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I .  INTRODUCTION 

Evaluation of a l ternate 9as pu r i f i ca t i on  schemes continues. Work 
is also being done on the conversion of raw synthesis gas From the 
g a s i f i e r  in to high pu r i t y  hydrogen. 

Planning was started for  the high-pressure molten sa l t  test  un i t .  

Observation of a | i  the gaslf icatTon runs to date appear to indicate 
type of feed~ steam rate~ bed height~ preimpregnationj and par t ic le  
size have l i t t l e  ef fect  on the spec i f ic  reaction rate. 

Quant i tat ive experiments on the recovery of  sodium values from 
coal ash-sodium carbonate melts have been started.  

Three of the four re f rac tory  samples recovered from corroslon 
test  #2 appear acceptable for  th i s  service. These are Chromex B~ 
Z i rco f rax  0 and Ritex CB. 
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I I .  PROCESS DEVELOPHENT 

A. Accomplishments 

Evaluat ion of  a l te rna te  gas p u r i f i c a t i o n  schemes was resumed; current 
emphasis is on the conversion of  raw synthesis gas from the g a s i f i e r  
into h i g h - p u r i t y  hydrogen. 

A meeting ~as attended at the I n s t i t u t e  of Gas Technology to 
discuss: 

I. Adoption by a l l  OCR contractors of  a uniform method of  ca lcu-  
l a t i ng  p ipe l ine  gas economics. 

2. A set of  minimum standards fo r  p ipe l ine  gas produced from coal.  

I t  was decided to use the method f i r s t  proposed by the American Gas 
Associat ion General Accounting Committee on Hay 1, 1961, perhaps wi th 
minor rev is ions .  A dra f t  of the suggested method w i l l  be c i r cu la ted  to 
the 0CR cont rac tors  involved for t h e i r  comments. Concensus of  the 
meeting wi th respect to p ipel ine gas standards was that these should 
remain f a i r l y  f l e x i b l e  and not be considered " s p e c i f i c a t i o n s " .  A l i s t  
of  the suggested standards w i l |  a lso be c i r cu la ted  Cot comment. 

Planning was star ted for  the high-pressure molten sa l t  tes t  un i t .  
The fo l lowing general charac te r i s t i cs  were establ ished: 

1. There w i l l  be no melt c i r c u l a t i o n  outs ide the reactor.  

2. The un i t  must serve for  both gas i ' f i ca t ion  and ccabustion tes ts  
at high pressure~ though not simultaneously. 

. A su i tab le  re f rac to ry  ma=eria1~ such as fused z ; rcon ia ,  w i l l  
be used to avoid contact between metal vessel wa l ls  and the 
molten s a l t .  
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4. Heat f o r  g a s i f i c a t i o n  w i l l  be supp l ied  e l e c t r i c a l l y .  

5. Coal w | l |  be fed semi -con t inuous ly ;  i . e .  batches at  f requent  
i n t e r v e l s .  

A t e n t a t i v e  t e s t  program has been ou t l ined~ and process design o f  a 
u n i t  capable o f  c a r r y i n g  out the program is  now underway. 

A d ra f t  o f  a paper e n t l t l e d  " P r e l i m i n a r y  Eva lua t ion  o f  the Kel logg 
Coal G a s i f i c a t i o n  Process"  was prepared f o r  p resen ta t i on  at  the 
American Gas A s s o c i a t i o n  Product ion Conference a t  Buffaio~ New York, 
on Hay 24-25. 

B. ProiectTons 

Eva luat ion  o f  gas p u r i f i c a t i o n  schemes and secondary product 
recovery w i l l  be con t inued .  Process f lowsheets  w i l l  be prepared f o r  
the complete p i p e l i n e  gas p lan t  so tha t  o v e r a l l  thermal e f f i c i e n c y  can 
be s tud ied.  
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I I I .  PROCESS RESEARCH 

A. Accomplis.hments 

I .  G a s i f i c a t i o n  K i n e t i c s  

A l l  the  runs to date in which b i tuminous coke ( i s l a n d  Creek #27 
coal  coked a t  800"C o v e r n i g h t  and 2 hours at 850"C) was charged to the 
2 - i n c h  ID atmospher ic  bench sca le  r e a c t o r  are presented in Tab le  1. 

In Tab le  1 the s p e c i f i c  g a s i f i c a t i o n  ra te  has been ob ta i ned  based 
upon the  carbon charged ( i n l e t  C) f o r  carbon to ox ides  and to  i / 2  (C0 + H2) ~ 
the reduc ing  power. The g a s i f i c a t i o n  rates have been o b t a i n e d  a ]so  on 
an o u t l e t  carbon basis  (assumed 100~ at  end o f  run) .  The main purpose 
o f  t h i s  was to  t r y  to f i n d  a common basis f o r  comparison o f  r e s u l t s  
because o f  the h igh l y  v a r i a b l e  % inpu t  carbon g a s i f i e d  and the  h igh 
v a r i a t i o n  in the hydrogen to  oxygen atomic r a t i o  i n d i c a t i n g  r e a c t o r -  
p roduc t  gas r e a c t i o n s .  

Based upon the ox ides  o f  carbon produced3 the s p e c i f i c  g a s i f i c a t i o n  
ra te  on an input  basis i n d i c a t e s  a h igher  g a s i f i c a t i o n  r a t e  f o r  the 
f i n e r  m a t e r i a l  o f  /~0/60 mesh over  the  12/20 and 20/40 s i zes  but  we ight  
ba lances were poor perhaps due to  the  smal ler  s ize  and loss  by e l u t r i a t i o n  
b e f o r e  r e a c t i o n  in the r e a c t o r ,  in a d d i t i o n ,  impregnat ion  appears to 
g i v e  o n l y  a s l i g h t  improvement. U n t i l  r e p r o d u c i b i l i t y  is  eva lua ted~ 
none o f  these state~nents can be cons ide red  d e f i n i t i v e .  No tab l y  on an 
o u t l e t  basls~ the ra te  f o r  the f i n e r  ma te r ia l  shows a marked t h r e e f o l d  
improvement over  the o t h e r s .  

Comparison o f  the ra tes  c~ ing  the  leFs exact  reduc ing  power as a 
bas is  shows a l l  th ree  s i zes  to be equal  on a i n l e t  carbon bas i s  and 
impregnat ion  to  be s l i g h t i y j  i f  any,  i n f e r i o r .  Howeverj on an o u t l e t  
bas is  a t r end  toward h i g h e r  r e a c t i v i t y  f o r  the f i n e r  s i z e  i s  e v i d e n t  
and impregna t ion  helps s l i g h t l y .  



TABLE l 

fiASIFICATION OF BITUHINOUS COKE IN HOLTEN N aa_CO~(1) Z--~3-.-. 

9ms. Na2CO 3 Run 
, ,,Coke, Impreg. Time 

Run No. -J- qms. mesh size qms.._ Ca.rbon on coke Hln.___~. 

Input Carbon GasiFied 
Basis Carbon Basis I/2 

Oxides ~CO+ H2~ 

9777 (2) 38,6 12/20 35.0 - 365 90.6 129 

9781 33.5 20/40 30.h - 330 82.2 90.8 

9780 38.0 40/6O 34,5 - 180 75.7 64,2 

9778 34,3 12/20 31.1 3.8 290 100.2 70,6 

9779 37.6 12/20 34.1 8.2 340 97.7 93.6 

(1) Bituminous coke From cokln9 Island Creek #27 coal up to 850°C.s leaving !.6% vo la t i les  and 
90.T~carbon. Conditions oF runs= 1700-1770°Fs arm. pres.j steam part ia l  pressure 13.3-13.6 
psla in nltrogen~ 0.5I superf ic ia l  gas veloc i ty ,  4" qlescent bed height s 414 9ms. Na2CO 3. 

(2) Helt from previous run was used. 
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TABLE I [CQntinued~ 

GAS IF.I CATION OF BIITUHINOU$ COKE IN HO.LTEN Na2CO(3~ 

H/O In 
pry Gas 

Specific GasiFication Rate - k in hr "1 (3) 
Basis Carbon Oxides Basis I/2 (CO + H 2) 

In let  C Outlet C In le t  C Outlet C 

9777(2) 3.0 0.16 0.19 0.21 0.16 

9781 2.3 0.17 0.17 0.23 0.23 

9780 1.6 0.29 0.62 0.20 0.30 

9778 1.4 0.26 0.26 0.12 0.22 

9779 1.9 0.20 0.21 0.10 0.20 

( i)  

(2) 

C3) 

Bituminous coke From cokln9 Island Creek #27 coal.up to 850"C., leaving 1.6% volat i les 
and 9 0 . ~  carbon. Conditions oF runs: 1700-1770-F, arm. pres.~ steam part ia l  pressure 
13.]-13.6 psla In nitrogen 3 0.51 superf icial gas vel,~city~ 4 I' qlescent bed heights 
414 gms. Na2CO Z. 

Helt from previous run was used. 

For k =.1 log c First order carbon reaction, 
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Overal l  s the e f fec ts  observed above appear to be minor and more 
of  a t en - fo ld  increase in rate is what is desired. Observation of  a l l  
the runs to date appears to ind icate that  type of feed~ whether 
an th rac i te  coal s l i g n i t e  or coke from Hexican or bituminous coal 3 and 
va r i a t i ons  in steam rate~ bed height,  preimpregnation 3 and p a r t i c l e  
s ize have l i t t l e  e f fec t  on the spec i f i c  react ion rate which appears to 
average about 0.3 The two high resu l t s  on Hexican coke are unexplainable 
espec ia l l y  in view of two other runs which gave normal values. 

2. Sodium Carbonate Recovery 

Quant i ta t i ve  experiments on the recovery of  sodium values from 
coal ash-sodium carbonate melts have been star ted.  Although the work 
on coal ash from bituminous coal ( Is land Creek #27) has been completed s 
none of  the chemical analyses are avai lableo Upon rece ip t  of  these 
ana|yses and successful evaluat ion of  the resu l ts  s o ther  ash-sodlum 
carbonate melts w i l l  be treated s i m i l a r l y .  

Bituminous coal ash-sodium carbonate melts at two levels o f  ash 
contents ten and twenty percents were prepared as fo l lows.  The ash- 
sodium carbonate mixture was melted in an Inconel tube whi le bubbling 
moist CO~ (5 to I r a t i o  o f  CO to H~O v~n^~ through the melt at  
0.25 f t . / s a c ,  superfncEal v e l o c i t y  tn order to keep the ash wel l  
dispersed. A f t e r  s i x  hours, the melt was qu ick ly  sQ i td i f i ed  by 
pouring in to  a graphit~ box. The s o l i d i f i e d  mass was then ground 
wi th mortar and pest le  to g ive maximum recovery of  12/20 mesh and 
40/ ]00 mesh fo r  the recovery tes ts .  

The recovery scheme consis ts  of :  

. Leaching 20 gms. of the 12/20 or 40/I00 mesh melt w i th  9% 
NaHCO 3 so lu t ion  at the b o i l i n g  point .  Two levels o f  so lu t ion  
to so] ids  r a t i o  are used - -  6 to 1 and 12 to 1. Two levels  
oF leaching time are 10 minutes and 20 minutes. 

. F i l t r a t i o n  on a 25 micron s ta in less  steel c ruc ib le  w i th  
vacuum separates Residue No. ] (undissolved ash) and a 
f i l t r a t e .  The residue a f t e r  dry ing and weighing w i l l  be 
analyzed fo r  Na= SiO2~ A120 ~ and Fe203. The o r i g i n a l  melt 
will b~ analyzed s i m i l a r l y .  
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. The F i l t r a t e  is saturated wi th C0 2 using a graduate and a 
coarse F r i t t e d  glass bubbler. The CO 2 is bubbled in at 
140 cc/min fo r  1.25 hours which gives maximum p r e c i p i t a t i o h  
(at 70"F). The prec ip i ta ted  NaHCO) is separated on a Buchner 
funnel using #1Whatman paper and vacuum. This residue is 
a i r  dr ied s weighed and submitted f o r  Na analys is .  The f i l t r a t e  
is measured and also submitted to Na analys is .  I f j  a f t e r  
receiv ing the above analysesj i t  appears desi rab;e to analyze 
fu r the r  fo r  Si0 2 and Ai20 3 balances~ the samples w i l l  be 
resubmitted. 

B . .  Proiect ions 

Gasification work w i l l  concentrate on detenmining r e p r o d u c i b i l i t y  
wl th the 12/20 mesh bituminous coke prev ious ly  used. A new bituminous 
coke prepared at 600"6 wi th 7.6% v o l a t i l e s  w i l l  be rested in order to 
ascer ta in r e a c t i v i t y  on gas i f i ca t i on  rate and also to determine a b i l i t y  
to analyze the data. I f  t h i s  is sa t is~ac tory j  the d i rec t  approach 
wi th  the coal instead of coke ~ i i |  be t r i ed  and evaluated. Preparation 
for  add i t i ve  study to increase react ion race w i l l  be s tar ted.  

Further exper imentat ion of sodium recovery scheme wi th other 
ash-carbonate melts must await chemical ana lys is .  Melts of  the various 
ashes and sodium carbonate w i l l  be prepared. 
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IV. HECHANICAL DEVELOPHENT 

A. Accompl.t.,shments 

| .  Environmental Tes.t;.inq o f  Hiqh Temperatur_e.. H a t e r l a l s  

The Four re f racLory  samples recovered a f t e r  Test #2 and descr ibed 
in the ]as t  repor t  were p o s i t i v e l y  i d e n t i f i e d  as fo l l ows :  

Sample #]  - Chromex B. A chrome-magnesite composi t ion manufactured 
by Harbison-Wa|ker, 

Sample #2 - Z i r c o f r a x  O. A z i r c o n i a  product manufactured by 
Carborundum. 

Sample #3 - R i tex  CB. A chrome-magnes|te compos;t ion manufactured 
by General Re f rac to r i es .  

Sample # 4  - Harklase.  A magnesite composi t ion manufactured by 
Harbison-Walker.  

0 f  these four  specimens~ the f i r s t  th ree  appear acceptable f o r  t h l s  
se rv i ce .  Samples #1 and #2 can be considered on an equal s ta tus  f o r  
f i r s ~  choice w i t h  #3 as the second c h o i c e . .  In order  to a r r i v e  a t  a 
more c r i t i c a l  eva]uat ion~ f u r t h e r  t e s ~ o n  the acceptable r e f r a c t o r i e s  
ere planned. In a d d i t i o n  to  these r e f r a c t o r y  ma te r i a l s  i t  is  contem- 
p la ted to t e s t  some h i g h - d e n s i t y  fused c6st  r e f r a c t o r i e s  recommended 
by Harbison-Carborundumand sold under the tradename o f  Honofra×. 
These r e f r a c t o r i e s  have re |a t~ve I y  ~ : . k  c o e f f i c i e n t s  o f  heat ~ra~sfer  I l l ~ l l  

(35-~S Btu i n . / h r ,  SF'F) and might be used where h igher  t hema l  con- 
d u c t i v i t y  p rope r t i es  are des l rab le .  

Since a l l  o f  the h igh n icke l  wrought a l l o y s  o f  Test #1 ind ica ted  
u n s a t i s f a c t o r y  co r ros ion  res is tance  a l l o y s  io~er in n icke l  w i l ;  be 
t r i e d  in Test #3, 

.o 
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Table 2 is a summary o f  metal a l l o ys  recommended by leading manu- 
f ac tu re r s  as t h e i r  best contenders for  th i s  process. This tab le  a lso  
ind ica tes  the i n l t i a l  t es t  r e s u l t s  and fu tu re  tes t  p iann in  9. Table 3 
is  a s i m i l a r  summary fo r  r e f r a c t o r y  ma te r i a l s .  

2. Coa! Feedlnq Studies 

An experimental test set-up fo r  measuring the pressure drop in 
d i l u t e  phase so l ids -gas  f low in ho r i zon ta l  pipes has been completed. 
Th is  tes t  apparatus cons is ts  o f  a length o f  ho r i zon ta l  tube~ a so l i ds  
feed and recovery system~ and appropr ia te  ins t rumenta t ion  fo r  measuring 
gas and so l i ds  f lows as wel l  as the d i f f e r e n t i a l  pressure along the 
tube. From these d i f f e r e n t i a l  pressure measur~nents, i t  is t h e o r e t i c a l | y  
poss ib le  to c o r r e l a t e  the weight per un i t  t ime o f  so l i ds  being c a r r i e d  
by the gas. 

B. Proiec~lions 

1. Environmental Tes t inq  of  Hiqh Temperature N a t e r i a l s  

0rawings have been, completed f o r  the new tes t  reac to r  and the 
f a b r i c a t i o n  order  w i l l  be l e t  out w i t h i n  a few days. 

Plans are in progress f o r  Test #3 and F igure i is  a schematic 
f ]ow diagram of  the process. Specimens fo r  t h i s  next tes t  are bein 9 
prepared and the t e n t a t i v e  l i s t  is as fo l l ows :  

Metal A l l oys  

Thermal loy ( c e n t r l f u g a i l y  cast )  
Thermal ]oy 28 
Thermal ioy h.7 

38 

Cr - Ni 

27 - 3 (max) 
28 - 11 
29 - 0.50 
2 6 -  20 
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TABLE_2 

HETAL ALLOYS 

Organ iza t ion  
Rec;~nmendat;on 

I n t e r n a t i o n a l  
N;ckei Com..pany 

Inconel 600 
lnconel 702 
Incotoy 800 
l ncoloy 804. 
Type 309 
Type 310 

S t e i | i t e  D i v . ,  
Un, ion, Carlb~de 

Has te l l o y  B 
H a s t e | l o y  C 

Rol led AI]_oVs ...... Inc. 

6OO 
RA 33O 
RA 333 
RA 446 

~30 

Titanu~m Metals 
Coro. o f ~ a e r i c a  

~ircon[um Heta is  
Corp. o f  America 

Tes__.~t Resul ts  

tr~ 
U 
U 
U 

U 

U 
U 

U 

U 

Remarks 

Haste;?oy X has been tes ted i n  an 
e a r l i e r  program and Found to be 
unsa t l s t :ac to ry .  

S i m i l a r  to Inco]oy 

Ti  tar  ,~s not recommended. I t has 
no co r ros ion  ,es i s tance  a t  tem~- 
pera tures  above IO00"F. 

Corros ion res i s tance  mechanism o f  
z i rcon ium (and o the r  reac:~ve 
metals)  depends on the Formation 
o f  an ox ide  p r o t e c t i v e  layer ,  i t  
i s  not recommended as a co r ros ion  
r e s i s t a n t  ma te r i a |  a t  temperatures 
above 750"F. , 
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TABLE 2. (Cont inued)  

HETAL ALLOYS 

Organ iza t ion  
Recommendation 

Fansteel Meta l -  
I u r q i c a l  Cor2. 

Universa|  - Cyclops 
Stee l  Corp. 

50 £r - 50 Ni 

E l e d i o - A | | o y s  
D |v . j  Am. Brake 
Shoe 

Thermal loy 72 
Thermal loy E7 
T h e r ~ l l o y  38 
Thermal loy 28 

C1 ;max- 
No 1 ybden um 

Carpenter Steel 
Company 

Tes.__.~t Resul ts Remarks 

L i t e r a t u r e  received i nd i ca tes  
that  tanta|um is  e f fec ted  by 
NagCO 3 a t  h igh c o n : e n t r a t i o n s  
ana temperatures. A tanta lum 
a l l o y  (10% tungsten) i s  to be 
c h e c k e d  out in a c r u c i b l e  t es t .  

13 Cr - 60 Ni 
25 Cr - 30 N; 
38 Cr - I I  Ni 
29 Cr  - Fe 

L; t e ra tu re  received i nd i ca tes  
tha t  molybdenum and nmlybdenum 
based a l l o y s  have poor co r ros i on  
res is tance to fused (molten) 

Na2C0 3. 

No recemmendat ions 

~lJnsat i s f ac to r y  
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TABLE 

REFRACTORY MATERIALS 

ManufacCurer  & 
Recommend, a t  ion A]20~ CaO 

Carborundum Co. 

Z l  r c o f r a x  0 0 .5  4 . 2  - 
Mu] I  f r a x  H 90.71 0 .07  - 
Nu] 1 f r a x  W 78.66 - - 
Hagna f r a x  64.3  .05 - 
KT S i 1 i con - - - 

Carb i de 

Harb l  son-~Va ! ker  
Refrac:tor_i_es__Co. 

H a r b i d e  2. i - - 
Chromex B 21.7  0 .7  25 .9  
Va rnon BF 41 .8  0 .3  - 
KorundaI XD 89..3 O. I - 
Ha rk Iase  0 .2  0 .9  - 

Geaeral  R e f r a c -  
t o r i e s  Company 

R i t e x  C 

R i t e x  CB 
( " B "  f o r  burned)  

H~ rb  i son-Carborundum 
C o r p o r a t i o n  

Compos i t ion 

c z93 F _S 3 

5O 

50 

,i 
sj_Gc s i_9o 2 ZrO 2 Test: Resul_._.~t 

0 .2  - - 0.5 94 .4  1, 3 s 
o .  15 0 .Ol  - 8 . 6 . ~  - i u 
0.38 - - 2 0 . 5 9  - I U 
0.05 30 .4  - 0 .06 4 . 9  

- - Approx  - - I U 
IO0 

i .  I - 89.2  7 .3  - I U 
12.5 34 .2  - 5 .0  - l ,  3 $ 

1.3 0 .3  - 53. I - 1 U 
0 .2  0 .05 - 10.2 - 1 U 
0 .3  9 7 . 5  " 0.8  - 1 U 

Approx 
32 

Approx  
32 

Monof rax  A 99.3  . . . . .  O.  i - 3 
Monof rax  1(-3 60 .4  - 27 .3  - - - 1.8 - 3 
Monof r ex  M 9/+.8 . . . . .  1 . I  - 
Monof rax  S-3 ~,9.9 . . . . .  15.3 33 .2  

! , 3  S 



Hp ~A¥ 2/4 ~. 

COz 
STA[,.'7; UP ON: 

I~ SCrH 

STM. GEN. 

I G ff O °F I 

~-~TE$'I" 5PI:'C /NI EN5 
O# RAd/¢. 

I PAl?7" N~zSo~ 
IO.7.~ P,A,~'F5 GP,/IPH/TE 

SOLIDS FLOW/ G~.4 ~'//ht.. 

GAS MET£R. 
COAII'~EAISER~. = 

" S,4M/',z TAP 0 F 

J IA/ATER KO DQUA/I 

O)  (2) 
I c o  

c ~  
/-I~ S 

.-~ToZoT 
HZ 
1"07. 

A9o8 /.9oo 
I .  8 7~' I .  0 7,.q 
. o.~o .030 

~.~/ S.c.I 
9.4 

.33.0=.~ 24. 4.q~ 

,4 
X 

Z 
P 

M 
r 

- 0 

1 
11 

@ 

"v 

o 

Z 
P 

! 
i 

I 

I 
! 
I 



' r N ¢  M.  w .  K I [ L J . O G Q  ¢ : O M P A N Y  

ItelmarCh ,& Omm~wTNml: 

D e l m m ' l ~ t  

Page No ........... 16. . . . . . . . .  

ReFractory Hater[al  s 

Zi rco f rax  0 
R| tex  CB 
Chromex B 

Honofrax K-3 
Honofrax A 

coated Hetai A l loys  

Zr0~ - 9~% 
Cr~O~ 5 ~  Mg0 approx 32% 
cr i0~ - 2 5 . ~ ,  Mg0 - 3 ~ . 2 % ,  

~A120~ - 21.T~ 
Cr~O~ - 2~.~<~, A190~ - 60.4% 
A l ~ O ~  - 9 9 . ~  - 

Hard Chrome Plated RA 330 
P|asma Zlrconla Sprayer on RA 230 

2. ,Coal, Feedlnq Studies 

Test ing o f  the above described apparatus w i l l  be undertaken in 
an e f f o r t  to  accurate ly  co r re la te  the so l i ds  Flowing in the tube to 
the measured pressure drop along the tube. 
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V. MANPOWER AND COST ESTIMATES 

A review was made of the object ives of the deve]opment p~ograrn in 
the l ight  of recent experimental Findings. 

Manpower requirements based on the estimate that Phase I would be 
completed in June, 1966, w i l l  average 12 over this period. Figure l 
shows the estimate of manpower for 1965 as well as the actual manpower 
used. I t  can be seen thai at the beginning of the year i t  was estimated 
that an average 7 man e f fo r t  would be made. For April a 7 man e f f o r t  
was nade. Start ing May ] i t  is estimated that thls w i l l  be increased 
to 12 and w i l l  continue at thls level un t i l  Phase I is completed. 

Figure 2 shows the expenditures through Ap r i l .  For the month 
$13~63 was expended not including fee and G & A. The to ta l  expenditure 
through Apr i l  was $138,824. Including fee and G & A the to ta l  expen- 
d i tures were $16b,3064. Figure 2 also shows the estimated expenditures 
through 1965. I t  can be seen that monthly expenditures w i l l  increase 
to about $25,000 per month s tar t ing May I, 1965. This re f lec ts  the 
increased manpower that w i l l  be used in order to complete Phase I as 
of June, |966. 
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