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CONFIDEWTIAL

HONTHLY PROGRESS MEMORANDUM
(Covering July 16 to August 15, 1967)

I. TECHNICAL ADVISORY COMMITTEE LiEETING

A Special Technical Advisory Committee Meeting was held in
Chicago on August 15, 1967. Discussion of the proposed
Stage II Extension was the primary reason for the meeting.

II. ADIHINISTRATION

P. H. Gifford resigned from Esso Research and Engineering
Company on July 31.

E. E. Turner returned to isso Research and Engineering Company
on August 11,

J. J. McAleer will return to Mobil on August 25.

Replacement of these people will be held in abeyance until
after the decision on extension.



III. MINING SECTION (G. R. Haworth, J. B. Sellers and F. W.

Sova————"

A,

Brackebusch)

Mining Production

1. Progress

During the period, two more heading rounds have been
taken from Room 1 and benching has proceeded down Room 3
to Crosscut 34H. Crosscut 34B has been bhenched out and
also 20 feet of Room 4. The current positions of the
working faces are shown in Figure 1.

From July 15 to August 1 the benching operation was
impeded by the need for scaling in the bench area. Several
loose slabs which were too tight to scale down had to be
removed by blasting. Also, an overhang on the soutiwest
corner of Pillar 23B (caused by undermining of the pillar
corner by the bench blast) had to be removed by drilling
four-inch diameter holes at five foot spacings using

the heading jumbo positioned in Crosscut 23A.

Few problems were experienced with the loading of powder
in the down holes. Water was present in some of the
holes and in such cases the holes were largely filled
with Toval explosive in three inch by eight inch sticks.
At first the truck loading operation was slowed down

by tight muck piles which were a result of poor loading
density in the bottom of the holes. Despite these two
early problems, the benching operation proceeded quite
smoothly down Room 3,

The first round in Crosscut 34B was carefully blasted

so as not to undermine the pillar corners. This was

done primarily by leaving out the rib holes. The experi-
ment was a success and good solid pillar corners were
left intact. Part of the success can also be ascribed

to the direction of the joints in the rock which run

in a northeast-southwest direction parallel to the cross-
cut. These joints are effective in channeling the blast
in the same direction. Thus the pillar walls along the
south end of the mine tend to be smooth. Further blasting
in Crosscut 34B produced very coarse fragmentation.

One very large slab of shale was produced, and had to

be broken up by secondary blasting. Again the joint
directions are responsible for this phenomenum. The
blast tends to split the rock along the joint planes and
the large pieces between the joints are then isolated
from further blast effects. A final two rows which were
shot simultaneously from the southwest end of Crosscut
34B gave very fine fragmentation.



w P - - L ——
. - . . .
: ; a«w h
R r : : - ; . ,.m
- .. 3 m....
P v o
. : 0w
; 2~
em e e i S 1L an 2 e s e e SR PO A ﬂwkitf} 8 n
Y ST A g D S S e B A e B £ S N k) e s e . lu- s ] -
v G SIS : SRS
-~ I . U e
- L : . . - f
S T /
: ;

Ny

P
ions.

Y B

1

USED
£_
locations of MPBX's

FIGURE 1

1so0,

and sag pin stat

sSTAcE | IT
MPAX-2551
52

0

3
A

Mo

wing, a
N

NoMmENC LATURY

"T",.n n-L»L

N
' Tastruwent

) % ///
mwuu‘ . : o .
.‘\» B : F !a M TN
v.l-ll\:!u»l..!o).\u\:olt.uii....ll.lQ.G.m\fl\. - ” . ‘ ~ e & soowda -
@2 _ 40 \m o ‘
¥ P % m m w
o
Te® " ,/.
Sl

b

-+ o e smnom oD

— e

s
-

J S N

. N
LR

© e e b,



During the period a main bearing failed in the engine
of the old aerial platform and it had to be replaced.
Consequently all the scaling had to be done from the
new aerial platform alone. As well as the scaling re-
quired in the bench it was also necessary to scale in
Room 4 which was being drilled off with down holes.

The scaling in Room 4 was quite intensive, every effort
was made to achieve solid walls in the headings before
the bench moved down Room 4. Slabs which could not be
scaled down were blasted. Experience had already shown
that unless this was done from the headings it would have
to be done from the bench with much greater difficulty.

In early August the old aerial platform was put back into
service., Two 20-ton Euclid trucks were rented to haul
rock from the mine to the dump, and thus alleviate the
Dart maintenance problem. It had not been possible to
locate a contractor interested in taking the truck haulage
job at a reasonable price. The haulage was scheduled for
swing and graveyard shifts with the day shift reserved

for scaling in the bench area, for inspection and for
gauge reading. For a weeli the benching proceeded smoothly
in Room 2 with daily tonnages removed from the mine
averaging 3,400 tons. As things progressed the scaling
problem became more and more severe particularly along
both ribs in Room 2 and in Crosscuts 23J and 34H.

A fall of a slab of rock from the rib in Room 2 at
Pillar 12E occurred on August 7. Although this was not
a working area and was about to be scaled, it was recog-
nized that the rate of mining would have to be slowed
down and even temporarily halted until the pillar walls
throughout the mine could be thorougnly scaled. Hence
from August 9 to the present time no further rounds

have been blasted. Rooms 1 and 2 hLave been scaled. The
southwest side of Room 2 had to be scaled twice. Con-
tinued working of the face of the pillar caused fresh
loose rock to appear after the first scaling. That this
is a surface effect only was shown by the non-convergence
of Pillar 23 during this period.

Another overhang was created on the west corner of
Pillar 34cC.

The first round in Room 4 had been blasted minus the rib
hole next to the pillar. The resulting pillar corner was
guite square. The second blast in Room 4 using all the
holes in the row tore out a large portion of rock from
Pillar 34C leaving an overhang. The cause of the problem

is the joint direction, the tearing taking place along
existing joint planes. The overhanging corner of Pillar 34C
was drilled off using four-inch holes drilled by the heading
dumbo positioned in Room 4. The overhana was successfullvy



On August 9, Station 37 in the roof of Room 2 showed
accelerated amounts of sagging from the two foot horizon.
On August 11, 18 additional six foot bolts were installed
and the area was roped off for three days. The additional
bolts completely arrested the movement and the area was
reopened on August 14.

2. Equipment Availability

As previously mentioned the old aerial platform was down
for two weeks while the engine was being replaced. The
Mack truck was returned to service with a rebuilt trans-
mission and operated for three days until the transmission
started to lock into second range again as it had done
previously. The transmission was shipped to Denver and
repaired. The problem with the transmission lies in the
control linkage from the cab. The linkage has been pro-
vided by a cable which has an unfortunate tendency to
stretch and over~ride the detents in the transmission.
This cable has now been replaced by an air system which
should provide a positive locating action. The ilack truck
is now back in service.

Modifications have been made to the new aerial platform to
prevent damage to the outrigger stabilizers while scaling
in the bench area. The danger lies in rocks falling from
the high ribs onto the stabilizers. To prevent this cover
plates have been welded over each stabilizer and sliding
beams have been located on the back fender, they can be
extended so as to prevent rocks from sliding along the
floor into the stabilizer.

Dart maintenance has been considerably reduced by the
advent of the Euclid trucks.

3. Conditions of the Roof in the ilining Area

Figure 1 shows the locations of the various sag rod stations.
Roof conditions during the period are summarized in Figures
2 and 3 which show the movements at the two horizons of
concern.

a. 0 to 5 Foot Horizon

A sagging of about 0.003 inch has been observed at
most stations during the period. The roof above the
benching operation has shown similar movements to
those in the roof above areas not affected by mining.
Evidently the immediate roof is securely held by the
six foot rock bolts and does not deteriorate following
removal of the bench.
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At two locations movements in the 0 to 5 foot zone
have been large; these are (l) at Station 27, where a
movement of 0.019 inch has increased the total sagging
to 0.141 inch. This area has had additional six

foot bolts installed several months ago. The move-
ments are of a very local nature and do not extend to
Stations 28 and 29 in the same line across Room 3.

(2) At Station 37 where a sagging of 0.025 inch has
occurred during the period. The total movement has
reached 0.112 inch. Figure 4 shows that the movements
have accelerated after July 17. On August 11, 18
additional six foot bolts were installed so as to
arrest the movement. During the three days following
this bolting the area was roped off until it was seen
that no further movements were taking place.

A check of the bolt torques in the roof around Station
37 showed that the average torgue was only 100 foot
pounds which is less than the 150 foot pounds found to
be necessary to ensure good anchorage of the bolts

(see Monthly Progress ilemorandum April/llay 1966).
Evidently the bolts were not installed tightly enough
in this area. This plus the fact that the roof polts inthe
area had been installed several months ago, at a load
of five tons, has shown an increase of one ton in the
bolt load.

b. 5 to 15 Foot Horizon

Movements of the roof in the 5 to 15 foot horizon

have generally been in the order of 0.003 inch sag
during the period. 1In Room 1 virtually no movement
has been recorded. £lightly more sagging has occurred
over the benching area but not enough to affect roof
stability. The greatest movements have occurred at
the northwest end of Room 3. 1In this zone support is
being removed from the roof by the spalling of

Pillar 23H. The sagging is decelerating and the roof
appears to be stabilizing.

Drilling and Blasting Research

1. Benching Operation

To date only two multiple row blasts have been taken in the
bench. Single row blasts have produced variable frag-
mentation depending on the joint systems in the rock and
the size of the muck pile remaining against the bench.
These single row blasts have had powder factors from 0.40
to 0.45 and 15 foot by 15 foot spacing of four-inch holes.
One single row blast in Room 4 was on a 12 foot by 12 foot
spacing of four-inch holes, and the back break from this
row destroved the succeeding row of holes.
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The first two row blast was taken with the following ignition

sequence:
25 Instant Instant Instant 25
X X X X X
100 50 50 50 100
X X X X X

The burden was 15 feet, spacing - 15 feet, powder factor -
0.37 pound per ton, hole diameter - 4 inches, and the frag-
mentation was generally good. The muckpile was very tight
and high, making the loading operation difficult.

The second two row blast was taken with the following
ignition sequence:

50 25 Instant Instant 25 50
X X x X X X
150 100 50 50 160 150
X X X X X X

This ignition sequence was designed to provide a long throw,
together with good fragmentation. The burden was 12 feet,
spacing ~ 12 feet, powder factor -~ 0.61 pound per ton, hole
diameter -~ 4 inches, and fragmentation was fine. The throw
was 125 feet providing a low, loose muck pile ideal for

the loading operation. Part of the throw can be attributed
to the high powder factor, but the same ignition sequence
will be tried with a lower powder factor to determine if the
sequence provides good throw. The better than necessary
fragmentation can be attributed to the high powder factor.

Back break from rows of four inch holes is usually 6 to 8
feet but can be #z nigh as 10 feet if a prominent joint
exists parallel to and behind the row of holes. (Back
break is rock breakage behind the last row of holes in a
blast in the direction of advance.) Back break is not
necessarily disadvantageous. If the burden is great
enough, back break will not affect the succeeding row of
holes. Coarse fragments from the material of back break
have not been observed.

Future plans are to experiment with burdens and spacings
using 4 inch and 4 1/4 inch holes to obtain loose muck
piles and good fragmentation with multiple row blasts
using a powder factor of 0.40 to 0.50 pound per ton. A



- 11 -

relationship between bench blasting and upper level pillar
spalling is not known, but experiments with bench blasting
may be devised to determine if there is such a relationship.

Data is being taken on penetration rates and bit life for
bench drilling. One obstacle in bench drilling at the
Anvil Points mine is the presence of a hard material
(probably chert) in a thin zone about nine feet below the
heading floor. This hard material is contacted by the
drill in, approximately, one hole out of 15 holes. The bit
is usually destroyed when drilling through the eight inches
to one foot chert zone. The presence of chert, then, may
limit bit life to 450 feet per bit. Dliore data will be
obtained on the abundance and composition of the hard
material.

C. Pillar Research

During the period all the pillar !MPBX's have been influenced by
the benching out of Room 3. Contrary to expectations the
additional convergence of the Pillar 23 has been equally dis-
tributed in the upper and lower half of the pillar. It was
expected that the lower half of the pillar opposite the bench
would have converged more on being exposed. Examination of
Figures 5 to 8 shows that throughout the driving of the mining
headings, the convergence of the pillar opposite the mining
headings follows a similar pattern to the convergence of the
part of the pillar which is subsequently to be exposed by the
benching.

It was noticeable that the convergence of the pillar caused by
the benching operation occurred well in advance of the benching
face. The increased pillar height caused by the benching induces
pillar convergence opposite the bench. This in turn throws
additional stress on to the 40 foot high pillars ahead of the
bench face. Furthermore, the tendency for the pillar to converge
at points opposite the bench, where the pillar is 75 feet 9 inches
high (actual room height measured in the bench) is resisted by
the other side of the pillar which is only 40 feet high. (For
example, considering Pillar 23, the height of the pillar on the
Room 3 side is 75 feet 9 inches while on the Room 2 gide it is
only 40 feet high.) This resistance causes stress to be thrown
onto the shorter side. This goes a long way to explaining the
excessive amount of pillar spalling along the souwest side of
Room 2. Also the loading of the pillars ahead of the bench

face has caused extra pillar spalling at the northwest end of
Rooms 2, 3 and 4 and particularly on Pillar 34H.

Figure 9 shows total pillar convergences measured across a height
of 73 feet on two dates. It will be noted that Pillar 23D has
suffered much less convergence than either Pillar 23E or Pillar
23F. The reason for this is not clear, although it may be sus-
H@acted that there i come archina tendencv over Pillar 23D,
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FIGURE 6

PILLAR STRAINS MEASURED OVER SECTION OPPOSITE BENCH
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PILLAR STRAINS MEASURED OVER SECTION OPPOSITE BENCH
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FIGURE 8
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Actual evidence of increased pillar loading has been noted on
various pressure measuring gauges in the mining area. Figure 10
shows the increase of pressure measured during the period.

Physical Property Tests

All data on elastic properties and compressive strength tests
have been received from Terrametrics. We have also received
data from the first 23 of the plastic properties samples. The
data is currently being evaluated.

D. Time Studies

A time study nas been conducted on the Koehring Skooper using
the 3 1/2 yard bucket instead of tne 6 1/2 yard bucket.

Face width - 60 feet, height of muck pile - 8 to 15 feet,
fragmentation - good, average fill factor -~ 90%, loading 20
ton Dart trucks.

Elemental Time, Total Time,
Element liinutes Occurrence Minutes
Dump 0.058 5.87 0.340
Swing 0.079 5.87 0.464
Dig 0.202 5.87 1.166
Swing . 0,088 5.87 0.517
Waiting for truck 0.730 1.0C 0.730

Loading Rate = 18 X 60/3.237 = 350 tons per hour.

As was to be expected the digging time using the smaller bucket
was shorter but was offset by a greater number of bucket loads
to £fill the truck, dump and swing elements are a little shorter
with the new bucket. The loading rate is the same as that of
the study reported in the Monthly Progress Memorandum, April

to May 1967 using the larger bucket in similar ccnditions. It
is unlikely that the loading rate with the small bucket could
equal that witn the larger bucket in very fine fragmented rock
(416 tons per hour) since the digging time could not be much
shorter than that reported here. There is a possibility, how-
ever, that the smaller bucket causes less wear and tear on the
Skooper machinery. This cannot be evaluated in a short study.
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IV, MECHAWICAL ENGINEERING (W. S. Bergen, R. E. Smith, and
J. J. ilcAleer)

Retort No. 3 was substantially revised to install a liquid
desengagement system, liquid being disengaged from the bed
in the shale heating zone. Three test periods using 1/4 to
1l inch shale were generated.

Major features incorporated - see Figure l1ll, were as follows:
1. A deck with six shale flow compartments.

2. Screen or grids to permit liquid disengagement and gas
passage above the deck.

3. Cyclones to remove dust and/or mist.
4. Ligquid drainage, wash, filtering, and accounting systems.

5. A 54 riser air distributor with risers on essentially
12 inch by 13 inch centers.

Discussion

A. Crushing Plant

Wear of the hardfacing materials on the primary and secondary
crushers has accelerated due to the greater quantity of shale
being processed for retorting. The secondary crusher hard-
facing program is being re~evaluated. A hardfacing schedule
to adequately maintain the unit will be formulated.

B. Weigh Bin Area

No changes have been made in this area.

C. Retort No. 3

Many changes have been made both internally and externally to
install the liquid disengagement system being studied. This
work is a scale up of the 3.6 inch retort developments. The
installation of internals is shown in Figure 1l1. Figures 12
and 13 show the deck essentials and a simplified flow diagram
of the liquid handling system. Drawing RC156, not included,
details the Flow diagram. As previously noted, 1/4 to 1 inch
shale was studied and combustion was generated using a 54
riser air distributor.

After each of the three test periods, additional revisions or
instrumentation were added to better define the process.
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1. Air Distributors - See Figure 14.

A 54 riser, yoke type manifold off two air headers, was
installed for tihese tests., This oysten closely aonrox-
imates the best riser laycut founc in Retort ilo. 2 for
'1/4 to 1 inch shale.

o warpage of risers has occurred durino the three test
eriods,

2. Deck Assemizly

A deck was hung in the shale heating zone. This deck
supports all the new internals, acts as the liguid collection
tray, and is the seal to force gas through the deck

cyclones.

Shale flows through the deck from the six compartments
formec by the liguid drain screens and shale chutes,

Gas flows up tihroucgh the deck through six cyclones and
the shale flow chutes. After disengagenent from the cy-"
clones, gas flows through the screened compartment walls
and into the shale &Led.

Liguid which is formed in the shale hed drains through
the screened walls and drips onto the deck. Eight deck
drains carry the net oil from the retort. A deck wash
has also been installed to clear the cdeck of shale fines
and chips which fall through the drain screens.

3. Drain Gereens

Two types of drain screens have been tested. The first -
set were mace of 3/16 by 1 inch flatstock on 5/16 inch
centers. Visual severe plugging of the screens occurred
during each of the two tests, Cl053 and Cl054. However,
no abnormal pressure drops developed and liquid was formed
fiothhe screen/cyclone combination during the first test,
C1053.

A second set of screens made of 3/1€ rod on 5/16 centers
was fabricated and installed for test Cl055. These screens
were clean after test Cl055 except on the west wall which
was blinded. Chips vassed throuch tais screen which were
collected in the filters or remained on the deck.

Further redesigns are in order to find a screen whlch is
more easily fabricated and installed.

4, Deck Cyclones

Two of the six cyclones appeared to have fouled during the
last hours of Run C1055 and several cyclone drains plugged.
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This was accompanied by a sudden increase in pressure
drop across the deck. Due to the several concurrent
activities associated with handling of the liquid streams,
it was difficult to ascertain if the cyclones fouled of
their own accord or if the cyclone drain wash was off for
a short period. Several types of deposits from a hard
coke to a brownish dust were in evidence. These were
sampled.

5. Shale Chutes

The six deck shale chutes have a 17 inch square cross
section. For test C1l053 the outlets were 44 inches above
the air injection; for test C1054, the outlets were 38
inches above the air injection; for Run C1055, the bottoms
were revised to incorporate "crows feet" but kept at the
38 inch level.

6. Deck Deposits

Deck deposits during test Cl053 consisted of shale which
leaked behind one of the deck screens. This screen had
broken loose at the wall. Few chips or dust were able
to fall through the 3/16 by 1 inch grids. Deposts from
Cl1054 were remnants from Cl053.

Deck deposits from C1l055 were chip and dust which pass
through the rod screen, However, these deposits were
"cemented" in coke. This is also true of the screens
several drain lines. Deposits were essentially coked on
the screens.

7. Liquid Handling Systems

0il is circulated across the deck and through the cyclone
drains to keep these systems clean. Net make oil is
drained from the system to the product tanks. All the
oil is passed through a filtering system.

Initially, the filter screen was made of 100 mesh cloth.
The screen plugged with fine dust when first charging
raw shale in two hours time. The cloth was changed to
a 10 mesh screen.

During tests C1053 and Cl054, no fouling of the screen
occurred. Fouling of the screens did occur during C1055
when chips were washed into the filter. During the C1055
run, it developed that the filters fouled in some 12 to
24 hours time. Cleaning of the filters has developed
into a lengthy job. Revisions will be made to shorten
the cleaning time.

Pump packing problems were encountered with the hot oil
pumps. These have been resolved.
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D. Roll Feeder

During C1054 and Cl1055 the rolls shifted causing excessive
sprocket wear. Investigation has shown that the locking
collar set screws - 8 per shaft - had loosened.

E. Vibratory Feeders

No problems have occurred with the six vibratory feeders.

F. Zero Speed Switches

These units functioned satisfactorily.

G. Multiclone

Cleaning is required on each turnaround.

H. Screw Convevors

No new problems. Operation has been satisfactory.

I. Gas Sampling System

All controls are operative. Gas compressor still varnishes
in operation.

J. Vertical Thermowells

A new system has been installed to accommodate the deck. Six,

3 point thermowells have been installed - three above and three
below the deck. Temperature measurement levels below the deck

are 15 inches, 21 inches, and 27 inches above the air inlet.

K. Electrostatic Precipitator

No measurements were made due to the short operating periods.

L. Recycle Blower

Test C1l053 ended with the failure of the inboard motor bearing.
The babbit bearing had scored and worn. We also found the
bearing oil level very low. The visual oil level indicator
was plugged, giving a false reading.

Mo damage had occurred to the shaft of the motor. The outboard
bearing was also inspected and found in good condition.

The bearing was repoured by Research Foundation personnel and
operative within 20 hours.

M. Raw Shale Accounting

No changes have been made to this system,
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N. Line Burner

The system has been operative with only minor servicing needs.

0. String Data

The string data test for shale flow has been discontinued
since installing the deck.

P. Spent Shale Riffler

A small vibrator has been installed on the sample pipe to
keep the final orifice free.

Q. Air Blower

The new water seals have not been received. The unit is oper-
ating satisfactorily with no water seals.

R. General Construction

1. Retort No. 3

Installation of the liquid disengagement system was
executed using Colorado llacco for retort internals and
the Research Foundation personnel for external piping
and pumping needs. !Macco worked on a 24-hour basis and
the Research Foundation on a 1l2-hour shift schedule.

Subsequent turnarounds have been on a 1l2-hour shift basis
using Foundation personnel.

The present turnaround, August 12 through 16, is being
conducted on a mixed l2-hour shift basis with mechanics
working around the clock.

2. Mine

Assistance is being given to the mining effort in designs
for various pieces of safety equipment.
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RETORTING SECTION (J. E. Lawson)

Retort Group (T. C. Lyons, W. M. Broman, R. L. Clampitt,
D. P. Cotrupe, P. H. Gifford, J. W. Hasz, R. L. McGalliard,
B. L. Reymond and E. E. Turner)

1. Retort Operating Reports (T. C. Lyons)

During the past month the retort group was divided into
an operations group and a report writing group. Emphasis
has been placed on reporting the performance of Retort
No. 3 with the three basic size ranges.

2. Retort No. 3 Operations Summary - Runs Cl1050 Through
CI055 (T. C. Lyons)

The operations in Retort No. 3 during the past month have
been concerned with 1/4 to 1 inch shale exclusively. Runs
Cl050 through Cl1052 can be considered a continuation of
earlier 1/4 to 1 inch investigations since they dealt with
attempts to improve yield by conventional means (air dis-
tributor design). However, starting with Run Cl1053, the
unit was modified drastically and current emphasis is on
improving yields and operability by unconventional means
(liquid removal from the condensing zone).

It will be recalled that operability was achieved with

the 1/4 to 1 inch shale during May and June by making a
number of mechanical and process modifications. Some of
the more significant changes were the use of hot dilution
gas, the installation of roll feeders in the shale drawoff
system, and the use of an open, streamlined air distributor.
Thus, at the completion of Run C1045 (June 15, 1967),
operability had been achieved but yields were lower than
desired. It was concluded that the wide air distributor
spacing - which emphasized shale flow at the expense of
gas distribution - had improved the operability at the
expense of yield.

Consequently, when studies were resumed with the small
shale on July 10, 1967, the efforts were directed toward
improving the yield by making an air distributor change.
The modified air distributor had 36 risers - the same
number as before -~ but they were arranged to give more
uniform gas coverage. This necessitated placing the risers
on horizontal yokes which complicated the hardware. The
primary question was whether operability could be main-
tained with the additional resistance to shale flow. Yields
were improved significantly but operability may have been
affected adversely (Runs Cl1050 through C1052). In any
event, further moves in the direction of more complicated
hardware seem inadvisable.
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For the first two days, (Run Cl051), the yields averaged
just under 89% Volume raw shale Fischer Assay which was
significantly higher than any previous yields with 1/4
to 1 inch shale in Retort io. 3. On the third day, a
transition was made from hot dilution gas to hot air (Run
Cl1052) as set up in the program. Yields and operability
deteriorated shortly thereafter and the unit was shut
down with clinkers after a total of four days. A split
in offgas temperatures was evidence that the operation
began to deteriorate during the hot dilution operation
(Run C1051). Therefore, it is difficult to conclude as
to the benefits of hot dilution versus hot air with this
shale size.

As a result of this study, there seemed to be little hope
of improving the yields of 1/4 to 1 inch shale by con-
ventional means. Therefore, the unit was modified in an
attempt to improve yield and operability by removing liquid
from the condensing zone. This modification is based on
the work done by the Anvil Points Operability Task Force
which was summarized in the Progress Memorandum of July 21,
19€7. The mechanical Jesign details are included in that
memorandum alzo.

Basically, the design involves two major changes:

1, Grids are provided to drain liquid from the con-
densing zone.

2, Internal cyclones are provided to reduce mist loading
leaving the retorting zone.

In the early runs, the two streams were combined in a
common recovery system; later, they were separated.

Three runs have been made to date (Runs C1053 through
Cl1055). They have been encouraging from the operability
standpoint but disappointing from the standpoint of yields.
The unit has operated 1) at 15,000 SCF/T recycle, which

is the hlghest rate for any shale size, 2) at 500 lbs/(hr)
(ft2 ), which is a first in Retort ilo. 3 with 1/4 to 1 inch
shale, and 3) with a complicated 54 bayonet air distributor.
However, the liquid recovery and yields have been much
lower than expected.

Run C1053 has been the most successful overall operation
even though it was terminated after 18 hours because of a
bearing failure on the recycle motor. The yield during
startup was estimated to be about 85% Volume raw shale
Fischer Assay and the spent shale was free of oil. Approx-
imately 7.5% of the total oil was recovered from the grids
and cyclones. This compares to the 50% removed in the
bench shale retort. The low recovery and yield were
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attributed to two factors: 1) the drain grids were plugged
severely (about 90%) and 2) the liquid disengager tempera-

ture was only 400 F compared to the recommended 600 F from

the bench scale wokk. Therefore, our efforts were directed
toward making improvements in these two areas.

In Run C1054, the bed depth in the retorting zone was
decreased six inches to raise the disengager temperature.
However, this change was ineffective because of gas chan-
neling and the temperature remained at the 400 F level.
The liquid removal was low from the outset (approximately
2 to 3% of total oil). Yields started at the 81% Volume
level and deteriorated with time. There was a corresponding
increase in oil content of the spent shale. After two
days, the unit was shut down because of low yields and
liquid production rather than for operability problems.
Just prior to shutdown, a high ligquid concentration was
observed in the open area above the retorting zone. A
small clinker was present and the drain grids were plugged
severely as before.

Prior to Run Cl055, the grid design was modified to reduce
the plugging tendency. 1In addition, the chute design was
modified to provide a more level shale bed in the retorting
zone. Both changes were effective as the grid plugging was
reduced to 20 to 30% and the disengager temperature was ‘
raised to an average of 525 F. However, the liquid removal
and yields did not improve. No measurable oil was recovered
from the grid or cyclones. During the first 24 hours of
operation, the spent shale contained almost five gallons of
0il per ton indicating inefficient retorting. The severity
was increased in an attempt to clean up the spent shale.
The operation deteriorated quickly and the unit was shut
down with clinkers about 36 hours after startup.

At this time, we do not know why the liquid removal was
the highest under conditions: ./hicih are believed to be the
least favorable. In the next run, we plan to alter the
disengaging temperature by process changes to determine
its effect on liquid recovery. In addition, we plan to
reroute the gas into the upper zone of the retort through
a separate distributor rather than through the grid itself.
This may give more effective liquid disengagement in
addition to reducing the plugging tendencies. Recent
mechanical model studies have indicated that dust blowing
through the grid from the underside is a major source of

plugging.

Details of the individual runs are presented in the follow-~
ing section.
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Retort No. 3 Operations - Detailed Discussion

a. Run C1050 - 1/4 to 1 Inch Shale (T. C. Lyons)

Run C1050 was the first attempt to evaluate the modified

air distributor design shown in Figure 15. The
startup proposal is presented in Table 1. Throughout
the run, the line burner was a source of continuous
difficulty. The unit was shut down after 36 hours
with a large clinker. However, because of the line
burner problems, no conclusions could be drawn con-
cerning operability or yield.

b. Runs C1051 and 1052 - 1/4 to 1 Inch Shale
(R. L. McGalliard)

Run Cl1051 was a second attempt to define yield
potential and operability with the 36 riser, yoked
air distributor shown in Figure 15. The startup pro-
cedure was essentially the same as that used for
C1050. Like the C1050 startup, the Cl051 startup was
much slower than previous 1/4 to 1 inch startups, e.g.
Cl1039. The time for the thermocouples, 18 inches
above the air ports, to reach 700 ¥ was about 8 hours
for C1051 versus about 4 hours for C1039. The oxygen
consumption rate during startup for C1051 was 5,000
to 5,500 SCF/T equivalent air rate. The startup is
shown graohically in Figures l16a and b. In addition
to being slow, the startup was also uneven with the
east side of the retort about 200 F cooler than the
center and west. About six hours after firing the
line burner, the offgas temperatures began to split.
By the end of the startup, the west offgas temperature
was about 10 F higher than the others. !lear the end
of the startup, the retort began to heat up and over-
all pressure arop began to increase. Air and recycle
adjustments were made to stabilize the unit.

Run conditions and results for test periods Cl051-PT
and 1 through 3 are presented in Table 2. The opera-
tion looked good except for the following items:

1. Offgas temperature split of 10 to 12 degrees F
2. Low retort bottom pressure
3. 0.1 to 0.5 gallons per ton oil in spent shale

These conditions are consistent with the supposition
that gas and (perhaps) shale channeling were present
during these test periods.

After completing test period Cl051-3, a transition
was made to a hot air operation. The dilution gas
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STARTUP PROPOSAL - RUN C1l050 AND C1051, 1/4 TO 1 INCH SHALE, 36 RISER =~ 2 HEADER
; . - DOUBLE YOKE AIR DISTRIBUTOR
i (PROPOSAL IS IDENTICAL TO THAT USED IN Cl1039, Cl1040, C1045})
- Process Conditions ¥
Step Shale EAT* Air Recvycle : Dilution

Mass Rate Tons/Hour ©OF = SCF/T SCFM_ SCF/T SCFM SCF/T  SCFM
1. 3-hour circulation 300 8.28 Off 8,000 1,100 15,700 2,170 0 0
2. Fire line burner at 700 F 300 8.28 700 8,000 1,100 15,700 2,170 0 0

for about 2 hours. Go to
step 3 if combustion
starts before 2 hours at

700 F.
3. Raise line burner tempera- 300 8.28 900 O, Consumption 15,700 2,170 0 0

ture to 900 ¥. Maintain curve

O2 consumption between

equivalent air.

4. When O, in vent concen- 300 8.28 900 Oy Consumption Decrease to Increase to
tration reached 4%, start . - curve 10,500 1,450 2,500 350
introducing dilution gas
in 30 SCFM increments,

10 minutes apart. Reduce
recycle equally.

5. Run conditions ' 300 8.28 800+ 5,500 10,500 1,450 2,500 350

| *EAT - Entering Air Temperature

TCLyons
8/16/67



7

) ﬂ\vmin/,pr/ o “
N : Y % R oa |
' - N o !
! st [ S Wy - 7 e a4 Q
W Gl oy ot I o 0 < o 0
WNW:..I— (u\.."rl, @ o oz Y S
R G T © EREE )
: wmt., MH&R TR wwc
v x X W 6o T @ o
Z59) FEFZ D0 d,<a i§
e ;
I ECEEE §8 szt
M»UJMNETRT, Amz(m o
ipEl zlE p b0 v g . m 8
TR E-LEA W +2u0 )
c O RDECWL by \DA.\)
i , : Ruv NN Q
) [
e u - - © 3
2 V4 -
a -
g
<
<
v

FIGURE lé6a

00

b e

1300

-

1200

oo

0900

e

L - ‘ 4o f3unLvEsdnNEL

1000

UM
e R e

TIME, HRS.



12 -
FIGURE 16b
n -~ STARTUP C1051 Run No. C1051
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was exchanged for additional recycle gas. The Run
Number was changed to Cl1052 when this transition was
made. Run conditions and results for Run C1052-PT
and 1 through 3 are presented in Table 2.

After the transition to the hot air operation, the
offgas temperature split disappeared. However, the
retort bottom pressure continued to run low and the
oil in the spent shale increased to the level of

four gallons of oil per ton. VYields declined from

a level of about 87% to about 80% during test periods
Cl052-PT through Cl1052-3. About five hours before
the end of test period C1052-3, the operation further
deteriorated. The offgas split over 20 F, the east
side combustion temperatures became abnormally hot,
and the shale flow began to show evidence of a signif-
icant stoppage on the east side of the retort. The
retort was shut down about three hours after the end
of Cl1052-3, When emptied, three clinkers were found
in the retort as illustrated in Figure 17. All three
clinkers tapered up to the shale chutes and consisted
of hard material. The clinker in the northwest corner
was particularly hard and a thick hard wedge of
material was built up on the liner just above the
clinker. This northwest clinker had evidently been
in the retort a long time, perhaps since startup.

All the clinkers were wall oriented. The following
conclusions were drawn from these two runs:

1, Yoked distributor did improve yield significantly
through more effective gas distribution but
operability may have been affected adversely

2. With further work, satisfactory operability
probably could be achieved with an air distributor
of this type

3. Streamlined air distributor is desirable from the
standpoint of operability

4. There is not much hope of substantially improving
yields from 1/4 to 1 inch shale over 89% Volume
by conventional means

c. Run C1053 - 1/4 to 1 Inch Shale (B. L. Reymond)

{l1) Retort Modifications Prior to Cl1l053

The details of the retort modifications prior
to Run C1053 are expounded in the Viechanical
Engineering section of this report. Therefore,
only a brief functional description will be
given here.



FIGURE 17

CLINKER PATTERN FOR C1052
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The shale bed above the air distributor has been
split in two parts by a horizontal insert deck
blocking the entire retort section. The shale
at the bottom of the three and one half feet
upper bed enters six square funnels (located
below the six shale feed chutes at the top of
the retort). Those funnels, approximately 40
inches wide at the rim, taper down to a 17 inch
by 17 inch square opening three feet below their
rims, six inches above the insert deck level.
The walls of these funnels consist of a grating
with 1/8 inch wide slots, 1/4 inch apart, run-
ning vertically the whole length of the wall.
Six shale chutes protruding six inches above

and three feet ten inches below deck connect

to the funnels' bottom. These chutes extend
down to three feet and eight inches above the
air ports.

Six gas cyclones centrally aligned on an east~
west axis, between the northern and southern
rows of shale chutes, collect the mist laden gas
in the plenum chamber below deck, scrub it, and
discharge it above the deck in the space between
funnels.

The purpose of the system is twofold:

1. Collect the 0il present as a liquid phase
at the bottom of the upper bed, where the
temperature should ideally be 600 F. This
oil drips through the funnel walls onto
the deck.

2. Extract part of the mist carried by the gas
leaving the top of the lower bed, again
planned to be at the 600 F level. The
cyclones are powered by the gas pressure
differential created across the shale chutes.
About one fourth of the gas rises through
the shale chutes, the remaining three fourths
go through the cyclones and are reinjected
into the upper shale bed, above the insert
deck. The insert deck and the cyclones'
liguid lines are continuously flushed with
150 gallons per minute hot recycle o0il in
order to sweep the dust and fines that may
otherwise accumulate and plug the lines.

The recirculation loop includes filters; the
net product oil from deck and cyclones is
withdrawn downstream from these, prior to



- 24 -

being metered and stored separately from
the regular liquid product.

The air distributor features 54 bayonets on
two east-west rows of nine three-pronged
candelabras each.

(2) Run Cl053 Operation

The shale distribution on Figure 18 shows a
typical 1/4 to 1 inch shale.

Target conditions were as follows:

Shale mass rate - 500 1lbs/(hr) (£t2)
Air rate - 4,300 SCF/Ton
Recycle rate - 15,000 SCF/Ton

Prior to startup, a successful shale drawdown
test was conducted, the line burner was then
brought to 700 F for a two-hour "soaking" period.
At 1800 hours on July 28, 1967, the line burnper

temperature was raised to 900 F for a standard
"air oxygen equivalent consumption” startup.

Figure 19 shows the run history: At the top,
the combustion zone (15 inches above air ports)
and line burner temperatures.

The temperatures of the gas below the insert
deck and that of the circulating oil are shown
in the middle.

The retort bottom pressure, and the pressure
drop across the deck are below.

Four hours after the line burner was brought up
to 900 F, the oxygen concentration in the offgas
was down to 0.15 Volumez%. A seven hour transi-
tion to 500 1lbs/(hr) (ft“) shale rate was then
begun. A significant offgas temperature split
appeared at the same time. Eventually the two
central offgas headers ran between 150 to 155 F,
whereas both east and west offgas headers went
above 170 F and nudged 180 F. This split was

to be expected because of channeling from the
grids.

As evidenced in Figure 19, the east side of the

combustion zone was the coolest from the onset.

The temperature spread between east and west was
as much as 400 F toward the end of the run.



FIGURE 18

SHALE SIZE DISTRIBUTION

Run C1053
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FIGURE 19

TIME HISTORY PLOT
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The gas temperature below deck reflected the
combustion zone temperature bias: neither side,
however, reached the desired €00 F level.

The target conditions were reached at 0500 hours
on July 30, 1967, and both retort bottom pressure
and pressure drop across deck stabilized.

Total o0il production between 0103 hours and 0800
hours averaged 8.025 barrels per hour, of which
approximately 0.6 barrels per hour came from
the deck and cyclones.

At 0810 hours, eighteen hours after startup,

the unit was shut down because of a recycle
blower motor bearing failure. No clinker was
found, but the grating was 90% plugged and
considerable shale was found beneath the grating
on the insert deck.

Discussion of results

No definite conclusion could be drawn from such
a short run; however, the fact that we were able
to run at total gas rates higher than previously
operable was deemed encouraging.

The disengaging system did not produce as much
oil as was expected on the basis of the bench
scale work, but this can be at least partly
blamed on the funnel gratings getting plugged
and on the fact that the shale and gas tempera-
tures never reached 600 F at the insert deck.

It was not possible, in such a short run, to
develop reliable yield information; in the last
eight hours of operation, it was estimated at
about 85% Fischer Assay.

d. Run C1054 - 1/4 to 1 Inch Shale (¥W. M. Broman)

Retort No. 3 was started up for the second experiment
with the new liquid disengagement system on August 2,
1967. Prior to this run, the shale chutes were lowered
six inches in an effort to decrease the bed depth in
the retorting zone and thereby raise the disengager
temperature. A low line burner temperature startup
utilized an air equivalent oxygen consumption of 5,000
SCF/Ton to 5,200 SCF/Ton was used. The startup was
smooth with target run conditions of:

Shale rate - 500 1lbs/(hr) (£t%)
Air rate - 4,500 SCF/Ton
Recycle rate -~ 15,000 SCF/Ton



being reached in approximately eight hours.,

Three balances were run at the above conditions,
then the air was raised to approximately 4,700 SCF/T
because of a cooling off of the unit, One more
balance was run at this condition.

Operations during these tests were smooth; however,
several process and mechanical difficulties did exist.
These were:

1. A badly skewed combustion zone

2. A split in offgas temperature, which was to be
expected because of channeling from the grids.

3. Very little production of o0il from the deck
system

4. A bad leak in the hot o0il circulation pump for
the deck system

The unit was shut down on August 3, 1967 under control
because of the low yields being obtained. On shut-
down, the unit was clean except for a very small
clinker in the northwest corner of the retort.

Discussion of results

Preliminary yields and results are shown in Table 3.
The yields for these tests were very low, but, can
be attributed to the following factors:

1. Gas channeling
2. Insufficient retorting zone depth

Looking at Figures 20, 21, 22, and 23, the evidence
of gas channeling is clearly shown, On Figure 20,

a plot of the startup history,will be noticed the
badly skewed combustion zone and the early developed
split in offgas temperatures. On Figure 21, a plot
of the average pressure profile, the straightness of
the profile below the effective bed depth also sug-
gests the existence of gas channeling. Figure 22
shows correlations with time of spent shale tempera-
ture and yield. The spent shale temperature plot
indicates that there was a progressive increase in
gas channeling with time. The increase in spent shale
temperature even though recycle gas rates were held
constant is evidence that heat transfer efficiency



TABLE 3

OPERATING CONDITIONS AND RESULTS

Run Cl1p54 PT 1 2 3
Mass Rate, lbs/(hr) (£t2) 492 498 498 466
Raw Shale Fischer Assay, gal/ton 28.3 28.2 28.5 29,2
Air Rate, SCF/T 4,360 4,360 4,360 4,670
Recycle Rate, SCF/T 15,509 15,400 15,300 15,000
Offgas Temperature, F 159 162 160 , 161
Spent Shale Temperature, F 383 431 469 554
Spent Shale Fischer Assay, gal/ton 1.2 3.3 4.7 6.7
Yield, Vol % Fischer Assay ~ 81.6 76.7 74.5 67.7
WMBroman

8/16/67
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FIGURE 22
DETERIORATION OF YIELD WITH TIME - RUN C1l054
PROGRESSIVE GAS CHANNELING AS EVIDENCED BY INCREASING SPERT SHALE TEMPERATURE
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was deteriorating, ergo, gas channeling. Figure 23
shows a correlation between spent shale temperature,
yield, and oil left in spent shale. These show a
definite correlation which suggests that insufficient
heat transfer existed in the unit. The correlation
between spent shale temperature and oil left in spent
shale suggest that there was probably insufficient
retorting zone depth. To supplement this data, a
rough shale profile up the bed was taken during shut-
down and it showed, from visual observation, clinker
material at the same level in the bed as raw shale.

Lack of oil production from the disencagement system
was probably due to several factors:

1, Deck location was at a temperature level of
450 F instead of 600 F where the bench scale
retort showed the best results.

2, Excessive plugging of the grid system
3. Partial plugging of the deck drain system

In was discovered before shutdown that there seemed
to be excessive o0il and oil mist just below the deck
in the retort. A sample of this o0il showed that it
was very heavy (15.4 OAPI and 95 F pour point) com-~
pared to the normal product. This suggested that
there was o0il refluxing back down from the deck
system, After shutdown, it was discovered that the
grid system was plugged very severly and that the
drain system was partially plugged. Analysis of
material deposited on the deck showed that it was
high in carbon (32.6%), thus suggesting it had been
there for some time. Figure 24 shows the history of
operations for this run and it is noticed on the
pressure drop across the deck that there was very little
increase in this pressure drop after run conditions
were reached, thus suggesting the major plugging of
the system occurred early in the operation.

Figure 25 shows the temperature profiles for the east

side, center, and west side of the retort and Figure
26 shows the shale size used for this test series.

e. Run C1055 - 1/4 to 1 Inch Shale (R. L. McGalliard)

Following Run C1054, several significant modifications
were made to the retort. These were:

1. Installation of an improved liquid withdrawal
grid to reduce plugging
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- HISTORY OF OPERATIONS - RUN Cl054 WITH 1/4 TO 1 INCH SHALE
LIQUID DISENGAGEMENT EXPERIMENT

Qi Yield, oo [ .
Vol. Yo RSFM I o\\ew

76~

o 3
AwvRate And 4—‘32«?@ r’“"’xw . Reaurfeﬁ%l.e -

"
\:‘C"V’h -:)""é/@'e —

Recycle Kote, zwo- ﬂ;,an%

SCEM 2030 G000

©
o
@
G
G

|odp A'MAAAMA-&— »A»A»-Ms——a—-——ﬁa——— ol A A

Ligiid AndGas 4o At by bbb,
Temperatures .30&; o , & " -
‘ L:%md

in Deck :
3 Temperatuvre

-8
1
-
b

Disengagey 260, ¢

- Pressuce Drop
AC'0~'5 L!Qutq{
D:ser:qaq« ineht Deck‘
Inchis Watker

o on Coml tions
Cﬁ'%—@-d—-o——@/@\c

15 o o
FQ@'Z‘I/)V E Boltom | :
O" ' ! oo ' H
ErasquC / : - .
\ . L t
TrekhesWater 5- o O/C/O/F
0 ‘ ——e—
oy - ) ) . : \l‘jeﬁz" .
Combustini {500~ :
- . . ° . .
Zone Temperadnee, c/® ‘ , o
°E - S S %,E\a): ‘
. O’:— K ' N / * .
-Fgmpf,—fS "Aboue 1ee M"M /'@{Ceu\*cv
A\r Out\cx. Lavel - ‘ :{
s 5001 ¥ : v S T T . 1 T 7 T : T 7 C— N T e — v T 7 % : 3
Hours » gen 3’:.':';:"« // DY 20NN AN oA and  igad o0 b 2400 0LDb 080 {ToNd 1603 2000 z4d0

Baliige Pevis | Stactup fah Tt 1 O —< A 2 —PRLClampitt

. . YAV |



NS

y

FIGURE 25

|

RLM
8- 2-61

ILE

W
o
fa¥
3]
24 )
(R
B e
B2
—~ A
MO
) )
pof A A
HDoO
HME
PO
m
W
£

WEST

EAST C7R

(AR RN

1
i

T
&£
!

EEiisE
H

LR
i

.
l

-t 4:‘:?3__ P

1
I
i

T EMPE RAT
i 5

Eant
g

TRI-

TI{I-

TRI-

&

£
-

EL.52

o 2
.\.H,..Y\lnlt&tr(\l - - » & & - ﬂ"ﬁ N ,I!ilflﬂ-%il»l; -
a LI 50 R
RN N ARV AN TR 2
9 _ e -
| 7
3§z N 3 a p muE 3
NN Ny gy O % Jog N
J ﬁ 19 WG Q= W \g, N 9»..“94 J.d..
S¥P R ¥R % w Nge
& Yo L] m ‘5K y
s WY vyE IR N
ShYwRR N gy 4




FIGURE 26

SHALE SIZE DISTRIBUTION
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2. Modification of the shale chutes to reduce coning
patterns and therefore, gas channeling.

3. Modification of the oil wash system to allow
determination of whether o1l was collected by
the collection deck or the cyclones.

4. Installation of temperature indicators in the
inlet to each cyclone.

Mechanical details of these changes are discussed

in the isechanical Engineering Group section of this
report. The turnaround, including system tests, re-
quired seven days. An isometric cutaway of the retort
configuration at the start of Cl055 is presented in
Figure 11.

The retort was fired for Run Cl055 at 0500 .curs on
August 10, 1967. The startup procedure used was
identic¢al  to that used for Cl054. The startup itself
was also very much like C1054. Unlike C1053, the

Cl1054 and C1055 startups slowed at about the 2% oxygen
Ioval zne £he oxvgen contznt of these lattoer rins never
reacined the 0.2% level reached in Ci023. It appears from
these data that channeling developed early in both
Cl1054 and Cl1055. Additional evidence of this chan-
neling is that significant oil was found in the spent
shale for Cl054 and C1055 while none was found for
C1053.

The new liquid withdrawal grid (fabricated with

round stock) did appear to stay open more than the
previous bar grid. This is evidenced by greater
fines recovery in the liquid system and a more open
appearance, about 75% versus 10% for the bars, after
shutdown. However, no liquid collection was measured
in either the collection deck or the cyclone systems.
Since liquid was collected during Cl053, 7 to 10% of
total product, there appears to be a <ifference in
the systems tested. The one difference which appears
significant is that the temperature at which liquid
was to be removed was lower in Run C1053.

The intermediate shale chute modification to reduce
coning patterns was effective in reducing gas chan-
neling. This was evidenced by interdeck gas tempera-
tures which were in better agreement with historical
profiles. 1o cold shale flow problems were experienced
through the ten-inch openings at the bottom of the shale
chutes. Two of the openings were found plugged with
agglomerate-like material after shutdown.

The cyclone temperature indicators provided an
improved east to west gas temperature profile below
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the disengagement deck. These temperatures ranged
from 400 to 650 F at the 500 mass rate.

After reaching the 500 mass rate, the retort was

run for nearly two balance periods, ¢ 1055-PT and
Cl055~1. During the transition to 500 mass rate,

the east and west offgas temperatures split 30 to 40 F
higher than the center temperatures as had been the
case with Cl1053 and Cl1l054. Ilowever, about three hours
after starting Cl055~-PT the west temperature dropped
to the level of the two center temperatures. At this
same time, the west high bias in the combustion zone
disappeared and the combustion zone temperatures
stayed fairly even until the start of C1055-1. At
this time a east high bias developed and remained
until shutdown. Throughout Cl055-PT and C1055-1, the
oxygen in the vent gas remained at about 0.5 to 0.6
Volume $. From the beginning of Cl1055-1, operations
noticeably slowly deteriorated. Near the end of
Cl055-1, the pressure drop across the liquid collection
deck increased sharply about 3 inches and the retort
was shut down. This rapid pressure drop increase

was due to plugged cyclones (the second and third
from the east side were the only clear cyclones.

Tab}e ¢ presents data and results for the Cl055 run
series.

Several hours prior to shutdown, special temperature
profiles were measured. The profile in Figure 27 was
measured with a couple allowed to move with the shale
flow. The profile results were as expected with good
agreement with the gas temperatures below the deck.
This profile, of course, is only one of six chutes.
Figure 28 presents profiles taken under the air
headers. These profiles do not reveal much more than
the standard grid. Clinkers were found in the north-
west, southwest, and southeast corners of the retort
after shutdown.

No conclusions regarding the test of the principle
being studied, liquid withdrawal to prevent agglomera-
tion, can be drawn. Additional system modifications
and perhaps process changes appear necessary.

Mechanical Models (L. J. Skowronek)

The major effort on the group has been in support of the Task
Force operating the 3.6 inch retort. This work has been in-
corporation of new innovations and routine maintenance of the
The group has now been relieved of this function.



Raw shale

Fischer Assay, gal/ton
Size, inches 2
Rate, lbs/(hr) (£t°)

TABLE 4

OPERATING CONDITIONS IN RUN C1l055

PTC1055

Approximate Gas rates, SCF/T raw shale
Combustion air :
Recycle gas

Spent shale

'0il content gal/ton raw shale

Yields, Vol $ Fischer Assay

SUC1055 C1055-1
28.8 29.2 28.0
1/4-1 1/4-1 1/4-1

310 474 489
variable 4,560 4,560
15,700 15,200 15,100

4.38 4.37 2.5

65.7 77.1 77.5

BLPeymond

8/16/67



FIGURE 27

TEMPERATURE PROFILE
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FIGI § 28

PROFILE UNDER AIR HEADERS - RUN Cl1055-1 (1900-2000)
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1. Corrosion~Erosion Program

The work in this program has been severely hampered by
the breakdown of the Sonoray Caliper. It was necessary
to send the instrument back to the manufacturer for
repairs to both transducer heads. The instrument was
finally returned to us on August 1l1l. The monitoring of
Retort No. 3 will be picked up and followed again.

Visual inspection of Retort No. 3 during periods of turn-
around have not disclosed any unusual wear patterns. The
Stoody 2135 hardfacing electrode used on the spent shale
screw conveyors has been most adequate.

2. Retort No. 3 (Half Section Model) Studies

Modifications and instrumentation construction is in pro-
gress to ready the unit for the continuation of studies
of imposed shale loads on retort internals.

3. Liquid Disengager Simulation

To better understand the problems in the disengagement
of liquid in the retort, a simulation of the actual dis-
engagement deck was constructed and operated in a plexi-
glass model. This model is depicted on attached Figure
29. The gas rates used were based on unit operation,
liquid loading was on the data developed in the 3.6 inch
retort. Air was used to simulate retort gas and No. 1
fuel oil for the retorted shale oil.

The gas split for the model was 96 ACF!l under the liquid
disengageing grid and 48.9 ACFM to the simulated shale
chute. These gas flows are more graphical when expressed
as 0.74 cubic feet per square foot per second under the
grid and 3.26 cubic feet per square foot per second to
the shale chute.

The liquid loading to the shale was 0.0185 gallons per
square foot per minute of disengager area.

The model was constructed with a static shale bed but
having the flexibility of varying the gas flow split and
the ability to drain off liquid. In addition it was pos-
sible to inject dust into the air stream simulating the
recycle discharge.

Run 1 - Gas Split Duplicating Retort No. 3 Operating
Conditions

The unit was filled with 1/4 to 1 inch shale that had been
thoroughly wetted with No. 1 fuel oil. Air flow was
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controlled to give the desired split to the two chambers
to simulate retort operating conditions. The liquid
shower to the top of the bed was started.

Liquid disengagement from the bed was observed over the
entire length of the bars with heavy streams dripping from
the angle stiffener and very heavy flow from the bottom
spacer stiffener bar.

The product split from the two drains was approximated

at 85% through the grid and the remainder through the

chute drain. o fouling was observed on the grid. Tur-
bulence of the liquid draining through the grid was violent.

Run 2 - All Gas to Shale Chute

The model was operated with the total gas quantity 145 ACFM
introduced to the shale chute plenum. All other factors
were the sane.

The liquid disengagement from the bed was almost completely
through the grid with only a very small fraction passing
down through the bed.

Run 3 - Gas Split Identical to Run 1 - Dust Injected With
Gas to Grid Plenum '

All procedures followed in Run 1 were repeated but in
addition, dust particles ranging from pan to 8 mesh were
injected into the gas line serving the grid plenum chamber.

The dust particles were picked up by the air and the grid
was soon completely fouled and plugged, the shale bed was
observed to be flooded with liquid to an elevation above
the top of the grid bars. The liquid drained from the
unit was approximately equal from each chamber but at
least B0% was held in the shale bed.

Run 4 - Gas Conditions Identical to Run 2 - Dust Injected
With Gas to Grid Plenum

The model was started under the same conditions as Run 3

and the same plugged grid and flooding in the bed developed.
The gas at that time was cut off to the grid plenum chamber
and diverted to the shale chute. To that time, little
liguid was observed under the grid; with the gas switch,
liquid was observed to spurt through the grid and accumulate
on the bottom deck. The grid was soon flushed clean.

Estimate of liquid accumulation from either of the decks
in the last two runs was impossible due to plugging of the
1/4 inch drawoff drain.
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These tests indicate that re-engagement of the gas through
the grias can be detrimental to the objective of liquid
drainage through the grids, particularly when dust is
nvolved. Re-~engagement of the gas above the grids should
overcome the problem. Therefore, on the basis of the
observations made during this sequence of model tests,
the cyclone gas re-engagement in Retort No. 3 was revised
and is being incorporated in the unit during the shutdown
6n August 12, 1967.
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RETORT OPERABILITY TASK FORCE (K. I. Jagel, Jr. and
D. Liederman)

3.6 Inch Retort Operations

l. Summary

During the past month, runs with combustion, with and
without liquid disengagement, have been completed.
Excellent operability at 500 mass rate with combustion
and liquid disengagement was achieved. Poor operability
at 300 mass rate with combustion and without liquid dis-
engagement was also noted. '

Difficulty was experienced running with rich shale. Poor
operability was observed with 38 gallons per ton shale
and the retort was inoperable with 52 gallons per ton
shale. HMechanical model studies are now planned which
may shed some light on this problem area.

2. Detailed Discussion

Reporting on operation of the MBR3.6 retort is continued
from the Monthly Progress Memorandum of July 21, 1967,
Refer to the data summary sheet - Table 5.

In Run 12, we attempted to operate the retort at 500 lbs/
(hrS(ftﬁ) mass rate, 20,000 SCF/T recycle gas rate, and
5,000 SCF/T air. fThe oil disengager was to be at 600 F.
Air was mixed with recycle gas and introduced at the
bottom of the retort. The gas rate was increased and,
finally, the shale rate was decreased to prevent the
combustion zone from moving down out of the bed. Oper-
ation was only fair. The bed was flooded at times, and
the product recovery system was not operating well for
this run. An agglomerate, probably formed at the very
end of the run, was found above the disengager section.

Before Run 13, we improved the packing of our demister
drum for petter product recovery. Run 13 was planned as
a virtual repeat of Run 12, but with better control and
better product collection. Operation of the retort
during this run was excellent. However, as in the pre-
vious run, mixing air with recycle at the bottom of the
retort caused the combustion zone to move down the bed.
Increasing recycle to the region of 27,000 SCF/T, in an
attenpt to move heat up the bed, caused flooding. ‘

After Run 13, three air engager pipes, 120 degrees apart,
were added about 40 inches below the bottom flange of the
disengager. They protruded about 1/4 inch into the shale
bed. Provisions were made for piping air and/or recycle
gas into these air distributors. -



l | TABLE 5 \
I ) : MBR3.6 DATA SUMMARY SHEET " L
' BR3.6 Run Yo. 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21
_!Date Run (1967) 7-13 | 7-15| 7-19 | 7-21|7-25 | 7-28| 8-1 | 8-7 | 8-9 | 8-11

! Length of Run (hrs) 7 7% 5 3 12 7 7 7 9 2 -
. !Dlsengager Yes | Yes No No No | Yes | Yes | Yes | Yes | Yes L

gOperatlng Conditions: !

‘| Raw Shale 1lbs/(hr) (££2) 500 500 |300-500 300 [300(1)| 500 500 500 | 300 500 o

! Fischer Assay (gal/ton) 27.81 28,21 30,529,911 29,1]|28.61| 29,4 28,2 37.7151.5 e

| Nominal Size Range, (in) B
_ji 5% Passing through .

%f 98% Passing through .

| Da —

% Dv o

; 20,9U0 10,00 -
_'nROCYClP {(8CFr/T) 28 80025,00015,00010,000 4,50020,00020,00020,00010,00015,000 L

! air (scr/T) 2,300 4,800 0 0O | 4,500 4,500 4,500 4,500 6,000 O _

! operating pata: bkl ‘ -

i Disengager Temperature (Op) 550~650 600 —— - - 600 500 400 |500~600; 600
1 Ap, Top ("Hy0ft)

_ L _/A\P., Overall 1.7 1.7

__li_Products Recovered: i

] 0il Collected (Vol % FA) 67.9 o @‘ 80 97.51| 72.5 | 99.8 | 84.8 . .
|| _Total oil in Disengager (Vol $%) 70.3 = o | 0° |54.5]|69.6|56.8|47.5 g

| Total oil in Demister (Vol %) | 29.7 9 S 100 [45.5]30.443.2[52.5] © .
_|___Gas Yield (SCF/TRS) | - H H H

| 1ineral CO, Dec, (% CO» cha'd) |l ) % < >
| HMaterial Balances (as is) g I3 © [ -
_ | ash (Wt %) 5 5 i y -

| overall Balance (Ut 2) 104 - 2 > 3
L Organic Carbon Balance (Wt %) ' Q B
E ‘ =

Shale 0il Pronerties: R4

|__Gravity (°API) Comnosite 25.5 24.3
N B Disengager 115.1 | 15.1 — - - 15.2 | 16.0 | 14.0 | 12.9 -

b . Denister | 26.2 | 26.8 25.5 24.7 | 23.7 | 29.3|27.9|24.3

Spent Shale: |
_ii__ Fischer Assay (gal/ton) M 0.7 0.0 7.5]| -~ 0.0 0.0] 0.0 0.5]| 2.4 == B
__i_ Organic_Carbon (Wt %) ! 0.2 -

Overall Operational Performance | Fair ExcelliInop. | Inop. Poor Excell.Poor () Good | Poor | Inop. _
j.L.(]‘),C..ould not‘operate_at_allwaboyg_so0 maasWrate e N - N A SRR
% ?(2)Con51deraglg_}eakage around flapgg%ﬂw““wmw__ . % | | K L
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The next aim of the Operability Task Force was to compare
an operable run without the disengager to one with the
disengager - at essentially the same conditions.

Run 14 was an attempt to run without a disengager. Startup
was made with external heating, 300 mass rate and 15,000
recycle. Retorting took place in Furnace 4, maintained
at 900 F, and Furnace 5, at 1,000 F. About three hours
after startup, when shale was probably down to Furnace 6,
movement of the shale became more sluggish. Walnut~size
agglomerates began to show up at the bottom sight-glass
as the shale got harder to move. Flooding was indicated
by increased pressure drop across the bed. Finally, the
shale agglomerated to the point where it could not be
moved, aborting the run.

In Run 15, we again attempted to run the retort without
the disengager. %o decrease the chance of flooding, the
recycle rate was held at 10,000 SCF/T, the temperature

at the top of the retort was increased, andé the bed height
was effectively lowered by moving the retorting zone up
into Furnace 3. The shale mass rate was held at 300 lbs/
(hx) (£t?). About three hours after startup (similar to
Run 14,) increasing temperatures in Furnaces 1 and 2
indicated flooding. Liguid product came overhead and
flowed into the demister. Shale flow became more difficult
and finally stopped, aborting the run. :

Run 16 was a final attempt to operate without the dis-
engager =- by any means possible. The run was started w1th
external heating, 300 mass rate and 8,000 recycle. The
retorting zone which was moved into Furnace 2, held at 1,100F,
Shale flow soon became poor. About two hours afte:r the
start of the run, mist at the demister sight-glass cleared,
indicating flooding. About one-half hour later, shale
movement stopped and couldn't be started again.

Air was introduced via the air distributors in the hope
of burning the agglomerate loose. After about two hours,
during which the combustion zone moved from Furnace 4 up
to Furnace 1, heavy hammering broke the agglomerate and
allowed shale movement.

The run was continued with about 4,500 SCF/T each of air
and recycle, both admitted to the air distributors.
Retorting was maintained at the top of the bed; almost
completely in Furnace 1. The run continued for another
eight hours under these conditions - until the shale ran
out. Shale flow was poor during this time and temparatures
were hard to control. The spent shale was extrememly well
burned, containing only 0.2% organic carbon. Oparation
was generally poor. Yield was only about 80%
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Run 17 was run at conditions similar to Run 13, except
that air was engaged to the air distributors instead of
at the bottom cf the bed. Conditions were: 500 mass
rate, 20,000 recycle, and 4,500 air. The air and 4,500
SCF/T of the recycle gas were nixed before the air dis-~
tributors, making this, essentially a dilution gas oper-
ation to minimize the possibility of clinker formation
where the air was engaged.

In this run also, we noticed liquid product running into
the demister drum. iiist was usually sparse during the
run. However, operability was excellent, with smooth
shale flow.

The yield of 98% with combustion was comparable to those
for other disengager runs without combustion (Runs 6 and
11).

Run 18 was an effort to operate with a lower disengager
temperature. Although we managed to complete the run,
the overall operability was poor. A large amount of oil,
as mist, was lost because of severe leaks around flanges
on the retort. Therefore results on this run are suspect,

Run 19 was begun after repairs had been completed on the
retort flanges. The run was a second attempt at operating
with a lower disengager teimperature with other parameters
essentially the same as in other successful disengager
runs: 500 mass rate, 20,000 recycle rate, and 4,500 air
(mixed 1:1 with part of the recycle).

It was very difficult to maintain the disengager temper-
ature at 450 F; the temperature varied between 300 and
550, averaging about 400 F. The overall AP remained at
about 1.7 inches of mercury during the run. Very little
mist was noted.

Shale movement was erratic and required frequent hammering
to maintain it. The shale seemed to be hindered at the
bottom of the disengager. The operability, nevertheless
appeared fair to good during the seven~hour run.

The yield was excellent at 100%. The product split was
a typical 57% to 43% in favor of the disengager.

In Run 20, the purpose was to operate the retort with rich
shale at 500 mass rate and 20,000 recycle rate, with the
disengager. The air distributors had been moved up about
18 inches for better heat distribution.

The retort was difficult to operate from the inception of
the run. Furnace 3 was impossible to maintain at 600 F.
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(The heating element in this furnace were probably at
incipient failure at this time, since it failed near
the end of the run.)

Constant and violent hammering were necessary to keep
shale moving. Apparently, the greater tendency of rich
shale to agglomerate, accounted for poorer shale flow.

The shale was slowed to 300 mass rate and 6,000 SCF/T
air, mixed with recycle, was added through the air dis-
tributors. The total recycle rate was dropped to 10,000
SCF/T. Shale flow was still poor, hanging up either at
the top of Furnace 5 or in Furnace 3.

The overall pressure drop held at about 1.7 inches of
mercury throughout the run, which lasted about nine hours.

Operability was judged poor.

Run 21 was one in which we attempted to run rich shale
(51.% gallons per ton) with external heating at 500 mass
rate and 20,000 recycle and the disengager at 600 F.
(The shale was analyzed after the fact, and was richer
than desired.)

Good shale flow was noted for about an hour after shale
first showed in the sight-glass at the top of the retort.
That would put the shale at about the top gquarter of
Furnace 4 (directly below the disengager). At that time,
shale flow became very bad and, only ten minutes later,
flow stopped and could not be started again.

Air was admitted to the unit in an attempt to free the
shale, but this failed.

When the retort was cooled down, a hard, massive agglomerate
was found to fill it from Furnace 2 down through 6.

No oil at all was found in the disengager, which indicates
that it might have been blocked near the beginning of the
operation.

3. Future Plans

The immediate goal of our work is to learn how to run with
rich shale (- 40 gallons per ton). Our interest in this
area is primarily for process understanding. A related
objective is to evaluate the effect of gas rate on oper-
ability and yield in this apparatus.
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B. Organic Carbon Distribution in Clinkers and Spent Shale

Figure 30 is a sketch of the Run C990 clinker. A decarbonized,
vitreous portion of this aggregate exists around the air dis-
tributor and rests on the yoke. 1Its composition is indicated
by Sample 1. Samples 2 and 3 are also substantially free of
organic carbon but most of the inorganic carbon, in the form
of carbonates, remains. Sample 4 is relatively rich in coke
carbon compared to either raw or spent shale. This may be
inferred from their coke carbon to ash ratios. (Coke carbon
rather than organic carbon 1s used in this argument because of
the wide difference in oil content among these samples.)

The fact that organic decarbonization has proceeded to the extent
that it has, in Samples 1, 2 and 3, suggested that this aggregate
was in place for some time before the retort was shut down.
Vertical temperature profile data support this inference. Sample
4 is probably a remnant of a larger organic carbon rich aggregate
existing on the east side of the retort. A multiparticle aggre-
gate which is rich in fuel and which is located near the point

of air injection is felt to be the most likely precusor to the
massive clinkers observed in Retort No. 3.

Such carbon-rich aggregates may also be found in the spent shale
discharge from a stable operation of Retort No. 3. A grab
sample of uncrushed spent shale was taken during the recent
operation with 1/4 to 2 1/2 inch raw shale. The roll feeder

was in use at that time so that some crushing of the spent shale
occurred as it discharged. 60% of the spent shale passed through
a 4 mesh screen. Of the remaining 40%, 93% was identifiable

as spent shale particles, 6% was small carbon-rich aggregates,
which we have generally called agglomerates, and 1% was small
clinkers. The carbon-rich portions of this sample are the

fines and the agglomerates. These results are summarized in
Table 6. The clearest indication that these two components are
organic carbon rich is the ratio of organic carbon to ash. This
ratio is independent of the extent of carbonate decomposition
and therefore gives an unambiguous criterion for deciding
whether or not a fraction is organic carbon rich. If one breaks
up the agglomerate fraction so that the carbonaceous binder

can be separated from the pieces of spent shale that it finds,
it is found that this material has an organic carbon to organic
hydrogen ratio of 9.20 and an organic carbon to ash ratio of
0.0410. This organic carbon to ash ratio is about 40% higher
than in the spent shale composite analysis, more than twice that
of the burned spent shale particles and more than ten times

that of the clinkers. These high ratios suggest that this binder
is a pyrolysis product of shale oil.
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cher Assay, Gal/Ton (1)

Chemical Analyses (1)

0Oil, Wt %

Water, Wt %

Gas + Loss, Wt %
Spent Shale, Wt %

Mineral CO2, Wt %

Total Carbon, Wt %

Total Hydrogen, Wt %

Ash, Wt %

Organic Carbon, Wt

Organic Hydrogen, Wt %

Organic (C/H) Wt Ratio

(Oxrganic C/Ash) Wt Ratio

FIGURE 30

CLINKER FOUND ON SHUTDOWN - RUN C990
Raw
1 2 3 4 Shale
0.3 0.1 0.3 10.2 25.8
0.1 0.1 0.1 3,9 9.8
0.2 0.2 0.3 0.7 0.9
0.0 0.3 0.3 1.0 1.8
99,7 99.4 99.3 94.4 87.5
1.26 17.3 12.7 19.0 17.2
0.54 6.46 2.56 12.5 16.0
0.54 0.20 0.07 0.85 1.68
99.2  79.6 85.0 72.0 69.6
0.20 1.73 (0.00) 7.31 11.3
0.52 0.18 0.04 0.77 1.46
- 9061 - 9.49 7074
—-— 0.0292 -- 0.1015 0.1623
- 0.0198 -- 0.0508 0.0341

(Coke C/Ash) Wt Ratio

(1)pry Basis
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Weight % in Total Sample

Weight % in +4 Mesh Fraction
Chemical Analyses

Mineral CO3, Wt %

Total Carbon, Wt %

Total Hydrogen, Wt %

Ash, Wt %

Organic Carbon, Wt %
Organic Hydrogen, Wt %

Organic (C/H) Wt Ratio

(Organic C/Ash) Wt Ratio

(l)Dry Basis

TABLE 6

SPENT SHALE ANALYSIS FROM A TYPICAL
STABLE OPERATION OF RETORT NO. 3

.

-4 Mesh Fines +4 Mesh Particles Composite
60% 40%
Burned Spent
Shale Agglomerates Clinkers
93% 6% 1%
l6.6 14.6 17.0 2.82 15.8
7.47 . 5.49 7.53 1.12 6.7
0.71 0.28 0.43 0.11 0.54
79.0 82.6 78.9 96.9 80.4
+2.94 ‘ 1.50 2.89 0.35 2.39
0.27 0.20 0.37 0.08 0.25
10.89 7.50 7.81 4.38 9.56
0.0372 0.0182 0.0366 0.0036 0.0297
KIJagel

8/10/67
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VIY. ENGINEERING. AND ECONOI{IC ANALYSES (K. I. Jagel, Jr. and
R. A, Reitz)

A. Allis-Chalmers Secondary Crusher Tests

The closed circuit test work with the Allis-Chalmers double
roll crusher has been completed. Product size distribution
cata for this test work is given on Figure 31 and Table 7.
The open and closed circuit test data presented were run back
to back without changing the crusher setting to remove any
bias between the results.

These tests indicate that closed circuit operation has no
significant effect on product size distribution with low
percentages of oversize. The 27.5 inches § to § shows a
reduction in fines while the 27.0 inches § to § shows an
increase in fines. This probably indicates that the difference
between open and closed circuit size distributions is due to '
sampling and Ty-Lab errors, and therefore not significant.
Although an increase in 2 jnch plus material is expected for
the 27.0 inches € to £ closea circuit test, none is indicated.
The first pass oversize may be small enough so that it is
almost completely converted to 2 inch minus material with
these settings and teeth configuration.

The distributions on Figure3l represent crusher products, and
these must be adjusted to 2 1/2 3inech minus and 2 jinch minus
bases before a comparison with open circuit tests can be made.
When this is done, tne following results are obtained:

Circuit Open Closed Open Closed
98% passing 2" : . o 2 1/2" —
& 1/4% 12 7.5 6.5 3.5

In each case, a reduction in fines is obtained by recycling
a small oversize fraction. The 1/4 inch minus content for
the open circuit operations was estimated from Figure 22 of
the July Monthly Progress Memorandum.

A1l of our required test work with the secondary crusher is
now complete. By mutual agreement with Allis-Chalmers, we
will not have to test the large tooth rolls originally fur-
nished with the crusher. We have also sent Allis-~-Chalmers all
the required operating data on the secondary crusher for the
period from its installation to August 1, 19¢7.

B. Stedman Secondary Crushing Tests

Mr. P, !i. Perrine of Stedman Foundry and Machine Company visited
us recently to transmit the results of their secondary crushing
tests with oil shale in a Single Cage Disintegrator. The data
are given in Table 8. The 3 inch minus material has less mate~
rial above 1 inch and slightly more fines than a comparable






y TABLE 8
TEST DATA FOR SINGLE CAGE DISINTEGRATOR
TEST SHEET

Date .....J0, 20, 1267 Test Mo e 2200,
Size of Feed ....6M.X. 30 C MOISHUIE  eeeeeeeeeeemereser e
Temperature e e ' ' Humidity
Material .......... 0il Shale .. R S e eeseeenesesee s s eee e eeeen e eeee
Firm .......}MooLYL Oi Corporation e e AQArESS e Rifle, Colorado . .
Machine Used in Test ....... 300 8ingle Caza DIsInbegrabon e
Type HAMIMEr e ,  Type Grinding P20 oo e
| No. 1 . HNo.2 He. 3
Cage .....0" Spaclnz  Cage ....Sama . R Y - R SaM e
Speed ......500 RP.M  Spoed .59 __RP.M  Speed.....T19 _ RPH
Sample B8 oo e Sample Ihs, ... R ‘ . Sampls IBSs oo emeeeemmeeeemeeserens
Time e, Min. .............Sec. Timeg cccevecennes LT 11 A 11111 S Min. e Sce.
Capacity ..o Lhs./hr. CAPACItY v .. Lhs.zhr, C2ECHY ceoroerercienrrens LB/,
1200 # per hr. per HP ... $290.....% per hr. per HP ... 5500.......... 3 per hr. per HP
, : | :
Screen Size ((ft;)) 3 2in | on | In
3 - % On. 127.7 - Rarcyele Load 38,31
% Thiu ?2.3’/(
w | Closed Circuil : )
Z| % Thmu 100, | 83.1 | 59.1] 29.8] 6,1
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< , _ T
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TABLE 8 (Continued)

! TEST SHEET
Date u.een . SR T3 L T
Size of Feed .nrneecnreencene Molsture ..o eieees
Temperaltre ooeeeeeeeeenie Humigity ooeeenne.

B -1 T 1 - O OO OO USRU .
FIIM et ettt ns e e naane A BFESS e
MIACHINE USEH BN TESE weveeeeremcereeeremaessaosseessscre eresssssnsasess ereseserssessssmsescussescemssassasssemsasemsnessanrenes
Type H%smmer ................................. Typa Grinding Plale coovee e

NoHq L . Ho.fR Ke..3
cége Sama ........................ Cage ......... 5 ............. : cagé .................. *6 ..............
speed .59 . R. P. M L RP. M. SDEEH oo R. P. I3,
s§mple 38s e enen Sample S o +  Sample lbs.
Time .............. Min. .............. Sec Time v 51 P Sac. Time coeeeeee.. /11 See
Capacity 1'550 ............. Lks./hr. 1T . Lhs./hr. Capacity ...eeeeeeeeeeeeceanenne Lbs./li
SORSSRESN 5 1-1 33 |1 28 -1 20 11 SO # per hr. per HP o # per hr. per KP

. .| Screen Sizo ((::3)) 30 | oL ! o1 [ qu 1 A

1 % On l8.9ﬁ?.“:ecvclr=, Loadl23.3%
: % Thru 81,11
w| CGlosed Circuit -~
> Y Thru 100, (L9, p2.6
fé:' % 0On
2579 th
-
2 CIcqsoedTgér‘cuit
©
< % 0n ¢
3 % Thru
Clesed Gircuit
% Thru
- No. 1 No. 2 Ne. 3
Volts | Amps H. P. | | Vaits Amps ’ H. P. | | Voiis Arips H. P.
E | E |
L | l L
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size from our double roll crusher. However, the 2 inch minus
material is almost identical with a comparable double roll
crusher product.

A forecast of operating data was made for the largest size
Disintegrator based on the test results. This forecast is
given on Table 9. The capacity includes the circulating load,
and these machines are always operated in closed circuit.

The cage RPM is smaller for the 60 inch mill compared to the
test mill because the peripheral speed of the cage is the
important variable. At 350 RPM, it is estimated that the cage
life might be 400,000 tons, while the liner life might be
800,000 tons. These wear data are simply estimates based on
Stedman's experience with other materials, and do not represent
any type of actual test data on oil shale.

The Single Cage Disintegrator appears to make about the same
amount of fines as a double roll crusher, but does not require
the day to day hardfacing that a tooth type double roll crusher
requires. Therefore, the Disintegrator may have a distinct
economic advantage over tooth type double roll crushers as a
secondary crusher.

c. Allis~-Chalmers Flowsheet Type Design

The Flowsheet Type Design report for an 84,000 tons per calendar
day crushing plant has been delayed from the contract completion
date of July 31. This work is being done by Allis~Chalmers as
part of the crushing research program. At the time of this
writing, part of the report had been printed, and part of it

was still in the final stages of preparation. The report should
be completed by late August and will be distributed to the
Participating Parties in September.
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TABLE 9

ESTIMATED DATA FOR A 60 INCH SINGLE CAGE DISINTEGRATOR

60" MYIL | THRU PUT HP REQUIRED | HP RECOMIELDED
CAPACITY ' :
250RPH 500 TPH 150 200
300 550 . 178 250
350 600 220 300
LoO 650 285 350
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