepared by the

" Torkelson Company. This .was put on a 7044 IBM

Computor at the Univeréity of Utah. It will .
be up dated once ; month to reflect present
progress and ‘material deliveries.

Information from this print out shows the

critical path, early and late start dates, .

for critical path items all systems which must

be engineered, fabricated, or oxdered during

| any given month, and completion dates. "It

" would appear to be a fairly valuable guide in

our case and is being used.

 Plans Zfor the work in the crusher plant and

storage bins have been formulated. As you
know, most of the revisions in this area will

be made during-the plant vacation shut down.



‘Primary and secondary screener revisions,

bucket elevator repairs, secondary and tertiary

" ecrusher installation and repairs, conveyor -

‘revisions, 100 ton bin internals, Their

feeder and conveyor insfa;lations, will all

be made during this period.

_ Anothef crusher plant shut down is scheduled

during September to install a new pan feeder
ahead of the primary crusher, repair the primary

crusher, and install a new motor control center

~in the crushing plant.

With regard to construction, demolition is

| compléte and the shell of the retort is being
‘ febaired. Bricking will start next week. Forms.
for the recyclé blower and precipitator have

'fbeen preparéd and doncrete'poured. Work has

7 .
started removing equipment from under the 500

. 'ton bin and storage tank cleaning is underway.

Handout No. 1 is my estimate of expenditures

'and % completmons to date. As you can see,

we have expended approximately $212,000 of

" the contractors estimated $686 000 job cost.

~ Using this breakdown, I see no areas which mlght

' dgvelop into serious overruns.

This type of cost and job progress comparison

'is being used as a cost control mechanism,.

My personal control sheet is divided into

_ smaller catagories for control and informational

purposes.
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Since ocur last meeting, Dick Reitz and I

have reviewed and calculated crusher plant
shale production capabilities for narroﬁer
shale ranges. This data was ﬁeported in the
June Progress report. We sce no problems iﬁ
meeting current.Retort No. 3 demonstration run
needs. The most difficult fraction to produce
‘would be a 1 1/2 inch to 2 1/2 cut. Sufficient
guantities for a 500 mass run could be pro-
duced in approximately 16 hours. “our prb— '
jected crusher plant schedule is 2 shifts -

7 days per week. The 3rd shift is for main-
tenance. | ) =

In reviewing this work, the biggest burden
will be placed on the mining group. They
will éeliver shale 3 shifté. As our crushing
efficiéncy drops to 40%, their shale delivery
schedules will be put to a severe test. Hand-
out No. 2 is the latest flow diagram for your
records. This will not be commented on unless"-
there are'some specific question. |
I think it would be well to mention some.of

the supplies of the major equipment for Retort
No. 3. One major criteria for selecting equip-
ment is that it be commercially available for
larger sizes and throughputs where feasible.

The shale weight and rate control system is

from Merrick. The line burner is being manu-

factured by Surface Combustion. Star feeders'
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being supplied by Fuller Company. The multi-
clones from Aerotec - 6 inch clones. The
precipitators from Koppers. Blowers from
Spencer. Instrumentation while not determined

as yet - by a not unknown company such as Honey-
well, Foxboro, Taylor, or CEC. -
Temperature Recoxders by Honeywell, other critica
recorders by L & N.

Brick work being furnished is by A. P. Green. L
. We have selected their clippef D P brick foi
facing the retort. It has a high spalling
resistance, i1s CO degredation resistant, is
of low éorosity, and has good abrasion resis-
tance. It is also used in highly reducing
atmospheres such as ashing furnaces. These
factors had to be balarced to find an overall
brick suitable for' our needs. |
Handout No. 3 is the‘current air distributor
laébut. It shows riser spacings for three
ranges of shale that mayrbe used in Retort No.
3. This érrangement meets all criteria
developed té date. There should be little

or no shale flow problems and fair air distri-
bution. The header spacings are the samé

for various shale sizes so further construction
changes, when changing shale sizes, will not
be reguired. for the.small shale, fractiogs
1/4 - 3/4 or 1/4 - 1, there is approximately

.7 sguare feet of bed/riser, for intermediate
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size shale of 3/4 —‘l 1/2, therec is approximately
1.1 square feet of bed/riser and for large
shale 1.3, 1 1/2 - 2 1/2, there is app%ogimately
2.5 square feed of bed/riser. These match |
Retort No. 2 tested or projected riser sﬁudy
spacings.
Rehabilitation of the mine office change room
and garage and Retort office facilities is
progressing well. . Contracts have been let for
all construction. Most material is on order.
and the énéineering is complete. The Retort
~office will be revemped during>the vacation
shut down. This total job cost is within
our budget estimate.
Manpower hiring has been revised to meet current
manpower needs. Handout 4 - WSB details our
hiring ; To date, we have accelerated hiring

.0of several personnel. Present total personnel

at Anvil Points is 135 permanent employees and

2 summer employees. Our scoping report
prosposed for manpower strength at this time
was 121. The overall total manpower need will

remain as indicated in our scoping report.
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Total

(1) 1nciuges Two Technical Observers

$263,710

547,474

$311,184

861,895

$ 50,710

23
115

1°8

RECramer
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Note:

HANDOUT 2 ~ RIC

MAJOR CONCLUSIONS SINCE MAY TECIINICAL
ADVISORY COMMITTLE MEETING

Economlc optimum shale mass rate is between 350 and SC0 1lbs/(hr)
(££2); decreasing with increasing mean shale size. '

Economic optimum maximum shale size is a fairly flat region
between 2 1/2 and 3 inches.

Air distributor layout and design is a critical factor when
retorting large size shale with respect to shale flow, and
hence to operability and yield.

Large size shale requires additional shale cooling height
below the air distributor for efficient recovery and dis-
tribution of heat.

Gas velocity and mass rate, independent of raw shale size,
appear to control the maximum operable gas rate. Dust
elutriation and accumulation with o©il appears to be the
operative factor.

There is some possibility of being able to retort 8 mesh -
1/4 inch fines in the Gas-Combustion Retort at 200 mass
rate with 85% yield.

Retorting of fines in mixture with 1/4 - 1 inch shale does
not appear attractive from elther operability or yield
considerations.

Horizontal air distributors are not attractive. The added
area restriction they introduce reduces vyield as well as,
operability.

At the request of H. P. Dengler of Esso Research and
Engineering, the following statement is included:

"These conclusions have been prepared to provide ravid, on-
the-spot reporting of research currently in progress at Anvil
Points. The conclusions drawn by project personnel are
tentative and may be subject to change as work progresses."

RHCramer
6/20/66
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HANDOUT 1 -~ JEL

STATUS OF RETORTING PROGRAM

PROBLEMS SOLVED

1. Effect of and reguirements for bed height above air dis-
tributor.

2. Effect of and requirements for bed height below air dis-
tributor.

3. Shale inlet and drawoff systems.

4. Gas distributor shape and spacing.

PROBLEMS NEAR SOLUTION

1. Maximum economical particle size.
2. Shale size ranges.
3. Optimum mass rates for each size range.

4. Adequate air distributor for large shale.

PROBLEMS REMAINING

1. Air distribution on small shale.

DEVELOPMENT WORK WITH HIGH ECONOMIC POTENTIAIL

1. Fines processing.

2. Shale richness studies.

OTHER EXPLORATORY WORK OR STUDIES OF LOW ECONOMIC POTENTIAL

1. Gas Rate Optimization : 8. Dust Removal

2. External Heating . 9. Air in Recycle Gas

3. Scaking Zone 10. Instrumentation Studies

4, Nucleation 11, Additional Gas Distribution
Studies

5. Dilution Gas

12, Multi Level Hot Gas
6. 0il Refluxing

13. Pressure Retorting
7. Dust Injection

l4. Others

JELawson
6/20/66



HANDOUT 1 - PWS

MECHANISME HIICH MOST LIXKELY CONTRCL OPERA ILITV

HIAT TNPU? - Must be sufficilient to maintain a stable

kA

compusTion zone.

2d oxygen concentration can
cguent shale stoppage.
torting small size shale

i es can be four to five times that on
C lyst. Therefore air distribution is more
critical for small size shale.

AT TITYT T bl
LINKDRING ~ Lxce
T4l

a
wh ere COdeS

I TLOW - Must be smooth enough to prevent bridging
nd excessive channelling; shale flow may stop or fire

DLS” CIRCULATION - Process conditions and/or internal
lesign must extract all the dust produced with the
pent shale or it will choke off the shale flow.

OIL REFPLUXING - Process conditions must not exceed the
flooding limitation or process will begin to channel with
eventual loss of the combustion zone or shale stoppage.

PWsnvderx

- & /20146




ANDOUT 2 = PWS

MECUANISME WHICH MOST LIKELY CONTROL YIELD

T W TV AT e

ZRCULATION - Internally circulating dust adsorbs
L walca poiymerlizes Oor cracks on revaporization.
fact inimized by limiti ng restrictions in combustion
limiting gas velocity. Uniform temperature pro-
also ggravate cdust accumulation.

-t

nich polymerxizes and cracks on revaporization.
t minimized by limiting gas velocity.

IL REFLUNING - Impingement and condensation of oil on ~
W

TIME~-TZMPERATURE - Retorting at temperatures much above
9000 F causes cracking to coke and gas. Effect minimized
by

-

maintaining high gas rates and processing small shale.

SHALE FLOW - Poor shale flow produces voids which re-
sults in jeleleba ylme—tpmperayure history for some of the
shale particles with cracking or burnlng of oil in the
combustion zone. Proper spacing of internals minimizes
poor shale flow.

NAPHTHA VAPCR IN OFFCGAS - Low partial pressure of heavy
nvcrocarsons in offgas retains them as a vapor. There-
fore methods to reduce cracking as well as malntaining
offgas temperatures below 1409 F minimize this loss.

PWSnyder
‘- . n2ON /Lo



¢ Carbon Retorted Prom the Paw Shale

i

Oxgan

%

m

mic Carbon Distribultion,

<

Org

NDOUT 3 - PWS

MADDTUTONIML I O ORCANTS CAPRON DISTRIZUTION AMONG PRODUCTS
-~ 1 h 7 PR Yo T — P ]
- Cuxva devolonoed from shale size - mass rate data
-

\ e x
Tigure 4 of April Progress Memorandum)
: 4 T fines +5» = Curyent 1_- 3 inch shale

o 4 = Horizontal Distributors

!

N

Croganic Carbon as Ccke in the Spent Shale:

.t

1
. ok

ot

-
-
-
'.
»
o
-

Unaccounted=-For Organic Carbon:

"";’ s » . »
55 IcYa) &5 pAe 75 A SO
*Yield,.Vol % Retorted Raw Shale Assav
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HANDOUT 4 - PWS

SIZL DLIPINITIOM

Nomianal Size, Inches 1 1/2 - 3 1 -3

Source of Sample fZutcmatic Automatic Grab From
Sampler Sampler "C"'Belt

Number of Samples 4 4 8

3
e
~
1
o)
£
9]
0]
i‘J.
M
o
~
=
0
]
0]
]

98% Passing Through 2.6 2.9 3.1
50% Passing Through 1.65 1.55 1.65
5% Passing Thzrough , 0.7 0.6 0.9

- bl 1
Average Size, Inches

Weight Mean . 1.65 . 1.60 ' 1.70

22D
Including Pan 0.7 0.5 0.9
Excluding Pan : 1.4 1.3 1.5

’ . PWSnyder
- B A - . - 6/20/66




; IANDOUT 5 = PWS
' - RATE

I 20 preiimincry cstimates.
2. co 84,000 7/D and vary with the
o~ o -
’ - o v VIO X .
3. Teching vary with the 0.6 power .
oI throug
s Retorting 2 in the August 1965 Progress Memo.
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HANDOUT 1 -~ RLM

FINES OPERABILITY STUDY IN RETORT NO. 1

Introduction

Initial Operations

Wide Shale Range Operations

Additional Operations With +8Mesh -1/4 Inch Shale

Puture Work

RIMcGalliard
6/20/66



 SUMMARY OF FINES OPHRABILITY DATA

Runs 884 - 885 Run 894 Special Run 895
Opcrating Conditions o T
' Shale Size +8 Mesh -1/4 Inch +10 Mesh -1 Inch +8 Mesh ~1/4 Inch
Mass Rate, 1bs/(hr) (£t2) 194 291 197
Air Rate, SCF/T 6,100 7,880 12,900
Recycle Rate, SCF/T 15,200 11,900 10,500
Fischer Assay, Gal/Ton 27.6 26.5 26.4
Bed Height, Feet : 3 5 3
Operating Data
4 P, Overall, Inches/Feet 1.38 ‘ 0.78 -
AP, Above Air Dbistr., In/Ft _ 2,05 1.18 -
Offgas Temperature, © F 220 213 262
Yields .
0il, % Fischer Assay 81.3 62.8 83.3
Vent Gas, SCF/T 7,820 9,200 -
COy Decomposition, % ‘ 43.2 10.9 40
Material Balances
Ash, % 98 107 -
Overall, % 99 , 102 -—
Organic Carbon, % 94 99 . --
Water, % ’ 72 126 -
Gas Loss, SCF/T7T ~2,145 ' 2,340 -
| e
i
2,
)
o
c
3
8]
1
o
e
>
RLMcGalliard

6/20/66



- N HANDOUT 3 - RLM

=7~ Rekort Shell

Clinkar e Shale Chute

_Vertical Thermowell

Retort Shell N>

%% i . ﬁ-_;gsf’g Air pO"‘éS

CLINKER FCRMED AROCUT VERTICAL
THERVMOWELL. DURING +BMESH — X
OPERATIONS IN RETORT NO.I. .

RLMcGalliard
- ’ 6/20/66
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Summary Of Resulits for +8mesh — V4" Shale

YIELDS: ~ &8OZFA

OPERABILITY :  POOCR

CONCLUSION ¢

Paomisine Because OF Prrlods
OrF ExCeElLLENT SHALE FrLow AND
ReasoNABRLY Goop YIELDS

ProsasLe Cause Or Poor
OprPERARWLITY — MECHANICAL
LimitaTions Or ReTorT No i

FUTURE STUDIES ¢

ReHABILTATE £ MopiFY RETORT Na |

OR MobpiFy ReTorRT No. 2

HANDOUT 4 - RLM

RLMcGalliard
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HANDOUT 2A - DL

RESULTS ON FISCHER ASSAY OF DIFFERENT PARTICLE SIZES

Through Fischer Assay 0il, Gal/Ton % Loss of -8 Mesh
Mesh . QC-FA~4 With Pulverizing
Size QC~FA~-2 QC~FA-4 ~ to Mesh Size Noted

8 27,4 27.9
(27.55) (28.05) -
27.7 28.2 ‘
20 26.4 -
(26.60) -
26.8 -
65 27.0 27.5
{27.30) (27.55) 6.8
27.6 27.6
100 26.7 27.3 _
(26.60) (27.45) - 9.6
26.5 27.6
( )average
DLiederman

6/20/66



HANDOUT 3 - DL

WATER BY READING CENTRIFUGE VOLUMES VERSUS BY DISTILLATION

Water, ml”

Sample Original Reading By Distillation
1 ' 1.30 1.30°
2 1.30 1.25
3 1.28 1.22
4 1.25 - .1.33
5 | ©1.30 o | 1.33
6 | 1.28 1.30
7 | | 1.25 | 1.23
8 ‘ 1.20 | 1.20
9 1.22 | 1.20
10 1.20 | 1.17
1  1.30 R 13
12 Lz S T
Av. 1.258 . . Av. 1.258
’ DLiederman

5/27/66



HANDOUT 4 - DL

RESULTS Or COOPERATIVE PROGRAM BETWEEN LARAMIE AND ANVIL POINTS
ON FISCHER ASSAY (5/66)

H20 Gas
FA + Spent +
0il SG H»0 0il 0il . Shale Loss
gal/ton g/ml Wt % Wt % Wt % Wt % Wt %
anvil Points 1 26.7 0.925 1.2 10.3 '_ll.S 86.4 2.1
2 26,6 0.920 1.3 10.2 11.5 - 86.3 @ 2.2
3 26.4 0.922 1.2 10.2  11.4 86.4 2.2
4 26.8 0.925 1.3 10.4 11.7 86.4 1.9
5 26.7 0.920 1.3 10.3 1l.6 86.5 1.9
6 26.9 0.923 1.3 10.3 11.6 - 86.3 2.1
Averages 26.78 0.922 1.25 10.28 11.55 * 86.38 2.07
SD 0.17 -0.0023 0.055 0.074 0.105 0.075 0.137
Laramie 7 26,7 0.916 1.2 -10.2 11.4 86.2 2.4
8 26.9 0.915 1.0 10.3 11.3 ' 86.7 2.0
9 26.7 0.915 1.1 10,2 11.4 86.6 2.1
10 26.5 0.915 1.0 10.1 11.1 86.4 2.5
11 27.5 0.913 1.2 - 10.5 11.7 36.0 2.3
12 27.5 0,913 1.0 10.5 11.5 86.1 2.4
Averages 26.97 0.914 1.08 10.30 11.40 86.33 2.28
SD 0.43 0.0013 0.099 0.167 -0.200 0.280 0.194
Difference in 0.29‘ -0.008 ~-0.17 0.02 -0.15 -0.05 0.21
Averages -
Laramie Minus
Anvil Points
Calculated
"t Value 1.53 7.3 3.7 T 0.26 1.62 0.42 2.16
5% Critical = 2.23
LY value
(10DF)
1% Critical = 3.17
"t Yalue
(10DF)
DLiederman

6/3/66



HANDOUT 5 -~ DL

‘RECYCLE GAS ANALYSIS

Comparison of Organic Materials From 0° and -78© C Baths

(Analyses By Mobil's Paulsboro Labs)

©Carbon Type Distribution

Weight %
00 C =780 C
Paraffins 38.2 37.3
Olefins 48.5 47.8
Aromatics 13.3 14.8
Totals 100.0 99.9

CAromatics Carbon Distribution

Weight %
00 C -78%Y C
Cg 1.1 6.0
Cq 1.7 3.0
Cg 2.9 1.0
Cq 2.4 0.4
C1o 1.1 0.2
C1i 0.6 -
C12 0.3 -
Ci13 0.1 -
Naphthalenes . 0.8 4.2
Indanes, Tetralins 2.5 -~
©®Carbon Number Distribution
Paraffins | Total Hydrocarbons
Welight %
09 C -78C C -780 C
0.03 0.03
0.1 0.3
1.3 ‘ 5.8
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RETORT NO. 3 -~ ESTIMATED EXPENDITU&ES TO JUNL 22,

HANDOUT 1

1966
Engineering Construction Procurenent
Est. Est. Est.
Exp. EXp. Est. Commit  Est.
Est. to Est. to % Est. to %
Cost Date Comp . Cost Date Comp. Cost Date Conp.
1. Crusher, Storage 7,460 5,000 75 40,979 3,000 © 10 44,562 25,000 60
2. Shale Control, 7,999 7,000 75 33,650 2,000 5 74,200 22,000 30
Instrumentation
. 3. Piping, Retort 15,532 8,000 50 70,961 10,000 15 162,728 80,000 50
4, Spent Shale; 12,388 3,000 25 30,666 1,000 5 48,808 5,000 10
Product '
5. Demolition, 4,052 3,100 75 29,430 5,000 15 10,800 6,500 70
Utilities,
Equipment Rental
6. Supervision 26,610 10,000 15,932 6,000 . 5,100 1,500
. General Exp. .
_ Sub Total 74,0411 36,100 221,618 27,000 346,197 140,000
Fee 5,180 2,520 15,530 1,890 24,200 9,800
Totals 79,221 38,620 A237,148 28,890 370,397 ) 149,800
Total Estimated Expenditures - to Date - $217,000
Estimated Total Expenditure - Completed Job $686,700
( )
WSBergen-

6/21/66
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