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The primary objective of the Anvil Points Oil Shale Research 
Center l~ONTHLY PROGRESS lWYlORAliDtJM 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 1~40RANDA have not been edited in detail.-
(1) i'lobil Research and Development Corporation 

Continental Oil Company
Humble Oil and Refining Company
Pan American Petroleum Corporation
Phillips Petroleum Company 
Sinclair Research, Inc. 
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COl<JFIDEbJTIAL 

EONTIiLY PROGRESS NEt10RANDUN 
(Covering July 16 to August 15, 1967) 

I. TECHNICAL ADVISORY COr"lI'lITTEE EEETING 

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

II. ADHIN I STRAT ION 

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

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

J. J. ~lcA1eer will return to r·1obi1 on August 25. 

Replacement of these people will be held in abeyance until 
after the decision on extension. 
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III. 	lUNING SECTION (G. R. Haworth, J. B. Sellers and F. t'1. 
Brackebusch) 

A. 	 Mining Production 

1. 	 Progress 

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

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

Few problems were experienced with the loading of powder
in the down holes. Water was present in some of the 
holes and in such cases the holes were largely filled 
with Toval explosive in three inch by eight inch sticks. 
At first the truck loading operation was slowed down 
by tight muck piles which were a result of poor loading 
density in the bottom of the holes. Despite these two 
early problems, the benching operation proceeded quite
smoothly down Room 3. 

The first round in Crosscut 34B was carefully blasted 
so as not to undermine the pillar corners. This was 
done primarily by leaving out the rib holes. The experi­
ment was a success and good solid pillar corners were 
left intact. Part of the success can also be ascribed 
to the direction of the joints in the rock which run 
in a northeast-southwest direction parallel to the cross­
cut. These joints are effective in channeling the blast 
in the same direction. Thus the pillar walls along the 
south end of the mine tend to be smooth. Further blasting
in Crosscut 34B produced very coarse fragmentation.
One very large slab of shale was produced, and had to 
be broken up by secondary blasting. Again the joint
directions are responsible for this phenomenum. The 
blast tends to split the rock along the joint planes and 
the large pieces between the joints are then isolated 
from further blast effects. A final two rows which were 
shot simultaneously from the southwest end of Crosscut 
34B gave very fine fragmentation. 
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During the period a main bearing failed in the engine
of the old aerial platform and it had to be replaced.
Consequently all the scaling had to be done from the 
new aerial platform alone. As well as the scaling re­
quired in the bench it was also necessary to scale in 
Room 4 which \'las being drilled off with down holes. 
The scaling in Room 4 was quite intensive, every effort 
was made to achieve solid walls in the headings before 
the bench moved down Room 4. Slabs which could not be 
scaled down were blasted. Experience had already shown 
that unless this was done from the headings it would have 
to be done from the bench with much greater difficulty. 

In early August the old aerial platform was put back into 
service. Two 20-ton Euclid trucks were rented to haul 
rock from the mine to the dump, and thus alleviate the 
Dart maintenance problem. It had not been possible to 
locate a contractor interested in taking the truck haulage
job at a reasonable price. The haulage was scheduled for 
st:.'ing and graveyard shifts with the c.ay shift reserved 
for scaling in the bench area, for inspection and for 
gauge reading. For a wee!. the benching proceeded smoothly
in Room 2 with daily tonnages removed from the mine 
averaging 3,400 tons. As things progressed the scaling
problem became more and more severe particularly along
both ribs in Room 2 and in Crosscuts 23J and 34H. 

A fall of a slab of rock from the rib in Room 2 at 
Pillar l2E occurred on August 7. Although this was not 
a working area and was about to be scaled, it was recog­
nized that the rate of mining would have to be slowed 
down and even temporarily halted until the pillar walls 
throughout the mine could be thoroughly scaled. Hence 
from August 9 to the present time no further rounds 
have been blasted. Rooms 1 and 2 have been scaled. The 
southwest side of Room 2 had to be scaled twice. Con­
tinued working of the face of the pillar caused fresh 
loose rock to appear after the first scaling. That this 
is a surface effect only was shown by the non-convergence 
of Pillar 23 during this period. 

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

The first round in Room 4 had been blasted minus the rib 
hole next to the pillar. The resulting pillar corner was 
quite square. The second blast in Room 4 using all the 
holes in the row tore out a large portion of rock from 
Pillar 34C leaving an overhang. The cause of the problem
is the joint direction, the tearing taking place along
existing joint planes. The overhanging corner of Pillar 34C 
was drilled off using four-inch holes drilled by the heading
iumbo positioned in Room 4. The overhanq \<J'as successfully 
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On August 9, station 37 in the roof of Room 2 showed 
accelerated amounts of sagging from the two foot horizon. 
On August 11, 18 additional six foot bolts were installed 
and the area was roped off for three days. The additional 
bolts completely arrested the movement and the area was 
reopened on August 14. 

2. Equipment Availability 

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

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

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

3. Conditions of the Roof in the i,lining Area 

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

a. 0 to 5 Foot Horizon 

A sagging of about 0.003 inch has been observed at 
most stations during the period. The roof above the 
benching operation has shown similar movements to 
those in the roof above areas not affected by mining.
Evidently the immediate roof is securely held by the 
six foot rock bolts and does not deteriorate following 
removal of the bench. 
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At two locations movements in the 0 to 5 foot zone 
have been large, these are (1) at Station 27, where a 
movement of 0.019 inch has increased the total sagging 
to 0.141 inch. This area has had additional six 
foot bolts installed several months ago. The move­
ments are of a very local nature and do not extend to 
Stations 28 and 29 in the same line across Room 3. 
(2) At Station 37 where a sagging of 0.025 inch has 
occurred during the period. The total movement has 
reached 0.112 inch. Figure 4 shows that the movements 
have accelerated after July 17. On August 11, 18 
additional six foot bolts were installed !;o as to 
arrest the movement. During the three days following 
this bolting the area was roped off until it was seen 
that no further movements were taking place. 

A check of the bolt torques in the roof around Station 
37 showed that the average torque was only 100 foot 
pounds which is less than the 150 foot pounds found to 
be necessary to ensure good anchorage of the bolts 
(see Monthly Progress Hemorandum April/Hay 1966).
Evidently the bolts were not installed tightly enough
in this area. This plus the fact that the roof bolts in the 
area had been installed several months ago, at a load 
of five tons, has shown an increase of one ton in the 
bolt load. 

b. 5 to 15 Foot Horizon 

Novements of the roof in the 5 to 15 foot horizon 
have generally been in the order of 0.003 inch sag 
during the period. In Room 1 virtually no movement 
has been recorded. Slightly more sagging has occurred 
over the benching area but not enough to affect roof 
stability. The greatest movements have occurred at 
the northwest end of Room 3. In this zone support is 
being removed from the roof by tIle spalling of 
Pillar 23H. The sagging is decelerating and the roof 
appears to be stabilizing. 

B. Drilling and Blasting Research 

1. Benching Operation 

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

25 Instant Instant Instant 25 
x x x x x 

100 50 50 50 100 

x x x x x 


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

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

50 25 Instant Instant 25 50 
x x x x x x 

150 100 5C' 50 100 150 
x x x x x x 

This ignition sequence was designed to provide a long throw, 
together with good fragmentation. The burden was 12 feet, 
spacing - 12 feet, powder factor - 0.61 pound per ton, hole 
diameter - 4 inches, and fragmentation was fine. The throw 
was 125 feet providing a low, loose muck pile ideal for 
the loading operation. Part of the throw can be attributed 
to the high powder factor, but the same ignition sequence 
will be tried \lith a lower powder factor to determine if the 
sequence provides good throw. The better than necessary
fragmentation can be attributed to the high powder factor. 

Back break from rows of four inch holes is usually 6 to 8 
feet but can be ;:,3 nigh as ~O feet if a prominent joint 
exists parallel to and behind the row of holes. (Back
break is rock breakage behind the last row of holes in a 
blast in the direction of advance.) Back break is not 
necessarily disadvantageous. If the burden is great
enough, back break will not affect the succeeding row of 
holes. Coarse fragments from the material of back break 
have not been observed. 

Future plans are to experiment with burdens and spacings 
using 4 inch and 4 1/4 inch holes to obtain loose muck 
piles and good fragmentation with multiple row blasts 
using a powder factor of 0.40 to 0.50 pound per ton. A 
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relationship between bench blasting and upper level pillar 
spalling is not kno,~, but experiments with bench blasting 
may be devised to determine if there is such a relationship. 

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

c. Pillar Research 

During the period all the pillar UPBX's have been influenced by
the benching out of Room 3. Contrary to expectations the 
additional convergence of the Pillar 23 has been equally dis­
tributed in the upper and lower half of the pillar. It T.-,Tas 
expected that the lower half of the pillar opposite the bench 
would have converged more on being exposed. Examination of 
Figures 5 to 8 shows that throughout the driving of the mining
headings, the convergence of the pillar opposite the mining 
headings follows a similar pattern to the convergence of the 
part of the pillar which is subsequently to be exposed by the 
benching. 

It was noticeable that the convergence of the pillar caused by 
the benching ~peration occurred well in advance of the benching 
face. The increased pillar height caused by the benching induces 
pillar convergence opposite the bench. This in turn throws 
additional stress on to the 40 foot high pillars ahead of the 
bench face. Furthermore, the tendency for the pillar to converge 
at points opposite the bench, where the pillar is 75 feet 9 inches 
high (actual room height measured in the bench) is resisted by 
the other side of the pillar which is only 40 feet high. (For
example, considering Pillar 23, the height of the pillar on the 
Room 3 side is 75 feet 9 inches while on the Room" 2 side it is 
only 40 feet high.) This resistance causes stress to be thrown 
onto the shorter side. This goes a long way to explaining the 
excessive amount of pillar spalling along the souwest side of 
Room 2. Also the loading of the pillars ahead of the bench 
face has caused extra pillar spalling at the northwest end of 
Rooms 2, 3 and 4 and particularly on Pillar 34H. 

Figure 9 shows total pillar convergences measured across a height 
of 73 feet on two dates. It will be noted that Pillar 230 has 
suffered much less convergence than either Pillar 238 or Pillar 
23F. The reason for this is not clear, although it may be sus­
oected that there is some archina tendency over Pillar 230. 
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PILLAR STRAINS MEASURED OVER SECTION OPPOSITE BENCH 

- - .. -j[-
; 

.,, 	 I 
I i, 	 J 

.:. !L.__ 	 --···L. . ..... ,,__ . i 

1 
! 	 ,.1
j 	

i 
. 	i 

j , I 
1 	

-1
-, 

I	
--; II ... --­ -'-:1 

. • •• A_~_ ~ ,j
I 

I. _ 

r
[-~-	

! 

1-:­

l
-;i-:.; 

- :-:--". 

-~ -

-' 

I: ., -

I­ -

-I _ 
I 
i 
i" 
I 

lstrai1n microindhes _per. inch_~. 
I I I _: 

-I I ! j

I ;! -! 

'----._ .._-_.. -! 
! 

I 
[. 

-_. I 
. ,-!, 

i 

~ 1 
i 
~ 

I 

i 
i 

---'-,-­
: 
I 

i_ 

.~-~-.. -:- .----.--,.~ -----­

o 

. I 

".-. 

. i 
J 

, 
•I 
i.. 

I ,

f· . -.,­
--! --.--.--- !-. 

I • 
1-' 
" I1­ ,­ i­

·..·····~~.···D·· 

--!--­

, 
i 

'­

t-
V' 
;:) 

" ~'--::i!. "t 



FIGURE 7 

PILLAR STRAINS MEASURED OVER SECTION OPPOSITE BENCH 
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FIGURE 8 


PILLAR STRAINS MEAsURED OVER SECTION OPPOSITE BENCH 
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SHOWING 	 TOTAL PILLAR CONVERGENCE OVER FULL 73 FOOT HEIGHT 
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Actual evidence of increased pillar loading has been noted on 
various pressure measuring gauges in the mining area. Figure 10 
shows the increase of pressure measured during the period. 

Physical Property Tests 

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

D. Time Studies 

A time study nas been con,'l.ucted on the Koehring Skooper using 
the 3 1/2 yard bucket instead of the 6 1/2 yard bucket. 

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

Elemental Time, Total Time, 
Element f.j,inutes Occurrence Minutes 

Dump 0.058 5.87 0.340 
Swing 0.079 5.87 Q.464 
Dig 0.202 5.87 1.186 
Swing 0.u88 5.87 0.517 
Waiting for truck 0.730 1.00 0.730 

3.231 

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

As was to be ex:;?ected the digging time using the smaller bucket 
was shorter but was offset by a greater number of bucket loads 
to fill the truck, dump and swing elements are a little shorter 
with the net'l1 bucket. The loading rate is the same as that of 
the study reported in the Monthly Progress f>1emorandum, April 
to lvIay 1967 using the larger bucket in similar ccnr.litions. It 
is unlikely that the loading rate with the small bucket could 
equal that witn the larger bucket in very fine fragmented rock 
(416 tons per hour) since the digging time could not be much 
shorter than that reported here. There is a possibility, how­
ever, that the smaller bucket causes less wear and tear on the 
Skooper machinery. This cannot be evaluated in a short study. 
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IV. 	 UECHANICAL ENGINEERING (W. S. Bergen, R. E. Smith, and 
J. J. HcAleer) 

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

Major features incorporated - see Figure 11, were as follows: 

1. 	 A deck with six shale flow compartments. 

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

3. 	 Cyclones to remove dust and/or mist. 

4. 	 Liquid drainage, wash, filtering, and accounting systems. 

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

Discussion 

A. 	 Crushing Plant 

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

B. 	 t'leig'h Bin Area 

No changes have been made in this area. 

C. 	 Retort No.3 

Many changes have been made both internally and externally to 
install the liquid disengagement system being studied. This 
work is a scale up of the 3.6 inch retort developments. The 
installation of internals is shown in Figure 11. Figures 12 
and 13 show the deck essentials and a simplified flow diagram
of the liquid handling system. Drawing RC156, not included, 
details the Flow diagram. As previously noted, 1/4 to 1 inch 
shale was studied and combustion was generated using a 54 
riser air distributor. 

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

A S4 riser, yoke type Manifold off t\110 air headers twas 
installed for these tests. This system closely ap~rox­
imates the Dest riser layout founo. in ii.etort ::0. 2 for 
'1/4 to 1 inch shale. 

NO Ylarpage of risers has occurred c1urin<; the three test 
periods. 

2. Deck Assemblv------.--=­
A deck was hung in the shale heating zone. This deck 
supports all the new internals, acts as the liquid collection 
tra.y, and is the seal to force gas through the deck 
cyclones. 

Shale flO\'1S t:trough the deck from the six compartlnents 
fonneL< by the liquiC:i drain screens and shale chutes. 

Gas flows up through the deck through six cyclones and 
the shale fIm.., chutes. After disenq-age:::ent from the cy-"
clones, gas flo\,ls through the screene6 cO!':1partment walls 
and into the shale ~ed. 

Liquid which is forme~ in the shale hed drains through 
the screened walls and drips onto the deck. Eight deck 
drains carrv the ne·t oil from the retort. A deck wash 
has also been installe~ to clear the deck of shale fines 
and chips which fall through the drain screens. 

3. Drain Screens 

Two types of drain screens have been tested. The first 
set were maC:~e of 3/16 by 1 inch flatstock or... S/16 inch 
centers. Visual severe plugging of the screens occurred 
during each of the two tests, CI053 and Cl054. HO\rJever I 

no abnormal pressure drops developed and liquid was formed 
from the screen/cyclone com~ination during the first test, 
ClOS3. 

A second set of screens made of 3/l€ rod on 5/16 centers 
was fabricatef an~ installed for test ClOSS. These screens 
\'lere clean after test ClOSS except on the west uall \'1hich 
\lIas blinded. Chips passed throu~h t~1is screen \vhich l1."'ere 
collected in the filters or remained on the deck. 

Further redesigns are in order to find a screen \l1hich is 
more ensily fabricated and installe~. 

4. Deck Cy?~ones 

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

S. Shale Chutes 

The six deck shale chutes have a 17 inch square cross 
section. For test C10S3 the outlets were 44 inches above 
the air injection; for test C10S4, the outlets were 38 
inches above the air injection, for Run ClOSS, the bottoms 
were revised to incorporate IIcrows feetll but kept at the 
38 inch level. 

6. Deck Deposits 

Deck deposits during test C10S3 consisted of shale which 
leaked behind one of the deck screens. This screen had 
broken loose at the wall. Few chips or dust were able 
to fall through the 3/16 by 1 inch grids. Deposts from 
C10S4 were remnants from C10S3. 

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

7. Liquid Handling Systems 

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

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

During tests elOS3 and C10S4, no fouling of the screen 
occurred. Fouling of the screens did occur during ClOSS 
when chips were washed into the filter. During the ClOSS 
run, it developed that the filters fouled in some 12 to 
24 hours time. Cleaning of the filters has developed
into a lengthy job. Revisions will be made to shorten 
the cleaning time. 

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



- 16 ­

D. Roll Feeder 

During ClOS4 and ClOSS the rolls shifted causing excessive 
sprocket wear. Investigation has shown that the locking 
collar set screws - 8 per shaft - had loosened. 

E. Vibratory Feeders 


No problems have occurred with the six vibratory feeders. 


F. Zero Speed Switches 


These units functioned satisfactorily. 


G. Multiclone 


Cleaning is required on each turnaround. 


H. Screw Conveyors 


No new problems. Operation has been satisfactory. 


I. Gas Sampling System 


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

J. Vertical Thermowells 

A new system has been installed to accommodate the deck. Six, 
3 point thermowells have been installed - three above and three 
below the deck. Temperature measurement levels below the deck 
are IS inches, 21 inches, and 27 inches above the air inlet. 

K. Electrostatic Precipitator 


No measurements were made due to the short operating periods. 


L. Recycle Blower 


Test ClOS3 ended with the failure of the inboard motor bearing.
The babbit bearing had scored and worn. We also found the 
bearing oil level very low. The visual oil .level indicator 
was plugged, giving a false reading. 

No damage had occurred to the shaft of the motor. The outboard 
bearing was also inspected and found in good condition. 

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

H. Raw Shale Accounting 


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


The system has been operative with only minor servicing needs. 


o. String Data 

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

P. Seent Shale Riffler 

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

Q. Air Blower 

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

R. General Construction 

1. Retor~.No •. ~ 

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

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

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

2. Mine-
Assistance is being given to the mining effort in designs
for various pieces of safety equipment. 

http:Retor~.No
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v. 	 RETORTING SECTION (J. E. Lawson) 

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

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

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

2. 	 Retort No. 3 Operations Summary - Runs C10SO Through
ClOSS (T. C. Lyons) 

The operations in Retort No. 3 during the past month have 
been 	concerned with 1/4 to 1 inch shale exclusively. Runs 
C10SO through C10S2 can be considered a continuation of 
earlier 1/4 to 1 inch investigations since they dealt with 
attempts to improve yield by conventional means (air dis­
tributor design). However, starting with Run C10S3, the 
unit 	was modified drastically and current emphasis is on 
improving yields and operability by unconventional means 
(liquid removal from the condensing zone). 

It will be recalled that operability was achieved with 
the 1/4 to 1 inch shale during May and June by making a 
number of mechanical and process modifications. Some of 
the more significant changes were the use of hot dilution 
gas, the installation of roll feeders in the shale drawoff 
system, and the use of an open, streamlined air distributor. 
Thus, at the completion of Run C104S (June 15,1967), 
operability had been achieved but yields were lower than 
desired. It was concluded that the wide air distributor 
spacing - which emphasized shale flow at the expense of 
gas distribution - had improved the operability at the 
expense of yield. 

Consequently, when studies were resumed with the small 
shale on July 10, 1967, the efforts were directed toward 
improving the yield by making an air distributor change. 
The modified air distributor had 36 risers - the same 
number as before - but they were arranged to give more 
uniform gas coverage. This necessitated placing the risers 
on horizontal yokes which complicated the hardware. The 
primary question was whether operability could be main­
tained with the additional resistance to shale flow. Yields 
were 	improved significantly but operability may have been 
affected adversely (Runs C10SO through C10S2). In any 
event, further moves in the direction of more complicated 
hardware seem inadvisable. 



- 19 ­

For the first two days, (Run C10S1), the yields averaged 
just under 89% Volume raw shale Fischer Assay which was 
significantly higher than any previous yields with 1/4 
to 1 	inch shale in Retort No.3. On the third day, a 
transition was made from hot dilution qas to hot air (Run
C10S2) as set up in the program. Yields and operability 
deteriorated shortly thereafter and the unit was shut 
down with clinkers after a total of four days. A split
in offgas temperatures was evidence that the operation
began to deteriorate during the hot dilution operation 
(Run 	C10S1). Therefore, it is difficult to conclude as 
to the benefits of hot dilution versus hot air with this 
shale size. 

As a result of this study, there seemed to be little hope
of improving the yields of 1/4 to 1 inch shale by con­
ventional means. Therefore, the unit was modified in an 
attempt to improve yield and operability by removing liquid
from the condensing zone. This modification is based on 
the work done by the Anvil Points Operability Task Force 
which was summarized in the Progress I,1emorandum of July 21, 
1967. The n.echanical ~csign details ilre includeC: in that 
rnemoranc.um aleo. 

Basically, the design involves two major changes: 

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

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

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

Three runs have been made to date (Runs C10S3 through 
ClOSS). They have been encouraging from the operability
standpoint but disappointing from the standpoint of yields.
The unit has operated 1) at 15,000 SCF/T recycle, which 
is the highest rate for any shale size, 2) at 500 lbs/(hr) 
(ft2), which is a first in Retort ao. 3 with 1/4 to 1 inch 
shale, and 3) with a complicated 54 bayonet air distributor. 
However, the liquid recovery and yields have been much 
lower than expected. 

Run C10S3 has been the most successful overall operation 
even though it was terminated after 18 hours because of a 
bearing failure on the recycle motor. The yield during 
startup was estimated to be about 85% Volume raw shale 
Fischer Assay and the spent shale "las free of oil. Approx­
imately 7.5% of the total oil was recovered from the grids
and cyclones. This compares to the 50% removed in the 
bench shale retort. The low recovery and yield were 

http:rnemoranc.um
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attributed to two factors: 1) the drain grids were plugged 
severely (about 90%) and 2) the liquid disengager tempera­
ture was only 400 F compared to the recommended 600 F from 
the bench scale wokk. Therefore, our efforts were directed 
toward making improvements in these two areas. 

In Run C10S4, the bed depth in the retorting zone was 
decreased six inches to raise the disengager temperature.
However, this change was ineffective because of gas chan­
neling and the temperature remained at the 400 F level. 
The liquid removal was low from the outset (approximately 
2 to 3% of total oil). Yields started at the 81% Volume 
level and deteriorated with time. There was a corresponding 
increase in oil content of the spent shale. After two 
days, the unit was shut down because of low yields and 
liquid production rather than for oparabi1ityprob1ems.
Just prior to shutdown, a high liquid concentration was 
observed in the open area above the retorting zone. A 
small clinker was present and the drain grids were plugged
severely as before. 

Prior to Run ClOSS, the grid design was modified to reduce 
the plugging tendency. In addition, the chute design was 
modified to provide a more level shale bed in the retorting 
zone. Both changes were effective as the grid plugging was 
reduced to 20 to 30% and the disengager temperature was 
raised to an average of S2S F. However, the liquid removal 
and yields did not improve. No measurable oil was recovered 
from the grid or cyclones. During the first 24 hours of 
operation, the spent shale contained almost five gallons of 
oil per ton indicating inefficient retorting. The severity 
was increased in an attempt to clean up the spent shale. 
The operation deteriorated quickly and the unit was shut 
down with clinkers about 36 hours after startup. 

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

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

a. Run Cl050 - 1/4 ~o 1 Inch Shale (T. C. Lyons) 

Run Cl050 was the first attempt to evaluate the modified 
air distributor design shown in Figure 15. The 
startup proposal is presented in Table 1. Throughout 
the run, the line burner was a source of continuous 
difficulty. The unit was shut down after 36 hours 
with a large clinker. However, because of the line 
burner problems, no conclusions could be drawn con­
cerning operability or yield. 

b. to 1 Inch Shale 

Run Cl05l was a second attempt to define yield 
potential and operability with the 36 riser, yoked 
air distributor shown in Figure 15. The startup pro­
cedure was essentially the same as that used for 
Cl050. Like the Cl050 startup, the Cl05l startup was 
much slower than previous 1/4 to 1 inch startups, e.g. 
Cl039. The time for the thermocouples, 18 inches 
above the air ports, to reach 700 F was about 8 hours 
for Cl05l versus about 4 hours for C1039. The oxygen 
consumption rate during startup for Cl051 was 5,000 
to 5,500 SCF/T equivalent air rate. The startup is 
showngraohically in Figures 16a and b. In addition 
to being slow, the startup was also uneven with the 
east side of the retort about 200 F cooler than the 
center and west. About six hours after firing the 
line burner, the offgas temperatures began to split. 
By the end of the startup, the west offgas temperature 
was about 10 F higher than the others. :Tear the end 
of the startup, the retort began to heat up and over­
all pressure 6rop began to increase. Air and recycle 
adjustments were made to stabilize the unit. 

Run conditions and results for test periods C105l-PT 
and 1 through 3 are presented in Table 2. The opera­
tion looked good except for the following items: 

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

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

• After completing test period Cl05l-3, a transition 
was made to a hot air operation. The dilution gas 
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TA...i.E 1 

STARTUP PROPOSAL - RUN Cl050 AND Cl05l, 1/4 TO 1 INCH SHALE, 36 RISER - 2 HEADER 
DOUBLE YOKE AIR DISTRIBUTOR 

(PROPOSAL IS IDENTICAL TO THAT USED IN Cl039, Cl040, Cl045) 

•Process Conditions 
Step Shale EAT* Air R~cvcle Dilution 

Mass Rate Tons7Hour of scr7T'''''':'''''''S=C=F''''''''M- SCF/T SCFM SCF/T SCFM 
1. 	 3-hour circulation 300 8.28 em- 8,000 "1,100 15,700 2,170 o 0 

2. 	 Fire line burner at 700 F 300 8.28 700 8,000 1,100 15,100 2,170 o o 
for about 2 hours. Go to 
step 3 if combustion 
starts before 2 hours at 
700 F. 

3. 	 Raise line burner tempera­ 300 8.28 900 02 Consumption 15,700 2,170 o o 
ture to 900 F. Maintain curve 

02 consumption between 

5,000-5,500 SCF/T 

equivalent air. 


4. 	 When 02 in vent concen­ 300 8.28 900 02 Consumption Decrease to Increase to 
tration reached 4%, start curve ·10,500 1,450 2,500 350 
introducing dilution gas 
in 30 SCFM increments, 
10 minutes apart. Reduce 
recycle equally_ 

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

I *EAT - Entering Air Temperature 

TCLyons 
8/16/67 
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was exchanged for additional recycle gas. The Run 

Number was changed to C10S2 when this transition was 

made. Run conditions and results for Run C10S2-PT 

and 1 through 3 are presented in Table 2. 


After the transition to the hot air operation, the 
offgas temperature split disappeared. However, the 
retort bottom pressure continued to run low and the 
oil in the spent shale increased to the level of 
four gallons of oil per ton. Yields declined from 
a level of about 87% to about 80% during test periods 
C10S2-PT through C10S2-3. About five hours before 
the end of test period C10S2-3, the operation further 
deteriorated. The offgas split over 20 F, the east 
side combustion temperatures became abnormally hot, 
and the shale flow began to show evidence of a signif­
icant stoppage on the east side of the retort. The 
retort was shut down about three hours after the end 
of C10S2-3. When emptied, three clinkers were found 
in the retort as illustrated in Figure 17. All three 
clinkers tapered up to the shale chutes and consisted 
of hard material. The clinker in the northwest corner 
was particularly hard and a thick hard wedge of 
material was built up on the liner just above the 
clinker. This northwest clinker had evidently been 
in the retort a long time, perhaps since startup. 
All the clinkers were wall oriented. The following 
conclusions were drawn from these two runs: 

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

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

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

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

c. 	 Run C10S3 - 1/4 to 1 Inch Shale (B. L. Reymond) 

(1) 	 Retort Modifications Prior to C10S3 

The details of the retort modifications prior 
to Run C10S3 are expounded in the '1echanical 
Engineering section of this report. Therefore, 
only a brief functional description will be 
given here. 



FIGURE 17 


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

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

The purpose of the system is twofold: 

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

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

The recirculation loop includes filters: the 
net product oil from deck and cyclones is 
withdrawn downstream from these, prior to 
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being metered and stored separately from 
the regular liquid product. 

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

(2) Run Cl053 Operation 

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

Target conditions were as follows: 

Shale mass rate - 500 lbs/(hr) (ft2) 
Air rate - 4,300 SCF/Ton
Recycle rate - 15,000 SCF/Ton 

Prior to startup, a successful shale drawdown 
test was conducted, the line burner was then 
brought to 700 F for a two-hour "soaking" period.
At 1800 hours on July 28, 1967, the line burner 
temperature was raised to 900 F for a standard 
lIair oxygen equivalent consumption" startup. 

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

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

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

Four hours after the line burner was brought up 
to 900 F, the oxygen concentration in the offgas 
was down to 0.15 Volume %. A seven hour transi­
tion to 500 lbs/(hr) (ft2) shale rate was then 
begun. A significant offgas temperature split
appeared at the same time. Eventually the two 
central offgas headers ran between 150 to 155 F, 
whereas both east and west offgas headers went 
above 170 F and nudged 180 F. This split was 
to be expected because of channeling from the 
grids. 

As evidenced in Figure 19, the east side of the 
combustion zone was the coolest from the onset. 
The temperature spread between east and west was 
as much as 400 F toward the end of the run. 



FIGURE 18 

SHALE SIZE DISTRIBUTION 

Run CI053 
Total sample weight 234 pounds 

Da 0.65 inches 
Dv - 0.73 inches 

R.JkkGall i ard 
8/2/67 



NO. 326. 20 DIVISIONS PER INCH BOTH wAVS, ISO BV 200 DiVISIONS. CODEX BOOK COMPANY" INC. NORWOOD. MAsSACHUSETTS.. 
PRfNun IN U. $. A. 

\ 
o o o 

FIGURE 19 

TIHE HISTORY PLOT 
RUN C1053 

RLl'vlcGalliard 8/2/67 • 



- 25 ­

The gas temperature below deck reflected the 
combustion zone temperature bias; neither side, 
however, reached the desired (:;00 F level. 

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

Total oil production between 0100 hours and 0800 
hours averaged 8.025 barrels per hour, of which 
approximately 0.6 barrels per hour came from 
the deck and cyclones. 

At 0810 hours, eighteen hours after startup, 
the unit was shut down because of a recycle 
blower motor bearing failure. No clinker was 
found, but the grating was 90% plugged and 
considerable shale was found beneath the grating 
on the insert deck. 

Discussion of results 

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

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

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

d. Run CI054 - 1/4 to 1 Inch Shale (1'1. U. Broman) 

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

Shale rate - 500 Ibs/(hr) (ft2) 
Air rate - 4,500 SCF/Ton
Recycle rate - 15,000 SCF/Ton 
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being reached in approximately eight hours. 

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

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

1. 	 A badly skewed combustion zone 

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

3. 	 Very little production of oil from the deck 
system 

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

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

Discussion of results 

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

1. 	 Gas channeling 

2. 	 Insufficient retorting zone depth 

Looking at Figures 20, 21, 22, and 23, the evidence 
of gas channeling is clearly shown. On Figure 20, 
a plot of the startup history, will be noticed the 
badly skewed combustion zone and the early developed
split in offgas temperatures. On Figure 21, a plot
of the average pressure profile, the straightness of 
the profile below the effective bed depth also sug­
gests the existence of gas channeling. Figure 22 
shows correlations with time of spent shale tempera­
ture and yield. The spent shale temperature plot
indicates that there was a proqressive increase in 
gas channeling with time. The increase in spent shale 
temperature even though recycle gas rates were held 
constant is evidence that heat transfer efficiency 
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TABLE 3 


OPERATING CONDITIONS AND RESULTS 


Run C1D54 

Mass Rate, 1bs/(hr) (ft2) 


Raw Shale Fischer Assay, gal/ton 


Air Rate, SCF/T 


Recycle Rate, SCF/T 


Offgas Temperature, F 


Spent Shale Temperature, F 


Spent Shale Fischer Assay, gal/ton 


Yield, Vol % Fischer Assay 

PT 


492 


28.3 

4,360 

15,500 

159 


383 


1.2 

81.6 

1 


498 


28.2 

4,360 

15,400 

162 


431 


3.3 

76.7 

2 


498 


28.5 

4,360 

15,300 

160 


469 


4.7 

74.5 

466 


29.2 

4,670 

15,000 

161 


554 


6.7 

67.7 

WMBroman 

8/16/67 



FIGURE 20 
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FIGURE 21 

AVERAGE PRESSURE PROFILE 
RUNS PTC1054 THROUGH C1054-1 

C1054-2 AND C1054-3 
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FIGURE 22 

DETERIORATION OF YIELD l'lITH TH1E - RUN CI054 


PROGRESSIVE GAS CHANNELING AS EVIDENCED BY INCREASING SPENT SHALE TEMPERATURE 
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FIGURE 23 
RUN C1054 - YIELD VERSUS SPENT SHALE TEMPERATURE 

INEFFICIENT HEAT TRANSFER 
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was deteriorating, ergo, gas channeling. Figure 23 
shews a correlation between spent shale temperature,
yield, and oil left in spent shale. These show a 
definite correlation which suggests that insufficient 
heat transfer existed in the unit. The correlation 
between spent shale temperature and oil left in spent
shale suggest that there was probably insufficient 
retorting zone depth. To supplement this data, a 
rough shale profile up the bed was taken during shut­
down and it showed, from visual observation, clinker 
material at the same level in the bed as raw shale. 

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

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

2. 	 Excessive plugging of the grid system 

3. 	 Partial plugging of the deck drain system 

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

Figure 25 shows the temperature profiles for the east 
side, center, and west side of the retort and Figure
26 shows the shale size used for this test series. 

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

Following Run Cl054, several significant modifications 
were made to the retort. These were: 

1. 	 Installation of an improved liquid withdrawal 

grid to reduce plugging 




~ lURE 241 
HISTORY OF OPERATIONS - RUN C1054 WITH 1/4 TO 1 INCH SHALE 

LIQUID DISENGAGEMENT EXPERIMENT 
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FIGURE 25 

AVERAGE TEMPERATURE PROFILE 
RUN CI054 

EAS7 RETORT NO. 3 
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FIGURE 26 

SHALE SIZE DISTRIBUTION 

Symbol Run No. Weight of Sample Da, Inches Dv, Inches 

o 	 C1054-l 66.8 lbs 0.622 0.713 

C1054-2 61.2 lbs 0.629 0.723
L 
C1054-3 81.3 lbs 	 0.609 0.709<> 
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• 

2. 	 Modification of the shale chutes to reduce coning 
~atterns and therefore, gas channeling. 

3. 	 Modification of the oil wash system to allow 
determination of whether 011 was collected by
the collection deck or the cyclones. 

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

Mechanical details of these changes are discussed 
in the ~echanical Engineering Group section of this 
report. The turnaround, including system tests, re­
quired seven days. An isometric cutaway of the retort 
configuration at the start of ClOSS is presented in 
Figure 11. 

The retort was fired for Run ClOSS at 0500 ht',:,urs on 
August 10, 1967. The startup procedure used was 
iaentical" to that used for C10S4. The startup itself 
was also very much like C10S4. Unlike C1053, the 
C1054 and ClOSS startups slowed at about the 2% oxygen 
10v21 "~:1(. t:-:,=. O::':V,-Pi::::-: cont.::;:::~ of t:!.CS€ lattf~r r'~!'l:: never 
reached the 0.2% level reached in C1053. It aopears from 
these data that channeling developed early in-both 
C10S4 and ClOSS. Additional evidence of this chan­
neling is that significan"C. oil \'las found in the spent 
shale for C10S4 and ClOSS 'IIJ'hile none was found for 
C1053. 

The new liquid withdrawal grid (fabricated with 
round stock) did appear to stay open more than the 
previous bar grid. This is evidenced by greater 
fines recovery in the liquid system and a more open 
appearance, about 75% versus 10% for the bars, after 
shutdown. However, no liquid collection was measured 
in either the collection deck or the cyclone systems. 
Since liquid was collected during C1053, 7 to 10% of 
total product, there appears to be a ~if£erence in 
the systems tested. The one difference which appears 
significant is that the temperature at which liquid 
was to be removed was lower in Run C10S3. 

The intermediate shale chute modification to reduce 
coning patterns was effective in reducing gas chan­
neling. This was evidenced by interdeck gas tempera­
tures which were in better agreement with historical 
profiles. No cold shale flow problems were experienced 
through the ten-inch openings at the bottom of the shale 
chutes. Two of the openings were found plugged with 
agglomerate-like material after shutdown. 

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

After reaching the 500 mass rate, the retort was 
run for nearly two balance periods,CIOSS-PT and 
ClOSS-I. During the transition to 500 mass rate, 
the east and west offgas temperatures split 30 to 40 F 
higher than the center temperatures as had been the 
case with CIOS3 and CIOS4. However, about three hours 
after starting CIOSS-PT the west temperature dropped 
to the level of the two center temperatures. At this 
same time, the west high bias in the combustion zone 
disappeared and the combustion zone temperatures 
stayed fairly even until the start of ClOSS-l. At 
this time a east high bias developed and remained 
until shutdown. Throughout elOS S -PT and ClOSS-I, the 
oxygen in the vent gas remained at about O.S to 0.6 
Volume t. From the beginning of ClOSS-l, operations 
noticeably slowly deteriorated. Near the end of 
ClOSS-I, the pressure drop across the liquid collection 
deck increased sharply about 3 inches and the retort 
was shut down. This rapid pressure drop increase 
was due to plugged cyclones (the second and third 
from the east side were the only clear cyclones. 
Table ~ presents data and results for the ClOSS run 
series. 

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

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

B. Mechanical Models (L. J. Skowronek) 

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



TABLE 4 

OPERATING CONDITIONS 

Raw shale 
Fischer Assay, gal/ton 
Size, inches 
Rat~, Ibs/(hr) (ft2) 

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

Spent shale 

Oil content gal/ton raw shale 

Yields, Vol '% Fischer Assay 

IN RUN ClOSS 

SUCI055 

28.8 
1/4-1 


310 


variable 
15,700 

4.38 

65.7 

PTCI055 

29.2 
1/4-1 

474 

4,560 
15,200 

4.37 

77.1 

CI055-1 

28.0 
1/4-1 

489 

4,560 
15,100 

2.5 

77.5 

BLP..cymond 
8/16/67 



FIGURE 27 

TEl1PERATURE PROFILE 
Run PTC1055 - 1640-1910 Hours 
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FIGT ~ 28') 1-­

PROFILE UNDER AIR HEADERS - RUN C1055-1 (1900-2000) 
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• 1 • Corrosion-Erosion Pr02ram 

The work in this program has been severely hampered by 
the breakdown of the Sonoray Caliper. It was necessary 
to send the instrument back to the manufacturer for 
repairs to both transducer heads. The instrument was 
finally returned to us on August 11. The monitoring of 
Retort No. 3 will be picked up and followed again. 

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

2. Retort No. 3 (Half Section ~10del) Studies 

l1odifications and instrumentation construction is in pro­
gress to ready the unit for the continuation of studies 
of imposed shale loads on retort internals. 

3. Liquid Disengager Simulation 

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

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

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

The model was constructed with a static shale bed but 
having the flexibility of varying the gas flow split and 
the ability to drain off liquid. In addition it was pos­
sible to inject dust into the air stream sir1.ulating the 
recycle discharge. 

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

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

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

The product split from the two drains was approximated 
at 85% through the grid and the remainder through the 
chute drain. No fouling was observed on the grid. Tur­
bulence of the liquid draining through the grid was violent. 

Run 2 - All Gas to Shale Chute 

The model was operated with the total gas quantity 145 ACFf·l 
introduced to the shale chute plenum. All other factors 
were the same. 

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

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

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

The dust particles were picked up by the air and the grid 
was soon completely fouled and plugged, the shale bed was 
observed to be flooded with liquid to an elevation above 
the top of the grid bars. The liquid drained from the 
unit was approximately equal from each chamber but at 
least 80% was held in the shale bed. 

Run 4 - Gas Conditions Identical to Run 2 - Oust Injected
iUth Gas to Grid Plenum 

The model was started under the same conditions as Run 3 
and the same plu9ged grid and flooding in the bed developed.
The gas at that time was cut off to the grid plenum chamber 
and diverted to the shale chute. To that time, little 
liquid was observed under the grid; with the gas switch, 
liquid was observed to spurt through the grid and accumulate 
on the bottom deck. The grid was soon flushed clean. 

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

A. 3.6 Inch Retort Operations 

1. Sumrr.ary 

During the past month, runs with combustion, \'.rith and 
t'1i thout liquid disengagement, have been completed. 
Excellent operability at 500 mass rate \'lith combustion 
and liquid disengagement was achieved. Poor operability 
at 300 mass rate ,'lith combustion and without liquid dis­
engagement was also noted. 

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

2. Detailed Discussion 

Reporting on operation of the HBR3.6 retort is continued 
from the Ivlonthly Progress I·1emorandum of July 21, 1967. 
Refer to the data summary sheet - Table 5. 

In Run 12, we attempted to operate the retort at 500 lbs/ 
(hr) (ft2T mass rate, 20,000 SCF/T recycle gas rate, and 
5,000 SCF/T air. 'l'he oil disengager \-Tas to be at 600 F. 
Air was mixed with recycle gas ana introduced at the 
bottom of the retort. The gas rate was increased and, 
finally, the shale rate was decreased to prevent the 
conIDustion zone from moving down out of the bed. Oper­
ation was only fair. The Ded was flooded at times, and 
the product recovery system was not operating well for 
this run. An agglomerate, probably formed at the very 
end of the run, was found above the disengager section. 

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

After Run 13, three air engager pipes, 129 degrees apart, 
were added about 40 inches below the bottom flange of the 
disengager. They protruded about 1/4 inch into the shale 
bed. Provisions were made for piping air ana/or recycle 
gas into these air distributors. 



TABLE 5 
1 )11 MBR3 • 6 DATA SUm·1ARY SHEET ---11='2 13 14 15 16 17 -- 18 19 20 21-=~--fR ..!,lBrU .6 Run !Jo. IL-.::::i .."--'.------ ­

: Datc Run (1967) 
I, 

II 7-D 7-15 7-19 7-21 7-25 7-28 
 8-7 8-9 8-11 

I Le~;tl;-- of RUn (hrs) ~! 7 7~ 


8-1 
7 7 9 25 - 3 12 7,,--: . 

--!Yes Yes No No No Yes Yes YesYes ' Yes:_D 1. Sj;ng.9<]..e=r"--___ • 
!_QI2..erating~onditiQX1S: . 

!l Raw Shale lbs/ (hr) (ft_2....::,.)_·_____-;:I~
 500 ­ 30o-50~ -300 l3O() (1)1 500 I~ 500

it Fischer i\ssay._lgalIt.on) ___ ..l 27.8 
 28.2 37.7 SLS28.2 30.5 29.9129.1 I - -P I 

!l- ~:ominal Size Ranqe, (in) I__ 

I, • h ' 
I' 5~ PassJ,.ng thr.:_Oll.9­

_, 98% Passinq through i-' 

~ Da . 

11 Dv 
 I I 

~;. Recvc1e (SCFi'I') I~U'~~25.00olt~'XX~10.000 4,50C20,00C20,00(20,00010,00015,000 __.~ 
1: Air (SCF/T) 3,~QQ 4,800 0 ° 4,50C 4,50C 4.50C 4.500 6,000 0:! 0 tle.ra.tin.<J--..1').a1:a.: -,. v . 

e::nn I ~nn 500-6001 ·6 00]1 Discngaqer Temoerature (Op) 550-65C 600 -- -- I ovv I :>vv _~OO 
( 

II I Ii' /\ P. Top II20ft)
I.1 /\ P. Overall ­ 1.7 1.7

"-.J Products Recovered: 11- I I I II 
84.872.5 99.8I,J Oil Collectcd (Vol % FA) I~ ..... I n 97.5t'\ 

56.8 47.5 ~ 

lr Total oil in Dcmister (Vol %) 1 29.7 ..;. I 45.5 


69.6Iii Total oil in Di::;LElilsaSG_x:_(Vo1 %)1 70.3 ;:;. 1_ 54.5 
43.2 52.530.4. ...1 • 'S. 

HII Gas Yield (SCF/TRS) I . ~ 

)1 iHneral CO 2 Dcc. (% CO~h.g f (1) I '2 t 

:r Hatc_riaL B.alances (as_Js) J :: ~ .L _ . 


Ash % 


.. ~CL<lll Balance 01~)! 104 I !.:C 1-. ­ ~ I 1--1
,QOrqanic C~rbon J;Lq.lAncc U..;tt %) I 

I~UJ~"ig -OL~ ProDcrt.Le.s-=- J H ~ 
1__ 1_ 0.~.<l'{JJ:'y'_(OA~_)_CQr,-lP9sit_e_________ 1 25 5 24.3 

.I ,, _____. ______Dj,§J:~mg_ag_PJ.. : 15.1 15.1 -- -- -- 15.2 16.0 14.0 12.9 - ­
I Dc::tister 126.2 26.8 25.5 2"4:7l23.7 29.3 27.9 24.3I --.---. - ..".--- .---.. -­ -.----~ 

, Ic=Pent Sha_!.~______.__._ I II \~ I 
-jt ·-~t::::: ~:::~.I1 (~:~/:~n>"-____-~~---··il-0.7'-==0_.Ol-7~_~1 ~:~J 0.0 0.0 0.5 1-2

•
4 

. ==. _ 
r.ove.. ra1_Loperati.oE_~1. p~_~_.ormance.,"___ ..___ .... 1'. F(~t.i..r. _.tX9J:!11.1b:.n9P_.-.II.J:.!19P..·.rRO.. Q}:"_~Xce.1l.--'~OOr ~-' _GO-~l·.ROo-~--ILlnC?P ./'-----,
Ii (1) C !. 1
!1~2-)C~~!~d:~~~_~;~_~.:!~~!-·:;~~O-~i~~~k~~~~-S~. __~~e_ I'------r------_--r-------I·----..-.:--~_~~-------,-- . --\-- -- -­
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http:i\ssay._lgalIt.on


- 34 ­

The next aim of the Operability Task Force vIas to compare 
an operable run \".d thout the disengager to one vIi th the 
disengager - at essentially the same conditions. 

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

In Run 15, we again attempted to run the retort ,,,ithout 
the-aisengager. To decrease the chance of flooding, the 
recycle rate was held at 10,000 seFIT, the temperature 
at the top of the retort was increased, and the bed height 
was effectively lowered by moving the retorting zone up 
into Furnace 3. The shale mass rate \'las held at 300 lbsl 
(hr) (ft2). About three hours after startup (similar to 
Run 14,) increasing temperatures in Furnaces 1 and 2 
indicated flooding. Liquid product came overhead and 
flm'leu into the o.Gmister. Shale flow became more difficult 
and finally stopped, aborting the run. 

RUl1.l6 \'las a final attempt to operate \'1i thout the dis­
engager - by any Ineans possible. The run was started with 
external heating, 300 mass rate and 8,000 recycle. The 
retorting zone vrhich vlaS noved into Furnace 21 held at 1,100 F. 
Shale flow soon became poor. About two hours afteL the 
start of the run, mist at the demister sight-glass cleared, 
indicating flooding. About one-half hour later, shale 
movement stopped and couldn't be started again. 

Air l'laS introduced via the air distributors in the hope 
of burning the agglomerate loose. After about two hours, 
during which the combustion zone ~oved from Furnace 4 up' 
to Furnace 1, heavy hammering broke the agglomerate and 
allm..red shale movement. 

The run was continued with about 4,500 seFIT each of air 
and recycle, both admitted to the air distributors. 
Retorting was maintained at the top of the bed; almost 
completely in Furnace 1. The run continued for another 
eight hours under these conditions - until the shale ran 
out. Shale flow was poor during this time and temperatures 
were hard to control. The spent shale was extrememly \'lell 
burned, containing only 0.2% organic carbon. Operation 
was generally poor. Yield was only about 80%. 
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RUn 17 was run at conditions similar to Run 13, except 
that air was engaged to the air distributors instead of 
at the bottom of the bed. Conditions "..;rere ~ 500 mass 
rate, 20,000 recycle, and 4,500 air. The air and 4,500 
SCF/T of the recycle gas were mixed before the air dis­
tributors, making this, essentially a dilution gas oper­
ation to minimize the possibility of clinker formation 
where the air \'/as engaged. 

In this run also, we noticed liquid product running into 
the demister drum. i1ist was usually sparse during the 
run. However, operability was excellent, with smooth 
shale flO\..,. 

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

Run !51 was an effort to operate \'Ti t.h a 10\'ler disengager 
temperature. Although we managed to complete the run, 
the overall operability was poor. A large amount of oil, 
as mist, was lost because of severe leaks around flanges 
on the retort. Therefore results on this run are suspect. 

Run 19 was begun after repair.s had been completed on the 
retort flanges. The run was a second attempt at operating 
''lith a 10~!ler disengager tel't"lperature ,·lith other parameters 
essentially the same as in other successful disengager 
runs: 500 mass rate, 20,000 recycle rate, and 4,500 air 
(mixed 1:1 with part of the recycle). 

It was very difficult to maintain the disengager temper­
ature at 450 F i the temperature varied bebveen 300 and 
550, averaging about 400 F. The overall ~P remained at 
about 1.7 inches of mercury during the run. Very little 
mist \'las noted. 

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

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

In Run 20, the purpose was to operate the retort with rich 
shale a1:500 mass rate and 20,000 recycle rate, with the 
disengager. The air distributors had been moved up about 
18 inches for better heat distribution. 

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

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

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

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

Operability was judged poor. 

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

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

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

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

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

3. Future Plans 

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

Figure 30 is a sketch of the Run C990 clinker. A decarbonized, 
vitreous portion of this aggregate exists around the air dis­
tributor and rests on the yoke. Its composition is indicated 
by Sample 1. Samples 2 and 3 are also substantially free of 
organic carbon but most of the inorganic carbon, in the form 
of carbonates, remains. Sample 4 is relatively rich in coke 
carbon compared to either raw or spent shale. This may be 
inferred from their coke carbon to ash ratios. (Coke carbon 
rather than organic carbon 18 used in this argument because of 
the wide difference in oil content among these samples.) 

The fact that organic decarbonization has proceeded to the extent 
that it has, in Samples 1, 2 and 3, suggested that this aggregate 
was in place for some time before the retort was shut down. 
Vertical temperature profile data support this inference. Sample
4 is probably a remnant of a larger organic carbon rich aggregate
existing on the east side of the retort. A multiparticle aggre­
gate which is rich in fuel and which is located near the point
of air injection is felt to be the most likely precusor to the 
massive clinkers observed in Retort No.3. 

Such carbon-rich aggre9ates may also be found in the spent shale 
discharge from a stable operation of Retort No.3. A grab
sample of uncrushed spent shale was taken during the recent 
operation with 1/4 to 2 1/2 inch raw shale. The roll feeder 
was in use at that time so that some crushing of the spent shale 
occurred as it discharged. 60% of the spent shale passed through 
a 4 mesh screen. Of the remaining 40%, 93% was identifiable 
as spent shale particles, 6% was small carbon-rich aggregates,
which we have generally called agglomerates, and 1% was small 
clinkers. The carbon-rich portions of this sample are the 
fines and the agglomerates. These results are summarized in 
Table 6. The clearest indication that these two components are 
organic carbon rich is the ratio of organic carbon to ash. This 
ratio is independent of the extent of carbonate decomposition
and therefore gives an unambiguous criterion for decidinq
whether or not a fraction is organic carbon rich. If one breaks 
up the agglomerate fraction so that the carbonaceous binder 
can be separated from the pieces of spent shale that it finds, 
it is found that this material has an organic carbon to organic
hydrogen ratio of 9.20 and an organic carbon to ash ratio of 
0.0410. This organic carbon to ash ratio is about 40% higher
than in the spent shale composite analysis, more than twice that 
of the burned spent shale particles and more than ten times 
that of the clinkers. These high ratios suggest that this binder 
is a pyrolysis product of shale oil. 



FIGURE 30 


CLINKER FOUND ON SHUTDOiVN - RUN C990 


r cher Assay, Gal/Ton (1) 
Oil, Wt % 
Water, Wt % 
Gas + Loss, Wt % 
Spent Shale, Wt % 

Chemical Ana1yses(1) 
Mineral CO2, Wt % 
Total Carbon, Wt % 
Total Hydrogen, Wt % 
Ash, Wt % 

Organic Carbon, Wt % 
Organic Hydrogen, Wt % 

Organic (C/H) ~vt Ratio 

(Organic ClAsh) Wt Ratio 

(Coke ClAsh) Wt Ratio 

(1)Dry Basis 

1 

0.3 
0.1 
0.2 
0.0 

99.7 

1.26 
0.54 
0.54 

99.2 

0.20 
0.52 

( 

2 

0.1 
0.1 
0.2 
0.3 

99.4 

17.3 
6.46 
0.20 

79.6 

1.73 
0.18 

9.61 

0.0292 

0.0198 

VeI2TIC-(fL 
----,~ 

I 
I 

I 

/1'-8 

3 4 
0.3 10.2 
0.1 3.9 
0.3 0.7 
0.3 1.0 

99.3 94.4 

12.7 19.0 
2.56 12.5 
0.07 0.85 

85.0 72.0 

(0.00) 7.31 
0.04 0.77 

9.49 

0.1015 

0.0508 

TlIiV?oll/E:LL 

Raw 
Shale 
25.8 
9.8 
0.9 
1.8 

87.5 

17.2 
16.0 
1.68 

69.6 

11.3 
1.46 

7.74 

0.1623 

0.0341 

Spent 
Shale 
2.0 
0.8 
0.8 
0.4 

98.0 

16.3 
7.7 
0.37 

80.3 

3.25 
0.30 

10.83 

0.0405 

0.0303 

JWHasz 
KIJage1 
8/10/67 ___ 
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TABLE 6 


SPENT SHALE ANALYSIS FROM A TYPICAL 

STABLE OPERATION OF RETORT NO. 3 


Weight % in Total Sample 

Weight % in +4 Mesh Fraction 
Chemical Analyses(l) 

Mineral C02, Wt % 
Total Carbon ,l"lt % 
Total Hydrogen, Wt % 
Ash, Wt % 

Organic Carbon, Wt % 
Organic Hydrogen, Wt % 

Organic (C/H) Wt Ratio 

(Organic ClAsh) Wt Ratio 

(1) Dry Basis 

-4 Mesh Fines 
60% 

16.6 
7.47 
0.71 

79.0 

2.94 
0.27 

10.89 

0.0372 

+4 

Burned Spent 
Shale 

93% 

14.6 
5.49 
0.28 

82.6 

1.50 
0.20 

7.50 

0.0182 

Mesh Particles 
40% 

Agglomerates 
~% 

17.0 
7.53 
0.43 

78.9 

2.89 
0.37 

7.81 

0.0366 

Clinkers 
1% 

2.82 
1.12 
0.11 

96.9 

0.35 
0.08 

4.38 

0.0036 

'" 

Composite 

15.8 
6.7 
0.54 

80.4 

2.39 
0.25 

9.56 

0.0297 

KIJagel 
8/10/67 

. 
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• 

VII. ENGINEERING At-m ECONOlUC A?~ALYSES (K. I. Jagel, Jr. and 
R. A. Reitz) 

< 

A. Allis-Chalmers Secondary Crusher Tests 

The closed circuit test ",,,,ork with the Allis-Chalmers double 
roll crusher has been completed. Product size distribution 
data for this test ",,,,ark is given on Fi')ure 31 and Table 7. 
The open and closed circuit test data presented were run back 
to back vithout changing the crusher setting to remove any 
bias between the results. 

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

The distributions on Figure 31 represent crusher products, and 
these must be adjusted to 2 1/2 inch minus and 2 inc~ minus 
bases before a comparison with open circuit tests can be made. 
~fuen this is done, the following results are obtained: 

Circuit Open Closed Open Closed 
98% passing --- 2 1/2"

% 1/4n 12 7.5 6.5 3.5 

In each case, a reduction in fines is obtained by recycling 
a small oversize fraction. The 1/4 inch minus content for 
the open circuit operations was estimated from Figure 22 of 
the July i10nthly Progress Memorandum. 

All of our required test work with the secondary crusher is 
now complete. By mutual agreement with Allis-Chalmers, we 
will not have to test the large tooth rolls originally fur­
nished with the crusher. We have also sent Allis-Chalmers all 
the required operating data on the secondary crusher for the 
period from its installation to August 1, 1967. 

B. Stedman Secondary Crushing Tests 

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

I 
I 



-------FIGURE 31  

SMALL TEETH ROLLS 

Shaft Recycle 
Setting Screen 

Test £ to Size Symbol 
Open Circuit Base Point 27.0 None G- - - -0 
Closed Circuit Test 27.0" 211 A A 
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Closed Circuit Test 

27.5 11 
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TABLE 8 


, TEST DATA FOR SINGLE CAGE DISINTEGRATOR 

" , TEST SHEET 


July 27, 1967 	 . S179Date ...•... , .....•....................•.•• 	 Test No••...•••.•.••.•••....•.••••••.....• 


e 	Size of feed •..... R!!.•~..3!!.... Moisture •.............•..••.•••.•••.•••• 


Temperatura ...................~..... ' " Humidity ••..•.......•.....••.•...•.•••.. 

. Ou C'!h 1 ' 	 •

"1aterial •..•....••..•.•.....~!..~::~..................................... : ............................................................................................. . 


Firm ........J:~9.!?~1 ..9.~?:..~~!:p.?~:?~~~~................................ ' .... Address ..............J~~g~."...Q~~~~?~fL.............. .. 


Machine. Used in Test ....... }~~..~i~g~~..Q:;]3?.P.J:§;\!}~9.gr.?.~&~................................................~.......................~. 


Type Hammer ............................... . Type Grinding PI:to ......................... ,.:... 


No.1 	 No.2 No.3 

Cage ............~::..~p.~.£~!!$.......... . Cage ..........~.~.~? ........................ . Cage ••..•••.....~.c::"T!~....................... 
600Speed .........?P.CJ.......•..... R. P. M. Speed ............................ R. P. r.~. Speed ••....•......1~......... R. P. fJ1. 
.' 

Sample 	lils ................................ . Sample Ihs............~...............~.... Sample Ibs.................................
1 

Time ....~•..••.... Min...............Sec. Time .............. Min...............Sec. Time .............. Min...............Scc. 


Capacity ........................ Lbs./hr. , Capacity ........................ Lbs./hr~ Capacity ......................... Lbs./hr • 


•.•.7200 ............ # per hr. per HP ••......•.6.25.Q......# per hr. per HP .....55.QQ..........# per hr. per HP 


1 . 

.. I 
I 
I 

3 I 
I 

Screen Size f,~~~) I 3" 2~1t i 2" I 1ft I ~11 I I I 
~ I 'r .~0/0 On. I ~ ! ';LI I1??'1 . 'rl~,.,mi(> T.I"\!':t ":\R ~ 

0/0 Thru 172.3 ~ I II I I I I I I I 
Closed Circuit I ~I I 10/0 1~hru 1100. 83.1 I 59.1 29.8 61/1 I 
0/0 On I 12.~"''J Recycle Loac 13.9:' I " ' 

0/0 Thm 81.8 ~ I I I I I I ' ',' 

Closed Circuit I ~I I I ~j% Thru 1100• 72.7 i 61.4 29.8 7.5 

0/0 On ,. Ir~ I 21.1~b !J""~~l,r. T,,~ ...1 ..,,, r! .,.( 

I I I 76.9 t ' " --r ~ 
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TEST SHEET 


Dale ........... "'.......................... . Test' No.................................. . 


Size of Feed ....................... . "'oisture .............. : ................ . 


Temperaiure ......................... . HumitHty ............................... . 
. 	 . 

. 	"'aterial .................................................................................................................................................................. . 


Firm ............................................. ~..........~............................... Address ............................................................... . 


"'achine Used in Test ....................................... ; .................. ' ....................................................... ~......................... . 


Typo Hammer ................................ , Type Grinding Pluta ......................... : .. .. 


No.t~ 4 . tlo.~ S No'va 6 
Same 

Cage ......................................... . Cage ... ........ ......................................•.. Cage ..................... ' .................... . 
800Speed ............................ R. P. "1. Speed ............................ R. P. 'l'. Speed ............................ R. P. f,1. 


Sample Ibs................................. " Sample Ibs. ................................ • Sample Ibs............................... .. 


Tima .............. Min...............Soo.' Timo .............. Min...............Sec. Timo .............. Min...............Sec. 

. 4550 ' .	Capacity ......~................. Lbs./hr. Capacity ........................ Lbs./hr. Capacity ........................ Lbs./hr.· 


....~...~ ...~........ ~..# per hr. per HP ........................# per hr. per HP ........................# per hr. per HP 

~--------.~----~--~----~--~--~---.----.----.----.---.-----

Scrcen Size t,~ti~) I~~JI .J 211 J}.II bJlsn I· .J -orI_l_~L_.JI'. 'Ilt 
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size from our double roll crusher. However, the 2 inch minus 
material is almost identical with a comparable double roll 
crusher product. 

A forecast of operating data was made for the largest size 
Disintegrator based on the test results. This forecast is 
given on Table 9. The capacity includes the circulating load, 
and these machines are always operated in closed circuit. 
The cage RPM is smaller for the 60 inch mill compared to the 
test mill because the peripheral speed of the cage is the 
important variable. At 350 RPM, it is estimated that the cage
life might be 400,000 tons, while the liner life might be 
800,000 tons. These wear data are simply estimates based on 
Stedman's experience with other materials, and do not represent 
any type of actual test data on oil shale. 

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

C. Allis-Chalmers Flowsheet Type Design 

The Flowsheet Type Design report for an 84,000 tons per calendar 
day crushing plant has been delayed from the contract completion 
date of July 31. This work is being done by Allis-Chalmers as 
part of the crushing research program. At the time of this 
writing, part of the report had been printed, and part of it 
was still in the final stages of preparation. The report should 
be completed by late August and will be distributed to the 
Participating Parties in September. 



TABLE 9 


ESTIMATED DATA FOR A 60 INCH SINGLE CAGE DISINTEGRA'l'OR 

.. 
.. 

, 

6011 lIP REQUIHED lIP RECOHHElIDEDHILL I THRU PUT 

250RPH 

,300 

350 

400 
- . . .. 

i" • 

CAPACITY .I • iI ... . . 
200500 TPH 150 

, 

250550 175 
, 

600 220 300 
. .- . . 

650 285 350 
. ,. "', 

.' 
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