
PROGRESS REPORT NO. 2 

COAL IIYDROGASIFICATION PILOT PLANT 

Fo_A 

INSTITUTE OF GAS TECHNOLOGY 

,CHICAGO~ ILLINOIS 

W-178h 

~m 

II. 

III. 

TABLE OF CONTE~TS 

Summary 

Bar Chart Schedule 

Contract Financial Report 



Progress Report No. 2 

I. 

W-178h 

COAL HYDROGASIFICATION PILOT PLANT 

SUmmARY 

A. DEN ELOPMENT OF THE GUARANTEED MAXIMUM PRICF - W - 1782 - X - i 

Piping and Instrument Diagrams for the Coal Handling and Pre- 

treating, Reaction, Gas ~rification and Methanation Sections 
i 

have been completed with the exception of line sizing which is 

fifty percent (50%) complete. The P&ID for Blowdown and Dis- 

posal is complete except for exact methods of incineration and 

char disposal. The Superheated H2/ Steam P&ID is underway. 

Specifications for the Matherial Handling Equipment Package 

ha~,e been completed and will be sent to IGT for approval the 

week of September 16th. 

The general equipment arragnement and piping study will begin 

September 16th, A one-eight inch block model will be initated 

October is~. 

Revisions to the Project Coordination Procedure were issued 

September 9, 1968. Purchasing and Accounting Procedures will be 

finalized and issued shortly. 

This first phase of the project in which the Guaranteed Maximum 

Price will be established is estimated to be twenty percent (20%) 

complete. 
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DESIGN ENGINEERING - W - 1784 

Quotations for the Hydrogasifier Reactor are due September 16th. 

Discussions have been held wlth one of the vessel fabrications 

and further discussions with the other fabricators will be held 

during thenext month to review the quotations received. 

Design and construction of the Control House has been postponed 

until the design basis has been more completely established. 

It is anticipated that the following construction work will be 

done this year: 

!) Erection of the Warehouse Building as a 

complete subeontracte~ package. 

2) Foundation, fenc'ing, etc., as required for 

3) 

the main electrical substation in which 

Edison Company will install their high 

voltage transformer and electrical gear. 

Subgrade work for the roadways and parking 

lots. 
• ° 

h) Required plant perimeter fenc~ 

5) Major foundations that can be located and 

def ined by the general a r rangements tudy .  
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BAR CHART SCHEDULE 

The schedule for establishing the Guaranteed 5'~aximunPrice has 

been revised and will be the basis for Proton's activity during 

this first phase of the project. These schedules indicate per- 

formance to date and will b e  updated each month to show performance 

and any antie£pated schedule changes. These bar charts reflect 

only "early start" and "late finish" dates for the work to be done. 
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DEVELOPMENT OF IGT HYDROGASIF.ICATION PROCESS 

P r o g r e s s  Repor t  - October  1968 

to 

Office of Coal R e s e a r c h  

Con t r ac t  No. 14-01-0001-381 (I) 

S u m m a r y  

a 

I I  

Two succe  s sful  h y d r o g a  sif icat ion t e s t s  we re  p e r f o r m e d .  

T h r e e  runs  w e r e  m a d e  in the 300-kW e l e c t r o t h e r m a l  gas i f i e r  

t e  st unit.  

Work required b 7 Procon to arrive at the guaranteed maximum 

p r i c e  for  cons t ruc t i on  of the pilot  plant  is  f o r t y  p e r c e n t  (404)  

comple te .  

I N $ , I f U I $  O ;  G A S  I E C H N O t O G ~  
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H y d r o ~ a s i f i c a t i o n  T e s t  P r o g r a m  

We c o n d u c t e d  two s u c c e s s f u l  h y d r o g a s i f i c a t i o n  t e s t s  t h i s  m o n t h  in the  

b a l a n c e d - p r e s s u r e  d e v e l o p m e n t  un i t  (Runs  HT-213  and H T - 2 1 4 ) .  T h e s e  

t e s t s  a r e  a c o n t i n u a t i o n  of our  s t u d i e s  s t a r t e d  l a s t  m o n t h  on the  h y d r o -  

g a s i f i c a t i o n  b e h a v i o r  of a d r i ed ,  but  o t h e r w i s e  u n t r e a t e d ,  M o n t a n a  sub-  

b i t u m i n o u s  coa l .  One o t h e r  t e s t  (Run HT-215)  was  a l so  s t a r t e d  wi th  the 

s a m e  coa l  f e e d  but  had  to be t e r m i n a t e d  b e f o r e  s t e a d y - s t a t e  o p e r a t i o n  could 

be r e a c h e d  w h e n  a r e a c t o r  she l l  v e n t  v a l v e  deve loped  an e x c e s s i v e  l e a k ,  

upse t t i ng  the  p r e s s u r e  ba l ance  b e t w e e n  the  r e a c t o r  tube and  t h e  she l l .  

In Run H T - 2 1 3  the  Mon tana  s u b b i t u m i n o u s  coa l  was  r e a c t e d  in a 

3 - 1 /2 - f t  f l u i d i z e d  bed  with  a m i x t u r e  of h y d r o g e n  and s t e a m .  F e e d  r a t e s  

w e r e  a d j u s t e d  so t h a t  the h y d r o g e n / c o a l  r a t i o  was  8 S C F / l b  a n d  the  s t e a m  

c o n c e n t r a t i o n  in t he  f eed  gas  was  50 m o l e  p e r c e n t .  T e m p e r a t u r e s  in the  

coa l  bed w e r e  c o n t r o l l e d  to 1700°F, a n d  t h o s e  above the  c o a l  bed to 1300°F.  

Ca rbon  g a s i f i c a t i o n  in  th i s  t e s t  w a s  o v e r  38 %, r e f l e c t i n g  the  r e l a t i v e l y  h igh  

r e a c t i v i t y  of  s u b b i t u m l n o u s  coa l .  

The  h y d r o g a s i f i c a t i o n  b e h a v i o r  of  t he  Mon tana  s u b b i t u m i n o u s  c o a l  w i t h  

s y n t h e s i s  gas  and s t e a m  was  t e s t e d  in  Run  H T - 2 1 4 .  The c o a l  r e a c t e d  in 

a 3-1/2-ft fluidized bed with a synthesis gas of standard composition (54% 

hydrogen, 414carbon monoxide, and 5~da1"bon dioxide)and with steam. The 

ratio of H z ÷ CO to coal was 8 SCF/lb, and the steam concentration in the 

feed gas was 50 mole percent. Reactortemperatureswere similar to t_hose 

of Run HT-ZI4' "Are found that the feeding and solidsflowsthrough the 

r e a c t o r  w e r e  no t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  tha t  when the  f e e d  gas  was  

h y d r o g e n .  This i n d i c a t e s  tha t  t he  l o w e r  h y d r o g e n  p a r t i a l  p r e s s u r e  in the  

feed  gas  did no t  h a v e  an e f fec t  on the  a g g l o m e r a t i n g  c h a r a c t e r i s t i c s  of t h i s  

coai.  C a r b o n  g a s i f i c a t i o n  in Run H T - Z 1 4  was  about  30~. T h i s ,  a s  in  t e s t s  

wi th  b i t u m i n o u s  coa l ,  i n d i c a t e s  t h a t  t h e  u s e  of  s n y f h e s i s  gas  r e d u c e s  the  

carbon gasification rate more than hydrogen does at s i m i l a r  g a s / c o a l  r a t i o s .  

2 
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In Run H T - 2 1 5 ,  w h i c h  was  shut down p r e m a t u r e l y  b e c a u s e  of a 

m e c h a n i c a l  va lve  f a i l u r e ,  the  Montana  s u b b i t u m i n o u s  coal  was r e a c t i n g  

wi th  a m i x t u r e  of h y d r o g e n  and s t eam.  S t e a m  c o n c e n t r a t i o n  in the  f e e d  

g a s  was  30 m o l e  p e r c e n t .  O the r  o p e r a t i n g  c o n d i t i o n s  w e r e  s i m i l a r  to  

t h o s e  of Run HT-ZI3. 

Ikdethanation 

We continue to investigate the reaction order of Hz, CHd, and HzO. The 

rate of methane formation was found to be 71 times slower at 450°F and 

600 psig t~:an at 575°F and the same pressure. The activity of catalysts 

had decreased when duplicate runs were made at 575°F. This may indicate 

that the catalyst activity is destroyed at 450°F and that such conditions are 

not suitable for methanation in our system. 

.Engineering Economics 

We have looked into the various factors involved in making an estimate 

for a lignite mining operation. Equipment and operating costs will be 

incorporated into the recently completed pipeline gas-from-lignite plant 

study as part of the utilitiy financing. We have asked a mining consultant 

for a proposal to assist us L*~ estimating costs. 

~ . l e c t r o ~ h e r m a l  G a s i f i c a t i o n  

T h r e e  t e s t s ,  E.  G. -ZA, 2B, and ZC, w e r e  c o n d u c t e d  in the  e l e c t r o -  

t h e r m a l  t e s t  g a s i f i e r  d u r i n g  the  month .  

w e r e  the s a m e  a s  f o r  Run No. E . G .  -1: 

C h a r  F e e d  R a t e ,  l b / h r  

S t e a m  F e e d  R a t e ,  l b / h r  

R e a c t o r  T e m p ,  OF 

Bed H e i g h t ,  f t  

E l e c t r o d e  I m m e r s i o n ,  in. 

R e a c t o r  P r e s s , ,  ps ig  

N o m i n a l  cond i t i ons  f o r  the t e s t s  

30 

30 

1800 

4.5 

18 

75 

N S v I T U 1 £ 0 i :  

3 

G A C M N O L O G 



A l a r g e r  p u r g e  r~te  w a s  a p p l i e d  to  the r e a c t o r  top  (Z00 SCF) to ~revent  

the f l o w  of s o l i d s  into the  a r e a  w h e r e  t he  e l e c t r o d e  e n t e r s  the  r e a c t o r .  The 

r e a c t o r  h e a t - u p  p e r i o d  f o r  the  t h r e e  t e s t s  w a s  a t t a i n e d  by f l u id i z iug  h y d r o -  

g a s i f i e d  c h a r  wi th  n i t r o g e n  whi l e  app ly ing  a d -c  v o l t a g e  a c r o s s  the  bed to 

supply  the  n e c e s s a r y  p o w e r .  

Dur ing  Run E.G.  2-A the  o v e r a l l  r e s i s t a n c e  d e c r e a s e d  to l e s s  t han  

0 . 5  o h m  when the  bed t e m p e r a t u r e  r e a c h e d  1800°F* The app l i ed  vo l tage  

was  l o w e r e d  f r o m  100 to 50 V to keep  the  power  input  c o n s t a n t .  T h e  

r e a c t o r  t e m p e r a t u r e  r e a c h e d  1950°F be fo r e  the s~.eam g e n e r a t o r  was a t  

o p e r a t i n g  c o n d i t i o n s .  

As  soon  as  the s t e a m  e n t e r e d  the  r e a c t o r ,  the  o v e r a l l  r e s i s t a n c e  

d e c r e a s e d  to  about  0.1 o h m  and  the  c u r r e n t  f low i n c r e a s e d  to Z000 A. The 

d - c  g e n e r a t o r  was  t u r n e d  off  m a n u a l l y  and the run t e r m i n a t e d .  

A f t e r  r e m o v i n g  the  e l e c t r o d e  f r o m  the  r e a c t o r ,  we o b s e r v e d  a buildup 

of f u s e d  c h a r  and  ash  6-10 i n c h e s  f r o m  the bo t tom of  t h e  e l e c t r o d e ,  which  

c a u s e d  a l o w - r e s i s t a n c e  h i g h - c u r r e n t  f low condi t ion ,  P o o r  f l u i d i z a t i o n  

d u r i n g  the  n i t r o g e n - t o - s t e a m  c h a n g e o v e r  p e r i o d  was  b e l i e v e d  to be t h e  

cause. 

During the heat-up period of Run E. G. -Z~. the unit pressure rose 

6ontinuously because o£ a plug in the product gas exit line at the reactor 

top. This was caused by a bayonet filter which had slid from the reactor 

outlet to an elbow in the line and prevented the flow of gas. At 130 psig 

the run was terminated. The filter insert was r~arranged to prevent this 

from occurring in future tests. 

The nitrogen £1ow to the reactor during the heat-up period of Run E. G. -ZC 

was  e r r a t i c ,  i nd i ca t ing  a p o s s i b l e  l e a k .  Seve ra l  p r e s s u r e  u p s e t s  o c c u r r e d  

b e t w e e n  the  r e a c t o r  and f e e d  h o p p e r  which  c a u s e d  s o l i d s  to  u n l o a d  into the  

r e a c t o r .  T h i s  condi t ion  would  d e c r e a s e  the o v e r a l l  r e s i s t a n c e  of the bed 

to b e l o w  0 . 5  o h m  and n e c e s s i t a t e  the  l o w e r i n g  of the  d - c  v o l t a g e  appl ied  

to t h e  r e a c t o r  in  o r d e r  to  m a i n t a i n  a m o d e r a t e  h e a t - u p  r a t e .  The bed l eve l  

4 

t ~ ~, ' l f U l ~- 0 I: G A S I E C I.G N 0 l ( 3  G ~ , 



w a s  l o w e r e d  to i n c r e a s e  the  o v e r a l l  r e s i s t a n c e .  Bed r e s i s t a n c e  t hen  began" 

to i n c r e a s e  u n c o n t r o l l e d ,  i n d i c a t i n g  a l o w e r  bed l e v e l .  When  the  z~si .s tan 'ce.  

r e a c h e d  I0  o h m s , t h e  c h a r  f e e d  r a t e  w a s  i n c r e a s e d  to" r a i s e  the  b e d  leve l~ .  

The  r e s i s t a n c e  t hen  d e c r e a s e d  to 1 ohm,  h e l d  s t e a d y  ~or s e r e ' t e l  m i n u t e s ,  

then i n c r e a s e d  to  10 o h m s  in 3 - 4  m i n u t e s . . A f t e r  r e p e a t i n g  t h i s  c y c l e  
• . .  , 

several times, the run was terminated. 

D i s m a n t l i n g  of  the r e a c t o r  r e v e a l e d  a p lug which  b e g a n  a t  t h e ' e . l e c t r o d e  

t ip and extended 12 i n c h e s  into the  r e a c t o r .  The piug. c o n s [ s t e d ' o f ' r ~ e ' l t ; d  

m e t a l  d i s p e r s e d  wi th  c h a r  p a r t i c l e s ;  it e x t e n d e d  f r o m  the  e l e c t r o d e . ' t o - t h e  

r e a c t o r  wa l l .  A m e a s u r e m e n t  of  the  e l e c t r o d e  length  s h o w e d  t h a t  1"3 inches" 

had b e e n  m e l t e d  f r o m  the  t ip .  The  e l e c t r o d e u s e d  a t  t he  f i ~  w a a  "of 

Type  316 s t a i n l e s s  s t ee l .  The p lug  w a s  r e m o v e d  f r o m  the  r e a c t o r :  . No 

damage  h a d  o c c u r r e d  at the  r e a c t o r  wal l .  

I n s p e c t i o n  of  the  s t e a m  s u p e r h e a t e r  s h o w e d  tha t  t h e r e  w a s  a ' l e a k  i n  , 

the  coi l  w h i c h  h a d  c a u s e d  the  f l u c t u a t i o n s  in  gas  f l ows  to ~he nn i t .  T h e - .  

s t e a m  s u p e r h e a t e r  w a s  d i s m a n t l e d .  The  d a m a g e  to t h e  co i l  w i l l  n e c e s s i t a t e  

r e p l a c e m e n t .  E x a m i n a t i o u  of gas f l o w  r a t e s  f r o m  p r e v i o u s  t e s t s  i n d i c a t e  

tha t  the  l e a k  w a s  pr~ .sen t  p r i o r  to  i n s p e c t i o n  and p r o b a b l y  ca 'used  i r r e g u l a r  

and p e r i o d i c  l o s s  of  f lu id i zn t ion  uf  t he  bed .  This  wou ld  h a v e  c a u s e d  the  

d e c r e a s e s  in  r e s i s t a n c e  and high c u r r e n t  f l o w  cond i t i ons  t ha t  m e l t e d  the  

e l e c t r o d e .  

To e x p e d i t e  t he  t e s t s  begun  in the  e l e c t r o g a s i f i e r ,  we  h a v e  s t a r t e d  

the c o n s t r u c t i o n  of  a g a s - f l r e d  f u r n a c e  to  r e p l a c e  the  s u p e r h e a t e r  wh i l e  

the  tube  is  b e i n g  r e p l a c e d  by the  m a n u f a c t u r e r .  The s u p e r h e a t e r  wi l l  be  

c o m p l e t e d  in  1-Z w e e k s  and f u r t h e r  t e s t i n g  wi l l  r e s u m e .  

I N ~ I I T U | |  
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H y d . r o g a s i f i c a t i 0 n  P i l o t  P l a n t  

P r o g r e s s  R e p o r t  No. 3 i s  a t t a c h e d  and c o v e r s  t h e  v a r i o u s  p h a s e s  of 

t h e  w o r k  on the p i l o t  p l an t .  We a r e  now i den t i f y i ng  ,c r i t ica l .  del iverer  t i m e s  

so  t ha t  such  e q u i p m e n t  c a n  be  o r d e r e d  in s u f f i c i e n t  t i m e  to p r e v e n t  

construction delay. 

During the month, no new inventions were made in the course of the 

w o r k .  

A p p r o v e d  
J a ~ / ~ - I u e S 1  e :r 
R ~ s ~ a r c h  D i r e c t o r  

/4 ./j 
l~rank C. Schora 
Associate Director 
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COAL HYDROGASIFICATIONPILOT PLANT 

Is SUMMARY 

A. DEVELOPMENT OF THE GUARANTEED MAXIMUM PRICE - W-1784-X-1 

All Piping and Instrument Diagrams are complete and will be 

issued for final approval during the week of October l~. 

Site and plot plan, elevations and the line study are being 

finalized and will be issued during the week of October 21. 

The one-eight inch block model was rescheduled ~o Begin 

October 1A to allow for further site and plot plan develop- 

ment. 

This phase of the project in which the Guaranteed Maximum 

Price will be established is forty percent (AO%) complete. 

The major project areas to be finalized are: 

i. Reactor 

2. Char Disposal System 

3. Material Handling Design and Layout 

~. Electrical Distribution and Substation size and 

location. 

5. Reactor Valves 
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B. OESIQ  ENQI mmR  O - W-!TS  

Proposals from the ReactorFabrlcators are being evaluated. 

Quoted deliveries are longer than anticipated and vendor 

meetings are scheduled to completely reviewi~heir proposals. 

Meetings with refractory manufacturers havebeen held and 

proposals are due during the week of November 4. 

Construction drawings will be initiated during the week 

of October 21 for the site preparation, sub-grade and 

fcundation work anticipatedfor this year. I 

The specification for the warehouse buildingis complete 

and will be issued this week for approval and for quota- 

tion. 



b. ELECTROTHERMAL GASIFI- 

OCR CONTRACT No. 14-01 . 0001- 381 (1)  
I ~--'--. 1967 --- '  i968 ° 196g . . . . . .  19 

~ 1 ~  , 2ND YEAP. ~ -~ .  : 3RD YEAR m 1ST YEAR ~ 1  -. 
PILOT PLANT AREA S 

, ,  i 

a. HYDROGASIFICATIOM S E C T I O N (  HG ) Bid Specifi':ati°n I C°ntract I Detailed Design" Procurement'and C°nslruc~'i°n HG i Plant i and Selec~ior: Negoti.'ttion Shaked°Wnil 

CATION SECTION 
(EG)  

c. SECTIONS INTEGRATION 

SUPPORT STUDIES 

a, COAL CHARACTERIZATION 

b. CATALYTIC METniANATION 

C. ECONOMIC EVALUATION 

d. GASIFICATION STUDIES 

Design, Construction 

Tests with SimulaLed EG Gas 

300- kw Gasifier I Shakedown i Operation 300 - kw Gasifi,=r 

i 

i Bid 5peciric~,~,on 1 
i and Se/e.ctJon EG I 

Petrographic,, and Calorimetric Studies , I 

Methanalion and Desulfuri~ation Studies 

Cost Estimate Based on Ctn're:lt_Concept ,{ 

PILOT PLANT PROGEAM OF I E-T HYDROGAS 

Producer TesLs 

P. ENGINEERING DESIGN 
OF COMMERCIAL PLANT 

I~etailecl Design. Procurement, and Constru, 

2-  Mw EG 
i i  

, • j ,  

E valuation of Pilot Plant Data 

l Catalyst Evaluation and PilGt Plant 
, Data Collection 

, , j  

Updating and Correlation of Data 
, , i l l  

t 



r.,NT PROGRAH OF lET  HYDROGASIFICATION PROCESS 

.WrI"RACT No. 14 -01 . 0001- 381 (1 )  AGA : I U . 4 - 1  
k - 
' ~  1969 - ] 970 1971 1972 

" _ _  - . = , , , ,  H i 

"., Procurement, and Construction HG 
C 

L 

.,00 - kw G~sifier 

lectinn EG I 
' .2  . 

) 
, \  

f., 

, t  
L - -  I 

~ i , H , 

3RD Y E A R ~ J ~  

ii 

i 
Detailed Design, Procurement, and Construction 

2 - Mw EG 

4TH YEAR ~ i ~ .  5TH YEAR ~ ; 

Plant Operation 

Shakedown and I. ~ 
Integration 

I 
Ul  ~ 

i Operation HG & EG 

Evaluation o[ Pilot Plant Data I 
i i | l q l  , .  , i , ,  ,i 

i 

Catalyst EvaluationData Collectionand Pilot Plant I 

Updating and Correlatmn ol r Data 

Updating and Correlation of Data . - -1  

Updatinq and Correlation of Data 
I Cost Estimate Based on Integrated [ 

..! , ,,Pilot Plant Data , ! 

*~1 ~._ , , ,  . 
$ 

,3{ Producer TeSts 2 
E-881094 

I Bids and I Engineering Design of 
Selection Commerci-I Plant 
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II. BAR CHART SCHEDULE 

The schedule for establishing the Guaranteed Maximum Price has 

been up-dated to reflect-proEressand schedule changes. 



,.I 
• ~... i ~  ' 

. ?~ 
m e~'"  . j  

• ~ 

t ~  

. - r~N 

7. 

i! "o,~ 

ILo 

T 
T 

n 
-IT 

I: 
" - T "  I 

I, 
I ] -  

-°!~o 
I, 

. _ L  

J _ _ L L ! ! I w ~  I I 

JP Ul n U Ul  Q . U  ~ D. 

n 

. . . . . .  . - .  . . . .  . . - - . , . - ~ . ~ - -  .,:. . . . .  . . % . . - - -  , . . T ~ . . . . . .  

- 1]- - I f  
• -~'- ~ - 

-,, hq--I-~-~Fl 
:'l [__ !...i,~ l~l . ' - - i~TII~]" , 

- i ,  ! j  ,,. i . ~  t j : 

- F "  I_~__I_ 4 t, I f  I ,'T[-- " - ~ c - ' - ] - - ~ ' / / - T ; " q - - : "  ° 

i . - ~ r I iL ]_~ !E : . -  
~ _ _ L _ L I _ _ I  '. I ! ', 

- ~  - i -  F F T ,  " [ " ~  "'~ 

- ~ -  F F F - i - [  
_L_L,J_IU-rl~_- 

I t  I.'l I i h i  I 
_~, I ~ I i2_.' _-[EZ 

~J LL_I_I, J L 
- F -  " F [ q ~ ' ~ l -  L 

I, 

I; . . . .  



i m  

o : | 

:2 I 

r~ 

"° l,lJ 

- ~ Ld 

z:~ Z2 Ib 

P~ ILl 

jli " 

i 
. i 

, 

,¢ 

i ~ i" 

~-.L-- 



- , I  

Ill 

• :T. 

_,.-.- 
,% 

A 
' ~ 2 /  

0 

Ul 

Ill 

~, ~: < ~ ,  

!11Ii1-I! Ii 1 . . . . . . . . . . . .  i .  

]:.'ii I T  ~ 1 I ~  17: . . . .  I = ' 
7-],, 7 - I ! " 1 "  r 7 : l . . . . . . . . . .  1 - i  

4- -_,Li 
7 - 7  i - i T l - i - ; i  . ~- . . . .  ; ..... i i 

" ~ [ T r l - I Q ~ - I - -  ] F "  ~ [ 
~ 7 -  ] .t 7 - 7 - ~ - 1 - I  - .  - , 7  - , 7  -; " 
~[-.T..E..LTF/. - . ,  I / : - F ~  .2 _E 1-' 

H - i {  :~-~ I-!+]-]-!-~-!: 
- . - l " r ~ l  ~ i - T - , t - 1 - ' l  : T T 

- ' - , - L - I - - I  T -  : ~  ' ., " l - ~ , - ] - ' i  - ' F  . . . .  ~ i 

- " -~"  ~ - " : ' - t ~ ' - 7  - " : ' ' ~ ' ' , ,  ~ , r ; - ~ i - [  T -  " I 
_1 . . . . . . . . .  i -  - I  '~  - i ' - l -~ ,  ', ": "-7. . . . . . .  I 

. . . . . . . . . . . . . .  • i, . . . .  ; -  i -  . . . .  : 

. . . . . . .  [ _ _ ~  . . . . . . . . .  - 

I ' ~ : 1 1 r , i ; I ' ', 

! . . : ' , . _ . - ~  7 I I : t ...: - . ,  • 
. . . . .  _ . . . . . .  ~ _ _ . . - , _ _ '  _ . . ' . _ "  : - . "  

- F F F ] - , '  i l  I I ,  ', ~ i ! ' 
1 ' " I I I l ] - 7 1  I . .  I ,  .. ~ ~...., : .  

- '  F T " ] - ' I - 7 - T , ' "  I - ;  " ] ' 7 " , -  i , " r  , 

,-i-rl-[7 -i ..:- ¢i-~--~-F- ; ..... 
_ - L . - -  ~L  . . . . . . . . .  ~ - ~ - r  . . . . .  ~ l  ~ : ' ] ~ .  ~ '  ~ , . . ~ . '  
. . . . . . .  : "7" 7 -  . . . . .  f -  [ - 7 "  "T-'T" f ' 7  - '  

. . . . .  / .  ' i . . l _ L . . . .  i . . . .  , .  ; . .  k . . !  , I , 
~: 1 " 1 q  I I ' . i i ' [ - ' :  1 I ' I T " 

--.,, - r 7 - . ~ : i 7 - ] 7 -  ~ .7-j 7 - F - F  
w.,: 7 7 - ~ -  1 7 - ~ 7 -  i 7 -  , - 7 - ' - .  r" : 
- i ; - ; 1 - 7 - . ; - [ 7 - ~ 7 ~ -  i . '.-i ' "  
- T 7 - F F I - I  T F  F.~-i  -r-~ 7 . . . .  

:~ 12 I ] , L I  ~ EL~,_~.]. .- .  :. 
- F ' i  / - T F ~ - / / I ;  / I ', I : . :  
- - - - - T - , - - - - ~ : _ ~  . . . . . . . .  " ~ - -  " -  i 

l - ] C :  21:[_74': 

_ _ : F G - '  ~ i , ~ :  :_t-_~-FF ~- ~ 

i 

I ~  1% U " u l  D.  U 

' _ . . . . . . . . .  , _ ~  . . . . .  

- - [ ! l ] - i  .... [ FFI I-FF 1/,, 11111] 
- T i F " { "  ~ - r r 1 - I  , - ' - I -  1 :..-T-r i - l - r ~  17- 

-~ . - -~  . . . . . . . . . . . .  ~ .... ,r-,"zL]LtEJ.L~,-.I::L - T ~ I s ' , "  ' , ,  ' , ,  , ,, . , 1 , ,  : , , J  
,I I ! !. , j . ,  I .  ~,_ . .L__L _~-__.1 ._  ~l: ! !  r ,~ ! i  !' r! I ! },~ r ; '  

~ L .  ~ ~' ! !  L _ ~ 4 . - . L . - . g - .  
_ 4  I i i i i  :i I I I, I , '  , I i L L I : ~  7 7 - i - t - i - "  

J ~ ~ ' ~ , ~ - T T T n ]  .'7-i &l 7-11 ~ 7 - n  - - I -  
c ,  I V q ~ 4 ! t q - t . , , - ,  ~ ! l : : Z ! : ] . - £ E  Ii 

-L 11.~7[ ]  _]~IL,_-~C_F r 
-~r "Ii7-'T-]H ZtI-L-,L-:tI'~,'J-~ 7- 
:"F 11,~-..~-i~7 - ! t , t - ] - - i l  - F -  ~" ;  

i ." . ~ ~  L :3~z_ F.~.Ii.,_ 

. . . . .  ~ j _ . . l ~  u . ~ , ~ I L 1 .  

- - . ' - - - ~ . ~ . - l i ~ r ~ - .  
, ' ' T ' "  "~7 "-~ 7 "  " . " ~ r ' - " ~  ~ - - r  --~ ~ " ,,.,_ o~_, 

~ Iq_._l~ ...., LJL_L~;.._L_II..L.I_ 
I -  L_Z ,  

" ,_, : ~ : , , "~_ .~_ :~ .  
• ~ I I  I L i '  :: .~L_I._L!__I_ 

"4 I ~ ! 

-_ o - ~ : 1 I ~  ,,, , 
| ~ M -  

,9 ~ I~ ~' I!11 II I .I I I I 
I - -  U ' I ,  - I i  * ~ I ' , t I 

~ . 6  I~ ~$1]-I~ ~ ~ ,1 ;I :I 
~, ,~  I~ ,,,,:FiI,41 II I ~' I I I I  II -T" 

I L J _ .  

4---FIG- H- ~ .... , ,~  -t F- ,..eI-M II I ~1 ... . .  

I Ii *o, 1 I ~  1.1,1 i1,1 I1.1 u.I I ~  L,I l l l O .  

• ~" 

]]t °-I ° li ° 
, , , ~ 1 " - I I  ~ " " 

"" ~ ' '  II - '  " ~ ~ ' j -~  == '~: - 
o m ,,.q t,.. ~ or- I~  L". 

~a ~ U r~ U U l l U . ~  n U ~ U a  ~ U 

I . 

- ' 7  

t 



. " 2  

• o 

I 
! 

i 
Ill i~ 

d:i 
L 

~I.ll 

i.,.t,6 m ) 
: r O -  
u t , , '  ~ 
IDli .  I~  

, .+.,  ,+ 

°! , 
L~ 

~q,+ = -i--iTrT-r-rr-i T n - r r T , - I - ~ r T r - r  r;-r- ,r- l-n-rr! r r7  rT" + ~" 
i+i-i I I  {]_LI_L[]I / . , / I t i l , l  lI_t_CL!., i ~ i ;  ~ i l l + / i + : i l '  l /  ~i  

' l  ,~,0-1-r+i-r~:-r-i-r-ri~-,-rr,-i-.,~--l-i,-i-i~--1--,-l--'i=-l-l--~--,-,--.--t-i .... ,-;--, 

I"i  t t- ' =  .... . . . . . . . . .  ' - - - '  
._ .--=, . . . . . . .  ; i T _  _ r ~ i - i . _  _ . ,  _-l--, : i:.;l ~ - l _ - i - ~  ~ : 

! ~ l _ . l i  il, , ~ !  I l I+ I t t - - I T - t  I +' I I I I - , i  I i. t i ~1 I I ,, ~ - i - - F " " .  Z ' I ! I r l  ~ ! _ 7 r - f - r - l T  + i i , r  I ! , : - f T T - F - I - i - I  i ,+ i l i - 1 - ~ - I ] - - - i  i . . . .  + - i - -  

l l ~ l l  : . . . . . .  , 

- l~- ' . . '  ' ~ :  I . . . . . . . . . . . . .  L--; ..... ; - ;  _ _ , , , d =Cr_~ - _.-i=ii-! i + : ' :, ~-----.. 
, c .  l I ~ . ,  I I  ; I ~ l  , , , 
' - ' . . - I  t II .! ~i iI 

' ~  I 1 ! + 1 i • " I ! 

i_~l--i 
- i71-.-i ,.--r-l.-.-..-~-- 

I i I "  • ,, 
• .~ I " ~ . . . . . .  ,,,l i ,- , , l  I I I i , i 

I I L l  ; -  ,-r-- -~-.-~ 
I I '  I | 

I t_<"2! ;C]-~;-;-r--? 
I r . . , , . ! .  I , i I 

. . . . . .  '._...__, . . . .  
. . . .  • I I ' ! 

"'-- -r1-'-."- .'!-r 17.! i ==; i it i ~ • 
IZ F',,t'i '"-:-IT' '+ ~ ' I_...~1 ' 
I O ,  I ~ i l i  , '  ~ • I / l l  

li;" ; '  , , " I-., -: II ! il III, I I I ,I-- 

l l .  1 .1  

~.i.....+~-t-i~z 
._ " '  "" I.l.l'itl,#..I "' u l i  ul ,', 

/ • V l "  II 

" " +, 
u ~ , l .  

,m.li ,. , ~  I . ! ---~-"F-" 

'-i -_...-.-~ ~ .~ • , ~ i I~ i 
""i ,-':',- , I ? ,. i , .... 

' - ' l t ." - i r ,"  i i r ~ ; : i . . . . . .  "~ . . . . . . . . . .  
. . . . .  I-- C! - ,T  . . . . .  
' N T - . ~ - ! " - F i l  ~ t  r l ; , , .  + 
- i f - i -  .~-" ? - " ~ - .  j ~ ~., 
:..n4_4-......i..,~ i ~i ! I i I , • 

; . . _ _ f i  r }  i :, I I , i i 'i ! , ! 
--'-I--"B', ~ , }' , 

i i  ~ I . i  I ' , I  i 17 i  i l , , I . ,  ' 
. . . . . . . . .  ~ ..... . +  i i-.-i-~-- ' - _  . . . . .  x.. ]_. i  ~__.L~_i~ .__~_..L.~ ~ ,  , . . ~  : .  
I_!.._l,_l i ' :i I I . ,  I i ;; I ' " i  ,-"!7"-, i ~  7-; . . . .  
I _"!- ~i .-F-F,' - L - ] ; - ~ - I T  -i-~..~" i -  i ~ - 1 -  ". 

I _ _ 2 .  ; _  . t _ _ L L L _ J l  ~ I I I I_... i Ii I +~ i i t. : , 
l_.++_i....i ,. ~ . ~  ~ - T - [ ~ - r i  . . - r - - r -++-+  +-:----+~ 
• ' + i _ L t _  + ~ +'. I i ~, I . - - i . - 7 - ~  ; ~ i - i  T" i . ' - - - "  
i ~ I I i i I : ! i f I i ~ " 1  i :: i ; i + , - F ' " - - +  
/ t  I I • ~ I 
F i.-- '-i '- '-i  . I - - ! - ~ - . . i . . -  I 

l-i-,-i;;r-Tiv, I' ' + " +  " " = '  ' ' - = = - '  ' T - T - l - I - +  + i ~ - - T - ~ ; - - .  

!' I!~I !__~ -i :-'Ir-l-T~.. !-,+ 
H i f - T - I G ~  I _ L ~ I  i i! ~ '  i..~ i t i + i 

i-+-~i i ~ i-lq i i ii t ! i . i- i .- ' i i - l- i ,  i i :.-i.'."- 
1 ~ !  I i ii I i i I I  i I ~ - i  
II1! ;i I I ii I i ,  i t  ,, i i  ,i i l  i : / ;  I t i t  I I I I ~ t t  ~i I_L~ i - r  
,~I._L.L_L..L If .l I ! ! I l i ]  I - i i - 1 - ~ 7 7 - i i -  
I ~ 1  I i  I i l l  I .~ I i#i i l  } ! / !  I T  
, ,  , , ,  ! t t l  I . . ._. .K//g 1 !  +i I i : [ -  
I-+-I-+.. .  l~ l  t ' i+ ,~1 i - T - i - f -  i ~ - 4 - I  l - -  t--i--V-l;i~,..r-t---t ~--I i, 

, u . . ~  L _ _ . _ A _ ~ _ . . _ ~ . _ I _  . _ _ I  _ _ _  .L _ _ . _ ~  . . . . . . .  
1 0  . ~I} ~ I~ .  ~ ~ I ~  ~'~ " 



+ • 

I 

Iu 

Ui 

N 

g 8  ~ 

=+. i) ~, 

. I l l  

ill ' ) "  i. " 

i £.~' 

= - ,  

l i l +  

I [ I 
Ill I~, I I 

i l i l  ~ 

I I I 1 1 I  ~ - ! - [ i ] - r  - - ] Y  - !  - I- I- I  . . . . . . . . . .  i ]-1-7F[ TI -I"1 I-I 1-11-! - ! I I - I ! I I ,  
i " ~ T ~ - ' L T ~ " L ]  i - - I - ~ - t  ~ ,~ , r l - i  • t t ',. tl.-~ t I ~ ,  t : , - t - I  " t  t "  t !  • 

- - '  ' - - - . l  . . . . .  l . - ,J  . . . . .  " _ _  . . . . . .  _ . . ~ . .  , . . . . .  " , i , 

"..  ! ,-T~-~ FT +_~_ .1 .  ~_.FK;~--_R!T!2._TI-I-~LTFI-I_T]T ~,-I-1-~ r-I .... 1 
-LL_.,_~ t i ' ~ i !  ! I l l  l. l i  ~ . ~ I ~ i q - - i  L-~I~--I-ii..,]-][ T ] - !  T-!- Is_L-I '7-1 i :  

I I  +' I ,  ~ I ~  ! i - T - / " i - '  I!--~-.'+ " F F l - I - . r i - l - I  . . . .  I t - r - I - i  

" ~ 1  " - , .  , -- / 'T-r-~, , . ~ . . . ,  + / . . . . . . .  
H - i  .! ! ! _ ) _ l  . I _ L ~  L _ L I  I I ' 1 1  I I I  I i~ I / ,l I t I | ' t I . 

I- [  I ~i ~ _L .... [_L ~:'J F'..-JC_]-i-I-I-TT I i f - I I - i -FC-T -F1 - "  q - ;  . 
,, I I I  ~'. L [ !7-1-~__~l--[lT-t1-Ff-f-~r,l,~-l-i--,-lq-i-. 

"-!.~. E: :r~]7_..~._I;]_FT-FI.3~TL-CI--.,-.'.:-i-:-F~-I- i .... . 
, .II.L i - I 1  ~ - I  I I' 1 "1 -7 - i  !-FI.C. T r - T  l~'! - I  1 - - I I l - I - - 1 t F  t ! i l l i . i  i - - - [ 7 - - [ - i  . . . . .  F T -  

- | t fi I , I ': 'i I ! ' I I i ~ ,  I • , , 

~ ; i  ~1 :1  I i :i F F F F I  ! : i :  I "  ""1 
i"l,, I f ' l -  I . . . . . . . .  I1 i" . : i - l - f - - ~  i - - f ' - [ - l - F - l l ' F [ '  ".T~" ! " ."-" -"-', 

!~7 !:l -iiT--r--i!-F,i-r-iTr-i-Fr-r-.-i-FF, r - ! -7  ...... i 
.!'7 lb~-!rT-..,  ~-'-T :-T,, F- - -T - - -F - -T - - .  i - ' -T- ; - - - i  

ll~l] " i f "  . . . .  ~" -F - . . ~ ' . . - - i x , , , l  . . . . . . . . . . .  1 I , i. , '  . . . . .  1 - - I - i ' 1 ,  i . . T "  ; , " '  

~.' I I  [ , .  11:, , , ,  . , . : , - ~ , , ,  , . -  , .  +-< , - , ~ - r ,  . . . . . . .  , + , . . - + . ~ , - ~  
" I [  ~ [ I I :  i ,I I . I  II I I I ~ _ _ . L ~  I ! , I J , i ,  : ' :  

' L . . ' _ L ~ _ t . . + _ I  l _ F t :  ' i F +++ ' • b+.,,+ 

"-l- i j - F  +L-L-_F I -~.~1+ ¢r-i-r.:-t-,-r.-~-i-: x r ,  i~ '  ' : " I  ' I l l  ' ] L - - I - ~ " I - I - ' F " I - T ' T - T "  
<~: - ........ P - - : - F F F L L L ]  i-- i-+-iT-i l- ; T'?' lr 'T-, 
~ r l  ' . . . .  i----F-I:-iT-I i - ~ -~V-7~-F - r -F i - " - -  i ". 

~, i - -F I -F I -~- - I I~F- I - - ; i - I - I  ~ l i 3, i i ~ [ i - ] :  

-,,~i~! ' - ~ : ~ ; - ~ ~ ~  ' "  " ' I - + -  i ~ , I - , :  I I'-'T,-I"-F-,i I I q - [ !  i i / .~ . 

" !4  ~r-i+i i- i  l;! + 't-b-t-P- ~ ! . _ . _ l .  '.' '_~ : , ! : 
l f " - H  E +~'-i--'l i I' / ~ ;  I - -  T F i -  

~:i~', I i, I - ' t "  I I F i i  t " F c  I I 
I ' - I  , I " i[ ' " ' 'i I i . 

" " ~:D~ 

>" I.~ _ ! 

:+1~ ~< ,,,~ 

~ l  I 

~ o l  ~ .  

i 

~ : ~ + ~ J l ~  _--1- ] -  r FF -[-:~ - F ~  - i T ;  - - t q - F T T I ~ - F  q-1-1-~, 'I-F~--., -1 -" 
/ I ~i-l-F3.,I-[ 1 ~. i l  +i l q -  

" , " "  - ~" . . . . .  _,T-" - "~ . . . .  ~ - ' I  " ; "  

+ , , , , ,  - " ~ -  - - i ; - - ~ ' - ~ . .  . . . . .  ,',- T F ,  t::f ,,:F, ,, . , , ,  L: 
t L !_L ] - -~ -~  + F!TT,.E.I_T_ 
--H H-!-H-t.~:I-]~J..-I  • 
j 1,1 I I'~ t t i 3 : - l - l T - I l -  
q I i I i ,,7-1-1-~-I,TFF I -  

,_ J _  . . ~  .. . .  - , F F I ~ F ~ I : ~  t t  
; 17Crl--o +- I  ' -  o ' -  ? .  ..o 

i I 1 
, 



I 

! 

q kl 

kll 

i' 

V~! o 

o ~  

Q a  



l b  
. J  

u l  

u~.~. 
~,ql: 

ii' 

13 

1 
LIJ ,,9 ~ 

I 
._.1 ~ 

(2> , 

0 
_J 
c~ 

~_*., 

~;  g. 
~ 1  ' 

I:l T L ,  
~,~". 

~, ~ :  
• o ', 

~. , .w,  = - I  ~, 

I~ k ~ r i l  ~.1 

1" ~ . . '  I 

.,!-~ ~1,.4 

i l.l  -, I. 
" , Iraqi  

, , , ~ . u  I o I 

, ,  i .... ...... ..... .... I .... ill' ......... I ' .... - '  " '  '--- '- ' i~ -½,z  7-t-, -~ -T-I. -i t - t - r~ " !  t--.~,--:-!  . . . . .  
' i , i I I j . ~ r - [ ~ , / - F , - , - - F : - [  - ]  . . . .  ~ . . . . .  , . . . . .  ~,1 . . . . . . .  ~ . . . .  i - "  -~--~-- - - '  .-: . . . . . . . . .  -J, ..... 1 _ ' , . _ / . . ,  ] _ - . _  __.. . ' - I -H. I - . . , ,  , , . ,  ,-1-+-,', < , , .  , r ,  t., t ,  . , t ,  ,, r , ,  tF ~ --,-, 

! i " ! ' " i I ~ i I : - i '  i ' i _ i  '~__[ - i  : i i ; ' i i i i " i , , - i  i : - : i : i  '; : -  
i " i i - T " T - T i l  I ,  7 - - - - - - - - i  . . . . . . . . . . . . . . . . .  ~ ' - t ' # - _ . , 1 . . ~  . . . .  ,._ . . . . . . . .  ~ . . . . .  t ~ _ . ,  .~_ , I I I . '  I . , .  I T '  t I ~ I i ~1  ,. I , ,  i ,  . i I i 

! !  f ' '  ; ! t_~L~___~ r . . ~ i _ E r . - - i i - - . ~ - : r i r i L - ~  i i  . . . .  r - ; - -~ ~ ' 
.~.' ! -11. . " . " - - -4- - : l t  I-:~L:E-".T..]~:-~'_-L:F-.iL.F_'.: ~ - . i - "  - !  ] -  " ; T " 

1 I !! ! .tl .: I I1.-.--4-'-!!! l - . l ! , . ' , . .J_t. . : i  ~ L '~*  t '  1 " [ F ' - ' F ' , - ' Y " I - : , ,  
t !  ~t i .!!_' ~ ti. 1__:II ! _.l!: ~ i i - i " - F - T F i  / - l " f " . " i - i -  l " i = - ' l  , 
I I  i l ~  II: ~ - I - . : ! I i  i ; - . ~ ' " ; " i - ] " i - ' l - ~ . - I  I 7 - 1 T - - : :  v ~ - i " : - ;  "" 

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

! !  !' ~. i i ,  L li ,..!t , ~  . I ' U  r . ,  I 1 , ,  I ~  ~ ,  , i ; 
- I - - I - . . L -  ~ ~ I! .'-.-- : - . I 1 . L  . t I _ . . A _ ' _ L L I  _ !__,::_ !_  L _ 2 ~ - -  , , ~ :  - - - - r  I 
I - L L . _ L .  _ 7  .. .II. L .._ li, ,'. i l . . J  i l  .I I , ', / i ~  I I 1 - r - i - : , - : -  i - :  • • • 

i ! i: ' "..-I! I "_~! I~"  ~. - i  -i - ~ . - . r - -  . - - r ' - F : "  i r - :  i : " . "  . . . .  ; i 
l l " l i - ~ l  i I  I I i " I I I i l  I I I • i I I I I * . ,  , _ ! _ ~ . i !  . . . .  , . . . .  , ~ _  , I ~  I , i  [ . . ,  I I ,  , . 

t t i ~  I t  • - :  . . . . . . .  ~ - - - "  ~ - ' r  . . . . . . . .  [ . . . . . . . . . . . . . .  

i l ' I b  I I .J I_L II I " T - i - I V  . . . .  i - ~ - i - - - ' - " - I T T  - ~ .  " r ;  " ": " " . . . . . . . . .  ILL_ . . . . . .  : . . . . . . .  . .  • I , . i . , 
-,-~.,~ - - ~ . ~ . - ' _  ~ ~._:.!. !_~._L_~.i:L:;-~--r~, , - ,  , - -  , ,  
. - I - L L I Y  : _ ! ! .  I .'111 ! 1t!  l i  i_.' I , i l  I - - C T i - - ' F ! - - - i " ' - - !  , 

,, .":' '-L--~ -' :, , - . . . . . .  
; ~  . . . . .  1 - -  i .. j . . . . . . . .  

' . . .  " t I !i I I i I i - ~  f : • : ', " ; ' ~--~ . . . . . .  L..L..I  
' - '  ~ i l l  i:-,]::I i ~ ; F I  ~, , i . I , , i , ,. , , , i '  . . . .  ~ . . . . .  

~I:':!: :i:i:~ ~',r,! ~ ..... , ........... , ........ , ,~ .i ..71....,.,_ i .  r ~  . . . . . . . . . . . . . . . . . . . . . .  : , ~ . . ~ - . . - , - -  ._  , I . r I i ! l . . . .  
~" ' .  I ." ; I i I :; ! ', I I ~, l ~ :' , ! , , " 

:'~1 

-_:~L ...,]~.._L., 

i, i [ L_LJ_.! ~-FTT -.-- 
~ T  F ~ , I I  , l i i  ~ 

"'--~1~--i~.,, I '" r- r - F i - r - i  
" ' : ' "  ti l I t : ,  r . - l - - l - - i - r - I - - t  

• I • I ' I , I I I I I , ~ , I t , 1 ' , ,  

i _ ~ - - _ ~  . . . .  ;TT-r-T-7,  
¢ I L . L I  ,' 1 I il / t I I'T 
- i - _  1FT- i - - . - iT-- r - i i . , i - i  i ~ 1  ¢ 3 ,  
~ - r - P ~ - l - 7 ~ ~ , .  F ~ - I - - F - ! - I - t - 7 -  
:~------l.Ll~~ - r -  _,~I-~_L _r-sr-.~___E_.:Em 
: - r -u-~ , - - - ~ r - i T ~ - ~ q  _ 
r ~ - , , ~ ,  ,_ ,:---f, ~ .--!,2,- ~ 
I I II I I l l  [ , - F - l - ,  

-I  ! li i ~ , I l - q - i - - I - i  
t l  ii ! ! . ! . 1  I .i I t i 
I t ii i i I ,I I I i I 
i i  !~ l i  ~ I I ,  I 1 ~  I l i  
1 i i l  I i ~J i I !1 1 i ~ i I ~ -  

it I I !i t I ~1 i i , i i ] 
I I  i! i l  ,i t I !1~1 ,i U . J L  

' q I ; t 4-t-H-t~-t-FIFI-t4-t -t--,- 
,, ,., ,,.I u,  ~. ,.,~ ,,. 0. o i1 , , . . .  ,.,~,,. . .  ,.,~ 

~. ~ :~ I ,,.~ II, ~ 
" "  ~ " ~  i ~ I " 

s,~'J~l~, ~ :  
ii 

~_ j_  F. ._ ! .  : . . .L L L . L  ! [ - I - i - ~ i T - V I T - ~ ,  ! i  " r i , 

d:F-~I~,--.it__LL_L.¢ T_-r-i i - ~ - I ; ~  T' f,-i-i ~ i ! -  
_L_u'.'_! : ,_ ! " ~...,-Y-~ r",--,.', "i-:-:-:-r; ~--:."_~ 

. ' - i  - '?  " " . ' ~ " l " -  1 - - ' ,  . . . .  i i " ' T  " ~ "  _-..L.I . . . .  I_ I  . . . .  ~ . . . .  ~ . l___ '_ . t ._ l  . :  . . . . . . . .  i .,' 
_ L J . _ I  ..... 1__1 ' I I r. j I ; " i i  i I x , I i ' 

L~_-'L~ ]ili. ,_ I_EA I ...~-I 'I"-i"'I-.F, F i";-i l :_-j': 
~_~_: ._ L-~_.. ~,-I-IFI-FT-r'I-~.F-Tri-'., I ~-; 

- -  - " P  . . . .  r " ~ , , - 1 - -  7 "  , . . . .  r , - -  • ,  . . . . . . .  --~ ; . - l - r  , - r - r  , . _ F ,  i_--E....iT t I ,, 1 ,  ,. I i , 
,, - L - ~ r z I - r - I - F ~ T I - I - - 1 Y I  i , - " - '  I ,' " , 

__~; ; t '..~m ~, ' . ~ ; . . . l i  I' '__---'~':-.*'_'_"-tZ.:.'-- 

h i - 7 -  ] ~ _ _ _ ~ . , _ 1 7 " l " - l ' T ' ~ '  1 7  ,, 7 1 7  , " :  
i ! ,~ T-F1-~-FF-1r-r17-I"i-i-II-T-FI-Ti-i i 

, i ~ L I  ~ / t - I ~ - l - l - F - ,  l - - l - r - r 7 - n T - r - r ~  i - I - I  

, i _  _ ~ -  -~-FT-:-[i 'F-F 
E ~ - i  - i - - i  ,, - r - T  

-, -,, - i -  i - - - -~,  . . . . . . .  t ,  - - , , - - -  . . . . .  , _ _ " .  . . I  

~,~ 
2. - , .  , 1 ~  " I 
": ..'1.~ . . . . . . . . . . . . . . . . . . . . . .  



. . . . . .  . [ 

",I C 

~ ~  I 

li  

tl,~. 

~ ii X.,+, 

'+T. 
%1 

I , '  

f.~ 

k/ 

V 

i: i " -  
I 

I> 
iF--.. 

- - - . -  ~ J  

- - I  

I -[-:j.'+l!L . . . .  .!. !._:-'~t'+[+. t .i.~''--[--':'~'i'"---i''[--'--.i ...~", .! ."'-- l: 
P-I "'~ [- i"- i - 7 ; i-~ ":" i ;- l--l-;,- 
-Fi"-:+. ,] ..... ~-i" 7 i -i". Ti :" F-i-- 

I I ' : I : I ,  i ! " I ] - " T  - i 

,:t . . . .  . T~ - : ,  . . . . . . . . . . .  , I ' ;, -7., . . . . . . . .  . t , , I 

i I i 
i ll :I-K:I[-I;~-].-_I~ il-i i-~ '. 

"i;ii- '- ]j "~ " ~-I-;" II'! ~ - ~ : 

! , i I " I I ", I / I ,  1 ' I i ! I " : " 

- !  : ~ 7 7  ~ _ "  t .! .+;'_~ :, i T-TZ_-T.s"L . ; :  

N 
IS 

0 
z_ '~I 

,.',o ~ < 

~ '  

"',,'~- ",7 " , , " " . " 

;~ ~.'-" :r ,~ . . . .  . "t~ ~;-'---"-~ ~ ~;- -. ~ -. r - ' . T  . . . . . . .  

; l~" "i ' ~ . . . .  ;: "I " l ' "  ~ - : - - k :  ~ ' ' ~ ' :  . . . . . .  :"  

, , I i I i~ , r - ' [ - . ' - I  I ;' , , . i : ~  ' 
. i t .- t I ;. I I i 7  I !. I : i i ' , 

5_.U_.,.-.-CT,+~-I-.-q-i , ~ ;. ]--.,.. 

11 

i ; ] "  T 7 - " , '  i I ' ~ - I  - ] ' I T ' [ - I  , . 

L_~.-.L~ _ ]  . - .P-L-. , . I tZu ! [ : " - :  ] .  :_;~ . . . . .  i~ , ° _ ,  , . . . .  . . . . .  
J " ' • , , r 

........ ,.. , , ', .............. ' , , I; ~ ~ ............ 'J' ........... : ' I .: ::::::::::::::::::::: - : r - . . - - : : I - - : ,  ' ! -  
, ,~ ] 7-- [ - - "  " - - "~" . ' I1  . . . . . . . . . .  I 

U, ~,~-, ~-Fi: :;~"il ....... ~, ....... ,- 

; : - : i ! - . i t - -~+  .--_ll.-. - - .  _--TZF_F_F_F_V~-__-T; ,C_~ I+ . . . . .  ~-- " 

• " :F: : : :  - - - :  }) 
~ -~: , . 

• -,!i : r  '~ .. . .  I+ . . . . . .  F ~~++:~.  .... ,:~.' , i- 
, t  " - f f - ' T  . . . . . . . . . .  il - - " - ~ . "  " ' - - ' "  " "~ ' -~  " " 

_ e . . . _ _ . _ . . I ~  ~ ,  ~ '___c . .L ,+  ' .  ~. , _ L .  
: i ! : i , ! I "7- -; -I~ "" " 

:._;. ...... :_.,,,~._--- . . . . . . . . . .  " . . . .  ~ ' -  "~-: - . . . - - -C~ " - -  i. 

~' I : I i '. ] I I I + 



Procon Project W-1784 
Progress Report No. 3 

Page 4 

III. CONTRACT FINANCIAL REPORT 

Procon's portion of Form No. 80R0178 has been completed and 

reflects actual costsincurred through the last calendar 

month; estimated costs during this month; and the estimated 

total cumulative cost shrough this month. All costs have 

been rounded off to the nearest thousand dollars. 
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DEVELOPMENT OF IGT }~/DROGAS!FICATION PROCESS 

Progres,~ Report- November 1968 

to 
Office of Coal Research 

Contract No. 14-01-0001 (1) 

I. Two successful hydrogasification tests were conducted during 

the month, one with Montana subbitumi~nous coal ~nd the other 

with Montana lignite.. Both materials were untreated. 

2. Two successful tests wel, e conducted in the electrothermal 

test reactor at pressurf~s around I00 psi and temperatures 

of 1750°-1800°F. 

3. Low-temperature methanation (450°-500°F) is detrimental to 

nickel catalyst activity and life when operating at high 

pressure (I000 psi). 

4. EiFjaty percent of the major equipment soeciflcations have 

been completed and are out for quotations. 

5. The work by Procon leading to the guaranteed maximum price 

of the pilot pl~mt is 70% complete. 
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]I.ydro~zqsificatlon Test Proi,~am 

We conducted two successful hydrogasification tests this 

month in the balanced-pressure development unit (Runs i~f-216 

and HT-21?). The first of these tests was conducted mnith a 

dried, but otherwise untreated, Montana subbituminous coal as a 

part of our study of the hydrogasification behavior of this coal. 

In the second test, we began the study of the hydrogasiflcation 

behavior of a Moh~aza lignite. It was not necessary to pretreat 

the li~qlte for hydrogasiflcstion use, but drying was required. 

The subbituminous coal and the lignite both reacted with a 

mixture of hydrogen and steam in a fluidizcd bed at a nominal 

temperature of 1700°F and a pressure of I000 psig. 

In Run ]~-216, we fed the subbitumlnous •coal at a nominal 

rate of 55 Ib/hr and reacted it with ~60 SOF/hr of hydrogen and 

11.8 Ib/hr of steam. At these conditions, the hydrogen to coal 

ratio was 25% of the stolchiometric ratio and the steam concen- 

tration in the feed gas was 35%. In this ~-ho~ test, we gasi- 

fied ~3% of the carbon in the coal, and reacted 53% of the mois- 

ture- and a.nh-free coal. 

Lignite feed for Run _~-2!7 was prepared by pulverizing as- 

received 1-1/2 to 3 in~ lumDs in a swing hammer mill to a--10+80 

mesh size. The lignite was supplied by the Knife River Coal Co. 

from its mine at Sidney, Montana. Aftei ~ crushing and screening, 

the lignite was dried with air at 2400F in the fluld-bed coal 

pretreatment unit. The moisture content was reduced from the 

as-recelved level of 35% to 3.5%. 

The dried lignite was screened to remove the -80 mesh particles 

not removed in the first screenln~. 

The lignite was fed at a r.ominal rate of 75 Ib/hr in Run 

HT-217 and reacted with 475 SCF/hr of hydrogen and 25 Ib/hr of 

steam. At these flow rates, the hydrogen-to-lignlte ratio was a 

nominal 20% of the stolchlometrlc ratio, and the steam concentra- 

tion in the feed gas was 50 mole percent. There were no difficul- 

ties in feeding the li~" .te or in discharging it from the reactor. 

2 
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Flow of the lignite through the reactor tube was generally smooth. 

The test lasted 5 hours, with over 2-1/2 hours of this time at 

steady-state conditions. It is estimated that ~5% of the carbon 

was gasified. 

Electrothermal Gasifier Test Program 

Construction of the temporary steam superheater was completed, 

and testing in the pilot unit has resumed. Four runs were con- 

ducted during the month. Because of operational failure of the 

steam-flow control valve in the steam feed llne, the first two 

tests were terminated before steady-state conditions were 

attained. In the other two tests cont~uous operation at steady- 

state conditions was accomplished. Nomlna~ conditions for the 

tests are given below. 

C h ~  Steam Bed Reac tor  ~ k e  Char Steam 
Feed ['oe~l ToFe ~, F~esO., Gas Residence Converslon 

Rate,. lb/hr Rate, Ib/hr -- ~ Rate, SC/hr Tirade ~. ~ .  
Run F~-5 31f..~ 29.3 1710 9~.0 589 " ~9.9 36.8 

Run EG-6 A 16-5 ~ . 2  1757 120,0 670 61.9 ~3.3 
B 25.0 24.2 1780 "13T. 0 7~8 ~0.8 47.4 

Testing will continue in the range of reactant feed rates 

shown above in an attempt to reach higher bed temperatures and 

increased conversions and to establish a sound operating proce- 

dure for the pilot unit. 

Methanation ' Test Program 

Investigations of the }[2 order in the methanatlon reaction 

indicate that the II...~ order is close to 1 for H~. concentrations 

up to 35%. The rate of formation of methane gradually levels 

off at a hydrogen concentration greater than 35%. Low-temperature 

runs at 450 ° and 500°F ' indicated that the rate of methane forma- 

tion is almost nil and there is a loss of catalyst activity. 

There is also a loss of catalyst weight after low-temperature 

runs amolmtlng to about 1.4% weight loss. 

i I~ $ i r U I E 0 I: G A I E C M N O t ¢ ~ . G v  



Economic EvaJ uatlons 

A small progr,~n has been initiated ~rlth the Paul Weir Co. of 

C~zLcago to develop capital ~£d operating costs for mining llg~ztte 

in association with the cconomic :malysls just completed on the 

500 million Btu coal to gas plant. In this analysis the mining 

operation ~vill be capitalized along with the plant, Operating 

costs will be established using the surplus electrical power 

produced by the plant. 

Pilot Plant Program 

Status of the construction of the pilot plant is covered in 

Procon' s Progress Report No. 4. We have been reviewing the 

hot-solids valve and expansion joint designs. We now believe 

suitable valves and expansion joints can be obtained without any 

development work. We are now studying slurry letdown in orifices 

and valves to establish wear rates. 

During the month no new inventions were made in the program. 

I~ebler, Research Director 

• / ! ,* 
/ 

: / 

~a~k Schora, .Associate Director 
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PILOT PLANT PROGRAM OF I E-T HYDROI;ASI"" 

1967 - "  

O C R  CONTRACT No. 1 4 - 0 1  - 0 0 0 1 -  3 8 1 ( I )  

1968 1969 - 1970 

PILOT PLANT AREAS 

a, HYDROGASIFiCATION SECTION 
( H G )  

b, ELECTROTHERMAL GASIFI- 
CATION SECTION 

( E G )  

C, SECTIONS INTEGRATION 

b. CATALYTIC METHANATiON 

c. ECONOMIC EVALUATION 

d. GASIFICATION STUDIES T(.sts with Simulated EG Gas 

e. ENGINEERING DESIGN 
OF" r.nMUEPCIAL PLAMT 

~ 1  ~===1 ¢1 ~ ~1~ ~ "~0~==1 °= = = > = ~ 1  I ~1~ ~ "°l ~ ~1~ =¢1~ ~ =- I ~ i :~ ~ ~ o ~ .  = ~ > ~ ,. 
=- ~ ~ ~ -~ - < ~ = = .~ ~. ~- 

IST YEAR ~ 1  - 2NO YEAR --..~4~ ,., 3RD YEAR 

H i i - e  

Bid Specification 1 C°ntrael [ Detailed Design. Procuh~ment. and Const~ruction HG I Plant !. 
and Selection Negotiation Shakedow,~ I 

J . , . . ,  , ,  i , , ,  , , , , , , , . ,  

Design, Construction 
300 - kw Gasifier Shakedown ,,t Operation 300 - kw Gas!fief 

Bid Specificat;on I 
and Selection EG i 

Detailed Design. Procurement. and Construction 

2- Mw EG 

~:UPPORT STUDIES 

a. COAL CHARACTERIZATION Petrographic a~d Calorimetric Studies I L Evaluationoi Pilot Plant Data 

Methanatlon and Desulfurization'Studies Catalyst Evaluation and Pilot Plant 
Data Collection 

Cost Estz~ate Based un Current Co,ceDt t Updating and Co.relation of Data 

ProducPr Tests 
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PROGRAM OF I GT HYDROI~ASIFICATION PROCESS 

T No, 14 .01  • 0001- 3 8 1 ( i ) "  A G A :  I U - 4 - 1  

1969 = 1970 ,. , 1971 1972 

t_. 
• = < , ~, .~ _= 

: - -  , ~ ,  

,,~.-.--4,.l-.~ . 3RD YEAR ~'1 ~ ,,.. 4TH YEAR ~ ;  ~ 5TH YEAR ~ ; 

urement, and,..,.    ,,, Ccnstruction,,,,. HG Plant I ' 
urement, and, . . , .  ,,, Ccnstruction,,,,. HG Shakedown i Plant Operation 

w Gaslfier I 

|= ,|l= Ji l l  I 

Detailed Design, Procurement, and Construction 

• it 2-  Pw EG 

i , i ,  

Shakedown 
~d 

Integration 

! 

Operation HG & EG 
i 

m 

E v a l u a t i o n  o f  P i l o t  P l a n t  D a t a  ! 

l i H  i l l  

Upd3ting and Correlation of Data 

- - "  ~ CatalySt Evaluatio.'t "rod Pilot Plant I 
, . Data Coil e-¢,lion 

Ur~datmg and Correlation of Data 

U~datmg ano Correlation of Da:a 
Cost Estimate Based on Intec.lraled 

Pilot Plant Data 
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Progress Report No. 

I. SUMMARY 

W-1784 

COAL HYDROGASIFICATION PILOT PLANT 

A. DEVELOPMENT OF THE GUARANTEED MAXIMUM PRICE - W-178& X-i 

All Piping and Instrument Diagrams were revised (dated 

October 31) and issued as "approved for basis of esti- 

mate". Additional changes were issued in our Letter No. 

P-S&-8 to IGT on November 13, 1968. 

Revised site and plot plans will be sent to IGT for 

"approval for basis of estimate" this week. 

The one-eighth inch block model was completed but will 

be up-dated per lates~ plot plan revisions. 

Approximately eighty percent (80%) of the major equip- 

ment specifications have been completed and are out 

for quotations. The remainder will be complete by 

November 22. All quotations should be received and 

evaluated by December 15. The Guaranteed Maximum Price 

is scheduled to be established before January 15, 1969. 

This phase of the project in which the Guaranteed Maxi- 

mum Price will be establishsd is seventy percent (70%) 

complete. 



Coal Hydrogasification Pilot Plant 
Project No. W-178& 

Progress Report No. 4 
Page Two 

The major project areas to be finalized are: 

1, Char Disposal System. 

2. Material Handling Design and Layout. 

3, Reactor Valves and Char Letdown System. 

B. DESIGN ~NGINEERING -W-178 & 

Reactor Fabricator proposals were reviewed by Procon and 

IGT and a purchase order was issued to Struthers-Wells 

Corporation. We anticipate delivery at the site by Decem- 

ber 15, 1969. A scheduling and coordination meeting has 

been tentatively set for December 9, 1968 at the Struthers 

plant. 

Refractory proposals will be evaluated and asupplier and 

applicator selected next week. 

The subcontract for the warehouse has been let anderection 

will begin in early December. 

Equipment delivery will be reviewed to determine those 

items that will require early purchase to meet the anti- 

clpated construction schedule. 



Coal Hydrogasification Pilot Plant 
Project No. W-178& 

Progress Report No. 
Page Three 

II. BAR CHART SCHEDULE 

The schedule for establishing the Guaranteed Maximum 

Price has been up-dated to reflect progress and schedule 

changes. 
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DI'2:~I.DI'~.IF.~,'T OF 10T 15q)]~Or;ASIFICATION PROCESS 

Prol~ross Report - Docember lt68 

$O 

Office of Coal Research 

Contract No. 14-01-O001-381 (1) 

Hydro~asifi cat iqn ~e st program 

During the month of December general maintenance was performed 

on the hydrogasifier reactor. Approximately ~00 lbs of Montana 

lignite was dried in the f!uidized coal pretreatmen~ unit. 

Drying was carried out in two ~tages using air at 240°F~ The 

liznite was dried from an as-received moisture level of 35 per- 

cent to lO percent in the first pass, and then further reduced 

to 4% in the second pass. 

Electrothermal Gasification 

Three runs were conducted durlng the month in the electro- 

thermal gasification test unit but steady state conditions 

were not attained because of various operating difficulties. 

During r~uu E,G. -7, after switching from fluidizing nitrogen 

to process steam at the desired run conditions, a short-circuit 

occurred at the reactor top accompanied by a rapid loss of unit 

pressure causing the test to be te~uinated. 

The short-circuit occurred at the seal ring in the pressure 

closure through which the electrode enters the reactor and 

caused the failure of the pressure seal. The probable cause of 

the short-circuit was moisture on dust particles collecting 

between the exterior closure surfaces or a break in the coat of 

electrical insulation on the seal ring. The surface of the 
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closure was re-machined ~d a tei'lon filler placed, around a new 

rln~ to prevent accumu]atlon of' foreign matter. After a success- 

l'ul pressure test, testln!~ was restuned, " 

~ms l.~.g;. ~- and E . ~ ; .  9 were terminated due to a malfunctlon 

of the silicon control rccti~'ier of the d.c. ger.erator. As the 

overall resistance of the system decreased during heat-up, the 

current Increased to above the current limit setting of 9C0 am- 

peres. • . . . .  

In normal operation the SCR unit should limit the current to 

the 200 ~npere setti~ by decr~asing tlie generator voltage out- 

put. In these tests however, the voltaire increased as the cur- 

rent exceeded the limit set. This loss of control forced the 

tests to be terminated. 

A representative of the motor generator supplier was on hand 

d rinc Run E.G, -9. After sendir~ the SCR unit to the manufac- 

turer, who tested it and proved it to be alright, the problem 

was traced to armature reaction voltage which was being fed back 

to the controller c~ving an incorrect signal. A low value resis- 

tor was placed in series with the armature interpoles to serve 

as a current sensor Cot the control circuit. Several heat-up 

tests have been performed since the system is now operatiz~ 

properi~'. 

Pressurization-Depressurizat~on Test Program 

The water-char slurry system proposed for discharging the 

char from the hydrogasifier is ~udergoing tests to establish 

the specif'ications for the slurry pressure letdown device. A 

25-30 gpm loop was built and tests were initiated using a fixed 

orifice. Initial results indicate that weoa~ on t~e orifice will 

be small and that this approach to char letdown is quite feasible. 

Eng~ineerin~ Economics 

A preliminary draft of a report by Paul Weir Company on lignite 

mining costs has been received and ~eviewed. Suggested changes 

were outlined and discussed with the consultantsj and the flnal 
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report ~,Lll be reco.  i , jod by the ond of' ,l~uuary. 

Pilot Plant Design and Construction 

This phase of' the work is covered in the enclosed Procon 

P~ogress Report No. 5. IGT efforts in this area in addition 

to general process '~*orl-have been to develop an adequate disposal 

system for ch.u~ and the oils produced. 

'.,'ork to e.stabl:[sh a guoa~antoed r~zA~nam price is estimated to 

be 85'." complete. 

Durinj_', the. month, no new inventions were made in the COLU~Se 

of the work. 
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Progress Report No. 5 

W-1784 

Coal Hydro~asfication Pilot Plant 

I. SUMMARY 

A. DEVELOPMENT OF THE GUARANTEED MAXIMUM PRICE W-1784 X-I 

All ma3or equipment specifications are complete and out 

for quotatlons. Quotations have been received for about 

slxty percent of the equipment. The remaining quotations 

wlll be receAved by December 24, 1968. Evaluation will be 

oompleue on th~s equlpment by December 31st.and the 

Guaranteed Maximum Przce complete by January 15th. 

Estimating has begun on the "back-up" (general) items for 

the project. A specific cost study is being done to 

determine the most economical utility scheme. 

This phase of the project is (eighty-five percent complete). 

B, DESIGN ENGINEERING W-1784 

Various reactor design and fabrication problems are being 

discussed with Struthers-Wells. The initial scheduling and 

coordination meeting has been rescheduled to between the 

19th and the end of the month. 

Supplementary refrautory proposals have been submitted and 

are being evaluated. 



Coal Hydzogaslflcatkon P~lot 
Pro3ect No W-1784 

Progress Report No: 5 
Page %~to 

If. 

III. 

B. DESIGN ENGINEERING W-1784 (continued) 

The erectlon of the warehouse is expected to begin the 

week of the 23zd or sooner depending on the building 

pezm~u. The Edzson transformer foundation pad will also 

be ±n~alled. 

Layout detalls w~ll be fznalized fo~ the material handling 

equlpment by the end of the month. 

BAR CHART SCHEDULE 

The schedulefor establlshing the Guaranteed Maxim~n Price 

has been up-date~ to reflect progress and schedule changes. 

CONTRACT FINANCIAL REPORT 

Proton's portion of Form No. 8CR0178 has been completed 

and reflects actual costs incurred through the last 

calendar month; estimated costs during this month; and 

the estimated total cumulative cost through this mon~,. 

All costs have been rounded off to the nearest thousand 

dollars. 
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