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CONFIDE~'TIAL 

MONTHLY PROGF.ESS ~4Er10RANDtm 
(Covering r'!arch 16 to April 15, 1967) 

I. 	 UINING SECTION (G. R. Haworth, J. D. Sellers and F. N. 
BracKeSusch) 

A. 	 Mine Production 

1. 	 Progress 

During the period since ~lI.arch 15, we have taken 15 rouncs 
in the four production headings, see Figure 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 348. HO'tvever, three factors contributed 
to production delays. The factor t<lhich 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 ~'e stopped mining in these two headings for 
two days until we were certain that the Movement occurring 
after the first blast in Crosscut 34B had decelerated, and 
again on ~~arch 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 34B 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 move~ent 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 satisfactorilv "'lhen we blast cross­
cuts 	through the rib pillars. We-lost an additional f.our 
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 blO factors which caused delays 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 
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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 te an economic advantage to smooth 
wall blasting. 

"'Ie 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 lI'!echanical Scaling opera­
tion and this will be of great value for cost study back­
up data. ~~7e anticipate that this will reduce quite con­
siderably the magnitude of the scaling problem in a pro­
duction operation. 

N'e have taken three additional rounds in the haulage ramp. 
It is now extended to the point ",yhere the benchincr opera­
tion can be started using the dovm-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 throuqh Crosscut 34H by mid-May. In 
view of the delays, this "'ill 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 ~'lay. ~'~e will 
start drillinq the first benchinq 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 Poom 2. 

3. Equipment Availability 

Equipment availability has been very satisfactory for the 
last four ~"eeks. 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 at,'aiting arrival of the 
Gardner Denver design engineer on April 17. Preliminary 
inspection indicates that the guides were underdesigned. 
The Gardner Denver engineer will also review the boom 
support design. 
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4. Condition of Roof in Rooms 1, 2 and 3 

Seven new sag pin stations have been installed during the 
period. Their locations anc the locations of the other 
sag pin stations are sho,"Tn in Figure 2. 

In B.oom 1 Stations 15 and 17 show roof sags of 0.016 and 
0.017 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 1S 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 ~'lhi1e at Station 
16 the increase in sag has been 0.007 inches during the 
period. Station 18 sho~'I1ed a sag of 0.015 inches immediately 
following the first blast 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 designee. 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 
saqging 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 net as satisfactory as 
in Rooms 1 and 2. Cumulative saas of 0.072 inches and 0.O~15 
inches h~ve been measured to eate at the 12 foot 6 inch 
horizon at Stations 19 and 21 respectively. Figures 3 and 
4 show hO\~' these sags developed as both Room 3 and Cross­
cut 34B were advanced. The sag which occurred as Room 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 L"larch 19 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. t·;te 
then installed Station 21 in the entrance to Crosscut 34B 
and took the second round there on .t1arch 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 fo11o"Ting 
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blasts in Room 3 and particularly in Crosscut 34B. Sagging 
at Station 19 ap~eared to be deceleratinq by April 10 but 
at Station 21 the sagging 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 34B. 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 inter~ection area in Room 3 is directly opposite 
the roof fall area in Adit 5 and is affected by the same 
joint pattern runninq 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 5 
foot zone in Room 3 is only 0.005 inches com9ared with 
0.200 inches in the roof fall area. Thus the danqer of a 
similar roof fall occurring in Poom 3 as that in Adit 5 :i.s 
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 Rtations 21 and 19. The immedi­
ate effect of the long bolts was to drat.-T the roof bac~ 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. 

B. 	 Drilling and Blasting Development 

During the period, ~1arch 15, 1967 to April 15, 1967, a standard 
round has been developed for 40 foot by 60 foot headings for the 
top 40 feet of the Mahogany Harker. Follo~.rinq are the design 
features of the standard headin~ round: 

1. 	 Twenty-eight 4-inch diameter blast holes are drilled 
according to the configuration shown on Fiqure 5. Note 
that there are five rows of holes with six holes per row 
except in the top and bottom rows \A!hich have only five 
holes. 

2. 	 The V-cut angle is 49 0 • 

3. 	 The horizontal burden of the blast holes is 15 feet while 
the vertical burden is about 9 feet. 
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FIGURE 5 
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4. 	 The rib holes ar@ 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 crea~ 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 other 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 APFO 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 1;10 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 dra,,7back 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 
Qistance 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. 
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Some trouble has been experienced lately T!li th the floor of the 
heading rising relative to the strata. The cause is probably
the old 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 ,.,ater 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 ru~FO column rather than priming the toe 
of the column. A standard heading round was used to test collar 
pr1m1ng. The primers were stemmed with ANFO to increase detona­
tion pressures of the primer. The round ~las unsuccessful be­
cause the footage advanced was only 15 feet. Collar priming 
was the only change from the standard heading round. One cut 
hole nisf;i.rec and the throw 'Vlaf1 170 ~~et. 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 ~~'as sl:i.ghtly 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 fragmentation, 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 nO\,l instrumented 
with l~PBX' s to measure pillar convergence. Figures 7 to: 15 show 
the results to date. (Figure 1 shows the face position at 
various dates). 

Pillar 23B (Figures 7, 8 and 9) showed a regular pattern of 
convergence which ceased on ~arch 20 when mining of Fooms 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 HPBX'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. Hovement 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 1). 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 r.1.easurement on l1PBX No. 6 
(Figure 10). ~1PBX t!o. 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 No. 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. ~~PBX No. 8 (Figure 12) shows a similar 
phenomena in which the upper anchors remain fixed relative to 
the collar anchor \':hile the lm4er anchors apparently move upl.\Tatds. 
This again indicated that the anchor was moving downwards and 
the MPBX needed tightening. 

Pillar 34F (Figures 13, 14 and 15) showed convergence occurring 
as mining in Room 2 approached the pillar. ~Uning in Room 2 was 
temporarily suspended while mining in Room 3 and Crosscut 34B 
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 MPBX No. 11 the pillars show little converqence 
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 occurreo. 

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 !1PBX heads 
protruded 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 perioc of time. Contrary to 
expectations the increase of stress level in the rock caused 
by the mining out of Crosscut l2B near the gauges "ras 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 ~Unes 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 - t·Tagnitudes and Directions 

Masnitude Bearins Inclination 

~1aximum 
Intermediate 
Minimum 

903 psi 
773 psi 
148 psi 

2380 

2410 

1480 

101.40 

110 

890 

In more simple terms the maximum stress of 903 rysi acts roughly 
horizontally in a NE-St'l1 direction. The minimum stress of 148 
psi acts horizontally in a N¥1-SE direction and the intermediate 
stress of 773 psi acts vertically. 



- 13 ­

Several interesting points arise from the data. 

1. 	 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. 

2. 	 The direction of the principal stresses coincides closely 
with the major joint pattern 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. 

3. 	 The direction of the principal stresses closely 9arallel 
the orientation of the mining headings. 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 to the long 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 sagginq. 

Looking at it another way, suppose that the mining rooms 
were oriented at 900 to their present direction, i.e. in 
a NE-SvJ direction. Then the sagging along the length of 
the rooms would qreatly 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 comoressions in the roof 
~!lonld be very lot.y in all directions H!"dch l<:!ads to a con­
dition more conclusive for the roof beams to fail in 
shear at the pillar lines. 

D. 	 Truck Loading Time Stucies 

During the period we have commenced taking time studies of the 
Skooper operation now that the operators have become familiar 
with 	this piece 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. 	 Hei~ht 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. 	 Fra~entation - the coarser the fragmentation the slower 
the oading operation. 

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

5. 	 Number of trucks and haula~e distance - too few trucks 
create much idle SKooper t1me. 

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 J\ccudet celays) and a ve.ry high muck pile, (4) two Darts 
and one Mack truck haulinq 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 0.594 
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 
Hoving 0.063 0.695 0.043 
Waiting 1.000 0.650 0.650 

Total 4.22 Minutes 

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 
S,,,,ing 7.625 0.105 0.801 
Stock Piling 0.156 0.762 0.118 
Clean Up 0.125 2.442 0.305 
r~oving 0.063 0.695 0.043 
t-Jaiting 1.000 0.650 0.650 

Total 6.73 fc1inutes 
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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 ~1ack the Skooper 
operates at 320 tons per hour. 

In the mining cost study, it was estimated that a 10 yard 
loader would make a passes and load an 80 ton truck in 4 
minutes. This compares with the 6 1/2 yard Skooper taking
6.7 minutes to wake 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 protracted digqing elements. 
Better times should be exnerienced in the more usual muck 
piles following ~illisecond 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 fill, quite frequently the Skooper will push itself bodily 
backwards while crowdinq 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. 	 I·1ECHANICAL ENGINEER-INC'; (tAY. S. Bergen, R. E. Smith and 
J. J. ~1cAleer) 

~NO shale fractions were studied during this period, 1/4 to 1 
and 1 to 2 1/2 inch in size. Hardware and process flm'1 changes 
were made to accommodate these studies. Designs of possible 
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. 	 rlajor Observations 

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

2. 	 Garnmoswitches 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 !'~o. 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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B. 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 throuoh 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 t.~aintenance ,: : 

a. Dust collection system 

h. 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 tte ~,ferrick 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 ordered, and is in fabrication. Installation 
is scheduled by April 21. This riffler has ~een designed 
in accord with data described in last month's progress 
memorandum by the Retorting Group. 

4. Shale Flow Measurement 

Our current operability problems \'lith 1/4 to 1 inch shale 
have brouqht about the need for determining the quality 
of shale flow above and below the air distributors in 
Retort No. 3. A scheme .,.,as developed for obtaining shale 
flow measurements at th.e top of the retort. Rtring was 
fed into each of the six shale feed pipes. The flowing 
shale would hold on to the strinq and an accurate measure­
ment of shale flow in each of the feed pines coule be ob­
tained by measuring the lengths of string-drawn into the 
pipe versus time. 

Six automatic recording string feeders were made and 
installed to ~ubstitute for the manual technique oriqinally 
employed. These have operated satisfactorily for small 
shale, but developed undesirable scatter over the prolonged 
run with larae shale. This \-las dup. nrimarilv to oil and 
dirt accumulation. The basic accuracy of t~e automatic 
system is not as good as the manual, 11m"ever it is adequate 
when they are working properly. 

5. Spent Shale Outlet Pipes 

During tests with dilution gas, ~assive agglomerates of 
shale bridged two 20-inch diameter spent shale outlet 
pipes. This bric1qing "las noted by the r.ammos\'1i tch system. 
Attempts to clear the pi!)e entrance by rodding were not 
successful. 

6. Star Feeders 

The 17os. 1, 2 and 3 star feeder side plates 'plere removed 
to inspect wearing surfaces and baffles during the April 
3 to 6 turnaround. All \'1ere in satisfactory condition. 

7. Screw Conveyors 

The No. 2 and No. 3 screw conveyors \-Jere hardfaced during 
the April 3 to 6 turnaround. A.ll flight sections \'Tere 
hardfaced. 
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8. Screw Conve¥ors 

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. 

9. No. 3 Screw Conveyor., Water Peguirements 

Data was developed on the amount of ''later used to hold 
dust in the 1'!0. 3 scre~tl conveyor. Approximately 10 gallons 
per minute 'vere used at the 400 mass rate. Phen 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 \-later 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 l!'lill 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 ':l1ere also streamlined 
for this test ~]ith 70 degree caps. 

11. Air ~iser Orifices 

During the 54 riser tests, air riser orifices were changed 
from ecrual diameters to variable diameters. The ne~., 
diameters reflect the air needed for the shale passing by 
any given riser. This data ana comparatives "lith 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 

AIR FLOW FROM RISERS 

Retort No.3 

36 Riser_L~JLout - 4,400 SCF/T Air 
Location No. Bed Area[~iser Air/Shale R~tio_SCF/T 

N-S Wall 14 1.86 3,950 
E-~V' Wall 4 1.63 4,500 
Corners 4 2.28 3,220 
Internal Risers 14 1.33 5,520 
Average - _ 36 1.67 4,400 

~RiseI L~Lout - 4,400 SCF/T Air 
Location No. Bed Area/R~ AirLS.ha1~_Ratio_SCF /'!'. 

N-S Wall 14 1.33 3,670 
E-W Wall 8 1.14 4,300 
Corners 4 1.63 3,000 
Internal Risers 28 .93 5,230 
Average 54 1.11 4,400 

Retort No. 2 

8 Rise~~ - 4,400 SCF/T Air 

Location No. Bed Arec;t/Riser Ai_;-'!S~a1e ..B.~ tiE-5._<:E'/T 

Corners 4 1.30 4,070 
Long \\Tall 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 
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13. Partitions 

Partitions dividing the shale coolinq zone were re~oved 
after test Cl023. 

14. Stainless Steel Liner 

An additional liner section, 87 inches long \'!as added 
during the turnarounn of April 3 to 6. A l2-inch section 
'~7as 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 ~.bove the air inlet. 

15. Recxcle 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 Sxstem 

A dilution ga5 system was installed. Fssentially, a six­
inch pipe, orifice, and flow control system were added. 
Dilution gas "Tas added to the secondary air ahead of the 
line burner. It was used onlx <\Tith the burner in operation. 
A.t the conclusion of the test, the orifice ,\1as blanked 
and the system left in tact for future studies. 

17. Vertical Traveling Probe 

A vertical traveling probe, 3/8 inch Schedule 40 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 

t<lork on rehabilitating Retort No. 2 for standby service 
has been continuing, however extensive piratinq was 
necessary to ins tail the qas rlilution systeM on ~etort 
'Po. 3. 

Thermocouples were installed in each of Retort Po. 2 air 
inlets close to the retort. This t'1as done to enable the 
Retort Group to operate the line burner at normal startup 
temperatures, and observe the gas temperatures entering 
Retort No.2. t'1e have suspected for some time that our 
heat losses in Retort No. 2 resulted in significantly
lower gas injection temperatures in P.etort !,'ro. 2 than in 
Retort No. 3 during startup. 
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c. 	 Future Installations and Engineering 

1. 	 We 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 draNoff pipe deck or inlet. Right angle support and 
indicating shafts which will extend outside of the retort 
to counting 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. ~his should facilitate 
understanding of- the manner in \.rhich skewed temperature 
and shale flow patterns develop. 

2. 	 Ne are presently refurbishing the original Retort No. 3 
roll drawoff equi~ment for the purpose of reinstallation 
if required. Some sections destroyed during removal ~,Till 
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 'tJoTithout any 
difficulty. The control transition will therefore be 
straight fO~!lard. 

3. 	 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 wee}<- in r"ay. De­
signs for this ~.qork are shown on drawings: 

RD 124 - Longitudinal Air Header Installation 

RB 125 - Piping ~rrangement 

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 GrouJ2 (T. C. Lyons, ~J. r;t. Broman, R. I ... Clampitt, 
D. P. Cotrupe, P. H. Gifford, J. W. Hasz, R. L. I'tcGalliard, 
B. L. Reymond and E. r.. Turner) 

1. Operation of Retort Ho. 3 - Runs CI017 Through CI028 

a. Oeerations Summa~ (T. C. Lyons) 

The operations during the past month have dealt pri­
marily ~'lith 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, lI1e 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, 
l'~arch 22, 1967), it will be recalled that the recycle 
distributors were rearranqed 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 vessel. These modifications did not yield a 
satisfactory operation with 1/4 to 1 inch shale1 
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 CI017 through CI021) were attempted with the 
liner and the bottom compartments. Two of the runs 
(CIOl9 and CI02l) survived a shaky startup and reached 
target conditions. However, they failed tidthin 24 
hours thereafter. The operation in CIOl9 appeared to 
deteriorate following a short power outage. Run CI020 
was an attempt to reproduce this promising run but it 
failed early in the startup due to severely skewed 
temperature profiles. Runs ClOl7 and Cl018 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 flo\,1 
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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 Puns C1022 
and C1023, 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 (C1024) 
guided the planning for Run C1C25. In the latter 
run, dilution gas (2,500 BCF/T) was added in increments 
as the oxygen concentration in the recycle gas dropped
below 4%. The line burner temoerature 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 't>1ere 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 past with 
the closer spacing. 

Operation with the large, 1 to 2 1/2 inch shale was 
resumed on April 7, 1967. The hardt17are 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 '\-ras 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 anc passed out through
the spent shale system during the run. The operation 
included t\"o days at 400 mass rate (Run C1027) and 
five days at 500 mass rate (Run C1028). The unit was 
extremely stable at ~oth conditions. This is in con­
trast to Run C997, in which the unit failed '\7i th 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 



• 

- 24 

withdrawal system. Five such sto!,pages ''1ere 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 yields from 
Run Cl027 and Cl028 will be presented in the next 
monthly Progress r:~emorandum. 

b. 	 Runs Cl017 Through Cl02l - 1/4 to 1 Inch Shale 
( B • L. Reymond) 

1. 	 Retort Configuration and Run Conditions 

Systematic duplication of Retort 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%) ,,,,,ere felt to 
influence operability the most and \-Tere there­
fore duplicated in Retort No.3. 

The liner was hoped to prevent anchoring of soft 
bridges in the retorting zone. Such bridges are 
t~ought· 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 rec',cle headers 
were located approximately belo,"' the air headers. 

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

Through Run ClOlB, the air flow was adjusted to 
provide an equal rate per bayonet. Prior to Run 
Cl019, 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 strings 
down the pipes, in the so called "string tests". 

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

Runs Cl017 and Cl018 were very similar in spite
of the higher severity startup in Cl018 (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 
(Cl017) and 7 hours (Cl018) of operation. In 
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 collapsed bridges inter­
cepted by the air headers. In Cl018, 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 Cl019 suffered from the same ills as Cl017 
and Cl018, 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 (Fiqure 22) increased 
very rapidly whereas the center slowed down its 
progress. The west offqas 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, ~he center combustion zone tem­
perature spiked at 1,850 F. Nevertheless, one 
hour later the operation was satisfactory in all 
respects. 

Test period Cl019-l, 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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Fifteen minutes later the unit \'1as back on con­
ditions. Durinq the next two hours, the only 
reason for worry was a rapid coolinq of the com­
bustion zones' center. Relative recycle and air 
rates ''lere increased (" cocked") in the center, 
then the air was raised, but to no avail. Four 
hours after the power failure, the east and CeHt41.-· 

east offgas temperatures went up, the shnle flow 
started accelerating in the north-cel).ter and 
north-east. The unit was shut dONn five hours 
later. A small piece of clinker (Figure 24) ~4'as 
found wedged between recycle distributor and 
compartment wall. Tentative conclusion was that 
the power failure was not the direct cause of 
the run deterioration, as evidenced by the good 
subsequent recovery. EO'lleVer no other explanation 
was found. Table 3 summarizes the run data. 

Run Cl020 was an attempt to duplicate the success­
ful Cl019 startup. Everything went well for 5 1/2 
hours, at 't'lhich tiI!le the combustion zone tempera­
tures were all within 100 F around 1,100 F. Then 
the east side started cooling off (Figure 25) 
and the east of£gas temperature jumped up. The 
central combustion zone temperature peaked then 
fell, whereas the west temperature kept climbing. 
The unit was shut dm'1n after 9 1/2 hours of 
operation, and a large clinker (Figure 24) found 
on the west side. 

Another attempt 'l1as made to duplicate Cl019. 
startup Cl02l conditions, however, were slightly 
chanqed to resemble the startup tec!"'oniaue used 
in "etort No. 2 on 1/4 to 1 inch shale~· Table 2 
shows the initial conditions~ high recycle rate 
but moderate air equivalent consumption. Another 
feature of this startup procedure is to start 
raisinq the mass rate from 300 to 500 lbs/(hr) 
(ft2) in eight hourly ste,!,;)s without delay after 
the line burner has been cut off. 

Three hours after startup, as had happened in all 
runs since Cl017, the combustion zone tenperature 
split, the west keeping its rise but the east and 
center falling back. At the same time the off-
gas temperatures also split, the west running high. 
The combustion zone temperatures came back to­
gether two hours after the line burner 'YTas cut 
off, but the offgas temperatures split remained. 
Shale flow data were unreliable because of mechani­
cal difficulties. Fourteen hours after startup, 
when going on CI02l-PT, the offgas temperatures 
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TABLE~(a} 

GAS COrviBUSTION RETORTING 

DETAILED RUN SUMIJIARY SHEET 


Carbonate Decomposition, % 

I 

• Total Oil Neas •• Vol %RSFA '/0, )' 

99, I 

'1<2. Z 

/065" 
110. fi 
./07z 

o. ,<3 

1-3 
::rWater Recovered!. Ib7ton RS (!) 

IiAsh Balance, ,% - As Heasured 
(!)

Ash Balance, %- Assumed -1'llook'S 
o 
Ii 
CDCarbon Balance, %- Organic 

Carbon Balance, % - Total 
Hydrogen tJalance, % - Organic 
Hydrogen Balance. % - Total . 
Water Balance, % (') 

.....t.aSCELLANEOUS 
o

Avg. Retort bP, in H20/ft ...... 
\0~p Above Air Dist., in H?O/ft I 
NNaCl Soln., \'It % 

NaCl Rate, gal/ton RS 

Comments: After rough startup, unit kept onstream by adjusting air to 
headers. Bridge dislodged. Power failure for two minutes 
after B hours in balance. 

*Measured Recycle + Dilution Gas. 
**Oi1 Mist + Condensib1es to 75 F. 
***Rates are for moisture-free shale. All shale analyses are on a moisture­

free basis. OSRC-10 
EETurner 
.~1I? C) / h 7 

Run No. C~lO /9-1
LenGth; hours " I 12­
~_tort 7II~e "Number I /(c -lJI. 
Oil Recovery System Nlli~ber c-I 
Total ~ai'1 Shale Charr,edz tons '77.15' 
~d Hei~ht above Dist., ft 51-.1 
~e Air Dist. AD-J[ 
~ed Below Air Dist.% ft 6~ 

'rES AND QUANTITIES 
~au Shale, lbslC"FirT(ft2 ) 29~ 
SPent Shale 9 %of RS 77. 'i 
~iguid Product, lbs/hr li/O 
Oil Collected~ gal7ton RS ~7 's./ <-, 
~ir! SCF7ton RS {dry) S''t70 
Total Reeycle~', SCF7ton aSCI'ret) /2~:"oO 

pilutiol!l SCF/ton RS (uet) -
~alc.yent Gas SCF/ton RS(dry) 72')'0 
Gas IJosses, SCF7ton RSh'let) 337 
W;;)~U1e, SCF7ton RS I -----':; ...... _­
EffIP:r.i-.TURES AND HEAT BALAUCE 
ReC'i!E-Offt;as 0:;­ 13<Z-,_.,. ~-- . 
~Eel1~ Shale, F .e;;() 0 

~::!~Shal~ of 62. 
~£ycle Gas Inlet, OF 750 
Dilution Gas Inlet, OF -
~ir-Inl~~ , OF . 12 '1 
Retort Air Inlet, F /.2 9 
Heat of Comb. }lEtu/ton RS >-"5.0 

":"';-1!"ieat Lost,. HBtu7ton RS 
H SHALE PROPERTIES 

fischer Assay, gal7ton RS 02";
Oil l tit % '7.7 
~laterl ~1t % .",2­
Gas" Ht % It "< 
J.1ineral C02, Wt ,'!

." 17. S 
Ash, Wt % 6"1, Z 
Moisture, Ht % (Uncrushed) /. 0 lf~T. 
Carbon {Total), yft ~ I~. € 

. ~drogen(Total), Ht % 1.61 
Nominal Size Range 9 inches y.,"-I"

S% passing thru o. '263 
98 %passing thru /.Os­
~ - C6o<i".
Pv 0.77..t6 

-.--.--­
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TABLE 3 (b) 

GAS COMBUSTION RETORTEW 
DETAILED RUN SUMMARY SHEET 

Date: 3/19/67 
Purpose: 	 To determine the effect of equalizing air/cross sectional area 

on retort operability. Orifice changes were_changed in bayonets. 
GENERAL 	 .. t ·.fl~fiID.l,E PROPERTIES "I 0'. -;.' ,
·Run No. . '.' C-IqJ1-2 -fiScher 'Assayz' Gaf/.,::.·~::;o.::n~ • .+,~:-:o~_1 
tei1ith, ~'~ours ,.:: ::1: :>L _ HLT'ler~~02.: .Ht ~ I", Z 
!ie~ort 'I'yp,e N~ber ~ , I ,( C ".iLL ~\>lt % ' g 7. 0 

Oil Recovery System Number' I::::~E' .. ~o~Jto~a]-)J 'it.~ 'id6 
'Total Raw-shale Charged: tens 4-6._ Or~CUJic_~,arbon;' .!:!~ ,0 ./.erg , 
!3ed Height above Dist., £t is I '!!.ydrt?gen ~tot.!~l ~ Nt %_ '0, :z If 
Type Air Diat. A/) 1Z- LIQUID PR.ODUCT PHOPE.~TIES 

. BedBelow Air Dist., it 6; OiT,~% 	 --100, 

RATESAND QUMrrrfIES Denstt:z:Jpjgal .7. -t;z.'o 
¥ayl Shale, Ibs/{hrT(ft2 ) 2Z~_ ~av~ty, API - / r. z 
Spent Shale, %of RS 77,6 Ash, "Tt % . ­
~quid Produc~ t Ibs/hr I It 0 7 I'RoDUCTGASPHOS~RTI~~ . 
Oil Collected!.. galZton RS I 2Z. 0 \'later Vapor, Ibs/HSCF(dry) . 7, 7 
Ai1'2 SCF7ton RS (dry) I 5''1 (0' 9~lz lbs7MSCFIdryJ.~:-~ o./7fJ 

, Total Recycle'~-, SCF'lton RS (",et J /:z ec () Analysis (dLZ2 . ---f 
Diluti'!.!:!l SCF/ton RS hiet) _ C~! p -1·30, Z 
Calc,Vent Gas SCF/ton RS(dry) $10:;0 .22..t'yol_}~ . I 0:'5"­

.GasLo~:~:8S, SCF/tonRS(uet) '30'7 N2 + Argon. 'lC?1% .. "15'2./ 
Propane ~ SCF/ton RS - §!I~~~%".., ....~. ~ .. ,: .1 j, '2 -, 

'TDIPERAi,t;:lES AND HEAT BALANCE ,CO. Vol %. _I >, '_", 
--=---__u__. 	 /1 H;::·:·r~'-~'f -- ­!t:etort Offgas , OF . ',6'0 , 2,· ~qL~ ,.. '3,6 
~pent Sh::tle, F 9-g3 .~, Vol';' .. ' . 3,3
!taw Shal~.L..oF _ 6" I Gross Heating Value (calc) ,Btu/SCI< 75, q 

. ¥ecxcle Gas Inlet, OF Z--SC;-- Carbon (Total), lb~7MSCf.'-~) 1z, S' 
pilutton G~.s Inlet", OF - Hydrof,en -'Totall, lbsJ~iSCF (dry) 0.5'1{­
!--ir Inlet1 OF /z '7 YIELDS A!>!l) B.t{IJu'ICES 
Retort. Air Inlet, F 1 ;2 9- . Oil Collected, Vol %RSFA q 6. 5" 
Heat onom~ll)tu/ton RS ~ r; 7 Oil in Gas';:-'~, Vol f,RS::-;;F~A'::':'--'--'-1:-.'::::0":::;';'._:;";--1 

~e3.t Lq~~.1 MBtu7ton RS -/7_ Oil in Spent Shale. Vol %RSFA I /. 6 
RPM SHALE PROPER'l'IES -Total Oil Heas. 1 VOl%:(S....:F~A~~I-~..,..::(j:..;"'-'.9~ 
. Fischer Assay, gal/ton RS 75'.1.}- Carbonate DecompQsition, ;;- 5'5:0 
- Oill-w:t% .. . q . ., . ~/ater Recovered~-·lb7ton RS lIT, I 

!liter f Wt ~ /, I Ash Balance, %- As 11easured 
Gas, t-/t % /. 7 Ash Balance~ % - Assumed /00 f's. 
Jlineral C02. Wt % 17, t: Overall Balance, % /0/.5'
Ash~ 1-It % 	 ~ 1.1 '::'C';"ar:':b:":o:::n:'::::'-B::':al:;:':an::';;:;':;';c:':'e':::'~%';::"'--'-O~rg-a-n:-i'-c---l-":'/'::::'o':"';z;"':;,tg~1 

z 
fwIoisturf' Ht % (Uncrushed) 1.0 E ':of Carbon Balance, % -~T.;;;.oti-al=---::___r-:-/.:;;.o.!../~'°:;-.1-1 
ca.::rbon Total), ~'Jt % IS::'" ~ydrogen Balance 2 ~ - Organic q '1, ~! 
Hydrogen '(Total), Wt % 1.6/ Hydrogen Balance, ;:; - Total /)6.0 

110minal Size Range, inches Y'!-"-I" t-lat-;r Balance, % 1%.·1:
5 %passing thru - l-rrscELLANE~O;;':;U-=-S:::..l-~-------r-,:-:,,:-~ 

....98. %passing thru NO !'-vg. RetortbP~ in H20/ft ~.'33 
a in H20/ft 0, ll--2~~=---------------+-~-;;"-'--f ,6P Above Air Dist., 

Pv 7'1/.. A I? ::;;Na::;.:Cl:.::,·-=S:.:o:.::,l::.;n.:..l,:.-\<.:.:..lt~%______+~-::--I 
- NaCI Rate, gal/ton RS ' . -" 

~- Comments: Retort had to shut down after 6 hours due to badly skewed temp­
eratures. Clinker found on 'vest recycle header on south side. 

_ * May have fallen through during shutdown. 
Measured Recycle + Dilution Gas. 


**Oil Mist + Condensibles to 75 F. 

***Rates are for moisture free ravl shale. All shale analyses are on a 


moisture-free basis. 	 OSRC-IO 
EETurner 
3L.29..L£.~ .._ ~_ 



FIGURE 25 


RUN 
 CI020 - COMBUSTION ZOHE 
TEMPERATURES AND 

OFFGAS TEMPERA'l'URES 

1'lOLl 1~9~ I~oo 

TitlE [~ .. ] 

2p()O 

I bo 0 

1&00 

III 00 

1200 

1000 

goo 

4-00 

240 

220 

2 00 

r &0 

C0 VVl In,' :, tt.? "" 
ZOVl€ 

0 East 
t6.S~V\g':... 

<> w~... !::... _ 

orr ~"'5 


1 l.Ies~ 
3 Ct..,,~,~ Ve~~ 

4 Ce.\.J,~ E" J 
t; E",-,.~ 



~-. 

- 27 ­

• 

were spread between 144 F and 158 F and the 02 
concentration "'ras runninCT high at 0.4%. 

A "fist" sized clinker was found in the spent shale. 
One hours later the 500 mass rate was reached. 
At this time the center combustion zone temperature
started up to peak two hours later at 1,450 F 
and immediately (lr.Op to Q50 F in tNO hours, 
then ~o up and down once more. Gas rates 
were increased, cocked to the center, the shale 
rate reduced toward the end of the run, but to 
no avail. 

The shale flow was speedinq UP in the south and 
slowing down in the north. - Eventually there 
was an oxygen breakthrough; a futile attempt 
was made to relight the line burner and the 
uni t \-.ras shut down one hour after the end of 
the pretest period. A very large clinker (Figure 
26) was found on the north siee, deeply engulfed 
on the h.ayonets and quite hard. Size and hard­
ness probably resulted from our endeavor to keep 
the unit running as long as possible, hoping for 
a recovery as was experienced in the first part
of CI019. 

3. Conclusions 

One (CI019) or possibly two (CI021) startups have 
been achieved successfully in the series of runs 
(CI017 through CIC21, but operations could not 
be sustained thereafter because of intrinsic 
process instability (if "le acceot the assumption 
that the power failure was not the direct cause 
of CI019 deterioration). r~oreover, CI019 and 
CI021 followed the same path as the unsuccessful 
Runs CI017, CIOl8 and CI020 prior to their sur­
prising recovery. Stable operations was thus 
never achieved~ lonqer survivals of CIOl9 and 
CI021 were probably-caused by a momentary set­
back in the mechanism of failure, such as the 
collapse of a bridge. 

We therefore concluded that none of the changes 
of configuration tried in this series of runs was 
sufficient to insure operability. HO\<Tever they 
had a favorable rather than adverse effect, as 
CIOl9 and CI021 were the longest runs obtained 
thus far with 1/4 to I inch shale. 

The mechanism of failure seemed the same as was 
postulated for runs CIOIl through CIOl5 (~ebruary 
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14 - March 15, 1~67 'Qnthly :Pfogr~£::-; qiJr2l~2Ctmdpr,:( 
page 	23)· shale anC/er"r'laF channeling above the 
air distributors. Observation of the clinkers 
engulfed in the bayonets - fork in a soft dough, 
as it waG aptly described - suggests that the 
clinkers result from plastic, bitumen or tar 
bonded agglomerates forming above the air dis­
tributors, moving down with the shale to be 
stopped by the hardware and baked to hard clinkers. 

c. 	 Runs Cl022 and Cl023 - 1/4 to 1 Inch Shale (B. L. 
Reymond) 

1. 	 Retort Confiquration and Run Conditions 

In these two runs short bayonets (9 1/4 inch 
shorter than previously) were tried at startup 
conditions planned to be the same as in Run Cl02l 
(Table 4). Our experience in Retort No.2 had 
shown that the length of bayonets alone could 
spell the difference between a demonstration run 
(B8l7, using 21 inch bayonets) and dismal failure 
(8918 and 8919, using 39 inch bayonets). 

At the same time the bed hei~ht above air dis­
tributors ~~as increased from 5 1/2 feet to 7 feet 
in an attempt to prevent offgas t~peratures split. 

2. 	 Run Description 

Cl022 startup used an I~ air equivalent oxygen con­
sumption" of 5,400 to 5,600 SCF/T instead of 
5,000 to 5,2000 on account of an error. This re­
sulted in a severity higher than in the Cl02l, 
Retort No. 2 type startup that was intended. 

Three hours after firing the line burner, the 
center combustion zone temperature ceased to rise 
and soon went down, followed by the east tem­
perature, whereas the west temperature kept 
climbing. 

An offgas temperature split started developing, 
the west being high and off the pack. Shale flow 
accelerated in the south-center and south-east. 
This is similar to what happned in Cl017 and 
Cl018, except that the shale flm" accelerated in 
the north-center and north-east in the earlier 
runs; in both cases the shale flow was slowest 
on the west. The unit was shut down after eight 
hours of worsening operation: a small conical 
clinker (Figure 26) was found against the center 
of the north wall. 



) )
TABl.IE 4 

SUMMARY OF OPERATIONS WITH 1/4 TO 1 INCH SHALE - SHORT BAYONETS - RUNS Cl022 - Cl023 

Initial Startup Conditions. 
=R-a-w--=S..-h-a-.:-l-e·---- - ·--Air"I::quivalent--- ---.-- Line Burner 
Rate* Air* Oxyg~n Consump- Recycle* Temperature 

Run No. lbs/(hr) (ft2) SCl'/T ti_~_~C.!/':r_ SCF/T __o!__.._ 

Cl022 300 7,500 5,400 to 5,600 15,700 1,300 

Cl023 300 7,500 5,000 to 5,200 15,700 1,300 

*Based on liner open cross-sectional area: 55.2 ft2. 

Reason 

Trial of. 
short bayo­

. nets and 
greater bed 
height above 
A/D, under 
Cl02l run 
concli tions . 

Same as 
above. 

Results 

Startup more severe than 
planned. Failure caused 
by cooling off in east 
and center, shale flow 
fast southcenter and 
southeast, slow in 
north and west. 8-hour 
operation, very small 
clinker north center. 

Failure similar to 
Cl022; a-hour operation. 
Medium clinker in 
northcenter and north­
east, attached to the 
center north wall. 
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Startup Cl023 was a repeat of Cl022 - this time 
with the intended 5,000 to 5,200 SCF/T air equiva­
lent oxygen consumption. The intention was to 
test the remote possibility that the erroneous 
high severity in Cl022 was the cause of the failure 
and to give another chance to the short bayonets. 

The similitude between Cl023 and Cl022 ,,gas unfor­
tunately too complete. T,'1o and one-half hours 
after firing the line burner, center followed by 
east combustion zone temperatures dipped, shale 
flow accelerated in the south-east and south­
center: the west offgas temperature split up one 
hour later. The retort \'J'as shut dO"-n after eight 
hours of operation; a clinker was found in the 
north-east corner (Figure 27). 

3. 	 Conclusions 

The short bayonets did not ~rovide operability. 
The failure mechanism a~peared to be the same 
as in the previous runs (Cl017 through Cl02l), 
the differences amounted to barely more than the 
quadrant of the retort in ,..;hich the clinkers 
formed. It was not judged worthwhile to experi­
ment any further with the short bayonets. 

d. 	 Runs Cl024 and Cl025 - 1/4 to 1 Inch Shale (R. L. 
:1cGalliard) 

These were attempts to startup Petort No. 3 by utilizing 
dilution gas and line burner gas to reduce oxygen con­
centration as a means of preventing high temperatures 
(over 2,100 F) and the resulting agglomerate fusing. 
Prior to the startup of Run Cl024, the original 54 riser 
air distributor was reinstalled and the cooling zone 
partitions were removed. The retort combustion air 
and vent gas system were modified to permit the injec­
tion of vent (dilution) gas into the combustion air 
stream. The use of the seven foot bed height above 
the air distributor was continued. 

The purpose of these two experiments was to determine 
if a reduction of oxygen concentration in the combus­
tion air stream to 10% or below would allo'~7 the passage 
of agglomerates through the combustion zone without 
fusing (clinkering). Although a 3% oxygen concentration 
would be required to guarantee temperatures below 
2,000 F, the approximate fusing point of spent shale, 
it was felt that the 10% level test would give direc­
tional results. This dilution gas test would require 
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It was concluded from these operating attempts that 
dilution gas, in the manner used, was not effective 
in eliminating agglomerate fusing. No directional 
operational improvements can be attributed to this 
line burner, dilution gas operation. One additional 
conclusion drawn from Cl024 and Cl025 was that the 
coolinq zone partitions used in the previous nine 
operating attempts had no favorable effect on retort 
operations. This conclusion is based on a comparison 
of the cooling zone temperature qrid data for Runs Cl015 
through Cl023 which had the partitions and Cl024 and 
Cl025 which did not. In both cases there was no 
evidence of gross cross retort qas channeling until 
after operating problems had developed. 

e. Run CIO 2 6 - 1/4 to 1 Inch Shale (P. L. 

Prior to the startup of Run Cl026, a revised air dis­
tributor was installed. This air distributor is 
illustrated in Figure 35. l"ote the three rows of 12 
risers o!:,aced on 18 inch centers. Hote the 
streamlining on the air headers. It was felt this 
distributor might give some directional information 
about maximum effective throw between air injection 
points nnd whether opening up the air distributor at 
the air injection level would give operability. It 
was recognized that the air still pre5ented 
a yoke to header crucifix resistance to agglomerate 
flow. 

The startup conditions for this operating attempt 
as follows: 

a. Oxygen Consumption Equivalent Air Rate, 5,000 to 
5,2000 SCF/T 

b. Recycle Gas Rate, 15,700 SCF/T 
c. Raw Shale li1ass Rate, 300 lbs/(hr} (ft2) 
d. Line Burner Temperature, 1,300 F 

Experience in the past several runs with manipulation 
of air and recycle header flm4's indicated no signifi­
cant beneficial effects and perhaps some detrimental i j il 
effects, e.g. all experience ended in ultimate failure. I 

Therefore, it was decided not to manipulate header (r 

flows during this operating attempt. .•:\1;'1'
..J 

.\..
Retort responses for Cl026 were similar to 9revious 
runs on 1/4 to 1 inch shale. The center combustion ...k ......--:f 
zone temperature broke out than hour ".J.... ,.r\:1 
after firing, but perhaps cll.mbed hl.gher than l.n pre- .... 
vious runs where air and recycle were cut to the 'fll> .... 
center headers. About four hours after firing, the ,,11:- ,

10 /11 



FIGURE 35 
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offgas temperatures had begun to split and the com­
bustion zone and cooling zone grid temperatures indi­
cated abnormal combustion distribution and bridging 
in the retort. Based on the grid temperatures there 
appeared to be a bridge east to west in the center of 
the retort. The retort was shut down about nine hours 
after firing. 

The pattern of the clinker found in the retort is 
shown in Figure 35. It may be significant that the 
clinker rested on the headers as ~oJ'ell as the yokes.
The precursor agglomerate may have passed through an 
air distributor with risers directly off east-\.,est 
headers. The spent shale oil content just before 
shutdown ran about 0.5 to 1.0 gallon per ton. Since 
channeling was evident at this time, it appears that 
the air distributor spacing is satisfactory. Figures
36, 37 and 38 present time histories of offgas, cooling 
zone grid, and combustion zone temperatures. 

f. Runs Cl027 and Cl028 - 1 to 2 1/2 Inch Shale 
(J. tAl. Hasz) 

Retort No.3 was started up on April 7, 1967 with the 
large 1 to 2 1/2 inch size shale. The 36 riser air 
distributor used previously in Runs e98S through C997 
was installed for this run. The retort configuration 
is shown in Fig"re 3S. Differences in configuration 
between Cl027 and ClC28 and C98S through C997 are: 
(1) a stainless steel liner in the upper section of 
the retort, and (2) a three over three air header­
recycle header arrangement as opposeo to the three 
over four air header-recycle header arrangement used 
in Run C985 through e997. The purpose of the opera­
tion with the large 1 to 2 1/2 inch shale is to ob­
tain data from measuring devices installed since 
Run CS90 for interpretation and comparison with 
equivalent data generated in other runs. 

Prior to startup, air and recycle header valves were 
adjusted to give equal pressure drops across each 
air header orifice and each recycle header orifice. 
It was later determined that the \Plest air header 
orifice was installed backwards with the beveled edge 
upstream. Consequently, there may be more air going 
to the west header. The air header orifices will be 
calibrated in place when the retort is shut down to 
determine the actual air split between east, center 
and west headers. 

Figure 40 presents a time history of the process
variables during the Cl027 startup and line out periods. 



FIGURE 36 


RUN CI026 OFFGAS TEMPERATURE TIHE HISTORY 


J'r'1 o 

o Wt=-'ST 

A C~\R. wee.s",\" 

o CI>J-i-\2. f"~<;'''' 

*.~:~::;:tF.*~~~~~ <> \EA, ""'T" 

FIGUHE 37 
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RUN CI026 COMBUSTION ZONE TEMPERATURES TIME HISTORY 
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FIGURE 40 


TIME HISTORY, PROCESS VARIABLE, C1027 
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Note that the air rate was raised slightly about 
4 1/4 hours after firing the line burner to speed up
the rate of oxygen decline in the vent gas. In 
retrospect, ho",ever, it is felt that the increa::;e in 
air rate was not necessary. 

Figure 41 presents a time history of the combustion and 
cooling zone temperatures obtained during the first 12 
hours of the startup and line out period. Even though 
temperature spreads as large as 400 F 'li7ere measured 
both above and belool the air distributor, the startup 
was reasonably smooth ancj uniform. Neither air nor 
recycle flow was biased during startup or subsequent
operation. 

Transition to the 400 Ibs/(hr) (ft2) mass rate condition 
from th.e 300 Ibs/(hr} (ft2) line out was smooth. Both 
the 300 and 400 mass rate operations used an air rate 
of 4,500 SCF/T and a recycle rate of 14,300 SCF/T. 
Four 12-hour material balances were made at the 400 Ibs/
(hr) (ft2) raw shale rate condition for comparison with 
previous data. .. 

After completion of the fourth balance period at the 
400 mass condition (CI027-4) the transition to 500 
Ibs/(hr) (ft2) mass rate was begun. The transition was 
successfully made in 10 equal hourly steps to the final 
run conditions of SOC Ibs/(hr) (ft2) shale rate, 4,700 
SCF/T air rate and 12,500 SCF/T recycle rate. About 
one hour after reaching run conditions screw conveyor 
No. 3 failed. The retort was shut-in for about 25 
minutes while the conveyor was repaired. Operations 
were resumed at the 300 Ibs/(hr) (ft2) mass rate con­
ditions and a transition to the 500 Ibs/ (hr) (ft2) 'con­
dition was started and essentially completed when the 
No. 3 screw conveyor failed again. The retort was shut­
in about 15 minutes while repairs were made. The third 
transition to the 500 Ibs/(hr) (ft2) mass rate condition 
was completed and sta.ble operations were achieved. 

At the completion of the third balance period (CI028-3) 
at 500 Ibs/(hr) (ft2) shale rate, 4,700 SCF/T air rate, 
and 12,500 recycle rate, the recycle rate was increased 
to 13,000 SCF/T. This increase in recycle gas rate has 
had no adverse effect on the operation. Oil yields 
obtained appear to be comparable to those obtained from 
Runs C988 and C990. 

It is interesting to note that 34 1/2 hours after fire­
off, a bayonet air distributor was removed from the 
retort spent shale system. Another bayonet was also 
removed with the spent shale on April 16. Inspection 
of the retort subsequent to shutdown revealed that these 
pieces had unthreaded from their seats in operations. 
Strangely enough, these occurrences had no noticeable 
effect on the operation. 
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TABLE 7 


SID-'lMARY (IF RESULTS 

ANVIL POINTS CRUSHTNG PLANT CAPARILITY TESTS 

Secondary 
Shale Crusher 
Size Setting Primary Screener Secondary Screener 
Range Tooth To Tertiary Top Bottom Top Bottom Average 
Being Primary Crusher Opposite Crusher Screen Screen Screen Screen Instantaneous Total 

Prepared, Setting, Inches Roll, Setting, Size, Sj.ze, Size, Size, Hours Product Rate, Tons Hine' 
Date Inches OSS CSS Inches Inches Inches Inches Inches Inches Crush~ ~'!'J.S/htt~ Run Crushed 

Off 12 1/2 17.5(1)
8/26/66 1 to 2 1/2 5 4 0.7 Off 2 3/h 1 1/4 	 214 

orf 	 7 l/L 27.0 196 
8/27/66 1 to 2 1/2 5 4 0.7 Off ·2 3/4 1 l/lt 	 410Total 19 172 n­

127.01 l/L 3.3 2h.69/29/66('Z) 1 to 2 1/2 5 L 0.5 Off 2 3/4 11/L None 

128.8None 1 1/8 2.IJ2 32.810/12/66( 3} 1 to 2 1/2 5 4 0.5 orf 2 3/4 1 l/L 

112.3None 1 1/8 2.67 29.811/4/66(U} 1 to 2 1/2 5' 4 1.12 orf 2 3/lt 1 1/4 
110-:<1 l/L 6 18.3

8/29/66 1/4 to 1 5 4 0.5 1" 1 	 1/4 

1/4 1 lIlt 9 23.3 210 
8/30/66 1/L. to 1 5 4 0.5 1" 1 

250.J~
1 1/4 1 1/8 5/16 13 19.2 

8/31/66 1/L. to 1 5 4 0;.5 1 3/8 

2 1/2 16.0 4d~ 
9/1/66 1/L. to 1 5 4 0.5 1 3/8 1 l/k 1 1/8 5/16 

~0.8 103.9I" 11/4 l/h 1 1/8 5/16 3.7211/5/66 1/1.! to 1 5 4 0.L. 
83. 7~~1 1/8 5/16 2.0 31.2

h/3/67 (5) 1/4 to 1 5 1/2 4 1/2 0.5 3/h to 1 1 1/4 1/4 

Off 8 1/2 36.1 307 
9/1/66 l/h to 2~ 5 4 0.7 Off 2 3/4 1/4 

orf 5 31.0 155
4 0.7 Ofr 2 3/h 1/l!9/2/66 1/4 to 2~ 5 

Off 7 25.7 180 
9/6/66 1/4 to 2~ 5 L. 0.7 orf 2 3/4 	 l/h 

~~ 

Quantities arE 
g~c1osed Circuit Crushing Test. Plant was at full canacity. 
(3)Open Circuit Crushing Test. Plant was not run at capacity. Material 	larger than 2 1/2 inch was 7%. 
i )Open C~rcu~t Crush~ng Test. Plant was a~ capacity. Secondary crusher and No.9 fines belt was loaded. 

(I Open Cl.rCU1.t Crush:mg Test. The new A111.s-Cha1mers small toothed double roll crusher was used for first time. Bllcket elevator tert: 
crusher and undersized motors on secondary crusher limited capacity. P.LC1am'l

(.s')Closed Circuit Crush::i.ng Test. The neH Allis-Chalmers small toothed double roll crusher was used. h/13/6' 


























































