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FOREWORD 

The H-Coal process~deve!oped by HydroCarbon Research, ~ Incorporated (HRI), 
involves the direct catalytic hydro!iquefaction of coal to low-sulfur boiler 
fuel Or synthetic crude oil. The 200-600 £on-per-dayH-Coa!piiot p!int 
is being operated next to the Ashland Oil, Incorporated, refinery at Catlettsburg, 
Kentucky, under DOE contract to Ash!and[Synthetic Fuels, Incorporated. 
The H-Coal ebu!!ated bed reactor containsat least four.discrete components: 
gas, liquid, catalyst, and unconverted coal and ash. Because of the complexity 
created by these four components, it is desirable to understand the fluid 
dynamics of the system. One objective of this programis to apply the results 
of prior cold flow model experiments (2) to the operating H-Coal PDUreactor 
in Trenton, New JerseY. Studies arealso planned to examine the coalescence 
behavior of gas bubbles in threa-phase ebu!lated beds. 

The work to be performed is divided into four parts: fluid dynamics measure- 
ments on the PDU reactor, gas bdbbie coalescence studies at Northwestern 
Univ@rsity, cold flow and mixing tests at Amoco's Napervil!e Research Center, 
and model implementation. The objective of this quarterly progress report 
is to outline progress in the first three areas. ° 
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SUMMARY 

Analysis of data from the" fluid dynamics tests performed at Hydrocarbon 
Research, Inc., during Run PDU-10 was started. Data in the computer files 
were cross-checked with the original notebooks to verify accuracy. Gamma-ray 
mass absorption coefficients for material in the PDU reactor were calculated 
using characterization of selected oil and catalyst samples. 

Battelle Institute began viscosity measurement of PDU reactor liquid samples. 

Northwestern University began shakedown of the 6" diameter test stand. Model 
fluids were selected and charged to the unit. Optical components were designed 
and assembly was started. 

A paper, "Application of a Bhatia-Epstein Model to the H-Coal Three-Phase 
Fluidized Bed Reactor," was presented at the 73rd Annual AIChE Meeting in 
Chicago on November 18, 1980. 

INTRODUCTION 

The fluid dynamics of the H-Coal reactor have been previously studied in a 
cold flow unit. Reference 2 provides details of the construction of the unit 
and results of tests with a variety of gases, liquids, and catalyst sizes. A 
semi-theoretical model was developed to predict the volume fractions occupied 
by the gas, liquid, and catalyst phases. The aims of this new contract are 
fourfold: 

i) The model developed using cold flow unit test results will be extended to 
apply to the operating H-Coal PDU reactor. 

2) Because gas bubble dynamics are crucial in determining the nature of the 
flow, studies of bubble flow will be performed at Northwestern University 
using optically clear beds. 

3) Liquid mixing tests will determine the residence time distribution of 
liquid in the reactor. Under the previous contract, it was determined 
that the coal char fines (simulating the unreacted coal and ash) were 
uniformly distributed throughout the bed. Hence, the measurement of 
liquid data is essential for modeling the residence time and kinetic 
parameters associated with the unreacted coal. 

4) The model will be implemented into a readily usable format. 

DATA COLLECTION 

HRI PDU Fluid Dynamics Study 

Gamma-Ray Calibration.--The first calibration measurement performed was on 
7/11/80. Prior to the PDU run, the reactor traverse scanner was calibrated 
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so that the recorder chart in the contro! room would span the range of 40 to 
60 ib/ft 3 average reac£or density. To simulate the material in the reactor,. 
steel plates of varying thicknesseswere placed in front of the 500 mc Cs-137 
source. Measurement of the gamma-ray count rates under different conditions 
allows calculation of the mass absorption coefficient for the system. 

Shutdown Oil Charac%erization.--HRi measured the specificgravity of the 
shutdown oil at several different temperatures which spanned the values 
observed during the shutdown scans (9/24/80 AM and PM, and 9/25/80). 

AmocatI-A Catalyst Charicterization.--The density Of a sample of used 
Amocat I-A cata!Y@tWithdrawn from the PDU on 8/3/80 was measured. 

Viscosity Measuremeht0f PDU Reactor Liquid.--Battelle Institute received the 
16 PDU liquid product samples and began viscosity measurements. Their progress 
report is reproduced in Appendix A. 

Northwestern University Bubble Dynamics Study • 

Northwestern investigators began tests using a model fluid mixture of Dowanol 
DPM and diphenyl ether. A traversing support for the laser optics (to permit 
examination of the transparent bed at different elevations) was fabricated. 
An impedance probe was constructed. Appendix B contains a detailed progress 

report. 
k .  • 

DATA ANALYSIS 

HRi PDU Fluid Dynamics Study--Calculation of Mass Absorption Coefficients 

steel Plates.--For two thicknesses, L 1 @nd L2, with corresponding intensities 

i I and I2: 

in Ii/I o = -=PL 1 (i) 

in I2/I o = -=PL 2 (2) 

.'.in Ii/I 2 -=P(L 1 - L 2) 

= (in il/I2)/iP[L 2 - L!]) 

Table I illustrates this calculation for the steel piaEe. 

(3) 

(4) 

Shutdown Liquid.--Table II summarizes the Conditions of the PDU for the three 
shutdown test scans. Average temperatures were obtained from HRI computer 
reports. Shutdown liquid density data, also obtained from HRI, are plotted 
in Figure !. 

From Equation 4, average mass absorption Coefficients may be calculated. 
Results of these calculations appear in Table IiI. Because no clear catalyst 
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bed interface could be seen using the gamma-ray scan data for 9/25/80, this 
point was excluded from the analysis. The data obtained on 9/24/80 PM (no 
gas flow) are considered the best for obtaining the liquid mass absorption 
coefficient; therefore, a value of 0.0271 ft2/ibm was used for all the test 
density computations. 

Catalyst.--Gamma-ray absorption in the catalyst bed for the 9/24/80 PM test 
may be used to calculate the catalyst mass absorption coefficient. 

In the catalyst bed: 

-(in I/Io)/L = PLeL=L + Pcec=c (5) 

Using liquid and catalyst properties obtained from Amoco tests and other 
published reports (!), the catalyst mass absorption coefficient was found to 
be 0.0240 ft2/ibm. The calculation is detailed in Table IV. 

Tables V to XX present the individual test data at various elevations. 
Average densities at each height are calculated by the relation: 

P = (-in I/Io)/(=L) (6) 

where an overall mass absorption coefficient of 0.0271 ft2/lbmwas assumed. 
The ratios RI, R2, and R3 are included in the tables. They may be used later 
for consistency checks. Density versus elevation profiles appear in Figures 2 
through 9. The break points in these profiles were used to obtain expanded 
catalyst bed heights. 

Discussion 

The mass absorption coefficients for the HRI PDU calculated in this report 
are significantly lower than those noted in earlier experiments at Amoco (2). 
This may be attributed to differences in the construction of the two detector 
systems. At HRI, the gamma-ray beam must penetrate the steel walls of the 
PDU; to obtain an adequate signal, the source and detector are not collimated. 
The beam in the Amoco Pilot plant is strongly collimated by lead shielding. 
The broad beam attenuation under the conditions at the PDU would be direc- 
tionally less; therefore, the lower absorption coefficients are judged correct. 
Qualitatively, the lower catalyst coefficient would also be expected from the 
lower percentage of hydrogen associated with the catalyst. 

Work has been previously performed at ORNL (3) to measure the viscosity, 
density, and other physical properties of coal liquid slurries. ORNL also 
uses a gamma-ray apparatus to measure slurry density at process conditions. 
Several compounds of variable hydrogen content were tested; however, the mass 
absorption coefficient remained constant. Samples of SRC recycle solvent 
supplied by ORNL and anthracene will be tested by Amoco, along with the HRI 
feed slurries, to ascertain if materials in the PDU reactor may be similarly 
characterized by a single mass absorption coefficient. If this character- 
ization is possible, the analysis of the PDU data willbe simplified. 
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Before the analysis is complete, further fluid dynamics tests will be per- 
formed using the catalyst in the Amoco pilot plant. Other Amoco programs 
have studied the settling patterns of citalyst in a liquid-filled column. In 
some situations, the catalyst may not settle in the manner that dry, agitated 
catalyst does. Therefore, the dry bulk density and particle density may not 
accurately predict the settled volume fraction of catalyst in the reactor. 
Additionally, the data for this report were obtained for catalyst withdrawn 
early in the PDU run. Tests will therefore be performed using aged catalyst, 
which is more representative of material present in the PDU during the fluid 
dynamics tests. 

PLANS FOR NEXT PERIOD 

Task i~ 

!) 

H-Coal PDU Reactor Fluid Dynamics 

Complete analysis of HR! slurry mix tank, SRC recycle solvent, and 
anthracene samples. 

2) Perform Amoco fluid dynamics tests with used catalyst. 

3) Continue viscosity measurements at Battelle. 

Task 2: Gas Bubble Dynamics (Northwestern University) 

i) Continue assembly of optical components. 

Task 3: Amoco Fluid Dynamics Tests 

i) Begin planning for liquid mixing tests. 

Task 4: User Mode! 

!) No work is planned in this area. 

REFERENCES 

i) 

2) 

3) 

"Bench Scale Catalyst Evaluation Program," byE. S. Johanson and 
A. G. Comolli, Hydrocarbon Research, Inc., Report FE-2547-28, published 
December 1978. 

"Study of Ebu!lated Bed Fluid Dynamics for H-Coal," by I. A. Vasalos, 
D. N. Runde!l, and D.F. Tatterson, Monthly Progress Report No. 26, 
Contract EF-77-C-01-2588, published November, 1979. 

"Fossil Energy Program," Quarterly Progress Report for the Period Ending 
September 30, 1979~ Oak Ridge National Laboratory, Contract W-7405-eng-26, 
Report ORNL-5612, pp 14-33. 
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NOMENCLATURE 

I 

L 

(r 

P 

Subscripts 

0 

1 

2 

c 

L 

CO 

Gamma-ray beam intensity. 

Length of material attenuating gamma rays, ft. 

Mass absorption coefficient, ft2/ib. 

Density, ib/ft 3 

Empty reactor. 

Reactor, Operating Condition No. i. 

Reactor, Operating Condition No. 2. 

Catalyst. 

Liquid. 

Catalyst (settled). 



TABLE I 

ST~.~,L PLATE CALIBRATION OF GAMMA-RAY APPARATUS, 7/11/80 

il 

I2 

L2 ~ 

p 

1654 Counts/Sec 

0.693" of Steel Plate 

1221 Counts/Sec 

0.947" of Steel Plate 

490!b/ft 3 

0.0293 ft2/!bm from Equation 4 

DNR/ml 
!/is/81 
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TABLE IiI 

CALCUT~TION OF O!LMASS ABSORPTiON'COEFFICiENT 

Amoco 
Test ID 

924AM 

924PM 

Average Liquid 
Liquid Density, 

Temp, OF g/cc (!) 

262 1.058 

203 1.080 

i/i o____ Ft2/Ibm (2) 

0.3013 [(3) 0.0256 

0.2743 (4) 0.0271 

(!) 

(2) 

(3} 

(4) 

See Figure 1 for variation of density with temperature. 

Calculated from Equation 4, correcting for proper unitS. 

Average between i0.0!' and 11.54' elevation. See Table XIX. 

Average between 9.49' and 11.55' eleva£ion. See Table XX. 

D~/ml 
i/is/8! 
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TABLE IV 

CALCULATION OF CATALYST MASS ABSORPTION COEFFICIENT 

Variable Value Reference 

I/I o 0.221 Table XX; 9/24/80 PM, 5.59' elevation. 

L 8.5" -- 

e c 0.6019 * 

e L 0.3981 (I - ec) 

L 0.0271 ft2/ib Table III 

PL 67.5 ib/ft 3 Table III 

Pc 97 lb/ft 3 Amoco tests 

=c 0.0240 ft2/ib Equation 5 

_~.__~Calculated using pp = 1.186 g/cc, PB = 0.714 g/cc (Reference i). 

DNR/ml 
1/15/81 
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TABLE V 

PDU FLUID DYNAI4iC DATA, 

DATE 
HR! P~RiO0 
SLURR~ FEED LB/HR 
RECYCLE., 6P~/FT2 
H2 FEED GAS~ SCFH 
RECYCLE GAS~ SCFH 
BEO HE __ FT Le~!, . . . . . . . . . . . . . .  

7/30/80, 

_.0_ / 8_0. 
04A 

822, .  
4,7.,1 

3280° 
z~178~ 
13.,_3.8____ . . . .  

. '  : . . ,  ,: " '.i 

, Et, EV% ~-FLOW. " 
FTo CPS 
3 ,17  588o10 
3 ,67  562..67 
~o17 309o42 

zdzEno•: ' .  I/ o 
CP5 

2538o0 i  0 .232  
2638o6~ 0.23]___. 
1.2.02,73 0 .257  

%~50 5~2~35-:2511~:25. 0,216" 
.5",08. .650",88. 220"8;~2!: ~ 0.29~ 
5~58 6AAo~7 2360,#0 0,273 
6oOR 736,88 25~0,70 0,290 

nENSITY R.I ... P2 .R3__ 
LB/FT3 

76°2 0®82~ 0~g66 0°796 

7 0 ° 7 .  0°~33 2°,039 0 , 8 8 3  
7g~8 0~75g 0 , q 7 6  0-7.4~ 
63~6 n,91~ . • ti111o 1,01~_ 
67°6  0°902 1 .03g  0°937  
6&,5 1®03~ 0,965 0,996 

___73 ,_U, ,_7 .~ /_ .___ i~sn  o . 8 o 6 .  
65°7 1,002 0°971 0,973 
67°1 0o986. O~g6~ 0~.9~8" 
65~.I O-q7S ~ l,~O~ " O_°g£~. 
63,6 0®98& 1.030 i,013 
70,2 0°982 0,908 0,892 
5._q.~___~LQ67 i~2--1-- [60-9--0-- 
64*8 I~000 0,g89 0~•98g 
59,7' .1o083 Io007 i,.091.' 
. %7,1 I~ll7 "~&.O2T ~'~.l.&7'_ 
5g~ 1,105 0°993 i,097 
58°9 1,i46 0,q68 1°109 

63,-8 I~103 0o915 1,010 
~3o3 1.575 0,~50 1#~97 
4 8 ~ 4  1 . 5 2 0  0,.~9~ 1 . 3 5 ~  
51o6 1,540 0°829 i,~76 
5 ~  1o5~3 0°-829 Io~7~ 

6 ,5£  .500.q4U ".2/_3~.77 &-_-~35--. 
7o1~ 7 t 5 ~ . 5 8 . 2 5 2 5 , - 5 2  0 .283  
y~.e?,~/703~,67..25#g~7~. 0~276 

8 ° 6 7  702 .73  2381°20  0 , 2 9 5  
9~00 701,62 2699,65 0,260 
goSO 761,g7 2~00-5~ 0.._317 

I0°00 714~i2 .247g~30 )O-2S A• 
10.,.50 7 7 3 , ~ 0  2~34 ,95  0°318 

11o58 7 e q , 1 2  2670 .06  0,319 
12,08 818®23 2533,45 0,323 
12,58 818o97 2653,65 0,33~.__ 
1.3~08 767,52.. 2678o2g 0,296. 
13~67 114~93:2580%81 0,~36" 
1&~17 1085o65[ 27~7.64:  0.,395 
14o67 109go58 2958o71 0 ,372  
1-6~7 liO~®i~ 2958,7& -0,372 

NOTES: ' , .  

I~ DENSITY ASSUMES MASS ABSORPT.ION COEFFICIENT = 0.0271 FT2tLBN 

,, ~. 1 = ( F.L_O_~.__C~_S.__~. I,_F,L_E.V_I_./._LFLO~ _CP.S _b.T___LO... F.EE;..!. 
R2 = {ZERO CPS AT 10 FEET ) / {ZERo CP5 AT ELEV) 
R3. = RI:. "~" R2 

. . " -  . 

. . . . .  I . . . . . . . . . . . . .  
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PDU FLUID DYNAMIC DATA, 
DATE 
rlRl PERIO0 
SLURRY FEEO LB/HR 
RECYCLE , GP~/FT2 

8 / s / 8 o  

0~-05-80 
IOA 

809. 
16.5  

H2 FEED GAS, SCFH 3485, 
RECYCLE 8AS~ SCFH 4171. 
~eO . ~ ! ~ q ~  ...... F.T . .12.3~ 

ELEV, I-FLOW I-ZERO I/IO DENSITY R1 R2 R3 
F T .  CPS CPS LB/FT3 
3 .17  595 .78  2538 .01  0 .235  75 .5  
3 . 6 7  ~70 .17  243~ .6~  0 .~34  75 .7  

...... 4;17 .... 273 ; 88--i~0 Z.'7 3 ..... 0.2~8- ...................... 7 7 . 
4.50 ~92 .57  2 5 1 1 . 2 5  0,196 8~,9 
5 . 0 ~  b50 .77  2 2 0 8 . 2 1  0 . 2 9 5  63 .6  

0 .789  0 ,966  0 .762  
0 .755  1 .005  0 .75g  

. . . . .  0,363 . . . . .  ~ . 6 ~  . . . .  d;~b~- 
0 .652  0 .976  0 ,637  
0 .862  I , I I 0  0 .957  

6 ,0~  713 .98  25~0,70 0,281 66 .1  
6 . 5 8  495 .47  2132 .77  0 . 2 3 2  76 .0  
7 .17  695 .97  2525 .52  0 ,276  67 .1  
? .67 70 • ;45~-9-~.-f4 ...... d ;276 " ............ &7 i O 
8 . t ~  690 .82  2~38 .98  0 . 2 8 3  65 .7  
8 . 6 7  687 .  I 3  2381 .20  0 .~89  ~ . 7  

0 .9~5  0 .965  0 .912  
0 .656  1 .150 0.75A 
0 .922  0 , 9 7 1  0 .895  
0 ; 9 3 3 - - - 0 ; q 6 2  0 .897- - -  
0.915 1 . 0 0 5  0-920  
0,910 1 . 0 3 0  0.937 

9 . 0 U  7~6.40 2 6 9 9 . 6 5  0 .276  67 .0  
9,5o 7oI.6O z4oo.55 o , 2 9 2  ~4.1 

10,00 755 .~3  2479 .30  O~}OS .................... 6 1 , 9 _ _  
10.50 7 B 4 . 2 0 2 4 3 ~ . 9 5  0 . 3 1 4  60 .4  
11 .00 7 6 2 . 5 2  2388 .20  0 .319  5g .5  
11 .58  7 6 ~ , I 2  2~7~ .06  0 . 3 1 1  . . . . . . . . . . .  60 .8  
12 .0~  779 .~8  2533 .45  0 .308  61 .4  
12 .58  974 .95  2~53 .65  0 .397  48 .1  
13 .08  lO71 .85  2 6 7 8 . 2 9  0.400 47 .7  
13 .67  10~2 .83  2580 .81  O.~Oi  67 .2  
1~ .17  1 0 5 2 . 5 7  2 7 4 7 . 6 ~  0 .383  50 .0  

1065 .25  295~ .71  o .360  ....... 53 .2  14.67 

0.988 0 , 9 0 8  0,898 
0.92g 1 . 0 2 1  0,969 
1.000 0,g89 O,9~g 

l.OiO 1 . 0 2 7  1,037 
l,Ol~ .... 0.q93 l . O l l  
1.032 0,968 0,999 
1,291 0.99g 1,290 
i.~19 o.~is I.z~Q 

- - - ~ i 3 8 i  . . . . . .  ~ - .95o  1 . 3 1 2  
1.394 o.~gz 1.244 
,.~.41o, o.~z~ 1.169 

NOTES: 

. DENSITY ASSUMES aASS ABSORPTION COEFFICIENT = 0.0271FT2/LBM 

, R1 = (FLOW CPS AT 
~2 = (ZERO CPS Ar 

ELEV) / (FLOW CPs AT I0 FEET ) 
I0 FEET ) / (ZERO CPS AT ELEV) 



TABL~V~I 

PDUFLUID DYNAMIC DATA. 9/4/80 
OAT5 09-04-80 
HRI P~RtOI) 27A 
SLURRY FEED LB/HR 606. 
RECYCLE , GPNIFT2 3 5 . 9 "  

-17 

. ELEV;,..ZoFLO~ 

H2 FEED ~AS, SCFH 
RECYCLE GAS, SCFM 

....... £T... 

I;ZERO I I IO 

29~9o 
4330. 
12.3  ........ 

oENSITY RI ~2 R3 
FT~ CPS CPS 
3.17 55#°60 2538,01 0.219 
3,67 691.42 2438.6# 0.284 
~.17 377.38 1202.73 
4~50 793.27 2511,25 
5.0~ 8542@311220}]=2I 
5.5~ 822,22 2360,40 
6,08 930~75 ~5~0,70 
6~5~ 857.75 2132,77 

0.314 
0.316 
0.387 
0.348 
0,366 
0,402 

I.BIFT3 
79.2 0o621 0,068 

. . . .  . . . . .  o . . _ Z 7 5   .oo5 
60.4 0.423 2,039 
60.0 0.889 0.9~6 
49"-5 0~957 ~.I10 
5~9 0,921 1,039 
52,3 I , 0 ~ 3  0.965 
~7.5 0.9~1 t . 150  

6~83 892,.76"2316o39 0,385 49.7 1.000 1.059 

0,600 
0 . 7 7 9  
0,862 
0,888 
1.063" 
0,957 
1,006 
I,I05 

'- 16059 
7,17 .886~85~,.2525,:52 

8o17 892.3~.2438,9~ 
8~67 ~9~®~2 2381.20 
9~00 9UI.27 2699.65 

0.351 
0%339 
0.366 
0.376 
0.334 

9 ~ 5 0 " 8 3 2 , 3 2 .  2~00,55 0,3~7 
10°00  892,53.:~.:79.,30:. 0,360 
.I.0..S0:..85~.~.05::2434~6.95 
11.00 817.62 2388.20 
II.58 796.32 2470,06 
12,0~ 740.30 2533.~5 

54.5 0.99~ 0.971 

52.4 1,000 1.005 
5!,0 1.002 1,030 
57,2 1.010 0,908 
55-2 0,932 1,021 
53-2 I , .000" 0.g89~ 

0,965 
0,930 
1,005 
1,032 
0,917 
0,952 
0,.98~- 

12,58 900oib 2~53o65 

0,353: 
0.342 
0.322 
0.292 

54.3 0,.962 • 
55°8 0.9!6 
59.0 0.892 
64.1 0.82q 

0.367 52.2 1,008 

.1.007 > • "0,969" 
1,027 0,040 
0,993 0,886" 
0,968 0°803 
0,999" i-008 

13,.0B 
13.67: 
14oil 
14o67 

103!,00 2~6~29 0.385 ~9,7.- 1.155 
Ii}39:~601.2580~81 0~403 4T.~ 1,1.65 
I073.27 2747.64 0o391 49.0 1,202 
i053,50 2958~71 0.356 53.8 1,180 

• :0o915 -I-057 
0',950 Io.!06 
0.89~ 1,073 

"0,829 0,978 

.NOTES~. % 

I, DENSITY ASSUMES 

2. R1 : (FLOW CPS 
R2.: (ZERO CP5 
R3 = RI. ~ R2 

~ASS ABSORPTION COEFFICIENT : 0,0271 

AT ELEV)_/__._(ELO~_PPS_A~..IO.___FEE~_)_ 
AT 10 FEET ) / {ZERO CPS AT ELEV) 

FT2/LBH 



-18 TABLE VIII 

PDU FLUID DYNAMIC DATA, 9/11/80 
()ATE 09...-]"ii'-_80 ....... 
HRI PERIO0 34A 
SLURRY FEED LR/HR 621.. 

.... RECYCLE , OPM/FT2 I S , 5  
~2 FEEl) GAS, SCFH 2935, 
RECYCLE GAS, SCFH 4389. 

ELEV, I-FLOW I-ZERO I/ IO 
FT. CP5 CPS 
3,17 597,05 2538,01 0,235 
3,67 700.5~__293___8,64 .... _0~2@7 
4 , 1 7  3 8 7 . 5 7  1202 .73  0 .322  
~ .50  7~2,~0  2 5 1 1 . 2 5  0 .312  
5,0~ 868.a3 220@.21 0.393 
5,5a 840,12 2360,40 0.356 
6,08 937,00 2540,70 0,369 
6o~ 876.72 2_i_32_, ! 7 
6,83 86~.43 2316,39 0,374 
7,17 904,72 2525.52 0,358 
7.67 87Y.03 ~549°74 . 0.344 
8,17 874°37 2438.08 0,358 
8,6l 898,35 2381.20 0.377 
9,00 879,~2 2699,65 0~26 
9,50 816,37 2400.55 0,340 

I0,00 866,43 2~79,30 0.349' 
lO .SU:  8 ~ 3 . 7 3  2 4 3 4 . . g 5  0 .347  
Ii,00 787,37 2388,20 0.330 
ll,Sa 765,77 2470.0~ 0.310 

___!~.O~ 765.27 25_3=3.~ ~_~9_2 
12,5B 951,73 2~53.65 0,388 
13,0~ 1027,87 2578,29 0,384 
13.67 I033.~3 2~a0,81 0.4O0 
14,11 1080,45 2747,64 0.393 
I~,67 I054.40 2958,71 0,356 

DENSITY R1 R2 R3. 
LB/FT3 

75,4 0.68g 0,966 0,666 
. . . . .  6 % , . 0  . . . .  o .~ 9 E . . . .  3_ . .9~  5 _ _ _ ! ± ~ I  3 _  

5~o0 
60,8 
48.6 
53,8 
52,0 

0 . 4  I . I  . . . . . . . . . . . . . . . . . .  4.6_, 3.._ 

0.447 2.03g 0,912 
0,903 0,976 0-8"82 
I.Ob2 I . l l O  1,11R 
0,970 1.039 1,007 
1,081 0,965 1,044 
i , ~ 1 , . 2  . . . . .  I~LSL_2LL63_ 

51,2 1,000 1,059 1,059 
53.5 1,0~4 0,971 1,014 
~.6 1.012 O.QEP 0,97B 
53,4 1,009 1,005 1,015 
50,8 1.037 1,030 1,068 
58,~__i,~!5 ...... _Q_,_QQ8 ~-9_22__ 
56.2 0,9~2 1.021 0,962 
54,8 1,000 0,989 0,989 
~5.2 0.974 1.007 O,gAI 
57.8 0,90q 1.02T 0,933 
61,0 0.884 0.993 0,877 

. . . .  _~_~,4 . . . .  0.,~.83 0_.~6~__.___Q0~5_5__ 
4 9 . 3  1 ,098 O.qqg 1,09R 
49,9 1,186 0,g15 1,086 
47.7 I , ] 9 ~  0,9~0 I.l~ 
48,6 1,247 0,892 I,I13 
53,8 1.217 0.Q29 l.OOQ 

NOTES: 

I .  DENSITY ASSUMES MASS ABSORPTION CUEFFICIENT : 0.0271 

2, RI = ( F L O _ ~ S  ~_L/.LE_V_L_E__(ELOW_E~S_AT_.I~_EEEL_} 
R2 = (ZERO CP5 AT 10 FEET ) / (ZERO CP5 AT ELEV) 
R3 : RI * R2 

FT2/LBM 

'm 



P.DU ,FLUID DYNAMIC DATA, 9/19/80 AM 

OATE . . . .  0 9 n l _ 9 ~ S D A M  . . . . .  
HRI PERIOD 416 
SLURRY FEED L~/HR 699o 
RECYCLF ° GP~/FTP ~I,S 
H2 FEED6AS, SCFH 2850, 
RECYCLE GAS, SCFH 45~0, 
S E_O_.. Ogl(,.~..T_, ......... F_T ....... 12.58= ..... . 

E[EV, T=¢~.O~ T-ZFRO T/TO 
F T ,  CPS CPS 
3,11 830,30 2688,02 0°334 

__.3_0..6_5_5_ 9 4 6 .  2.5 2A~_@.x.O_~____O....L3_85 
6,!.5 564,.50 t 2 0 4 . 2 6  0 . 4 5 2  

. ~.~5~" 1.056"~00:  2 4 . 9 6 ~ T ~  0 , 4 2 3  
~,0.7".1150,:I~' ~01.06" ." 0.523 
5,59 i10Ro7~ 2360°58 0o670 
6°09 1228o30 2560,72 0o~83 

7o, la i177°45 2528~9 0,466 
"'. i ." 7'o 68:.~.~13~.'665~.: ~569o6~: ..." .. 0 ~.46~- 
',. :, .;i 8.~.1~::(.~:I5,}/~:~8..::2~q,57"...,-.- ;0 ~ 4 7 ~  

8 0 6 9  I160,58 2428057 0,~78 
8,9'8 I173,47 2702,61 0,~34 
9°48 1095.07 2618o.19 0~53 

10,00:1165o93 2479030 0 . ~ 7 0  
• .3i0o.52..:11'63,95; 2~32,.96~.: .  0 . , . ~ 0  

ii,55.1055o00 2481,86 0,425 
1 2 . 0 7  I01~,15 2533,73 0 . 4 0 0  
12.5q ~103.97 ~56L65 O,_~q 
13oi0 1361,66 2675o.51 0,509 
13,73...!357,2o 2601..79" 0.522 

14069 1385,22 2968=57 0,467 

nEN~TTY .... i .~ t  P? 
" LB/FT3 

5 7 . 2  0 o 7 1 2  0 . 9 8 6  
.._~9_~.7 ....... ~1EI.2____0.,098 

41,3 0 ~ 6 6 7  2,036 
44,8 0,906 0~982 
; ~ , S  0 . 9 8 &  1 . 1 1 a  
39o4 0,951 I,039 
37,9 1,053 00965 

., ........ ._3/_,~___~,_9_ZI .... i. 18~ 

R3 

0 o 7 0 2  
Q.~81O_ 
0o951 
0,889 

0,988 
1,017 
Io15/_ 

39o8 1,010 0,970 0o.979 
42,3. 0,971 -0°962 0~934 

3805 0o995 !,OiO 1-005 
63,5 i,006 0,907 0,913 

_9_I_,_3___~...939 Io014____0_~_9_52_ 
39o3 !,000 
39o.3 01981.' 

4a,6 0°905 
47,7 0,870 
~1.7 0.997 
35,2 1,168 
33~9  i,166 

3907 I,18~ 

0 ~ 9 8 9 "  0.989 
I,.008. 0,.989 
l"~fl;e" .." 0,-9~'7 
00988 0,894 
0,9.68 00842 

0,916 I,.070 
0.9~2 1,0~7 
'O',Sga ~.~06q 
0,826 0o981 

NOTES.: .  " 
• . ......- ,-.- :: .!:" -.: ;.," ", .. . 

' " I , . " ;DE~S~TY" .ASSUMES MASS: A8SORPTTON. COOFFICIFNT.  = 0 , 0 2 7 1  

2o R1 = (FLOW CPS AT ELEV) / (FLOw CPs AT 10 FEET ) 
R.~_9___--(ZERO CP5 ALIg__EEF~T__/__Z ...(_~E.~ ..Ce.S_~T .ELEY) 
R3 = R~. ~ R2 

~T2ILB~:":.. 



-20 TABLE X 

Phil ~T~TTn nVt~AMTP nATA, 9/19/80 9M 

DATE 09-19-80PM . . . . . . . . . .  

HRI PERIOD 42A 
SLURHY FEED LB/HR 644. 
RECYCLE , ~PM/FT2 2 9 . 5  
H2 FEE0 6AS, SCFH 2900. 
RECYCLE ()AS, 5CFH 4470. 
BED m~IGHT, FT I0.33 

ELEV, I-FLOW I'ZER0 I l l 0  DENSITY RI R2 R3 O 
FT. CPS CPS LB/FT3 
3 .21  6 6 0 . 0 3  2505 .48  0 .263  6 9 . 5  0 .716  0.979 
3.62 709.57 2492,92 0.285 65.5 . . . . . . . . .  0,770 0.984 
4,14 ~00,57 1205.14 ...... 0.332 ....................... 57,4 0,435 ..... 2~035 
• .52 822.33 2496..72 0.329 S7.q 0.892 0.982 
5,07 S86&42 2201:,06 0.403 47.4 0.962 1.114 

0,701 
0 ,757  
0 ,884  
0 ,876  
1,071 

5,60 
6.11 
6.62 
7,13 
7.67 
8.1.6 

849 .98  2 3 6 0 . 8 5  0 .360  5 3 . 2  0 .922  1 .039  
976 .38  2 5 4 0 . 7 9  0 .38a  49 .8  1.Ob9 0 .965  
897.9~ 2045.77 0.439 42.9 0.974 1.19~ 
935. "87-2527~69 ..... 0 . 3 7 0  . . . . . . . . . . . . . . . . .  5 1 - 8  ~ i . d ~ l S - b , 9 7 O  
919.082549.87 0.360 53.2 0.997 0.962 
9~6;T7:24.39.62 0.388 49.3 1.027 1.005 

0,958 
1.022 
1.167 
0 .985  
0 . 9 5 9  
1 .032  

8,6~) 9 4 3 . 2 0  2428 .57  0.38A 49 .3  1 .023 1 .010 1 .033  
8 .97  947 .28  2 7 0 4 . 0 9  0 .350  5 4 . b  1 .0~8 0 .907  0 .932  
9,~9 874.47 2409.37 0,363 52.8 0.94q 1.018 0,965. 

1 0 . 0 2  .... 92~j.9012473.05 ~0.373" 51.4 I~0b-0---0~991 0,991 
I0.5~ 1380,.62 2430.93 0.5~8 29,5 1.498 1 , 0 0 9  I - .511 
I I , 0 ~  1305.35 2383:°77 0.548: 31.4 1.416 I~,029 1.456 
11 ,57  1266 .22  2 4 7 4 . 7 8  0 .512  . . . . .  34 .9  1 .373  0 ,991  1.361 
12.09 I171.52 2533.31 0.462 40.2 1.271 0.968 1.~30 
1 2 , a i  1 1 1 1 , 3 7  24@5.64 0 , 4 5 1  4 1 . 5  1 . 2 0 6  0 . 9 9 4  1 . 1 9 9  

- - i 3 - . l O  1 2 1 s . 1 2  267%% 1 . . . . . .  o. 5s . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  l i 3 2 f - - - 3 , # i g -  1 . 2 1 1  
13.65 1205.12 2583,59 0.466 39.7 1,307 0.94q 1,241 
14.15 1247.9T'27~2.07 0.455 41.0 1.354 0.89~ 1.210 
14,6H 1201 .53  2964 .3b  u .406  47 ,0  1 .303 0 .827  1 ,078 

NOTES: 

I .  DENSITY ASSUMES MASS ASSORPTION COEFFICIENT : 0,0271FT2/LBM 

2,  R1 : (FLOW CPS AT ELEV) / (FLOW CPS AT 10 FEET ) 
R2 : (ZERO CPS AT 10 FEET ) / (ZERO CPS AT ELEV) 
R3 = R I * R2 



TABLE X! -21 

PDU FLUID DYNAMIC DATA, 9/20/80 AM 

OATE 
HRi PERIO0 
SLURRY FEED LBIHR 
RECYCLE ~ GPHIFT2 

og- o  .o Z . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-428 
636° 
19.i .. 

H2 FEED GAS~ SCFH 
RECYCLE GAS~ "SCFH 

2860. 
4500° 

. . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . .  

ELEV, I-FLOW I=ZERO " . . l I !O  
FT, CP5 CPS 
3,12 647,95 2496o8~ 0o260 
3o62 777°55 2492°92 00312 
4o25..429,05 1236o15 0o347 
~53 889,97 ~.8g045 0°357 
5~0~ :97~0432195~69 0o~43 
5060 9A7,78 2360,85 0oA01 
6oi0 i063~57 2540o76 0,%19 
6~61 987,93 2069,50 0o477 

DENSITY . RI . . . . . . .  R2.. '.R3 
LOIFT3 

70=3 0,393 0,982 0,386 
e0 _7 .... o 47 _ 0,984 0.46  
55ol 0.260 1,98~ 0,517 
53,6 0=540 0,985 0,'532 
42=4 0~590 I~.17 0,659" 
47.5 0,575 1.039 0e598 
~5,4 0~646 0,965 0,623 
38o5 0,60.0 1,185 0,711 

70!3 I022~63 2527~69 0o405 
7,76.1042o07 2547~60 0o40g 

8069 1030,60 2428o57 0,424 
8o97 I028o62 2704009 0~380 
g,48 1541,87 2~!8olg 0o638 

i0~00 i6~7~6~ 2679=30 0o66~ 
I0~53 1.62#o..68 2~31~93 0~668 
ii,03 1532~5~.238~18.8: D~6~.3 
11055 1479,28 2481,8~ 0°596 
12,08 1418,40 2533o52 0,560 

..__12.~5__9 1323,55 2456=65 0=539 
13~II I~05°20 2673~84 0°526 
13o05 I~27002 2583~59 0°553 
14~..~ ~462o97"2738o73 0.53~ 
IA,76 I~30060 2gg8~6 0o~7g 

47.1 0.621 00@70 0.602 
46.6 0,633 N,962 O,60q 
45~2 0.627 ].005 0662~ 
~4.7  0 ,626 1~010 0 ,632 
50=4 0.624 0.907 0,566 
~3~5 O,936____ljOl~_.____O,94g 
21,3 1,000 0 ,989  0,989 
21,0 0,g86 .!i,-008 0o99~ 
~.3~0 - 0 , 9 " 3 0 . . . ~ . , 0 2 . S  .'0:,.95~. 
27,0 0,898 0,988 0,887 
30,2 0,861 0,968 0,833 
32~2 0,803 0,990 0,802 
33~5 0o853 0,917 0-782 
30.'9 0,.86"7 0~949 0"822 
3 2 , 7  0,888 • 0,895 0,.7~5 
38,3 0,872 0o818 0,713 

NOTES: 

.I~. OEMS~TY ASSUMES mASS ABSORPTION COFFFICIENT :. O~b~7~ 

2, RI = (FLOW CPS AT E L E V ) /  (FLOw CPs AT 10 FEET ) 
. . . .  R~.__=__(~LR9 ._C~SAT_I.&_EEEL_t_.L_(.ZE~O_C~_AT--ELE-~} 

R3 = RI * R2 



-22 TA3LE XII 

PDU FLUID DYNAMIC DATA, 9/20/80 PM. 

DATE 09-  [0.--8 Q I.'_M 
HRI PER~IOD ~3A 
5LUHRY FEED LB/HR 637. 

. . . . . . . . . . . . . . .  R..~CYCLE , GPi.1/FT2 lS,E~ 
H2 F'EF.L) (~A5, 5CFH ~610,  
RECYCLE OAS• SCFH 6010,  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.E. _L)_ _ .H.P.. I 6.4 T., ..... F_.r . . . . . .  I 0 , 3 3  

ELEV, I ' F L O ~  
FT, CPS 
3 ,11  566 ,13  
3 .62  629 .7Z  
4.1~ 397.~7 
~.52 751.88 
~.07 775.50 
5.61 745.00 
6.1U 859.77 
6.62 803.1~ 
7,12 820 ,95  

I-ZERO l l l / I . O  ~ENSITY . R1 . . . . . .  R2 ..... R3 
CP5 LB/FT3 

2488.02 0.228 77.1 0.719 0.98~ 0.708 
~ ~.,3~.___~,9~ ................. ~ i, 7 ....... 0,7.99 .... 9.,.~84 ......... 0 ,.! 86__ 
) ~5.1~ 0.2R~ b4.8 0.4~I 2°035 0.897 
~96.72 0.301 62.5 0.954 0.982 0.937 
2201,06 0.3~ 5~.3 0.984 1.11~ 1.097 
2361.13 0.316 60.I 0.9~6 1.03a 0.982 
25~0.7b 0.338 5b.4 1.091 O.gb5 1.053 
2045 • 77 0. 393 .................... '9~..7 ....... I.~0~Q ..... !.. I_9~____/• ~2~-- 
2528.29 0.325 58.6 1.0~2 0.970 1.01~ 

? , 6 &  799 ,5~  25~5 .52  0 , 3 1 4  6 0 , 3  1 ,015  0 , 9 6 3  0 ,978  
8 . I ~  8 0 8 . 6 2  2 4 3 ~ . ~  U . 3 3 2  5 7 . 5  1 .027  1.00S 1 ,032  
8.b'~ 818.32 2428.57 0.337 56.7 1.039 1.010 1.049 
8.97 815.32 2704.09 0.302 62.5 1.035 0.907 0.939 
9,4~ 7 ~ , 8 0  24_.18jI~9_._____0.IQ~ ___61,~ ...... ~,.9~8.._.I._,._0..I_4 _..__0..~_9~5L_ 

10.02 787.73 2~73.05 0.31g 59.6 l.O00 0.991 0.991 
I0.551113.00 2429.92 0.458 40.7 1.4-13 1.009 1,426 
I I . 0 ~  1117 .07 . .2~8~ ,88_  0 . 4 6 S .  . . . . . . . . . . . .  ~ 9 . g  ....... I . ~ I ~  1...n~A... 1 . . ~ a _  
11,55  1055.05  24S1,86  0 .~25  ~4 ,6  1 ,339  O,~R8 1 ,323  
12,00 i 0 0 8 , 0 5  2535 ,20  0 ,398  ~8 ,0  1 ,280  0 , 9 6 7  1 ,238  
I_.~.~9.~[,_L7_._~6.i_~_I~____~.,.39.3 . . . . . . . . . . . .  4 .~ ,~  ..... L.2~.E___E~9_9.6 . . . .  1.,~K3__. 
13~I(.! I04~.22 2675.51 0.390 49.0 1.326 0.916 1.215 
13.65 1033.83 2583.59 U.400 47.7 1.312 0,.949 I,Z46 

14.68 I059.25.2964.35 U.357 53.6 1.345 0.827 I.I12 

NOTES: 

i, 

2. 

DENSITY ASSUMES MA~5 ABSORPTION CO~FF I .C IFNT :  0.h271 ~T~ILBH 

RI : (FLOW CP5 AT ELEV) / (FLOW CPS AT 10 FEET ) 
R2...:_(]._I_~_LC_ES AF 19 F'EFT ) L_(Z_E_H_O__CPS__AT_._F_J_F~V..) 
R3 = RI * R2 



T ~ . . ~  x z z z  

PDU FLUID DYNAMIC DAWA, 

OATE .99-21=~E~E ....................... 
NRI PERIOD 43B 
SLURRY FEED LH/HR 628o . 
RECYCLE, ~P~/FT~ 10.I  
H2.FEED GAS, SCFH 2830, 
RECYCLE.GAS, SCFH ~200. 
8EO HE LG=~I., . . . .  ~ . . . . . . . .  ~ ,3 .3  ................................. 

ELEV~::.I-FLO~...;'.i-ZERO:-.: I~I.O 
F T . .  C~S CPS 
3 .12 6 9 3 , 6 0  2 6 9 6 ° 8 ~  0 . 2 7 8  
3 , 6 2  7 1 4 . 4 3  2 4 9 2 . 9 ~  0 . 2 8 7  
4.1.~ 398~73 1205°14 0~331 
6~.5d..83.~,93. ~696~.7~:.. 0.,333. 
~0,07';.'-g.I2'.~.~8 .~.201'-016 '.~.:'' 0.,~.t5 . 
5~5g 882,38  2360,58 0 ,374 
eo09 }003 ,37  2540.72 0 ,395 
6063 920,6.2 20~2604 ~).~.5.5_. 

..OENSIT.Y ~1i,  " 
LB/FT3 

66~7 0,4~5" 
. . . . . . . . . .  ~_.5_~3 . . . . . . .  0~45___8 

5 7 , 6  0,256 
57,3 0,533 
45,~9 O.BS~ 
51.3  0,566 
~806 "0~643 

.... ~l~.g.___o..~o 

7 ,1~ .  956¢63  252 .7 , I0  0,378 
.7,.75"~i:.95eo~5' 25~7,85 0 ,375  
.8..,,I'~;.i;;..970!.6.7_2638~g.~.i.i.~.~"0.o39.~ 
8DeS 1014093 2~07,89 0~622 
8096 1057075 2705~57 0,391 
9~48 1511.53 2618~Ig 0o625 

5 0 , 6  0 . 6 1 3  
5 1 , 1  0 , 6 1 3  
4 8 . 0  0 . 6 2 ~  
~5oU 0 . 6 5 1  
68~9 0~678 

4 o 5 .0~.9.63 
"24~1 1o000 IOoOZ 1559~.72 2676,.17 "0~630 

: -  

0,982 0°437 
0,g86 0o451 

0~982 0o-526 

!o039 0 ,588 
0~~e5 0o621 

. . . . . .  __I~.2.1~ .0.716 
O°qTO 0 ,595 '  
0,96~ 0~590 

. .  ~.00~ 0~e361~ 
1,018 0°663 
0,906 0®61~ 
i~01~ 0,983 .... 
0°990 0~990 

1.0,5~ X530~0.5 2~31~93 0..529. 
.it~.O~:1382~30~.23L81,55L."~..O~SSO 

1 1 , 5 5  1 3 8 1 . 1 3  2 6 8 1 , 8 e  0 . 5 5 8  
12,07 1288o1~ 2533,73 0 . 5 0 8  
12.5: ;  1 1 9 3 . 5 5  265eo65  0o~86 
!3 ,09 '  1285,'1.2 2677,18 0,AS0 
13a.73 12~7~57 2601...79 0,487 
16.,...~a./1303,¢3 2738. .73 .0 : . , .476 '  
1#o69 1~56o00 2 9 6 8 , 5 7  0,923 

30,5  
35°2 
37~6 
38,2  
37 .5  

44e8 

0.98!  I~008 0-98@ 
0..886..i.::..I,030 "':0"-9121-" 
0.88e OegS~ 0,875 
0o8~6 0o968 Oo7gg 

. . . . .  0~765 , ,0.g98 0 . , 7 ~ - -  
• 0 o 8 2 ~ .  O , g l 6  . 0 o ~ 5 ~  

0.813 O~g~2.  . 0 . . 7 6 6  
0,.836:- 0,~95 0..7~ • 
0°805 0.826 0.665 

N O T E S : . :  

:..::,I~:...DENS~TY 

2~,Rl 
R2 
R3 

ASSUMES:" MASS ASSORPT[ON COeFFiCIENT = t}~0271 

= (FLOW CPS A r E L E V )  / (FLOW CPS AT 10 FEET)  
= (ZERO CPS_ AT 10 .FT.E~__)_../ (~E~DCP_S.__ALELEY.! 
= R1. © R2 

FT2/LBM 
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TABLE XIV 

PDU FLUID DYNAMIC DATA, 9/21/80 PM 
OAT~ 09-21-80PM 

PERIOD HR I . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 L-A, . . . . . . .  
SLURRY FEED LB/HR 639, 
RECYCLE ~ (3P,4/FT2 30.5 
H2 FEED GAS, SCFH 3940. 
RECYCLE ()AS, SCFH 5360, 
BED HhIGHT, FT 13.0~ 

ELEV, I-FLOW I-ZERO I / l O  DENSITY RI P2 R3 
FT. CPS CPS LB/FT3 
3 .21  558 .20  2505 .48  0 .223  78 .2  0 .673  0 .979  0 .658  
3,63 653,48 2481,28 0,263 69.5 0.787 0.988 0.778 

. . . . .  4 . - 1 ~  - 3 6 1 - . 2 2 - -  1 2 0 5 , 1 4  . . . . . . .  0.300 . . . . . . . . . . . . . . . . .  ~ 2 . 8  .... 0 . # 3 5  . . . .  2 . 0 3 5  . . . . . .  0 ; 8 ~ 5  

4,53 758,33 2489,45 0.305 bl.9 0,914 0.085 0,900 
5,09 809,98 2211.79 0.366 52,3 0.976 I,I09 1-082 
5.60 7T8.#5 23b0.85 0.330 57.8 0.938 1,039 0.974 
6,10 883,63 2540,76 0.348 55,0 1,065 0.965 1,027 
6 . 6 2  823 .27  20~5 .77  0 .402  # 7 . 4  0 .992  1 .199  1 .189  
7.13 865 ;82';'2 527~6 9--~- ---0.335 . . . . . . . . . . . . . . .  57.0 ' I ;019 .... 0;9i0"" 0,989 
7,67 834.67 2549,87 0.327 58,2 1,006 0,g62 0,967 
8,17 834.20 2438,94 0.342 55.9 1,005 1,005 1.010 
8 .70  .... 8#4 .02  2449 .2b  0 .345  55.5 1.017 1.001 1 .018  
9 .01  839 .27  2 6 9 0 . 6 3  0 .312  60 .7  1.011 0 .911  0 .922  
9,49 771,80 2#09.37 0,320 59.3 0,930 1,018 0,946 

10,01 829,97 2476.17 0.335 56,9 1,000 0.990 0,990 
10 .55  8 1 7 . 2 5  2 4 2 9 . g 2  0 .336  5 6 . 8  0 .985  1 .009  0 .994  
11.05 7~2 .80  2 3 8 2 . 6 6  0 .320  5 9 . 3  0 .919  1 .029  0 .946  
11 .55  
12.10 
12.61 
13o10 
13 .75  
14.15 

72 .au 2#71.24 0.294 63.H 0.875 0.Q92 
691.47 2533.10 0.273 67.6 0.833 0,968 
 72. 0  465.64 0.273 67.7 0. 11 0.994 
852,33-2675.51 0 ;31@ ......................... 59.6 .... £ , 6 2 i  . . . .  0.916 
930.95 2608 .47  0,357 5 3 , 7  1,122 0,940 
970 .23  2 7 4 2 . 0 7  0 .354  54 .1  1 .16q  0 .894  

0,868 
0,806 
0,806 
0-941 
1.054 
1.045 

l~.6q 9#5.27 2963.5r 0.318 Sg,6 1.139 0.826 0,941 

N-OTES" 

I ,  DENSIT~ ASSUMES MASS AHSORPTION COEFFICIENT = 0,0271 FT2/LBM 

• 2. R1 : (FLOW CPS AT ELEV) / {FLOW CPS AT I0 FEET } 
R2 : (ZERO CPS'AT IO FEET ) / (ZERO CP.S..AT ELEV}_ . . . . . .  
R3 = R I * R2 
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TABLE XV 

PDU FLUID DYNAMIC "DATA, 9/22/80 AM 

HRI PER IOl~ . . . . . . . . . . . . . . . . . .  ~,~8 
qI.URRY FEED LB/MR 641, 
RECYCLE , GPM/FT2 30.5 
f i r  FEEl) G~S~ SCFH 2790,  
RECYCLE GAS,. 5CFH 2350,  
~ E O , h I e H / . ,  ........ FT ........... 9 . 7 % .  

ELEV, 'r=F~O~. !-ZERO... 
FT. CPS CWS 
3 .12  ~04o63 2496,84 
3,6~ 706 .3~  2~69o65 

f / IO .. DENSITY RI. • 
L B / F [ 3  

0,242 73,9 0 . # 0 7  
-o. 28 e .. . . . . . . . . . . . . . . . . . .  _ ~ . L . _ o ~ 4  Z~/ 

~15 525,77 120402~ 0,437 
#°53 825o:~5 2~89o45 0,332 
5 , 0 7  883 .25 , .~201 . .06  O:..~OI 
5,60 8~8®9~ ~3~0,85 0,360 
6,I0 956~93 2540,76 0,377 
6,el 895,80 20e9~50 0.433 

R~ RI'3 

~3.2 0,35~ 
57,5 0,556 

53,3 0,572 
50,9 0,644 
43,6 0.603 

0,982 0,400 
0.093 0,~72 
2,036 0,721 
0,085 .0,5#8 
1 ~ 1 , ~  0-663 
1,03g -0,59~ 
0,g65 0,622 
1 . ! 8 5  0 . 7 t 5  

7;i3 ~2~o55 2527,e9 0,3~6 5~.4 0,623 0.970 0,604 
~%~:~ ~9!A~32 2549~87 0,359 53,4 0,616 ~,962- 0,592. 
8;~:.~.968'o53; ~43g.laE 0.397... 48.1 ~. 01,65~i:~ ~OOSm':m: 0"e56 Ii 
8,~9 987,93 ~428o5T 0,~07 ~6,9 0.6~5 1,010 0,67~ 
9°07 993®09 2636°55 0,377 50,8 0,6e9 0,030 0,~22 
g,~9" 918,5T 240g,37 0,381 50,2 O,61_g_____L~O18 O,~3p 
10~021~8.4~85:12~73,.05: 0.600 26o6 1.000 0,.99-! 0,991 
i 0.~55 i~08:,25( 2~291~:92C 0,580 28,4 0,948 .~,009 0,957 
• ~I.:,-08. I330"%4~![:2383~7Vi: 0.558'. " 30[.~.; 0.896 It.O~' 0,9~" 
II,56 1277,95 247~,32 0,516 34o5 0.861 0,989 0,85a 
12,08 1192.08 2533,52 0,471 39,3 0,803 0,g68 0,777 
12.60 IIIR~62 2461,i~ Q~5 ....... =_~l_,L___.g.,~9:3_ 0_,996 0.75-I 
13,10 1213,15 2575~51 0%454 41,2 0,817 O.g16 0,749 
i'3®7~. I199~12 2605~13 0.460 40,4 0,808 O,g¢l. 0,76S 
I~o16. I~26.~83; 2~4~i=4~ 0.~4:7 • 4~,0 0~826 0-893 0-7~8' 
14,69 !195,25 2968°57 0.~03 47,4 0,805 0,826 0,665 

NOTES:, 

.,..i',;0ENSI, TY ASSbMES MASSASSORPTION C0~FFiCI~NT-= O.0~T? ~T~/~8~ • 

2,  R1 = (FLOW CPS Ar ELEV) / (FL0~ CPS AT 10 FEET ) 
R~ --__(~E~O CP5 AT .L0 E~EE_Z,L_Z_._~Z.ER0_.CP.~..A[_ELEE)_ 
R3 =,Rl ~ R2 
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PDU FLUID DV'~AMTC DATA. 9/22/80 PM 

DATE __.99-~2-80PM 
HRI PERIOD ~5A 
SLURRY FEED LS/HR 660. 
~ECyCLE , GPM/FT2 37.1 
H~ FEED GAS, SCFH 3690, 
HECYCLE GAS, SCFH ~390, 
~ED HEIGHT~ FT 13.42 . . . . .  _ . . . . . .  

ELEV, I-FLOW I-ZERO I / I O  
FT, CPS CP5 
3,12 649,67 2496,84 0,260 
3.63 764.33 2481.28 0.308 
4.16 ~16.28 1203.33 
4.53 863.532489: ,45:  
5.07 1922.82 2201.06 
5.60 890.22 2360.85 
6.10 993.52 2540.76 
6.6~ 923.17 2045.77 
7.13 961.28 2527.69 
7.6H 930.4812549.62 
8.1795:1.0~12438,94 
8.60 950.52 2~a8.57 
9.0Q 946.95 2699.~5 
9.51 882.08 2398.15 

0.346 
0.347 
0 . 4 1 9  
0.377 
0.391 
0.451 
0,380 
0.365 

...0..390 
0 . 3 q l  
0.351 
0.368 

10,02 927,20 2 4 7 3 , 0 5  0,375 
10 ,55 .  905,88 2429-,92 0.373 
11,05 848.30 2 ~ 8 2 , 6 ~  0,356 
11,5~ 820.b0 2471,24 0.332 
12.10 7B6.82 2533.10 0.311 
12.61 751.13 2~65.64 0.305 
13,11 828.b5 2673.84 0.310 
13.75 999.30 2608.47 0.383 
16.16 1059.57 27~5.~i 0.386 
14.70 I042.67 2972.80 0.351 

DENSITY R1 R2 R3 ._ 
LBIFT3 

7 0 . I  0.701 0.982 0,688 

55,3  0.449 2,038 0,915 
55.2 0.931 0.985 
45.3 0,995 | . 1 1 4  
50,8 0,960 1,039 
48.9 1,072 0,965 

..... ~I,5_____0_,~96____1jI____9.q__ 
50,4 1,037 0,970 
52,5 1.004 0,q62 
49.1 1.026 l,O.OS 
48.9 1,025 1,010 
54,6 1,021 0,~08 

51,1 1,000 0,991 
51,~ 0,977 1.00g 
53.A 0,915 1.029 .. 
57,4 0,885 0,992 
60.9 0.8a9 0,968 

61,0 0.894 0,917 
50,0 1,078 0.q40 
4 9 , ~  1,143 0.R93 
54,6 1,125 0,B25 

0,917 
I , I o 9  _ 
0,997 
1,034 
1.193 
1,006 
0.965 
1,03I__ 
1,035 
0,928 
0,973 
0,991 
0,986 
0,942 
0,878 
0,821 
0.806 
0,820 
1-013 
1,021 
0,92R 

NOTES: 

i .  DENSITY ASSUMES MASS ABSORPTION COFFFICIENT :0 .0271  FT~/LBM 

2 .  RI : (FLOW CPS AT ELEV) / (FLOw CPS AT I0 FEET ) 
R2_ : (ZERO CPS A[ !0 FELT__J_../ (ZE_RO_C_P_S_A_T _ELEV.) .............. 
R3 = I~I * R2 
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PDU FLUID 

TABLE X V I I  

DYNAMIC DATA, 9/23/80 AM 

OATE o9-23=80A~ 
MR!PERIOD 
SLURRY FEEO LB/HH 
8ECYCLF • GPM/FT~ 
H2 FEED @AS~ SCFH , 
RECYCLE eAS~ 5CFH 
dED ME/~i~!~___ ..... FT 

~51.3 
623o 

2850, 
2100o 
L0_~.7.5_. 

E[ElVl, "'~=~LOW-: !-ZERO' 
FT~ 
3o10 
3.62 
4=15 
4=53 

5,60 

CPS CP5 
.:.I/IO 

587°18 2479,20 0,237 
709.77 249~L%2 0o2@5 
399~82 1204o24 0o33~ 
838e15 •2@89=45 0,,337 

886°65  2 3 6 0 , 8 5 '  0°376 

qENSITY R1 l # I I  

LB/FT3 
75%0 0=595 
65°4  _~0~!29 
57.4 0°405 
56=7 0=850 

51°0 0~899 

0=g89 0~58~ 
0.o98~ 0~708 
2°036 0°825 
0~985 0,837 
l , . l l~-  I°OAI. 
Io039 0=93~ 

6=I0 
6~61 
7=13 

..7,.a? 
8 ,70  
8 .97  
@=4g 

lO~Ol" 
I~.54, 

1002o82 a540=76 0°395 
91g°65 ~069=____50_____0_~4_~_A 
963=58 ~5~7=69 0=373 

- 9 0 ~ " ~ 0 1 5 ~ . . 2 5 ~ 9 1 8 7 .  .:0.354 
965':&.T011~39~62' ": 0~396 

I0~9,~0 2#~9®26 Oe~O 
1000,02 ET04e09 0=370 
920e85 2409037 0~..3~ 
986.37 2476o!T 0,398 
956&77 2430°93 

Ii.5~ I15~.62 2478°32  
12o~ I083o35 2533,52 
12,60 1023.73 2~61.14 
:13o10 !I05~u8 2675°5~ 
13~:70 I~14=.93 2591e77 
~4~l~. I08T.65 ~745o41 
14~69 I081,73 2968°57 

. ' 0 , . 3 9 4  

0°465 
0 = 4 2 ~  

...... 0 "~l e 
0=413 
0,~30 
0°396 
0®364 

48.4 1,017 0=965 0o981 
___~E, 3___ ~ ¢937~I/_,_LB_5___L, I 0__0_5_ 

51=3 0=957 0°970 0~928 
54 ,1  0 o 9 1 6  0 ~ g ~ 2  0o880 
,.6~o.3 0~97q~ I~OOS: 0=981 
45,2 1,043 1.001 I=0~5 
51.8 Io014 O.q07 00919 

68=0 I~000 0,990 0,990 
48=6 0 o 9 7 E  "I,00@" -.0-978 

...36~5 I',201"', l.,02B. ". !o'23-~ 
39=9 I=16q 0=989 1,156 
44,3 le09S 0,968 I=063 
45°7  1. ~3_8__.. 0 ~ 9 ~  1 • o3~_ 
66 ,1  1 , I 2 0  0.916 1,027 
43,9 1.130 0.946 1,069 

52.6 1,097 0=826 0,906 

NOTE5: 

i... DENSITY',,SSUMES MASS AeSORPTION CO~'FFIC,IFNT = 0~0271 

2. R.! = (FLOw CPS ATELEV) / (FLOw CPS AT i0 FEET ) 
•2 = ( Z__E_R.O__CCP_5._A.[__]._.O__EEE_T _I_ C__( ZERO _CES_,AT.. ELEY.)_. 
R3 = R1 ~ P,2 

FT2/LBN 

. . . . . . . . . . . . . . . . . . . . . .  "---- .............................. 
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TABLE XVIII 

1~n~ ~LVID DYNAMIC nnn~A, 9123/80 PM 

DATE 09-23-80PM 
HRZ PE~i~D - -  4 g A  .. . . . . . . . . . . . . .  

SLURRY FEED LB/HR 6 9 6 .  
RECYCLE , GPM/FT2 4 1 , 2  
H2 FEED GAS, SCFH 2820. 
RECYCLE GAS~ SCFH 43~0, 

............... ~Eo ~GH!., . .FT ~ z . o ~  

ELEV, I-FLOw I-ZERO I / I n  DENSITY RI 1~2 R3 
FT,  CPS CPS LB /FT3  
3 , 0 8  6 1 7 , 8 8  2 4 6 ~ , 8 1  0 , 2 5 1  72 ,1  
3 , 6 3  7 7 0 , L 5  2 4 8 1 , 2 8  0 , 3 1 0  60.9 

...... 4 ; i ~ - -  4 3 d ; ? 7 -  I-2-0 5 ;  } ~ . . . .  0 . 3 5 7  . . . . . . . . . . . . . . . . . . .  5 3 , 6  
4 . 5 3  8 8 1 , 7 8  2 4 8 9 , 4 5  0 , 3 5 4  5 4 , 1  
5 . 0 8  9 5 ~ . 4 2  2 2 0 6 , 4 2  0.~33 4 3 , 7  

0 .668  o .995  o , 6 6 6  
o.az9  0 .988  o .B}~  
0 . 4 0 4  . . . .  2,o38 . . . .  ~ ; 9 - 4 L  . . . .  

0 , 9 ~  0 , 9 8 5  0 . 9 3 5  
1 ,02~  1 , l l i  1 , 1 4 2  

5 . 6 1  8 9 7 . 8 8  2 3 6 1 , 1 3  0 . 3 8 0  5 0 . 4  
6 . 1 0  I 0 0 8 . 6 ~  2 5 4 0 . 7 o  0 . 3 9 7  4 8 . 1  
6 , 6 1  9 4 2 . 7 5  2 0 6 9 . 5 0  0 . # 5 6  4 1 . 0  

. . . .  ? ; Y ~ - - - - - ~ - 8 ; ~ ' ~ ~ 5 - i -  . . . . . .  o . ~ 7 9  . . . . . . . . . . . .  5 o ~ 5  
7 . 6 6  9 4 6 , 2 3  2 5 4 5 . 5 ~  0 . 3 7 2  5 1 . 6  
8.17 . . . .  9 4 3 . 0 8  2438,94 0 . 3 8 7  4 9 , 5  

0.907 1,038 1,004 
1,086 0 , 9 6 5  1,048 
i . o ~ 5  1 , 1 8 5  i , z o 3  
1 . 0 3 2 - - - O , 9 7 0  1 .001  
1 , 0 1 9  0 , q 6 3  0 , 9 8 1  
1 . 0 1 5  1 , 0 0 5  1 ,021  

8,71 972,88 2469,94 
8,97 956,28 2704,09 
9,4~ 886,20 2409,37 

10.01 928.83 2#76,17 
I0,54 908.25 2430.93 
1 1 , 0 4  8 4 6 . 9 7  2 3 8 3 . 7 7  

0,394 48,5 1 ,047  0,993 1,040 
0,354 54,2 1,030 O , q 0 7  0,934 
0 . 3 6 8  5 2 , ~  0 , 9 5 ~  1 , 0 1 8  0 , 9 7 1  
0 , 3 7 5  S i~- i  . . . . .  I • 0 b 0 ~ - 0 ~ 9 9 0  0 . 9 9 0  
0 . 3 7 4  51,3 0,978 l.OOg 0 ' 9 8 6  
0 . 3 5 5  5 3 , 9  0 , 9 1 2  1 , 0 2 9  0 , 9 3 8  

11.so 53v ,o3  2~7~,32 0 .336  s s . s  0 . 9 0 1  0 ,98q  0 ,892  
1 2 , 0 8  9 2 1 , b ~  2 5 3 3 , 5 2  0 , 3 6 4  5 2 , 7  0 , 9 9 2  0 , 9 6 8  0 , 9 6 0  

. . . .  I ~ _ ~ I _ _ _ . ~ 8 ~ T ~ ~  0 . 3 ~  . . . . . . .  47 .8  1 .000 0 .q94  1 ,054  
1 3 . 0 ~  1080.30 2677.18 0,~04 . . . . . . . . . . . . . .  4 f ~ 3  ...... 1,163 0 , 9 1 6  1.065 
1 3 . 7 ~  I 0 5 9 . 5 2  2 6 0 5 . 1 3  0 , ~ 0 7  ~ 6 . 9  1 .141  0 , 9 4 1  1 . 0 7 4  
14,15 ll04.bO 2 7 ~ 2 , 0 7  0 . ~ 0 3  4 7 , ~  1.189 G,894 1 . 0 6 3  
1 4 , 6 ~  i 0 8 3 , ~ 3  296~,57 0 . 3 6 5  - 5 2 , 5  .... 1 . 106  0 , 5 2 6  0 . 9 6 3  

NOTES= 

1. DENSITY ASSUMES MASS ABSORPTION COEFFICIENT = 0.0271FT21LBM 

, R1 = (FLOW CPS aT ELEV) / (FLOw CPs AT 10 FEET ) 
~2 = (ZERO CPS AT 10 FEET ) / (ZERO CPS AT ELEV) 
R3 : R1 * n2 .................................................................. 



TABLE XiX 

PD~ ~LUiD DI~AMzC DA~A, 9/24/80 AM 

DATE 
HRI PERIOD 
SLURRY FEED LB/HR..  
RECYCLE , 6PM/FT2. 

0 9 - 2 4 - 8 0 A H  • 
468 . 

O, 

-2~ 

ELEV', 

H2, F.EEO GAS, SCFH " 0,; 
RECYCLE GAS~ SCFH O, 
BE:O HP:. [ G HT ~ . . . . . . .  F T_ ............ e ,  59. . . . . . . . . . . . . . . . . . . .  

' I=#LOW=-.I=ZERO... - . . . .  l : iO : .  , . . . .  DE~$1TY:. ' R , ~ .  .... .. 
FT.  CP5 CPS LB /FT3  
3 , ! 1  3 3 9 , 2 0  2~88o02  0 . I 3 6  1 0 3 , 8  0 , 4 6 !  
3062 3 7 7 , 5 0  2~92092  0 , 1 5 1  9803 0 , 5 1 3  
~o26 238o50 1 3 5 ~ , 3 7  0 . 1 7 6  9 0 , 5  0 . 3 2 4  
4.,51 370~10., .2503, .98 0 o l . 4 8  99,6 0 7 5 0 3  

.5,~0e':.#85.~50~2.1-9506~: .-0,.221-.. . . . . .  .78=6...... 0,659.: 
5059 469,10 2360.58 00194 8503 0,~3 
~e09 487070 25A0o7~ 0,19~ 8600 " 0 , 6 6 ~  
6061 460,30 ~069050 0,~ 78,3 0.625 

0.986 0.: 45~ 
0,~8~. 0o504  
1.~!0" 0,-58~ 
0,917~ . .  0.~492 

F:: .... 

' I . ~ 3 ~  00647  
0 0 9 6 5  0 , 6 3 ~  
1 0 1 8 5  0 , 7 4 0  

7ot2.  ~ 8 0 0 4 0 2 5 2 B 0 2 9  0 , 3 0 9  
: 7065  766 ~90". 253.9 o 18 O • 3 0 ~  

8~68 756040 2 4 0 7 , 8 9  0 , 3 i ~  
809~ 729070 2705,57 0,270 
9050 744010 2400,55 ~0,3I0 

• - • . . .  , .  

6 1 , 2  1";0"60 "0 ,970:  '1~'02~:'" 
ez..  b .oas . . :  
6o,2.- . : . I~04~.. ,  .~,nos;: . ~ o 4 ~ . ,  
60.3 1.027 i .018  1,0~6 
b8~3  0 . 9 9 1  0,906 0.898 
61,0 I~010 1.02i 1 . 0 3 Z  

I O , . G I  7 3 6 o 5 Q ~ 2 4 ~ 6 o I 7  0".297" 
!0.=.,5~: 1.732, I0:i:2~.3~.-9~" ..0.®-.30'I•' 

1105~ 7 5 g , 3 0  2485039 .0 ,306 
I~o06 748000 ~533®9~ 00~9~ 

___i~059 69409U ~456o65 0 , 2 8 3  

I I I I  " I . 

63,2'.  " I.'000' 0,.990 

6108 1 ,031  0 . 0 8 7  
63,.6 1,0.16 0.968 
6 5 . 8  0096~ 0099R 

:T~gO~:~- 
1 , 0 t 7  
0 , G 8 3  

13008  7~401.60 2 6 7 7 , 0 0  
13o¢~ 7 7 4 ' - 5 0 5 2 5 8 5 ® 2 6  
1.4o~l.3.'l',~748~.Sff;:.ZT35:i~39 ..... "' 

0,2-78' 
". 0.,.300:. 

0.2:7.~:. "" 
14.68 761030 296~o35 0 , 2 5 7  

66JZ  £ , 0 1 i  
• 6 2 , 8  • 1 . 0 5 2 :  
67:-~ • I ~L016;:- 
7008 1 , 0 3 4 •  

0, .~I '6  
-0.945 
.!.fete 
00827 

0 , .99T  
• - . : -  

:-0~:~.~--. 
. 0 ° 8 5 5  

NbTES: . . . .  " ' "  " ""  

20 RZ = (FLOW CPS AT ELEV) / (FLOW CPS AT 10 FEET } 
R2 = (ZERO CPS AT 10 EEE!_L.LJ~ER_O__C?S_~..ELEV) 
R3 = R i ~ R~ 

= :.M: - 

/ .  
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PDU FLUID 

TABLE XX 

DYNAMIP DATA, 9/24/80 PM 

DATE 
HRI PERIOD 
SLURRY FEEO LB/HR 

..RECYCLe.) GPM/FT2 
H2 FEEO GAS, $CFH 
RECYCLE GAS, 5CFH 
BED H~IGHT, . . . . . .  F.._T ...... 

09~24-80PM 
47A 

O. 
O, 

O. 
0. 

. . . .  6 . s O  . . . . . . . . . . . . . . . . . . . .  

£LEv,.~ I-FLOWI }"ZERO-?, :I, .,~/10• 
FT. CP5 CPS 
3.12 448.00 2496,84 0.179 
3.62 445.60 2 4 9 2 . 9 2  0.179 
4.13 327.90 1206.05 0.272 
~.52  .... ~08.80 12496~:~ " 0 . . I . 6 ~ ,  

5.0~; :545,30 2 i 9 5 ; 6 9 : ; 0 , 2 4 8  
5.59 522.50 2360.58 0.221 
6.09 556,10 25~0.72 0,219 
6.61 505,60 2069.50 0 . 2 4 4  
7.13: " 
7,66i : 

6 7 6 . 7 0  2527,69 0 . 2 6 8  
652:.4o:251 S.52. 0 . 2 6 8  
6-82:;"80",:."2:~;39;,6~:!,., O. 28 0... 

QENSITY,, =RI R2 R 3  
LB/FT3 

89.5 0.653 0.982 0.641 
. . . . . . . .  . . . . .  o...649 o . g 8 4  0 . 6 3 9  

67.8 0.478 2.033 0 . 9 7 1  
94.3 0,596 0,982 0,585 
72.6 0,795 1.I17 0-887 
78.6 0,761 1,039 0,791 
79.1 0,810 0,965 0,782 

.!3.4 0.737 I,I__~85 0.873 
68.7 0.986 0 . 9 7 0  0,956 
6 8 . 6  0 . 9 9 4 .  0.963 0"958 I 
66@3" . r 0 ~ , 9 " 9 5 '  1 " 0 0 S  ......... .1I'..0001 .... 

8.68 
8,9~ 
9,49 

I 0 ,01  
10,53 

. . 11 .03  

663,50 2407;89 0.276 67.1 0.967 1.018 0-984 
6~0.30 2705.57 0.244 73.5 0.962 0.906 0.872 
661)00 2409,37 0,274 67.4 0,963 1,018 0,980 
686.30 Z476.,:17 " 0,277 66,8 1,000.  0,990 0-990 
6(4.,80243~.93 0.@771 66,8[ 0,983 I[,008 0-99~' 
656.40:::238~,88~. 0,27S.i, ' . . 6 7 1 . 2  0,956 , I . , 0 2 ~ _ _ . ~  

11.55 
12.07 
12.59 
1.3.09 
13.73 
14.14 
14.70 

664.00 2481.86 0.268 68.7 0.968 0.988 0.956 
690.70 2533.73 0.273 67.7 1 '006 0.968 0.974 
660.80 2456.65 0.2--69 ~,4___0_,_9~~98 0,961 
653.90 2677,18 0,244 73,4 0,953 0,916 0,873 
677 .50 '2601 ,79  0.260 70,1 0 .987  :" 0 ,9~2 0 , 9 3 0  
~7~.50 ~738.73 0 . ~ 4 6  7 3 . 2 - 0 . . 9 8 0  o . R q ~  0 . 8 7 7  
664.50 2972.80 0.224 78.0 0.968 0.825 0,799 

~OTE5: 

1 o NF,'JSTTY..ASSUMES •'- MA~s ARSORPTTON. ~O~F~TeI~NT =- O.(I~_71~->FT~/LBM ~ 

2, RI = (FLOW CP5 AT ELEV) / (FLOW CPs AT 10 FEET ) 
R2 -- (ZERO ~ AT 10 FE;'T L._L._LZE_RO__CP.5....A.T_._ELEY_) 
R3 = R I '~ R2 
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APPENDIX A 

BATTELLE PROGRESS REPORT 



December 5, 1980 

- 4 1  

C o l u m b u s  L a b o r a t o r i e s  

.+ 505 K ing  Avenue 
Columbus, Ohio 43201 

: " . " .' T e l e p h o n e  (614) 424.-6424 
T e l e x  24--5454 • 

Dr. Douglas Runde!l 
AMOCO Research Center 
Pos~ Office Box 400 
Napervil!e, Illinois 60540 

Dear Dr. Runde!l: 

This is the second monthly report on your program on the viscosity of 
H-COAL samples. It covers the period through the end of November. The 
purpose of the program is to determine the rheo!ogica! properties of 
H-COAL samples over £he temperature range 350 to 450 C. The effect of 
pressure over the range 2000 to 3000 psi will be examined with only a 
few of the Samples. 

Sample s 

We have received 16 samples. Each is contained in a pressure vessel 
closed by valves at each end and each apparently consists of 300 to 500 
grams of material drawn from the H-COAL pilot plant, Sables are desig- 
nated AMOCO-1 through AMOCO-16. Further information about the conditions 
under which the samples were obtained is~ no doubt~ available to you. 

Viscometer 

The viscometer previously used for AMOCO samples, as described in our 
report dated December ii, i979~ has been modified in several respects. 
The instrument will be fully described in our final report. Here we 
give only a brief indication of the changes. 

Both coils in the older version of the viscometer are now used tO transmit 
lifting force to the permanent magnet which is attached to the bob. One 
coil surrounds each end of the magnet. The same current passes thrqugh 
the ~wo coils in opposite sense. By controlling the current passed through 
the coils we control the vertical force causing the bob to move axially in 
the autoclave. A second permanent magnet~ much smaller than the first~ is 
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supported above the first by a thln-walled tube. This magnet is also 
surrounded by a pair of oppositely wound coils. A signal is generated 
in this pair of coils which is proportiDnal to the rate of movement of 
the bob. This signal is recorded. By calibration we are able to express 
the lifting force in terms of shear stress in the liquid and the rate of 
travel of the bob in terms of shear rate in the liquid. In the past we 
have found a straight-line relationship to exist, from which we determine 
the slope, called the "plastic viscosity" and the intercept, related to the 
yield stress. 

Heaters and associated control devices have been added which enable us to 
achieve much better temperature control than we were formerly able to do. 

A second autoclave has been mounted adjacent to the viscometer autoclave. 
It is equipped with similar temperature controls. The contents of this 
second autoclave can be stirred vigorously. 

During the first month we have mounted a sample container in such a way that 
the contents can be transferred to the second autoclave and subsequently 
a portion into the first, so that a representative sample may be secured. 
Suitable pressure and temperature controls were provided. 

Sample Transfer 

After evacuating our system and replacing the air with hydrogen, the sample 
vessel was warmed to about 150 C and the excess gas was vented. An attempt 
to transfer the sample to the viscometer failed because of a plug in a valve. 
A second attempt the next day was successful but the transfer was accompanied 
by a lot of trouble and the possibility of some loss of sample by vaporization. 
Data at temperatures up to 450 C were generally unsatisfactory. Calculations 
have not been made but the appearance is of a high viscosity material. During 
attempts to unload the viscometer the bob was accidentally exposed to excessive 
pressure and distorted beyond repair. 

In a second attempt, using a new bob and Sample No. i, the sample was first 
mixed by passing hydrogen up through the sample container. About 300 cc was 
then transferred to the mixing autoclave where it was stirred for about 10 
minutes. A viscosity sample (about 65 cc) was then transferred to the 
viscometer. Measurements were made at three pressures up to 450 C. All 
procedures worked smoothly, but the data were characterized by excessive 
scatter. The new bob has not yet been properly calibrated, but the visco- 
sities seen to be of the order of about 1 cP. 

Excessive scatter in the data seems to be related to the low viscosities, 
since we are required to work at very low force levels where small 
irregularities are exaggerated, and to the presence of solids, since we 
have less trouble with oils of similar viscosity. We plan to make some 
measurements with a larger bob in an attempt to improve the reproducibility 
of the results. 
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During the coming month, in addition to further measurements on the samples 
provided, we plan to make some calibration experiments. 

In analyzing the data for a determination oflyie!Id stress~ density data 
wil! be very useful, if not indispensah!e.. We plan to use 9RN~L results and 
our own estimates. If you have any further data on densities, .we would 
appreciate your sending them to us . . . .  .... 

If you wish to discuss the programs ! would urge you to call me at (614) 
424-4933. 

Vary truly yours~ 

John W° Droege 
Fuels and Combus tion S ection • 
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AM~C0 ~roject Status 

PROGRESS ON A OCO DOE coh ' c-z. 

"ON E-C0AL FLIZIiD DY'~MICS" 

I) Experimental Apparatus 

initial flow testing of the apparatus has been carried out using the 

singie fiuid~ Dowanoi DPM. This testing revealed three problems Which 

limited the msximum flow up the column. The first of these was insufficient 

return line capacity Which was corrected by replacing the: horizontal and 

v erti~a! ~ections of the line by a single angled run of pipe. The next prbS!em 

was suction of entrained air in the fluid out of the holding tank and ~hrou~h 

the pump. This appears to h~ve been taken care of by increRsing the qusntity 

of fluid in the system from 40 gal!ons to 55 Ea!lons= thereby increasing 

both the depth and residence time of liquid in the tank. An additional quan- 

tity of diphenyl ehher (~ 9 ga!lonS) has beeh ordered and received= which 

will allow us to ma~e up 65 gallons of the Dp~-dipheny! ether combination. 

The last, and Currently heine corrected problem~ was too great a pressure 

drop from the pu~mp exi~ to the bottom of the coltmm (-~ "12 psi at 3.5 inches/ 

sac flow velocity in the column). To achieve the desired a~ount of bed e~ansion 

(~5OU~ 30~ volume fra cti-on• lot the ~1~ss =ata!yst slmu!at0r-)= approximz~e!y 

A.O inches/sac will be required. To o~taiu this= the "bulk of the one ~ch 

inlet p~ping is being converted ~o 1.5 ~ piping~ and some of the bends hein E 

eliminated. 

iu addition to the flow problems, our fluid became darker And darker the 

~0re the system was run. The p%~p also started to make abnor~l Sounds, and 

upon ~akinE it apart • ~e discovered both the impei!er b~hing (carbon) and shaf~ 

(s ai iess were •I a ly Loos  i,ushin  debris 

had been filtered out of the fluid. A trip to M~rch Pump Company in Gienview 
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revealed that carbon and stainless steel are incompatible. 

2 

Two ceramic shafts 

along with a new carbon bushing were provided. Besides convertln~ to 1.5" 

input piping, a large flow capacity filter vessel is being added to maintain 

a clear liquid. 

2) LDV Optics 

The LDV optics are being assembled to work in the backscatter mode, but 

due to the need to keep the probe as small as possible, and the resulting 

small separation (N 2 ram) between the two incoming beams, the receiving optics 

must be entirely separate from the input optics. This means an ability to 

align the two sets of optics so that they have the same focal point must be 

built into the probe. The method which has been decided upon to achieve this 

is as follows. 

The receiving optics focus whatever reflected light they receive from the 

region about the focal point of the input optics to a corresponding region 

within the receiving tube. The signal is picked up by a narrow optical fiber, 

the end of which can be moved about inside of the tube. By positioning it at 

the point corresponding to the input optics focal point, the two sets of optics 

are aligned. The positioning is accomplished by putting a length of very thin 

hypodermic tubing inside of the receiving tube, positioned so that one end is 

in the focal plane of the optics, and the other end accessible at the rear 

end of the receiving tube. It is pivoted in the middle like a teeter-totter, 

and the optical fiber threaded through it. T~u micrometers are then attached 

to the accesslble end of the hypodermic tubing. The machining and assemblir~ 

of the necessary parts is under way. 

3.) Holography 

The traversing ~ables, which support the optical components, have been built 

and installed. }linor adjustments were made to align the System. For the holo- 
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_3 

graphy experimants, t~m optical set-ups will be used and these are shown schema- 

tically in Figures 1 and 2. it is expected that the opticS! set-up shown in 

Pigure ! will be used predominantly. -~ne main advantages in this set-up era 

that it is easier to examine the holographic plate -- no obstruction by the 

spool pieces~ and one less foldiug mirror is Eaquired. However , we %want to 

use the optical set-up shown in Figure 2 to check the 8 dependence i n the data. 

4) Impedance probe 

The idea of a radio-frequency was abandoned due to the small difference 

in dielectric constants of oil and nitrogen gas. Instead it was decided that 

an intermediate frequency (~ I0 k~z) impedance probe is to be used. The elec- 

tronic circuit has been designed and all the necessary parts have just arrived. 

A schematic of the probe (Fig. 3) which has been built is enclosed. 

B 



-48 

OFF-AXIS PARABOLIC MIRROR 

• . ' !  . . 4 , ~ ~  "~" 

.. LASER BEAM 

__~ ,~ ". 

'}:/ 
1 

BEAM SPLITTER 

w 

~ v  
~ "  ~ -  . . 4  OBJECT BEAM 

\ Y  
FIGURE I. OPTICAL SET-UP (OFF-AXIS HOLOGRAPHY) TO DETERMINE BUBBLE SIZES 

AND DISTRIBITI' IONS . 
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Figure 2. OPTICAL SET-UP (OFF-AXIS, H O ~ )  TO DETERMINE BUBBLE SIZES 
AND DISTRIBUTIONS. 



- 5 0  
Q 

U 
t-¢ 

E~ 
G~ 

u 

! t 

t t J 
i 



-51 

MONTHLY (NOVEMBER 1980) PROGRESS REPOET ON AMOCO DOE CONTRACT 

"ON H-COAL FLUID DYNAMICS" 

AMOCO Project Status 

I) Experimental Apparatus 

The conversion from 1.0" to 1.5" piping (explained in last mo~th's 

report) between the pump discharge and the bottom of the co!umnhas been 

completed and we are now able to obtain the necessary flow rate to achieve 

the desired bed expansion. 

2) LDV Optics 

A probe capable of functioning in air has been assembled and tested by 

measuring the velocity of a rotating plastic disk. The probe produces 

good doppler bursts and the method of aligning the transmitting and receiving 

optics described in last month's report works very well. The design of the 

somewhat m~re complicated optics for use in a fluid of 1.474 refractive 

index has now been completed and the necessary lenses ordered. 

3) Impedance Probe ~ 

The circuit for the probe is almost built except for part #TL 560 cp 

which has not arrived. A diagram of the circuit is shown in Fig. I. 

An apparatus for testing the probe has'been bui!t (shown in~i E. 2). 

There are three positions for the probe. Bubble size and velocity are to 

be measured using the probe and from photographs. Results obtained by these 

tWO methods will be compared. " 

4) Holography 

The optical flats and beam splitter have been received and the optical 

mounts have been constructed. We are now in the process of setting up the 

optical components on the traversing table and expect to take holograms 

in the near future. 
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