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Minutes of Second Meeting 
of the 

, . SHALE OIL TECHNICAl. ADVISORY COMMITTEE 

held at 
Anvil Points Oil Shale Research Center 

Rifle, Colorado 
on 

Thursday, September 3, 1964 

The second meeting of the Technical Advisory Committee 
was held at the Anvil Points Oil Shale Research Center near Rifle, 
Colorado, on Thursday, September 3, 1964. Those present full time 
were: 

S. L. Meisel, Chairman, Socony Mobil Oil Company, Inc. 
R. H. Cramer, Program Manager, Socony Mobil Oil Company, Inc. 
K. M. Elliott, Socony Mobil Oil Company, Inc. 
J. R. Felix, Esso Research and Engineering 
C. D. Geiger, HUmble Oil an.d Re fining Company 

All of the Program personnel ana J. M. Petty, Administra­
tive Manager for the Colorado School of Mines Research Foundation, 
Inc., were present part time to report on their activities. 

The meeting opened at 9:20 a.m., with Chairman S. L. 
Meisel distributing the agenda (Attachment No.1). 

OLD BUSINESS 

A. Approval of Minutes 

The minutes of the first meeting of the Techn~al Advisory 

Committee were approved as sent to the members. 

B. Discussion of Duties of Permanent Secretary 

S. L. Meisel presented a suggested.list of duties for the 

Permanent Secretary. TheSE! duties were discussed and the 
Committee approved the following duties for the Permanent 

Secretary: 
1. Serve as central cc)ntact for the Advisory Committee. 

2. Assist Chairman in making meeting arrangements. 
3. Arrange for editin9, typing, and distribution of 
minutes of meeting. 
4. Prepare official policy statements by ColllRittee for 

Signature by Chairman and Committee Members. 
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• 5. Serve as parliamentclrian: prove reference to Contract 
and the previous policy decisions during Committee 
deliberations. 
6. Maintain official flles for the Committee to include: 

1. Technical Advisory Committee minutes. 
2. Technical Advisory Committee correspondence. 
3. Monthly Progress and other memoranda. 
4. Final reports. 

C. Audit of August 24 and 25 (Preliminary) 

R. H. Cramer reported 011 the visit of Mr. B. P. Pierce (Humble) 
and Mr. E. H. Wurster (SOCOllY) to audit,the accounts and records. 
These auditors concluded the systems and records were satisfacto~y. 
They did suggest a few minor changes which are being implemented. 
Their official audit report will be sent to Humble and Socony 
Mobil within a week or two. 

• 
C. D. Geiger commented 1:.hat Mr. Pierce was most complimentary 

of the controls and the sys1:.em set-up. C. D. Geiger also 
reported that the auditors critically reviewed the system since 
it was just being put into (~ffect and now was the time to make 

any changes. 

D. 1964 Budget 

R. H. Cramer presented ~:.he 1964 Budget for approval wh.ich 

had been reviewed at the Jun.e meeting of the Technical Advisory 
Committee. After a brief d:Lscussion on amounts allocated for 
housing and staffing, this budget was approved as presented in 

the minutes of the June 29 1~dvisory Committee meeting. 

• 

The Chairman recommended, and the Advisory Committee concurred, 
that the Program Manager shQuld give them reasonable notice as to 
when Stage I will be complet:.ed. The responsibilities of the 
Project Manager and the par"ticipating Parties for notice of their 
intent to continue in the PJC"ogram were discussed. As spelled 
out on page 10 of the Research Contract, the Project Manager has 
the responsibility to noti~{ the Research Foundation of termina­
tion of the Contract in the event all the parties do not want to 

," 
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continue into Stage II. 'l'he Participating Parties have the 
responsibility to give a 15-day notice of their intent not to 
continue into Stage II as discussed in detail on page 6 of the 
Research Agreement. If the Research Foundation cannot find 
other parties to continue research at the facilities, it has 
the responsibility to give a 30-day notice to the Department 
of Interior of intent to return facilities to them as covered 
on page 23 of the Lease Agreement, and the responsibility to 
conclude this transfer at an estimated total cost of $60,000 
to be paid by the parties involved. 

E. 	 1964 Program 

The Committee approved the 1964 Program as presented in the 
minutes of the June 29 meet,ing recognizing that mining evalua­
tions 

" ~ 

may not be started until January, 1965. The Committee 
decide'd, after a detailed discussion of the pros and cons of, 
hiring a mining engineer early in Stage I, to let the Program 
Manager bring the mining engineers into the Program when they 
can be used best to carry out the program objectives as spelled 
out in the Contracts. It ~as the current opinion of the Program 

Manager that the mining engineer would not be needed until 
January or February, 1965 instead of OCtober, 1964 as shown 
in the 1964 Program. 

F. 	 Other 

1. 	 Status of Additional Participating Parties 

The Chairman reported that no other companies have 
indicated intent to become a participating party. Sinclair 
has not followed up on its initial interest. Pan American 
has requested a meetin9 with the Project Manager to discuss 
the program. 

2. 	 OCtober Meeting of Technical Advisory Committee 

The Chairman recomrrended that the next meeting of the 
Technical Advisory COmIriittee be held at the Socony Mobil 
New York Offices on October 30, 1964 and that K. M.' Elliott 
make the necessary arrangements. The Committee agreed 

with this recommendation and concurred with C. D. Geiger's 
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• suggestion that the Chairmanship be held for three 
meetings even if the th.lrd meeting went beyond the six 
mo~ths' chairmanship term. 

3. Safety Program 

J. R. Felix inquired into the over-all medical 
assistance available to the plant and families of the 
employees. R. H. Cramer reported that two excellent 
doctors were available in Rifle and safety program including 
fire fighting training was under way. The safety program 

is outlined in Attachment No.2. 

C. D. Geiger reported that two physicians in the 
Humble Medical Department would like to visit the Anvil 
Points facilities. R. H. Cramer replied that members of 
the Socony Mobil Medical Department would also like to 

visit. the facilities anci suggested that the Humble 

phys1c1ans get 1n touch w1th the Socony MoD1l phys1c1ans 
and make a jOint visit -co Anvil Points •• 


• 
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NEW BUSINESS 

The Program personnel reported on their individual technical activities. 

Copies of the handouts presented witrl each of these reports have been sent 

under separate cover. A list of these handouts is attached (Attachment No.3). 

A. General Review 

R. H. Cramer reported that the staff was essentially' complete. Two 

mining engineera would be brought in when needed and another crew of retort 

operators would be hired near the end of 1964 to permit 7-day-around-the­

clock operation of the retorts. The current crews are operating 5-d~­

around-the-clock. The No. 1 Retort ( 6 TID) has been taken through cold 

shakedown with shale rates up t() 150 lbs/(Hr)(Ft2) or (24 T/D). This retort 

is currently' going through a hot shakedown teat at the Bureau of Mines 

Demonstration Run rate of 230 lbs/(Hr)(Ft2). The usual number of mechanioal

• problems developed but appear to be corrected now. 

The Program is only' about ·~wo weeks behind the rehabilitation time 

estimated last fall, primarily due to poor equipment delivery by vendors. 

The Analytical Laboratory is cOl'1pletely staffed and trained to handle the 

tests for retort run analyses. Although the Colorado School ot Mines 

Laboratory at Golden is available to us we do not plan to use it to arv 

great extent. Infrequent tests such as mass spec or special tests on the 

shale oil will be run by the So'::Ol\Y Mobil or Humble Laboratories, under the 

terms indicated in the Research Agreement. 

C. D. Geiger expressed 50m'3 concern over the Bureau of Mines asking 

for tests which we would not be staffed to handle along with our own tests. 

• 
R. H. Cramer pointed out that the Bureau ra Laramie Laboratory waa better 

equipped and staffed, and therefore the Bureau would most likel1' have the 
."-. 

tests done· there instead of by 'J.S. 

\ . 
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• J. R. Felix asked how well the non-professional and professional people 

worked together. R. H. Cramer reported that not only was the cooperation 
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between non-professional and professional excellent but the non-professional 

workers were capable and willing to do ma~ jobs.which weren't necessar~ 

what their job title called for. 

B. Reha bi.1itation and Staffin~ 

1. Staffi~ and Rehabilitation of Facilities 

J. M. Pett,y reviewed the organization chart (Handout No.1) and 

described the responsibility of the ke,y Research Foundation supervisor,y 

personnel. He also commented on the fact he was able to assemble a 

fairly highly skilled work force because of the large number of 

applications he received. 

2. Rehabilitation of Pilot Retortl 

• W. S. Bergen desc'ribed the rehabilitation of the No.1 Retort 

and the planned rehabilitation of the No. 2 Retort. He pointed out 

that PERT-type prep1anning had assisted greatly in getting therehabili­

tation completed on schedule and for the estimated cost. The current 

PERT schedule is shown in Handout 2. Daily and more detailed weekly 

meetings with the supervisor.y people involved in the rehabilitation 

also assisted in meeting the deadlines on the PERT schedule. 

The major policies followed in the revamping of the retorts 

were: 

1. The retort solid3 and gas handling equipment was to be 

capable of operating at 750 Ibs/(Hr)(Ft2). 

• 
2. All product recovery- equiIJYlent was to be of commercially 

available types easily scaled to higher rates• 

3. The raw·and spent. shale handling SY'stem was to be autanated. 
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4. Equipment was to be as reliable as possible in operation•• The old retort was s t:ripped down to the retort shell and a new 

Victaulic pipe system was installed capable ot" handling the larger 

gas rates. The Victau1ic piping is easily installed or modified since 

it requires no welding. T::1e revised process flow for Retort No.1 is 

shown in Handout No.3. 

C. D. Geiger asked whst the accuracy' of the raw shale and product 

weighing systems were. W. S. Bergen indicated that the accuracy was 

as follows: 

• 


Raw shale t. 1% 


Spent Shale ~ 0.1% 


Liquid produce t 0.1% 


Gas produce t 0.1% 


C. Engineering Ana~sts 

1. Engineering Studies 

P. W. Sl\Yder discussed the computer cOllll1unications available and 

the status or the mathematical model of the Gas Combustion retort. 

a. Computer CommuniCations 

• 

The material balance calculation has been programed and put 

into Socony Mobil's UReal Time" system. This permits us to send 

raw retort data, via teletype, to a 1410 r31: computer located in 

New York City and r·,:;ceive bacle immediately the results of the 

material balance calculation. Other more detailed engineering 

calculations can be made on SOCOI\Y Mobil 'a 7040 rB1 computer 

located in Princeton if needed. The use of this system was 

illustrated later by sending in the raw data from Bureau of Mines 

Run Number 222D. The results are shown in Handout No.2,. 
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• b. Math Model 


The objectives of the Math Model are to: 


a. Reduce the experimental runs required to define the 

limitations or the Gas Combustion Retort. There are about 

ten process v&.riab1es for this process.. In order to 

precisely define these interactions at only' two levels it 

would require about 1,000 experimental runs. The Math 

Model can do thi:3 more rapidly, at less expense than the 

pilot retort, and indicate the variables which do not 

interact. 

b. Establish s4~nsitive variables for experimental stucty. 

• 
o. Establish critioal internal oonditions such as the 

overlapping of the retorting and combustion zones. 

d. Establish optimum operating oonditions. 

This model is programed on SocoIlV' Mobil's 7040 lIM canputer 

located at Princeton, New Jerse,y. 

P. W. SIlV'der presented a brief description of the Gas Combustion 

process as shown in Handou'~ No.4 and described the theoretical bases 

of the Math Model as outlined in Handout 5. He reviewed the printout 

information as shown in Handouts 6 and 7; and the correlations being 

developed from the results as shown in Handouts B, 9, and 10. 

Quantitative conclusions from these initial math model studies should 

be viewed with caution as '~he model is still being debugged and 

modified. 

• 
It was pointed out that the model does not include oU impingement 

on the shale, refiuxing of oil, or thermal cracking sinoe not enough 

information is available on these processes at this time. However, 

as the experimental program progresses we hope to be able to include 

these processes in the model. 
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• 2. Economic Studies 

J. E. Burchfield revi'~wed the bases for economic evaluations as 

• 


follows: 

1. A mining - crushing - retorting complex would be used to 

develop a cost 01' producing oil shale at the ,50,000 BID level as 

shown in Handout No. 11 

2. The individual cost bases as shown in Handout No. 12 were 

developed as much as possible from published information. 

With those bases we plan to develop economic guidelines to define 

the most economic improvements to make in retorting and define 

relative cost of yield loss and other process variations. An example 

of this type of guidelines is presented as Handout No. 13 which shows 

the effect of shale mass rate through the retort and yield loss on 

the cost of producing ,50,0')0 B/D of raw shale oU• 

After a detailed discussion of the cost bases the Committee recom­

mended that I 

1. Economic studies be limited to the ~ of producing raw 

shale oil from the retorts and be presented as differential 

costs rather than as absolute costs. A nomograph to interrelate 

the effect of vari':l.bles on costs :may be the best way to show the 

final results. 

2. The bases and ::!ources of information used to establish 

mining and shale preparation costs be obtained from published 

information or developed from th~ program and.be well documented 

for use by the ParM.cipating Parties in any subsequent studies 

that the,y may conduct. 

3. The values of retort by-products be obtained from published 

information.. 
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• 4. Crushing equipment manufacturers be contacted to develop 

crushing costs, with consideration of supplying them with shale 

to develop the data needed to estimate these costs. 

D. Retort Program 

1. Overall Program 

J. E. Lawson reported on the experimental operating program for 

the two pilot retorts as shown in Handout 14. Mr. Lawson pointed 

out that this program was his goal and the timing of each objective 

was dependent on solving un1~reseen mechanical and process problems 

which will certainly arise. The t.ypical temperature profile obtained 
~ 

• 
b,y the Bureau of Mines in Retort No. 1 as shown in Handout 15 is ~ot 

very uniform. We plan to develop an air' distributor which will 

produce a more uniform temperature profile and make this retort more ~ 

ideal and permit us to analyze the effect of process variables 

without superimposed gas distribution effects. Current thinking is 

along the lines of a peripheral air distributor. 

K. M. Elliott concurred with the maximizing ideal temperature 

distribution in the No. 1 Retort and then the testing of commercial , 

distributor designs against the optimum achieved with this ideal 

pilot retort. 

2. Shale Supply 

C. W. T,yson reviewed the results of a stu~ of the quantit,y and 

quality of oil shale supply as shown in Handout 16. The overall con­

clusion is that the amount of mined shale available for Stage I will 

closely approximate Progrfm requirements. However, R. H. Cramer 

reported that additional Ehale could be obtained b,y blasting from 

two easUy accesable benches in the mine it necessary .. 

3. Operator Training ancl Shakedown 

P. H. Gifford reviewE!d the operator training program, data 
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• recording, and shakedown or Retort No.1. He reported the training 

program was successfUl and that the operators motivation is excellent. 

• 

The data taken has been organized into a series of 14 forms from raw 

data through interpretive results. These forms are included in Hand­

outs 17 through 30. OSRC i'orma No. 1 to 4, 12, and 13 are raw data and 

will be available to the Slreau or Mines; the remaining forms are 

summaries of interpretives and will be available onlr to the 

Participating Parties. Retort No. 1 has been taken through a cold 

shakedown and the necessar,r mechanical changes made to provide smooth 

shale handling. The unit is now under hot shakedown tests. The line 

burner has been very succe:lsful for startup; however, temperature control 

and shale clinkering have presented a few problems. Both high and 

low temperature clinkers hive been encountered. The low temperature 

clinkers are s01°t and do n.,t appear to present al'\Y problem. 

4. Mist Formation and Re.::overy 

K. I. Jagel discussed the mist formation problem and stated the 

following objective ot this program: 

1. Define process c,:>nditions which insure that-a stable oil 

mist is formed. 

2. Define' the conditions and equipment required to recover the 

oil mist. 

A cascade jet impac tor system for sampling the gas streams and 

measuring mist droplet sh'~ is being buUt to assist in these studies. 

• 
K. M. Elliott asked if consideration has been given to getting 

mist formation im'ormation from a small fixed bed unit. K. I. Jagel 

replied that the Bureau of Mines had designed a small moving bed unit 

to get this type of infornl9.tion. We are plarming to find out what 

kind of information can be developed from the pilot unit first. 
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• 5. Flow otudies - Retort No.1 

I. A. Jefcoat reported. on the shale flow studies on the No. 1 
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Retort. In these studies :,0 pounds 01' red shale were 1"ed through the 

star feeder along with the normal shale feed and time of withdrawal 

was measured. As shown in Handout No. 31 about 80 percent of this 

red shale' came out with ab'Jut ISO pounds 01' total shale indicating 

very little mixing 01' shal'a through the entire system. The effect 

was true for high as well as low shale rate indicating that most of 

the little mixing that did occur was probably in the teed system. 

6. MeChanical Models 

a. Shale Flow Studies 

• 
T. C. Lyons reported on the objective 01' the mechanical model 

studies as outlined in Handout 32. K. M. Elliott asked whether 

we thought variation of particle shape would be important. T. C. 

Lfons said we intend to observe tpis effect of long particles 

versus short particles in the mix and if there appears to be an 

effect a stuC\v 01' t.he effect 01' shape would be carrieq. out. After 

further discussion it was decided that the stuqy would not be 

necessary since we have no control over shape which is primarily 

a function of shale richness. 

b. Mechanical Feasi.bility Si:;udy 

• 

L. J. Skowrorlt:;k reported on the mechanical feasibility studies 

being carried out to guide the experimental studies toward designs 

which can be scaled to commercial size. His preliminary oonclusion 

was that commercial units will be restricted to maximum spans of 

about 15 feet in order to provide support for the intervals 

required. In order to achieve the large crosseotional areas need ed 

tor economic design it will be necessa:r;y to limtize the commercial 
"'-­

design. 
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• E. Ana~ical LaboratoEY PrOgr~ 


B. L. Beck reported on the rehabilitation and staffing of the analytical 


facilities. Although the Analyi:iical Building was large enough the equipment 

was in poor condition. The building has been cleaned, the utility put into 

shape and new equipment purchased. A 1'ew pieces of equipment still remain 

to be recei~d. The four techn:Lcians obtained appear to be competent. They' 

have been trained to run all tho tests needed for retort material balances. 

B. L~ Beck also reviewed the method of requesting and reporting analytical 

tests as shown in Handout No. 33. 

D. Liederman reviewed in d(~tail the tests which will be taken and the 

reporting mechanisms as shown in Handouts 28 and 29~ 

• 
The Committee recommended ~hat periodic detailed quality tests on the 

shale oil should be run to pe~Lt detection of a~ significant quality 

change as a function 01' retorting operating conditions. These detailed 

tests should include sull'ur content, boiling range distribution, and carbon 

residue. If a significant varLltion occurs the stored product samples from 

previous runs should be reanaly~2:ed and the program should be re-examined with 

a view to changes that would as::list in defining the relation between retort 

variables and shale oil quality. 

F. 1965 Preliminary BudgetM~d Account2-ng Controls 

• 

R. H. Cramer reviewed the accounting controls, and in particular the 

s,ystem 01' variance control on accrued expense~ At the end of each month 

the outstanding bills are added to the expenditures in the proper account 

to give an exact accrued expense to compare with the budgeted expense. The 

variance from the budget shows immediately the status of aqy particular 

account • 
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• C. J. Verdeur presented the 1965 preliminary budget (Attachment No.4) 

for review and approval at the next meeting. 

Letter of Appreciation to Technical ~ 

The Committee decided to send a letter of appreciation to the home of 

each of the members of the technical staff as an indication of their satisfaction 

with the progress of the Program and adjustment of the families to the new 

surroundings. 

S. L. MeisE;!l 
Permanent Secr~tar,y 

PWSny'der:rl 


Attachments 


• 

• 
september 16. 1964 
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Attachment "To. 1 

AGENDA 

SECO'tlTD srT,n.~ OIL TECHnICAl.' ADVISORY COMMITTEE 
Anvil Points, Rifle, Colorado 

Ser.tp'11ber 3 ~, It, lc61.1 
~----------------

Serterrber 3 

T.. 

II• 

.< . 

A. .Annroval of lJIirmte". 

B. D1scmssion of Dutir'.} of Pemanent Secretary 

F.. 19Sh Fro!!ram 

F. Othl"lr 

Mew Rl.lsiTless ;.. Rerort (['rorram Personnel 

.A. • . C-enera 1 Review 
Pro~ram Manar:er 

~. ~ehahilibtion anc ~'Haffing (2fl1 (1) 
Program Yara:="er 
Arhn:i.1"Iistrati yp,YclTla;;er 
sta ff . ·"echad.c31 En~inef'r 

Descrir-f'l ~'o. 1. Retort Revision 

,., ''1:;'' • A] ... (1'1")(1)'..... l.',np1!'1el"rl TIP' nav.' 'I; . ., 

'Prof!rar1 Mana.F(~l 
Rnginepri..nr; ATi[;.lyses (1-I.)S) 
Ecol"omic Analyr:es' (JEB) 

1). Retort Pro(rr.3m (La) (1) 
Progr.nm Il,aTI~:"c r 
SUT'nrv:isinr ~n;~:i.neer (,JEll (Retort'Pror,rarn) 

Sh:::lle Sl1PP~Y (r.vJT' i 

Operator 'T'ra:l.nirw anH Shakenoi-.'Tl (PHG) 
, rUst Formation and Recovery (KItJ) 
. Flow Sbldins - Retort f.lo. 1 (IAJ) 

Mf'chanica 1 r~ofle] s ' 

12: DO noon ' 

12:30 pol!-.·· 

Sh~lr Flow StnMes (Tel,) '" 
Mechanical Feasihility Studies. (LJS) . 

(1 ) Time in minutes 
.' 

, , 
, , 

" 

: .' 

~' " 
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• E. Annlytic;)1. L1r:orato::"Y PrMram (11"'\) (1) 
Pro;,raM Manar.'8r 
Sur.erv-is:i ng ~:re'nist (SLB) 
Ana1yticaI-C~8~~st (nL) 

F. 1965 Budget (r-relimj.nary) and ftr.counting Con~ro1s (In) (1) 
Program "1anarer 
Administratiw~ lss1.staTlt 

G. Other 

TT1. ~xecutivp Session 

T. 

F . 

8:15 to 9:u5 a.m. 

9:115 to 11:00 a.TTl. 

• 


• 


I:. 
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ANVIL POINTS OIL ::i lAL"Ji: RESEARCH CENTER 
Rifle, C)lorado 
August 11, 196h 

Yearly Program of the Safety Department 

It is the policy of the. Colorado School of Mines Research Foundation, 
Inc., Safety Department to develop ard promote safety throughout all phases 
of the Shale Oil Research program. . 

OUI" program will consist of "Accident Prevention", by training, by ob­
serving conditions and acts. vIe fee] that corrective safety is an attempt 
to correct a condition or ~~safe act after an incident has occurred which 
r..as dra,m our attention to one or bot.h factors. 

Through the media of Safe Operating Procedures,Foreman Training, 
Safety Meetings, Demonstrations, Engj. neered Safety and any other media that 
is available from the Oil Companies, Colorado School of Mines Research Foun­
dation, Inc., U. S. Bureau of Mines, National Safety CounCil, and our em­
ployees and engineering staff at thin operation. 

The Yearly Safety Program will cover the folloldng: 

Hazardous Haterials - training will start inunediately 
High Boiling Fractions 
Dust Control 
Gases 
Fumes and Vapors 
Chemicals 

Naterials Handling - each i3afety session, if necessary 
Naintenar,ce !'1aterials 
Production Haterials 

Housekeeping - each safety session, if necessary 

?ire Provention - train:!.ng will stnrt August 17 

First Aid - training wiJ.l. start approximately November 1 

Hoving Hachinery and Equipnent - each safety session, if necessary 
Automobiles 
Dozers 
Trucks 
Loaders 

. Naintenance - each safety session, it necessary 

Safety Guidance· 

http:train:!.ng


• Since the safety program covers nany phases of the activities in this 
plant, it will be presented in approx'_mately the following percentages. 

Fire Prevention and T:'aining 20% 
First Aid Training 207:' 
Hazardous Hatcrial,: lo;~ 
Noving Nachinery a l"t '~quipment 10% 
Naterials Handline 10% 
Haintenance, Housekeeping 

and.Safety Guidance 30% 

He feel that emphasis should -De stressed during the first weeks of 
this program on Fire Prevention, First Aid Training and Employee Training. 
Materials Handling, Housekeeping, Hoving Equipment, Maintenance, First Aid, and 
Hazardous rv:aterials 'trill be covered at ea eh safety session, if necessary. 'Host 
of the time one subject 'vill be covered but others may be included from time 
to time. 

\'.le have made arrangements to have the doctors conduct several of the 
safety meetings. "1e will also have ~:everal general fire prevention training 
sessions to acquaint everyone in the plant with the use of fire extinguishers • 

• 

•
. : 



• LISTHTG OF TEC1['r'CA]', HM'DOtTTS 

Handout No. 


Organization Char't for Stag,' T 1 


l~ff~cts of Process Variable's on (\: :-Icit tions in the Mist Forming Zone B 


ltehabilitat. ion Schedule 2 


Process l"loioJ Diagram Gas Combust:ioi1 ,Process Retort No.1 3 


Gas Combustion Hetcrt Diagram 4 


Rases for :'1ath Hodel of Gas Combl:stion Retort, 5 


Smn:r:ary Frintout from Math Model 6 


Temperature Protile Printout from r~ath Nodel 7 


Efffh~"';,E> (:'1' Process Var.i.ahlC's em i>));:ii tions in the Combustion Zone 9 


• 3ffect of ?rocess Variables on Cond:i,tioT}$ ir: tho ::>hale Cooling Zone 10 


Proposed 2~cnomic Base Case 11 


• 


Economic Bases for ?:valuation of Shale Oil Recovery in Retorting 12 


Fr('~oserl ~et0rt Jperating Schedule Ih 


':'er:10t're.t'_:n~ Profi.le for Bureau 0; l'Ems Run 331A 1,' 


Cost. (I.t Shale Oil as a. Function n: !~etort Space Velocity and Yinld 13 


Sha,le Analyses and l"Teparation 16 


17 


::Ias Go:nbustton No.1 Jpera:ion .Sr'ea", !Ijp 18 


19 


Screer. Jll'::;.1,\rs1s ;1ata Sheet 20 


:~as An;1.1ysis 21 


Liquid PrC'lduct Analysis 22 


Raw and Spent Shale Ana~ysis 23 


Pror,ram Objective and Conclusions S,.unmary Report 24 


http:Profi.le


• HcJn(lout No • 

2S 

DctailpJ Test Sheet 26 

Test Summa."'J Sheet 27 

Laboratory Analysis Request 28 

Fischer Retort Assay 29 

fuln furpose Sheet 30 . ' "v Tlrea!<out. Curves for Red-marked Onn-Inch Shale Flowing Through the 
't.,)o. 1 Retort 31 

ProGram of Initial t1echanical l10del Studies 32 
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• ANVIL POPlTS OIl, SHIILE RESEARCH CENTER 
1965 ArMP-1ISTRATIVE EXPEMSE BFDGET 

.Tanuary 1, 1965 to' November 30, 1965 

Hanpower Quota (End 01' ~Tovember) 

Participating Parties 18 

Research Foundation 77 


QE'Total 9..., 

Salaries and Wages 
Participating Parties 230,400 
Research Foundation 396,700 

Total 627,100 

'&nployee Benefits 
Participating Fartl.es 57,700 
Research Foundation 74,100, 

Total 131,800 

Employee Expenses 
Participating Parties 53,600 
Research Foundation 2,200 

Total 55,800 

• Materials and Supplies 50,600 

Facilities and Equipment 79,200 
" 

Professional Fees and Services 57,200 

. Other Operating Services 17,600 

other Direct Expenses "88,300 

Lease Expense 4,400 , 

Rent Revenues , (22,000) ',,', 

Net Expens'es 1,090,000 ' 
, ' 

~. 

• 
~ . 

, i 
, . 

, . , . 
" , 

, , ' 
'~ " 

, I " ; ; 
'~ . f : i 

", 
" 
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• ANVIL POINTS OIL SHALE RF..5EARCH CENTER 
1965 ADMINISnu\TI~ EXPENSE BUDGET 

\ ' January 1, 1965 tQ November 30, 1965 

Account To~~al 11 Total 1st Total 2nd Total 3rd Total 4th 
~umber Description }t,mths Quarter Quarter Qua.rter Quarter 

Expense Accounts 
Salaries & \-Jages-Research Foundation 

500 ArlTl'linistration Personnel & AC(~ounts ' 47,900 12,800 12,800 12,800 9,500 
~02 Furchasing & WarflhClusing 22,000 6,lOO 6,100 0,000 ' 4,400 
~Oh Safety 21,700 5,BOO . 5,BOO 5,800 4,300 
505 Eng. - Electrical - Rehabilitation 
506 Operat.ing 34,900 9,300 9,300 9,300 . 7,000 
507 Mechanical - Rehabilitation 
508 Operating 5h,400 14,600 14,500 14,500 10,800 
509 Civil - Rehabilitation 
510, Operating 115,600 30,900 . 31,000 31,000 22,700 
512 Housing 

Technical Development 

~20. Tech.rev. - Mining - Rehabilitation 

521 . Operating 
522 Retorting - Rehabilitation -­
~23 Operating 78,800 21,100 21,100 21,200 15,400 

Analytical 	 - Rehabilltation 
Operating _20,800 5,500 5,500 5,500 4,300• 

-- -­

Sub-Total Research Foundation 396,700 106,100' 106,100 106,100 7B,400 

Salaries &Hages-ParticipatingParties 
530 AdJT1.inistrative 138,800 23,800 23,800 23,BOO 17,400 

Technical Development 
532 . Technical Deve1Clpment - Mining :~9,100 7,800 . 7,800 7,800 ,,700 
t:;13 Ret.orting 90,100 2h,100 2h,100 2h,100 "17,800 
53k Analytical ...?2 z400 6!000 62°00 62°°0 hz400 

Sub-Total Participating Parties 230,400 61,700 61,700 61,700 45,)00 

TOTAL - Salaries & Wages -6£'7 2100 l67,BOO 167,800 167,800 123,700 

)Lo 
541 

, Employee Benefits 
Research Foundation 
Participating Parties 

' . 74,100 
5'7 2700 

16,300 
l,!Loo 

16,900 
15!,OO . 

22,400 
152400 

lB,500 
11 2LOO 

TOTAl, Employee Benefits 	 1312800 31,700 322400 ·37 ,800 29,900 

" ' 

• 




•-
.
. 
Description 

Employee Expenses ' 
550 Travel - Research Foundation 
551 Travel - Participating Parties 
552 }!oving - Research Foundation 
553 Moving - Participating Parties 
554 Living Expenses - Participating Parties 
555 Miscellaneons 

TOTAL Employee Expenses 

560 Consult. Auditors & Attorneys 

570 Project Manager IS Expenses 

5il Other Participating Parties Expenses 

. Contract.ors Fee 

576. Precontract Expenses 

Materials & Supplies 
'. Rehabilitation 
5 Operating 
,82 Stationery ~ Office Supplies, 
58; Housing 

TOTAL Materials & Supplies 

EqIIIrment 
~90 Rehabilitation 
S91 Operating 

- TOTAL Equipment 

,95 Rents on Leased Equipment 
596 Operating 

TOTAL Rents on Leased EqUipment' 

Subcontracts 
500 'Rehabilitation 
6(11 . Operating : .
602' Haintenance 
~)O; Laboratory Serv:i,ce 
f)04 ~!achine Accollntinl;' 
~05 Dismantl~ment 

~TOTAL Subcontracts 

Total 11 Total 1st Total 2nd Total 3rd Total 4th 
110nths Quarter Quarter Quarter Quarter 

2,200 600 600 600 400 
5,500 1,500 1,500 1,500 1,000 

-... 
h5,9Q0 12,500 12,500 12,500 8,400 

_ 2,200 600 600 600 400 

1$,200 10,200::?5, Boo 15,200 

_ 2,200 600 -600 400 

9,800 8,200 600 600 

~:5,000 15,000 -15,000 15,000 10,000 

L4,OOO 12,000 12,000 12,000 8,000 
6,600 1,800 1,800 1,800 1,200 

1;,800 13,800 13,800 9,200 

.1),200 21,600 21,600 21,600 

_79,200 21,600 21,600 21,600 

--11,400 1,200 1,200 1,200 BOO 

h,400 1,200 • 1,200 , 1,200 800 

S',~OO , 1,500 1,500 1,500 1,000 
2,200 600 600 600 400 
5,500 1,500 ' , 1,500 1,500 1,000 
h,)~OO 1,200 , 1,200 1,200 800 

~7,,=,6~0=0=====4~,8=0=0=====4=,8=OO*====4~,~8=0=0=====3,=2=0=0== 


400 



c 

-3­:~, •
~ c",. 

Total 11 Total 1st Total 2nd Total 3rd Total 4th!l.CC. 
"Tu.mher Description Honths Quarter Quarter Quarter Quarter 

610 Freight & Postage 
:; 

b,LoO 1,200 1,200 1,200 800 

utilities 
620 Fuel 22,700 12,000 5,000 1,400 4,300 
~21 Electricity 23,000 7 ,~oo 5,500 5,000 5,000 
622 Government Services ..... 
623 Telephone & Telp~aph 11,000 3,000 3,000 3,000 2,000 
624 Other - 5,700 1,200 1,600 2,000 900 

TOTAL Utilities =:2?~~~00 23,700 15,100 11,400 12,200 

Ins~;rance 8: Operating Taxes 
630 Insurance - ~ Ma,4or 'lYre 8,600 1,700 4,100 1,700 1,100 
640 State 8.. Lor-al Taxes 
650 Fermits or Licenses 200 100 100 

TOTAL Insurance & Operating Taxes ==0 ,tiOO 1,800 u,20~ 1,700 1,100 

660 . Personnel Procurement hoo 100 100 100 100 
= 

470 Labor Relations ~I »eg~tia.Hona - 600 200 200 100 100 

.~~. 
Other Hisce11aneous Expenses 

= 
1,900 500 500 500 400 

GRA~~ TOTAL EXPEN~E ACCOUNTS 1,112,000 307,uOO 294,300 293,400 216,900 



.. 1 

• SCHEDlTLE OF ESTIMATED REVENUF.s 
January 1, 1965 to November 30, 1965 

Account Total 11 Total 1st Total 2nd Total 3rd Total 4th 
~\umber Description ~knths Quarter Quarter Quarter Quarter 

~ «: 

700 Revenue - House Rent ll1,400 h,50o 4,500 4,400 3,000 
701 Revenue - Electricity 3,400 1,000 800 900 700 
702 Revenue.Bllreau of Mines Payments 2,200 600 600 600 400 
710 Other Miscellaneous Income 

TOTAL Revenues 22,000 6,100 5,900 5,900 4,100 

1965 ADMI~~STRATIVE BUDGET OF ESTIMATED COSTS &EXPENSES LESS REVENUES 
January 1, 1965 to ~·_ov_e_rn_lb_e_r....;3;....0~,:...-1...96....;5,--_______ 

• Total Expense Accounts 1,112,000 
Less: Total Revenues 22 2 000 
TOTAL Net Administrative Eudget 1,o~0,06d 

• '1. .' 

·h 
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e Handout No. '5 
RASFS FOR /.rp TH ~10DF1, OF 

GAS COHBT1SnON RETORT 

Solid Phase 
in at Tl 

Solid Phase 
out at T? 

Gas Phase 
out at t1 

Gas ase 
in at t2 

Gas to Solid and conductio'1 throngh Solid 

Mass "'ra"sfer and Peat Fffects 

Hass in Solid Phase 

(H:,O) adsorbed 
Ub0) sllrface 
(P20) sl:rface 
(Oil) sllrface 
Kerogen 
Carbonates 
Coke + 02 

Keroren + 02 
Oil 

~ . 
-+
L '>"'" 
""<iE­
~ 

-~ 
~ 
~ 

~ --7­
-40­

(H20) vaDor 
(H20) vapor 
(E20) 7·1ist ? (H20) vapor 
(Oil) mist ~ (Oil) vapor 
(Oil) vapor + Gas 
:-:°2 
'-:02 + (H20) vapor 
~.;s + 02~ S02 + (H20) vapor 
;02 + H20 
';oke + Gas 

"* ~"'<-'('Sl\H (''''''''"'1(:,,\\,\ \'" \I-\.l\..\h J.q ~t \ <.. 'l/?'/(''f) • 

Heat 
Effect 

- Heat 
- Heat 
+ Heat 
+ Heat 
- Heat 
- Heat 
+ Heat 
+ Heat 
+ Heat 
- Heat 

,,,.,<!\"'\ <,c.(,''''''''~{ ~D" VV\."'J~ "''-,\ \1",,\ \"V'....,~.'\".....­ \; ....\...vctC"... ''Vt~s. })ltI\..IO,s· .....",c\ '. 
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- CA LCULA T I ON Handout No.6, 

• L ,A~KS 

INPUT . , 
RETORT LENGTH,FT FLOW RATES 


TOTAL 12.0 SHALE,LB/(HR) (FT2) 300.0 

TOP COMB lONE, FROM TOP 3.9 TOT RECYCLE GAS,SCF/T 16000.0 

AIR INLET, FROM, TOP 6.0 DILUTION GAS"SCF/T_ 1600.0, .... 


SHALE PARTICLE SIZE, INCHES 1.00 	 AIR,SCF/T 4000.0 

WATER,LB/T 15.0 


T E ~, PER AT URES, F 
RA\~ SHALE 60.0 : 
A I R-D IL GAS 216.8 i 

I 
" ( 

SUMMARY OF RESULTS 

T	E~1PERA TURE S, F KERO DECOMP,FRAC , COMBUS TI ON 

OFF-GAS 132.5 ENT ER COMII lONE 0.000 GAS BURNED 0.123 

SPENT SHAL E 284.7 SPENT SHAt.E,CALC 1.000 ,_ COKE BURNED 0.166 

PEAK GAS 1/75' ,EST 1.000 OIL BURNED 0.005 


IPEAK SHALE 1/38 C02 DECOMP,.FRAC, LENGTH,FT 2.107 I 
I 

MIX GAS AIR IN 853.1 MAGNES IUt~ 1.000 ,f 
REC GAS AIR IN 1029.9 CALC lUM 0.094 GAS MAKE 

TUTAL,CI\LCUlATED 0.094 DRY,SCF/T 5086.9 

PRESS DROP,PSI 0.8 ,tST':MATED 0.200 HC,BTU/SCF 139.0 


H20V,SCF/T 1282.3 

TE r,'PE RATURt P'ROF I LE H20L, LB/T 26.7 


X,FT 0.0 1.1 1.1 1.5 1.7 1." 2.1 2.3 2.5 2.7 2.9 3.1 3.3 3.4 ; 
,SHALE 60 11'1 18'i 193 200 20~ 214 224 238 255 277 305 341 363 .­

GAS 133 190 1q 7 204 211 ;~21) 231 247 266 29l 322 362 413 444 

X,FT 3.5 3.6 3.6 3.7 3.8 4.0 4.1 4.2 4.3 4.3 4.3 4.3 4.4 
SH~LE 388 400 405 It 37 't 72 535 569 605 643 650 650 665 711 
GAS 478 494 500 536 574 640 680 723 110 778 778 791 832 

4.8 4.9 5.0 5.1 5.1 5.2 5.3 5.3 5.3 5.5 5.6; 
SH I\LE 756 
X,FT , 4.5 

R61. 807 913 939 970 1013 1059 1090 1102 1135 1138! 
GAS 070 q 19 102 1 1 0 6:\ 1 0 <J 7 11 27 11 5 3 1 1 71 _lJJ ~_ 11 7 3 1 143 108 7 :. 

X,FT 5.8 5.9 5.9 6.0 6.0 6.0 6.1 6.1 6.5 6.7 6.9 7.1 7.3 7.5 i 

SHALE 1114 1095 1075 1061 104A 1048 1038 1022 1009 996 985 975 966 957 
GAS 999 952 910 879 853 1030 1022 1008 996 985 975 965 956 948 

X,FT 7.7 7.9 8.1 8.3 8.5 A.7 8.9 9.1 9.3 9.5 9.7 9.9 10.1 
. -

10.3 
SH,.\lE 949 940 932 924 915 906 896 886 874 861 846 828 807 183 .. 
GAS 939 931 923 914 Y05 13 9 '> 884 872 858 842 823 801 776 745 ,; 

X,FT 10.5 10.7 10.9 11.0 11.1 11.2 11.311.4 11.5 11.6 11.7 11.8 11.9 12.0: 
SHALE 754 719 678 641 614 58i 553 519 483 444 404 364 324 285; 
GAS 708 664.611 566 532 49~ 456 414 368 320 272 223 174 126, 

! 
i. 

~: 
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., . 
FFFR~TS OF fROGFSS VARIAqT,F,S ON CO'TDTTI()MS TIT THE MIST FOR"'tHm Z('WE 

~ptQT't J1ei~ht - 12-111 Ft. Shale Part. Size - 1-3 inches Tot Recycle (7as-16,000 .SCF/1 
fI i~' ,1pt to Ton - (,-10 F't. Sha1p Rate - 300-750 1bs/(Hr)(Ft2) A~r Rate - boon S~F/T 
,·'~tt:l· 11M. ~. Reflux - 115-0 0 1hs/T Raw Sr:alp i'e":1. _ 6noF nil. Gas/Air 0.1l VIV 

x__-----x l~inch 

0- -0 3-inch 
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PPlAt Pei!'Yht -12-16 l"t,. 
\i.,let to Top - 6-10 ""t. 
";ater ~.r1rl. P,. Reflux - 115-90 lbs/r 
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Hanrlou t No. 9 

Shale i>art. St...", - 1-1 inches 
Sh::!le R<lte - 310-750 J.hs/(Hr)(Ft2) 
Raw Sh;:}1e TC'T'T). 6('lOF 

, 
1 •• 

I , , : 

1600-L::" . ,
f .l',,,,~ -

, "'" 'f, .'"

'.;-r., ~ ;.. .....,;.,.,i . .;.,~:~! 

Tot Recycle Gas-1~,OOO Sr.F 
Air Rate - hooo SCF/T 
Dil. Gas/Air - O.,~ VIV 



Shalf! Part. qi.~:e - 1-3 Inches Tot Rf'C'!,'l!cle Gas-16,000 Sr.F 
Shalf! 1?l'lte - 1(1("l-750 lhs/(Hr) (Ft2) Air Ra t e - h000 S(;F/T 
Raw Sh'lle 'Pc nr. , - tSOOI~ Dil. Gas/Air - O.h VIV 

Air-Dilllt. i.on r.~:::; "er.1r - l20-lflQOOf' 
:x x - ,-,.....,""' <,;>'",.'\'Z). (b~"r'\- ~"'b'» tI..:,v \""\,,,-T -\" -\'''' "" /.fS It..........\~"/T) 
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Hardollt f\To. 12 

Economic F.valllation o.f Sh-:11f~ Oil R~co~mrv R'tr Rfltortinp 

, 

CO!:'lt of C~ni.tnl + Or;('rating Cost - 11:r l'rodlolct Value
Cost of Shnl~ Oil = ?;lY:Y''lls of FieC0V<"'red Srale Oil 

01ie-r~tif1f 80sts 

Cost ilf Carital 

Ftiljties 

, Fares 

)laterial 

Yield 

Other Fa~tors 

]o:r. D.r..F. 
lr~ YrC1r Fro:'ic(~ t T,FE"! 
l'~ "ear T'er1", 'I:;' d:lon .S.Y.D. 

l~~ersizc~ Oi13hale 

Rptort (~::lS 


- Air 
- stp.~m 
- Power 
- T'!ater 
- F11el 

- Opf'r:lting 
- HaintpnAnce 
- Snpervision 
- flant OverheAd 
- ~enefits 

- 1'1aintenarlte 
- Miscellaf1cous 
- Explosives 

- Shale Oil Recovery 
- Losses 

- Escalation of Far;es and MatArial 
- Federal Income Tax 
- Local Taxes 
- 1nSlJrClnCe 

~TO Value 
Discounted 207:~ Re1ative to 
'fIlatural Gas (after considering 
1ol-Jer efticifmcy) 

Deplpti~n A11~~nce 
Other foliV '1 li':;Jctcrs - Imports Quotas 
Hm1sinr: 
I,and 

".' 
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Handol.li No. 13 

COST OF SHkt.·'~ >l., As A FUHc..TlON 

Of RE.i·Of.-.:,\ S;:'::'Vc~'r'{ Aht... YIELD 

~, 

/0 ;.:­~~~ 
~. tl. 

30() I{OO SOQ 600 

'- . 

700 800 
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eHan6r:nlt No. 14·e• 

• 
.' 

~ 

Arprr'lx.i:nate 
'I'i:~inf" Pnit Objective 

A1l?l1St 2B Ret0rt ~10. 1 

S~1"t,,~r.0r Retort No. 1 

Seot""'1:-!'r Retc\rt 1',TO• 1 

Sente'T'cer Retort ~':o • 1 Tnstal1aHon of new air distrihutor and new 
r':3iJ sraIe fe(>.oer. 

Septemh(>.r Retort No. 1 iJetermiml maximum rate ca.pability with new 
air distriblltor and shale feed system. 

October Retort 'l-To. I 'rest series to determine effect of nucleating 
19onto and gas cooling rate. 


October Ret.ort l'!o. 1 '7'est seri.es to determ:1.(le effect of air preheat.


• 'f\lovp.""ber Retort ~ro. 2 D'Cerator training and cold shak~down. 


Vove~ber Petort ~TO. 2 ;fot shakedmm and demonstration runs. 


~Tovp""1h'>r Retort T-1o. 2 

.,Dec9"'1ber Retorts 1 p- pY';~lCe~~ ,rariable study. 

Retorts to he oT'E'raten on five d'; . ,'Ar lve('k basis thrOllghollt this period until 
pro(~es::; vnT'Jal'lle ~tmlv is irdti:! ; :It tddch time it wUl he den:irable to start 
::'l(,v('n d!1~r rer t.;eE'k orpr:~tion • 
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Handout No. 16 

• 
C. 	 Shale Analvsis and Prepsratir:m (C. ~'J. 1'-,;-;.,", 

Objective: To deterl1"ine the quantity and qlla lity of raw shale stock­
n.il~s available for the first phase of retorting research, • 

,1. 	 . Backpround 

a. 	 Raw Shale Invento~r and Sampling 
Seven piles of raw shal,~ have been located at the Anvil Points 
facilities. The location and description of each rile are 
shovm in Table 1 along 'with the availarle Fischer Assay results. 
All mine run shale piles have to be or will have to be crushed 
to three-inch minus before representative samples can be 
obtained. Pile "P", therefore,is the onl;')r pile which does not 
have to be run complctelv through the crushing and screening 
facilities. • 

TABLE 1 
Location, Description and An~lvses of Baw ~a1e Stockpiles 

Estin'ated Fischer Assay 
Shale Am0\.1nt , 95~V;' Con!. Sampling 

Pile Location Size Tor. s gal/ton Limits Procedure 
A ltlest of mine -3", + til ca. 1000 27.8 :2.1 

I 

Perimeter 8- 2 
road eate 	 diagonal trenches 

4 assays rull 
•• 	

, 

. 
B Above Crusher -.3", +111 t:~25 26.3 :2.7 Total pile through

qldg. Crusher 
4 assays run 

C 	 Above Crusher t<1ine Run ea. lhoo 24.8 :'0.8 Total pile ~rrough ' 
~ld!!e next to Crusher 
pile 11'13" 14 assays rut'! 

D 	 East of mine ~iine Run ca. lOCO 40 to 50 Total pile through 
road gate Crusher 

E 	 Behind pile "D" -3", + -,.", 60 50.8 Total pile through 
and probably Crusher 
part of it 1 assay run 
orieinally 

L 	 East of mine. i\1ine Run ca. 1000(1) 10 to 15 Total pile through 
roa9.gate next Crusher if 
to pile "D" required 

• M In''7th cross IUne Run ca. 2000 28 to .30 Total pile through. 
cut of mine Crusher 

~700(1) 

(l)Use of rile ~IL" JIlay not be feasioJe except for solide flow studies .. 
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24 

TEWERATURE PROBES 
. \., 

NUMBER ONE RETORT 

RUN &. T£ST NO. _______ DATE __________ 

END ___________TINE PROBES START ----­
OPERATOR 

. . 
---------1-----------------------~-----

THERNO(.;OUPLE 
i~UMBER 

TR- 2-6--------­ -----­
TR- 2 .. 10 --------­ -----­ ----­

__ !R= g-~__ _ 

__ 1R= g-~6__ _ 

_ _ !R= .,2-l __ _ ......... ­ -­

TI-1 of TI-11 

2 of 12 

.3 ~F 1.3; • 

4 "F 14 

5 OF 15 

6 OF 16 

7 OF 17 

8 OF 18 

9 OF 19 

10 OF 20 

------­

___ i.. __ 

of 

of 

of 

OF 

°F_ 

OF 

OF 

OF 

• OF 

OF 

/ 



-. 
~..ll1Iple No. __ 

.~-. 

SCR"Ii.:"3N A~TPJJY~IS T)}TA S~ET 

(n-LAB -r:ST....R) 

Date Run Fo. 

• e' 

----­ -------------------------------
Umt__~__________________ __Description~________________________________________________________ 

Apryrox. Shale Size Re"'uirecl Sha'dn?; Tine_______________________ 

Date Analyzed, ________ ________________Analyzed ~___________________________________.______ 

Total Sample Wt. Gross___._ _ ___Tare =l'Tet________________--t 

Screen Size T,Teif"ht.s I Percentases l 
Screens Ooening ~-Gr'oss l1'ross Tare Net Ht. Screen % Cur;"!. 

~ReQ1lired Inches Mesh Lbs. Oz. I,bs. Lhs. F..etajned .size Retained. (1 l1e'narksi J 

Lt. 2.2. --­ -----..---­ r­ -
L,.25 

" 3.00-­ 3.00 ;:J 

2 9 00 2.00 
1.~0 -. - l.~f] 

1.050 - 1.050 
0.7112 O.7b2 
O~_2~5 ... 0.525 
0.171 "'.371 
0.263 3 0.263 
0.185 4 

-­ 0. P!5 
0.131 6 f).131 
0.093 [l 0.093 
o.o6~ 10 r-----­ .-~.- 0•. /')65 
PAN ----;­ PAN • 

Total on Screens' and -Pel}. I/)SS 
Loss (Bv '"'I:ifreren~e) • TrT/.L 
Total ~emple Height 

- -. 



Handout No. 21 

GAS ANALYSIS 

• DATE 
r. 

RUN & TEST NO.------ --~.------------

tfrJrr NO.----------------- OPERATOR---------­

Water, lbs./M SCF of dr,y gas 

Liquid, lbs./M SCF of dr,y gas 

Composition, dr,y basis 

Vol. % 

• 

H2 


02 Vol. % 


N2 Vol. % 


CH4+ Vol. % 


CO Vol. % 


CO2 Vol. % 


H2S Vol. % 


Carbon (Total) lbs./M SCF dry' gas 


Hydrogen (Total) lbs./M SCF dry gas 


Heating Value, BTU/MSCF 


~ 

-

.-­

-

'fI JII 'La;V AVG. 

, 

, 
j 

• 




~· -e 
•· . 

• 

• 

• 

Hand)ut lifo. 22 

LIQUID PRODUCT ANALYSIS 

RUN & TEST NO._______ DATF. 

UNIT NO.~_________ OPERATOR 

Oil, wt. % 

~'ater, wt. % 

Carbon, wt. %of oil 

Hydrogen, wt. %of oil 

Dry Oil Properties 

API Gravity 

Density, g/cc 

Viscosity, SUS @ 130 ., 

Viscosity, SUS @ 210 '7 

Ramsbottom Carbon, wt. % 

Sediment, Volume % 

Pour Point ., 

Sulfur, wt. % 

Ash, wt. % 

Nitrogen, wt. % 

Distillation, wts % 

Fraction Temp. 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 

BTMS. 

5000 
75 

100 
125 
150 
175 
200 
150 
175 
200 
225 
250 
275 
')00 

Press. 

760 mm 

" It 

" 

- I Ir1-'-"­
i 

- 1-­
I 
I

-----i­-==r---­_. . .._.. ­

'. 

- ,"­

-

r-' 

r-­

- .. 

-

-
-
-, 

-

-

-----------------­
III 

f 
i -j.-~-

•
J-'"'-' I 

d-----­
I 

I 
j 
I 

I 
--I-­ I 
-~ 

I 
I

! I 

40­ .J 
t I 
1­ I 

;-. 
I 
'-­

---­

.J 

0500-6 



--------

• • 4ft; 
..:i.hd &. ~P~1 3IiAl:..F ,&.;'I.. _L:0.i.~· 

RUN & TEST NO.,______ D!T;________________ ." 
UNIT HO.,_________ eyERATOR 

... _.__.I~_. __--­ . w-

I II In IV AVO. I 
RS 55 RS .~ RS sa &> ~~ RS ss -

_~i,!!loher AssaL gal/ton 
, 

... -...J _____ - -­
Oil. m. % f 
_. --=­ - -------.-.-. -- ----­ r-.---- i_ .. -_. --­ ---­

..!iate:'l 'tTl·. ~__._. i , .-­••• t_ - ----- ­ .-­ ~ 

Snent Shale", wt. % -_..... 

GaB + Loss. l-rt. % 
i l \I'&ecific Gravity i 

-J 
-

QQ2_(M:'r.'3r;1'.) j ~.J__I .. !_.. '-­ ...,--~ .­ ...... ---. 
I

I , 

Ash. \t~; ... ·f.. 
~.---. - ­ .. -_., .. .,---- .----.-.~.--. ...01.-. _ _. -'0.._ ._._ -

J • 
Oarbon (Total)j: wt... ~ .. . 

I ICarbon ( Organlo1 wt if. 
. ...... _.. ­ . 

IHydrogen (Total) m. % 
i, 

1 
Nitrogen, m•. ~ 

Moisture, m. % I I J 
.--~ _J 

OSRC-7 




" 
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PROGRAM O'AJRCTlVE 1\1I1T1 CO~TCLtTSION SUMMARY 
RRPCHT 

(Not completp,l:v developed at this time) 

• 

• 
OSRc-B 




, • 't ~ . • , ~ ~j ;..:;" :~~~:;~. :.;:'!'''' "f:··::·~·~ .:.i , ., ~~: M/ •,;, .1 

flo A'IVll(.1 7" /!:t 2S M ,.', T, ", "I'-, L, /?"jL CHLC VI,..) " EEt.')'-'T'·r't?E 

. ',' ~tJ(i29~RU:f't40-22aD OAt! JA_O.lg~2- :-- . ---.----.--­

, INPUT' DAtA 

~ A. RUN tInE 2.~OOOOOOE&Ol 



Handout. No. 26 

•.~Eil~iii)u~~T~~JO. 1 Date______ 

• 
- -_.__..- ­~Pu......."""'... • 


• 

• 

."'. 
1. General 16. Liquid Product Prop. ,---Hun & Test No. 1 t _f2te~wt,. %- Date St,7iritled 

..~ 
,. 01J:-,-wct1 

Length hours a. Cnrb..:m Content, wt.J 
2. Ratea -~antit!es b fl\'~- , -8" ·~t " • "/..I .. e!::..,>!,,, \' ./'V .1---- c-:-jcr:s:i"ty: «glee 

_...._.-
Jnr, 5C... 111 - _.- --Propane, scl'm d, Jri:i,;'it:l.f API 
ttecyc.Le, serm e., viscosityz SUS @lJ~ "1': 
lJl.1U'UOn, Bcrm i ,,:~::'s.cosity, SUS ®21 0 ~F'_, -""'Vent, sefm .---_. 

~-:~iflg'bottom Carbon. 'fIoj:.!...1
Irota!) Befm - --11. ~a.\l,(' Eoj nt., • E 

; A""t~ ml ~ 
, 

,"" ~w $hDlt:! Ibslhr 
Spent Shale. Ibslhr 'rl. Pt:oduct, Ga~ erot!~rIt;b~li!
Liauid Product. Ibs/hr 'Pater Vapor. Ibs/MSCF dry
Air, SCF/ton RS Dry AnalYsis 
Recycle, SCF7ton RS O? Vol. % 

. 
Dilution. SCF/ton RS H? Vol. % '. 
Propane. SCF/ton RS CO Vol. % 

3. Temperature J ·F OO? Vol. % 
Product Outlet CH~ Vol. % 
Spent ohale OUtlet N? Vol. ~ 
Raw Shale Inlet H?S Vol. % -
Recycle Gas Inlet r.arbon (Total) lbs/MSCF dry .'Dilution 1Jas Inlet HydrolZen (Total lbs7MSCF drY 
Air Inlet Liouid. lbs/MSCF dry
Line Burner Outlet B. Snent Shale Properties
Retort Maximum Fischer Assay. gal/ton

4. Yields &BalLances Mineral CO?, wt. % 
Oil ColTec~ed. Vol. ~ Ii'A Water. wt. % 
Oil Collected. gal/ton RS Oil. wt. % 
Gas Vented. SCF'/ton RS Gas. wt. % 
Snent Shale. wt.% P..s Ash. wt. % 
Carbonate Decomp. % Carbon (Total) t wt. % 
Water Recovered, gal/ton RS Hydrogen (Total), wt. % -
Gas Losses. SCF ~. 11isce--rlaneous 
Overall Balance % "- Bed Heio'ht. ft.-in. 
Carbon Balance ~ Pressure Drop, in. H?07ft. 
Hydro gen Balance, % Diet. Back Press •• psi
Ash Balance, ~ NaCl Solution. wt. % 
Oxygen Balance , % NaCl Rate /lal/ton RS 
Nitrogen Balance. ~ - REl1ARKS: 
Heat Balance, % .- ' ' 

..-5. Raw Sha!e fSronerties .,1--....---,- I
Fischer Assay. gai/ton --- I 

.._,oor=; I 

Oil. wt. %rF'Aj 
1f1ater. wt. % (FA) 

~"'_"_"h 

Mineral C02. wt. % --
• • 

Ignition Loss. wt. % 
Moisture. wt. %" 

ICarbon (Total), wt. % 
(arbon (OrElam..c) J wt. ~ IHydrogen TTotaTT, we. ~ 

De.,..,. o~ Control JNomnal Particle SJ:ze. 1n. 
10. Operational Analvsis Snecified ~ of Snec.. 

Shale 'R~t.e IbRIh,. 
Air Rate. scrm 
Recycle Gas Rate -,
Dilution Gas Rate 
Propane Rate 
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Hand,?ut No. 27 


TFST StJ14'lARY SHEET 


Run No. --------------------------------, I 

Date ----------------------------------~'~ .. , . .. 

Dut'ation -------"':------·hr ..~.....--------- --I' . 'j .. I' i t 
Rato=-t ":ype "TO._ ••- ..--._---------------- .!. ·1· ;- '. I .:.- -1· ..+. -t.. - !~~~ i· 
Oil r ecoverv oys -:'em tvpe ~TO.----------- ~ _., ' .... L__ .4.. ..L . -! -t ._- r __ ~. ~ 
RnWi!1~.!.~rj :.;1 ~~2.~;!: .- -,.'. , '.. L. i L . .. j /'t·· 

:taw snale·lt./hr. x sq.ft. bed area- t- .. '- ___ ..:..... ! . I _, 

~~i.:~::-::~:~~~:~::::~~:-:~~-~~~::::- ''''1- -I ...~ j ... . ': "1 : tI ­

D:1.lu'lj.on F.:f'.S ··----------------do---- -·--I· --'1- ,... " ......~.... j- 'j''' t--"-r--r" ':t 
'0. d . . . ... . .. " t· ,. I' t· . .! . J 
1:.I'op'H-:-e g<)(~ - ..-- ••--._-----••---- 0---- t I' ,.
Bri:1u-gul./ton------..--...- ....rcll-i shale..... - .*-.-.. t-~-.~ .. ~ .... ,. j ." -·f· ...--..!- ~"~ "~ ..~. -'*'''~'-'I' t 

Prcduch,!'ec Jve:::"t;J("l: ~ - 1 i' . --I .•. -I' 1 ,i' 

-sr~f~o.{r:-=.;;Cil< ...pc/t .. Fi8~~her assay-i.·-·.L·._ .- .t~i ~- :.~_~'~~"! -j~~~~='~=-lr
ShIEll,,:: 1 . l~a.. $hale----!l. . I I ' . , I,t"l IO_.l.-··L_--g:::t o/;con ~ ..... ~---.... t-.-. -1 I- ..;-~.. ;i 
Go.s 7en·::ed~·stdocS , ','to:1 r~w ahale-.. - -r ,:_ ..,.1 ....-t. -,-_... -~l....-L .....1 --jl 
Stlf'n'ti S!lClla--.. --lb., ton raw si1ale--,- . .1 _ :_ .. 1..._..__L. .....L... T _~......-!____ .. ~i 
Watr:li' CUndeT)s>:~(!-~•.--..-------..-.---•.-] f ill i .I I 

;vI:rt'3:('iai outpU~ ...- •.Wii\....pct. 01 input- ..-.i. ; '''!.: T--~~~'-" t.~-..,.t·~:~:·:-=T.--J; 
P.AW Ft:a1.n '1:i."0Y"16r1i:es ~ I I I Ie 
--.......--..,.-----.-~- " ....... - .. I·· .. '-

I 

"'''1' I ···1 , .... t·· 'I~

l' ~.SC!1t:l!' .IS3""y---··--··..•· ---crul, I'~,~n--·- I I,I. I 

Mine~al CC4-----------··...-wt.-pct.---~.~ !·-=~~~~~_:1=_~_:-~ .. J- ~·.~.~i :~.;
PartJ.cle Sl.ze range-..---..---inch---.- , , i I I j . I n1 

Shale oil properties: ----~---"l-- ..-t-··- .-+-- :--~--1-
- ~ O,A"'r ' ..---.--·"""t--r .. -~···t-·.. ---- ---r.' ,.-_1_-..." Grav~ty----..------------------ .ti..t' .... _.J: ' , I • • r1 I 

Viscos'ity---- ----8.S.~. at liO~ ~ •._-j"J . ]~.:·.~-.~~~=.I~.~. ~.~ .~r ~~-1-=1=-]: 
S.S.U .. at 2 0 l' ."- Ii •.. J. - --·-t··--·l-- t_ ...J------.:...-r + 

Ramsbottom carbon--------wt. -pet. -'--1: .... 1........L.... ;__ . '- --.: ..-. : ,.'L .. ...;.- .~ ~+ .-'1!;Pit 0 "', . . I . ,• 

our po n --..----------------- .~I .'._'!....,.,;. '~... ~ .......L......1' .....- ..;. J .. : ___ .~ .._.. 
Sulfur-------------..--..--wt. -pet. -·--11.--.-;.-__.,--_..1_-;._....;. __ _1. _ ~._..-1.._ -L.--~ 
Nitrogen--------------------do-- --'---11. . +_..+_ ~_ ..... I ......:~ ,_ .'---_. j _. 1 

Gas Properties: J! : . ; i r i: r 1. 

11~!~~~~::-d;;;----------VOl. -pet. - .•-: ~ F'- :... -t.-·t---t·-~-- .'. _.~~~~~:__:t=-:­
. ~.I.. ,-,--1 +- - r- ..... _1. .... 

c02------------------vol.-pct ·-'--1: l __ . L_ ,,:. -_.l- ...;.___: _.

H2S----------------------dO-----.--j._ .. _I' ----1. -~.. --f-- .--;.---~. I.02-----------------------do------- I i ,;!I

cO-----------------------do--.,---- ... . i' .,.... .... .1 ..... _ •.. t·· 
... . .. 1" !' -- ... 1 ~ --... -T --~ -~ 

~~d;~~;;b~~;:::::::::::::~~::==:::~ r' - I -}. -·1- -: .--i·- -;-. '-~--'i' 
.. 

He=t;;-;;i~;;-~;:~I~~~~1:~:~:~:~ft -l-.- i:l Y· ~:~1?1·r 

Spent shale properties: t-- - -1--: j. - . i -1-..L. l..._j

Fischer assay------------gal. /ton---1 . I . 11 J 'I" 

Ope~!~~~~ld~~i;----------------dO------~it, J- - I -[ +~- r-: I' 
Press. dTop/ft. bed height--in. H20---:-..-i....-t--·t --., _H_ j-' :. -.. -,'- ,- ­

Retort gas outlet temp. _________0 F.of~~.~~~=~~'~ ·:--·!-.==r:- :....._ ~]==-:-: -~ 
Recycle gas temp •.• -------------.--do-Ji. ; . I" i .! i I t 
Air preheat tetllp.-----------------do-j-·-i·-·-'----l 

I 

-'1 I _.-: - ...1.. --1 I I- -I· 
Spent shale temp. -----------------do-i - j-"--; --1'--+-t --- ~ -, --"I.. --+-t -4 

Operating characteristics: ( ---~ '_n .-~ r ~--+---r-'r-
Degree of clinkering or coking------1' j. ':~~-i --1 ___ r . -+ -1--[-1=

Other troubles-------..--See note Noot· _. t-- +---f-- I----j· __ · '_." ::-='1=+-.' 


OSRC':ll 
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Handout No.28·-. . 

L/\ B. NO, ___ 

LAE',ORATC)R Y I~NALYSJS REC)UEST 
ANV'L POI NT~ 0:1 .. ~)I·I ALe :< E S 2A ~ c_ H c.E. rJY E R ---- ..--.----.--.------------.-.-. ------­

SAMPLE 1'10. _______.______ l)AT £' _____~ 

S,r., ~/I PLED t SC RIP T ION 
S\.iBM,-rT\:O BY _______RESULTS '70_______ 

'=:J RET P I Iv C:.-:::·I D1!SC.,t, R 0 I J P. E1 \) R N 
ry DE OF Sf,,) M PLE 

Oi~/l,\N. 5HAt..E 

[lsPE,..T ;:,HALG 
C"JOIL 
[:':.1 Oi 1-4 E R 

=====.. --l._='====:=;;.:;::_.=_=':::::"-,,_____,-,_____==_=_,=======,_,__,,, 
o F150-1 E R A'=>5AY A::: HRF.i'\. cAR BON w~ '10 ''''W 

GAt.. /rON >- )wrrrEr.\ 'NOlL VII I, 1Q, 

5. G. 01'­ QSEDIMCNT IN OlL_'iOl,'o ._ 

OIL WT. '70 8POl~R. POt,,'T QF. 

0. 
, 

__"--_ WATeR wI, '0 A~H (Olf..) WT.1o _ 

__oL-_ SPENT :,~ALE wt~·() DISTIL.LATION (,tt FRi~<TION~) .__ 

6 AS+LOSS WT.1v 
MIN EfV~L cOl.. wT. "10 
AS H (SHAL£') wT. % _ 

IGNITION I_ass wT.1u_ 
f'''OI5TURE .wT.'7o 
CA R BON (T()i'AL) ~T. '10 . .__ 
CAR DON(ORc;A.NIC) WT.?v _ 

H'IDROGE M Wi:'.:. 

NlTROGEN WT."v _ 

API GRAVITY __0 

YIS'O~'TY sUS@> l~oQF, _ 

OGAS. CJ-lROMATOGRA PHY 
Hz ' VOL, 0;0 ; 
02, VOL, OJI) 

N2 . VOL, 10 
C~1. VOL.~ 
Co vol. "Iv 
CO

2 
VOL cl)o 

14,S VOL, 90 

o1'~CR_____ VOL. '10
'N GAS __-

V15castTY :,US@ZIOQr: . '~J_ 
SPf.CIAL INSTRVCTIONS 1',..0 OT\4E'R TES"~ _________ 

OAT e: 1:.01'1 P LE. T E C'--______ C,", E c"1{ e D 13 Y ______"""'­__ 



• 

• 

• 

!!!.:·,dO;lt No. ,'9 

F I 5 C H.I-< RE TOR T ASS A Y 
ANVlb F'OINT5 011_ 'SHAI~E 1-=\E"5EA~(H CE.rJTE"R 

«$aniple No. _______~___ Dole. ________ 
5 CUYI eleDe<s C r ; pt \ C ,,"'I ____-.,..-___.._ .._~ ________ 

~K~;lC~~t~o~rt~~N;o;.;;_;;;;:';;;;;;:"~R;;e~c.;;e~i;"'~;;~r~"',=:;;.I\};;O~.==~/~~~~~:;:~;~~=__=I"~~'o=.===~ 
!~ et ().' t .,. So I'Y\ pie • 
R{':'tor"t (-) 

--~---
SoY'''pl€ W€.~'j 'ht ~h'I' Sp€Y\t S~\QI€: 
~bt . .,.Sp~,...t Shald-...;..)_---:i.-­___ D,~tdlot€ W~''jht\...) __---...__~ 

Gc·s ... LOS$ • S,n. D,!;t + SP,"Vlt ShGte 

01 L ~ ~'rrl 
,) 

WA-t t I~ 3',\ 
SPENT 5H/-\L~ ~m 
<.:s A<:J + LOS S ___t __••~J.L1.;, 

• Wt'?u 0\ L 
wt.1~ WATE R 

SAf'1 PLE W(\GHT 

Wt,1Q SPE NT SHALE 
__...::.._~Wt}\l GA5-+ LOSS 

qm 100.0 10 
========================-~.=-==========================I 

S P E'c. \F' leG R /~ v I T 'I 0 F 0 H,,· I 
P'eet No. 
We'jht (Plp~t ... Oil) _~__.:)f.",,1 
S,G. 100"/100° F. 
CoY"r~' t I~'''' 

o. 
Q. 

o. ~~~]
I 
i __ I 

CO 1'11", ~ tV j' s________ 

ANAL'/ST 

( 
( ,)(0, 

__,.;.-.'__ G/~LLONS/TON 

CHEC.I< EO BY 
OS RC -\ a 



Handou1i No. )0 

eRUW PURPOSE S~ 

• RUN PURPOSE 

, 
\ 

• 

• 
osp.c-14 




' _ .. _: .! ",.. L·,·,~~'·l-·" ... ,.t"·'" .... 0- .. -'''''' ~ _
'. 

• .. Handcut No.e 31 

• 
<. 

100 

90 

,A.,. 

80 

~ 
70" 

0 
W 
Cl 60ill 
>
0 
u 50w 
n: 

40w 

• 
~ 30r.n 

0 
20~ 

\0 

c 
.,R...t 

I
/ LEGEND: 

A- 300 La/"~- FT' 
B- 600 L.6/\-lR.-f,.1. 

,/ 

, 

I 
1900 1900 2000 2100 '2Zoo '2300 

TOTAL SHI!l..LE W \Tt-tDRAWN ) lS 

BRe:A~OUT CURVE'S FeR REC-MARKE.D ON,E-H\~C." 

Sl-IA l. E. FLOWHJG TH~OU~\-\ -r\.4E. tJo. 1­

RE.'"U::)R.i Ai RATe s . a~ "800 

,ANt> 600 Lo/\-\R-f'\?" 

• 
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Han(l01rJ No. ·3? 
.. 	 ~ 

• 	 Jul~T 22, 196h 

7f:E' i;-:it.:Al S;1 1" fl:j,; s+l'rl:i"'~; :·,r· . ,,", carr~('il O'lt \·rith hvo T'article size 
!\~r\("'''.,": d !!"":i.:"'rrrq ::;·i~p. '"I;' 1/2 .. 1 i;!(~} !,),; ~c :!resirC"cl" ra!"ge of l/h .. 3 
":.:-:c:;. ,~;::("1:1j tir.n :1 1:""''''1"3r:::;,,;' n ..., c':·J()~·j;! r:H~V~rlstics at sr'f'nt and' 

.:>.. 

• 	
h • 

(Includes ttp ~f~ect 0: 

3. 

Uniform Shale Flow Through 
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tit Handou,t No.3)' .. 
ANALmCAL LABORATORY OPERATIONS 

• This memo is to summarize the initial operation of the analytical lab~ratory 
with regard to incoming samples, analysis request sheets, result reporting, 
and log books. 

A person Bubmitting a saT!'tpl~ shol'1d identify it with a Samele }Tumbe:r:; he 
also should fill out a Labol'atorv Analvsis Request form,OSRC-12, ~attached). 
This will show the same Sample Nun:,ber, a 'SaY!ll)le DeSCri¥tion, and all other 
pertinent information. All analYI::e8."requeSted for tha sample should be 
indicated by putting an "X" in th€ circle preceeding the test. 

The laboratory will assign a Laboratory 'f\Tumber to each sample and will 
stamp this number (l)on the sample tag, (2)on the Laboratory Analysis 
Request form, and (3)1n the AnalV~iic?l tar-oratory LOg BOok. With each 
taboratory Number, the followi.ng information will be recorded in the 
Analytical Laboratory Log Bock ­

Date sample receivod 
Sample 'fITO. 

Sample Description 
Analyses requested 
Date all analyses ;:lompleted 

The requested analyses will tl-en be performed on the sample, and the 

• 
results written in the appropriate blanks of the Laboratory Analfris Re­
~uest form. This t~rm will be checked, dated, and then sent to he person 
1ndicated. 

A separate notebook will be used for each test listed on the Laborato;y 
Analysis Re~uest form. For each sample, a Bummary line, containIng 
taborato¥Umber, date, results, and the analyst's name, will be recorded. 
This Wi1 be followed by the raw data obtained, such as weights, tempera­
ture, pressure, time, calculations, etc. 

Supplies of Laboratory Analysis Reguest forms and sample tags will be 
available at the L8boratory. Also availa~le are yellow warning tags to 
be attached,to samples that are skin irritants, such as crude shale oil. 

B. L. Beck 
D. Liedennan 

• 
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