Fischer-Tropsch Synthesis and Distillation

Synthesis Run 2

The second synthesis run was described in the 1951 Annual Report. The run was
followed by a rerunning operation to mroduce specification-grade Diesel oil and a
reforming operation in the Perco catalytic conversion unit to upgrade the synthesis
gasoline. Following these operations, essential revisions were made in equipment,
piping, and instrumentation; it was hoped that they would improve operation of the
synthesls and distillation units of the Gas-Synthesis Demonstration Plant.

During the second synthesis run, a large portion of the synthesis condensate
wasg fractionated as 1t was produced 1nto gasoline, Diegsel oil, cracking stock, and
coolant-oll fractions. At the end of the synthesis opera'blon an appreciable quan-
tity of synthesis condensate remained to be fractlonated. The primsry fractionating
unit was operated separately during the early winter, and about 7,500 gallons of
synthesis condensate was processed to yield the product fractions mentioned above.
This operation was conducted specifically to mroduce a Diesel oil meeting current
military specifications, About 800 gallons of Diesel oil was recovered, but this
product did not meet the specifications, because the initial boiling polnt flash
point, and corrosion were below standard The products were remmrocessed by treat-
ing with_caustlc alkall solution and redistillation. The material obtained after
this treatment met the chemical and physical requirements of a Class 1 Diesel oil
of military specifications - MIL-D-896, The characteristics of the synthetic Diesel
oll were as follows:

Characteristics of synthetic Diesel oil

Specification
Product requirement
Coetane rating .icesecesiresesnoecennsesssacnesnnnes 60.0 50
Flash poInt s.ieveeiienesnscecescaanecsecansanss OF, 196 140 minimum
Pour poInt ..vseeeeeeecesescssncccscrsessasanas Q0. -5 0 maximum
Viscosity at 100° F. centistokes ...eeeeeeseeoeoacs 2.4k 2,1-6,0
Carbon residue on 10 percent residuum ..... percent 0.06 0.20 maximum
SUL UL svseeerenannsensesasncsssonsonsssansenss G0 0.021 1.25 Do.
Color, NP, A, teieeeeanvevesascsssecacosaososnonnns 1.75 5 Do.
Corrosion (3 hours at 212° F.) ...vieverenensenaes. Negative Pass
AP.I. gravity ab 600 Fu vevveeensesocovnsonsnnsees k3.8 -
Distillation, °F,:
N 298 -
5 eecessssnssasacsscesessncasrssnssesss PErcent at 458 -
10 iiiiittesanaetterttectesrossesnesnneessas (0. heo -
RN s o 470 -
50 teetererectrnentcsssestsaccensacoesnasnese 00 kg0 -
T eiesesesnarsnsenssseacecnnsasnsenssesssese Q0. 50k -
g0 Ceeeseenecsciniatiierittientissessssanasss QO 528 675° F. maximum
E P tieirieaiserncnoassnscnsnarssnennasenvsansne 578 725° F, Do.

To test the utility of this Diesel o0il in commercial operations, a cooperative
agreement was negotiated between the Pond Creek Pocahontas Co. and the Bureau of
Mines. This company will test the synthetic Diesel oil in a Diesel-~engine~powered
mine locomotive, and several barrels of the synthetic fuel have been supplied for
this purpose,
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The debutanized gasoline was subJjected to a catalytic reforming treatment over
a bauxite catalyst in the Perco catalytic conversion wmit., Approximately 9, 000 ga.l-
lons of the debutanized gasoline was processed at a catalyst temperature of 710° to
720° F. About 7,600 gallons of product, plus 400 gallons of heavy polymer, was re-
covered, Test data of the charge ma.terial and product are:

Perco~treated synthetic gasoline

Charge Product

G-I‘a‘fi'by 20 0068080000600 0600650800850 0000900 OA'PIIO a'-b 600 F‘ 66'5 67‘5
Reld VEADOr DPreSSUTE .esevecesesscesecasssess D.S.1.8.1 7.6 6.8
Distillation, OF.:
TeBuP: ceceocovsassscosscscosscossssscsassacssnssrsasscse 9l 97
10 veterevnsacsncnsencesasassensscasssssss Percent at 126 133
20 4utesasreaceasescesasarecssssssesanssssanssesss G0, 150 156
50 veeeecsoescssscnssnsssarecsancssssssssosssnssss GO, 22k 226
U TO eivesncisessarenccssssessssasssanssencssssens Q. 273 277
G0 vuervomncsscscsocscessscsesscncsssssssasasscess 0. 335 345
End polnt soeeececscecccossssessosacscssosnccncscsnes Lo7 400
Octane numbers:
Research, Clear ..seeesecscscacossosscssnssssesassnns 61.5 70.2
F1 teerevereressesssesscssesassssss ml, T.E,L, /gal, 72.0 80.0
43 e uoenussesesesssscssescsnrasesssssasensesse U0 82.6 86.4

1/ Pounds per square inch gage.

Higher octane ratings are desirable. In this initial operation of the Perco
catalytic reforming unit, the reforming operation was conducted at 710° to 720° F.;
a temperature of 750° or 800 F. might have been more beneficial, This operation
demonstrated the need for additional insulation on the pipeline between the feed
heater and the Perco reactors, and this was installed later. In general, the opera-
tion was falrly smooth, with only minor mechanical troubles with the feed pumps.

In operating any new processing unit, it is not unusual for mechanical troubles
to develop, and 1t was not unexpected when some of the equipment in the synthesis
and distillstion units of the Gas-Synthesis Demonstration Plant did not function
properly. At the end of the second synthegis run, the functioning of all units of
the plant was carefully analyzed, and recozmnendations were made for improvements in
equipment piping, and ingtrumentation for better operation and control.

In the Synthesis Section, the coolant oil-circulation pumps are very Important
to successful operation. ‘I'hey must maintain a continuous, uniform flow of coolant
0il through the reactor, so that the heat of reaction will be removed and uniform
temperatures main‘ba:lned The pumps are provided with double-ring mechanical seals.
For best operation, these seals must be provided with an uninterrupted supply of a
proper oil, which cools and lubricates the moving parts of the seal assembly. The
0il must be supplied at a pressure above the working pressure of the pump, so that
there will be no backflow of the material being pumped Into the seal, To supply
this oll for the mechanical seals, a separate pressure unit, complete with reser-
voirs, cooling coil, gear pump, a.nd relief valve, is employed, During the second
synthesis run some malfunctioning of the mechanica.l seals was experilenced, most of
which could be traced dlrectly to wide pressure fluctuations In the seal oil -gystem.
To correct this condition, an auxiliary electric motor-driven gear pump and relief
valve were Ingtalled. It was believed that these additions to the system would
reduce difficulties to a minimum.

5178 -23 -



The centrifugal separators, for separating coolant oll from the gas stream
after the synthesls reactor and for separating synthesis condensate from the gas
gtream after the heat exchangers and condenser , have been deslgned for higher gas
flows and did not achieve the desired separations at the gas-flow rates employed.
First, the separators were modified by installation of smaller throats , 8o that
proper veloclities for separation would be obtained, and as the separations actu-
ally attained were still unsatisfactory the separators were replaced before the
third synthesis run was begun. A new comblnation baffle and centrifugal-type
separator now separates the coolant oll from the gas stream, and a baffle-type
separator removes the synthesis condensate from the gas.

Cold-weather operation clearly demonstrated the need for additional insulation
and steam tracing on pipelines carrying coolant 0il, synthesis condensate, and
agueous condensate. The functioning of some instruments, particularly liguid-level
controllers and gage glasses, was improved when steam tracing and insulation were
added. The functioning of some flow controllers can be improved by installing dif-
ferential-pressure transmitters (DP-cells), and recommendations have been made for
using such instruments in certain specified locations.

In the distillation wnlt of the plant, functioning of the primary fractionating
unit, the absorbers, and the debutanizer system left much to be desired. These units
depended on each other, and an upget in one unit was reflected in the others. Sev-
eral changes in plping and ingtrumentation wers made +to correct this situation:
These changes included connecting the coolant o0il and synthesls-condensate flash
tanks In parallel to permit measurement of the condensete alternately in each; in-
stallation of a return pump for automatic removal of condensate from the inlet of
the absorption-system compressor; increasing the size of the vapor connections and
plpeline from the Diesel-oil stripper to the mrimary columm; installation of a
cracking-stock recycle line between the cracking-stock stripper and the primary
column; ingtallation of steam-driven transfer pumps for synthesis condensste and
debutanized gasoline; steam-tracing of some process lines; and adding extra insula-
tlion to other process lines, None of these constituted a major change, but all were
necessary for Improved operation.

Synthesis Run 3

After the changes indicated were completed, preparations were made for the
third synthesis run, which was carried on during May and June 1952. (§_e_§ figs. 16
and 17 for diagrams of the synthesis unit and of the revised distillation unit , re-
spectively.) The second synthesis run had shown that H> + CO conversions better
than 80 percent could be maintained over an extended period., It was an objective
to Improve these conversions, if possible, striving for near 90-percent conversions
without serious deteriloration of catalyst or use of excessively high operating
temperatures,

After the synthesis converter was charged with 13,204 pounds of reduced fused
synthesis catalyst and the system filled with coolant oill (which, in this case, was
a mixture of Primol "D" oil and coolant oil from previous operations), a stepwise
induction with synthesis gas from the Kerpely producer was begun on May 27, 1952.
This operatlon employed a modification of the induction procedure , which consisted
of heating the circulating coolant oil with steam to sbout LOOC F., in the waste-heat
boller and then continuing the heating to initial reaction with Dowtherm vapor in
the coolant-oil preheater, instead of the usual procedure of heating the oil with
Dowtherm vapor alone. This method had the advantage of more rapid heating to 40O F.
because of the better heat-transfer rate obtalned with steam. The conversion levels
and temperatures employed in the induction were 15 percent at 4350 F,, 25 percent at
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460° F,, 40 percent at 510° F., and 55 percent at 526° F. The conversion was main-
tained at each temperature level for approximately 18 hours. The conversions then
gradually stabilized at about 65 percent at a 5250 F, operating temperature.

As operation continued, it was necessary to raise the temperature to 540° F,
At the same time, conversions began to drop. Investigation showed that the seal oill
for the mechanical seals contained appreciable quantities of sulfur compownds, and
it was assumed and later proved that the catalyst was being poisoned by sulfur and
gradually lost activity. This situation was corrected by substituting a sulfur-free
oll for the seal oil previously employed.

During the first 2 weeks of the third synthesis run, the maintenance required
to keep the mechanical seals on the coolant-oil circulating pumps in top operating
condition was very high; however, as the operators gained experience in operating
the pumps, they recognized trouble earlier and so reduced the need for extensive
maintenance.

Some catalyst carry-over and disintegration occurred., This was evidenced by
the build-up of solids in the circulating coolant-oil stream. Although most of the
golids particles were very small, they were sufficient to ceuse erosion in some of
the piping, particularly in small lines where velocities were high, The piping was
replaced, and no further erosion was experienced,

As operations proceeded, conversions dropped from around 65 to 58 percent at
5350 F., at a space velocity of 533 volumes per volume per houwr., At this point the
gas flow was reduced to 350 volumes per volume per hour space veloclty, and opera-
tions were continued at 535° F. until June 24, 1952, when a leak in the coolant-oil
flow-control valve interrupted operations. During this period, conversilons improved
appreciably and reached 8k.4 percent. When the synthesis unit was restarted, it was
discovered thet scme of the coolant oil fram the reactor had been carried over to
other parts of the system, and 1t was decided to terminate the run June 26, 1952.

Typical operating conditions during the stable periods of operation are given
in table 8.

TABIE 8, - Typical operating conditions - synthesls run 3

DELE veeevosocesoeenassonssssssaansasessssssssessaad dune 9, 1052 June 24, 1952

Fresh feed-gas 1oV .eseeesssscssss std, cu, £t./hr. 65,400 38,560
Hp:CO in fresh Feed 885 .uveecesessessscscssssancans 0.935 0.994
RECYCLE TALIO vuueeeeseconsencssssnsassssasocnaannns 1.48 1.86
Maximum temperature ..eeeeeesecsesassssasssasses OF, 545 534

AT across synthesis converter ...ceseesecesecss Q0. 13 T
Maximum PresSslle® ve.soeseeceesessssssssssess DeSeleBe 317 321

AP across synthesis converter ....ccesesceceess G0 17 11
SPACE VOLOCILY eevevseeseescnssansesss VoL, /vol, /hr, 584 345
CONVOrSION seseeecesessssaecssassesscaasssas Dorcent 66.8 83.9
USBZE TBLIO eevveeeencassescesesassossassssssancsons 0.752 0.858
COs in fresh £664 Z8S c.eeeveeesrsssraasssss percent 2.9 3.2
COo In recyCle GBS seseecssscsscsscscsassasacsss GO, 0 0.3
COo in gas from synthesis converter ............do. 9.5 9.2
C14Co yield, gm./m3(CO+Hp) in fresh feed .....eue.s. 37.4 46.6
C3+ yileld, gm./m3(CO+Hp) in fresh feed (theo.) eeene 101.5 127.9

Approximately 14,000 gallons of synthesis condensate was recovered during oper-
ation of the synthesis unit. This was separated Into gasoline, Diesel-oll, cracking-
stock, and coolant-oil fractlons in the distillation unit.
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A large portion of the gasoline produced was subjected to a reforming treatment
in the Perco catalytic reforming unit., The mechanical operation of this unit was
very! satisfactory, and the reforming operation and subsequent regeneration of the
catalyst proceeded smoothly. This operation was conducted at temperature levels of
700° , 750°, 775° , and 8250 F, to determine the optimum temperature of operation., Al-
though the Improvement in the octane rating of the gasoline was not as high as desired,
much valuable information on the process and experience in operation were gained.

The vacuum column was operated for the first time on a coolant-oil fraction to
separate wax, This run was of short duration, and a limited amount of coolant oil
was processed. Additional runs will be made later to supplement the information
obtained in this run.

Following termination of synthesis run 3, some important changes have been made
in the synthesis system. A new gas distributor has been designed and installed in
the synthesis converter. With this new distributor , the gas will enter separately
and not cocurrently with the coolent oll, as iIn past synthesis runs, A continuous .
coolant-oil make-up system will replace the pumps originally installed and will in-
sure relatively uniform temperature levels during operation. In the past coolant-
oll additions always were attended with wide temperature fluctuations, which caused
a drop in conversion and slow return to the normal operating temperatwre., The geal-
oil supply to the coolant-oil circulating pumps was also improved,

The distillation system has been entirely redesigned, and a new philosophy of
operation has been developed. In this new system a heavier absorption oil, obtained
by stripping the synthesis condensate, will be utilized to recover the hydrocarbons
in the tail-gas stream. The enriched absorption oll will be gtripped, along with
the synthesls condensate, in the mrimary columm., The stripped overhead product,
gasoline, will be debutanized and later processed in the Perco catalytic reforming
unit, The recovered light hydrocarbons from the debutanizer will be rrocessed to
polymer gasoline in the U.0.P. catalytic polymerization unit. A portion of the
stripped bottoms from the stripping columm, consisting largely of Diesel oll, will
be used to recover the hydrocarbons in the tall gases, and the balance of the
stripped bottoms will be sent to storage for later processing. Final sepasratlons
into commercial fractions will be made after synthesis operations are terminated.

These chenges in the synthesis and distillation systems have necessitated re-
visions in operating directives, log sheets, analytical schedules, and other
material, and these have been accomplished,

Future Plans

For synthesis run 4, scheduled to begin late in the year , it was proposed to
use purified synthesis gas fram the vertical gasifier if it was available; otherwise,
purified synthesis gas from the Kerpely producer was to be uged, as in past runs. No
chenge was planned in the synthesis catalyst. To learn more asbout the effect of
operating temperature on catalyst disintegration, it is purposed to limit the maximum
temperature to 520° F, Synthesis run 4 will also permit a Pull trial run of the re-
vised distillation unit.

Other synthesis runs are contemplated in the current year to obtain complete
information on yields, characteristics of products , and the effect of operating
variables when iron catalysts promoted with potassium and magnesium oxides are used.

Engineering and Econamic Studies for Commercial-Size Operations

Coal Preparatlion

A baslcally new approach to the problem of pulverizing coal for the coal-
hydrogenation process was investigated. This departure from the conventional use
of air-swept ball mills was based on the idea of reducing the coal size in stages
and removing sized coal after each reduction by screening, Thig method lowers the
percentage of flnes and, in addition, by using different pulverizing equipment R
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power requirements, investment, and operating costs are also reduced. The over-all
reduction in costs 1s, to a large extent, determined by the coal-drying requirements.
Additional investigation is required before a conclusion can be reached as to the
magnitude of the over-all reduction in costs.

Three methods were investigated, namely, two-stage hammer mill, hammer mill and
three-stage roller mill, and hemmer mill and two-pair-high roller mill. The two-
stage hammer-mill reduction, as shown in figure 18, had the highest capacity and
product yield per stage. The three-stage roller mill (see fig. 19) has the next-
highest capacity and the two-palr-high roller mill (;_a_g_e_ fig. 20) the lowest capacity
of the wmits tested. A composite size distribution of the end products of the three
methods tested and an average grind of the present coal-preparation plant at
Louisiana, Mo., are shown in figure 21.

Results of the tests indicate the two-stage hammer-mill method to be the most
economical of the three methods tested. The power requirements of the three methods
tested, including drying equipment, are compared with conventional ball mills, as
follows:

Gas swept DALl MI11S c..eevesessscssevscsnsvoasossoans hp./ton 22
Two-gtage hammer mills teecescesssensassssscasnsssssssessesdo. 7
Hermer mill plus three-stage roller mill P « < J £
Hemmer mill plus two-pair-high roller mills ..icescesssccs do. 20

Ammonia from Coal vs, Natural Gas

A study was undsrteken to determine the economics of using coal instead of natu-
ral gas as the raw material for ammonia production. The investment requirements and
operating costs were estimated for three plant sizes, namely, 200, 400, and 600 tons
per stream-day of ammonia,

Tables 9 and 10 show the estimated investment and utility requirements for the
plants using natural gas and coal, respectively.

The estimated dally operating costs for both types of plants are shown in tables
11 and 12, The operating costs, before profit and taxes, per ton of smmonie produced
are indicated at various costs of raw materials.

To make the comparative study, it was necessary to obtain cogt data for a typi-
cal ammonia plant utilizing natural gas as the raw material. 5,000 p.s.1l.8. was
chosen as the operating pressure. Information on investment and operating costs was
obtained from several operating companies, contractors, and published reports, Thege
data were correlated and adjusted to first-quarter 1952 prices. Tables 9 and 1l were
prepared to show Investment and operating costs for plants using natural gas. For
the coal-gasification cases it was assumed that, from the 400- to 5,000-p.s.i.g. com-
pression step on through storage and recovery, the same capital costs, utilities, and
operating costs would apply as In the natural-gas cases. For the oxygen plant, oxy-
gen compression, coal gasification under pressure, mrimary purification, and CO con-
version, flow sheets and equipment summaries were prepared and utilized in determin-
ing the required investment and operating costs. Table 10 indicates an excess steam
production of 500 pounds of steam from waste-heat boilers, and in the study this was
utilized without power mroduction to make up part of the 50-pound gteam requirement,

Special attention should be called to the figures on coal costs listed in the
tables. The estimates are based on the use of Wyoming subbituminous coal from the
Lake DeSmet area where strippable deposits 100 to 200 feet thick result Iin unusually
Pavorable mining costs. This coal has a calorific value of 8,000 B.t,u. per pound,
and therefore with high-rank coals similar ammonla production costs could be obtained
with fewer tons at muech higher prices per ton.

Taking freight rates into account also, it was concluded that there are areas in
the United States where coal can be economically utilized for producing anhydrous
ammonia.
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TABLE 9, - Estimated plant-investment and utility requirements for

ammonia plant (synthesls gas from natural gas)

Tons per stream-day

Unit 200 1,00 600
Reforming, including shift ...iieeeesseesssss| $ 2,326,000 }$ 4,047,000 |$ 5,605,000
Compression 0 400 DPu.1u8. teeveesrecannnnns 720,000 1,253,000 1,735,000
Compression from 40O to 5,000 D.8.1.8 vecrans 930,000 1,618,000 2,242,000
Purificatlon suescecessocssasosescanocananess 1,210,000 | 2,105,000 2,915,000
SYRthESI8 wuveeennnnsenarsnsscronesasansonnns 1,750,000 | 3,045,000 [ 4,220,000
Storage and r'eCOVErY .seveeeescosancccsoasases 370,000 643,800 892,000
General UtIlitien .ueeeeeceseescneasessnannsss 1,100,000 | 1,910,000 [ 2,655,000
Steam and power Plant ...eeveecececsseessoces 3,840,000 6,720,000 9,600,000
General DIANE 4eeeenseneeracssecraccasenannes 900,000 | 1,570,200 | 2,164,000
Total plant cost (tax and ins. base) ...| 13,146,000 | 22,912,000 | 32,028,000
Interest during construction ....eeeesscecses 552,000 962,000 | 1,345,000
Subtotal (for depreciation) ............| 13,698,000 [ 23,874,000 [ 33,373,000
Working capital ...eeeeeecesssncncscoranscans 1,390,000 2,705,000 % 000,000
Total investment ......ceveecesneseassss | $15,088,000 [$26,579,000 |$37,373,000
Process utility requirements:
POWOr tvveeesccaoanosnsasccssnvsscansse KW, 10,668 21,336 32,004
WBLET vvvevsecncecenseneesenesss gal./min, 31,399 6,798 9k, 197
450 1b. Steam sevveveenneesennenna. 1D, /0T, 12,061 24,122 36,183
50 1b. STOEIML vevveeeveoscnseasssnnssss 4O, 39,084 78,168 117,252
Fuel requirements:
Natural @88 seeeeseess. million cu. £t./day 6.06 12,12 18.18
(for process and fuel to cracking furnace) .
Natural g8s ...seeee... million cu. ft./day 5.7 114 17.1

(for power plant)

TABLE 10, ~ Estimated plant-investment and utility requirements for ammonia plant

(synthesis gas from coal gasification)

Tons per stream-day

Unit 200 400 600
OXYZEN DLANT Wvvueesesnorsescoarsassasasacans | $ 2,090,000 [§ 3,515,000 $ 4,552,500
0xygen COMPresSion suieiiecsacesescesesacasaos 149,000 284,000 428,000
Coal gasificabion vuveeeeoossocessasssasacess 1,885,000 {. 3,282,000| 5,068,000
Primary purification .ieesesecesssccccnnssces 524,000 642,000 933,000
SHIFE 4uuerusnsesnnnsoracessasasnssossasansns k41,000 882,000 | 1,323,000
Compression from LOO to 5,000 p.s.i.g8. .e.e.. 930,000 1,618,000 2,242,000
Final purification .iiceciececeescesnnscavens 1,210,000 2,105,000 2,915,000
SyNtheSIS .uveerscessseccocesoscrccnosananeee 1,750,000 3,045,000 4 220,000
Storage and reCoOVErY .ueveeeecesesscscssocsns 370,000 643,800 892,000
General Ub1lities .veeecesccessvscsccosssnccsse 1,100,000 1,910,000 2,655,000
Steam and power plant ...ecececcoscaccsccccens 4,210,000 7,800,000 | 10,500,000
General DPIANt cuseveescsecevcscnccssncnnnnnes 945,000 1,640,200 2,280,000
Total plant cost (tax and ins. base) ... [ 15,604,000 | 27,267,000 | 38,008,500
Interest during construction ..eeveessceesses 655,000 1,143,000 1,591,500
 Subtotal (for depreciation) ............| 16,259,000 | 28,510,000 ] 39,600,000
Working Ca8pital wuvseeseesssescenscnnconoosas 1,390,000 | 2,400,000 | 3,470,000
Total INVeStmMENt seeeeesesssssccsssaeess | $17,649,000 |$30,810,000 | $43,070,000
Process utility requirements:
POWEL sivsvvevaosasorncsnsosssnascecsae KW, 12,296 2k 592 36,888
Water .ovevescoesocasacssnsenssss gal,/min, 26,790 53,580 80,370
500-1b. steam (required) .......... 1b./hr. 28,226 56,452 84,678
500-1b, steam (produced) .............. do. 37,792 75,584 113,376
50'lbo Bteam (required) ss 0B SO IB SO OIGETSS do. 27)123 5)4')2)4'6 81)369
Fuel requirement:
Coald/ 40 Process ....eeeeeescenns tons /day 409.6 819.2 1,228.8
coall/ to POWEY PLANT vuevresesosessosee (0, 43l 863 1,302

1/ Lake DeSmet, Wyo., strip coal with calorific value of 8,000 B.t.u. per pound.
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TABIE 11. - Estimated daily operating-cost summary for ammonia plants

(synthesis gas from natural gas)

Tong per stream-day

200 400 600
1. Raw materials (including natural gas at
$0.10/1,000 CU. Ft.) cavecescosoncncssonsass | $1,302 $ 2,604 $ 3,906
2. Direct Labor: ' ‘
OPETALOrS veveeseescssnsnsossoasenseocssssss 9h2 1,671 2,405
SUPEYVISION seuvsevesessssosacnssenscnsssans 141 248 361
3. Plant maintenance:
La.bor P R T R 307 537 756
SUPETViSION siecssocscnscessacosscsncsosvens 61 107 151
MEterial seveseescesasacssssssonsonscnsnons 153 268 378
L, Payroll overhead ....cecoceseerescsccssssscses 233 411 588
5. Operating supplies ..ceecesececesscsecsssccscscs 10k 182 257
6. Indirect COStE s.eeececessecescsssovssssansssas| 1,370 1,808 2,154
7. Fixed costs:
Local, county, and State taxes, and lnsurance 360 628 877
Depreciation eeeeceseccescossssscssssassess | 1,877 3,270 4,572
TOLBL tevevesncsncasasssscassnsssescens | $6,850 $11,734 $16,405
Operating cost per ton with natural gas at
$0.10/1,000 CUl. £H. cveerosonsscscasansenscnses 37.85 32.45 30.25
Operating cost per ton with natuwral gas at
$0.20/1,000 iy THe sosececsssosnarscascssosons 4435 38.95 36.75
Operating cost per ton with natural gas at :
$0.30/1,000 CU, fhe cevessvossosssssscnassanses 50.85 45,45 43.25

TABIE 12. - Estimsted daily operating-cost summary for smmonia plants

(synthesis gas from coal gasification)

Tong per stream-day

200 400 600
1. Raw materials (including coall/ at $0.75/ton..| $ 790 $ 1,575 $ 2,365
2., Direct labor:
OPETALOT'S 4evseesovsoassaassvesssncsasancass | 1,463 1,992 2,510
SUDPErVISION secsvessacnvssescsncsasssscasass 219 299 376
3. Plant maintenance:
TADOY secsessesasessessesssscsccsacsasancsns 460 625 789
SUPETVISION ievereooscosossncacanssncansasns xR 125 158
Material ..iecevecrorsescnascnsencssansososes 230 312 395
b, Payroll overhe8d ....esecesesecesscsssconssons 358 486 61k
5, Operating sSuPPlies ce.ececsscccacocscconescens 156 212 268
6. INAIrect COSBS cevecscancrssscssansensssncsees | 2,097 2,139 2,248
7. Fixed costs:
Iocal, county, and State taxes, and insurance 428 T4 1,041
Dopreciation seeeiesssscsssseseasacncnccnses | 2,227 3,890 5,42k
TOLAL +uveeueansencnssseassncsnnanasans | 38,520 $12,500 $16,188
Operating cost per ton with coall/ at $0.75/ton.. 47,00 34,25 29.80
Operating cost per ton with conll/ at $1.25/ton. . h9.3h 36.59 32,14
Operating cost per ton with coall/ at $2.00/ton.. 52 .8k 40.09 35.65

1/ Take DeSmet, Wyo., strip coal with calorific value of 8,000 B.t.u. per pound.

5178 - 29 -



