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!, INTRODUCTION 

This report summarizes progress achieved during November, 19T2, on a part 
of the program, "Gas Generator Research and Development," being conducted by 
Bituminous Coal Research, Inc., for the Office of Coal Research. The overall 
;rogram was initiated under Contract No. 14-01-0001-324, December 20, 1963, 
and was transferred to Contract No. 1'4-32-0001-1207 on August 19, 1971. Under 
the new prime contract~ a portion of the work is being sponsored jointly by 
0CR and the American Gas Association. Thus, this report represents the 
fifteenth report of progress on the jointly-sponsored OCR/AGA program. 

The objective of this part of the program cor.tinues to be to develop 
processes for gasifying coal to produce high-Btu pipeline gas. 

Laboratory-scale coal gasification experimentation is to be continued 
together %-ith process and equipment development. With the aid of engineering 
subcontractor(s), a multipurpose research pilot plant facility is to be de- 
signed, constructed, and test operated. 

A. }fork Schedule 

Work on the project is being conducted according to a schedule reflecting 
the program outlined under the me%, prime contract. This schedule was shown in 
Figure l, page 2, Progress Report No. 1 and revised as shown in Figure 160, 
Progress Report No. 13, to reflect only that part of the overall program 
sponsored by both OCR and AGA. 

B. Month!v Progress Char~s 

Monthly progress charts reflecting proposed rate of effort and expendi- 
tures on that part of the contract sponsored jointly by OCR and AGA, through 
Fiscal Year 1974, are shown in Appendixes A-1 and A-2. The projected costs 
are quarterly costs divided by three to obtain monthly costs, and will be 
adjusted when anticipated monthly expenditures are received from Stearns- 
2oger. These progress charts will be further revised to reflect the complete 
contract period when project planning and expenditure estimates for the period 
beginning with Fiscal Year 1975 are complete. 
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!L PHASE II PROGRESS ACHIEyE. D DURinG MOIf/H EI~DI~iG NOWi?4BER 25, 1972 

A. LaboratorY-scale Process Studies 

i. Gas Pr. oceFsin~ (M. S. Grabcski): This report summarizes progress 
achieved in the bench-scale and PEDU gas processing programs during I~vamber. 
Gas processing studies continued in accordance with the updated time schedule 
presented in :-/gure 163, Progress Report ~o. lh. 

a. Bench-scale Studies: The pt,rpose of the bench-scale program is 
to investigate methanaticn catalysts under conditions imposed by the BI-GAS 
process. These include high carbon monoxide concentrations, high pressure, 
and a nominal 3/I hydrogen to carbon monoxide ratio. 

Three processing schemes are currently under investigation. These 
are summarized in Figure 16~, Progress Report No. 1 )' . Scheme A reflects 
current plarm.ing where methanation follows shift conversion and acid gas 
removal; Scheme B considers hydrogen sulfide removal before and carbon dioxide 
removal after methanation; and Scheme C is based on methanation of the synthesis 
gas containing all acid gas components. The purpose of both the bench-scale 
and PEDU programs is to determine the feasibility of the schemes for the BI-GAS 
process. 

(I) .Harshaw Catalysts: In Progress Report No. 12, physical 
properties were reported for four new methanation aata/ys~s, BCR Lots 30~9 
through 3052, obtained from Harshaw. During September, October, and November, 
work covered activity testing of these catalysts in direct comparison to 
Lot 2903 molybdenum oxide catalyst. 

As reported in September (Progress Report No. 13), only catalyst 
Lots 30h 9 and 305! showed stable activity for any length of time. In October, 
charges of Lots 30~9, SO51, and 2903 were placed in the life teeter: as 
reported in 0CR Progress Report No. l~. Data are available for 1CO0 hours of 
testing through November. The test has been terminated in order to analyze 
the catalysts after the exposure period while they still have some degrep of 
activity. 

Data for the four catalyst charges are sho%m in Figures 178 
through 185. For each catalyst, ~raphs are presented depictimg conversion as 
a function of time s amd yield of ~jdrocarbons as a function of time. The con- 
version-time trends for all catalysts are similar. Below 650 h~ars, when the 
feed gas consisted of a nominal 3/! hydrogen to carbon monoxide ratio, the 
conversion level ~as stable, but lower than for the period above about 690 
ho~rs when a feed gas with a I/I hydrogen to carbon monoxide ratio was used. 
The yield-time plots indicate catalyst stability over the lOOC-hour test 
period. Catalyst Lot 2903 is the most stable of the three tested. The other 
two catalysts tested, which contain nickel and molybdenum, showed rapid ini- 
tial deactiv&tion ~ith no s~abilization of activity until about 500 hours. 
Catalyst Lots 2903 and 3049 have the same molybden~z coztent and use the sa~e 
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~luminz support. Catalyst Lot 3049 is promoted with nicLel. Catalyst Lot 3051 
contains less molybdenum but more nickel in cump~rison to catalyst Lot 3049 and 
utilizes the same support. The stabilized activity levels are as follows: 

Final 
Samole No. Space Velocity Yield 

3049A 850 O. 030 
30~9B 350 O. O18 
3051 9oo o. 037 
2903 85O 0.030 

Comparison of the yield data from catalyst Lots 3049A and 2903 
indicates that the catalysts b~ve the same activity. The product distribution 
tends toward more methane and less ethane for the catalyst with nickel. Cata- 
lyst Lot 3051 appears to be more active than either Lots 2903 and 3049A; however, 
the increase in activity is not great. At the low space velocity, Lot 3049B 
is converting more tham 85 percent of (CO + He) to hydrocarbons at test condi- 
tions. 

During the test, some evidence of carbon fox-nation was present. 
Flow rates for Lots 3C49A , 30~9B, and 3051 continually declined, indicating 
increased pressure drop in the reactor. No such decrease in flow occurred for 
Lot 2903. Siuce the gas being treated for the final _~ortion of the test had a 
great potential for carbon formation~ this is an im~ortaut result. The low 
hydrogen to carbon monoxide ratio in the feed, in addition, does uot tend to 
produce higher ~jdrccarbons at test con6itions. However, it does improve the 
conversion level. 

(2) Chemetron CatalMsts: Chemetron has indicated that several 
catalyst za~--ples are being prepared for test. These samples are scheduled for 
delivery in early December. 

b. PEDU Studies: Progress contiuued on construction of the meth- 
anation PEDU during November. ~ne u~dated construction schedule for the 
project, based on currently available delivery data, is given in Figure 186. 

(1) Em~ineerina: Koppers continued minor detail engineering 
effort during November. All work will be completed by the end of December. 

following: 
During November, the work performed by Kol~pers included the 

!. Evaluation of control valve quotes. 
2. Evaluation of self-acting control valve quotes. 
3. Review of graphic panel detail drawings. 
4. Preparation of analyzer panel drawings. 

(2) Procurement: Table l~)& shows the revised status of major 
PLDU equipment items. 
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TABLE 144. S ~  OF STATUS OF PEDU EQUII~ENT ITEMS 

Index 

ME-~05 
~E-410 
~-605 
F~-700 
~,~'-520 
MK-102 
~-3o5 
ME-305 
r~-770 
M9-710 
tCLR-b,20 
MV-:].~ 
MY-260 
MY-S07 
MV-BZO 
MV-6ZO 
MV-6Z5 
Z~-6~O 
M~-TlO 
MV-763 A& B 
MV-76~ 
MV-766 
MX-IO0 
~-5oo 
MX-720 
MX-750 
MX-770 
MY-700 

MX.-210 

Equipment Item 

Feed Gas Preheater 
Filter Blowback Heater 
Cooler Condenser 
Water Cooler 
Catalyst Filters 
Natural Gas Compressor 
Msthanator Feed Gas Compressor 
Bypass Cooler 
Air Compressor 
Cooling Water Pump 
Fluid Bed Methanator 
Reformer Feed Gas Receiver 
H~S Flash Tank 
Oil Separator 
Methanator Feed Gas Receiver 
Water ~tering Tank 
Water Letdown Tank 
Demister 
Cooling Water Tank 
H2S Removal Towers 
Drip Pot 
Water Break Tank 
Refc_nner 
Therminol System 
Steam Boiler 
Damineralizer 
Thermal Oxidizer 
Reformer ~-klclosure 
Panel 
CO~ Storage Tank 

Statu~ 

P 

P/~ 
~A 
Q 

~A 
~A 

A 
~A 
~A 
~A 

~A 

P/a 
NA 
P 

~a 
~a 
Va 
~a 
~a 

P 
P 
P 

Estimated 
Delive,r~ Date 

a2/~.5/72 
R 
R 
R 

R 
:2/29/.72 
z2/29/~ 

R 
R 
R 
R 
R 
R 
R 

zolzSlT~ 
R 
R 
R 
R 

zo/15/7~ 
ozI~173 

R 
R 

R 

z2/zs/72 
R 

I Q Quote Stage 
P Procurement Stage 
P/A Procured and Vendors Drawings Approved 
R Received 

s Vendor delay; delivery date to be revised 
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During I~ovember, visits were m~de to Gas Atmospheres, Cleveland, 
Ohio, to inspect fabri_~ation of the reformer, Item MX-IOO, and to Nooter Corpor- 
ation, St. Louis, Missouri, for final inspection of MR-h20, the methanator. 

During November, the natural gas compressor, Item MK-IO2, the 
fluid-bed methanator, Item MR-h20, and the therminol system, Item M~-500, were 
received. All engineering drawings for the reformer, Item MX-IO0, were acquired 
from Gas Atmospheres. Purchasing of all equil~nent and instrument items except 
for the catalyst filters, analyzer panel, purgemeters, and thermocouples, is 
completed. Supplies are being procured for pip~_ng the high pressure portion 
of the process. 

(3) Construction: PEDU construction is proceecli~ accor4_iz~ to 
the schedule shown in Figure 187. Steelbilt has not yet altered Building 3. 
Some construction photographs are shown in :-~gures 187 through 196. 

(a) Pi~ir~ Installation: Piping work by BCR personnel 
continued during November. During this period, the following work was com- 
pleted: 

!. Main cooling water circuit piping. 
2. F~S removal tower piping. 
3- Relief valve insta//atioz on My-lOb. 

MV-763A & B, ~V-76~. 
~. Insulation of steam and CO 2 lines. 
5. Fabricatiom of valve control house and 

structural supports. 

(b) Structural Construction ~lork: During November, 
Mellon-Stuart performed the following vork': 

1. Completed all foundations. 
2. Located the thermal oxidizer, Item MX-770. 
3- Located cooling tower, Item ME-700. 
h. Located boiler, Item MX-720. 
5. Located therminol system, Item MX-500. 
6. Installed structural steel in high pressure 

stall and located reactor, Item MR-h20, 
nitrogen blowback heater, Item ME-~IO, 
demister, Item MV-620, cooler condenser, 
Item ~-605, and methamator feed gas 
receiver, Item MV-310. 

7. Located cooling water tank, Item MV-710. 

(c) Electrical Construction Work: During November the 
electrical construction progressed satisfactorily. The work included the 
following: 

I. Setting of the electrical equipment in the 
methanation electrical area. The elec- 
trical equipment in this area consisted 
of the motor control center "M", power 
panel "M", distribution panels and dis- 
tribution transformers. 
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Figure 187. Unloading the Methanator 
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Figure 188. Locating the Methanator in the High-pressure Stall 
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Figure 189. Locating the Demister in the High-pressure S t a l l  
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Figure 190. Raising the Cooling Tower 
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Figure 191. Erecting the Thermal Oxidizer Base 
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Figure 192. Thermal Oxidizer 
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Figure ]93. Pouring the Reformer Slab 
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Figure 194. Methanation ~tectrical Controls Area 



Figure 195. Therminol System 
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Figure 196. Steam Boiler 
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. Installation of the exposed conduit which 
beKins at the moth.nation electrical area 
and goes to the gas s~orage area. 

. Installation of the exposed conduit r,~u 
which is initiated at the gaslfication 
control room and runs along the yard 
pipe rack to the reformer enclosure. 
This conduit run consisted of ~Lfteen 
(15) conduits. 

h. Work was continued on ~oundimg for the 
netham.ation system. 

Lord Electric Company, Lnc., submitted a work schedule to 
BCR on November i. This schedule is shown in Figure 197. 

(d) Other: During November, the gas cozpany made changes 
in the delivery system to supply BCR with the necessary gas capacity for the 
PEDU system. 

former delivery. 
December. 

The electric co.-z~anywas contacted with respect to trams- 
Lustallation of transformer and poles is scheduled for mid- 

planned includes: 
(e) Work Scheduled: Duri_ug December, construction work 

1. Continued piping effort on therminol system 
and steam boiler. 

2. Completion of structural steel installation. 
3- Installation of electrical conduit. 
k. /rest ~allation of switch gear. 
5. Installation cf yard lighting. 

c. Model Studies: No model work w~s conducted in November. 

d. Future Work: Work for December includes the following; 

i. Bench-scale testing of methanation catalysts. 
2. Continued PEDU construction. 

2. Analytical Services (J. E. Noll): During the mast month, forty (40) 
samples from the methanation unit were analyzed by gas chromatography. 

3. Gas Chromatographic Procedures (J. E. No/l): The system for automatic 
gas analysis for the methanation _~ was tested using neon as a carrier gas. 
No work was done on the flame ionization detector gas chromatograph. 

h. Automated Gas Aual~sis System (J. E. Noll): The system was tested 
using neon as a carrier gas to obtain retention times for the various gases. 
Work was completed on the Porapak O column, but not on the mclecu.lar sieve 
column. These retention times are necessary for writimg the pro&Tam for the 
c~z~uter to control the system. The other time values required will be deter- 
mined next month. 
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B. Cold Flow M~de! S~ud/es - 5 tcn/hr Two-sta~e Gasifier (R. J. Grace s 
~. ~. ~ris, R. u Zabra&~, ~d E. ~. Doeth) 

The summary report on the cold flow model s~ud/es is being final typed 
and will be issued in December as Special Report No. 3. The model equil~ment 
is being maintained in workimg condition for occasional demonstrations !u 
am~icipation of future modeling prcgrams. 

768. 
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C. Da.ta Processing (R- K. young, and D. R. Hauck) 

1. Automated Data Acquisition: As indicated in the previous report, 
the BCR real time software system and the bench-scale methanator data acqui- 
sition _~rogram have been utilized to acquire, store, and report the data from 
BSM Test 78. These ~rograms will be used in all future BSM tests. 

Complete descriptions of the BCR real time software system and the BSM 
data acquisition program are included in this report as Appendixes B and C. 

2. BI-GAS Process: No gasifier simulation rums were requested during 
this period. 

3. ~-~ture Work: Plans for the next report period include: 

unit. 
a. Logging and processing data from the be.nch-scale methanation 

b. Generation of simulation runs with subroutine GAS~-Y as requested 
and authorized. 

c. Investigation of possible problem areas in interfacing the 
PDPS/E cc~puter with the methamation PEDU. 

d. Determine materials necessary for interfacing the computer with 
the methanation PEDU. 

D. Multipurpose Research Pilot Plant Facilit~v (MLPRF) 

1. Pilot Plant: Site work, initiated in October, is progressing. The 
legal survey and site clearing have been completed and topography work started. 
The location of a Plant Base Line will be established; locations of the initial 
test boles ~ll be spotted at the site~ and soils testing is expected to begin 
SOOIl. 

On Nov~_mber 3, 1972, BCR submitted information regarding the ~ater supply 
for the Homer City pilot plaut for OCR/AGA consideration. We concur with 
Stearns-Roger's recommendation that the Homer City )~nicipal Plant be used 
for water service to the plant and any plans for alternate water supply be 
suspended. Stearns-Roger estimates that use of city water will reduce plant 
costs $400~ 000.00. 

A general project review meeting was held in Denver on November 7-8 with 
BCR, Blaw-Enox, and Stearns-Ro~er staff. On ~ovamber 9-i0~ 1972, discussions 
were held, with C. F. Braun. also partlcipatimg, to review and approve im 
principal the process and mechanical flow dia~ which were issued previously. 
These diagrams are currently being modified to reflect results of the discussions. 
The next project review meeting is scheduled in the latter helf of Decamber, 
1972, in Denver. 
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a. Stearns-Roger. inc: Current engineerir~ effort by Stearns-Roger, 
Inc., is reported in their Project Status Report I~. h, A_t~pendix D of this 
report. 

b. Blaw-'Knox Che~cal Plants, Inc: Blaw-.Wmox continues to provide 
surveillance services in connection with the Homer City pilot pl~t. Assistance 
has been ;rovided in reviewing and co=menting on proposed subcontracts. In 
addition, Blaw-Knox has been reviewing and approving documents issued by Stearns- 
Roger, as well as providing assistance concerning the various chaz~es to the 
project recommended by Stearns-Roger. 

2. ;~aterials E'~aluation Program: A meeting of the Task Grou~ cn .~C~terials 
Design Data for Coal C~sifica£ion Equipment was held on November 21, 1972, is 
Chicago, Illinois. 

The purpose of the meeting was to review the field evaluation programs as 
submitted by C. F. Braun in relation tc installing corrosion test specimens in 
both the Rapid City pilot plant and the IGT pilot plant. Simp~lified flow dia- 
grams showing material test specimen loca:ions within the existing operating 
p~,o. plants were reviewed by the Task Group. C. F. Braun will prepare and 
submit to the Task Group a proposal outlining the scope of work to carry on 
this test program for 1973. Subsequently, C. F. Braun will prepare similar 
proposals for pilot plants that are presently being designed, such as the 
BI-GAS pilot plant, as well as future pilot plants. 

A subcommittee group will evaluate a refractories test program at a 
fuZure meeting date. The next Task Group meeting is scheduled for December 20, 
1972, in Chicago to review the C. F. Braun proposal on the field ev-~luation 
programs. 

3. Pressure O2t'zmization Stud~: In relation to a pressure optimization 
study of the BI-GAS process which C. F. Braun is conducting for OCR/AGA, they 
requested by letter dated October 20, 1972, that BC2 su~pply test data on 
different coals and different pressure levelz. This information was trans- 
mitted to C. F. Braun, with copies to OCR and AGA, on November 8, 1972. 
Additional information, including BCR reports "Direct Methamation of Coal in 
a iOO ib/hr Process and Equilmnent Development Unit - Suzx=ary Report" and 
"GASh'Y: A Computer Simulation of the BCR Two-stage Supe-r-pressure Coal 
Gasifier, " w~s forwarded to C. F. Braun on November 20, 1972. 

E. Literature Search (V. E. Gleason) 

Annotated literature references completed during the month are listed in 
Appendix E. 

F. _ .  Outside Engineering and Services 

i. KoD~ers CompaCt Inc: Koppers continues to provide engineering 
assistance as required and a~ reported in their Progress Report No. 40, 
Appen ~d!x F of this report. 
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G. Other 

I. Patent Matters: Worthwhile idea~ continue to be written as invention 
disclosures for submission to OCR for consideration. Status of the various 
disclosures is as follows: 

a. 0CR-866 and 0CR-I078: A U.S. patent application entitled "Gasi- 
fication of Carbonaceous Solids," containing nine claims, was filed together 
wlth the Assignment on September 22, 1971, and given Serial No. 182,652. 

Patent applications have been filed in Australia, India, South Africa, 
Canada, Great Britain, and West Germany. 0m September 20, 1972, an application 
w~s filed in Japan under Serial No. 95477/72. On September 22, 1972, an appli- 
ca:ion was filed in France under Serial No. 72 33 761. Confirmatory license 
to the government was executed by BCR on January 12, 1972. 

b. ~R-1860 a@d CCR-1861: These disclosures were combined into a 
single patent application entitled ~'Two-stage Gasification of Pretreated Coal." 
This application, containing 12 cla'~s, was filed together with Assignment on 
March 23, 1972, and given Serial NG_ 237,332. 

~atent applications are being prepared for filing in France, West 
Germany, and Japan. Confirmatory license was executed by BCR on Ney 8, 1972. 

c. 0CR-!862: A U.S. patent a_~plication entitled "Three Stage Gasi- 
fication of Coal," containing eight claims, was filed together with Assignment 
on March 23, 1972, and assigned Serial No. 237,533. 

Patent applications are being pre~are~ for filing in France, West 
C~rmamy, and Japan. Confirmatory license was executed by BCR on May 8, 1972. 

d. 0CR-1863: A U.S. patent amp_l/cation was prepared for this dis- 
closure autit!ed "Two-stage Doxa~flow Gasification of Coal." This application, 
containing seven claims, was f~_led together with Assignment on ~rch 23, 1972, 
~-ud given Serial No. 237~4~. 

Applications are being prepared for filing in France, Nest C~rmany, 
and Japan. Confirmatory license was executed by BCR on M~y 8, 1972. 

e. OCR-1864: A U.S. patent application entitled "Two-stage Gasi- 
fication of coal with Forced Reactant Mixing and Steam Treatment of Recycled 
Char," was prepared for this disclosure. The application contains 13 claims 
and was f~__led on March 23, 1972, together with the Assignment, and assigned 
Serial No. 2~7,360. 

This patent ~plication has been exa~ed by the U.S. Patent Office 
Examine_- and the First Office Action was issued November 9, 1972. All thirteen 
claims have been rejected by the Examiner. References cited by the Examiner 
~i/l be reviewed to determine whether foreign appiicstioms should be filed. 
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f. 0CR-20hh: An Invention Disclosure (Form DI 1217) entitled 
"Combined Metbanation - Shift Reaction Process," was s,/b~itted to OCR for con- 
sideration on June 15, 1972. Use of this process simplifies and reduces the 
cost of making synthetic pipeline gas, especially from coal, using the BI-GAS 
or other coal gasification processes. 

lu ~ memorandum dated July 20, 1972, Mr. M. ~ Silverstein, 
Branch cf Patents, notified OCR that this Invemtio= Disclosure had been assigned 
Interior Case No. 0CR-2Ohh. BCR will prepare and file a U.S. patent application 
for this disclosure as authorized in OCR letter of August lh, 1972, to 
~m. S. J. Price, BCR's patent attorney. A dra/~ of the application has beem 
prepared and is currently being reviewed by the inventors. ATter their revi~, 
an application will be prepared in final form for filing in the U.S. Patent 
Office. 

2. Reports and Papers: 0CR letter dated November 24, 1972, granted 
approval for l~resemtation of the paper entitled "Chemistry and Fayslcs of 
Entrained High Pressure Coal Gasification" by R. J. Grace aud R. L. Zahradnik 
at the Symposium or. Gasification, Division of Fuel Chemistry, American Chemical 
Society, to be held in April, 19~3, in Dallas, Texas. 

In accordance with CCR request, a draft copy of material for inclusion in 
the CCR Annual Report was forwarded to 0CR on November 13, 1972. Glossy prints 
and illustrations were submitted on November 15, 1972. 

H. Visitprs u-~r'.~ Novamber~ 1972 

November 3, 1972 

Mr. R. J. Ailsmil!er 
M~. R. C. Fritz 

Chametron Corporation 
P. 0. Box 337 
Louis~-ille, Kentucky h02Ol 

November 15~ i~72 

Mr. Arel L. Langston 
Stearns-Roger, inc. 
~. O. ~ox 5888 
Denver, Colorado 80217 

November 22. 1972 

F~. R. W. Whiteacre 
Kopper$ Company, !no. 
Koppers Building 
Pittsburgh, Pa. 15219 



I. Trips andMeetin~s During..Novamber 7 1972 

J. 

November 6, 1972 Nooter Corporation 
St. Louis, I.~ssouri 

November 7-8, 1972 Stearns-Roger, Inc. 
Denver, Colorado 

November 8, 1972 Stearns-Roger, Inc. 
Denver, Colorado 

November 9-10, 1972 Stearns-Roger, Inc. 
Denver, Colorado 

Novamber lh, 1972 

November 15, 1972 

November 21, 1972 

November 28-30, 1972 

Recuests for Information 

Y~. Evsm B. Alderfer 
718 P~berts Avenue 
Drexel Hill, Fermsyl'¢ania 

OCR Contractors N~eting 
Princeton, New Jersey 

Gas Atmospheres 
Cleveland, Ohio 

N~eting of Task Group on 
14~terials Design D~ta 
for Coal Gasification 
Equipment 

Chicago, Illinois 

AIChEMeetimg 
New York, N. Y. 

19o26 

Dr. Eavid S. Mitchell 
Chevron Research Company 
576 Standard Avenue 
Richmond, California 94802 

773. 

M. S. Graboski 

J. P. Tassoney 
R. K. Young 

E. J. Colborn 

R. J. Grace 
J. P. Tassoney 
R. K. Young 

J. P. Tassoney 

M. S. Graboski 

J. P. Tassoney 

J. P. Tassone¥ 

Y~r. Dominick Chain 
-Canadian Liquid Air Co. 
1210 Sherbrooke West 
Montreal 10, Canada 

Mr. John S. B e l l  
Nmmager - I@_rketing & Research  
Chemetron Corpo ra t i on  
ill E. Wacker Drive 
Chicago, Illinois 60601 
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ili. WORK PLANNF~D FOR DECE/~ER. 1072 

Tb~work planned for December will basically be a continuation of the 
on-going program whichhas been underway for the past few months. 

Bench-scale testing of methanation catalysts will continue. Work on the 
methana:ion PEDUwill ccntinue. Building alterations~ yard rack pipits, and 
mos: foundations will be com~.leted. The electrical work will be continued. 

Special Repcr~ No. 3 will be issued. 

The data acquisition program for the bench-scale methanator will be con- 
tinued. Work will begin to determine the materials necessary for interfacing 
the computer with the met~mna~ion PEEU. 

)~etings with Stearns-Roger and Blaw-Knoxw~_ll ccntinue to discuss various 
technical details. 

..A. Trips and Meetir~s Planned 

December, 1972 

Dec~.mber 13, 1972 

Stearns-Roger, Inc. 
Denvero Cclorado 

Meeting with OCR 
Washington, D. C. 

J. F. Tassoney 
R. K. Your4 

j. W. Igoe 
R. K. Young 

December !9, 1972 Office of Coal Research 
U.S. De~rtment of the 

Interior 
Washingtc~, D. C. 

J. W. Igoe 
R. K. Young 

December 20, 1972 Meeting of Task Group on 
M~terials Design Data 
for Ccal Gasificaticn 
Equipment 

Chicago, Illinois 

J. P. Tasscney 

B. Pa~ers tc be Presented 

DecerJoer 7-8, 1972 Annual ~eting of the 
Coal Mining Institute 
of ~merica 

Pittsburgh, Pennsylvania 

"New ~rkets - Coal 
Gasification" 
j. W. Tieman 

April, 1973 National Y~eting cf 
~erica~- Chemical 
Society 

Division of Fuel Chemistry 
Dallas, Texas 

"Chemistry ar.d Physics 
cf Entrained F.lgb 
Pressure Coal Gasi- 
fication" 
R. L. Zahradnik 
R. J. Grace 
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July, 1973 Presentation to be made 
at 1973 Gordon Confer- 
ence on Coal Science 

"Chemistry and Physics 
of Entrained Coal 
Gasification" 

R. L. Z~b~adnik 
R. J. Grace 
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OCR/AGA PIPELINE GAS GENERATOR RESEARCH AND DEVELOPMENT 
Schedule of Predicted and Actual Manhour9 

Month 

Sept. '71 
Oct. '71 
Nov. '71 
Dee. '71 
Jan. ' 72 
Feb. ' 72 
Mar. ' 72 
Apr. '72 
May '72 
June '72 
July '72 
Aug. '72 
Sept. '72 
Oct. '72 
Nov. '72 
Dec. '72 

Jan. '73 
Feb. '73 
Mar. '73 
Apr, '73 
May '73 
June '73 
Ju~v '73 
Aug. '73 
Sept. '73 
Oct. '73 
Nov. '73 
Dec. '73 
Jan. ' 74 
Feb. ' 74 
Mar. ' 74 
Apr. '74 
May '74 
June '74 
July '74 
Aug. '76 

This ~bnth 
Professional 

Predicted Ac%uai 
Non- Pro f e.s s ional 

l~-edicted Actual 

to 

1,606.5 2,253.5 
ljlll4.O 1,716.O 
1,490.O 2,126.5 
1,290.5 1,875.5 
1,465.0 1,612.5 
1,285.O 1,656.5 
l, 337.0 2, O42.5 
1,400.O 2,026.0 
i, 506.0 1,884.5 
1,555.O 2,054 .O 
i, 224.5 I, 370. O 

1,432.O 1,193.O 2,136.0 1,573.5 
1,51tl! .O 1,301.5 2,152.O 1,549.5 
1,456.O 1,535.5 2,144.O 1,794.5 
1,448.O 1,241.5" 2,136.O 1,866.0" 
l,hhO.o 2,048.0 
1,66~ .0 2,328 .O 
1,664.O 2,336.0 
1,672.O 2,344.O 
i, 624.0 2,280. O 
1,632.O 2,280.0 
1,632.O 2,288.O 
1,656. O 2,328. O 
1,656.O 2,320.0 
1,656.O 2,320.0 
1,640.0 2,288.0 
1,656.O 2,288.0 
1,656.O 2,2(91.0 
1,672.O 2,328.0 
1,656.O 2,320.0 
1,640.O 2,320.0 
1,640.0 2,280.0 
1,656.O 2,288.0 
1,656.O 2,272.0 

NOT YET ESTIMATED 

Cumulative 
Professional 

Predicted Actual 
Non-Professional 

Predicted Actual 

16,735.5 
18,279.5 
19,735.5 
21,183.5 
22,623.5 
24,287.5 
25,951.5 
27,623.5 
29,247.5 
30,879.5 
32, 5] 1. 5 
34,167.5 
35,823.5 
37,1~79.5 
39,119.5 
110,775.5 
Li2,1131.5 
44,103.5 
45,759.5 
47,399.5 
49,039.5 
50,695.5 
52,351.5 

1,606.5 
2,750.5 
h,2ho. 5 
5,531.0 
6,996.0 
8,281.O 
9,618.0 

ii, O18. O 
12,524. o 
14,079.0 
15,3o3.5 
16,496.5 
17,798.o 
19,333.5 
20,575.0* 

22,753.5 
24,9o5.5 
27,049.5 
29,185.5 
31,233.5 
33,561.5 
35,897.5 
38,241.5 
bo, 521.5 
42 8oi. 5 
45 .o89.5 
47.417.5 
49,737.5 
52 057.5 
54,345.5 
56,633.5 
58 897.5 
61,225.5 
63,545.5 
65,865.5 
68,145.5 
70,433.5 
72,705.5 

2,253.5 
3,969.5 
6,O96.O 
7,971.5 
9,584. o 

ll,2bO. 5 
13,283.O 
15,309.O 
17,193.5 
19,247.5 
20,617.5 
22,191. O 
26,455.0 
98,249.5 
30,115.5" 

~o 

@ 
@ 
c+ 

ro 

* Estimated 
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0CR/AGA PIPELINE GAS GENERATOR RESEARCH AND DEVELOPMENT 
Schedule of Predi~cted and Actual EX~endituFes 

Month 
1971 
Sept. 
Oct. 
Nov. 
Dec. 

Jan. 
Feb. 
March 
April 
May 
June 

Aug. 
Se!~. 
Oct. 
NOV. 
Dee. 
1973 
Jam. 
Feb. 
March 
April 
May 
June 
july 
Aug. 
Sept. 
Oct. 
I~OV. 
Dec. 
1974 
J a m .  
Feb. 
March 
April 
May 
June 
July to 
Aug. '76 

C u r r e n t  Month Cumulative to Date 
Predicted Actual Predicted Actual 

205,974 
296,97~ 
335,032 
335,031 
331,672 

57,900 57,900 
98,983 156,883 

129,083 285,966 
138,572 424,538 

95,161 519,699 
71,459 591,158 
96,682 687,8~o 
47,253 735,093 
73,220 808,313 
78,52-I 886,83~ 
79,366 966,200 
79,220 1,17~,17~ i,o~5,~2o 
79,036 1, b~9,148 1,124,~5o 
130,050 1,804,180 l, eS~, 425 
168,013" 2,139,211 1,422,438" 

2,470,883 

357,220 
357,220 
357,219 
758,369 
758,389 
758,~00 

1,219,816 
1,219,816 
1,219,818 
1,531,333 
1,531,333 
1,531,28~ 

i, 720,869 
1,720,866 
1,72o,865 
1,456,866 
1,456,866 
1,456,868 

NOT Y ET 

2,828,103 
3,18~,423 
3,54~,~2 
4,300,911 
5,059,300 
5,817,700 
7,037,516 
8,257,332 
9,477,150 

11,008,483 
12,539,816 
I~,071,iO0 

15,791,969 
17,512,835 
19,233,700 
20,690,566 

23,60~,300 

ESTIMATED 

* Estimated 
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APPENDIX B 

BCR RF_.%L TIM~ SYS_~EM 

I. INTRODUCTION 

The BCR Eeal Time System (BCB.~TS) is a computer program which facilitates 
the ~,Titiw~ and operation of real time data acquisition programs. The system 
does this by performing the follo%~ing services for a data acquisition program: 
(1) schedules and initiates work according to its level of importance or priority, 
and (2) makes available certain service routines which allow the data acquisition 
program to accomplish lengthy tasks with a single command. 

II. SC}r2~DDx~iNG A~D INITIATION .OF NCRK 

A data acquisition program is a multi-task program. The three main tasks 
are data samp!ing~ data storage, and data reporting. Each of these would be 
required to perform their function when particular events occurred. For ex- 
ample, the event causing the initiation of the mample routine and storage 
routine could be clock time; ~hat is, the sample routine might start every l0 
seconds %%ile the storage routine starts every 2 minutes. The report task might 
also be initiated on a time basis or by operator command through a teletype. 
In order to facilitate this type of multi-task _z~ogram, the system must allow 
for a "~ariety of task initiation methods. 

Since it is possible that t~-o or more tasks could be initiated by the same 
mvent, the system must also allo~ the programmer some method of assigning a 
priority to each task so that the most important task is done first. 

Both the task iuAtiation and task priority problems are handled by the 
system through its tas-~ table. (See Figure 198. ) This matrix-t-~pe table con- 
tains a re# of informetion about each task in computer memoznj ~ith room for a 
maximum of 24 tasks. In each task row, there are eight pieces of information 
about that task as follc~s : 

(!) STATJS - The task status -~ord cc~.tains t~o numbers, S 1 and S 2. 
S1 is the initiation status; it indicates the type of event which ~uitiates that 
task. The S l sta~as numbers and their meanings are as follows : 

0 - No task in this row of table. 

1 8  - 

l o  8 - 

l l  8 - 

S 2 is the current status of the individual tasks. 
Zheir meanings are as follows: 

Task is initiated on a time basis. 

Task is initiated by a message from teletype 0. 

Task is initiated by a message from teletype 1. 

The S 2 status numbers and 



TASK NO. 

! 

2 

3 

4 

5 

6 

23 

24 

STATUS 

s,i 
! 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
! 

J 

PAR AM ! PARAM2 PC I FLAGS1 AC 2 PC2 FLAGS 2 

Figure 198. BCRRTS Task Table 

Bituminous Coal Research, Inc, 804OG79 
J 
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0 - Task is waiting for initiation (i.e., task is 
presently idle). 

18-378 - Task is ~raiting for, or using a system service 
routine. 

408 - Task is waiting for execution time or is in 
execution. 

(2) PARAde. I - Depending on the initiation status, S!, the contents 
of P~-~}~! ~m~y. If S 1 indicates that the task's initiation is on a time basis, 
Pg_RAM 1 contains the negative number of seconds before the task's next initia- 
tion. If S 1 indicates that the task's initiation is by a message from a tele- 
tl~pe, PAR~ 1 contains the address where the system should put that message. 

(3) PARAM~ - This is used only if the task is on timed initiation. 
In this case, it contains the negative number of seconds between initiations. 

(h) PC 1 - Contains thm~ task's starting address minus one. 

(5) F~AGS I - Conta~.ms the flag values (computer status ) to be used 
when startir~ ~hat task. 

(6) AC 2 - ~.~aem this task is temporarily interrupted, or halted to 
permit execution of higher ~riority tasks, the value of this task's accumulator 
is put in AC 2. Sav~ug the accumttlator will allow the task to be restarted with- 
cut loss of information. 

(7) PC2 - Contains the task's restart address minus one. This 
address is saved by the system when the task is interrupted to permit execution 
of higher priority tasks. 

(8) FLAGS 2 - Contains the flag values needed to restart this task 
if interrupt ed. 

The syst~_m can now control all tasks in the core by manipulating the infor- 
nation in the task table. The actual ~rocedure by which the system does this 
is contained in the logic of four system routines--the task save routine, the 
task restart routine, the cloak routine, and the teletype monitor routine. 

A. Task Save Routine 

See Figure 199 for the save routine flow chart. When an external device 
such as a teletype or the time clock is used to make the computer a~re of some 
event, it interrupts the ccmputer. This event mi-sht be the time clock indicat- 
ing the elapse of some time inter~l, or the teletype indicating that a key has 
been punched, kUaen these interrupts occur, the task save routine takes control. 
This routine first determines which task ~s in execution when the interrupt 
occurred. It then puts that task's accumulator ~.~lue in AC2, the address of 
the last instruction executed in PC2, and the c~rent flag v~!ues (computer 
status) in FLAGS 2. It then determines which device interrupted and gives con- 
trol to the routine responsible for servicing that device. When the device 
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I INTERRUPT 

I, 
DETERMINE WHICH TASK 

WAS IN EXECUTION 

WHEN INTERRUPT OCCURRED 
t t  

SAVE: 

(1) ACCUMULATOR IN AC 2 

(2) INSTRUCTION ADDRESS !N PC 2 

(3) MACHINE STATUS IN FLAGS 2 

i ! 
DETERMINE WHICH DEVICE INTERRUPTED 

AND GIVE CONTROL TO THE ROUTINE 

RESPONSIBLE FOR SERVICING THAT DEVICE 

I 

Figure 199. Save Routine 

Bituminous Coal Research, Inc. 8040G8C 
| 1  

Flow Chart 
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service rouZine has ccmp!eted its work, it returns control to the task restart 
routine. 

B. Task Restart Routine 

See Figure 200 for the restart routine flow chart. The task restart routine 
glves control of the computer to the highest priority task. The priority of 
each task is determined by its location in the task table. That is, the task 
in the first row of the table has the highest priority while the task in the 
2£th row has the lowest priority. The restart routinethen searches down the 
status word column for the first task that is waiting f~r execution time 
($2 = 408). When such a task is found, the restart routine resets the machine 
status according to FIAGS2, puts the value of AC 2 in the accumulator, and begins 
execution of instructions at the core location indicated by PC 2. 

C. Clock Routine 

See Figure 201 for the clock routine flow chart. The real time clock in 
she computer is set to interrupt the computer everyone-hundredth of a second. 
~en these interrupts occur~ the task save routine performs its function and 
gives control to the clock routine. The clock routine then increments its 
counter to determinewhether a second has elapsed. If a second has not ela_wsed, 
control is returned to the task restart routine. If a second has elapsed, the 
clock routine searches through the task table for tasks on timed initiation 
(S ! = !). These tasks' PARA~ values are incremented by one to indicate the 
new time until initiation. If PARAM 1 is now zero for any of these tasks, the 
fo!iowingmani.mulations are made on their task row: 

(i) The present status, $2, is set to 408 to indicate that the task 
is waitimg for execution time. 

(2) The value of PARA~ is put into PAEAM 1. This resets the timer 
for the task's next initiation. 

{3) The "~lue of PC I is put into PC 2. 

(4) The value of FLAGS I is put into FLAGS 2 . 

(5) AC 2 is set to zero. 

These steps allow the restart routine to give these tasks execution time 
as though they were a previously interrupted task. Upon completion of these 
manil~lations in the appropriate task rows, control is given to the restart 
routine. 

D. TeletyDe Monitor Eoutine 

See Figure 202 for the monitor routine flow chart. Like the clock routine, 
the teletype monitor routine is given control from the task save routine after a 
teletype interrul~has occurred. The monitor routine then searches for the task 
waitir~ for initiation by message from that teletype. T~hen this task is found, 
the followir~ manilralations are made on that task row: 
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(!) The present status, $2, is set to indicate that the task is 
%miring for execution time (508). 

(2) The message is put at the location indicated by PA.WA~. 

(3) ~h.e value of PC 1 is !rat into PC 2. 

(h) The value of FLAGS l is put into FLAGS 2 . 

(5) AC 2 is set to zero. 

These ste~s allow the restart routine to give this task execution time as 
though it %~s a previously interrupted task. Upon completion of these manipu- 
lations, control is given to the restart routine. 

liI. SYSTEM COMMI,~DS 

Before ar~r program can utilize the BCR real time system, that program must 
be loaded into computer memory amd the pertinent information about that program's 
tasks entered into the task table. This job and several others are accomplishes 
by commands to th~ BCR real time system through a teletype. 

To accommodate these commands, t%~ system revisior~ must be made. The 
first revision is that some row of the task table must be reserved for system 
use so that it can execute these system commands. This revision is acco-~plished 
by merely stating that no program or task is permitted to use the first row of 
the task table since it will be used exclusively by the system command task. 

The second system revision is that the telet~pe monitor must be able to 
distln~aish between system co~mands and messages to other tasks in computer 
memory. This revision is accomplished by stating that all commands intended 
for the system must begin with a dollar sign ($) and all other commands or 
messagms must not begin with a dollar sign ($). Thus, the logic ~n the tele- 
type monitor routine is revised to give dollar sign messages to Task 1 and then 
initiate Task ! and give all other messages to the a_w~ropriate tasks as pre- 
viously defined. The revised flow chart for the tele~/rpe monitor is given in 
Figure 303. 

Presently, the BCR real time system has only two system or dollar sign 
commands--the run command and the clock comm~nd. The form of these commands 
is as follows : 

$C YEAR :DAY :HCD%~ :MI~ 

The clock command ($C) allows the computer operator to set the clock in 
zhe computer to the a~propriate date and time of day. The operator merely 
types the $C command as shown above and the computer will keep accurate time 
from then on. It should be notes that the day is typed as some nmnber from 1 
to 365, and the hour is some number between O and ~B. 
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The ~ command ($R) loads th~ selected _=rcgram from DECtape into core 
=~_cry ari allows it to begin execution. The program is Zhen responsible for 
f~_nd/r~ empty rows in the task table and inserzir~ the pertinent ~.nformat!on 
ahcuZ each of its tasks ~_n the table. The program then returns control to the 
real time syszem and each cf ins tasks will~ from then on, be given execution 
time as indicated by that task's status. 

IV. SYST~4 SERVICE ROUT~S 

.~here are certain basic activities or operatior~ such as mathematical 
calzulatiug, reading from and %Titing onto ma~uetic tape, 8m.d reading from and 
:,.~iting onto a teletype ~ich are comnon to almost all data acquisition pro~ams. 
~.ese operations are generally cor~idered time-consuming to program and costly 
~ecause of the computer core memory required. To minimize these core require- 
ments and progra_nntr~ time, Zhe BCR real time system has certain routines which 
are available to any task to accomplish these lengthy and more commonly needed 
services. A brief description of these system se-~vioe routines (SSR) is given 
in Table lhS. 

TAB~ 155. SYST-~ S~--qFICE ROb~21k~S 

Routine Name Descriwtion Fmmber 

.KETtR~N Tells the system to change 0 
this task's present status 
to zero. 

S2-O 

DECTAPE Reads and writes on DECtape. 1 

FnRI4I Decodes ASCII input liues. 2 

F~B~0 Codes ASCII lines for 3 
outlm/t. 

MATH Does arit.hmetic o_~erations, h 

A?_D H~udles the analog to 5 
digital converter. 

WAIT Delays execution of a task 6 
n/lOOths of a second. 

TTYO Reads and writes on i0 
te!ety;e ,40. 

TTYI Reads and ~rites on  i i  
teletype #i. 

~-~mction 
Fmmber (Octal) 
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Prior to desczib~ug each of the system service routines (SSR's) in detail, 
the procedure for lir.kir~ a task to a service rcutin.e should be explained. 
~his procedure starts when a task executes the following sequence of instruc- 
tic, ns : 

CLA 

RIF 

CIF 

10F 

~',s I (725 

-~.ere n is an integer frcm 0 to 37 (Octal) ~ich indicz~es the zhmction number 
of the desired system service routine. This makes the BCR system a%~_re of the 
request for a service routine. ~en this routine becomes a;milable, the task 

then be linked to it. 

Cnce lir_kage is made, the service routLne will need more spe~,ific informa- 
tion abcl/t the -~ork it should perform for the task. ~'ne task provides this 
information in the core !ocatio~_s i~ediate!y following the SSR linkage 
instructions : 

C~ ) 
) 

) 
cn~ o ) 

) 
le~ ) 

) 
I ('7'25 ) 

SSR linkage 5m.struction 

) SSR number 

A ) 
) 

) 
¢ ) 
: ) 
Z ) 

) 
0 ) 

Information about the work to be 

performed by the service routine. 

Generally, the last word of izformation supplied to the service routine is 
a zero. This indicates that the list of information ends here and the ser~ice 
routine should return control to the location immediately fe!lowing the zero 
when it has completed the requested work. 
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The tyge 8m.d quantity of information contained between the linkage ins~ruc- 
tior~ and the zero will vary depending on the routine beiz~used az~ the amount 
of work to be performed. The following sections %ii! more completely describe 
the Cal~abi!ities of each service routine amdthe information ~at~st be 
supplied to #~at routine to perform the -~ork. 

A. SSR No. 0- RETURN 

Tae.KETURNroutine is used to charge the present status of the calling task 
to zero (S 2 = 0). This prevents the restart routine ~r_om giving execution time 
to this task until it is next initiated and thus indicates to the system that 
this task has completed its work. The calling sequence is as follows: 

c z ~  ) 
) 

RF ) 
) 

cF 0 ) 
) 

Z0F ) 
) 

J~ I (725) 

0 

SSR linkage instructions 

) SSR No. = 0 

B. SSR .'1o. i - DEC2APE 

The DECTAPE rout~_ne is actually a collection of five separate functions 
-W~ich perform the operation of openir~ and closing~ and reading and ~Titing 
on DECt~we. These functions and their code numbers are as follows : 

Function Function 
Code Name 

! IOPEN 

Description 

Opens a DECtape file for input. 

2 READ Reads the o~ened input file into core. 

3 00PE~I* Opens a DECtape file for output. 

Writes on the open out~_ut file. 

5 0CLOSE Closes the open output file. 

* The 00PEN function assumes that the tape to be 
written on is empty. 

T'-" tell the DECTAPE routine to perform ar~ of these five functions, the 
task must specify the following information after the SSR linking instructions 
and routine number: 



F~r, c t ion Ir--~ormat ion 

IOP~-~C DOOZ 

Filer.ame 

RF3~ D~2 

_~uf. _r 

DCC, 3 

Filermme 

~ZTE DOC~ 

CCLOSE 

~ffer 

DOO5 

- Description 

DECtape drive n'~mber (D) and function 
code for IC~; (1). 

Filename and extension of file to be 
orened (8 characters in 6-bit ASCII). 

DECtape drive number (D) and function 
code for .~RZAD (2). 

?nmzber of blocks to be read (2008 
words/block). 

Sta~ing address cf buffer. 

DECtape drive number (D) and fur.ction 
ccd~ for 0O_-~ (3). 

Filename ~.d extension of file to be 
opened (8 characters in 6-bit ASCII). 

DECta_re drive number (D) and .+h~nction 
acde for ~:.~ITE_ (4). 

Number of blocks to be written (2008 
words/block). 

Startir.g address of words tc be ~Titten. 

DECtape drive number (D) e_nd function 
~ode xbr CCLCSE (5). 

Thus, to open the DECtape file .named "ABCDEF.DA" for Lnput from DECtape 
Drive Number 7, the following instractions should be u~ed: 

CLA 

R~ 

C~ O 

!OF 

J~ I 

0COl 

7OO1 

0102 

o3o~ 
0506 

0401 

0000 

/SSR linkage instructions 

(725 

/SSR No. = ! 

= 7, 

/CD 

/End of information 

(DECTAPE routize ) 

FUNCTION = I (IOn) 
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To then read the first block of 2008~,ords of that open DECtape file, the 
task would use the follo%~g instructions: 

/SSR linkage instructions CLA 

ElF 

CF 

10F 

J~ 

0001 

7002 

O001 

2h00 

0 

(725 

/SSR No. = ! (DECTAPE routine) 

/DRIVE = 7, _~CTION = I (READ) 

/Number of blocks = I 

/Store input at location 2~00 

OCOO /End of information 

To perform the IOP~ function and the RF~.D ~anction consecutively, the 
task would use the fol!o~Ting sequence : 

CIA 

RiF 

CIF 0 

IOF 

JMs z (725 

0001 

700! 

O102 

o3o4 

o5o6 

OhO1 

7002 

0CO1 

2~00 

OCO0 

/SSR linkage instructions 

/SSR No. = 1 (DECTAPE routine) 

/DRIVE = 7, FUNCTION = ! (IOPEN) 

/Fn~E AB 

/cD 

/EF 

/DA 

/DRIVE = 7, FUNCTION = 2 (READ) 

/Number of blocks = 1 

/Store iu_Dut at location 2400 

/End of information 
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It should be obvioua from this example that there is no limit to the number 
of functions that can be performed in one linkage with the DECTAPE routine. 
This is accomplished by merely specifying the next ftuuction code after the infor- 
Eation for the previous function code and specifying a zero function code when 
all d~=sired work is completed. Thus, zero is considered a function code which 
means to ~et~n control to the calling task. 

C. SSR No. 2 - FOF~<I 

The FOPJ,~ routine decodes an ASCII input string according to any one or 
combination of the following formazs: 

Format Format Code 

I 1 

J 2 

Description 

Converts characters in input string to 
single precision integer (1 word). 

Converts characters in input string to 
double precision integer (2 words). 

Converts characters in inFat string to 
single prccision ~loat~g point 
(3 words ). 

Return 0 Specifies the end of the work and that 
control shculd be returned to the 
nexz location of the calling sequence. 

The s~faence that must be given to utilize the input formatter, FORTYS, is 
as follows : 

CV._A 

R~ 

ClF 0 

10F 

J~ ! 

OO02 

000T 

Buffer 

000N 

AAAA 

000N 

AAAA 

/SSR li~age instructions 

(72~ 

/SSR No. = 2 (FOPJ~iroutine) 

/Teletype # from which the input came 

/Starting address of the ASCII input string 

/Format code (0 - 3 as described above) 

/Address for decoded input 

/Next format code 
/Address for decoded input 

/Next format code (N = O specifies end 
of work) 
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The input formatter (FORMI) uses the following conventions of which the 
computer operator should be a%~re : 

(1) All leading blanks sa'e ignored. 

(2) All conversions will terminate when any unexpected character is 
found in the ASCII string. 

(3) I conversions allow an input value range of + 204710 . 

(h) J conversions allow an input ~lue range of + 8,388,60710 . 

(5) F conversions allow a maximum of 6 digits on each side of the 
decimal ~oint. 

(6) Any error in the input string (usually a violation of convention 
3, A, or 5 above) causes an error message to print on telmt~e T and the calling 
task's present s~atus to be set to zero, (S 2 = 0). 

D. SSR No. 3- FORM0 

_?his routine sets up 8-bit ASCII code lines for output according to a 
specified format. The standard instruction sequence for utilization of the 
outlmat formatter is as follows : 

/SSR linkage instructions CLA 

R~ 

C~ 0 

!0F 

a~ i (725 

0o~ 

Buffer 

0~N 

Ai 

A 2 

O~N 

A 1 

/SSR No. = 3 (FORMO routine) 

/Starting address for the ASCII code 

/Format code - corresponds to a format type 

/Arguments required by that format type 

/Next format code 

/Arguments required by that format type 

/Next format code (N = 0 signifies end 
of work) 



B-797. 

The FO~MO format codes and description for each are as follows: 

Format Format Code 

Return 0 

! 1 ! 

, , Description 

P u t s  a zero in out-put buffer and returns 
control to the calling task. 

Puts a line feed and return in the out~ut 
buffer. 

Puts a return and any specified number of 
line feeds in t~he buffer. 

rJ. 3 

A 

! 5 

J 6 

F 7 

E !O 8 

Puts a specified number of blanks in the 
buffcr. 

Converts 6-bit ASCII to 8-bit ASCII and 
puts it in the output buffer. 

Converts a single precision integer to 
ASCII and puts it in the buffer. 

Converts a double precision integer to 
ASCII and puts it i n  the buffer. 

Converts a floating point number to 
fixed point. 

Converts a floating point nt~nber to 
scientific notation. 

Argtunents following each format code in the task instruction string are 
a s  follows : 

00OO 

0001 

O0O2 
OOOn 

OOO3 

O00z 

0OO~ 

ADDRESS 

OOO5 
A D D R E S S  

W 

/Format Code = 

/Format Code = 

/Format Code = 
/n = nt~nber of 

/Format Code = 

/n = number of 

0 (return), no arguments 

1 (/), no arguments 

2 (n/) 
line feeds desired 

3 (nx) 
blanks desired 

/Format Code = h (A) 

/Address of 6-bit ASCII string to be put in buffer 

/Format Code = 5 (I) 

/Address of integer to be converted 

/W = field width (must include a space for the sign) 



OO06 
ADDRESS 

W 

7 
.~DDRESS 

W 

J 

Io8 
ADDRESS 

E. SSR No. ~- ~K 
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/Format Code = 6 (J) 
/Address of integer to be converted 

/W = field width (must include a space f-or the sign) 

/Format Code = 7 (F) 

/Address of number to be converted 

/W = field width (including sign and decimal point) 

/j = number of digits desired behind the decimal ~oint 

/Format Code = 10 8 (E) 

/Address of number to be converted, field width is 
assumed to be 15 places 

The VATH routine performs the following arithmetic operations: 

Function 
Code 

6 

7 

lo 8 

Operation 

Returns control to calling task. 

FADD - adds floating point numbers. 

FSUB - subtracts floating point numbers. 

FMULT - multiplies floating point numbers. 

FDIV- divides floating ~oint numbers. 

FLOGN - calculates the natural log of a floating point 
number. 

FEXP - calculates e x where x is a floating point 
number. 

FLOAT - converts a double precision integer to a 
floating point number. 

~lq- converts a floating point number to a double 
precision integer. 

The standard instruction sequence for utilization of the MATH routine 
is as follows : 



CIA 

RIF 

CIF 

10F 

0OO4 

COOn 

A I 

A2 

A 3 

000n 

A I 

A 2 

A 3 

0000 

/SSR linkage instructions 
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0 

(725 

/SSRNo. = 4 (MATH routine) 

/n = ~k~nction code of the operation to 
be parformed 

/Addresses of o~erands and amswer 

/Next function code of the operation to 
be performed 

/Addresses cf o!Derands and s.~wer 

/Next function code (n = 0 signifies 
return control to calling tasks) 

The arguments following each function code ~-u the task instruction string 
are as follows : 

0C~0 

0001 
Aa 

/ ,Function Code = 0 (return), no argumemts 

/Function Code = 1 (FADD) 
/Address of first floating point operand 

/Address of second floating point operand 

/Address of the floating point answer 

AI 
A2 
A 3 

/Function Code = 2 (FSUB) 
/Address of floating point minuend 

/Address of floating point subtrahend 

/Address of the floating p o i n t  a n s w e r  
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OOO3 

AI 
A2 
AS 

000~ 

AI 

A 3 

OOO5 

-% 

ooo6 

A1 

/Function Code = 3 (F~JLT) 
/Address of first floating point multiplier 
/Address of second floating point multiplier 
/Address of the floatiug point answer 

/Function Code = 4 (FDIV) 
/Address of floating point dividend 

/Address of floating point divisor 

/Address of the floatir~ ~oint answer 

/Function Code = 5 (FLOGN) 

/Address of floating point number 
/Address of floating point answer 

/Function Code = 6 (FEXP) 
/Address of floating point number 

/Address of floating point answer 

0007 

Al 
/Function Code = 7 (FLOAT) 

/Address of double precision integer 

/Address of floating point answer 

F. 

0010 

A! 

SSR No. 5- A2D 

/Function Code = 108 (IFIK) 

/Address of floating point n~nber 

/Address of double precision integer answer 

The A2D routine reads any electrical analog si~.~al, converts it to digital, 
and adds it to the double precision location specified by the calling task. 
Prior to reading the analog signal, the calling task must also specify the screw 
terminal number on the A/D converter and the electrical ~ain number. The standard 
instruction sequence for utilization of the A2D routine is as follows : 



G. SSR No. 6 - WAIT 

CLA 

RIF 

CIF O 

IOF 

J~ I (725 

0¢,O5 

GAIN 

T~2&[Ii~ 

ADDRESS 

GAIN 

TERMINAL 

ADDRESS 

-I 

/SSR linkage instructions 

~- 8o!. 

/SSR No. = 5 (A2D routine) 

/Electrical gain from O to 7 

/Screw terminal number 

/Address of double precision integer 

/Next gain value 

/Nex~ screw terminal number 

/Next address 

/Gain of -! indicates end of w~rk and 
that control should be returned to 
the calling task. 

The WAI~ routine delays execution of the calling task until a specified 
amount of time has elapsed. The standard instruction sequence for utilization 
of the WAIT routine is as follows: 

CLA 

RIF 

C~ 0 

IOF 

JN-~ I 

00C6 

n 

(725 

~SR linkage instructions 

It should be noted that the maximum n value is h096 for a m~ximum delay of 
hO.96 seconds. After any delay, control is returned to the calling task at the 
location immediately after the n value. 

/ssR No. = 6 (WAIT) 

/n = t~me delay in lOOths of a second 
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H. SSR No. !08 and 118 (YTYO and TTYI) 

TTYO and TTYI read and write 8-bit ASCII code on teletypes 0 and I, respec- 
tively. The standard instruction sequence for utilization of the TTY routines 
is as follows: 

CLA /SSR linkage instructions 

RIF 

CIF 0 

IOF 

as i (7e5 

0010 or 0011 

n 

ADDRESS 

n 

ADDRESS 
b 

OOCO 

Iss  No. = 10 8 or n8 (zn) 

/Function Code for read or write 8-bit ASCII 

/Starting buffer address 

/Next ftmetion code for read or write 

/Starting buffer address 

/N~t function code (zero specifies 
return control to calling task) 

The function codes and the arguments for each sa-e as follows : 

0001 

ADDRESS 

/Function Code = I = read 

/Location for storage of characters read 

-! 

ADD~L~SS 

/Function Code=-i = write 

/Address of characters to be printed 

OOCO /Function Code = 0 = return control to 
calling task 

It should "me noted +~at read function st~s when a return key is Im~uched 
on the telety;e and the ~rite function stol~ when a zero is found in the 
character string to he ~rinted. 

D.Ri~I -pje 
80C6A 
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I. INTRODUCTION 

The beech-scale methanation "arit data acquisition program (BSM) is a com- 
~u~er program which utilizes the BCR Real Time System to acquire and store data 
from this unit. The program does this through three main tasks : (1) the monitor 
task; (2) the data sampling task; and (3) the data conversion and storage task. 
A description of each of these tasks is given Lu the following sections. 

If. THE MONITOR TASK 

The function of the monitor task is to receive and execute commands from the 
computer operator to start or stop the data sample and storage tasks, print 
material balances, change ambient conditions, etc. 

When the BSM program is loaded and executed, the monitor task requests, 
through the teletype, the name of the DECtape data storage file to be used for 
recording the test data. The operator t~-pes the filemame and the monitor will 
then open that file for data out-put. The monitor then enters itself in the BCR 
Real Time System (BCRRTS) task table with an initiation status of 10, which means 
that this task is started by a message or comm~nd through the teletype. The 
description of commands which, the computer operator can then give to the BSM 
monitor follows : 

AMBI~-NT T, P, IFLOW, OFLOW 

The A~IENT command gives the BSM program the ambient 
temperature (°F), the ambient pressure (psi), the 
maximum inlet flc~c (scfh), and the maximum outlet 
flow (scfh). 

The FEED comnand gives the BSM program the feed gas 
analysis to be used during that test. 

WEIGHT W, D 

BEGIN 

The WEIGHT command gives the BSM program the catalyst 
weight (grams) and the catalyst bulk density (gram/co). 

The BEGIN co~and tells the BSM monitor to start the 
sa=ple and storage routines. The monitor does this 
by inserting the routine staras words and startir~ 
locations in the BCRRTS task table. 
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STOP 

The STOP command tells the monitor to stop the 
sample and storage routines. The monitor does 
this by setting the routine status words to zero. 

The . (dot) command tells the monitor to print 
the latest one minute average of all the methanator 
variables. 

LIST l:J, M:N 

The LIST comnand tells the BSM monitor to print the 
one minute averages of all the methanator variables 
from time I:J (hour:minute) to M:N. 

REPORT l:J, M:N 

The REPORT command tells the BSM monitor to print 
a summary report for the time period I:J (hour:minute) 
to M:N. The report includes: (I) the average of 
each flow, temperature, and pressure over that time 
period~ (2) a material balance, and (3) gas conversion 
rates. 

CLOSE 

The CLOSE command tells the monitor to do a STOP 
command and then close the DECtape f i l e  that was 
opened when the program ~as loaded. This insures 
that the test data will be available for future use. 

Ill. THE SA~4PLE TASK 

The sample task is initiated when the BEG~I~ command is given to the BSM 
monitor. This routine Then continuously reads and stores the signals from all 
the methanator instrumentation every six seconds. The methanator transmitters, 
their corresponding computer terminal numbers, and electrical ranges are shown 
in Table 146. 

IV. TB~ DATA CONVERSION AND STORAGE TASK 

The data conversion and storage task is ir.itiated when the BEGIN command 
is given to the BSM monitor. Once a minute, this routine averages the signals 
read in by the sampling task, converts them to engineering units, and stores them 
on DECtape. The conver~ion to engineering units for each methmnator variable 
is as follo~s : 



Thermnccuples : mil!ivoits (my) to °F 

°F = A2.ShO36 .~. my ÷ 21.Sh2!h + ambient temperature 

CO Lira : 

~Ce = .O0070~!368 x (zv) 2 ~ 0.226576 x my + e.3!6229 

C/Q~ Lira : 

~CH h = .CO2&7088 x (:n;) 2 + 0.35274~ x zv + O.10[,229 

Lnlel Flow: conversion from mil/iam_~ere (me) to scCn 

Lnlet flc%-= (me - lO.O) x I~0W/~O.O 

where IFLOW is +~.e maximum irlet flow. 

Outlet Flow: conversion from psi to scfh 

~utlet flcw = (psi - 3.0) x t~gk'/12.0 

where OFLCW is the maximum outlet flow. 

.Tu?_et and mutlet Reactor Pressure: ccnversicn from psi to rs!g 

rressure = (rsl - 3.0) x !500.0/i2.C 

TABLE 126. 

Transmitter 

Scanivalve (used to rea~ it_let 
uressure: outlet .r-~essure and 
outlet flow) 

T~-! (Gas tem]:., at ~-±nch level) 

TC-2 (Gas temp., at 6-ir.ch level) 

TC-8 (Gas tem!~. , at preheater 
outlet ) 

TC-ll (Gas tern;., at 18-iuch level) 

TC-19 (Reactor surface te~.p.) 

Cutlet CO Lira 

Outlet C~. h Lira 

FT-! (irlet .~.~ow) 

• ~"T ~-NAT OR TE~_NS.MITTEP.q 

Computer Terminal .~. 
Range Rec izal Oc ~al 

O-hC zv 1 1 

0-5C my 8 i0 

0-50 my 9 1! 

G-50 zv !O 12 

O- 5C my 1! 13 

O- 50 mv 12 ih 

O-IOC my 16 20 

9-I~ my 17 21 

le- :.o ma 2~ 30 

c-8o5. 
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HOMER CITY, PENNSYLVANIA 
COAL GASIFICATION PILOT PLANT 

JOB NO. C-11530 

.~ No. 4 "i 
DECEMBER 8, 19 72 

GENERAL 

This report covers Job progress from November 2, 1972 to December 7, 
19 72. 

A flow sheet review meeting was held on November 9-10, 1972. Approval 
of these flow sheets in principle was received by Stearns-Roger on 
December 5, 1972. 

Gaslfler design and schedule continues to be the critical problem area. 
The B&N engineering subcontract has been submitted to BCR for approval. 
A gaslfler schedule based upon the best available information has been 
included ~- the report. 

Flow sheets at their current state of development will be distributed 
December 15, 1972. C. F. Braun requested this issue for their use 
during a planned meeting with the AGA Advisory Committee. 

PHYSICAL DESIGN 

The concept plot plan has been issued to BCR for approval. Final soll 
testing boring location will be restricted until approval of the plot 
plan is received. 

Office and laboratory building preliminary layouts have been developed 
and issued for approval. 

External loading analyses have been made for the gaslfier. This data 
has been forwarded to B&W foe their use. 

The Pha~e I soll testlug boring location drawing has been issued to the 
fleld for the mining study. 

Recommendations have been made to BCR concerning enclosing the gasifier 
structure, enclosing the coal pzeparatlon facilltles, operating floor 
des ign,  and p l ~ t  roads and ps rk tug  a r e a s .  

A recommendation has been submitted to BCR concerning the use of a 
plant model. 
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GENERAL SFECIFICATIONS 

Eleven (II) Eeneral specifications were issued for construction. 
Apprortmately thirteen (13) additlonal Eeneral specifications have been 
returned from BCR with their =onments. Two (2) specifications have not 
been returned from BCR. 

FI KLD PROGRESS 

The legal survey has been completed and the certified dra~ing received. 
Topographic survey work has been completed and Phase I soil testing bore 
holes have been  established. 

Site clearing is complete and drl].llng work has started for the soils 
analyses. Progress has been somewhat hampered due to the wet weather. 
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PROCESS ENGINEERING 

GENERAL 

A flow diagram review meeting was held in Denver on Nove~er 9-10, 1972. 
This ~eecing was attended by Stearns-Roger, BCR, Blaw-Kuox, C. F. Braun, 
and OCR. The purpose of this meeting was to revle~ flow sheets for 
"approval in prlnclple" with respect to the basic process scheme and 
equipment requirements. 141nmces and marked flcr~ sheets were subsequently 
distributed by S~earns-Roger. Stearns-Roger received approval in 
principle, areas marked '~old" excepted, on December 5, 1972. Thls type of 
approval applies Co flow sheets 00-1-10 thru 00-1-21. 

i. Coal Handling 

Prellmlr, ary sketches have been prepared for all bins in the coal handling 
area. These are being designed by Stearns-Roger in the detail required 
to obtain fabrication quotations. 

Vendors' quotations due approximately December i, 1972 have not been 
received. Vendors have been expedited and are providing proposals 
between December 6, 1972 and December 15, 1972. 

Basic design problems not recognized in the Koppers design or initial 
Job scope have resulted in addition of approxlmately 600 manhours re- 
qu/red for process - mechanical equipnent design. Appropriate cost 
trends are being developed. 

Since the flow sheet review meeting, ic has been determ/ned ~hat 
addlclon of a slag Erinder will be necessary because slag is not 
available comm~reially to the required screen anaylsis. Process design 
of the associated transportation, storage and clsssifying facilities 
is in progress. Additional ma~3ours for this system have not been 
included above. 

The requirement to dry lignite in an atmosphere containing less than 
1% oxygen received October 23~ 1972 resulted in a complete new process 
design for The coal crushing-drying circuit. Work accomplished prior 
to this date was losE. 
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2. Coal Feed 

Since t he  las£ report, vessels in this area were redesigned to prov ide  
the 70" slope requested at the November 9-10, 1972 flow sheet meeting. 
Thls request resulted in major vessel revisions and will require added 
structure height , revision of previously czlcu/ated puree rates ~md 
up-datlng of flow sheets. A cost trend is being prepared for this 
change. 

Inquiries for eleven major equipment i tems have been sent to vendors 
between 9-27-72 and 11-29-72. Of seven vendors asked to quote coal 
feeders, one vendor responded. All others declined to quote. One 
vendor has agreed to reconsider and offer a quotation. Delays are 
being experienced on quotations for other items, due to specialized 
design, exceptions to OSHA requirements, etc. 

Operatlonal safety features have not been recognized in previous 
deslgnwork. The passib111tles and ways to prevent hot vapors 
backlng Into the coal feed system are being investigated. Possible 
overpressure of the coal feed bin due to valve failure must be 
adequately recognized In design. Thls problem is directly related 
to adequate d/sposltlon of vent gases. Lock hopper valves are still 
being researched. As stated in the previous report, basic process 
deslgn is considered firm. 

3. Gasification 

The gaslfler cooling water flow diagram has been developed - -d  
approved In p r i n c i p l e .  Process  i n fo rma t ion  r e q u i r e d  to  s i z e  pumps, 
exchanger s ,  and sys tem surge  i s  s t i l l  dependent  upon f i n a l  g a s l f i e r  
des lgn .  

Efforts to locate a vendor for the slag crusher-grlnder have not 
been successful. Accordingly, the slag removal flow sheet has been 
revised to show Installation of the required lock hoppers. This 
flow sheet will be issued for approval in principle approximately 
December 15, 1972. 

The o t h e r  g a s l f l e r  f low diagrams have been approved in  p r i n c i p l e .  

Major equipment i tems are be ing s p e c i f i e d  f o r  purchase i n q u l r y .  

The bzslc gaslfler speclflcatlon was sent out for approval October 30, 
1972. "As Noted" approval was received November 29, 1972. Incorporation 
and resolution of pertinent approval comments is in progress 

GAS IFIER 

As no t ed  in the  l a s t  r e p o r t ,  B&W had promised to submit  an e n g i n e e r i n g  
serv ices  proposal  by November 9, 1972. Ou November 1, 1972, Stearns-  
Roger r e q u e s t e d  B&W to hand c a r r y  t h l s  p roposa l  to  Denver by November 7, 
1972. On November 9,  1972 r e p r e s e n t a t i v e s  of  B&W brought  the p roposa l  
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GASIFIER- continued 

to Denver. November 9 and I0, 1972 were devoted to review of this 
propo0al in detail between Stearns-Roger and B&W and working out the 
details of a mutually acceptable subcontract document to cover this work. 
On November I0, 1972, essential agreement was reached and BCE was so 
advlmed. The following week Stearns-Roger prepared the B&W subcontract 
draft. The necessary B&W rei~ursement information needed to complete 
this effort was received on November 16, 1972. Stearns-R0ger 
transmltted the subcontract draft to B&W for final comment on November 
17, 1972 with a copy to BCR for information and comment. The document 
as drafted did not contain the OCR/AGA Joint agreement and guidelines. 
BCR raised questions regazdlng the OCR/AGA agreement patent clause and 
data clause. These matters were resolved and on December 4, 1972, 
Stearns-Roger was advised to submit the B&W subcontract for approval. 
Final changes were made and the B&W proposal was submitted for BUR 
approval oa December 6, 1972, with a request for immediate action. 

4. Gas Wash 

Design of the gasifier effluent line has developed into a major 
problem area. Thermal gradients in the heavy wall pipe necessary 
for design pressure, results in material stresses which cannot be 
tolerated. Several alternate solutions are being invest_lEafed , 
but no alternative method has resulted to date. The complexity 
of thls problem was not apparent until clefs/led stress cal=ulations 
were run. 

Gas washer design is complete, but equipment specifications are 
being held, pending confizmatlon by B&W of original BCR gaslfier 
bean loss data or resolution of any different res,,Its. 

5. Char and Li~e Systems 

Flow sheets  have Been approved in  p r inc ip l e .  Equ/pmaut quotat ions 
were due November 17, 1972. As with coal feeders, 6 of 7 vendors 
have declined to quote due to tahe unusual equipment requirements. 
Other major equipment is being specified for purchase inquiry. 
Equipment specifications for the overhead system components are 
5ein E hel~ until design problems in the overhead llne are resolved. 

At the November 9-10, 1972 flow sheet meetings, it was decided to 
inject flux lnto all three char burners, with an alternate flux 
injection into the coal injectors. This requires the addition 
of two additional feeders and revision of flow sheets. A cost 
trend will be submitted for this change in scope. 

6. CO Shift 

Process design for C0 shift is complete. There are no major problems 
in this area. Flow sheets have been approved in principle. All 
major equipment has been released to the mechanical group for 
prepara t ion  of inquiry s p e c i f i c a t i o n s .  
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7. Acid Gas Removal 

Stearns-Roger reco---~nded selection of the SELEXOL process on 
No'¢ember 3, 1972. Approval of this recommendation was received 
December 5, 1972. Work is now in progress on this basis. The 
process desIE= was essentlally complete at the process recommendation 
sgaEe. Allied Chemical will visit Stearns-Roger the week of December 13, 
~o finalize process design and equipment ~equirements. Some major 
equipment has been released for preparation of inquiry specificatlons. 
Before distribution of process information, Allied Chemical 
secrecy agreement matters need resolution. It is ass,-m-d that 
Allied Chemi~sl will handle this with the interested organizations 
involved ou the project. 

S. Methanatlon 

. 

Basic process design is now considered firm. Flow shee~s have 
been approved in principle. Equipment is being specified for 
purchase inquiry. Water removal facilities have been included in the 
design, based upon non-availability of a suitable water tolerant 
c a t a l y s t .  

Ut£1ities 

Job desIEn will be based upon use of Homer City water supply. 
The creek pumping facilities will be eliminated. A cost trend will 
be submitted for this change. 

No further information regarding the availability of commercial fuel 
gaS haS been received by Stearns-Roger. This item must be resolved 
within the next month in order to proceed with design of utilities 
and properly specify fuel gas using process equipment. 

Process design has been started to develop utility and disposal 
requirements in the areas of oxygen -nd nitrogeu distribution 
s y s t e ~  steam system, a n d  effluent water treating. 
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APPENDIX E 

.~DDITIONS TO T5.~ ABSTRACT FILE - NO~M~Eq, 1972 

Grace, R. J. and Zal~_ra~nik, R. L., "BI-GAS program enters _~ilot _Plant stage," 

Fourth 83mthetie Pipeline Gas Syzp., Chicago, Ill., by Am. Gas Assoc. and U.S. 

Office Coal Res., 1972. 22 pp. 

The focus of this paper is the 5 ton/hr pilot plant to be 
built in 1973 at H~mer City, Pa. (Adapted from authors' 
Introduction) 

last. Gas Technol., "A survey cf R & D projects directed to%~rd the conversion of 

coal ~ gaseous a~d liquid -~uels," prepared for Am. Gas Assoc., Inc., Catalog 

::o. HBI791 (1971). (129 pp.) 6~2.6 I 59 

Information has been compiled on all major coal conversion 
research projects undertaken during the mast le-i5 years. 
The material has been obtained from available Im~blished 
sources and therefore has been presented ",~ithout discussing 
technical aspects in great detail. Periodic updates are 
planned. A bibliography and an index of organizations 
involved in the work are not given. 

~rnavas, J. A., is-Rosa, P. J., and Pelczarski, E. A., "ATGAS--a process for 

gasification of coal in molten iron," Fourth S%/nthetic Pipeline Gas Syrup., 

Chic3go, Ill., by Am. Gas Assoc. and U.S. Office Coal Res., 1972. 12 pp. 

5~O.0oo 72-8 

Experimental results obtained in gasifying coal %~ith air in 
&n induction melting furnace (27 in. !D) are used as the 
basis for a discussion of the process used for coal gasifi- 
cation with steam and oxygen. An estimate of process 
economics is given. 

Lee.. B. S., Tarman, P. B., and Yuungb!ut, K. C., "Status of HYGAS, electrothermal 

gasification, and steam-oxygen gasification programs~" Fourth Synthetic Pipeline 

Gas Sy~p., Chicago, Ill., by Am. C~s Assoc. ar~ U.S. Office Coal Res., 1972. 

9 ~. 540.0OO 72-9 

The progress of iGT's HYGAS program since the report 
presented at T/%e Third Synthetic Pipeline Gas Syml~sium 
is reviewed. 
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.~!il!s, G. A., ':Coal ga~if icat io;,  research - 3ureau of .u~nes," Fcur~_h S~..thezic 

Pipeline Gas 5"jnzp., CP.ic~c, T ! I . ,  by ;~.  Gas Assoc. and U.S. ~ff lce Coal Res., 

!972. 21 ~p. 5}'0.0C~ , 72-10 

The projects revie~-ed are: stirred fixed-bed pilot ur.it; 
hydrogasificaticn (P~'drane Process); catalytic gasificatioz; 
"underground gas ification; and explor~torj 6asification. 

Rudo!mh, P.F.H., "The Lurgi process - the route to 3..~.G. from coal," Fourth 

~-thetie Pipeline Gas Sy=p., Chicago, Ill.. by Am. Ga~ .Assoc. and U.S. Office 

Coal Res., 1972. 26 p~.~ 5hO.OO0 72-1i 

The Lurgi process is described and is presented as a 
co~mercizlly pr-o'¢en Ul~-to-date ;roce~s. 

S•hora, F. C. and ~s~tthe%-s, C. W., "Other coal gasification related A.G.A. prcgrar.s 

a t  the Yr_stitute of Gas Technclogy~ ~' Fourth Synthetic _=ipeline Gas Sy~p., Chicago. 

]3_I.. by Am. Gas Assoc. and U.S. Office Cca! Res., 1972. 20 ira;. 

5~0. COO 72-12 

The objectives and szatus of seven engoir~ programs are 
covered. The programs are variously related to %~rk on 
the mechanism of coal gasification; aimed at developir~ basic 
er~imeeriug data necessary for designing high-pressure coal 
gasification systems; fGr the purpose of izprovir~ gas-cleazing 
systems; to develo]) an alterr~%te hydrogasification process ; 
and further work on converting large quantities of oil shale 
to gas. (~rom authors ' introduction) 

Vestal, M. L., Day, A. G.~ III, Snyderman, J. S., Fergusson, G. J., Lampe, F. W., 

Essenhigh, R. H., and Johr.ston, W. H., "Kinetic studies on the pyrolysis, 

desu!furizaZion, & gasification of coals with emphasis on the non-isothermal 

kinetic method," Scientific Research Instrument Corp., Rept. No. SRIC 7n-l~, 

Final Rept. to U.S. Natl. Air Pollut. Contr. Admin. (1969). 102 pp. 

54O.OOO 69-28 



These studies on desul~rization of coal during gasification 
have ezg_hasized the theoretical and exp_erimautal application 
and extension of the new method of non-isothermal kinetic 
measurements developed originally by Juntgen and coworkers. 
A substantial amount of basic kinetic data relative to the 
d~.sul~N~rization of coal during pyrolysis and gasification 
has been obtained and has been used to construct a rational 
mechanistic ~icture of the process in terms of a set of 
competir~ and opposing chemical reactions, the individual 
rates of which are .kn~ under a variety cf process 
condiZlons. (Ada_~ted from text) 
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PA~FfS 

A/dridge~ C. L. and Buben, D. (to Esso Research and Engineering Company): 

"Production of methane rich gases," U.S. Pat. 3,689,240 (Sept. 5, 1972). 

~O .COO Patent 

2~p. 

A process for producing a methane-rich gas wherein 
carbonacecus material is steam gasified at temperatures 
bet%~er, llOO and l~OO °F. and at pressures between 200 
and ~000~.s.i.g. with steam rates between 0.I and i.O 
wt. H20/wt. carbon/hr, in the presence of an alkali 
metal salt catalyst composition. (Abstract of the 
discl~sure) 

Lorenz, E., Reitz, 0., and Ebenhoech, F. L. (to Badische Anilin- & Soda-Fabrik 

A.-G), "Catalytic conversion of carbon monoxide amd steam~nder pressure to 

;roduce hydrogen," U.S. Pat. 3,392,OCI (July 9, 1968). 2 pp. 

5hO.0CO Patent 

A carbon monoxide conversion process using catalysts 
which comsist of oxides and sulfides of transition 
elements of Groups V to VII of the Periodic System 
SUPl~orted on oxide or silicate carriers sm.d contain 
hydraulic cement binding agents. (Abstract of the 
disclosure) 

Lorenz, E., Wodtcke, F., Eher~oech, F. L., and Gies!er, E. (to BadischeAuilin- & 

Soda-FabrikA.-G.), "Catalytic reaction of carbon monoxide with steam," U.S. 

Fat. 3,529,935 (Sept. 22, 1972). 4 pp. Certificate of correction. 

5hO.OCO Patent 
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_~ne catalytic reaction of carbon monoxide xith steam in 
the presence cf oxi~ic or sulfidic catalysts contair.ir.g 
the transition ele-mem.ts of Group %--_' of the Periodic SystA_m ~ 
znd cobalt and/or nickel on a carrier of aluminum oxide 
and magnesium oxide. (Abstract of the disclosure) 

Slazer, W. L. and So,~linger, W. G. (to Texaco, Ir.c.)~ "~roducticn cf a methane-rich 

s~thesis gas," U.S. Pat. 3,68~,h38 (Sept. 5, 1972). 3 PP. 

540.000 Pat=nt 

Methane-rich synthesis gas comprising H2, CO, C~ 2 ar.d 
10 to 26 percent by volume of C~& (dry basis ) is produced 
by the partial oxidation of a hydrccarbonaceous fUel in 
a free flow noncatalytic sym~hasis gas generator at a 
reaction temperature below 1,700 ~F., a pressure in the 
rar~e of about 15 to 25C atmospheres, and a steam to ~h~e! 
weight ratio in the range of about 3 to 5. The ~roduct 
gas, after removal of CO 2 and H2S has a heatir~ value it. 
excess of bOO B~u/scf. (Abstract of the disc!cs~re) 
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I. STATUS OF CnN~CT 

A. Pilot Plant Engineering Bid Paekazes 

Step No. I: PilD= Plan= for oxygen-blo~,m, two stave coal gasiflcat~on 
system, including general facilities: design and models. 
For additional information see Part TI: Contract Evaluation. 

~;ork Completed) 

Step No. 2: Fluidized Bed system. 

(T~ork Deferred) 

B. En~ineeringAssis~;nce and Recommendations for PE~,, Program Methanation PEDU 

The following Fluid Bed Methanation PEDU drawings, bills of ma=erlal, and 
specifications were transmitted by Koppers Company, Inc. to BCR: 

Drawin~ No. Rev. No. 

2415-2A747 i 

Title Date Trans. 

Instrument Air and Gage Piplnz 
Sheet ! of 2 

02NOV72 

2415-2A748 i Instrument Air and Gage Piping 02NOV72 
Sheet 2 of 2 

B/M 2415-2A747 1 Instrument Air and Gage Piping 02NOV72 
Bill of Materials 

2415-2A>30 2 H.P. Stall Eouipment Gen'l. 02NOV72 
Arrgra't. and Piping and Steel 
DesiKn - Sheet 1 of 3 

2415-2A731 2 H.P. Stall Eouipment Gen'l. 02NOV72 
Arrgm't. and Piping and Steel 
Design - Sheet 2 of 3 

2&Ih-2A732 2 H.P. Stall E0uipment Gen'l. 02NOV72 
Arrgm't. and P~nlng and Steel 
Design - Sheet 3 of 3 

B/N 2415-2A730 2 H,P. Stall E~uipment Gen'i. 02NOV72 
Arr=~m't. and Piping and Steel 
Design - Bill of Materials 
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The following memorandum was transmitted by Koppers Company, The. 
to BCR: 

Date Letter No. Title Rzmarks 

16NOV72 2415-C472 Cardox Information Transm~tte4 Technical bulletins 
pertaining t o  Cardox cn 2 
F~berglass Storage and Vaporizer 
unlts. 

If. 

C. Fluid Bed Gasification PEDU 

I. BCR's letter of 26JUN72 relieved Koppers of the responsib11~ty 
for fluidized-bed gasification englneerinz under ~mendment No. 6 
and No. 7, Subcontract No. 2, OCR Contract No. 14-32-001-1207. 

D. General EngineerinK Assistance & Consultation 

i. Koppers Company, Inc. Inspection Section with personnel from BCR 
inspected =he "Methanator Reactor" (item M-R420) on 06NOV72 
at Nooter Corporation, St, Louis, Missouri. An inspectlon report 
was transmitted to BCR in a memorandum (2415-C&73) dated 16NOV72. 

CONTRACT EVALUATION 

Four (4) copies of Amendment No. 7 to Amended Subcontract No. 2 including 
Appendices I through VIII, signed by Mr. J. D. Rice, Vice President & Asst. Gen. Ngr. of 
Lngineering and Co,Lstruction Division, Koppers Company, Inc. were transmitted 
to BCR ~n our letter 2415-C183 dated 18OCT71. Receipt of these CoDies was 
acknowledged by BCR in their letter dated 18OCT71. 

Pilot Plant Engineering Bid Package (Volumes I through Vl) was completed in 
accordance with the scope of work specified under Appendix 1-Revised Appendix A, 
Par. ILIA-5. Step a.: "General Facilities Plus Oxygen-Blo~.m Two-Stage System" 
of Amendment No. 7 to Amended Subcontract No. 2 (originated under OCR Contract 
No. 14-01-0001-32& and transferred to OCR Contract No. i~-34-0001-1207) between 
Bituminous Coal Research, Inc. and Koppers Company, Inc. 

J. F. Farnsworth 
Project Manager 


