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I. SUMMARY 

This progress report is the twenzy-fourth since the awarding of the contract. 
It is concerned with the firs~ phase of the contract and summarizes the progress 
that has been made in the three principal areas now being studied: process research~ 
ch~ical engineering studies~and mechanical development. 

Gasification experiments have been continued in the two-inch-diameter test 
reactor at three atmospheres pressure to study the ef fect  on gasification, rate of 
feedstock material, ash content of the mel% and hydrogeR content of the feed gas. 

Gas i f i ca t ion  data obtained For Renners Cove l i g n i t e  and a char obtained from 
FMC (produced fro~ i l I i n o i s  No. 6 coal) indicated rates about 2.3 and 2.8 times 
as great  as anthrac i te  3 respec t i ve l y .  I t  is Felt tha t  the high rate observed For 
the char is due to its high surface area (80 square meters per gram). 

One new run was.made to determine the effect of  ash level on rate. At 0.5 
Feet per second super f i c ia l  gas v e l o c i t y  and with 4 percent ashj a rate was obtained 
i~ good agreement with that , .=--k ~,,~.,, ~as interpolated f r ~  previous data. 

Four add;t lonal  runs were made to determine the e f f ec t  on rate of  having 
hydrogen present in the stea.n feed. With about 50 percent hydrogen in the ~team, 
there is no de:actable change in rate from that obtained with 3 steam-nitrogen 
mixture. 

Estimated caoi tal  inve.tment and operating costs were calculated For a plant 
capable of producing 2503000j000 SCFD of  p ipe l ine gas from anthrac i te .  Estimated 
cap i ta l  investment for the p lant  is  about $1693000~000. Gas se l l i ng  pr ice is 
about 90~/MSCF, based on S8 per ton anthrac i te  and the OCR standard procedure For 
c a l c u l a t i n g  gas cost. On the o;her  hand s i f  large amounts of  anthrac i te  could be 
FOUnd in deposTts such thac i t  could be provided t~ ~he process at $4 per ton and 
i f  process improvements were made to handle the increased ash content o f  th is  coal~ 
gas s a i l i n g  price could be reduced t~ the range of  55 to 60¢/HSCF. 

Process calculat ions were made for  Che design o f  a p r e - p i l o t  p lant  reactor  
which would evaluate the proposed method of melt c i r c u l a t i o n  as well as obta in rate 
data at high bed depths. This design has been turned over to the Design Engineer- 
ing Section For i t s  review as wel l  ~s an estimate o f  the u n i t ' s  cost. 
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The circulation system For s~udying flow parameters of a simulated me|t 
materia~ was completed. In eoCition~ the 5 3/4-1nch reactor test facility was 
essentiaI|y completeo with on;y a smali ~mount of electrical work remaining to 
be done. 
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I I .  PROCESS RESEARCH 

A. Accomolishmenzs 

Gasification runs using FMC char and Renners Cove lignite completed the 
study of a diverse range of feedstocks for the Kellogg process. In addition, 
one run was made to complete the study of the effect of ash on gasification 
rate and four runs were made to determine if hydrogen had any inhibiting effect 
on the rate of gasification. These runs are presented in Table I and discussed 
below. 

I. Feedstock Evaluation 

The results of al l  feedstock evaluations have been summarized on 
Figure I which is a standard Arrhenius-type p'ot of the data. Renners Cove l i9-  
n l te and FMC char derived from I l l i no is  No. 6 coal were added to the f igure 
presented in the last summary. 

The data for Renners Cove l igni te are in the same region as the South 
Beulah l igni te;  another North Dakota l ign i te .  However 2 the slope of this l ine 
is quite di f ferent from that of the other feedstocks. Unfortunately, we have 
run out of this material and cannot check the results. FM3 char turned out to 
he the most reactive feedstock tested. Certainly part of this reactivity aope~rs 
~Ue to its rei~iveiy nigh surface area compared to the other substances. Accord- 
ing to the data received from FMC~ this char had a rurFece area of 80 square 
meters per gram. 

The following tabulation shows the relative average reactivity of the 
various fee~tocl<s compared with a reactivity of unity for anthracite. Also 
shown are the apparent activation energies in the temperature range of test ,  
1640-1740"F: 

feed s zoc k 

Anr.hrac i Ce 
~i ~umlnous Coke 
Oxidized Bitumlnous Coal 
So. Eaul&h Lignite 
Elkol Subbitumirlous Coal 
Renr~ers Cove Li~ini te 
FHC Char 

Relat ive Ga,s, l f t c a t l o n  Rate E_~a 

l 28 
l 34 
1.5 27 
1.9 19 
2.4 l~ 
Z.3 5 
2.8 9 
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Once again it must be mentioned that the gasification rates are con- 
servat~ve since they reoresent the reactivity of oniy the fixed carbon in each 
Feedstock. Under the Zest procedure of Feeding the coal into an inert atmospnere 
on t.to.p " of the molten salt beo~ an appreciabie amount of carbon comes off as gas 
and ta~ which do not contribute to the above rates of gasification. Under con- 
tinuous feeding of the Fuel into the bottom of the molten salt bed, most, if not 
all} of this presently ignored carnon will be gasified and will result in an increase 
of the rates established above. 

2. Compietion of.Ash EFfect 

Run number 36 was ~ade to ~et one a d d i i i o n a l  po in t  on the 0.5 FPS curve 
~resented in Finure ! !n Procress ~eaort No. 22. Since t h i s  po in t  Fa l l s  on tne 
curve no ad~i=iona! comments are necessary at this time. 

3. E f f e c t  .of Hycrocen Pres~!.re 

Although e a r i y  work had ~s tab l i shed  that  hydrogen had no effect on the 
ra te  of  gas i f i ca t~on~  i t  was decided to r e i n v e s t i g a t e  t h i s  s ince the e a r l y  work 
was done at one atmosphere ~ocal pressure with 3~  steam in hydrogen and with 
bituminous coa! as Feed. Recent work has shown that this coal could hava agglo- 
merated thus p o s s i b l y  c toud;ng ~he r e s u l t s .  In a d d i t i o n ,  i t  is now poss lb ie  to 
tes t  at  Super-~tmospheric pressure,  The las t  four  runs in Table I were maae at  
atmospheres t o t a l  pressure us~n9 5G~; hydrogen in steam For two runs and 50% n i t r o -  
gen in  steam fo r  two runs as the basis f o r  comparison. 

The f i r s t  tyro runs used l i g h t l y  ox id i zed  b i tuminous coa l .  Th~s o x i d a t i o n  
cF the 12/20 mesh p a r t i c ! e 5  was done ~n an oven at  less than 300"F For a pe r iod  o f  
aoout 10 days. The ~ a s i F i c a t i o n  ra tes were 26 and 32 lbs .  C g a s i F i e d / h r . / C r  For 
the hydrogen and n i t rogen runs: r e s p e c t i v e l y .  A]though t h i s  d i f f e r e n c e  appeared 
s i g n i f i c a n t ,  i t  was confounded by the p o s s i b i l i t y  of  non- repea tab le  agg;omerat ion 
( s t i l l  poss ib l e  w!th the o x i d i z e d  c o a l ) .  In a o d i t i o n  the fast ra te  of  r e a c t i o n  
made ra te  i n t e ' F r e : a L i o n  more d i f F i c u i t .  Consequently~ two runs were now made 
with non-ag~icm~ratlnc anthracite at a lower temperature to increase the accuracy 
of d e t e r m i n ! r ~  the rati:. 

l~e : ~  two runs: sow on a f i r m  basis for  e s t a b l i s h i n g  the e f f e c t  o f  
hydcc~n~ g~,,e 3 ; os  C 5as~fled/hr./CF f o r  the ra te  o f  g a s i f i c a t i o n  both in 
h~drog~n and in n l c roge r .  Thus. once again i t  can be concluded tha~ hydrogen did 
r~ t  a f f e c t  the ra te  o~ ~ e ~ i F i c a t i o n  under the c o n d i t i o n s  employed w~th the molten 
~a! t  ~¥stem. 
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B. Proiectiqns 

Eva lua t i on  GF the e f f e c t  o f  steam pressure  to }0 atmospheres a t  1640"F w i i l  
be made oN the ra te  o~ gas i f ~c=~ ion  o f  b i tuminous Go~e° This  is  in tended to f l rm  
uP our pressure effect data. Additional consideration wi l l  be given to the inhi- 
biting effect of product gases. Fol!c'wing a cleanup oF al l  our gasification work 

re-evaluation of ccA~.bustion kinetics wi l l  be made. 



..... ~ L 

GASIFtCAI)ON RUHS )H MOLTEN SODIUM CARBONATE ( I )  

Run No, H- 
Date 1966 

Feed 
Fixed Carbon 

% Total Carbon 
Vo]. H a t t e r  

% Ash 
(Jms. cha rcjed 
mesh s i ze 

14a2C03 - Ores 
Ash - 9ms 

- % I .  r e e l  t 
% C I .  melt Inll:lalO) 
Bed Height - Inches 

Condl t lons  
Tamp. - *F avg, 
Pressure - ps la  
Steam Pr essure-psla 
Gas in Steam 
Ft. /sec. Steam& Gas 
Rul~ Time- rain. 
cc H20 l n / h r  
cc Gas In/rain 

Ros,~ I t s 
% C O e v o l a t l l l z e d  

C to tar and loss 
% C to o x i d e s  + CH 4 
% C tO o x i d e s  - 

bas is  f i x e d  C 
Gasl f .  Rate Crs~t,-hr-1 

k I - Input  
k o - ou tpu t  

Rate - at  4~ C Inbed 
Ib'. C/hr/CF mol t  

Salt Carryover  -gms 

34 J5 36 37 38 39 40 41 42 
6,,29 1/ I  711 716 717 7 f l l  7/11 7/13 7114 

3i l ,  Coke VI RennersCove l l gn i t , ,  FIIC Cilar ex I l l .  Coal Oxld, B i t .  Coal(4) An~hr+acite 
42.5 42.5 76.4 76,h 58.3 58.3 

93.2 66.b, 66.4 76.8 76.8 81.3 81.3 O0,[l 80.8 
0.6 40.2 /18.2 3.5 3.5 37,3 37.3 5.9 5,9 
6.2 9.3 9 . ]  ?o. I 20. I 3.9 3.9 11.7 l i .7 

19 h0.6 40.6 2/.6 22.6 29.6 29.6 21.4 2i ,4 
. , i  ...................................... I ~ / 2 o  .......................................... . ~  

(2) 405.7 (2) 405.Z (2) 405.7 (2) 405,7 (2) 
8.3 - 8.3 8.3 8.~ 

4 2 2.9 2 3 2 2 2 2.6 
h 4 4 11 4 4 4 4 4 

4 4 4 4 4 4 4 It h 

1740 16tl I 1743 1641 1741 1744 'I 741 1645 16La 2 
44.8 45.2 45.0 45.2 44.7 45,2 45.2 45,3 1'5.3 
40.1, 41.0. 41.I 41.5 41.1 24,5 25.9 21,0 24.3 

. . . . . . . . . . . . . .  N 2 . . . . . . . . . . . . . . . . . . . . . . . .  l k  H 2 N 2 H 2 N; 
0.51 0.98 1.02 0.97 I.OO 0.90 0.90 l.u3 0.g] 

40 20 25 25 20 35 ~5 40 ~,0 
589 1194 1193 1196 1195 677 662 6EP 66/ 
1348 2542 2340 2{92 2200 o830 I0p420 14,8/0 I 1~97o 

1.0 8 . 6  6 . 8  5.  I 6 :4  B. I 4 . 7  )2..5 1.7 
= 26 .6  26 .9  1.5 - 20.0 19,3 2.4 

102 ~4.0 66.3 93.L+ 94.0 71.9 76.0 07.9 95.9 

I O.i I 01 103 98 I O0 I O0 106 l 0o 96 

1.82 3.21 3.67 3.67 4.50 2.22 3.05 I .  12 1.02 
1,73 3.16 3.46 3.75 4.50 2,22 2.73 1.12 1.07 

20 37 41 44 53 26 32 13 13 
14.5 4.5 8.9 3.7 3,5 5,6 12.3 27. I I,1.2 

( I )  Used 2- Inch I0 Inconel r -ac to , - .  Bltumlnou~ coke Vl made at 950"C. 
(2) Reused me l t  from prevlou.~ run. 
(3) Based on f i x e d  "carbon. 
(4) Approx.  I 0  days o x i d a t i o n  In a i r  a t  2 5 0 - 3 0 0 " F .  

I 

r 

~ r~ 
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I I I .  CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

!. Anthracite Flowsheet 

A flowsheet for the production of 250~000,000 SCFD of pipeline gas from 
an:hracite coal has been completed. The processing seqcence is the same as that 
described in Progress Report NO. 21 for blCuminous coal and so wi l l  not be 
repeated here. The only major difference ;n the present fiowsheet is that there 
are  ten p a r a i l e i  g a s i f i c a t i o n  and ash removal, t r a i n s  ins tead  o f  n ine,  This 
i nc rease  in number o f  t r a i n s  is  due to an increase in gas ra te  in both g a s i f i e r  
and ccmbustor ( the  number o f  ash ram.oval t r a i n s  is increased to equal the  number 
o f  g a s i f i c a t i o n  t r a i n s  so each g a s i f l e r  has i t s  own ash removal equ ipment ) .  The 
inc reased  gas ra te  in the  g a s i f i c a t i o n  sec t i on  is  caused by the l i b e r a t i o n  o f  
larger am~t, nts of CO 2 and H20 (from decomposition of recyci~ NaHCO 3) than in the 
case o¢ bit~ninous coal. Recycle NaHC03, ;n turnj is larger because the feed 
anthracit= contains 3.9 percent ash while the bituminous contained only 5.1 percent. 
The heat to decompose this ~n=reased amounl of NaHCO 3 must~ of coursej be supplied 
by burning additional coal in the combustor. The increased flow of combustion a i r  
(and flue gas) necessitate a bigger combustor~ and the net effect is an additional 
~ra ln  of equipment. 

Est imated c a p i t a l  investment  fo r  the case o f  p i p e l i n e  gas from a n t h r a c i t e  
is  p resented  in Table I ! .  As before~ s h i f t  c a t a l y s t  and a c t i v a t e d  carbon have been 
included in Fixed investment because of chair long lifetimes. As can be seen~ 
total capital investment is estimated to be about $169,000,000. This is abou~ 
twen ty  percent  h ighe r  than tha t  f o r  the b i tuminous planL due to  increases in the 
costs o f  Sections 200. 600 and 400~ Gasificatlon 3 Ash Removal and Gas Purif ication. 
The increased cos t  o f  Sect ions  200 is due to the a fo rement ioned inc rease  in number 
o f  9 a s i f i e r s .  The cost  o f  ash r ~ o v a l  is increased due to  the l a r g e r  amount o f  
ash which must be removed in t h i s  sec t i on .  The gas p a r i f i c a t i o n  investment i nc rease  
is the result of the additional CO2 released by NaHCO 3 decomposition which must be 
remove d. 

Since e s s e n t ! a i l y  a l l  o f  the investment inc rease can be t raced  to  the 
inc reased ash con ten t  o f  the coa l ,  i t  is impor tant  to  cons ide~ ~ny schemes which 
cou l~  lessen the impact o f  t h i s  e f f e c t .  For example 3 ~f the ash leve l  in the ~ l t  
were increased ~rom 8 to 14 pe rcen t  (cor respond ing  to an ash leve l  in coal  i nc rease  
f r ~  5.1 to 8.9 p e r c e n t ) ~ t h e  amount o f  Na2CO 3 fed to ash removal would be the same 
as fo r  the case o f  b i tuminous .  Th is  would a lso  r e s u l t  in the same amount o f  NaHCO 3 
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being recycled to the gasi f ier and the increased gas i f ler  heat requirements would 
be largely eliminated. This~ however~ would increase melt v iscos i ty  quite a bit~ 
and operation at  th is  ash lave] would have to be checked experimentally. 

Another possible means of reducing the gas i f ler  heat load (with i ts  asso- 
ciated investment increases) would be to decompose the recycle NaHCO 3 before feeding 
i t  to the gasi f iers.  For example~ i t  could be passed through a k i l n  using re la t i ve ly  
low level heat (as opposed to ~he very expensive high level gas i f ie r  heat) to 
decompose i t .  The economic potential of thi~ scheme w i l l  be evaluated since i t  could 
a~so be used in the bituminous case w i th  possible cost savings.  

Estlma~ed annual operat'iF, g expenses and gas s e l l i n g  price are summarized 
Tn Table i i l .  Gas manufacturing cost~ w l th  an th rac i te  at  $8 per ton 3 is ca lcu la ted 
to  be about 77¢/HSCF~ and gas se l l ing price to y ie ld an average 9.4 percent return 
on equity capital  is  about 90¢/MSCF. The increases in operating costs ova- those 
for  bituminous are due to three maln causes: 

a. increase in Fixed charges 

b. Increase in coal cost 

c. Increase in sodium carbonate makeup 

The reasons for the increase in fixed charges (a ref lect ion of an investment increase) 
have alraad¥ been given. The increase in coal cost was due f i r s t  to the Fact that 
anthracite is a more expensive feed material than bituminous and second because 
addit ional coal had to be burned to sat is fy  the increased process heat demand. The 
increase in sodium carbonate makeup is due to the increased ash content of anthracite 
requiring that larger amounts of melt be circulated to the ash removal se~tion with 
a correspondingly larger |oss of NazCO 3 incurred. 

I:" one of the aforementioned schemes for reducing the gasi~ier heat require- 
ments couI~ be applied ( i .e.s increasing ash level or external ly  decomposing NaHC03)3 
i t  might be possible to decrease fixed charges and NazCO 3 make-up by as much as 
5e/MSCF. This would resuit in a gas se l l ing  price of about 85¢/MSCF--stIII econo- 
mical ly rather unattract ive. I t  isjtherefore/obvious that to make pipeline gas at 
a t t ract ive prices the cost of anthracite must be reduced from the typical $8 per 
ton price used in calculating the economics. If~ for example~ large anthracite 
deposits could be found capable of y ie ld ing coal at a cost of about $~ per ten~ 
plpei lne gas could be prnduced and sold at a price in the range of 55 to 60¢/MSCF. 

2. Pre-p i 1.ot G.a.s i l l  cat ion Unlt. 

Prel iminary process ca lcu la t ions  have been completed fo r  a p r e - p i l o t  p lant  
reactor  which would evaluate the proposed method of  melt c i r c u l a t i o n  by dens i ty  
di~¢erence, tn addi t ion3 the un i t  would be capable o f  operat ing w l th  melt depths o f  
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:he order o = four Feet so tha~ the e f fec t  of high melt heights on gas i f i ca t i on  rate 
could be evaluated. The proposed uni t  is a 6- inch 0. D, vessel which has s ix  
1 - ] /4 - inch  0, D. tubes around i t .  Steam would be Fed to the bottom of the reactor 
causing a dens i ty  d i f fe rence between the melt in the vessel and in the tubes thereby 
inducing melt circulation. The entire vessel would be placed inside a gas-fired 
furnace where the heat for gasification would be supplied through the tube walls. 
The preliminary design of this vessel has been turned over to the Design Engineering 
Section for a review of the mechanical design and For an estimate of i ts cost. 

3. Hydroqen Flowsheet 

Work on the preparat ion of a f lowsheet For a plant capable of producing 
hydrogen from bituminous coal was continued. ~ater ia l  balances for  the ent i re  
process have been e s s e n t i a l l y  completed. 

B, Pro iect |or.s 

1, .Pipei i ne Gas 

Investment and operat ing costs w i l l  be determined fo~ a plant capable of 
producing p lpe l i ne  gas from l i g n i t e .  

2. Hydroqen 

Preparat ion of  the t'process package" for  the hydrogen-from-coal plant wi l  
continue. Energy balance ca lcu la t ions  w i l l  be made and the s iz ing  of process equip- 
ment w i l l  be begun, 
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TABLE I I 

INVESTMENT SUMVARY 

PIPELINE GAS FROM ANTHRACITE 

Basis: 250~000,000 SCFD of Pipeline Gas 
90~ Strea~ Efficiency 

100: 
200: 
300: 
400: 
500: 
600' 

1100: 

T i t l e  

Coal Storage and Preparation 
Gasification 
Shift Conversion 
Gas Purification 
Methanatlon and Product Gas C~presslon 
Ash Removal 
Offs i te F a c i l i t i e s  

Total Sara Cost 

Interest During Construction and 
'Contractor 's Overhead and Prof i t  

TOTAL FIXED INVESTMENT 

=Work=i nq Capita ~, 

30 Day Coal Inventory 
30 Bay Carbonate inventory 
30 Day Catalyst Inventory 
Cata]yst Charges 
Accounts RecelvabIe 

Total Working Capi~a] 

Bare Cost 

$ 43010,000 
66~950,000 
5,390,000 

23r200,000 
10,300,000 
6,520,000 

17.250,000 
$!]3,620,000 

23,520,000 

$157,140~000 

$ ~,000,000 
331,000 
79,000 

6~9,000 
7,141.000 
12,,200T000 

TOTAL CAPITAL INVESTMENT $169,340,000 
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TAELE I l l  

ESTIP~TED . . . . .  ~N.,U~L 0PERATI!~ COST 

AN~ GAS 5£LL!NG P~ICE 

PIPELINE GAS FROM ANTHRACITE 

Basis: 250,000,000 SCFD of P i p e l i n e  Gas 
90% Strea~ Eft'!ci~ncy 

Anthrac[te Co~I at SS/ton 
Sodium ~.Irbonate at 1.5.~¢/Ib. 
M~sce: ~aneous Che~ica1: 
Sponge i ron  Makeup 
Methanat lon Catalyst Make,Ji:) 
Direct Labnr at $3.20/r.,-'-n-hour 
Power Cred i t  at ~ m i l l s / k w h  
Maintenance at 3%of  Bare Cost 
Supplies at i~/, of Maintenance 
Supe rv i s i on  at  IOT~ Of D i r e c t  Labor 
Payroll at IO~ o¢ Direct Labor - ~ervislon 
General Overhead at 50% of  H,ainr.enance 

-~ Labor ~- Supervision ÷ Suppl ies  

Plant Operating Expenses 
Depreciation at ~,. o f  Fixed Investment 
LOcal Taxes and Insurance at 3% of 

Fixed Investment 

Subtota] 
Cont ingenc ies  at  2% 

TOTAL OPERATING EXPENSE 

20 YEAR AVERAGE REVENUE 
REQUIREMENT 

S/Year 

Sa3,950,OOC 
3;~3,co~ 

258,000 
39,G~0 

6~5,00o 
1,777,C00 

-7,500,000 
4,0~0,000 

602,000 
17S:000 
19~,000 

3,280,009 

$51,118,000 
7,860,000 

$63,698,00O 
1,270,000 

$6%968,000 

$74,050,000 

¢/MSCF 

53-3 
~.~ 
0.3 
o. 05 
0.8  
2.2 

-9. l 
".8 
0.7 
0.2 
0.2 

61.8 
9.5 

77.0 

78.5 

GAS SELLING PRICE 89.9¢/MSCF 
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IV. MECHANICAL DEVELOPMENT 

A. Acc.o~pl, ishments 

I. EnvLrgnrnen,ta.l Tes:inq oF Hiah TeTn, perat.qre Materials 

New samples are being prepared and zhe test f a c i l i t i e s  made ready to star t  
Corrosion Test #IO using a simulated gasi f icat ion condition. 

2. Mechanica| Characterist.ics,Testin q 

The c l r cu la t i on  system for studying "flow parameters of a si=uiated melt 
,~aterlaI is now cornplete~ and i n i t i a l  test ing has just begun. The "a i r  l i f t "  
type Flow syst~-n ~s designed to al low.study of flows over a wide range of operating 
cond i t ions.  

The 5 - 3 / 4 "  reac to r  tes t  f a c i l i t y  is  near ly  complete~ the con t ro l  w i r i n g  and 
F i r~ l  connec t ion  to  e l e c t r i c a l  power is  a l l  that  remains to be done. 

S. Pro i ec c,lons 

I .  ,Environmenta.! Test lnq o f  H~qh Te~l~erature Mate r ia l s  

"Simulated G a s i f i c a t i o n  Corros ion Test #10 w i l l  begin as soon as poss ib le .  

2. Mec.hanical Character is,  t i c s  TestTn~ 

The t e s t  f a c i l i t y  w i l l  be pu ~. to  use in checking the p red i c ted  f low o f  
s imulated mel t  m a t e r i a l s  under a range o f  f l ow cond i t i ons .  

I n s t a l l a t i o n  o f  the f i n a l  w i r i n g  on the 5 -3 /4 "  reac to r  w111 con t inue  and 
t e s t i n g  should begin  in  the near f u t u r e .  
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V. HANPOWER AND COST ESTIMATES 

F i g u r e  2 shc~s the p r o j e c t e d  breakdown fo r  Phase I f o r  1966 
as we l l  as the  actua l  e f f o r t  t ha t  was made. I t  can be see~ t h a t  
a 7.4 m a n - e f f o r t  was made du r ing  J u l y .  

F ig~r~  3 shows the e x p e n d i t u r e s  du r ing  Ju ly .  For the  month 
S16,439 wes exl:~nded~ not i n c l u d i n g  fee  and G & A. The t o t a l  
expend i t u res  throu@h Ju l y  were $466~863. I nc lud ing  fee and G G A 
the t o t a l  expend i tu res  were $534~012. This  is 4 ~  o f  t he  encum- 
bered funds .  
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