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MINUTES OF THE SEVENTEENTH REGULAR MEETING 
OF THE 

OIL SHALE TECHNICAL ADVISORY COMMITTEE 

Anvil Points Oil Shale Research Center 

Rifle, Colorado 


March 1967 


The meeting convened at 8:30 AM with the following committee 

members in attendance: 

S. L. Meisel - Mobil Oil Corporation 
K. M. Elliott - Mobil Oil Corporation 
W. O. Taff - Humble Oil and Refining Co. 
H. P. Dengler - Esso Research and Engineering Co. 
W. L. Jensen - Continental Oil Co. 
J. H. Smith - Continental Oil Co. 
R. T. Ellington, Jr. - Sinclair Oil and Gas Co. 
W. H. Decker - Sinclair Research, Inc. 
D. C. Smith - Phillips Petroleum Co. 
R. V. Smith - Phillips Petroleum Co. 
R. Mungen, Chairman - Pan American Petroleum Corp. 
K. L. Berry - Pan American Petroleum Corp. 

Old Business 

Minutes of the 16th Regular Meeting of the Technical Advisory 

Committee were approved as distributed. 

An audit of project books was completed recently and no major 

variances were found. A report will be sued soon to TAC members. 

The Cleveland-Cliffs proposal to exchange information was dis

cu~sed. It was agreed that R. H. Cramer was to inform Cliffs that the 

group would consider exchange of mining information only or exchange of 

all information, but would not exchange retorting for mining. The legal 

aspects of trading information have not yet been ascertained. 

New Business 

The next meeting of the Technical Advisory Committee will be 

at Pan American offices, Security Life Building, Denver, Colorado, on 
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May 11, 1967. The next meeting of the Technical Observers will be at 

Anvil Points on May 2-3, 1967. 

R. H. Cramer reported that the unfavorable variance in the budget 

was reduced to about $33,000 in January and to $23,950 in February, which 

continues the trend since last October of lower than expected operating 

expenses. It appears now that stage II funds may run out about October 

1967. Now that the major reconstruction contract is completed, $200,000 

of impressed funds will be returned to the six participants. 

Results from the past two months' work were presented by members 

of the staff. Detailed write-ups including handouts at the meeting are 

attached as an Appendix. 

Mining 

The back over the roof-fall area in Adit 5 has been satisfactorily 

held in place with 25-foot-long roof bolts. About six weeks' mining time 

was lost as a result of the roof-fall. A new mining schedule based on removal 

of only 75% of the originally contemplated tonnage was adopted. However, 

this schedule probably is conservative and it still may be possible to 

achieve the original plan if all goes well. A decision point will be reached 

about May 1, 1967. The new plan will only result in one fully loaded pillar 

for study versus two fully loaded pillars for the original design. 

The mine instrumentation was reported to be giving good results. 

Sag pins in the vicinity of the roof-fall showed that the 25-foot bolts 

were effective in pulling up the roof, a multiple position borehole 

extensometer shows the first pillar taking load as material is removed from 

around it and the sag pin stations in the old USBM mine show cyclic 

movement probably caused by seasonal changes in temperature and humidity. 
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The measurement of physical properties by Terrametrics will 

• 

overrun the contracted price of $13,200 by about $6,000. Since Terrametrics 

was unable to stand this expense, arrangements have been made to pay the 

additional money in installments as the data are obtained. 

Retorting 

Retort 3 operation has been unsatisfactory since the last TAe 

meeting. Seven start-ups with 1/4 in. x 1 in. and six start-ups with 

1/4 in. x 2-1/2 in. shale did not result in any sustained operating periods. 

Temperatures in the retort were observed to be very uneven before the end 

of each start-up period. Various corrective measures to regulate recycle, 

air and shale flow during the start-up were ineffective. Experience has 

taught that after temperatures are skewed it is best to shut down because 

the longer the retort is operated in that condition the clinkers grow 

larger and become harder. The skewing is caused by gas-to-shale ratio 

becoming too high in some areas and too low in others. The cause could 

be uneven shale flow above the air distributors or gas channeling in the 

spent shale cooling section,or both. 

Trouble was also experienced in starting up with 1 in. x 2-1/2 in. 

shale. During this reporting period only one and two days of operation 

were achieved in two out of six start-ups. It will be recalled that 

1 in. x 2-1/2 in. shale was previously operated for 12 and 14 days in two 

our of six start-ups during the shakedown period. However, each of these 

"long lf runs was involuntarily terminated by clinkers. 

The mass of evidence that all start-ups on all three particle 

sizes have ended sooner or later with clinkers resting on the air distri

butors indicates a basic problem in retort configuration or start-up 

technique. Since the same start-up technique has been used successfully 
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on Retort 2, it is logical to suspect that the hardware arrangement in 

Retort 3 is at fault. 

The differences between Retort 2 and Retort 3 hardware arrangements 

were listed as follows: 

1. 	 A stainless steel liner is installed in the upper part of 

Retort 2. 

Possible effects are: 

A. 	 Lower coefficient of friction between liner and shale 

compared to brick and shale. 

B. 	 Disrupting deposits on wall by thermal flexing action 

.of liner. 

C. 	 Reduction of shale compaction in combustion zone. The 

liner ended 8 in. above the air inlet ports causing about 

7% increase in retort cross-sectional area at that point. 

D. 	 Retort 2 mass shale rate was calculated based on the liner 

cross-sectional area, therefore 500 lbs./hr.ft. 2 in the 

liner section was equivalent to 465 lbs./hr.ft.2 in the 

combustion zone. The actual shale rates used so far in 

Retort 3 have been 7% higher in the combustion zone than runs 

in Retort 2 with the same rate designation. 

2. 	 Combustion zone area per riser is greater in Retort 2. 

No. of Ba~onets Ft. 2LRiser 

Retort 2 4 2.4 

Retort 3 36 1.7 

Retort 2 8 1.2 

Retort 3 54 1.1 
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It was reported that the 4-bayonet configuration in Retort 2 

is the only air distributor used so far that has never had 

a clinker. 

3. 	 Distance from bottom of air header to air injection ports 

is greater in Retort 3. 

4. 	 The air headers occupy a higher percentage of the cross

sectional area in Retort 3. 

5. 	 The free distance between air and recycle headers is less 

in Retort 3. 

6. 	 The air headers in Retort 2 are streamlined. 

7. 	 The spacing between air headers in Retort 2 is equal to the 

space from header to wall. This is not true in Retort 3. 

8. 	 The recycle header is perpendicular to the air headers in 

Retort 2 and parallel in Retort 3. 

9. 	 A roll feeder discharger is used in Retort 2 versus a 6-pipe 

gravity drawoff in Retort 3. 

The future plan presented by the Long Range Planning Group was to 

operate with 1 in. x 2-1/2 in. shale eliminating hardware differences 

one at a time until the problem was solved. The committee felt that 

the staff was in a far better position to judge what needed to be done to 

solve the problem but did express the philosophy that several radical 

changes should be made simultaneously rather than a one~step-at-a-time 

approach. It was recognized that time and planning are required in order 

to accomplish changes on Retort 3. It was agreed to revise the mode of 

operation away from the demonstration run concept and toward development 
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of operability. It was also agreed more instrumentation needs to be 

installed to obtain more data on the operating problems of Retort 3. 

Accordingly, demonstration runs will not be undertaken until definite 

responses can be predicted. 

Other 

R. H. Cramer announced plans to have most of the technical 

staff attend the Oil Shale Symposium, April 6 and 7, at Denver. 

It was requested that all participating parties coordinate 

technical visits to Anvil Points and recall of members of the staff to 

home offices for consultation through the Program Manager. 

R. H. Cramer directed attention to a Gammatron brochure showing 

a portion of the upper feeding mechanism of Retort 3. He will take steps 

to have the brochure altered so as to avoid disclosure of proprietary 

information. 

Executive Session 

The executive session was held to discuss the possibility of an 

extension to Stage II. R. H. Cramer reported that severe attrition of the 

CSMRF personnel is expected after May 1 if the project terminates about 

October 1 as presently planned. The reason given is that the men probably 

can find higher paying construction jobs in the area which would also 

t~rminate about October 1. If the project is extended six months it is 

expected that most of the staff would remain. 

It is becoming apparent that developing and proving operability 

confidence for Retort 3 may require an extension of up to six months at 

a cost of about $200,000 per month. The committee felt that it is premature 

to request an extension at this time. It was agreed that R. H. Cramer would 



- 7 

issue a letter by May 1 to the TAC stating the case for an extension and 

requesting a decision by June 1. The committee was unanimous in agreeing 

that there must be some progress towards improving Retort 3 operability 

by May 1 to justify an extension request. 

s. L. Meisel, Secretary 
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TECHNICAL APPENDIX 
SEVENTEENTH REGULAR TECHNICAL 

ADVISORY CO~1ITTEE MEETING 
MARCH 2, 1967 

RIFLE, COLORADO 

II. New 	 Business 

B. 	 Technical Presentation 

1. 	 General Remarks - R. H. Cramer 

The PrOgram Manager discussed estimated Stage II expenditures 

through February 28, 1967 which amount to $3,047,440. These are 

shown on Handout 1 - PEC. Program expenses are $23,950 over budget. 

The Retort No. 3 construction over run is continuing to be offset 

by lower operating expenses. If present trends continue, we 

estimate funds will last until mid October 1967. 

Program manpower-authorized totaled 164 as of March 2, 25 from 

the Participating Parties and 139 from the Research Foundation. 

The Foundation's actual strength is about five be10~T that authorized. 

The 	Program Manager reviewed the Program obj ectives, 'l.'Thich are: 

Broad: 	 Define and understand the Gas Combustion process in 

sufficient depth so that economic operation can be 

achieved in commercial retorts. 

Specific to Stage II: 

1. 	 Understand the Gas Combustion process in sufficient depth 

so that results achieved on Retort No. 2 can be scaled up 

to Retort No.3. 

2. 	 Develop sufficient understanding so that Retort No. 3 

results can be scaled to commercial operation • 
. 

3. 	 Develop sufficient understanding of the mining process so 

that results can be scaled to commercial operation. 
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The Program Manager then reviewed the major conclusions reached 

since the January 12, 1967 meeting. These are presented on 

Handout 2 - RHC. He further commented generally on the serious 

operability problems encountered with small (1/4 to 1 inch) and 

wide range (1/4 to 2 1/2 inch) shale. 

2. Retort Program 

a. Summary of Retort No. 3 Results - T. C. Lyons 

The.retort operations since the Technical Advisory Committee 

Meeting early in January have been far from satisfactory. 

This is in contrast to a rather successful shakedown period 

which included tvl0 operating periods of about blO weeks each 

with the large, 1 to 2 1/2 inch shale. 

I would like to briefly review our experience in Run C990 

which was our most successful operation to date. No particular 

attention was given to the startup. The standard procedure 

was used~ All unit temperatures responded symmetrically, and 

the operation was generally uneventful up to the 400 mass rate 

conditions. 

A gas rate limitation was encountered early in the run as 

evidenced by a gradual buildup in pressure drop. The corrective 

action of reducing the recycle rate drastically was effective 

in unloading the unit and again achieving a sreooth operation. 

After establishing the limitation, the unit ran for six days 

at constant conditions, although the unit appeared to become 

more sensitive to gas rates as the run progressed. No corrective 

action was necessary during this six day period. During the 
-

run, 
.

unit encountered two rather severe upsets of a mechanical 

nature. The raw shale was off for over one hour in both cases. 
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The unit was locked in at low gas rates during these periods. 

By all visual criteria, the unit recovered extre~ely well from 

both upse1:s. 

During the fifteenth day of operation, one of the offgas 

temperatures split from the other three. This was the first 

clear cut evidence that the unit was in serious difficulty. 

The usual corrective action was ineffective. Temperatures 

and shale flow degenerated. The unit was shut dmvn and a 

clinker \-Tas found across the entire side wall of the retort. 

This was on January 7. Subsequent analysis of the data 

indicated: The most probable cause of shutdown was a "slug 

of fines" charged to the unit during the fourteenth day due 

to a bin running dry. HO~Tever, there were also indications that 

the unit was in trouble prior to this event. 

Another run was started, as a duplicate of C990. This was 

January 11, and, unfortunately, our operations have not been 

the same since that time even with the large shale. 

Prior to the startup, the line burner was overheated and 

required extensive repairs to the shell. Now" our EE..9ble.ms 

since that time have involved bad~ skewed temperatures across 

the retort - so, naturally, the line burner would be under 

suspicion. 

However, inspections and running checks have not revealed 

any changes in the line burner operation. 

A summary of our operations since January 11 are given in 

the Handout 1 - TCL. I'll touch on this in a general fashion 

and each size range will be discussed in detail in the follow

ing presentations. 
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Large Shale 

Of the six subsequent startups with the large shale, four 

failed because of (1) failure to fire one-half of the retort, 

or (2) bec'ause of badly skewed temperature patterns from one 

side of the retort to the other. 

The two successful startups required an adju~tment in shale 

flow to improve flow symmetry as well as a more severe startup 

procedu~e. 

Following one of the successful s,tartups, the unit ran for 

two l2-hour balance periods at a 500 mass rate and then was 

shut,down rather mysteriously with a clinker in the third day 

of operation. After the other successful startup', two balances 

were made at the 400 mass rate, and a smooth transition to 500 

mass rate was completed when the recycle blovler failed causing 

a shutdown in the third day. 

Wide Range 

At this point, operation \ . .d th the large shale was discon

tinued and an ex~rato~-type study with the wide range, 1/4 

to 2 1/2 inch shale was started. 

All six attempts to run the wide range shale failed because 

of severely skevled temperature patterns. This included studies 

with a 36 and a 54 bayonet air distributor system. 

One, promising operation survived the startup but failed 

after a four~hour flow stoppage. Unfortunately, this run 

could not be repeated. 

Although the unit' acted as though it were badly clinkered 

with the wide range shale, the inspections generally revealed 

small, localized clinkers or none at all. 
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Small Shale 

Turning now to the small shale, the first seven attempts to 

run this size all failed very early in the startup because of 

severely skewed temperature patterns. These startups covered 

a wide range of severity as well as mass rates. 

Six of the seven runs ended with rather large, generalized 

clinkers which were center-oriented in contrast to the wa11

oriented clinkers observed with the large shale. 

The other run did not have a clinker and in this respect 

was similar to the wide range shale. 

Thus, our general conclusions are: 

1. 	 In spite of our early success with the large shale size the 

operation deteriorated in the latter stages - more uniform 

shale flow and a more severe startup procedure were 

required to put the unit on stream although these did not 

necessarily guarantee Success. 

2. 	 Both the small shale (1/4 to 1 inch) and the ~Jide range 

(1/4 to 2 1/2 inch) failed to start up successfully because 

of severe1y.skewed temperature patterns early in the 

operation. Wide variations in startup procedures ,;,ere 

unsuccessful for both sizes. Similarly, two air distributor 

configu~ations were also tested without success in the case 

of the wide range sna1e. 

3. 	 The small shale (1/4 to 1 inch) has a tendency to form 

massive, 	wide-spread, c1inkers~ whereas, the wide range 

(1/4 to 2 1/2 inch) involves large shale holdups but forms 

surprisingly small localized clinkers. 
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. b. 	 Analysis of Ret~Ft Operabili~Problem - K. I. Jagel 

A general problem of achieving operability in Retort No. 3 

"exists. Handout 1 - KIJ summarizes what these problems appear 

to be~ I~ has been inferred that the problem in achieving 

operability is caused by the hardware within the retort or an 

interaction bebleen the hard\'lare and the process. 

The major difficulty in achieving startup and in maintain
• 	 t'" 

ing operability appears to be shale or gas channeling or some 

coupled combination of the two. A se,condary problem in startup 

is startup severity. The order of increasing difficulty in 

achieving startup is 1 to 2 1/2 inch, 1/4 to 2 1/2 inch and 

finally 1/4 to 1 inch shale. Not much difference exists 

between these latter blO fractions, however. 

In going from startup to run conditions, some shale 

channeling appears to occur with 1/4 to 1 inch shale. It may 

also 	happen with 1/4 to 2 1/2 inch. 

The only fraction with which "Ie have achieved a sustained 

operation is 1 to 2 1/2 inch shale. One of the problems during 

these runs was the fact that Retort No. 3 had to be operated 

at lower gas rates than Retort No.2. This is probably related 

to the differences in rating the cross-sectional area. In 

Retort No.2 a liner was installed "in the upper part of the 

retort. This liner ended eight inches above the air inlet 

and its cross-sectional area was smaller than that of the 

combustion zone. In Retort No.3, the shale heating and 

retorting zones have the same cross-sectional area as the 

combustion zone. It was also noted that Retort No.3 was 

sensitive to fines, fed with the raw shale. This is, of course, 

consistent with our Retort No. 1 and No. 2 experience. 
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Shale channeling appears to be caused primarily by the 

interaction of the process with retort internal hardware. 

(1) The evidence for this is that cold drawdown tests with all 

sizes'ind±cate satisfactory cold shale flow. Generally, this 

flow is observed to be slightly slower in the center of the 

retort above the air distributor and slightly faster in the 

center of the retort belovl the air distributor. (2) Hot 

operation at steady state with 1 to 2 1/2 inch shale supports 

this shale flo\v pattern. Higher spen:t shale temperatures are 

observed in the central pair of pipes in the drawoff assembly 

than in either the east or,the west pairs. (3) In virtually 

all process-caused forced shutdowns of Retort No. 3 with 1 to 

2 1/2 inch and 1/4 to 2 1/2 inch shale, clinkers were found 

associated with either the east or west walls. These clinkers 

were lodged between the risers and the east or west walls and 

extended for some distance above the risers. It is speculated-_._-_.
that the minimum clearance of this hard\'lare configuration would 

not pass agglomerates formed by the process. These agglomerates 

lodged in this restricted zone and became clinkers which impeded 

shale flow. Shale channels formed in this way will eventually 

shut the retort down. The solution to this problem appears 

to be to increase the riser-wall clearance at the east and 

west walls for both the 1 to 2 1/2 inch and the 1/4 to 2 1/2 

inch shale size. (4) Some bench scale work b~ 'Demi Cotrupe 

suggests how shale flow channels might form, particularly, 

during startup. This is shown in Handout 2 - KIJ. In this 

figure, the ra,tio of time that it took a 28 gallon per ton 

shale sample to flow through a standard restriction, at 80 F 
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and the time that was needed for a test sample to' f10\,1 through 

the same restriction at the indicated tenperature was plotted. 

Thirty-nine gallon per ton shale f10vTs !aore poorly than 28 

gallon per. ton shale. Spent shale f1o~lS more easily than either 

of the raw shales. No flow occurs wi th ei ther of the raVl shales 

at approximately 800 F with the particular equipment used for 

these experiments. 

If, retorting occurs below the air inlet during startup, 

then poor shale flow may result. The interaction of this 

retorting shale with the air distributor will very likely 

result in shale channeling. A solution to this problem may 

be to streamline the air distributor hardware to minimize the 

effect of this interaction. This effect may also be minimized 

by proper selection of process conditions. 

Gas channeling can occur below the air distributor in the 

Gas Combustion Retort. In this region where gas tereperature 

is increasing as it flows upward gas channeling can be a stable 

flow condition. Once established these channels can oersist 

without the existence of lateral pressure gradients~ An analysis 

of flow in this region, which assumes that instantaneous heat 

transfer occurs between gas and sha1~ indicates this. The 

results of this analysis for 1/4 to 1 inch shale are shown in 

Handout 3 - KIJ. Between these upper and lower limits, flow 

is metastable and' channeling can be triggered by local shale 

flow anomalies caused by fines, rich shale, excessively high 

local temperatures, etc. The upper limit is independent of 

the state of turbu1~nce and ~s a function of recycle rate only. 

The lower limit is shown for three raw shale rates with 1/4 

to 1 inch shale. The usual range of temperatures observed 
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entering the shale cooling zone are indicated on this figure. 

It 	may be possible to minimize this gas channeling effect by 

insuring good shale flow throughout the gamut of operations, 

from star~up through steady state hot operation. A uniformly 

dense bed between the recycle and air headers is also a desir

able condition for reducing this effect. 

The viscosity-density phenomena which cause this se1f

aggravating channeling below the air inlet assist in establishing 

a self-correcting situation above the air distributor. Our 

strategy in solving this operability problem will be to modify 

Retort No. 3 hardware in a step by step manner so that it 

more closely resembles Retort No. 2 until improve~ operability 

is achieved. 

Hardware differences between Retort No. 3 and Retort No. 2 

which may be causative factors for these effects include: 

(1) 	 Size - ,per se. 

(2) 	 No liner in Retort No.3. 

(a) 	An absence of an offset due to the liner 8 inches 

above the air distributor. 

(3) 	Air distributor manifold-riser arrangement. 

In Retort No.3, three risers are located on a 

manifold. One riser is directly above a header 

In Retort No.2, two risers/manifold were installed 

when processing 1/4 to 1 and 1/4 to 2 1/2 inch shale. 

t'i1hen 1 to 2 1/2 inch shale \'Tas processed four risers 

were installed perpendicular to the headers. No 

manifolds were used. 
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(4) 	 The area per riser was different for 1 to 2 1/2 inch 

and for four of the runs with 1/4 to 2 1/2 inch shale. 

The critical level of this variable is not well estab

lished. Possibly fewer risers can be used. 

{S) 	 The air and recycle headers are parallel to each other 

in Retort No.3, but are perpendicular in Retort No.2. 

(6) 	 The drawoff mechanism is different in the two retorts. 

In Retort No. 3 a single level dra't"loff is installed 

while in Retort No. 2 a roll feeder was installed as 

the drawoff control. 

A number of process problems need more extensive study 

along with these hard'vare problems. These are, during startup, 

(1) combustion below air distributor, (2) severity; during 

steady state operation, (1) gas rate limitation; and during 

both startup and ~teady state operation, (1) c90ling zone 

stability. 

c. Detaile~Di~cussion of Retort No. _~9_~er~tion . 

. 1. 1 to__~1/2 ~nch ~hale - l'J. r.1. Broman 

Summarizing briefly, the period from January 11 to 

January 24, 1967 was involved in operations with 1 to 2 1/2 

inch shale using a 36 riser air distributor system. During 

this time there were six startups - two successful and four 

unsuccessful. Of the unsuccessful attempts - one was 

aborted because the line burner could never be brought 

to temperature due to wet insulation, another mainly 

because of a rapid transition to run conditions, and the 

other t\'l0 because the east side of the retort failed to 

initiate combustion. The successful startups employed a 

directionally more severe startup procedure to combat the 
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reluctance of the east side to fire off. l'lhen talking of 

a more severes~artup, I am referring to runs after Run 

C990 because in the initial runs, conplications with the 

calibration of the gas flm.... instruments probably allm'led 

these startups to be more severe than thought. 

Runs C99l, C992 and C993 were all attempts to duplicate 
. 

Run C990, with Run e99l being aborted because of an inability 

to get the line burner above 800 F due to wet insulation. 

Looking at Handout 2 - NHB you can see from the wide splits 

in temperatures on the east and west sides, that the east 

side failed to initiate combustion in all three cases. 

Also, the oxygen concentration never dropped below about 

1.5%. 

In a more normal type of startup - shown on Handout 1 - tvMB 

which are plots of similar data for Runs C988 and C990, it 

may be noticed that both sides of the retort came up relatively 

even, both in the combustion zone and in the cooling zone. 

Also the oxygen concentration dropped to less than 1% in 

from three to foqr hours. 

After these three unsuccessful startups it was evident 

that there was a maldistribution of the gas to shale ratio 

between the east and west sides of the retort. 

After shutdown of Run C993 an extensive inspection of 

the gas systems revealed no abnormalities which could cause 

this maldistribution. 

For the startup of C994 it ",as decided to increase the 

severity of the startup ~n order to force the east side 

to fire off. Also since it was known from the beginning 
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that the shale flow on the east side was approximately 5% 

faster than tbe 'Vlest side, the flow was adjusted to give 

even shale flow. 

This increase in severity did make the temperature come 

up relatively evenly as is shown on Handout 3 - t~1B. There 

was still a split between the east and west sides, but this 

split disappeared once 400 mass rate conditions were reached. 

Two l2-hour balances were run at these conditions with what 

appeared to be very stable operation. 

At the end of the second balance the rates were increased, 

toward the 500 mass rate conditions. As these conditions 

were reached, the recycle blower began to vibrate excessively 

and the unit had to be shut dmm. 

Since there was a favorable experience 'VIi th a more 

severe startup procedure it was decided to again try this, 

but remain within the limits of the oxygen consumption 

procedure. 

Again on Handout 3 - 'NHB it may be seen that Run C996 

looked fairly good for the first fe\v hours. One problem 

that did develop was that burning was initiated in the bottom 

of the unit after about 1 1/2 hours of operation. Also, 

the transition from startup conditions to run conditions 

was done in about 4 hours instead of the usual 12 hours. 

This coupled with burning in the bottom of .the unit clinkered 

the west side and the unit had to be shut down. 

For the startup of C997, the severity was increased 

slightly, but was still within the limits of the oxygen' 

consumption procedure. 
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You can see on Handout 3 - WHB that this startup \<las 

successful and the unit was brought onstream. Here again 

the unit was brought to 500 mass rate conditions with 

very Iittle trouble. T"lO l2-hour balances were run at 

these conditions in what seemed to be a stable operation. 

At the end of the second balance the recycle was increased 

by 500 SCF/T to check operability and improve yields. 

During the transition the unit began to act strangely and 

shortly after the last increment of recycle was added, the 

unit clinkered on the east side and had to be shut down. 

In summary, because of the failure of the east side 

of the unit to initiate combustion it \<las concluded that 

there existed a maldistribution of the gas to shale ratio. 

To combat this a more severe startup procedure was required 

with the 1 to 2 1/2 inch shale. Because of this, it is 

tentatively concluded that this more severe procedure will 

put the unit onstream with this size shale, but this probably 

clouds the fundamental question of vlhy· the tvTO sides O.re 

different. vfuen this procedure is used, it is not certain 

that successful operation will continue after startup. 

2. 1/4 to 2 1/2 Inch Shale - R. L. MCGalliard 

From January 27 to February 14, 1967, six attempts 

were made to operate the retort with 1/4 to 2 1/2 inch 

shale, four with a 36 riser air distributor and two with 

a 54 riser air distributor. Wide variations in startup 

procedure were tried. The results in all cases were 

failure during or just after startup due to a ske1;'led 
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combustion zone, with the characteristic orientation 

illustrated in Handout 1 - RLM. Note the hot combustion 

zone temperatures over cold cooling zone temperatures on 

one side and cold combustion zone temperatures over hot 

cooling zone temperatures on the opposite side. It is as 

if the combustion zone were tilted. The east side high 

bias was as prevalent as the west side high bias illus

trated in Handout 1 - RLM • 
. 

~Ri_ser ~i~istrib~tor_<?perations 

Because of indications during 1 to 2 1/2 inch shale 

operations that aid distributor viall clearances vTere 

inadequate, the 36 bayonet air distributor wa~ r~tained 

for the initial 1/4 to 2 1/2 inch operations, Runs C998 

through C1001. 

The condition of the shale for the first tvlO operating 

attempts, C998 and C999, was poor" ",ret and muddy. Bedding 

the retort with 1 to 2 1/2 inch shale and line burner drying 

operations were required before firing the retort. 

The startup procedure used for C99S and C999 ...,as more 

severe than standard because more severe startups were 

apparently successful with 1 to 2 1/2 inch shale. Both 

C998 and C999 failed with severely divergent combustion 

zone and cooling zone temperatures. There were definite 

shale stoppages on the east side of the retort in both runs. 

C998 did not retain this stoppage during shutdown; C999 had 

a large clinker in the east two-thirds of the retort after 

shutdown. 
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The condition of the shale for the next two operating 

attempts, C1000 and C1001, was improved but still damp and 

dirty. Because of the failures of the C998 and C999 

startups, the standard (or low severity) procedure was 

used for C1000 and C1001. Run C1000 was the most success

ful startup for 1/4 to 2 1/2 inch operating attempts. 

Handout 2 - RLM presents a time history of important com

bustion zone and cooling zone temperatures. Note that 

east and west temperatures came up and stayed close together 

for about the first 13 hours of operation. About 13 hours 

after firing, the retort experienced a four-hour spent shale 

system stoppage. After restarting, the characteristic 

combustion zone divergence developed and the retort \'Tas 

shut down. A small clinker was found at the east wall 

and on the center air header. 

Run C1001 \'Tas started in the same manner as C100a. 

Handout 3 - RLM presents a time history of this run. Note 

'that four to seven hours after startup the characteristic 

combustion zone and cooling zone temperature divergences, 

cold over hot - hot over cold, had developed and the retort 

was shut down. There was a small clinker in the northeast 

corner of the retort. 

54 Riser Air Distributor O~rations 

Immediately following C1001, a seven-day turnaround 

was conducted. During this turnaround, the retort com

bustion zone and retorting zones were rebricked. A 54 riser 

air distributor,was a1so.insta11ed. (This air distributor is 

equivalent to the Retort No. 2 eight riser air distributor 

in terms of retort area per riser.) 
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Two 1/4 to 2 1/2 inch shale operating attempts were 

made utilizing this 54 riser air distributor. These were 

RUns C1002 and C1003. The shale for these last two attempts 

was dry and free flowing. The dust content was about 0.5% 

higher than desired but was not considered hig? enough to 

cause startup problems. The startup procedure for C1002 

\'las identical to that used for C1000. Hanc_out 4 - RLI'·1 

presents a time history of Run C1002. The results of this 
. . 

startup were very similar to the previous four operating 

att~mpts. There 1;vas an early divergency in cooling zone 

temperatures~ but about five hours after firing, these temper

atures crossed and a reverse divergency established the appar

ent1y irreversible cold over hot, hot over cold combustion 

zone orientation \vhich led to shutdown.. There was a ~lest 

side hangup in the retort prior to shutdown which was not 

retained in the retort during shutdown. 

Following this failure, it was decided to.use the old 

Retort No. 2 startup procedure for the next operating 

attempt. This procedure moderates combustion intensity 

by increasing raw shale and recycle gas rates rather than 

reducing air rate as is the present standard procedure. 

Handout 5 - RLM presents a time history of Run C1003. 

Even with a radically different startup procedure, the 

results are practically identical. There was a clinker 

in the north\vest corner of the retort after shutdmm. 

Tentative conclusions based on these six operating 

attempts \vi th 1/4 to 2 1('2 inch shale are' 

(1) Operating problems are not believed to be due to 
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the startup procedures. This conclusion is based 

upon the lack of response to a wide variation in 

startup procedures. 

(2) 	 Operating problems are believed due to shale and/or 

gas flow channeling which result from internal hard

ware - process interactions. Some of the internal 

hardware which might cause these unfavorable inter

actions are: 

(a) 	Air distributor, 

(b) 	 Air headers and recycle headers, 

(c) 	Miscellaneous iteMs such as: 

Vertical thermowells, walls, drawoff system. 

3. 	 1/4 ~o 1 Inch Shale - J. W. Hasz 

We have attempted seven startups CI004 through ClOlO 

with 1/4 to 1 inch shale, using the 54 riser air distributor. 

Startup conditions have been varied over a wide range in these 

seven startups. In all cases except one the.end result has 

been the same. This result is massive clinkering of the 

retort. 

Run Cl004 attempted to use the standard startup procedure 

using a 1,300 F line burner teMperature, 300 mass rate, air 

equivalent 02 consumption of 5,000 to 5,200 SCF/T with 

14,700 SCF/T of recycle gas. This resulted in a very fast 

and severe startup. The skewed temperature patterns described 

previously by Messrs. Lyons, Jagel, Broman and McGalliard 

were pronounced within about hlO hours. 

Run Cl005 ",as an att~mpt to startup at lower severity 

using 1,100 F line burner temperature, 270 mass rate, 
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5,000 SCF/T air equivalent 02 consmnption, 14,700 SCF/T 

recycle. An air orifice D/P cell error resulted in an even 

less severe startup with an air equivalent 02 consumption 

of about 4,000 SCF/T. For sever~l hours it appeared that the 

startup would be successful until a pause point was reached 

and the classic ske,,,ed temperature pattern began to evidence 

itself. It was at this point that it was determined the air 

rate was lm"er than desired. This failure was attributed to 

the fact that we attempted to op~rate the retort out of 

heat balance for a period of about two hours. 

The next run, Cl006, was an attempt to reproduce CIOOS 

since CIOOS appeared almost to be successful. Except for 

a startup approaching CIOOS in speed, Cl006most nearly 

approximated the first attempt, Cl004.' 

Handout 1 - Jvm, is presented as a typical example of 

the temperature patterns ,.,e have obtained with the 1/4 to 

1 inch shale. The data shown is from Run ClO,06. NotE: the 

early differe~ces between the TRl-l and TR2-l thermocouples 

located 16 inches above the air outlets on the east and west 

sides of the retort, respectively. Also note the large 

spread bet\'leen the TR3-ll and TR4-ll thermocouples located 

three feet belo'\-7 the air outlets on the east and west sides 

of the retort, respectively. This appears to be the classical 

pattern of one side hot in the top, cold in the bottom, 

with the other side cold in the top and hot in the bottom. 

Handout 2 - JNH is a dra,,,ing showing the relative size 

and position of clinkers, found after the Cl006 startup 

attempt. The pattern is fairly typical of clinkers found 
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in the retort from all the 1/4 to 1 inch shale startuus. 

RUn Cl007 was made with a high startup severity at lmv 

mass rate - 100 lbs/(hr) (ft2). The purpose of this run was 

to determine if cohesive flow past the air distributors as 

a result of too slow a startup vIas the cause of the problems. 

It was also an attempt to eliminate possible combustion 

below the air distributor by rapidly establishing an intense 

combustion zone above the air distributor. The end result 

was massive clinkering. 

Run Cl008 follo\ved a standard startup procedure but 

at high shale rates - 400 lbs/(hr) (ft2) as opposed to 300 

mass rate - with corresponding increases in air and recycle 

rates to determine if laminar-turbulent transition type flow 

was resulting in severe channeling. Again the end result 

was the same. 

Cl009 lias a reduced severity 1 10vl mass rate 1 high 

recycle rate startup. 200 lbs/(hr} (ft2) and 20,000 SCF/T 

respectively, were used. This startup was designed to 

take advantage of the best features of the other startup. 

The classical skewed temperature pattern prevailed. However, 

unit inspection after shutdmm found no evidence of a clinker. 

Consequently, the unit \'Ias refired to under similar 

conditions. A slightly higher recycle rate was used. Again 

however, the ske\ITed temperature pattern reared its head and, 

upon shutdmITn a clinker vIas found covering about three

fourths of the center air header bayonets. 

Run CIOll was made w.t th the three rov,s of bayonets 

immediately above the three air headers plugged. This 
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was done to determine if a change in the air distributor 

pattern toward injecting the air into faster moving portions 

of 	the shale bed based on cold shale flow studies would be 

suffi~ient to bring the unit onstream. The result was still 

massive clinkering. 

Tentative Conclusions 

(I) 	Startup technique is not the problem. Startup conditions 

have been varied over a wide range with basically the 

same end result. 

{2} 	 We have a shale flow and/or gas channeling problem. 

This may be caused by: 

(a) 	The air distributor, 

(b) 	 An air header-recycle header interaction, 

(c) 	 The spent shale dra\<TOff system, 

(d) 	Or all three. 

(3) 	 Wall co'ndition may be important. 

(4) 	 Problems with the 1/4 to 1 inch and 1/4 to 2 1/2 inch 

shale sizes are similar. 

(5) 	 A solution to the problem is not immediately obvious. 

d. 	 Future Plans - R. E. Smith 

If you will refer to Future Plans Handout 1 - RES on future 

plans, you will see that we have arrived at a decision point 

marked, ~1arch 2. In view of the data which have been summarized 

this morning, it can generally be agreed that we have experienced 

only limited success with the large fraction both in startup and 

continued operation, and \ole have had little or no success with 

the full range and small fraction. None of our operations have 

been satisfactory, and we have extensive problem solving ahead 

of us. 
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Therefore, the alternate path from this point is indicated 

on Figure 1 by the (if unsuccessful) notation. Figure 1, which 

was attached to February 24 Bimonthly Program Planning Newsletter 

indicates that our initial decision was to select the large shale 

fraction for problem solving. 

lim also sure that you can appreciate that recent program 

planning has not been easy. Because of this we are going to 

use a slightly different tack in our presentation of future 
. 

prograM planning this morning. Ne will present the various 

"prOS" and IIcons" considered by the Project in formulating our 

future plans, and test the logic of our selection by your 

comments and reactions. 

First, however, let me list some of the conclusions obtained 

from studies "lodth all of the fractions which "love used as ground 

rules, or guide lines in our planning. 

1. 	 For the large shale, we believe that our startup and 

processing techniques are essentially co~rect. 

2. 	 Our problems '>lith the full range and small shale appear 

to be shale-gas flow oriented. 

3. 	 Our comprehensive exploration of startup techniques 

with the small shale indicate that our troubles probably 

are·hardware. 

In addition, it was also agreed that operations must be 

improved across the board before we can return .to the philosophy 

of long demonstration runs such as we originally planned. 

Retort No. 3 operations have provided several good leads 

regarding future \vork, and o~r present planning would attack 

our operability problem in several areas. We plan experiments 

with: 
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I." 	Air and recycle distributors with particular emphasis 

on symmetry and its effect on shale-gas flo'Vl. 

2. 	 Experiments with metal liners which embody several 

mechanisms--such as 

Wall texture or smoothness, 

Dissimilarity of materials-metal versus brick, 

Liner movement and its effect on clinkers and bridges, 

And the effect of an abrupt change in cross-section 

where the liner terminates above the air injection. 

3. 	 We also plan critical evaluations of our drawoff system, .. 

again directed towards shale-gas flow problems. 

4. 	 And finally, we anticipate additional process condition 

studies to assist in the understanding and control of 

process upsets. 

In summary, we have good leads ana definite plans, many 

of which are based on the evidence that a general shale-gas 

flow problem has existed through all of our studies in varying 

degrees. 

With these plans and ground rules in mind, we then selected 

a shale fraction for our initial trouble shooting by comparing 

the advantages and disadvantages of each of the fractions with 

respect to our objectives. 

In considering the full range shale, the following factors 

were taken into account: 

On The Plus Side 

1. 	 A solution of this fraction would provide a complete 

anS'Vler to economic a~d processing questions for all of 

the shale excepting fines. 
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2. 	 A solution of the full range processing problems could 

provide solutions to each of the fractions. 

On The Debit Side 

l~ 	 Our experience on Retort No. 2 showed that narrower 

fractions were easier to process, and the full range 

shale was more difficult. 

2. 	 The full range shale is more susceptible to particle 

size segregation and it therefore, aggravates the problem 

of shale-gas channeling. 

3. 	 The full range shale contains some of the drawbacks of 

each of the fractions. 

After weighing these factors, we eliminated the full range 

shale for initial development work and trouble shooting, pri 

marily because of anticipated pr6cessing difficulties. 

Now, if we eliminate the full range shale, it becomes 

readily apparent that we must solve each of the fractions--the 

question then becomes--which one first. 

On The Plus Side For the Small Shale Are These Factors: 

1. 	 There are indications that a solution of this fraction 

would provide a solution for all of the fractions. 

This is based on the observation that our problems with 

the,small shale appear more complex, and its remedies 

could be broad enough to include solutions for the other 

fractions. 

2. 	 A solution of the small or more difficult fraction 

would provide a high process confidence factor. 

3. 	 Any process improvement with the small shale could be 

easily observed and with shorter time involvement. 
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On The Debit Side For Small Shale Are: 

1. 	 with the sm~ll shale it appears that mUltiple hardware 

defects may exist. If so, a single modification might 

not be effective enough to produce good results. 

2. 	 We have never started this fraction and a discrimination 

bet",een operating technique and hardware problems may 

not be possible at this time. 

3. 	 The complete lack of operability provides a difficult 

climate for experimental control. 

After a consideration of these factors and those of the 

large shale, which I'm about to review,we eliminated the small 

shale and tentatively selected the large fraction. for our 

initial trouble shooting. 

On 	 The Plus Side For The L~rge~_~ale Are: 

1. 	 rle have started this fraction. 

2. 	 We have operated this fraction for practical periods 

of time. 

3. 	 Our operability problems appear fewer, and the chances 

of achieving full operability earlier with this fraction 

appear good. 

4. 	 With an operating retort, more useful experimentation can 

be performed. For example, changes 1;V'hich worsen conditions 

can be observed. 

There Are Drav.!backs, However, 


And On The Debit Side We Find: 


1. 	 A solution of this fraction may not apply to the small 

shale. 

2. 	 It delays work on 1;vhat appears to be a more difficult 

fraction (the small shale) until later in the program. 
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As far as practical, this represents the thinking process 

we used in selecting the program planning which you have before 

you this morning. You can see the selection has been difficult, 

and far fr.om black and '....hi te. 

Now, at this point we would like .to solicit your co~ments 

and questions. 

e. s of Yields and Material Balances - K. I. Jagel, Jr. 

The only extended steady state operating experience that 

we have had, in which we have confidence in our accounting methods, 

is Run Series C990 which was carried out with 1 to 2 1/2 inch 

shale. The average yield obtained for this run series ''las about 

86%. 

The material balances for this run are comoared with those 

obtained in Retort No.2 in Handout 4 - KIJ. The material 

balance level in Retort No. 3 indicates a general bias above 

100% in our results. This discussion is intended to review 

our study of this bias. 

The material balance that is most critical for establishing 

confidence in the yield is the organic carbon balance. In 

Handout 5 - KIJ a correlation between organic carbon balance 

and yield is noted. This correlation has a positive slope. In 

the best ~f situations, no slope '-lOuld be observed. The question 

is, whether this slope is due to some systematic effect or is 

it due to experimental error. 

The two major common areas of concern involved in yield and 

organic carbon balance are the liquid product rate and the raw 

shale rate. In the.next plo~ in this figure, we have determined 

the effect of assuming that the excess in organic carbon balance, 

is due to the systematic error of overestimating the organic 
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carbon content of the liquid product. A linear correlation 

is observed, but this correlation has a significant non-zero 

intercept. Another way of stating this is that at 0 yield of 

liquid product, 13.8% of the input organic carbon is recovered 

in the liquid product. This conclusion just doesn't make sense, 

therefore, the assumption may be rejected. In the third plot 

in this figure, we have made the assumption that the excess in 

organic carbon balance is due to the systematic error of under

estimating raw shale rate. Again a ~inear correlation is observed, 

but this correlation also has a significa"nt non-zero intercept. 

At 0 yield of liquid product, 14.6% of input organic carbon is 

recovered in liquid product. Again the conclusion is illogical 

therefore, the assumption may be rejected. 

This exercise forces us to the conclusion that there is no 

sizable error in average yield due to these systematic effects. 

The observed correlation between yield and organic carbon balance 

is due primarily to either exoerimental error or errors in vent 

gas or spent shale organic carbon. If you'll turn back to 

Handout 4 - KIJ, you'll note the poor precision in Retort No.3 

balances as compared to Retort No. 2 balances. 

Warren Broman has uncovered a sampling problem \-1i th our two 

shale streams that could have a significant effect on these 

balances. During Run C990, the snlitter waste from the raw 

shale and spent shale sample splitters 'tv-as discharged to the 

spent shale conveyor. Nhile observing the ra,\>l shale splitter, 

he noted that a natural convection of spent shale dust returned 

up the ra'lr] shale splitter waste pipe and contaminated the ra\" 

shale sample. Presumably, the same,effect, possibly to a lesser 
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extent, was occurring with the spent shale splitter waste. 

We have isolated these t,.,o splitter waste streams so ",e feel 

that this situation is relieved. 

We have also 

1. 	 Rebuilt the vent gas sampling system to improve 

its reliability. 

2. 	 Continued to work on the liquid product d~canter to 

improve its operation. 

3. 	 Continued to develop imp:r.:0ved ra\'I shale accounting 

and calibration techniqu'es. 

The effect of these changes can only be evaluated when 

sustained operation is again achieved. 

Handout 6 - KIJ is a comparison of Retort No. 3 yields with 

yields calculated from a correlation of Retort No. 2 data. 

The yields generally fall within the 95% CL expected. The 

exceptions are related to accounting errors or lack of operability. 

Runs 5, 6, 7 and 9 appear to have liquid product ,accounting 

problems. In 'Run l6a discrepancy was noted bebv'een the usual 

raw shale accounting system results and the backup system 

results. If the backup raw shale quantity for this material 

balance were used, this discrepancy w'ould be remov~d. Runs 

25 and 26 both occurred after the inadvertent introduction of 

fines to the unit that was involved in the shutdown. 

At comparable gas rate, shale size and assay, yields in 

Retort No.3 appear to be consistent with Retort No.2. 

3. 	 Mechanical Engineering 

a. 	 Retort - W. S. Bergen 

Much of the effort of the r1echanical Engineering Group 


has centered on retort modifications necessary to improve 
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operability, to remove areas of experimental uncertainty, and 

to accommodate the various shale fractions studied. Considerable 

headway has also been made in improving reliability of various 

systems which were problem areas during the Nove~ber-December 

shakedown period. 

My discussion ,·li11 review these modifications, the result 

of these changes, and their effect on the retorting process. 

You will recall that the condition of the brick wall was 

mentioned by the Retort Group as contributing to potential shale 

flow problems. The walls were essentially smooth but they had 

bowed in areas 1/2 and 3/4 of an inch and some bricks had 

spa11ed. During the February 6 - 11 turnaround, the retorting, 

combustion, and shale cooling zones were rebricked. tVhi1e 've 

have had many firings of the retort,' and clinker formation 

has normally occurred, the ne"l brickwork is still in excellent 

condition. Smoothing of the brick walls has evidently had 

little effect on the operability of the retort. 

Retort startup problems have persisted since the middle of 

January. The line burner and air distribution systems were 

revised where indicated to remove these areas of uncertainty. 

First-temperature measurements of combustion air to the retort 

had varied from header to header as much as 150 F during 

startup periods. Turbulence actuators were installed in the 

line burner and this deviation has been cut to ,less than 500 

at the 1,2000 level. 

During startups, we had also ~easured a temperature loss 

of the combustion air from the inlet to the last air manifold. ~ 

along the air headers. This loss varied from 200 to 400 F 
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depending on the amount of hot combustion gas. An insulated 

liner was installed in each air header. The temperature 

differential is now less than 50 F at the 1,200 F level. New 

air orifice plates were fabricated a~d installed to insure 

proper measurements of air to each air header. 

While each revision to this system has corrected an indicated 

problem, there has been no noticeable effect on any following 

startup. 

Two runs during December and Jan~ary were aborted due to the 

necessi ty of shutting dm·m the recycle bloi.ver. These shut

downs were caused by liquid retention in various stages of the 

blower which in turn created excessive vibration. On both 

occasions the metal under the seat of one of the radial bearings 

failed. A positive drain system has been installed. Since that 

time we have had no operational problem from this source and 

vibrations in the recycle blov!er have remained at a minimum and 

acceptable level. It is \"lOrth noting that the failure mechanism 

of the shaft seat has been described by Mobil's metallurgists 

as II fretting. n It is due to vibration bebveen a bearing and its 

seat in the presence of lubrication. Reports of both repairs 

are available on request. 

This morning the recycle blower had to be shutdown due to 

contact between the bearing lock nut and the casing end caps 

of the inboard bearing. The lock washer had moved out of its 

seat allowing the assembly to move to the back plate. The 

bearin9 is being disassembled to ascertain the extent of the 

da~age and for repairs. 

It may appear that excessive problems have occurred using 

this type blo""Ter. I would not judge this to be the case. 
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Techniques of draining the blower have to be deve~oped through 

experience. Once solved, the problem disappeared. t\fe now 

know that there is a lock \V'ashe;- problem and this can be 

remedied •. This bearing retention arrange~ent is a very commonly 

used system. 

There have been no failures of the bearings as a prime cause 

of a shutdovm. 

During a recent cold shale dra~ldo~m test with 1/4 to 2 1/2 

inch shale, a bridge developed over the inlet of a 20 inch 

outlet pipe. It should be noted that the shale v1as damp at 

that time. This raised the possibility of bridging at other 

times, potentially causing a shale flow maldistribution. Shale 

sensing devices were installed on each spent shale drav10ff pipe 

to ascertain the presence of shale in operation. No shale flow 

stoppages have been noted since installing these devices. 

Vibrators 'tverealso installed between pairs of outlet pipes to 

be actuated only if a flow stoppage occurs. 

You will recall that flow problems were occurring due to 

inadvertent actuation of various safety devices in the spent 

shale train. Stoppage of the spent shale system will permit 

clinkering to occur in the combustion zone if prolonged. 

Revisions have been made to these devices and we have noted 

but one failure in the last blO months. 

A new air distributor with 54 risers was installed during 

the February 11 - 16 turnaround. It is shown on Handout 1 - 'V7SB. 

This layout very closely approximates the Retort No. 2 configur

ation used with 1/4 to 1 an~ 1/4 to 2 1/2 inch shale. One 

problem associated with the original distributor installation 

was riser dislocation as a result of clinker formation. There 
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was some thought that shale flow might be impeded or upset 

by a distorted riser. The.new risers were given addi~ional 

gusseting. No distortion of any riser has occurred even though 

the re'tort' has clinkered over 10 times since their installation. 

Cold shale flow tests of this system have shown no adverse shale 

flow effects due to the installation of the additional gusseting. 

While this change was effective, it appears to have had little 

effect on retort operability. 

At the last Technical Advisory Co:nmittee Heeting there \'las 

concern over a reported loss of metal from the air manifold 

cross arm. I checked this report on my return to Anvil Points 

last January. The initial wall thickness notation in the 

January corrosion report tqas in error. No significant erosion 

has occurred in the manifold. 

Referring to the specifics of the brickwork failure, we 

found 

1. 	 The insulation in back of the face brick had failed. 

2. 	 Many anchor brick had eroded with refractory 'losses 

of 1/4 to 3/4 inch. 

3. 	 Castable at the pressure ports had failed. 

The original backup insulation which failed was too soft 

to accommodate steel shell deformations. This was replaced 

with an air setting castable. We found that the brick supplier 

had shipped a mixture of two types of anchor bricks. The anchor 

brick which failed were a Mex-Ko brand rather than the Clipper 

type. The r.1ex-Ko type have very low resistance to abrasion and 

is used in boiler linings only. No solution was found for the 

castable except to minimize its use. We sampled the brickwork 
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to ascertain erosion with three months' service. This data 

is shown on Handout 2 - WSB. You will note that no significant 

erosion occurred during this period. Bricks selected were 

typical of adjacent brick in their respective areas. 

Two face bricks of different composition \vere installed 

for comparative wear test purposes. They are installed on a long 

and short ~lall. This is shown on Handout 3 - v7SB. iile selected 

the AP Green Clipper dry press and a Kaiser 70 E Alumex. The 

Alumex had been used in Retort No.2. The Clipper \vas the type 

brick of the initial Retort No. 3 installation. 

As mentioned earlier, the ne\,l installation has sho....m no 

significant wear or spalling problems in spite of the many 

heating and cooling cycles to which it has been subjected. It 

has also remained dimensionally stable. 

Reporting briefly on the recovery equipment, the electro

static precipitator is performing well in service with no 

problems. 

The multiclone has required several cleanings. I \'lould 

recommend a separator with larger openfngs on future installa

tions. Nork is also continuing to improve techniques of 

sampling systems for ra\v shale I spent shale and gas. Other 

equipment such as the instrument, shale conveying, and measuring 

equipment are functioning properly - with normal maintenance. 

An audit of the Torkelson records for the reconstruction 

was made by representatives from Humble and Hobil. No serious 

problems exist. Contact has been made with Torkelson to iron 

out the payroll billing for the job superintendant and payroll 

benefits. Ne are still a\vai ting several credits from suppliers 

of defective equipment. All of the retention but $5,000 has been 
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released. We plan to conclude these negotiations by the end 

of March. 

b. Crushing Plant - R. E. Smith 

Our operations over the last two.months have provided an 

opportunity to evaluate our crushing plant capabilities. ~\1e 

have cetermined that the plant is adequate and can produce all 

three shale sizes at the required rates. Of greatest concern 

was the capacity with 1/4 to 1 inch shale. We apparently can 

produce '"'"'25 tons per hour of this sha,le. 

In order to insure dependability' we have instituted a daily 

preventive maintenance schecule which also includes daily 

systematic hardfacing of the secondary crusher rolls. 

We plan to obtain data of co:m:mercial significance from this 

hardfacing program after Retort No. 3 operations become mroe 

routine. The type of data obtained \'lill relate manpm'ler I and 

welding material requirements to shale production. 

Our present schedule calls for ten teeth on each roll ·to 

be repaired each qay ~ five days per week. Crushing plant 

Handout I - RES ShO\'IS the two basic types of teeth repair 

encountered. 

Type 1 is where the edge sharpness of the tooth has been 

lost. A gouging operation is performed along the tooth ecge; 

and a single pass with hardfacing is used to fill this gouge. 

Type 2 is where there is a massive loss of, metal and the 

basic tooth shape has been destroyed. The tooth shape is 

reconstructed using a manganese rod. A sharp edge of hardfacing 

is then applied in the same manner as the first tooth. 

We are currently using Amsco 60 for hardfacing. This is 

a semi-hard material~500 Brinell and·it has two advantages: 
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• 

1. 	 It possesses greater impact resistance than harder 

materials. 

2. 	 New hardfacing can be applied over this material. 

Harder materials must be rem~ved prior to rehardfacing. 

This material has not been fully evaluated, however, it 

was selected as best from original hardfacing supplied by 

Allis~Chalmers. We plan more detailed reports on this in the 

future. 

4. 	 Mining ~rogram 

a. 	 Rock Hechanics Research - J. B. Sellers 

The aim of the rock mechanics research program is to provide 

data for correctly designing a cowmercial oil shale mine so as 

to achieve maximum extraction with maximum stability of the 

openings. 

Generally the stability of a mine opening is governed by the 

mechanical properties of the rock mass, the size and geometry 

of the openings and the magnitude and orientation. of the stress 

field in which the opening is situated. 

We are naturally concerned that the data obtained from the 

research program be applicable to other oil shale mining situa

tions. In all probability the mechanical properties of the oil 

shale for any given oil content will not vary greatly from area 

to area. Thus, the data from the physical property tests currently 

in progress "Till be inunediately applicable. AI.so, the size and 

geometry of the mine openings at Anvil Points have been chosen 

to be representative of a typical conunercial mine, one which will 

mine the full depth.of the r~cher oil shale zone with a view to 

maximum extraction. 

http:depth.of
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The effect of rock stresses especially on pillar stability 

is being studied in. the laboratory. vle \<1ill produce a series 

·of graphs showing how oil shale of various oil contents deforms 

under' various levels of stress. ~'Je ".;rill then plot on the same 

series of graphs the actual pillar defor~ations experienced at 

the Anvil Points Mine under the existing stress conditions. 

If th~ correlation between laboratory tests and field measure

ments is good then this will provide a powerful means of predict

ing pillar stability for any con~ercial mine. The necessary 

measurement of rock stresses at the Anvil Points mine have been 

taken. ~'le are at.;rai ting an analysis of the results by the 

U. S. Bureau of Mines. 

Preliminary indications are that the stresses are the product 

of gravity loading in that the vertical stresses are produced 

by the superincuIT'bent load t"hile the horizontal stresses are 

about 1/4 to 1/3 of the vertical stresses. 

Having defined those parameters which affect the stability 

of the mine openings, the final task is to measure the stability 

itself and this is done by measuring the movements of the rock 

both in the pillars and in the roof. 

The movements are measured by borehole extensometers of 

various types. All operate on the same principle. A borehole 

is drilled in the direction of the movement to be measured. 

Anchors are fixed into the borehole and the c~ange in distance 

between anchors is measured. One or more anchors can be sited 

in the same borehole and their movements transmitted to the 

mouth of the hole by either rods, as in the case of sag rods, 

or by tensioned wires as in"the case of the MPEX. 
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Sag rods are made from 5/8 inch diameter steel rods 

anchored using normal rockbolt shells. They are cheap, easy 

to install and read. They have excellent stability and great 

precision.. They suffer from the disadvantage of requiring a 

separate hole for each anchor horizon. The drilling of the 

small diameter holes is inconvenient and time consuming. An 

anchor has been designed for use in a 4 inch diameter hole. 

With this large hole it will be possible to install a number of 

sag rods in the same hole. Furthermore, the single hole \'Till 

be convenient to drill since it can be done using the rotary drill 

jumbo with a minimum amount of trouble. 

MPBX's utilize several anchors in the same hole. The 

instruments, are relatively expensive, are difficult to install 

and require a certain period of time to stabilize. They are 

also less precise than sag rods and this especially is true of 

the electronic readout which fluctuates ±O.03 inch compared 

with the sag rods ±O.OOI inch. The. advantage of the HPBX lies 

in its capability of providing much information over long 

distances from a single long borehole. 

The electronic readout ~~PBX t'las rented so as to provide a 

rapid measurement of the roof movements in the roof fall area 

from a remote position through a 300 foot signal cable, thereby 

removing the danger of having personnel in the fall area during 

the critical period follo....Ting the first blast after resumption 

of mining. These instruments are unsuitable for routine measure

ments due to their low precision. 

Examples of measurements _taken to date are shovm in the various 

handouts. 

--------------------------------~--~ 
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Handout 1 - JBS should be referred to in order to locate 

the various stations about which I shall now talk. First let 

us consider roof movement in the roof fall area. 

Handout 2 - JBS shows sag rod re~dings at Station 10 A 

covering movements in the roof in the roof fall area before and 

after the roof fall. During December you can see the rapid sagging 

of the roof prior to the roof fall and the slower sagging after 

the roof fall. This is followed by a period during which the 

25 foot bolts were being installed a~d the roof vIas dra\'ln back 

upwards. The first blo blasts caused some fluctuation in the 

roof movement but subsequent blasts caused little or no further 

movement of the roof \'lhich is nOvl stable. 

Handout 3 - JBS shm-/s typical readings from one of the 

HPBX's with electronic readouts positioned- in the fall area 

during the period following the roof fall. The location of the 

MPBX station is shm.,n in Handout 1 - JBS. Three horizons in the 

roof are of interest, namely, the anchorage horizpn of th~ 25 

foot bolts, the 12'6" parting plane and the 2 foot parting 

plane. You can see the fluctuations in the readings caused 

by the 10v1 precision of the instrument. However, long term. 

trends confirm the sag measurement at Station lOA in that the 

roof is stable, and the area is safe to mine. 

Now let us consider the roof movements in the roof of the 

old U·. S. Bureau of Hines mine. Handout 4 - JBS ShO\'/5 sag 

rod readings taken from various stations along the north end 

of Able. {See Handout 1 - JBS}. All the movements shm'ln are 

those from the 15 foot long sag rods. The 5 foot and 10 foot 

long rods at the same locations show little or no movement. 

The same phenomena of yearly cyclic movements are seen at stations 
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in the south end of Able and also in Charlie Haulage\,lay. The 

inference is that a.parting exists at a height of 10 to 15 feet 

over most of the exposed roof in the old mine. 

Referr.ing to Handout 4 - JBS we see that from May to October 

the rock is being warmed and the roof partings close. Prom 

October to May the rock is being cooled and the roof sags 

as the partings open. The sag is at a maximum in the months 

of March and April and the sagging rate is fastest during the 

month of February. This may explain vlhy most of the roof falls 

occur during the night in the 't"linter months. I'le suspect that 

the partings in the 10 to 15 foot horizon may be commonplace 

and for this reason '!tIe plan to install sag rods at 40 feet spac

ings as we open up the nevI mine. This will shoTtl us if and '!tlhere 

the partings occur and any onset of instability. 

Turning now to roof move:r.tents in Adi t No. 5 I '!tlould again 

dra'!tl your attention to Handout 4 - JBS and in particular to 

Stations 5 and SA. These show movements typical of a solid 

roof. All stations in Adi t No. 5 ShOYI similar movements from 

which we conclude that the 40 foot \'lide roof of Adi t 1'10. 5 is 

unbroken. 

Finally, I would like to discuss briefly the measurements 

of pillar convergence vThich we have already obtained. 

Referring to Handout 1 - JBS, it shows the location of the 

pillar convergence station at MPBX 4. Handout.5 - JBS shows 

the measurements. If you look at Anchors 1 to 4 you will see 

that there has been very little mover.1ent on these anchors which 

is to be expected since these anchors are below the floor level 

of the mining heading. Anchors 5 to 8 show a dO'ITnlfTard movement 

caused by the pillar squashing down as mining proceeds next 
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to the pillar. The squashing or convergence is caused by the 

addi tional pressures thrm'Tn onto the pillar as the pillar 

supports the roof above the adjacent openings. Ne can conclude 

from the measurements that the r.:lPBX I s are functioning properly. 

b. Drilling and Blasting Development - F. W. Brackebusch 

Drilling and powdering time and costs constitute a con

siderable portion of the total time and costs of mining oil shale .. 

In ordinary mining operations, drilling costs may run as high 

as 15 or 20 cents,per ton mined. The drilling costs in mining 

oil shale must be as low as 4 cents per toni therefore, considerable 

effort must be applied toward reducing the cost of drilling. The 

same reasoning applies to the pm11dering and blasting operations. 

The powdering time must be reduced by faster loading rates and 

by using the minimum number of blast holes consistent with good 

fragmentation and tonnage blasted. 

Handout 1 - FWB shows what portion of the mining cycle in 

a heading operation goes for a certain operation - both in our 

present mine and in the schedule proposed in the cost study. 

Note that presently the mucking and scaling operations taken 

excessive time, but that in the cost study schedule, powdering 

and drilling constitute about half of the time in the mining 

cycle. 

1. Experimenta~__~i~lin~~ogram 

During present production operations, an experiment to determine 

optimum penetration rates and reasonable bit life for a limited 

range of bit and drilling variables tdll be performed for face 

drilling. The experiment ,,,ill be performed in drilling lean 



- 40 

(~25 gallons per ton) oil shale only, because in rich shale 

drilling at present conditions produces acceptable penetration 

rates of 10 to 12 fpm and long bit life ~li th most four-way 

drag bits: 

The independent bit variables are rake angle, clearance 

angle and tungsten carbide insert hardness. These are illus

trated in Handout 2 - F~1B. The diameter of the bits is fixed 

at four inches for this experiment. Thrust is the·only drilling 

variable. Drill rotational speed is ,fixed at 107 RPM because 

of limitations of the drill. Previous experience has indicated 

that a low RP!1. was best for lean shale. 

The dependent or observable variables are penetration rate 

and bit life between resharpenings. 

The many possible combinations of independent variables 

are arranged and will be run in the order prescribed on Handout 

4 - F~vB. This 'order is intended to eliminate variances in 

results caused by minor unaccounted-for-variables. such as,oil 

content, rock jointing, weathering, bit dulling and experimental 

error. 

Previous experience indicates that a bit with -20 to -50 

rake, ISO clearance angle, and the hard grade of tungsten carbide 

inserts will produce penetration rates of 4 to 6 fpm in lean 

shale using ISH to 20]\i lbs thrust and 107 RPi\1. 

Final analysis of this experiment will be done on a computer 

using the formulae for factorial experiments. 

2. 	 Drilling and Blasting Time Studies 

Our data shows that average penetration rates in drilling 

heading rounds with 4-inch dianeter tools are about 6 fpm. The 

number of 4-inch holes needed for a 39' X 60' face for a 30' 
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round is about 25. The minimum total time for drilling out 

such a heading is 5 to 7 hours. This compares to 3 hours 

assumed for the time to drill out in the preliminary cost 

study. 

A drill jumbo with two rotary drills especially designed 

for the 39' X 60' face could reduce the positioning time now 

necessary for moving the drill jumbo to the other side of the 

face •. ~ larger water tank that could be filled while the 

jumbo was idle would also save time •. Thus 1 the minimum total 

drilling time could be reduced to 4 hours as compared \V'i th 

3 hours in the cost study. This estimate is made assuming present 

penetration rates and bit life. 

3. Blasting 

Crosscuts 23A and l2B were driven using 15' rounds with 

3-inch holes and powder factors of 0.5. We have now resumed 

using 4-inch holes and 20'rounds and we intend to maintain the 

powder factor bebleen 0.5 and 0.6. 

Scaling can be reduced by increasing the accuracy in drilling 

the rib holes, and blasting all corner holes last in the deton

ation sequence. 

In the last few rounds we experienced difficulty in detonating 

the ANFO in every hole. The ANFO will not detonate if there is 

enough ",ater adj acent to the primer to dampen the ANFO. Also, 

the detonation "wave" \'1ill not pass through an' air gap or a zone 

loaded loosely 'Vli th ANFO prill. To eliminate the problem posed 

by the air gaps or loosely loaded zones, the ANFO loader must. 

supply a steady stream of atr-ANFO mixture. 

Presence of water in the benching (see Handout 2 - FWB) 

vertical blast holes will be a problem. ~le plan to 
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experiment with ANFO in polyethylene sacks and cartridges. If 

excessive amounts of carbon monoxide are produced by the presence 

of the polyethylene, which destroys the 02 balance more expensive 

fumeless explosives will have to be used in loading the bottom 

portions of the holes. 

The downhole drill or benching jurobo has arrived and is 

being readied for operation. The drill has both a RPM control 

and a thrust control. The drill has a unique feature called a 

telescoping drive mechanism. Thrust is transmitted from an inner 

spline to an outer pipe through rubber ririgs in a configuration 

similar to an oilfield packer. The rubber rings are activated 

by hydraulic pressure. The telescoping drive mechanism, or the 

telescoping Kelley as it is called, enables the drill to have a 

maximum penetration depth of 45 feet. It would be about 30 feet 

without the telescoping Kelley. 

An experiment t~ determine the optimum penetration rates 

will be carried out using the downhole drill before the benching 

operation begins. Anticipated average penetration rates are 

higher than those for heading rounds because the shear strength 

of the stratified rock is less in a horizontal plane, offering 

less resistance to a bit drilling in a vertical direction. 

c. Status of Program and Future Plans - G. R. Haworth 

We have completed driving the instrument tunnel as I 

mentioned at the last meeting. We' have installed the exten

someters in Pillars 23B and 23D shown on Handout I - GRH. 

Barry Sellers discussed the results we have obtained from 23B 

earlier. 

In the instrument tunnel entrance l;7e cribbed up a rnanway for 

access purposes and then THe back filled in the lo",er end of the 
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ramp with shale to bring the flm'l up to the level of the floor 

of the mahogany ledge. This v-leekend we \-Till be taking three 

rounds in the end of the ramp to extend it under Crosscut 23A. 

This will make it easier to break through when we start the 

benching operations next May. 

Referring to Handout 1 -GRH, on the upper level, after we 

had completed the rehabilitation work in the fall area, we mined 

Crosscuts l2B and 23A as planned. !"lining in 23A ,,,ent rather slowly 

because, being overly conservative after the roof fall we had 

narrotV'ed it dm'Tn too much. It is only 35' feet wide, and as a 

result, we were not able to drill a wide enough V-cut and this 
" 

limited the footing advance to 10 feet per round. HO\'J'ever, the 

crosscut is now complete and the first round has been taken in 

Room No.3. 

Work went well in Crosscut l2B and the face has advanced 

well into Room No. 1 to the double line drat'Tn between Pillars l2C 

and l2E. In Room No. 2 ,v-e have just taken our fi·rst blast and 

the condition of the back appears satisfactory. We have had 

instruments installed in Crosscuts l2B and 23A and also in the 

entrances to Rooms 1, 2, and 3. None of these instruments have 

shown any movement at the 2 foot horizon above the back. However, 

in Room 1 we did measure movement betvTeen the 10 and 15 foot 

horizons after the first blast. It stabilized the following day 

but we do expect further movement with blastin~. So we now have 

three large working faces open. We shall "Tork them all simultan

eously concentrating on pushing Room 3. ~Je are ahead of schedule 

in Rooms 1 and 2 and just about on schedule in Room 3. The 

schedule laid out is conservative: It is based on being able to 

pull a 20 foot round every second daYr seven days per week. In 
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actual fact, we hope to be able to,do better than that, but 

we could run into further delays because of movement in the 

back, particularly in the areas ...,here the crosscuts have to be 

driven opposite Pillars 23B and 23H. We may also run into 

further equipment problems \vhich could effect our productivity. 

We do not see any problem in completing the reduced plan 

at this point. If all goes well we shall aim for two large 

rounds.every three days and we hope to be able to pull 25 foot 

or more on a regular basis. If we cquld maintain this level 

of production, then it would be possible to complete the entire 

program as originally laid out. That is, including the unscheduled 

zone at the north'l.vest end of the rooms. 

However, if we are forced into the position of having to 

lower our sights, we would cut back the length of the rooms to 

the area shown scheduled. This cutback ,""ould reduce our pillar 

stresses to a certain extent, He cannot estimate what the change 

would be but it ,""ould be in the order of a 10 to 15% reduction. 

The other problem with cutting pack is the fact that vIe \'1ill 

only have one centrally located pillar with representative loading 

on which vie can base our conclusions. This is Pillar 23D. \'le 

have surveyed the jointing system in the instrument tunnel which 

passes under the pillars, and at the horizon of the tunnel there 

are no major groups of joints visible which could weaken the 

strength of the pillar. On the other hand there are joints present 

making the area representative of the general condition. 

This study is not entirely conclusive because we have found 

by observation that a group of strong joints running up through 

Crosscut 23~ appear weak in the instrument tunnel. Any....,ay, at 

the moment we have no other data available and working faces in 
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Rooms 2 and 3 have passed Pillar 23D. We have to conclude that 

the results '"Ie would obtain from Pillar 23D will probably be 

meaningful. 

During" the period when '!,'1e will be mining the heading rounds 

we aim to get our productivity level up to around 230 to 240 tons 

per manshift of direct mining labor. This would be the equiva

lent of 530 to 600 tons per manshift using production equipment 

such as larger loader, larger trucks and mechanical scalers, etc. 

lUnd you, this is in tons per man,shift of direct labor and 

that doesn' t include the maintenance force, the men V'lOrking on 

services, the men helping on research projects or hauling to the 

crusher plant. Because we are working in a kind of makeshift. 

situation, our indirect labor costs at Anvil Points are high. 

To reach 230 tons per manshift we will have to pull five 

20 foot rounds per week from the 60 foot wide headings. This 

does not appear unreasonable at this stage providing the old 

Darts stand up to the pace. 

Handout 2 - GRH shows a preliminary schedule for our benching 

operation. A benching operation is more efficient than a heading 

operation. The drilling and blasting cycles have higher levels 

of productivity because they can be turned into a more continuous 

operation. The amount of scaling will be cut in half and of course 

there is no roof bolting required. 

~1e hope to get up to around 270 to 280 tons' per manshift, this 

would be equivalent to approximately 700 tons per manshift in a 

production operation. Here again these are manshifts of direct 

labor only. 
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Over the last month '!tIe have had further mechanical problems 

with the aerial platform. The control valves on the boom move

ment system ,..;ere beginning to get out of adjustment quite fre

quently and it became apparent thattl1ey were unsuitable for the 

dirty conditions under which they '!tlere operating. .Truco designed 

a new control system using a different model of valve with an air 

operated relief valve on the hydraulic system. They installed it 

at their cost and the controls appear to be very satisfactory up 

to date. 

At the same time as they were modifying the controls, they 

,repaired cracks '''hich had developed on the hoist cylinders. The 
I 

damage had been caused by removal of a limit switch on the boom 

saddle and by the drift on the control system. This vlOrk on the 

aerial platform tied it up for 12 days and· slo'ltled dm'Tn our mining 

operations considerably. 

Going on to' another subject, our physical testing program 

at Terrametrics was progressing satisfactorily until they ,overran 

their original estimated cost quite considerably. 

We had a lump sum contract ~'lith them, but they are a small 

company and would be unable to absorb the additional expenses 

involved. They overran because their basic design of the test 

equipment was faulty and had had to be modified before the test 

work would be run. They also grossly underestimated the time 

it would take to run the tests. 

In view,of the fact that they were the only people 

interested in carrying out this work for us, and there "las 
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a fair amount of development t'TOrk necessary, it was my 

recommendation toR.- H. Cramer that ~le assist them in paying for 

the overrun and make the payments contingent upon receipt of the 

test data.- This will cost us an extra $6,000. 

As far as results go, they have almost completed the 

compressive strength tests and as soon as we have all the data 

available we will attempt a correlation between compressive 

strength and oil content and also bet\<]een compressive strength 

and the height:wicth ratios of the sp~cimens. Visual inspection 

of the results reveal a definite correlation betvleen oil content 

and strength. A correlation height and strength is not apparent. 



•
HANDOUT 1 - RHC 

STAGE fI ESTIMATED EXPENDITURES TO FEBRUARY 28, 1967 

Actual Cash Disbursements to 2/28/67 $2,883,550

Accrued Costs 163,890 

Estimated Expenditures to 2/28/67 $3,047,440 

Budget to 2/28/67 3,023,490 

Variance - Unfavorable $ (23,950) 

We estimate Stage II funds to run out approximately the middle 
of October. 

ESTI~~TED MANPOWER ~~RCH 2, 1967 

Participating Parties 25 

Research Foundation (Authorized) 139 

164 

CJVerdeur 
2/28/67 



HANDOUT 2 - PJIC 


MAJOR CONCLUSIONS SINCE THE JANUARY TECHNICAL 
ADVISORY CO~~ITTEE MEETING 

1. 	 Operating.problems exist with all three shale sizes tested 
in Retort No.3. These problems are particularly signifi 
cant with the 1/4 to 1 and 1/4 to 2 1/2 inch shale since 
we have not been able to achieve a sustained ooeration. 
They also exist, but to a lesser extent, with the 1 to 2 1/2 
inch shale. 

2. 	 It is inferred at present that the problems in achieving 
operability are caused by the hardware within the retort 
or an ipteraction between the hardware and the process. 

3. 	 A number of changes have been made to equipment external 
to the retort which should improve the retort's operating 
reliability. These include improvements in the recycle 
blower, star feeders and the fail safe devices. These 
improvements are yet to be tested by a sustained operation. 

4. 	 Other improvements in process equipment have also been 
achieved. These include improving the temperature dis
tribution in the gas leaving the line burner, rebricking 
an extensive portion of the retort and the addition of 
gamma switches to spent shale drawoff pipes to monitor 
flow in that assembly. 

5. 	 Reinforcement of the mine roof in the area of the roof fall 
of December 26, 1966 has been completed satisfactorily. 
The roof is now stable. 

6. 	 Mining is proceeding slightly ahead of schedule. 

"These conclusions 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." 

KIJagel 

3/1/67 
--_ .. _... _--



HF.NDO C'.:.' 3. - Tel. 

r--"hale Size, 
Inches 

1 - 2 1/2 


1/4 - 2 1/2 

1/4 - 1 

sur-mARY 

Run No. 

C99l 

C992 

C993 

C994' 

C996 

C997 

C998 

C999 


... 

ClOOO 

ClOOl 

Cl002 

Cl003 

CI004 

OF P.FCE~;rr:-' PETORT NO. 3 OPEPATION NITH 

THE THB.EE SHALE SIZE RANGES 


No. of 
Risers Remarks 

36 Standard startup orocedure - failed to fire 

east side 


36 Standard startup procedure - failed to fire 

east side 


36 Standard startup procedure - failed to fire 

east side 


36 Adjusted shale flow on east side - used severe 
startup - ran two 12 hour balances at 400 
mass rate - successfully reached 500 mass 
rate when recycle blmver failed 

36 Startup slightly more severe than standard 
run failed because of badly skewed tem

peratures - clinker on west wall 


36 Severe startup - fired successfully - ran bvo 
12 hour balances at 500 mass rate - shutdm·,rn 
due to clinker on east wall on third day 
no high temperatures or pressures 

36 Startup slightly more severe - badly skewed 

temperatures - feeder failure caused unit 

shutdown - no clinker 


36 Startup slightly more severe - badly skewed 

temperatures early in run - clinker east 

side . 


36 Standard severity startup was successful 
lost bottom feeder for four hours - unit 
locked in - appeared to recover - then tem
peratures skewed badly - shut down - small 
clinker east wall and center 

36 Attempt to repeat ClOOO was unsuccessful be

cause of skewed temperatures - small, soft 

clinker in NE corner 


54 Rebricked combustion, retorting and cooling 

zones - standard startup procedure - tem

peratures skewed early in bottom zone 
shutdown - no clinker 


54 Retort No. 2 startup procedure - (high gas 
low shale startup) - badly skewed tempera

tures - clinker NW corner 


54 Standard startup severity - tempe~atures skewed. 
early - clinker lodged over distributors in 
center of retort 
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\ HANDOUF!', ? WMB') 
IHOUh.j· HISTORY 


1 - 2 1/2 INCH SHALE 


RETORT NO. 3 
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HANDOUT 1 - RLM 


COMBUSTION ZONE ORIENTATION CHARACTERISTICS OF 1/4 TO 2 1/2 

INCH SHALE OPERATING FAILURES 


\4 
\- \ 2.- , 

E. w AIR.. l'oR."i 
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HANDOUT 2 - RLM 


Tum HISTORY OF RUN ClOOO 
1/4 TO 2 1/2 INCH SHALE 

• 
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HANDOUT 3 - RLM 


TIME HISTORY OF RUN CIOOI 

1/4 TO 2 1/2 INCH SHALE 
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HANDOUT 4 - RL!>1 


TINE HISTORY OF RUN C1003 

1/4 TO 2 1/2 INCH SHALE 


~---------~ 

RAW S14ALt'.. 
T<>NS/ HR. 

OI=F GAS 
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HANDOU'l' 5 - RLM 

TIME HISTORY OF RUN C1002 

1/4 TO 2 1/2 INCH SHALE 


RAW SHALE. RATE 
"rONS/ HR 
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HANDOUT 1 - Jvm 
STARTUP CI006 


February 19, 1967 
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HANDOUT 2 - J\'m 

CLINKER PATTERN 


RUN C1006 - 1/4" TO 1 INCH SHALE 
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HANDOUT 1 - KIJ 

RETORT OPERABILITY PROBLEMS 

2 Fraction 1 - 2 1/2 
System Inch 

1/4 to 1 
Inch 

1 Fraction 1/4 - 2 ~/2 
System Inch 

Startup 

Inadequate 
severity 
causing non
uniforIn 
shale and 
gas flow 

Nonuniform 
shale and 
gas flow 

Both inade
quate and 
excessive 
severity 

Nonuniform 
shale and 
gas flm.; 

Excessive 
severity 

Transition 

From 


Startup To 

Run 

Conditions 

No apparent 
difficulty 

Shale chan
neling appears 
to occur when 
raw shale 
rate is 
increased 

Shale chan
neling may 
occur when 
raw shale 
rate is 
increased 

Extended 

Operation 


Nonuniform shale 
and gas flo\-1 

Lower gas flm'7 
limitation 
than Retort 
No. 2 

Sensitivity to 
fines fed with 
ra\.; shale 

KIJagel 
2/28/67 
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EFFECT' OF TEMPERATURE AND SHA~~ QUA~I_TY ON SHALE FLOW 

,--0.8 
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•
HANDOUT 3 - KIJ 

EFFECT OF RECYCLE RATIO AND RAW SHALE RATE ON 

SHALE COOLING ZONE FLOW STABILITY FOR 


1/4 TO 1 INCH SHALE 


25,000 

Usual Temperature Rang~ --1 
20,000 

Upper Limit 10 ~Ietastable Region 

15,000 

'0 Metastable Region 
for 500 Mass Rate 

---_____ 114 - 1 Inch 

~--
10,000 ----,--1300 Mass Rate 

~L4 - 1 Inch 

~-t-....llllQ_.Mass Rate 
5,000 ~ ----:.J.~ 1. I .. Inch 

J.~_____J0 

Limit 

500 700 900 1100 1300 1500 

Shale Temperature Cooling Zone, of 

-KIJaqel 
2/21i67 
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HANDOUT 4 - KIJ 

Overall 

Organic 

Organic 

water 

Oxygen 

Cm-1PARISON OF MATERIAL BALANCES IN 
RETORT NO. 2 AND RETORT NO. 3 

Retort No. 2 Retort No. 3 
Run B817-C to U Run C990-1 to 26 

·Mean 95% C.L. Mean 95% C.L. 

98.7 0.8 101.2 2.2 

Carbon 96.0 5.0 104.6 7.8 

Hydrogen 99.2 7.0 96.3 14.9 

80.3 10.0 140.0 58.9 

96.3 2.5 106.9 9.4 

KIJage1 
2/28/67 



HANDOUT 5 - KIJ 


ORGANIC CARBON BALANCE 
C990 
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yll - Adjusted Yield, Vol % FA 

KIJagel 
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C990 

COMPARISON OF OBSERVED YIELD WITH YIELD 
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') FUTURE PLANS HANDOU~ ~ - RES 

RETORTING PROGRAM 


March 2 

1/4 to 1 inch 1 to 2 1/2 inch 1/4 to 2 1/2 inch 
4 weeks --,,--------)0 10 weeks ~--.------->- 6 weeks Slack Time 

Demonstration Development Development and 8 weeks 
Run and Demonstration Demonstration Run 

Run 

/ 

//If 


/'successfu1 


1/4 to 1,/
/ 

/ 

.(inch 
Studies ',,-

"
'.If
,

",Unsuccessful 

". 

, ~ 1 to 2 1/2 inch 1/4 to 1 inch 1/4 to 2 1/2 inch 
~'8 to 14 weeks ). 8 to 14 weeks ------.--,... 8 to 14 weeks Slack Time 
Development and Development and Development and +3 to -15 weeks 

Demonstration Run Demonstration Run Demonstration Run 

Areas For Study 

Air Distributor 
Liner 
Process Conditions 
Other KIJage1 

2/21/67 
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CRUSHING PLANT HANDOUT 1 - RES 
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Hk~DOUT 2 - JBS . • 
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HANDOUT 1 - FWB 


MINING CYCLE - HEADING OPERATION 
APPROXIMATE SCHEDULE OF TIME CONSUMPTION 

Anvil Points 

Item 
Operation, 

% of Cycle Time 
Cost Study 

% of Cycle Time 

Blasting 1% 3.5% 

Mucking 35%(1) 24.0% 

Scaling 28%(2) 15.0% 

Roof Bolting 7% 10.0% 

Drilling 19% 22.0% 

Powdering 10% 25.5% 
100% 100.0% 

Assumptions 

(1) 	 Using 20 ton trucks for mucking 

(2) 	 Scaling by hand (dislodging loose rock from face and ribs 
after blast) 

Note: Use of larger trucks and loaders for the mucking operation 
and use of a mechanical scaling device would increase the.per
centages of the mining cycle occupied by drilling, powdering, and 
roof bolting. 

FWBrackebusch 
2/28/67 . 



HANDOUT 2 - F~JB 

PERSPECTIVE DPAWING OF ROOM-AND-PILLAR NORKINGS 


Operation 

Benching Operation

40 

W O 

Scale, feat 

U. S. Bureau of Hines Bulletin 611 

Fl'?Brackebusch 
2/28/67 



HANDOUT 3 - FWB 


SKETCH OF TYPICAL DP~G BIT 

FWBrackebusch 
2/28/67 . 



HANDOUT 4 - FlVB 

DRAG BIT FACTORIAL EXPERI~1ENT 

Order of Thrusts 
Use Rake Clearance L. Hardness 1st 2nd 3rd 

20' Hole 20' Hole 20' Hole 

1 -70 140 T 20M 16M 12M 

2 00 170 H 16M 12M 2ON. 

3 +30 200 T 12M 201-1 16M 

4 00 140 H 2Dr1 16M 12M 

5 +30 170 T 16M 12M 20M 

6 -70 200 H 12M 20M 16M 

7 +30 140 T 20M 16M 12M 

8 -70 170 H 16M 12M 20M 

9 00 200 T 12M 20H 16M 

10 -70 140 H 20M 16M 12M 

11 00 170 T 16M 12M 20M 

12 +30 200 H 12M 20M 16M 

13 00 140 T 20M 16M 12M 

14 +30 170 H 16M 12M 20M 

15 -70 200 T 12H 20M 16M 

16 +30 140 H 20H 16M 12M 

17 -70 170 T 16r4: 12M 20M 

18 00 200 H 12M 20M 16M 

FWBrackebusch 
2/28/67 
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