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/" 

1.0 INTRODUCTION 

In the original feasibility study for ~he Tri-state Synfuels Project, 
cresols and cxeosotes were to be sold as final products. This study 
develops process and eost information for hydzo~caeking t h e s e  cresols 
and cx~osotes to gasoline and diesel fuel. 

The capital and operating costs of the cresols/creosotes hydrocracking 
case were developed and incremental costs over the original feasibility 
study are given. 

2.0 PROCESS DESCRIPTION 

2.1 Cresols/Creosotes ~drocrackin~ 

The Cresols/Creosotes Hydrocracking Process employed in this study 
is licensed by Union Oil Company of California. The process is based 
upon Unicracking tec/mology. World-wide capacity of the Unicracking 
process is more than 850,000 B/D. 

Feed to the unit consists of medium and heavy Creosote from Tar 
Dis~illation and Cresols from Phenosolvan. The main purpuse of t h e  
unit is to produce maximum yield of middle distillate. The unit 
hydrogenates the feed to produce mainly diesel and naphtha. Sulfur, 
nitrogen, and oxygen compounds are also hydrOS.hated and removed. 
The high puxity hydrogen (99.5~) for the process is provided from 
the PSA Units. 

The small amount of gas produced by the unit is rou~ed to fuel 
gas. The light naphtha, which is approximately 1 percent of the 
total gasoline pool, is routed directly to gasol/ne blending. The 
heavy naphtha, consisting mainly of cyclohexane and ~lopentane 
is upgraded for octane improvement in the Naphtha Bydrotrea~_r/ 
Reformer. In order to meet distillation and pour point specifications, 
the material from the hyd~ocTacker heavie-T than naphtha is frac- 
tionated into a diesel and fuel oil cut. The diesel cut is routed 
directly for grade I-D diesel blending with the light diesel from 
the DH2/DSC Unit. 

2.2 Mass Balance 

The material h~l!anoe for the Creosote Hydz~--Tacker is shown in 
Table I. 
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2.3 Product Propertles 

Following ks the preliminary estimate of the pro~h~-t 3u~pe.zT.ie8 
from the Creosote Eydrocracker. 

Light Naphtha (C5/185 "F) 

Gravity, °API 54.0 
Stt!~r, ~ <i.0 
NitTogen, wppm <i.0 
RON, clear 83 
M0N, clear 76 

~eav~ NaFhtha (185/325 *F) 

Gravity, °API 49.0 
Boiling Range, D-86 194-329 oF 
Sulfur, wppm ~i.0 
Nitrogen, wp1mn ~ 1.0 
R0N, clear 68 

Diesel + Fuel 0il (325 °F+) 

Gravity, OAPI 31.3 
Boiling Range, D-86 347-725 OF 
Sulfur, wppm <5 
Nitrogen, wppm < 2 
Cetane, number 45 
Pour Point, °F +28 

2.4 Utilit~ Recluirements 

The Cresol/Creosote Ey~zocracker will require the following utilities 
on a stream hour basis: 

600 psig, 750~ superheated steam, Ibs/hr 3630 
600 psig saturated steam, ibs/hr 1340 
120 psig sat~irated steam, Ibs/hr 600 

Electricity, kw 
Fuel gas, MM BTU/RR 

3500 
11.7 

Significant utilities incurred in the PSA, ~/Refozmer, Fuel Gas 
System, Tankage, and Shipping are: 

Electricity, kw 
Puel gas, MM BTU/HR 

350 
18.2 

The small amount of waste water will be processed along with the 
gas liquor. 
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3.0 

2.5 Environmental Considerations 

There are no significant emissions forseen for ehe addition of 
the Cresol/Creosote Hydrocracker. The sour water, containing 
H2S and NH3, will be added to the gas liquor in the Phenosolvan 
plant. 

The small amount of fuel gas contains H2S and will be amine treated 
in the Oil Workup Section. 

EC0NOMXCS 

3.1 Capital Cost Estimate 

The capital cost fort he Cresol/Creosote Hydroeracker, including 
fractionation, rundown tankage and royalties is 23.28 million 
dollars. Costs are tabulated in Table 2. 

incremental capital oosts for the NHT/Reformer, PSAUnit, Sour 
Water treating, diesel blend t~lnk, shipping facilities is 6.00 
million dollars. 

The total capital cost ~ncrease is 29.13 million dollars. 

3.2 _Operatin@ Cost Estimate 

The operating labor requirement is estimated at 15 people to give 
full shi~ coverage on an annual basis. 

Using'anaverage labor cost consistentwiththe feasibility .~udy, 
of $29,000/man/year that includes 351~_rcent overburdens and an 
allowance for shift differential and overtime, the overall operating 
labor co,-t is calculated as follows: 

15menx $29,000/year= $435,000peryear 

The ~=~n~nce costs of the Cresol/Creosotes Hydrocracking Unit 
are estimated at: 

Maintenance Labor = $ 800,000 
Maintenance Material = $ 530,000 

Utility costs are tabulated in Table 3. 

3.3 Thermal Effioien~ 

The energy remaining in the products produced by this process 
divided by the net energy contained in the feed streams to this unit 
is 87~. 

as suiu~c~ 91~ 9114~ ~ cm 91~ 
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3 . 4  C o n c I ~ s i o n s  

S i u c e  t~he e c o n ~ c  e v a l u a t £ o n  w ~ l  b e  made b y  o~.he_~s, n o  c o n c l u s ~ n s  
h a v e  ~ r e a c h e d  o t h e r  t h a n  ~,.~e da~.a p r e s e n t e d  i n  ~ ~ y  o £  ~ . h i s  
s t u a y .  .. 
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Table 1 

M~TERIAL BALANCE FOR THE CRESOL/CREOSOTE HYDROCRACKER 

FEEDS 

MmdiumCreosoCe 17,694] 
Heavy Creosote 13,673~ 
Cresols 4,223J 
Hydrogen 2,124 
Wash Water 1#196 

7.5 2,395 

Total Input 38,910 

PRODUCTS 

11>s/hr A~I B/CD 

Sour Fuel Gas 802 
Light Naphnha* 1,758 54.0 158 
Heavy Naphtha* 8,218 49.0 718 
Diesel Fuel (l-D) 19,700 34.0 1,581 
Fuel Oil 4,608 19.9 338 
Sour Ware/ 3,824 

Total Output 38,910 2,795 

{ 

~ o t e s :  i. *Increase in total gasoline ]pool = 158 + 752 = 910 B/CD (Light + Heavy 

Naphtha). 

2. The 718 B/CD heavy naphtha is reformed to produce 752 B/CD of reformate 
that is added t o  the gasoline pool. 

3. The increase in hea~y naphtha yield over that shown above is due to 
increased reformer yield at the same severity (RON clear) with the 
easier to reform Naphthenic hydrocracker naphtha as partial reformer 

feedstock. 

4. To convert the above rates to stream day basis, multiply by the 
fraction 365/340. 
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TABLE 2 

CAPITAL COST ADDITION FOR C R E S O L / ~  R~Y~C(~(~G 

$ ~ (Januar~ 1980) 

Hydro=rac2oar - Onsite 

- IniTial charge of catalyst 

- intermediate storage tank 

21.84 

0.45 

0.84 

Sub-total 23.1~ 

Associated Units 

- (NHT/Reformer, PSA Unit etc. ) 

Total incremental Capital Cost 

6.00 

29.13 

Licensc and royalties (by client) O. 15 $1~l 
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TABLE 3 

ADDITIONAL OPERATING AND MAINTENANCE COSTS SUMMARY 

$MM/Xear 

Coal Supply 

Electricity @ $0.055/kw 

~uel Gas @ $5.00/MM BTU 

High Pressure Steam @ $3.2571000 ib 

Low Pressure Steam @ $2.45/1000 Ib 

Water Supply @ $0.50/1000 Ib 

Labor 

Operating 

Maintenance 

Materials and Supplies 

Chemicals and Catalysts 

Ash Disposal 

No Change 

1.729 

1.221 

0.132 

0.012 

No Change 

0.435 

0.800 

0.530 

0.250 

No Change 

Incremental increase in0perating 
and Ma/nte~ance Costs 5.109 

Note: Utility unit costs above are as recoEaended by 
Fluor. They are incl'~ded in the preliminary 
Process Design Criteria Manual. The pre~ary 
version of this manual is nearing completion. 

°- 

J J L , , 
I L~Z ~ mS~U~U "~ ~ ~ mUa 



TRI-STATE SYNFUELS COMPANY 
Indirect Coal Liquefaction Plant 
Westm~ Kemucky 

FLUOR ENGINEERS AND CONSTRUCTORS. INC. 
Contract 83SS04 

APPENDIX 1 

PROCESS DEVELOPMI~qT STUDY lqO. 13 

UPGRADE CREOSOTE TO DIESEL 

SCOPE OF STraY 
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PROCESS STUDY 

EVALUATE THE UTILI~.~TION OF TAR ACIDS 
AS PLANT FUEL 

1 . 0  GENERAL 

El'~minate creosote, =resols and phenols from the product slate developed 
for the feasibility study .~ using T/rose materials as in-plant fuel oils. 

2.0 WORK DEFINITION 

2.1 The ¢omposiCion and yield of ¢reosotes, ¢reosols and phenols will be 
the same as in the feasibility study. 

2.2 The fuel value for these materials will be determined. 

2.3 Calculate the quantity of coal which would be saved by these fuel 
oils. 

2.4 Determine the revised capital and operating costs. 

3.0 DELIVEE~LES TO TRI-S2ATE 

A formal report ~hat contains the following: 

3.1 Revised block flow diagram. 

3.2 Revised capital cost. 

3.3 Revised operating eo~¢~. 

3.4 Thermal efficiency calculation. 

3.5 A formal report that gives the scope of work and all conclusions 
that were reached. 

4.0 SCHEDULE 

It is ~ ~  that v.he above  work will be completed about 8 weeks after 
Tri-S~ate authorizes Fluor to proceed. 

~ ~ ~ 11m~ iqIOqT V ~ I~PNT 
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APPENDIX 2 

PMDCESS DEVELOPMENT STUDY NO. 13 

UPGRADE CREOSOTE TO D ~ S E L  

ES~r3~L~ D~.Z:T.S 
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C O S T  E S T I M A T E  
D E S C R I P T I O N  "CI~J~OSO~ SPLTq'P~R 

S~JDY"UN~T 25 RYDRO~RN 

._ ~0R~ICATION 

P R O J E C T  9 'q~ T - ~'T'~' 'I~'I:~- ~ - 9  

A / e "  I T E M  & D E S C R I P T I O N  
MO.  

00-00 Excavation 
10-0(3 Concrete 
Z ~  Structural Steel 
3000 Buildings 
70-00 Machinery & Equipment 
50-00 Piping 
6'0-00 Electrical 
70-00 Instruments 
80-00 Painting & Scaffo|'ding 
85-00 Insulation 

. . . . . .  i , 

190-00 
91-00 
~".0o 
93-00 

i94-00 
iis-lO 
95-50 

DIRECT FIELD COSTS 

International Expense 
Temporary Construction Facilities 
Constr. Services, Supplies & Expense 
Field Staff, Subsistence & Expense 
Craft Benefits, Payroll Burdens& Insur. 
Equipment Rental 
Small Tools 
Field Staff Overheod"Costs 

INDIRECT F IELD C05T5 

96.oo 

TOTAL FIELD CO5T5 

~.0o 
~.s0 

Home Office Construction 
ProiecT'Engine~ring 
P'roces S Fng,neering 
Design 
Purchasing 
I~usiness ,~ervices 
Office Expense 
Offic~'Payroll Burdens 
Office Overhead Costs 
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' 33  

TOTAL OFFTCE COSTS 

I 
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W . O .  N O .  

co, T..o. 835504 
M A D E  B Y  

A P P R O V E D  

ESTa.ATED cosT a . s .  $ 10 ~ 

TOTAL FIELD & OFFICE CO5T$ 

~ales TaX 
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"~-'~;"ngency 
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Fee 
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CL~N~ 

L O G A T | O H  

PROJECT 

A/C 
~io. 

00-00 
104)0 
2O-OO 
3O-OO 
~0-00 

6 0 - ~  
7O-OO 
8O-OO 
85-O0 

#2-00 
93-00 
94-00 
95-10 
95.50 
9~.ae 

i~s-oo 

~o 

W-so 

L ~e~-lU 

S~2U 

TRI-STATE ~ S  

WESTERN KENTUCKY 

COST ESTIMATE 
OESCR,PTiON "CREOSOTE $1~ Z C T ~  

b-'~3D~" ONrJL" 28 - CREOSOTE 
I ~ Z D R ~ ~ O R  & CR£OSO¢~ 
DZESEL SPLITTER JAN Ag~ 
~mSTAXT~m:~ 

PROP.  NO.  

W.O. NO. 

CONT.  NO. 

M A D [  8 Y  

A P P R O V E D  

83sso~ 

WEM a DESCmP~IO~ 

Excmmtion 
Conc~;e 
5tructura] Steel 
Buildings 
Machinery & Equipment 
Piping 
ElectHcal 

IIIII II 

m m m  

I n s~ruments 
Painting R. S¢offo|ding 
insulation 

DIRECT FIELD CO3T3 212 2 

internmionel Expense 
Tempoeary Construction Faci l i t ies 
Constr. ~.-rvices, Supplies L Expense 
Field Staff, Subsistence & Expense 
Craft Benefits, Payroll Burdens & Insur. 
Equipment Retool 
Sn~il Tools 
Field 5t=fl Overhecd Costs 

iNDIRECT FIELD COSTS 

TOTAL PIFLD CO3T3 

Home Office Cons.~¢tion 
Proie~ Engineer,rig 
Process Engineering 
Design 
Pur~,~.~; i ng 
Uusir~,s ~ rv ices  
C)ffice E ~w¢-,~ =e 
Office Payroll Burdens 
Office Overhead Costs 

TOTAL O ~  

TOTAL FIELD & OFFICE CELST5 

=-~- Tax 
~ ,  ll1~on 
C.ont i r ~ C ~  

TOTAL 
Fee 

TOTAL PROJECT 

DATE 9 / 1 7 / 8 1  n[VL~,O, NO. 1 

T zs i ~ T [ O  COST u . s .  $ x 103 
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C LIEN 7, 

LOCATION 

PROJECT 

AIC 
MO. 

00-06' 
!~0-00 
20-O0 

i;(o-oo 
50.00 
60-00 
'~oo 
8o-oo 
gs-oo 

90-00 
91-00 
92.0'0 
93-00 
94-00 
95-10 
~5-5o 
99.4C 

96.00 

97:00 
98.00 
~-50 ,,,, ,, ,,,, 

~-I0 

99-20 

~RI-STATE SYNFUELS 

WES~RN KENTUCKY 

~R3~ - STATE S~bT~'~O¢~ ,S 

COST ESTIMATE 
DESCRIPTION " ( "~R~ i '~Oq~. .  ~ D T , ~  

~RCII~V ~ t't~lTq~¢~ " q t ~ / q l  l k T l ~ ' D ~  

,'rE. ~ OESCR, PTIO. .A..OU.S 
X l O  "~ LABOn 

Excavation 
Concrete 
Structurol Steel 
Buildings 
Machinery & Equipment 
Piping 
Eiectricol 
Instruments 
Pai.nting & Scaffolding 
Insulation 

DIRECT FIELD COSTS 61 

|ntemationol Expense 
Temporary Construction Facilities 
Consl¢. Services, Supplies & Expense 
Field Staff, Subsistence & Expense 
Croft Benefits, Payroll Burdens& insur. 
Equipment Rental 
Small Tools 
Field Staff Overheod Costs 

INDIRECT FIELD COST5 

TOTAL FIELD C0~Y~ 

Home Office Construction 
Project Engineering 
Process Engineering 
Design 
Purchasing 
Business ~ervices 
Office Expense 

I I 

PROP. NO. 

W.O. NO. 

C O N T . ~ O ,  

MADE BY 

APPROVED 

ESTIMATED C O S T O  , S ,  

835504 
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$ ~ 103 
T O T A L  

. . . .  z ' 848  

944 

Office PGwoll Burdens 
Office Overhead Costs 

TOTAL OFFICE COST5 

TOTAL FIELD & OFFICE COSTS 

Escalation 
Conzingency 

m 

TOTAL 
Fee 

TOTAL PROJECT 
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C LIEN T 

LOCATION 

TR'r- STATE SMNFIJ'ELS 

PnO~[CT TR I- STJ~TE S~t~FOELS 

A/C 
Ida. ITEM A DESCRIPTION 

00-00 Excavation 
10-00 C~oncrete 
2000 Structural Steel 
30-00 Bui:dings 
40-00 Mochlnery & Equipment 
50-00 Piping 
60-00 Electrical 
70-00 Instruments 
80-00 Pointing & Scaffolding 
8.5-00 I,nsulmion 

9O-OO 
91-00 
92-00 

i'93:oo 
94-00 
95-|0 
95-$0 

96-00 

DIRE'CT "FIELD CO5T5 

Intemm'iono I Expense 
Temporary Coestruction Faci l i t ies 
Constr. 5ecvices, S~pplles & Expense 
Field ,Staff, Subsistence & Expense 
Craft Benefits, Payroll Burdens & Insur. 
Equipment Rental 

;e ta erheo osts 

COST ESTIMATE 
DESCRIPTION " C ~ O , , ~  PROP. NO. 

SPL~C'I~RR ~'l~J~--~" w.o. NO. 
C]P.I~SO¢~ H~JDI~<;:I~.C3::OIG I~HOCIt~CO, T..O. 
• Rh'K5 MADE 8Y 
JAN Z980 ~ 1 S ¢ 7 2 ~ 0 0 S  A~OVED 

8 3 S 5 0 4  

20 

TOTAL FIELD COST5 

Home Office Construction 
Proiect Engineering 
Process Engine~ing 
Design 
Purchasing 
15;siness Services 

97-00 Office Expense 
98-(30 Office Payroll" Burdens 
99-50 Office OverheQd Costs 

TOTAL OFFICE CO5T5 

BII 

TOTAl" FIELD & OFFICE CUbT$ 

~:31T ~ a x  
l~-10 Escalation 
99-20 Cant i r ~ C y  

TOTAL 
W-60 Fee 

EST'~U~TCO COST O*S. $ 10 ~ 
L & l i a r  Sl.~- ~ NTIII~C~ MATi~AIA LS "TOTAL 

I 
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.......... j 
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2" /9  
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" /63  
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8 3 7  

FORM E-114 
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LIEN T 

I . .OCATION 

TRI- STATE ~ S  

WESTERN KENTUC"KY 

COST ESTIMATE 
DESCRIPTION ' ' C ~ E O  ~oe~r~ 

SPL~TTRR STU~" 

~.oJEc~" TRI-STATE ~ S  

A / C  ITEM & DESCRIPTION MANHOURS 
~o. ~i0-~ 

"00-00 Excavation 
1000 Concrm'~ 
"~(~'00 Structural Steel 
":~0-00 Buildings ........ 
40-00 Machinery & Equipment 
".~0 - O0 Piping 
"60-00 Electrical 
~0-00 Instruments 
80-00 Pointing & Scaffolding 
~ ' 0 0  Insulation 

DIRECT FIELD COST5 

h ,, 

~ '~0  
"91-o0 
s~¢0 

"93-00 

~-~o 
"~S'-sO 
"99-40 

~-oo 

97~0 
98-O0 
~9:50- 

sg-=u 
"~-10 
"~>20 

-= 99-60 
Q - , 

2 

~DDT~TON~Ju 1RT.~C) ~ P ~  
3 ~  lg80 I"~S~A~"PAN~n~ 

PROP. NO. 

W.O. NO. 

CONT.  NO. 

MADE BY 

APPROVED 

835504 

ESTIMATED COST D . S .  $ X 103 
LABOR SUB- CO N'I"I:~'~5 M A T E R I A L S  T O T A L  

I 
I 
I 
I 
I 
I = 

4 48 I v~, ~ n  

1 
Intemational'"Expense 
Temporary Construction Facl i i f ies 
Const'r'.'"5ervices, Supplies & Expense 
f~i'eld "5;~=ff,'Sub'sistence & Expense 
CraFt Benefits, Payroll Burdens& Insur. 
Equipment Rental 
'Small Tools 
Field Sto'ff Overhead' Costs 
• INDIRECT FIELD COSTS 

TOTAL FIELD C03T3 

Home Office Construction 
Project Engineering 
Process Engineering 
Design 
Ptarchus ing 
Business Services 
OFfice Expense 
Office Payroll 'Burdens 

-Off ice Overhead Costs 

TbTAL  OFFICE COSTS 

TOTAL FIELD & OFFICE COSTS 

'~les Tax 
Escalation 
Contingency 

TOTAL 
Fee 

TOTAL PROJECT 
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NAPHTHA TO 
HYDROGENATIOH 

GILD & TAR8 FROM 
GAS LIQUOR 
SEPARATION 

TAR 

DIS TILLATION 

PITCH i flE SIDUE OIL 
TO INCINERATION 

OFF CASE8 

oA° .o~oR ,RO~ I I 
OA8 LIOUOR ~ . ~ D , , - ~  P HE NO | O L V A N ~ .EPARATION ~ j 

! 

HEAVY CREOBOTE 

18078 LBIHR 
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