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The primary objective of the Anvil Points 0il Shale Research
Center MONTHLY PROGRESS MEMORANDUM is to advise authorized
personnel employed by the Participating Parties(l) that various
activities are in progress or that certain significant data
have been obtained within the Research Center.

These MONTHLY PROGRESS MEMORANDA have been prepared to provide
rapid, 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,
The PROGRESS MEMORANDA have not been edited in detail.

(1)Mobil 0il Corporation

Continental 0il Company

Humble 0il and Refining Company
Pan American Petroleum Corporation
Phillips Petroleum Company
Sinclair Research, Inc.
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CONFIDEMNTIAL

MONTHLY PROCRESS MEMORANDUM
(Covering March 16 to April 15, 1S67)

MINING SECTION (G. R. Haworth, J. B. fellers and F, W,
Brackebusch)

Mine Production

1. Progress

During the period since March 15, we have taken 15 rounds
in the four production headings, see Fiqure 1. We had
anticipated being able to take 22 rounds altogether, and
we had also intended to concentrate our mining in Room 3
and in Crosscut 34B. However, three factors contributed
to production delays. The factor which upset the schedule
the most, was our series of decision to pull the mining
crews out of Room 3 and Crosscut 34B because of movement
at sag rod Stations 19 and 21.

On March 20 we stopped mining in these two headings for
two days until we were certain that the novement occurring
after the first blast in Crosscut 34B had decelerated, and
again on March 24 we stopped mining there for three days
for the same reason. Later on April 10, after studying a
four day period without blasting, the movement in the

back above the entrance to Crosscut 34R at Station 21
appeared to be continuing at a constant velocity. So we
decided to install six 25 foot rock bolts in the entrance
to the crosscut to stop the movement from continuing,
Probably this condition is not at all serious, but we could
not afford to lose any more time delaying the schedule

and studying the movement at this particular locality.

It can be done more satisfactorily when we blast cross-
cuts through the rib pillars. We lost an additional four
days on our schedule for mining Room 3 and Crosscut 34B
awaiting delivery of the installation equipment and
carrying out the installation of the bolts. The bolts
were installed by April 15,

The other two factors which caused delavs were, a high
level of absenteeism running around 15 manshifts per week,
mainly due to sickness. And, a couple of structural fail-
ures on the drill jumbo costing us three to four days down-
time on the drilling work (see A 3).

The condition of the ribs has been improving as the drill
operators gain more experience and position their rib
holes more accurately. However there will always be a lot



FIGURE 1’
STATUS OF MINING OPERATIONS
April 15/67




of scaling necessary to make the ribs safe unless pre-
splitting or cushion blasting is used. A separate economic
study will be necessary at some future date to determine
whether there would ke an economic advantage to smooth

wall blasting.

e are now in the process of arranging an exchange of equip-
ment with Cleveland Cliffs for demonstration purposes.

This would involve exchanging our Koehring Skooper for their
Gradall Mechanical Scaler for a period of one week. We

will obtain time study data on the “echanical Scaling opera-
tion and this will be of great value for cost study back-

up data. We anticipate that this will reduce guite con-
siderably the magnitude of the scaling problem in a pro-
duction operation.

We have taken three additional rounds in the haulage ramp.
It is now extended to the point where the benchinag opera-
tion can be started using the down-hole drill,

2. Schedule

In last month's progress memorandum it was stated that we
might be able to improve on the original schedule and con-
nect Rooms 3 and 4 through Crosscut 34H by mid-May. 1In
view of the delays, this will not now be possible. On
Figure 1 a tentative schedule is shown. Assuming that we
continue mining at the same rate as we did last month, we
should finish at the latest by the end of May. W%e will
start drillinog the first benching round on April 17 and
we expect to gain a week by breaking through to the ramp
and opening up immediately a good working face along the
south side of Crosscut 23A and at the south end of Room 2.

3. Equipment Availability

Equipment availability has been very satisfactory for the
last four weeks. The only problems we have had, have been
on the drill jumbo. These problems were structural, first
the swivel on the boom support cylinder sheared off, this
was easily rewelded. Then the cab travel guides on the
mast started to show signs of bending. This is more serious
and drilling has been suspended awaiting arrival of the
Gardner Denver design engineer on April 17. Preliminary
inspection indicates that the guides were underdesigned.
The CGardner Denver engineer will also review the hoom
support design.



4. Condition of Roof in Rooms 1, 2 and 3

Seven new sag pin stations have been installed during the
period. Their locations and the locations of the other
sag pin stations are shown in Figure 2.

In RPoom 1 Stations 15 and 17 show roof sags of 0.016 and
C.017 inches respectively at the 12 foot 6 inch horizon.
Both stations were set close to the advancing face and the
sag occurred following the first blast after the instal-
lation. Subsequent blasts in Room 1 produced no further
sagging and the roof is stable.

In Room 2 similar phenomena have been observed. Stations

10 and 16 in the roof fall area show the roof here to be
stable. The parting at the 12 foot 6 inch horizon has
actually closed 0.003 inches at Station 10 while at Station
16 the increase in sag has been 0.007 inches during the
period. Station 18 showed a sag of 0.015 inches immediately
following the first bhlast after installation, further blasts
in Room 2 produced no further sagging here. Stations 24,

25 and 26 were installed in a line across Room 2, 10 feet
from the face. Stations 24 and 26 are 10 feet from the
pillar walls. Station 25 is at mid span. This configuration
is designec to measure the extent of the deflection at
various positions across the roof beam. After the first
blast in Room 2 following their installation the sagging
from the 12 foot 6 inch parting plane measured 0,001 inch

at the west side, 0.006 inch at the center of the span

and 0.003 inches on the east side. At these same stations
sagging was detected in the 15 to 25 foot horizon amounting
to 0.009 inches on the west, 0.015 inches in the center

and 0.006 inches on the east.

In Room 3 the roof conditions are not as satisfactory as
in Roome 1 and 2. Cumulative sags of 0.072 inches and 0.095
inches have bkeen measured to date at the 12 foot 6 inch
horizon at Stations 19 and 21 respectively. Figures 3 and
4 show how these sags developed as both Room 3 and Cross-
cut 34B were advanced. The sag which occurred as Poom 3
advanced was similar to that experienced in Rooms 1 and

2, but as soon as the first round was taken in Crosscut
34B on March 12 there was a noticeable acceleration of
movement recorded at Station 19. At this point we stopped
work in the area until the movement had decelerated. We
then installed Station 21 in the entrance to Crosscut 34B
and took the second round there on March 23. Station 21
showed a sizeable movement of 0,055 inches and we again
stopped work in the area until movement had decelerated.
Sag at Stations 19 and 21 then continued at a slow rate
between blasts with acceleration immediately following
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B.

blasts in Room 3 and particularly in Crosscut 34B. Saaging
at Station 19 apveared to be decelerating by April 10 but
at Station 21 the saoging seemed to be continuing at a
steady rate of 1 to 2 thousandths of an inch per day. The
area where the movement occurred appeared to be confined to
the area immediately opposite Crosscut 34R. Movement at
Station 22 showed sags of 0.024 inches at the 12 foot 6
inch horizon and at Station 20 the corresponding sag was
0.029 inches and no movements occurred after April 1. The
crosscut intersection area in Room 3 is directly opposite
the roof fall area in Adit 5 and is affected by the same
joint pattern running in a NE-SW direction. In both areas
the sagging was aggravated by driving the crosscuts rather
than by driving the rooms. However the sag in the 0 to S
foot zone in Room 3 is only 0.005 inches compared with
0.200 inches in the roof fall area. Thus the danger of a
similar roof fall occurring in Poom 3 as that in Adit 5 is
not present. This shows the necessity for and efficiency
of installing short roof holts close to the advancing faces.

Even though the magnitude of the sagging from the 12 foot
6 inch horizon in Room 3 was still only a half of that
recorded above the roof fall area, a decision was made to
install a few 25 foot 1 1/2 inch diameter rock bolts. So
on April 14 six long bolts were installed around sag pin
Station 21 and in between Stations 21 and 19. The immedi-
ate effect of the long bolts was to draw the roof bhack up-
wards 0.003 inches.

A sag of 0.039 inches has been measured at Station 23 which
is larger than experienced in Rooms 1 and 2. The sag
occurred immediately after the first blast in Room 3 and

in the five days following the blast increased sagging was
practically zero.

Drilling and Blasting Development

During the period, March 15, 1967 to April 15, 1967, a standard
round has been developed for 40 foot by 6C foot headings for the
top 40 feet of the Mahogany Marker. Following are the design
features of the standard headina round:

1.

Twenty-eight 4-inch diameter blast holes are drilled
according to the configuration shown on Fiagqure 5. MNote
that there are five rows of holes with six holes per row
except in the top and bottom rows which have only five
holes.

The V-cut angle is 49°,

The horizontal burden of the blast holes is 15 feet while
the vertical burden is about ¢ feet.



FIGURE 5

STANDARD 27 FOOT ROUND  40' X 60' ROOM
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4. The rib holes are 27 1/2 feet from the center line to allow
for overbreak, scaling, and inaccuracy in positioning blast
holes.

5. All blast holes are toe primed.

6. Six cut holes create a central cavity (see Figure 6), and
all other holes enlarge that cavity. The corner holes
are blasted last to provide square corners.

7. The cut holes contain more ANFO than the other holes be-
cause of the prime importance of creating a large central
cavity before the nther blast holes are detonated. The
powder factor of the cut holes is 1.25 pounds per ton, and
the powder factor is 0.40 in the other holes.

Following are some characteristic results of the standard heading
round.

1. The powder factor based on the tonnage blasted is about
0.55 pounds of ANFQ per ton of broken rock.

2. The standard heading round produces about 4,000 tons of
broken rock.

3. The fragmentation is excellent. Apart from a few large
pieces most rocks are 18 inches or less in diameter.

4, The throw of the broken rock is 140 to 160 feet, There-
fore, the muck pile is shallow at the toe, 4 to 5 feet
deep 140 feet from the face, and it thickens toward the
face becoming 25 to 30 feet deep at the face,

5. The advance provided by a standard heading round is 23 to
26 feet., This has been improving and should become con-
sistently 25 feet or better with experienced drilling and
blasting crews.

6. The ribs and face are typically rough - a drawback of
large diameter blast holes.

Accuracy in positioning blast holes is a critical element in
the efficiency of a blast. If the cut holes are not drilled
with a sufficient angle, or if one or more cut holes misfire,
the tonnage of rock blasted may be cut by 20 to 30%, Care must
be taken not to drill blast holes into the roof stone, but

if the upper row of blast holes are drilled too far from the
roof, dangerous overhangs are left after the blast. The proper
Adistance between the roof line and the top row of 4-inch blast
holes is 3 to 4 feet. Rotary drills characteristically produce
crooked holes. These deviant holes may partially account for
the rough ribs and the occasional blast hole that penetrates
the roof stone.



FIGURE 6

LOADING DIAGRAM

20 or 30 Toot Rounds
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Some trouble has been experienced lately with the floor of the
heading rising relative to the strata. The cause is probably
the o0ld problem of water in the lifter holes. Because water
effectively dampens detonation of ANFO, the water must be re-
moved from the blast holes. Use of a suction pump may be a
better method to remove the water from the blast holes than the
present method of blowing the water out of the hole with com-
pressed air.

The cost of electric blasting caps is an increasing function of
the length of the lead wires of the caps. Therefore, the cost
of blasting caps would be reduced substantially (0.28¢/ton) by
priming the top of the ANFO column rather than priming the toe
of the column. A standard heading round was used to test collar
priming. The primers were stemmed with ANFPO to increase detona-
tion pressures of the primer. The round was unsuccessful be-
cause the footage advanced was only 15 feet. Collar priming

was the only change from the standard heading round. One cut
hole nisfired ané the throw was 177 feet. Another round will be
taken using collar priming before a definite conclusion can be
reached. It appears that misfires may be a reoccurring problem
when collar priming.

Two standard heading rounds have been taken using DuPont Accudet
Mark V short period delay blasting caps in order to determine

if they improved the condition of the face and ribs. Both rounds
produced coarse fragmentation compared with the fragmentation
using millisecond caps. The coarse fragmentation slowed the
mucking operation considerably. Some of the rocks were too

large to fit in the 6 1/2 cubic yard Skooper bucket. The footage
advanced was slightly less than the average footage advance using
millisecond delay caps. However, the throw was reduced to about
100 feet.

The advantages of blasting with short period delay blasting caps
appear to be:

1. The short throw produces a steep, well-shaped muck pile.

2, Due to the coarser fraomentation, less fines are produced
by the blast.

The disadvantages appear to be:

1. Coarser fragmentation makes the mucking operation more
difficult and increases crushing and secondary blasting
costs.

2. The average advance per round is less than for milli-
second blasting caps.

Scaling time and effort are not much different than that re-
quired for rounds using millisecond caps.
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C. Pillar Research

All three central pillars 23B, 23D and 23F are now instrumented
with MPBX's to measure pillar convergence. Figures 7 to 15 show
the results to date. (Figure 1 shows the face position at
various dates).

Pillar 23R (Figures 7, 8 and 9) showed a regular pattern of
convergence which ceased on March 20 when mining of Rooms 2

and 3 had passed the pillar on both sides and was advancing
beyond the pillar. The absence of further convergence indicates
that the pillar is not being subjected to increasing stresses

by mining in areas which are not immediately next to the pillar.
Also since the pillar is static it can be inferred that it

is not breaking up but is stable. All three MPBX's in this
pillar show an apparent divergence or expansion of the rock in
the zone immediately above the pillar.

Pillar 23D showed a regular pattern of convergence as Rooms 2
and 3 were mined out on either side. Iliovement of the pillar

did not commence until a part of it was actually exposed by

the blast in Room 2 on March 9 (see Figure 1l). Convergence fol-
lowed immediately when a blast was taken next to the pillar.
In.between blasts little or no further convergence occurred.
This is particularly evident from the measurement on !PBX Mo. 6
(Figure 10}. MPBX No. 7 shows anomalous readings due to the
fact that the collar anchor on this instrument was not tight
enough. The apparent upward movement of Anchor Mo. 1 (see Figure
11) was clear evidence that the collar anchor was creeping down
the hole. The collar anchor was tightened and normal readings
were then obtained. Although the movement of the collar anchor
may have detracted from the value of the readings any movements
affect all the readings of the various up-in-the-hole anchors
equally such that the differentials shall remain true. A study
of the differentials will be undertaken to determine the various
inter-anchor strains. M™PBX No. 8 (Figure 12) shows a similar
phenomena in which the upper anchors remain fixed relative to
the collar anchor while the lower anchors apparently move upwards.
This again indicated that the anchor was moving downwards and
the MPBX needed tightening.

Pillar 34F (Fiqures 13, 14 and 15) showed convergence occurring
as mining in Room 2 approached the pillar. ining in Room 2 was
temporarily suspended while mining in Room 3 and Crosscut 34@
was pushed. During this period mining was remote from the pillar
causing no convergence. Then as Room 3 approached the pillar
convergence began again and accelerated when Room 2 actually
exposed a portion of the pillar. MPBX No. 11 (Figure 15) showed
much larger convergences than any other gauge, and occurring at
a very early time when the faces were remote from the gauge site.
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In general the pillar convergence measurements are behaving in
a logical and orderly fashion. A rough preliminary analysis
reveals a couple of surprising phenomena. Namely that with the
exception of MPBY !Mo. 11 the pillars show little converagence
until they are actually exposed and also the rock immediately
above the pillars 23B and 23D seems to expand.

During the period, dilation pins have been installed in Pillar
23D to measure the sideways bulging of the pillars. These
readings are not as useful as the convergence measurements
since the gauges can only be set when the pillars have been
exposed, by which time most of the bulging has already occurred,.

Pillar 23B was instrumented in a similar manner some time ago
using MPBX's to measure the dilation. Unfortunately the pillar
spalled badly at the instrument locations and the MPBX heads
protrucded sufficiently that they were subjected to blasting
damage. The spalling problem is likely to affect all types of
dilation measuring gauges.

An attempt was made to install photoelastic stress gauges in
Pillar 23D. The holes were drilled using a 1 1/2 inch rotary
drag bit which reamed the holes oversize to the extent that

they were unusuable. Further attemps will be made using diamond
drill holes.

Five photoelastic stress meters which had been installed in the
ventilation crosscut in September 1966 (see Fioure 2) have been
monitored over this considerable period of time. Contrary to
expectations the increase of stress level in the rock caused

by the mining out of Crosscut 12E near the gauges was very small.
A stress increase of 100 psi was noted which occurred evenly
over a distance of 50 feet from the mining room.

In June 1966 the U. S. Bureau of Mines conducted overcoring
studies to measure the in situ stresses of the oil shale.
Preliminary results of this study are now forthcoming and are
as follows.

Principle Stresses - Magnitudes and Directions

Magnitude Bearing Inclination
Maximum 903 psi 2380 101.4°
Intermediate 773 psi 241° 110
Minimum 148 psi 148° 890

In more simple terms the maximum stress of 9C3 »si acts roughly
horizontally in a NE~SW direction. The minimum stress of 148
psi acts horizontally in a NW-SE direction and the intermediate
stress of 773 psi acts vertically.
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Several interesting points arise from the data.

1.

D.

None of the stress levels are excessive but the vertical
stress is larger than that calculable from the super-
incumbent load while the maximum horizontal stress is
much larger than expected.

The direction of the principal stresces coincides closely
with the major joint rmattern which runs in a NE-SW direction.
From the data it would seem that the joints are a result

of tensile forces which have caused relief of the horizontal
stresses in a direction normal to the joint planes.

The direction of the principal stresses closely varallel
the orientation of the mining headinas. Furthermore it
can be stated that the mining rooms are oriented in the
best direction to maintain roof stability. The reason for
this is as follows:

The maximum horizontal stress in the roof stone acts at
right angles tc the lorng axis of the mining rooms and thus
exerts a stabilizing influence in holding the roof beams
in compression. This can explain why the roof sags much
more when mining crosscuts. The crosscuts effectively
increase the span in the direction of the maximum roof
stress, the additional sagging caused merely by the in-
creased span is compounded by the tensile forces this
sagging induces which reduce the lateral compressive
restraints acting in the roof permitting even more sagging.

Looking at it another wav, suppose that the mining rooms
were oriented at 90° to their present direction, i.e. in
a NE-SW direction. Then *he sagging along the length of
the rooms would greatly reduce the lateral stabilizing
compression due to the maximum horizontal stress acting
in the rock while in the other direction across the rooms
the horizontal rock stresses are already very low. The
result is that the horizontal compressions in the roof
vould be very low in all directions which leade to a con-
dition more condusive for the roof keams to fail in

shear at the pillar lines.

Truck Loading Time Studies

During the period we have cormmenced taking time studies of the
Skooper operation now that the operators have become familiar
with this viece of equipment. The studies as yet are far from
complete since we would like to study the effect of the fol-~
lowing factors on the time taken to load a truck.

1.

Width of face ~ this affects the space for maneuvering
but is probably minor in the 40 to 60 feet range.
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2. Height of muck pile - The Skooper works better the higher
the muck pile and an average time is required at the
average muck pile height

3. Fragmentation - the coarser the fragmentation the slower
the loading operation.

4, Operator technique - the best technicue must be determined.

5. Number of trucks and haulage distance -~ too few trucks
create much 1dle Skooper time.

6. Average fill factor - some operators consistently fill
trucks fuller than others and the fill factor must be
taken into account.

The time study below was taken under the following conditions:
(1) height of muck pile 20 to 30 feet (2) face width 60 feet
(3) fragmentation coarse with large boulders (following blast
with Accudet delays) and a vary high muck pile, (4) two Darts
and one Mack truck hauling a distance 2,000 feet one way and
with an estimated £fill factor of 90% for the trucks.

20 Ton Dart Truck

Element Occurrence Elemental Time Total Time
Dump 4.21 0.075 0.316
Swing 4,21 0.141 0.524
Dig 4,17 0.419 1.747
Swing 4.25 0.105 0.446
Stock Piling 0.156 0.762 0.118
Clean Up 0.125 2.442 0.305
Moving 0.063 0.695 0.043
Waiting 1,000 0.650 0,650
Total 4,22 ™inutes

40 Ton Mack Truck

Element Occurrence Flemental Time Total Time
Dump 7.875% 0.075 0.591
Swing 7.625 0.141 1.075
Dig 7.50 0.419 3.143
Swing 7.625 0.105 0.801
Stock Piling 0.156 0.762 0.118
Clean Up 0.125 2.442 0.305
Moving 0.063 0.695 0.043
Waiting 1.000 0.650 0,650

Total 6.73 Minutes
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Thus when loading a 20 ton Dart the Skooper operates at 256
tons per hour and when loading a 40 ton Mack the Skooper
operates at 320 tons per hour.

In the mining cost study, it was estimated that a 10 yard
loader would make 8 passes and load an 80 ton truck in 4
minutes. This compares with the 6 1/2 yard Skooper taking
6.7 minutes to make 7.6 passes and load a 40 ton truck.

The cost study conditions and the present Skooper conditions

are not directly comparable. Factors in favor of the Skooper
which could increase the present loading rate of the above

study are (1) The trucks were smaller than in the cost study,
(2) the fragmentation was very coarse and at times the muck

pile was almost solid involving orotracted digging elements.
Better times should be exnerienced in the more usual muck

piles following millisecond delay blasts where the fragmentation
is usually excellent, and (3) the present Skooper is designed
for a 4.5 yard bucket, the present oversize bucket is difficult
to £ill, quite frequently the Skooper will push itself bodily
backwards while crowding the pile. It is conceivable that
better times could be made using a machine with a greater weight
to bucket size ratio.
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II. MECHANICAL ENGINEERING (W. S. Bergen, R. E. Smith and
J. J. McAleer)

Two shale fractions were studied during this period, 1/4 to 1
and 1 to 2 1/2 inch in size. Bardware and process flow changes
were made to accommodate these studies. Designs of possilkle
future installations are also well advanced.

Major revisions included:

1, Removal of partitioning in the shale cooling zones during
the 1/4 to 1 inch studies.

2. Installation of an "open" 36 riser air distributor arrange-
ment to study 1/4 to 1 inch shale.

3. Installation of air riser orifices on an equal air/shale/
riser basis rather than an equal air/riser basis - (1/4 to
1 inch shale).

4, Lowering of offgas headers to study rainback effects -
(1/4 to 1 inch shale).

5. Installation of a dilution gas and control system for 1/4
to 1 inch shale studies.

6. Installation of the original 36 riser layout with additional
retort lining to study 1 to 2 1/2 inch shale,

7. Design and construction of a mechanized string test apparatus
to study shale flow patterns.

A, Major Observations

1. The retort liner design appears to be structurally sound.
"Life" data will e developed.

2. Gammoswitches installed across the six drawoff pipes
signaled the bridging phenomenon that occurred during the
dilution gas tests.

3. Shale bridges can develop across an 18 by 38 inch hardware
layout with 1/4 to 1 inch shale.

4. The retort was lined with stainless steel as one test to
improve operability. The liner in Retort MNo. 2 was found
necessary to develop satisfactory operability. Operations
were not improved with the 1/4 to 1 inch shale.

Operations with 1 to 2 1/2 inch shale and the liner appear
more stable in tests to date. However the three over three
air header/recycle header configuration has been installed
in addition to the liner.
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Discussion

1. Crushing Plant

During this report period our general preventive maintenance
and secondary crusher hardfacing schedules were continued.
All of the teeth on each roll were completed, and three
circumferential hardfacing beads were applied to the roll
surface between the teeth. Some metal loss on the roll
proper between the teeth has been experienced and the cir-
cumferential hardfacing is designed to reduce this metal
loss and re-establish the original roll dimensions. Hard-
facing on the same schedule has been restarted and will
continue on a routine basis throuch the next report period.

A mechanical failure occurred on the movable roll posi-
tioning pivot shaft of the secondary crusher. This shaft
is approximately three inches in diameter and is a stub
piece welded into an end plate in a hollow six-inch pipe
shaft. One of these three~inch diameter shaft protrudes
from each end of the pivot shaft to provide a bearing
surface. The use of the two stub shafts is a design
weakness and is unnecessary. This defect was corrected
by employing a solid through shaft of suitable diameter.

Recording watt-hour demand meters have been purchased and
installed on the secondary crusher motors. This instru-
mentation will be used to obtain crushing-prover require-
ments in conjunction with Allis-Chalmers tests. This
information will be obtained and reported by the Retorting
Group.

Early this year, plans were formulated for a bimonthly
crusher plant shutdown and turnaround. Petort No. 3
operations and maintenance requirements made this imprac-
tical. As an alternative we have initiated the same work
on a piece-meal basis. At present the following crusher
plant equipment are being subjected to the "Bimonthly
Inspection and Maintenance”:

a. Dust collection system
b. Tertiary crusher
c. Crusher electrical system

2. Merrick Shale Accounting System

Recent tests with the large shale has permitted an evalu-
ation of the stability of tre Merrick shale accounting sys-
tem. During a nine-day operating period, no adjustments
were necessary operating at 300, 400 and 500 shale mass
rates.
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3. Riffler

A new riffler to sample raw shale has been designed,
material orcered, and is in fabrication. Installation

is scheduled by April 21. This riffler has heen designed
in accord with data described in last month's progress
memorandum by the Retorting Group.

4, - Shale Flow “easurement

Our current operability problems with 1/4 to 1 inch shale
have brought about the need for determining the quality
of shale flow above and below the air distributors in
Retort No. 3. A scheme was developed for obtaining shale
flow measurements at the ton of the retort. String was
fed into each of the six shale feed pipes. The flowing
shale would hold on to the strino and an accurate measure-
ment of shale flow in each of the feed vives could be ob-
tained by measurina the lengths of string drawn into the
pipe versus time. '

¢ix automatic recording string feeders were made and
installed to substitute for the manual technique oriaginally
employed. These have operated satisfactorily for small
shale, but developed undesirable scatter over the prolonged
run with larage shale. This was due primarily to oil and
dirt accumulation. The basic accuracy of the automatic
system is not as good as the manual, however it is adequate
when they are working properly.

5. Spent Shale Outlet Pipes

During tests with dilution gas, massive agglomerates of
shale bridged two 20-inch diameter spent shale outlet
pipes. This bridaing was noted by the Cammoswitch system.
Attempts to clcar the pine entrance by rodding were not
successful.

6. Star TFeeders

The Nos. 1, 2 and 3 star feeder side plates were removed
to inspect wearing surfaces and baffles during the April
3 to 6 turnaround. All were in satisfactory condition.

7. Screw Conveyors

The No. 2 and No. 3 screw conveyors were hardfaced during
the April 3 to 6 turnaround. All flight sections were
hardfaced.
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8. Screw Conveyors

New saddles, flight shafts and bearings were installed on
screw conveyors No. 2 and No. 3 during the April 3 to 6
turnaround. The new bearinas are a grease type. Wear on
the removed bearings will be measured and reported.

2. No. 3 Screw Conveyor, Water Pequirements

Data was developed on the amount of water used to hold
dust in the MNo. 3 screw convevor. Approximately 10 gallons
per minute were used at the 400 mass rate. 'hen the shale
rate with 1 to 2 1/2 inch shale was raised from 400 to

500 mass, additional water was necessary to hold down dust.
An additional 10 gallons per minute were initially added
and measured for the 500 mass rate. This rate was sub-
sequently lowered but not measured. The additional water
was added as a spray at the discharge of the No. 3 screw.

It was also necessary to change the location of the inlet
of the normal water supply. The conveyor would cake as the
500 mass rate was approached. The inlet is located four
feet east of the last saddle.

Several large lumps of very hard-concrete like-spent shale
have formed during this recent operation. Samples will be
obtained and analyzed during the next operating period for
study. This material is causing problems in operating the
slusher.

10. Air Distributor Systems

A 54 riser and 36 riser air distributor system were used
studying 1/4 to 1 inch shale. The 36 riser layout is
shown in Figure 16. Air headers were also streamlined
for this test with 7C degree caps.

11, Air Riser Orifices

During the 54 riser tests, air riser orifices were changed
from equal diameters to variable diameters. The new
diameters reflect the air needed for the shale passing by
any given riser. This data and comparatives with Retort
No. 2 are shown on Table 1. This concept takes riser to
wall clearances into account in distributing air.

12, 36 Riser Layout

The 36 riser layout installed to test 1 to 2 1/2 inch shale
is shown on Figure 17. It is the same as that used for
the original 1 to 2 1/2 inch shale studies. Additional
riser gusseting has been installed for this test. The air
headers were not streamlined.
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TABLE 1
ATIR FLOW FROM RISERS

Retort Wo. 3

36 Riser Layout - 4,400 SCF/T Air

Location No. Bed Area/Riser Air/Shale Ratio SCF/T
N-S Wall 14 1.86 3,950
E-W Wall 4 1.63 4,500
Corners 4 2.28 3,220
Internal Risers 14 1.33 S 5,520
Average - .36 1.67 4,400

54 Riser Layout - 4,400 SCF/T Air

Location * No. Bed Area/Riser Air/Shale Ratio SCF/T
N-S Wall 14 1.33 ’ 3,670
E-W Wall 8 1.14 4,300
Corners 4 1.63 o 3,000
Internal Risers 28 .93 5,230
Average 54 1.11 - _ 4,400

Retort No. 2

8 Riser Layout - 4,400 SCF/T Air

Location No. Bed Area/Riser Air/Shale Ratio SCF/T
Corners 4 1.30 4,070
Long Wall 4 1.10 4,780
Average 8 1.20 . " 4,400
{Comb Zone) '
Average 8 ) 1.11 : 4,400

{Liner Area)

WSBergen
4/15/67



FIGURE 17

2lan] or pETORT
B WT_.’/&/ Secij/iond .

22, 35 38 . 22
Yy TVE
i
:\_‘\\ . I ~ \ . ‘\ . . \\: ‘ \ \\\ ~ \\ ) “\‘\ " \\\\\' ‘.\ N \\\Y
1. [ T T G Vi
Ve O h {a | N ?
W ; | 1 N 7
1 N i ! !
R o it ) St ¢) RIS o) =y ¢ ey ) =e) o) N, ¥
o y T T o e ;
N | ' {i ; i N
,\ . g !3 k1 | ,4\\ ) ,5
- ’ ;; 3 é »\, !
“ — pp— ~Y TN C - =5 e Z s —
- ] il 1 -
] \ : i ﬁ .
. ! o i I5
I ! | N
4 i 1 F T .
L\ =T e T T =
o ! ; ? 1 ! \
™ | | : ' |
‘\‘. i * ; E i ! ; -
CN G e ’ TN T — f -'rr-ji -
N " L%‘ { " — C': e Lé‘,.i,.:. - ;.‘.“T).A e =0
‘< ! } i 4 35 § =
N i1 [ 1 ! o
;‘\ -‘e\\ NI T:‘\ T T N S 2\ T
ZJ\‘\\ ™, \,\\3 . . ~ i s . f
J, . ‘
TG 2% 12% | (25 || 2| 2% | 125 2% | 2% 9

T‘(PE !C,
Ss, pleE

sct. do 26
S5 PIPE,
BISELR DETAIL.

! NO,

DATE

‘PRINT ISSUE TO

ANV!L POI NTS
RIFLE, COLO.

OIL SHALE RESEARCH CENTER

PROJECT MANAGER- SOCONY MOBIL OIL CO., INC. |

SCALE
,// =/t o
DRAWN BY
L AETe NS
STARTEE N

L) 77

“AI2 DISTRIBUTOR S54CING
BC L/SELS

SEToRT A/

} JOB NO. CHARGE
| T COMPLETED.
A7 707 LOCATION DRAWING N
l APPROVED | PROCESS . | DESIGN_.-| SAFETY /&7 VING NO-
L b ’ AR DIMENS, ™y T (,*i I
i TR .E.‘&_ﬁ/ SN




- 20 -

13. Partitions

Partitions dividing the shale coolinag zone were removed
after test C1023.

14, Stainless Steel Liner

An additional liner section, 87 inches long was added
during the turnaround of April 3 to 6. A 1l2-inch section
was cut from the lower liner. Its configuration is the
same as that added for 1/4 to 1 inch shale. The liner is
now 142 inches long starting 8 inches above the air inlet.

15. Recycle Blower

No problems have been experienced with the recycle blower
during this period. The draining and shutdown procedures
appear to be effective.

16. Dilution Gas System

A dilution gas system was installed. Fssentially, a six-
inch pipe, orifice, and flow control system were added.
Dilution gas was added to the secondary air ahead of the
line burner. It was used only with the burner in operation.
At the conclusion of the test, the orifice was blanked

and the system left in tact for future studies.

17. Vertical Travelina Probe

A vertical traveling vrobe, 3/8 inch Schedule 4C stainless
steel pipe, was designed and installed atop the retort.
This may be used for pressure profiles or gas sampling down
to the combustion zone.

18. Retort No. 2

Work on rehabilitating Retort Mo. 2 for standby service
has been continuing, however extensive piratinag was
necessary to install the aas Ailution system on Tetort
Mo. 3.

Thermocouples were installed in each of Retort i'o. 2 air
inlets close to the retort. This was done to enable the
Retort Group to operate the line burner at normal startup
temperatures, and observe the gas temperatures entering
Retort Ho. 2. 'Je have suspected for some time that our
heat losses in Retort No. 2 resulted in significantly
lower gas injection temperatures in Petort Yo. 2 than in
Retort No. 3 during startup. ‘
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Future Installations and Engineering

e plan to install six Bailey meter vanes in the spent shale
zone. Each will be located essentially over the center of
each of the six drawoff pipes approximately 18 inches above
the drawoff pipe deck or inlet. Right angle support and
indicating shafts which will extend outside of the retort
to countinag recorders are currently being fabricated by
Grand Junction Steel Fabrication. We anticipate delivery
of this equipment on the 21st of April and installation and
testing will be performed as Retort No. 3 schedule permits.

The use of each type of shale measuring system will provide
simultaneous shale flow measurements in six retort sections
in the raw and spent shale zones. This should facilitate
understanding of the manner in which skewed temperature

and shale flow patterns develop.

e are presently refurbishing the original Retort No. 3

roll drawoff equipment for the purvose of reinstallation

if required. Some sections destroyed during removal will
be fabricated, but most of the required equipment is avail-
able and in working order. Our present No. 1 screw conveyor
or level control system will operate the rolls without any
difficulty. The control transition will therefore be
straight forward.

Designs for the initiation of the air distributor develop-
ment program are complete. All stainless steel flanges,
expansion joints an¢ header materials have been received.
Fabrication of headers, piping, risers, etc. is in progress.
Installation is planned for the first week in May. De-
signs for this work are shown on drawings:

RD 124 - Longitudinal Air Header Installation
BRB 125 - Piping Arrangement

RB 126 - Air Header and Riser Details

RB 127 - Piping Details

All are available on request.
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III. RETORTING SECTION (J. E. Lawson)

A.

Retorting Group (T. C. Lyons, ¥W. M. Broman, R. L. Clampitt,

D. P. Cotrupe, P. F. Gifford, J. W, Hasz, R. L. *cGalliard,
B. L. Reymond and E., I, Turner)

1.

Operation of Retort lo, 3 - Runs Cl017 Through C1028

a. Operations Summary (T. C. Lyons)

The operations during the past month have dealt pri-
marily with the small, 1/4 to 1 inch shale. The
addition of a stainless steel liner and the use of
dilution gas were the major hardware and process
changes made during this period. Unfortunately, a
satisfactory operation has yet to be achieved with
this size fraction. Recently, we have resumed studies
with the large, 1 to 2 1/2 inch shale. A very success-
ful operation was achieved for approximately 10 days
before the unit was shut down at our discretion. This
included five days at 500 mass rate - a condition
which failed after 24 hours in an earlier run.

In the previous report period (Progress Memorandum,
March 22, 1967), it will be recalled that the recycle
distributors were rearranged to obtain a hardware
symmetry which improved the shale flow. In addition,
the gas/shale ratio in the cooling zone was stabilized
by installing partitions in the bottom zone of the
retort vesseg. These modifications did not yield a
satisfactory operation with 1/4 to 1 inch shale;
therefore, it was concluded that the major problem did
not occur below the air distributors. Consequently,
recent efforts have been focused on the upper half of
the retort.

The first modification was to install a stainless steel
liner in the retorting zone. Five diverse startups
(Runs C1017 through Cl1021) were attempted with the
liner and the bottom compartments. Two of the runs
(C1019 and C1021) survived a shaky startup and reached
target conditions. However, they failed within 24
hours thereafter. The operation in Cl1019 appeared to
deteriorate following a short power outage. Run C1020
was an attempt to reproduce this promising run but it
failed early in the startup due to severely skewed
temperature profiles. Runs ClC17 and C1018 failed in
a similar fashion.

The next investigation with the small shale involved
shortened bayonets. This relates to the experience
in Retort No. 2 which indicated that some shale flow
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distortion was desirable at the level of air injection.
Thus, by reducing the bayonet length, the level of air
injection was brought closer to the flow-distorting
hardware. However, from the failure of Runs Cl1l022

and Cl1023, it was concluded that the modification was
irrelevant

Dilution gas was then used in an effort to temper the
combustion intensity and reduce clinkering. For pur-
poses of this study, the partitions were removed from
the shale cooling zone. One exploratory run (Cl1024)
guided the planning for Run ClC25. 1In the latter

run, dilution gas (2,500 SCF/T) was added in increments
as the oxygen concentration in the recycle gas dropped
below 4%. The line burner temperature was held at
1,200 F throughout the run. The startup and early
operation was marginal and the unit was forced down
after 27 hours. Typical large clinkers were found

in the upper section of the retort. In addition, wide
spread agglomerate formations were found in the

bottom section which is an unusual condition. Several
flow stoppages during operation were attributed to
plugging of the drawoff system with these agglomerates.

The final run (C1026) with the 1/4 to 1 inch shale
was made with a 36 bayonet distributor which was
designed to open up the hardware and facilitate shale
flow. The combustion zone temperatures skewed badly
from the very outset and the run was aborted shortly
thereafter. Inspection revealed that the clinkers
had bridged the open regions as in the nast with

the closer spacing.

Operation with the large, 1 to 2 1/2 inch shale was
resumed on April 7, 1967. The hardware was similar

to that used earlier with the large shale except that

a liner was present in the upper section of the retort
and three recycle distributors were used rather than
four. The unit startup was uneventful and no skewed
temperatures were encountered in the combustion or
cooling zones. The unit was operated for 9 2/3 days
and was shut down as scheduled on April 16. An inspec-
tion showed the unit to be in good condition save for
two bayonets which vibrated loose and passed out through
the spent shale system during the run. The operation
included two days at 400 mass rate (Run C1027) and

five days at 500 mass rate (Run Cl1028), The unit was
extremely stable at »oth conditions. This is in con-
trast to Run C997, in which the unit failed with a
clinker shortly after one day at the 500 mass rate.
Furthermore, it demonstrated exceptional ability to
recover from mechanical stoppages of the spent shale



withdrawal system. Five such stoopages were encountered
for durations up to 30 minutes. The available data
indicates that yields are comparable to the previous
runs. The carbon balance appears to have been improved
by modifications to the raw shale sampling system.
Further discussion of the operability and yvields from
Run C1027 and Cl1028 will be presented in the next
monthly Progress Memorandum,

b. Runs C1017 Through C1021 - 1/4 to 1 Inch Shale
' (B. L. Reymond)

1. Retort Configquration and Run Conditions

Systematic duplication of ketort No. 2 geometry
from the bottom up was furthered by installing

a stainless steel liner. The elevation of the
liner bottom over the air ports (8 inches) and
the ratio of the open cross sectional area of the
liner to that of the retort (92%) were felt to
influence operability the most and were there-
fore duplicated in Retort No. 3.

The liner was hoped to prevent anchoring of soft
bridges in the retorting zone. Such bridges are
thought to disturb shale and gas flow above the
combustion zone and act as clinker precursors.

Compartments in the cooling section, results of
an earlier duplication effort were left in place.

The unchanged gas distributors featured 54 bayo-
nets for the air and the three recvcle headers
were located approximately below the air headers.

All startups were conducted at 300 mass rate, with
an increasing severity from run to run (e.g. with
increasing air and/or recycle rates). The shale
rate was to be increased to 500 mass rate after
startup.

Through Run C1018, the air flow was adjusted to
provide an equal rate per bayonet. Prior to Run
C1019, this was changed to provide an equal air
rate per unit of retort cross sectional area
(based on liner dimensions).

Shale velocity in the six shale feed pipes on
top of the retort was measured by running str%ngs
down the pipes, in the so calied "string tests".

Initial startup conditions are summarized on
Table 2.
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2. Runs Description

Runs C1017 and C1018 were very similar in spite
of the higher severity startup in C1018 (5,500
versus 5,100 SCF/T air equivalent oxygen consump~
tion). Approximately five hours after firing the
line burner, the combustion zone temperatures
started diverging, In both runs the center cooled
off as the west side became hotter (Figure 18).
The string tests showed an acceleration of the
shale flow in the north-center and north-east
(Figure 19), beginning three hours after startup.
Offgas temperature splits developed in both runs,
with the west running higher than the others.
Those symptoms prompted shutdown after 6 1/2 hours
(C1017) and 7 hours (€1018) of operation. 1In
both cases clinkers were found in the south-west
corner (Figure 20). Larger bridges had probably
collapsed during shutdown; the small clinkers
found could not by themselves have produced the
perturbations in shale flow and combustion zone
temperatures experienced during the runs. More-
over the "medicine ball” clinkers could not have
formed where they were found, and therefore
originated as pieces of collamsed bridges inter-
cepted by the air headers. 1In C1018, small
pieces of clinker attached to the liner indicated
that the clinker originally had touched the south
wall from its remaining point of contact to the
south-west corner.

Startup Cl1019 suffered from the same ills as C1l017
and Cl1018, but recovered. Two hours after start-
up, the shale flow slowed down on the west side
(Figure 21). Two hours later the west side com-
bustion zone temperature (Figqure 22) increased
very rapidly whereas the center slowed down its
progress. The west offgas temperature split up
(Figure 23). Between 5 and 8 hours after startup,
there was a series of level drops resulting in

a decrease of bottom pressure, equalization of
combustion zone temperatures, offgas temperatures
and shale rates. The lull was short and 12 hours
after startup, the center combustion zone tem-
perature spiked at 1,850 F., Nevertheless, one
hour later the operation was satisfactory in all
respects,

Test period C1019-1, at 300 mass rate, was begun
16 hours after startup and proceeded smoothly for
8 hours when a power failure occurred, resulting
in a 5 minute interruption of normal operation.
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FIGURE 18
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SHALE FLOW
RUN C1018
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