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I. INTRODUCTION 

This Technical Support Report summarizes the inputs of both first- and 

second-tier subcontractors required in performance of Cooperative 

Agreement No. DE-FC01-80ET-14759 (CA) between The Department of Energy 

(DOE) and W. R. Grace & Co. (Grace). The preliminary design and 

assessment activities for the Grace Coal-to-D~thanol-to-Gasoline Plant 

(Gasoline Plant) necessitated the subcontracting of certain work to 

other companies because of subcontractors' expertise in 

architect/engineering services, specialized technical experience, sole 

source of required information such as llcensors of selected 

technologies or experience in environmental services. This report 

explains the technical support supplied from Grace's first- and 

second-tier subcontractors and deviations from the Technical Support 

Plan, Deliverable No. 35, (submitted to DOE under cover of Grace/DOE 

CMG-263 dated December 8, !981) in terms of changes either in the scope 

of work of particular subcontractors or changes in subcontractors 

involved. A subcontractor organizational chart showing the relationship 

between Grace and its lower-tler subcontractors is presented in 

Figure I. 

In support of the preliminary design and assessment effort, The Ralph M. 

Parsons Company (Parsons) supplied architect/englneering and related 

services as planned. Parsons supplemented their technical efforts with 

inputs from Texaco Development Corporation (TDC), Mobil Research and 

Development Corporation (MRDC), and other process technology licensors, 

both proprietary and nonproprietary, into the Gasoline Plant's overall 

design. The technologies offered by TDC and MRDC were specified in the 



CA f o r  u t i l i z a t i o n  in  the  Casol ine  P l a n t  des ign  e f f o r t ,  whi le  o t h e r  

coumereially available technologies were selected following detailed 

evaluations. Those subcontractors listed in Section II of the Technical 

Support Plan were used without change. 

The conversion of feedstock coal to a raw synthesis gas was accomplished 

as planned with the Texaco Coal Gasification Process (TCGP) which is 

licensed through TDC. The fixed-bed version of the catalytic Mobil 

Methanol-to-Gasol~ne (MTG) process available through MRDC was used as 

planned for the conversion of crude methanol to gasoline. 

The Inltlal project efforts in the environmental area identified the 

need to prepare an Environmental Impact Statement (EIS). As such, the 

U. S. Corps of Engineers (cog), Louisville District, notified Grace that 

they would serve the role of Lead Federal Agency (LFA) and supervise the 

environmental consultant, Dames & Moore, In the EIS preparation 

activities. Dames & Moore provided the technical support necessary to 

establish environmental baseline conditions for the Baskett, Kentucky, 

Site. 

Each of the technical support subcontractors or data inputs is discussed 

in the followln E pages , alone with deviations from work anticipated in 

the Technical Support Plan. 
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II. THE RALPH M. PARSONS COMPANY TECHNICAL SUPPORT 

The following portion of this r e p o r t  descrlbes those 

arehitect/englneerhig activities performed by Parsons in a subcontract 

role to G~ace. With the exception of the TCGP and MTG technologies, 

Parsons developed engineering information through in-house expertise and 

subcontracted technical support to those companies listed in the 

Technical Support Plan with the information supplied by process vendors 

or llcensors integrated into the overall Gasoline Plant process design 

by Parsons. These efforts undertaken by Parsons are described below. 

The work completed by Parsons' subcontractors are presented as ~ubmltted 

to Grace by Parsons. 

A. Design Support 

The majority of activities associated with the preliminary design 

and assessment of the Gasoline Plant involved Parsons. Included in 

the Parsons scope of work was preparation of the preliminary process 

and mechanial design, expansion and evaluation of the Baskett~ 

Kentucky, plant site, development of the environmental permitting 

applications, preparation of ~perations and capital cost estimates, 

followed by an economic assessment and the development of the 

construction and opetating plans. With the exception of the TCGP 

and the MTG technologies as noted above, all major processes 

incorporated into the Gasoline Plant design were subject to Parsons' 

evaluation of alternatives which resulted in preparation of process 

selection study reports. Specific reports prepared by Parsons are 

listed below. 

-3- 
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Technology 

Air Separation 

Acid Gas Removal 

Sulfur Removal 

Sulfur Recovery 

Methanol Synthesis 

Alkylatlon 

Flue Gas Desulfurizatlon 

Vendor Recommended 

Air Liquids 

Lotepro 

Parsons 

Parsons 

Lurgi 

Phillips 

Research Cottrell 

Engineering trade-off studies were compiled by Parsons to determine 

the best combination of steam versus electric power for majo: 

drivers and solid by-product mode of conveyance to the on-slte 

disposal areas. Technology selected as a result of these trade-off 

studies was developed further by Parsons In-house. The process 

selection study reports and trade-off studies contained Parsons 

reco-,~endatlons and were reviewed by Grace prior to maklng a final 

selection. Selection of particular processes recommended resulted 

in Parsons subcontracting or establlshin E a work relationship for 

the preparation of process design information with the various 

process vendors. A description of the Parsons subcontractor efforts 

begins on page i-1 of this report. 

Major In-house design efforts completed by Parsons~ except for 

sulfur removal technology which is described later in this section, 

included: 

• Coal receiving, storage and reclaiming 

• CO shift 

• Fractlonatlon 

• Gasoline blending 
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B. 

• P r o d u c t  and  b y - p r o d u c t  s t o r a g e  

• S o l i d  b y - p r o d u c t  d i s p o s a l  

• P r o c e s s  w a t e r  t r e a t m e n t  

• Raw water treatment 

• Raw water treatment 

• Cooling water 

• Steam generation 

• Fire protection 

• Plant services and utillties 

As of the date of this report, all process schemes have been 

selected for the Gasoline Plant and data developed to support these 

processing systems. 

Deviations 

No deviations have occurred by Parsons or its subcontractors in 

development of data for the 50,000 BPD Gasoline Plant. Additions to 

Parsons ~ saope of work above that noted in the Technical Support 

Plan have occurred in that preliminary deslgn information was 

developed to support the capital and operating cost and economic 

assessment of a 12,500 BPD plant. 
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SECTION 1 

IIqTRODUCTION 

The pre l iminary d e e i ~  and assessment of  the W. R. Grace & Co. (Grace) Coal-co- 

l~ thanol - to-Gasol ine  Pzoject  was performed by The Ralph M. Parsons Company 

(Persons) as. a subcontractor  t o  Grace under Cooperative Agreement No. DE-FC01- 

80ET-14759 between Grace and the U.S. Department of  Energy. Zn the performance 

of  Zhls york,  i t  was necessary to obCaln Cechnlcal support from other  companies 

because o f  the need fo r  data on p rop r i e t a ry  poetesses or ocher spec la l l zed  

exPe r t i s e .  

Grace, p r io r  Co ~ a r d  of  Zhe eubconCracC to Pargou~, had se lec ted  Texaco 

Development Corporation to  supply the basic  dace for  the Coal Gas i f i ca t ion  end 

Waste Heat Recovery, Coal Grlndlng and Slurry  Preparat lon and the Ef f luen t  Water 

Treatment F a c i l i t i e s .  They a lso  had se l ec t ed  Mobil Research and Development 

Corporation to provide a process deslgn and engineering data package for  the 

Methanol-to-Gasoline, Heavy Gasollne TreaClng and the Mobll Wascevater Treatment 

F a c i l i t i e s .  

This repor t  descr ibes  the technica l  support provided Co Parsons fro= process 

l l censors ,  equilmenC supp l i e r s ,  and consul tants  for  use in the prel lmlnary 

design of  the Gasoline P lan t .  Prime conslderaCion gas siven Co the s e l ec t i on  of 

processes and equipment Chac have been proven cozmerclal ly.  

1-1 



SECTION 2 

2.1  AIR SEPARATION 

PROCESS TECHNICAL SUPPORT 

The Gasoline Plant  requires  large quaut lc ies  o£ h£gh pu r i t y  and high 

p~eesure oxygen for the sas lg icac lon  o£ coal.  The technology 18 y e l l  known and 

p lants  are ava i lab le  £rom severa l  companies on a turnkey bas i s .  

The l a rge s t  p lants  b u i l t  to date are 2,500 tons per day (Cpd) and 11 plants  

of  ~his s ize  have been i~mtalled and operated for  South African Coal, Oil and Gas 

Corp., Ltd.  (SASOL) in South Af r ica .  

Technlcal proposals were obtained from A1Eo & C. Ltd.  ( subs id iary  of  Air 

Liquide) ;  Air Products and Chemicals, Inc . ;  Airco Energy Company, Inc , ;  Lotepro 

Corporation (subs id iary  o f  Linde AC)| and Union Carbide Corporation. 

Due to the lack of  c ~ e r c l a l  experience in compressin S oxygen to 1135 psla  

by eencr i fusa l  compression, the prel iminary desiEn is  based on compressing to 525 

psLa by centr lgugal  compression and Co 1135 psia  by rec iprocac in  S compressors. 

In  the f i n a l  design,  the compression level  by cenC~£usal compressors wi l l  be 

reexamined in  l igh t  o£ cmmnercial experience at  tha t  t ime. 
t 

The desiEn offered  by A1 E. & C. Ltd. (Air Liquide) was u t i l i z e d  for the 

prel iminary design as they b u i l t  the 2500-tI~ plants  for  SASOL, however, there is 

no obllgaCion to uCi l ize  Air Liquids in the f i n a l  design.  

A subcontract  yea issued to A1 E. & C. Ltd.  Co furn ish  the process design,  

flow dlaEcam, overa l l  macer£al balance,  equipment desc r ip t ions  and s i zes ,  and 

est imated costa f o r  the p lan ts  exclusive of the oxyEen and a i r  compression 

equipment. 2he compression equipment was speci f ied  and s e l ec t ed ' by  Parsons. 
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2.2 ACID GAB Rll;t4OVAL 

Cogmerclally proven p r o p r i e t a r y  processes usiuK s e l e c t i v e  physical 

molveut8 for  the removal of  R2S j COS, and CO 2 £romthe sh i f t ed  and unshif ted sas 

o f f e r ed  by the ~ollov~uS l~censors were evaluated:  

( l )  Lotepro Corporation,  Subsidiary of Linde AG - Rec~isol Process 

(2) Lursi  Kohle UndMlneral~IteehnikGmb~ - RecCisolProcess 

(3) All ied Chemical Corporation - Selexol  Process 

Bach IS.censor made a non-proprfecary technical  p resen ta t ion  and provided 

data got Parsons use in pr~parat£ou o£ the process comparlson r e p o r t .  Lo~epro 

was se lec ted  to provide technica l  support to Parsons and was awarded 8 

subcontract  for  t h e i r  serv lce8 .  

Lotepro prov£ded a process package consis t ing o f  process descr lp t ion ,  

process f lov  dlagrams~ head and mate r ia l  balances, p lo t  plans and e leva t ions ,  

equipment l i s t s  and spec i f£ea t ions ,  u t i l l t y  and chemical consumptions, and cost 
estimate. 

2.3 )HL'THAIqOL 5~qT1~5 ZS 

Coznerc ia l ly  proven processes 

Acid Gas Removal Unlt to Methanol 

evaluacedt 

fo~ ~ conversion of  synthesis  gas from ~he 

of fe red  by the following l~censors were 

(1) Lurgi Rohle Und HLueral~ltechnlk GmbB 

(2) Imperial Chemical Indus t r ies  Limited 

(3) Haldcr Topeo~, I n : .  (Topsoe) 

(Lurgi) 

(ICI) 

Kanh l l censnr  made a n o n - p : o p r l e t a ~  technical  p=eeenta: ion and provided 

data  fo r  Ps:sons use in  p repara t ion  o f  the process comparison repor t .  
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Lurg£was se lec ted  to provide the ~echuical support to Parsons and was awarded a 
subcontract  for  t h e i r  s e rv ices .  

L u r ~  p~ovlded • process package cons£s t ins  of  • process descr ip t ion ;  

process flow d i a s r a m ,  overa l l  heat  and ma te r i a l  balances; ptoducQ and by- 

product e t r e ~  composition, flow r a t e s ,  temperatures and pressures ;  equipment 

l i s t s ,  dimenslons, dasiSu condit ions and ma te r i a l s  of  cons t ruc t ion ;  plot  plan 
end cap i t a l  cost  e s t imate .  

2.4 PP~SS~E SWING ADSORPTIO~ (PSA) UNIT 

A Polybed RYSIV~ Pressure Seing Adsorption Uni t  i s  provided ~o produce 

99.9Z hydrogen £rom the methanol synthes is  purse scream. The product hydroseu 

from PSA Uni t  w i l l  be fed to the Rea~ 7 Gasoline T ~ a t i ~  S (HGT) Unit which £s 

designed to hydro t rea t  c a t a l y t i c a l l y  heavy gasoline stremu from the Hobll 

Nethanol-to-Gasoline (HTC) c a t a l y t i c  process.  

The HYSIV • PSA Process is • p ropr i e t a ry  process of Union Carbide 

C~rporatlon which is  com~erclally proven. Union Carbide has provided 190 PSA 

hydrogen tulits ~ r l d w i d e  d u r i u s t h e  past 15 years .  Seven og these un i t s  have 
been desisued to process a methanol purse stream. 

Union Carbide presented a proposal for  provldlns  a complete skld-mounted 

u u l t  t ha t  is  located in  the Methanol Synthesis  Unit .  They provided process 

descr ip t ion ,  process flow diagr.am, p lo t  plan requirements,  u t i l i t y  requirements ,  

and i n s t a l l e d  cos t .  These data were u t i l i z e d  in  the prel~niuary deslgn of the 

Gasoline Plant .  

2.5 l~ AL~LATION 

The Hydrofluoric  /~cid (W) Alkyla t lon  Unit converts a ~ x t u r e  of  

butylenes D mmyleuess and isobutane to produce a lkylaee  as a blending component 
go~ f in ished gaeo l i ae .  

. b s i e t e r e d  Trede~•rk 
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Processes o f f e r e d  by Ph£11ips Petroleum Company and U0P Process Divis ion 

o f  UOPs Inc .  ~ere eva lua t ed .  The a l k y l a t i o n  p~ocess us£n~ aulfur£c ac id  as a 

r~t ta lys t  ~es not  ¢ons£de~ed. Th£8 process £s now be~nK operated in o lde r  p l an t s ,  

but  ~he t rend  in  the ~nduat~y i s  toward the HF process .  

~ c h  l i censor  made a non-p ropr i e t a ry  t e c h n i c a l  p re sen ta t ion  and provided 

data  got  Parsons use in  p repa ra t ion  of  the process  comparison r epo r t .  P h i l l i p s  

wl8 8e lec ted  to  provide t e chn i ca l  support to  Parsons.  

Phi l l£p8 provided a p r e l i ~ u s r y  process des£gu package to Parsons a t  no 

eas t  and Persons developed the P h i l l l p s  data  in the d e t a l l  required  f o r  the 

oupport  o f  the caper.el cos t  e s t ima te .  P h i l l i p s  provided process descr£pt£on,  

o v e r a l l  es t imated m a t e r i a l  bnlsnoej eet~naeed u t i l l c ~ e s ,  c a t a l y s t  and chemical 

consumption, operatlngmanpower and malntenance c o s t ,  prelim4nary equipment l i s t  

v~th s i z e s ,  dut ies  and ~ e t a l l u r ~ y ,  slupZi££ed process  d i ~ r a m  and a p re l iminary  

plot plan. 

2.6 . s ~  KO0~Ry ,.,m ~ , , , ~ n o v ~  

The Sulfur  Recovery and Sul fur  Removal System, incorporated i n to  the 

design o f  the  Gasoline Plantp recovers  and removes the hydoKeu 8ulf£de from 

process  8aces produced in  the Acid Gas Removal Unft in e l  manner that  allows only 

a mlnJ3~nemisslon o£ sul£ur  compounds to ~he at3nosphere. 

The prime c r i t e r i o n  for  s e l e c t i n g  the system was whether the process  can 

use r  the enviroT,mental r e s t r i c t i o n s  imposed by Best Ava£1able Control Technology 

(BACT) or Least a t t a i n a b l e  F+-isnion Technolosy {LAET) s tandards .  At l e a s t  +99.9Z 

z~nnoval n£ the su l fu r  gram ~he process eases i s  r equ i r ed .  The process s e l e c t e d  

must have been demonstrated e o ~ e r c i a l l y  v i t h  8 h ish  r e l i a b i l £ t y  for  u n i t s  o f  

eoaparable capac£ty.  

The H2S from tJhe Acid Gas Removal Units is  recoverd  by the Parsons Claus 

• -B~$e  Process got" r ecovery  of  elemental s u l f u r .  The Claus Sulfur  Recovery 

ITocess ~8 used throughout the world for  bulk r ecove ry  of  s u l f u r  f r e e  acid gases 

her in8  a v ide  rouse o f  H25 concent ra t ions  and composl t ions.  Parsons Claus Sul£ur 
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Recovery P rocess  i s  based on a m o d i f l c a t i o n  o f  the  s o - c a l l e d  Claus Process  

p a t e n t e d  l a t e  in  the  19oh c e n t u r y .  DurlnE the  p a s t  30 y e a r s ,  numerous p roces s  

end m e c h a n i c a l  f e a t u r e s  have been deve loped  end perle©Cod from the  des ign  and 

o p e r a t i o n s  o f  more than 300 p l n ~ t s  ranS£nE in  c a p a c i t y  from 5 CO 1600 Ions  tons  

per  s t r e a m  day .  Parsons  S u l f u r  Recovery P l a n t s  a r e  known th roushou t  the  wor ld  

f o r  C h e i r z e l i a b i l i t y ,  h i s h r e c o v e r y  of  h I B h p u r i c y a u l f u r ,  e f f i c i e n t  c o n t r o l  and 

l a y o u t  and ea se  o f  o p e r a t i o n  and ma in t enance .  

To mee~BACTataudardss  the  e u l £ u r l u t h e  tall gas from che Claus Unit  must 

be removed. Both the Pa r sons /Dnlon  Oi l  Company o f  C a l i f o r n i a  Beavon Sul£ur  

Removal P roces s  (BSRP) and Pacsoas  BSR/MDZAProcese can meet RACT s t a n d a r d s .  The 

BSRPmeets both  BACTand LAST s t a n d a r d s  mud was s e l e c t e d  f o r  t h e  Gaso l ine  P l a n t .  

The f l r s c  BSRUwent on s t r e a m  in  1973 and i s  s t i l l  i n  s e r v i c e .  There a r e  

mote than  50 un lc s  b u i l t  o r  be£ns  b u i l t .  The u n i t s  have a c h i e v e d  an on - s t r eam 

f a c t o r  o f  more than 95Z and a t  l e a s t  one was on scream c o n t i n u o u s l y  f o r  more than  

t~o y e a r s  between Curnarounds.  AC the  p r e s e n t  t ime ,  t h l s  p r o c e s s  i s  cons ide red  

not  on ly  Bes t  A v a i l a b l e  Cont ro i  Technology (BACT), bu t  a l s o  Leas t  A t t a i n a b l e  

Emiss ion Technolosy  ( L ~ T ) .  

2.7 FLD~E GAS DZSULFORIZATION 

The Gaso l ine  P lan t  u t i l i z e s  c o a l - f i r e d  b o i l e r s  f o r  t he  s e n e r a t i o n  o f  

s team. The glue gas from t h e s e  b o i l e r s  must be p r o c e s s e d  £n a f l u e  gas 

d e s u l f u r £ z a t l o n  f a c i l t y  to  reduce  the  p a r t i c u l a t e s  and the  SO 2 i n  the  s t ack  Eas 

t o  e n v i r o r ~ e n t a l l y  a c c e p t a b l e  l e v e l s .  

2-3 



Both ve t  acrubblns  end dry scrubbing processes  vere evaluated  as tabulated 
below: 

Wet Serubbin S Dry, Scrubbing 

He 1 iman-Lo~d Niro/Joy Lime Spray 

Davy S-H Roch/Hikropul Lime Spray 

FHC Double Alkal i  

l)~va D~al Alkyal l  

Rosearch-Cvctre l l  Double-Loop L/mescone 

There vas i n s u f f i c i e n t  e o ~ e r c £ a l  exper ience in dry scrubbing to j u s t i f y  

i t s  l e l e c t l o u .  Research-Cot t re l l  Double-Loop Limestone Process vas se l ec ted  for 

the prel iminary des ign .  A vaste  s t a b i l i z a t i o n  aTscem developed by Conversion 

System, Inc.  v i i 1  be prov£ded to process  the ve t  sludse p r io r  to d£sposal  in s 

l a n d f i l l .  

Xn the ££nal des£Sn~ the dry scrubb£ns processes may be considered,  
providing they have gained a u f f i c l e n t  eo~aere ia l  experience by tha t  time, 
Research-Cot t re l l  provided s technica l  and cost  proposal £or the f a c i l i t y  that  

included process  f l ov  d i a s r a ~ ,  p lo t  p lans ,  equipment l i s t s~  operac in  S and 

u t i l i t y  requirements ,  system descr ip t ions~ and cost e s t ima tes .  Conversion 

Sys tem,  Inc. provided s imi la r  data £or the vas t e  s t a b i l i z a t i o n  system. These 

data v ere provided to  Parsons at no cos t .  
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SECTION 3 

EQUZPI~NT VENDOR TECHNICAL SUPPORT 

3.1  ,COAL G~m)~G 

In  December 1978, Kennedy Van Saun Corporat ion (l~VS) performed open 

c i r c u i t  ve t  grind£n8 t e s t s  on Kentucky No. 9 coat  as par t  of  the Synthesis  Gas 

Demonscraclon Plant ~rogram (SGDP). 

KVS is  approved by Texaco Development Corpcrcation (TDC) as an equipment 

s u p p l i e r  for  ErlndlnE mi l l s  fo r  the TDC Coal Grlndin E and Slurry PreparaClou 

Sec t ion  of  the p~anc. Secrecy agreements are  in  e f f e c t  between KVS, TDCs Grace 

mud Parsons Chat allow the  t r a n s f e r  of  p r o p r i e t a r y  dace among the four  p a r o l e s .  

For the p re l iminary  deslgn o~ the Gasol ine P l an t ,  IWS determ£ued the 

numbers s£se ,  type,  and e ~ e c t r i c a l  power requirements  of  the mil ls  co gr ind the 

coa l  feed to the TDC g a s i f l e r s  to su l t  TDC g r i u d i n  S epec i£ i ca t i ons .  T~o grind 

d i s t r i b u t i o n s  were s p e c i f i e d  tha t  require  the i n s t a l l a t i o n  o£ teoCypes  o f  m i l l s .  

KV$ also  provided parsons with cost data  fo r  the gr inding equi~nent fo r  use 

i n  the cap lca l  cost e s t ~ n a t e .  

No eubconEract was r equ i red  Co obtain t h i s  t e c h n i c a l  support £romKVS. 

3.2 WASTE WATER TREAT~4ENT 

The preliminary design o f  the Gasoline Plant i s  based on the "zero 

discharge concept" through the treatment and recycle of the vastewaCer. 

Some of  the wastewaCer s t r e a m  contain o r g a n i c s ,  suspended s o l i d s ,  me ta l s ,  

mud other  t a c e r l a l s  t h a t  umsC be t~moved before  the water can be r ecyc l ed .  .Th.e 

t echno log ies  u t i l i z e d  in  the  design o f  the p lan t  fo r  ~bese screams are :  

(1) Reverse osmosis aud u l t r a  ££1~raCion 
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(2)  Vapor -compress ion  evapo ra t i on  and d~'ylng 

The lPeraut£t  Comp4ny~ I n c . ,  s nel l -known company ~or r a c e r  and v e s t s  

t rea tnaent  n urns s e l e c t e d  t o  p r o v i d e  t e c h n i c a l  supporc i n  s e l e c t i n g  the r evecse  

oomosis sys t em f o r  the p rocess inK o f  cue e p e c i f i c  v e s t a  8 t remns .  They s p e c i f i e d  

the  f l a y  scheme0 equipment r e q u l r e u ~ n t e ,  r a t e r  a n a l y s i s  p r o f i l e  and cos t  dace fo r  

t he  c a p l t a l  c o s t  est lmaCe.  

The p roduc t  v a t e r  from the  r e v e r s e  osmosis sys tem i s  r e c y c l e d  for reuse  and 

the  r e j e c t  v u t e r  i s  p rocessed  by v a p o r - e o - p r e s s l o n  e v a p o r a t o r s  and b e l t  p r e s s e s  

to  reduce  the  va te~  content  t o  a l e v e l  vhere  the s o l i d s  can be d isposed  of  in the  

land £~IL.  Resou~ee8 C o n s e r v a t i o n  Company provlded  t e c h n i c a l  suppor t  in the  

s e l e c t i o n  o f  t h i s  equilnnent and the  aubmlt ted  cosC da ta  f o r  the  e s t i m a t e .  

Xn the  f i n a l  deuign~ samples  of  the  v a s t e  s t r eams  w i l l  be obta ined  and 

t r e a t a b i l i t y  s t ud i e s  performed by l a b o r a t o r y  or p i l o t  p l a n t  t e s t s  t o  ob ta in  more 

p r e c i s e  d a t a  on which to  make the  f i n a l  s e l e c t i o n  of  equipment .  



SECTION & 

OTHEKTECHIqXCAL SUPPORT 

A.I SITE DEVELOPMENT AHD S~VZRONNENTAL ASSESSHENT 

Parsons subcontracted to Dames & Moore ce r t a in  port ions o f  the york re la ted 

to . s i t e  development and environmental assessment.  Their o v e r a l l  experience, 

expert ise  in t h i s  f i e l d ,  and the proximity o f  t h e i r  Lexinscon o f f i c e  to the s i t e  

vere the f a c t o r s  considered in t h e i r  s e l e c t l o u .  

The scope of  the Dames & Moore subcontract  included~ 

(1) Plant  laud requirements ass is tance  

(2) l)esisn cr i ter ia assistance 

(3) 

(4) 

(5) 

Site evaluation ass ls tahce 

Fie ld  i nves t i s a t i ons  iuc lud lns  f i e ld  exp lora t ion  for  

foundation des isn ,  KroundvaCer iuvesCisat lon,  labora tory  

tesCinS o£ so i l  samples, and analysis  of  dace.  

S i te  cong£rmaclon a s s i s t ance  

(6) Floodway ana lys i s  

(7) Satel l i te  s i te  investiSetion for solid vasces 

(8) 

(g) 

Air qua l i ty  analyses  

Attend meetiuK8 with loca l  ~enc i ea  
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Stan l ey  Roffmmn~ Land A p p r a l e a l  CoueulCant ,  p r o v i d e d  a p p r a i s a l s  o£ v a r i o u s  

p a r c e l s  o f  p r o p e r t y  c o m p r i s e s 8  the  mite  o f  t he  ~ 8 o l i n e  P lane .  These a p p r a i s a l s  

i d e n t i f i e d  the  ownersh ip  and e e c ~ u t e d  va lue  o£ ~ e  land and bu~ldinK8 f o r  each  

p a r c e l .  The a p p r a i s a l s  were  used  in  deve lop ing  the  land c o s t  i n  the  c a p i t a l  c o s t  

e t t i m e C e .  

4 . 3  ZNVIRONME~TAL COORDINATIO~ 

EnKineer iuK-Sc ience ,  I n c . ,  a 8 u b s i d l a r y  0£ The Parsons  ¢ o p o r a t i o n ,  was 

s e l e c t e d  to p rov ide  an e n v i r o n m e n t a l  c o o r d i n a t o r  t o  d i r e c t  and c o o r d i n a t e  a l l  

euvl romneucnl  a c t i v i t i e s  in  Parson8 o f f i c e s  u t i l l z l u S  Parson6 e n v i r o n m e n t a l  

a s s e n t e r s  and epec~81 io t8  8 t  BnKinee r lng -Sc l ence .  The c o o r d i n a t o r  a l s o  

s u p e r v i s e d  the  e n v i r o n m e n t a l  r e l a t e d  work pe r fo rmed  by Dames & Hoers .  
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SECTION $ 

DEVZATZGN5 FROH TECmqZCAL SUPPOKT PLAN - DELIVERABLE 35-1 

The Techn ica l  Suppor~ Plan inc luded a l i s t  o f  p o t e n t i a l  s u b c o n t r a c t s  t o  be issued 

to  s e l e c t e d  l i censocs  o f  p r o p r i e t a r y  processes .  In  add£tion~ i t  spec i£ ied  the 

s i t e  development and environmental assessment that  would be performed by Dames & 

Moore under subcontract.  

The Plan a n t l c l p e t e d  i s su lng  subcon t rac t s  to nine l i c e n s o r s  of  p r o p r i e t a r y  

p r o c e s s e s ,  however, only two s u b c o n t r a c t s  ~ :  ~ssued: one t o  Lotepro fo r  the 

Acld Gee Removal Unit and one to  ~.ursl fo r  the Methanol Synthes i s  Uni t .  

P h i l l i p s  provided bns£c da ta  fo r  the  Alkylat£on UniC and Parsons developed the  

data  and ioaued the requ i red  t e c h n i c a l  documents r equ i red  by the Statement o£ 

Vork. 

R e s e a r c h - C o t t r e l l  provided t echn£ca l  data  fo r  the Ylue Gas D e s u l f u r l z a t i o u  

System a t  no cos t  to  Persons .  

The CO 5h£gt Units were des~sned by Parsons based on c a t a l y s t  pergormance 

suppl ied  by Ca ta lys t  Manufac turers .  

The Sulgur  Recovery and Removal Uni ts  were d e s i r e d  by Parsons based on t h e i r  

~-~!l-kuo~n t echno log les .  

Ruhrchemle provided a p t e l l u iua ry  desisn for the vaste heat  bo£1er st  no cost and 

vendors  were not requested ~o ~ o ~ i d e  any da ta .  

The s l t e  development and environmenta l  assessment yo rk  a n t i c i p a t e d  Co be 

performed by Dames ~ Moore was modi f i ed  to some ex ten t  from the  scope out l£ned £n 

TeehnLcal Support Plan .  D e l i v e r a b l e  35-1t by the d e l e t i o n  o f  some tasks  and the  

a d d i t i o n  o f  o the r  t eaks .  Thei r  f i n a l  5cope o f  9otk i s  inc luded  in •ecCion 4 o f  
t h i s  ~ e p o r t .  
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S u b c o n t r s c t s  n o t  a n t i ¢ £ p a t e d  iu  the  T e c h n l c a l  Support  Plan were :  

(~) 

(2) 

(3) 

J~ngineer£u~-Scieneep Zuc. - Hnv£ronmental  Coord£nator  

S t a n l e y  Hofgman - Land & p p r a i s a l  Consu l t an t  

A1 E. & Co. ,  L td .  - A i r  S e p a r a t i o n  Bas ic  DeslgnData 
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A. 

Ill. MOBIL RESEARCH AND DEVELOPMENT CORPORATION TECHNICAL S~pPORT 

DesIKn gupDort 

The Gasoline Plant design utilized MRDCWs flxed-bed version of the 

MTG process. A subcontract was executed in June 1981 between Grace 

and MP~C for the design effort associated with the MTG process and 

shortly thereafter an initial design review meeting among Grace, 

MEDC, and Parsons was conducted. This subcontact clearly defined 

specific items to be developed as a part of MRDC's S0W with regard 

to project technical requirements and specifications. MRDC's 

technical support requirements, as previously documented in Appendix 

A of the Technical Support Plan, consisted of five tasks which were 

completed. 

The technical activities associated with these tasks were 

represented primarily by three technical deliverables prepared by 

MEDC and submitted to Grace. These were the Basis of Design Report 

(Deliverable No. 5), Process Flow Diagram (Deliverable No. 6), and 

MTG Preliminary Process Design Package (Deliverable No. 7). These 

dellverables described in subsLan~ial detail the process design 

criteria and specifications within the MTG battery limits. 

Specifically discussed within the established battery limits were 

the MTG, Heavy Gasoline Treating (HGT), and Wastewater Treatment 

processes. 

The first formal document issued to Grace in July 1981 to Grace was 

the Basis of Desist Report which described all process streams 

entering and leaving the battery limits, and presented a brief 

description of the operating characteristics and requirements for 
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the subject processing units. Specific items included in this 

document were a block flow diagram showing relationships between the 

other processing units, process descriptions which included an 

explanation of the chemistry of methanol conversion and a listing of 

hydrocarbon products. Also discussed were operating =ondltlons for 

the MTG reaction, heavy gasoline treating, and process water 

treatment sections. The basis of  design portion of this report 

dictated the number of MTG conversion trains required, along with 

philosophies associated with determining the required numbers of 

equipment. Also documented was the composition of methanol feed 

stock and estimated unleaded gasoline, LPG and butane products. 

Estimated utility requirements for the MTG and HGT sections were 

presented in addition to sections which dealt with estimates of 

catalyst and chemicals requirements~ environmental considerations, 

and plot plan requirements. Because of the well-structured 

organization of this document, design efforts associated with this 

portion of the plant were instituted upon receipt of this data 

source. 

The Process Flow Diagrams and MTG Preliminary Process Design Package 

were combined and formally submitted to Grace in February 1982 as 

the "Process Design Document for a 50,000 BPD MTG Plant." Several 

draft portions of this work had been delivered to Grace for use in 

design activities prior to the submission date. This rather 

extensively detailed document provided design and operating data 

which was readily incorporated into the design efforts for the 

methanol conversion section of the Gasollne Plant. Of the numerous 

items presented, the most major included a process dascr-lption which 

specifically addressed feed stocks and products, internal process 
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f lows, bas i s  of the p l an t  design,  u t i l i t i e s ,  and process water  

ereaement facilities. Discussed as a pate o£ all the operating 

units were specific unit process descriptions, plant design 

philosophies, operatlng procedures, catalyst and chemicals 

consumption rates, environmental data, and support facility 

requirements. The information contained in this report was 

presented upon at least twenty-three process flow diagrams and 

supportlng equipment data sheets. 

In support of the design information prepared, MRDC attended several 

design review meetings in conJunetlon with Grace and Parsons. These 

meetings provided a forum for interpretation of some of the 

specifics as depicted by MRDC in their project documentation and 

presented opportunities whereby any outstanding ~opics were 

clarified and resolved. Parsons prepared project documentation in 

the form of process and utility flow control diagrams, plot plans, 

process descriptions, and risk analyses which were reviewed by MRDC 

for technical comment, verlflca~ion, and approval as nonproprleeary 

documents prior to ewentual submittal to DOE. Process areas 

reviewed by MRDC included ~G, HGT, process water treatment and 

overall wastewater management sectlo, s. Much of this information 

will be included as a part of the Gasoline Plant Process and 

Mechanical Design Report, Deliverable No. 14. 

I. Foster Wheeler 

The detailed process design and engineering work required by the 

MTG process design document mentioned above was supplied through 

MRDC by Foster Wheeler, the architect/englneerin 8 firm 

subcontracted to MEDC. The comprehensive process design 
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informat£on developed by Fos~erWheeler and relayed to Parsous 

e n a b l e d  d i r e c t  u s e  o f  t h i s  ~ u f 0 r m a t i o n  f o r  o b t a i n i n g  v e n d o r  

q u o t e s  f o r  most  o f  t h e  equlpment~r~f ih~n t h e  NTG s e c t i o n  b a t t e r y  

limits. 

B. Deviations 

There were no deviations by either~DC or Foster Wheeler with 

regard to the previously submitted Technical Support Plan, 

Deliverable No. 35, or the SOW for ~heI~P~DC Subcontract. 
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A. 

xv. TEXACO DEVELOPMENT CORPORATION TEC~NIcAt SUPPORT 

Design Support  

The Texaco Coal G a s i f i c a t i o n  P roces s  (TCGP) was s e l e c t e d  by Grace as  

the technology for generating a raw synthesis gas from high-sulfur 

agglomeratlng Kentucky No. 9 feedstock coal. A subcontract between 

C~ace and TDC was executed in May 1981which required TDC to supply 

technical expertise and englneerin 8 design data in support of the 

preliminary design of the synthesis gas generation section of the  

Gasoline Plant. 

TDC's efforts were charaote£ized by four distinct stages 

encompassing preliminary estimates of operation, bases of design, 

detailed material balances and support~Ig information, and review of 

design documentation related to the gasiflcation area generated by 

Parsons. The estimates of operation were furnished after 

prellmlna~7 inputs were discussed during the in/tial technical 

review meetln 8 between Crace. Parsons, and TDC conducted in May 

1981. The design bases and preliminary input data for the estimates 

of operation of the gasifier included of the normal operating 

conditions (NOC) and design operating conditions (DOC) coal 

compositions, quantities of synthesis gas required to permit 

downstream production of 50,000 BPD unleaded gasoline, and 

associaned operating requirements. These studies were developed  to  

show the relationships between operating state functions and 

associated variables dependent on design coal variations and 

physical property characteristics, slurry eomposltlons, oxygen 

requir~ents, Easlfier residence times, numbers of Easlfiers, and 

other pertinent operating considerations. Resultant information 
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furnished as a part of these engineering type trade-off studies 

compared required feedstock quantities, compositions for the major 

components in the gas3 requirements for pure oxygen, slurry water 

concentrations and nonhazardous slag generated as a result of this 

high-temperature process. These studies permitted a direct 

comparison of the major variables involved in the gasification 

process so that more detailed information suitable for the Gasoline 

Plant design requirements could be generated. 

The second and more specific level of design data detail for the NOC 

and DOC eases de~,eloped by TDC was the conceptual basis for 

design. As most of the major variables, such as coal composition 

and characteristics, number of @asifiers, slurry composition and 

required quantities of synthesis gas, were fixed in the estimates of 

operation, more detailed stream compositions and feedstock 

requirements were determined. The previously developed information 

was expanded to include more specific compositions of feedstocks in 

terms of carbon, hydrogen, nitrogen, sulfur, oxygen, ash and water; 

to slurry grind size distribution requirements; specific oxygen 

feedstock rates; gaslfler coolin~ water requirements; and operating 

temperatures and pressures associated with the major pieces of 

equipment in the gasifler area. Streams exiting the gasifier area 

were represented with specific compositions and rates of synthesis 

gas exiting the gaslfier, slag discharge rates, including quantities 

of unconverted carbon, and process water blow-down rates. This 

information was input into Parsons' process design efforts for the 

coal grinding and slurry preparation area, coal Easlfleation and 

wastewater treatment processing units. The design criteria 
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established as a result of  this work euabled the interested 

parties to meet with Kennedy Van Saun, a vendor of size reduction 

technology to discuss the most appropriate coal grlndi~g and slurry 

p r e p a r a t i o n  scheme. Th i s  mee t ing ,  which i n c l u d e d  Grace ,  Parsons ,  

and TDC, enabled  d e t a i l e d  t e c h n i c a l  d i s c u s s i o n s  concern ing  the  

commercial standards for g?inding the large amounts of coal required 

to the specified design grind-size specifications. Design 

information as related to particular size reduction equipment 

supplied by Kennedy Van Saun were incorporated into the Gasoline 

Plant design. The determination of the scheme for the slurry 

preparation unit permitted progression of activities to the next 

level of design data preparation. 

The most in-depth information developed by TDC for this project was 

the calculation of detailed heat and material balances associated 

with approximately 50 streams internal to the TCGP. This 

information supplied for both N0C and D0C presented detail stream 

compositions, operating temperatures and pressures, flow rates, heat 

content, and other physical operatin~ characteristics. Steps toward 

finalization o~ gasification area design were instituted upon 

receipt of this information in conjunction with related TDC-prepared 

process flow diagrams, 

Detailed heat and material balance info~aation in total was 

~iscussed ae a part of a final design review meeting between Grace, 

TDC, and Parsons. These discussions centered around numbers of 

specific operating and spare pieces of equipment required for the 

slurry preparation, coal gasification, and process water treatment 

areas. This permitted equipment sizSnE by Parsons for all the major 
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B. 

process ing  equipment and t r a n s l a t i o n  of  th i s  in fo rmat ion  i n to  

equipment specification sheets. In order to obtain accurate cost 

information for most ma~or and specific pieces of equipment in a 

timley manner, TDC supplied preferred equipment suppliers with the 

necessary secrecy agreements already in place. As such, a rapid 

transfer of information from vendors to the Gasoline Plant project 

was realized. 

In its utilization of the above-mentloned data developed by TDC, 

Parsons developed nonproprietary project documentation in the form 

of process and utility flow diagrams, process descriptions, risk 

analyses, and other materlal that is to be included as portions of 

Deliverable No. 14, Process and Mechanical Design R~ort. This 

information was in turn furnished to TDC for design verification and 
# 

approval as nonproprletary documents. Information submitted to TDC 

dealt with those process areas associated with coal grinding and 

slurry prepar~tlon, coal gasification, TDC process water treatment, 

and ammonia recovery/affluent water treatlug. 

Deviations 

I. As a part of the coal gasification process, ir was decided that 

a radiant waste heat recovery boiler would be incorporated into 

the design. The design selected was the property of Ruhrchemie 

AG (Ruhrchemle) and, as such, design information was procured 

from them. Ruhrchemie supplied the requested information in the 

form of detailed design speciflcation sheets, complete with 

operatlng conditions for the NOC and DOG case and specifications 

associated with sizing of this particular piece of equipment. A 

design review mee~in 8 was held between Grace, Parsons, and 
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Euhrehemie, which included review of the  waste heat recovery 

scheme and a tour of the Oberhausen-Holten coal 8asification 

facilities to view the waste heat recovery boiler operations. 

This design information is solely the property of Euhrchemle and 

was supplied outside of the subcontract with TDC; however, no 

additional expenditure of funds was required to obtain this 

data. 

TDC complied with the SOW previously presented in the Technical 

Support Plan, Deliverable No. 35, and, at the time of this 

writing, had delivered all the information specified except for 

capital cost and materials of construction reports. With regard 

to me~all~! :.y necessary for this processlng area, Parsons had 

developed the materials of construction for the gasification 

section and sent this information as a part of a process flow 

diagram to TDC for re%.lew. TDC's comments were utilized in 4 

speclfyln E those materials required for fabrication purposes. 
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A. 

V. DAMES & MOORE TECHNICAL SUPPORT 

Environmental Baseline Support 

The original SOW for the 50,000 BPD Gasoline Plant environmental 

analysis effort called for the preparation of an environmental 

report. The intent of this report was to provide data that could be 

incorporated into an EIS~ however, work performed in the 

finalization of Deliverable No. 22 - Environmental Permitting 

Requirements, established the need for an EIS as a prerequisite to 

the construction and operation of the 50,000 BPD Gasoline Plant. 

While no EIS is being prepared for the 12,500 BPD plant, the work 

done by Dames & Moore as regards site baseline conditions is also 

applicable to the smaller plant. A discussion of the baseline 

studies follows. 

#As such, Dames & Moore completed site-related data studies, 

established baseline conditions, and reviewed previously established 

environmental work. Those items completed for the site da~a 

procurement effort included sprlng-seasonal biological end quality- 

of-llfe work, and aquatic and terrestiral surveys. Work completed 

prior to the Gasoline Plant project had defined air quality 

baselines fo the Baskett site; however, questlons remained 

concerning air emission particulate characteristics. Air quality 

particulate samples~ in the form of air filters, were recovered from 

storaEe~ disected and analyzed in laboratory conditions in order to 

refine the air quality basellne. This work has been completed. 

Additional site work completed by Dames & Moore included 

determination of sound level baselines and an archaeoloelcal and 

historic survey. The archaeological and historical work was 
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s u b c o n t r a c t e d  to  J a n z e n ,  I n c . ,  w h i c h  comple t ed  t h e  work on s c h e d u l e .  

S i t e - s p e c i f i c  work of  a c o n t i n u i n g  n a t u r e  i s  t h e  p r o c u r e m e n t  of  

groundwater data which will be used to define the area's water 

table. Additional work to be completed lncludes surface water, 

hydrolosy evaluation, and urban center computer study. 

B. Deviations 

No deviations have occurred or are anticipated to occur with regard 

to continuing activities by Dames & Moore. 
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FIGURE 1 

SUBCONTRACT ORGANIZATIONAL CHART 
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