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ABSTRACT 

This periodical reports the development work of the Unit Operations 
Section of the Chemical Technology Division on an interim basis. This 
issue includes data and results on the subjects given below. The develop
ment of foam separation as a unit operation considered distributor design 
and gas rate. The development of a shear and leach process for power 
reactor fuel processing used carburized Yankee prototype fuel assemblies 
which were sheared to determine the effect of fuel element condition on 
the nature of the chopped pieces. A Squarkeen No. 3 moving blade lasted 
for 5,894 cuts while a Kleencut blade failed at 320 cuts under normal 
program use. A plastics and coating material testing program for the 
Transuranium facility is under way. The Volatility development program 
is studying the recycle of the salt charge for zirconium fuel element 
dissolution and has completed the fourth recycle test. The radioactive 
waste processing program has completed the test R-65 which studied the 
movement of mercury out of the calciner during the processing of TBP-25 
waste. 
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SUMMARY 

1.0 CHEMICAL ENGINEERING RESEARCH 

Foam Separation 

Determinations of HTUx values for stripping of Sr-B9 from a 
dodecylbenzenesulfonate solution were continued. The values of 2.2 to 
10 cm for HTUx using a weir type liquid feed distributor were higher than 
corresponding values using "spider" type distributors of seven capillary 
tubes. The differences at higher flow rates were small; values of 2.2-
2.6 cm were obtained for the weir distributor at 130-160 gal/sq ft hr. 
Decreased HTUx values for increased gas rates and relatively little 
variation with column length were confirmed. 

2.0 POWER REACTOR FUEL PROCESSING 

Shear and Leach 

Particle distribution measurements were made on a carburized, 0.8% 
max C, ORNL Mark I fuel prototype assembly and a Yankee prototype fuel 
assembly. The carburized assembly sheared into batches of 1/2, 1, and 
1-1/2 in. lengths produced 26, 44, and 20% more particles, respectively, 
in the fraction < 9520 ~ than for a noncarburized assembly. Similarly, 
particles in the smallest fraction measured « 44 ~) were 16, 20, a:lld 22'% 
less, respectively, than for a noncarburized assembly. The total stainless 
steel in the fractions < 9520 ~ for cuts of 1/2, 1, and 1-1/2 in. was lB.5, 
5.3, and 3.3% of the original weight, respectively, and compares to non
carburized measurements of 2.7, 2.0 and 1.1%, respectively. 

A Yankee type fuel assembly of 25 porcelain filled tubes. 5/16 in. o.d. 
with 1/4 in. o.d. spacer ferrules, was sheared into 1/4, 1/2, 5/B, 3/4, and 
1 in. lengths and the particles < 9520 ~ were Bl, 30, lB} 15, and 11% by 
weight, respectively, for the total batch. Shearing of this assembly which 
is smaller than the ORNL Mark I assembly resulted in tube compaction on 
cuts above 1/4 in. in length and ~3B% by weight lesser amount of particles 
in the fractions < 4 760 ~ as compared to an ORNL Mark I assembly. 

The center step of the Squarkeen No.3 (American Shear and Knife Co.) 
moving blade was chipped on the cutting edge during the 5B94th cut of a 
porcelain filled ORNL Mark I fuel assembly. Failure occurred while 
shearing through the solid steel end plugs. A replacement blade of 
Kleenkut represented by the Heppenstall Company as an equal to Squarkeen 
failed at 320 cuts. 

3.0 TRANSURANICS 

Material EvalUation 

A total of 24 diff~~ent protective coatings and 2 plastic materials 
were irradiated by a Co bO source at 1 x 108 r/hr and 40-45°C. Failures 
occurred as follows: 
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3 of 7 epoxies failed in water between 3 x 108 and 1 x lOs R 
1 of 7 epoxies on metal failed in air at 1 x lOs R 
1 of 7 epoxies on concrete failed in air at 3 x 108 R 
11 of 13 vinyls failed between 2 x 108 R and 5 x 108 R 
9 of 13 vinyls failed in air between 5 x 108 R and 1 x lOs R 
2 of 2 polyesters failed in both air and water at 5 x 108 R 
3 of 3 phenolics failed in water at 1 x 109 R 
o of 3 phenolics failed in air at 1 x 109 R 
o of 1 zinc base based in air at 1 x 109 R 

An epoxy joint sealer by the Sika Chemical Corp. exhibits questionable 
failure at 5 x 108 R in air. The material expanded -50% but has not 
deteriorated. 

A silicone rubber adhesive and moulding compound "Silastic RTV No. 731 
and 501" by Ibw Corning failed at 5 x 108 R in air. 

4.0 VOLATILITY 

A series of dissolutions of Zr-2 with HF in molten NaF-LiF-ZrF4 salt 
will provide information on the problems of recycling the salt charge. 
Four tests have been made to date with the mol % of ZrF4 -35% in the initial 
charge, and with addition of NaF-LiF to the product salt to bring the 
composition back to 35 mol % ZrF4 for the following test. Sampling of 
product salt indicates a corrosion product buildup of < 2 times the initial 
value. 

5.0 WASTE PROCESSING 

Fbrty-two per cent of the mercury fed to the calciner pot ended up in 
the evaporator at the completion of test R-65. The off-gas line between 
the calciner and the calciner condenser was electrically heated and 
operated at a temperature between 180-470°C. The calciner flanged top 
and the calciner condenser inlet also were heated to a temperature of 
-180°c. Twenty-eight per cent of the mercury was found to be plated 
out in the off-gas system. Of the 28%, -20% was located above the baffle 
section of the calciner vessel and 5% in the 1 in. off-gas line between 
the calciner top and the calciner condenser. 

The evaporator condensate vapor sampler was operated satisfactorily, 
however, its rate was boilup dependent and insufficient sample was 
obtained during the latter part of the test. 
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1.0 CHEMICAL ENGINEERING RESEARCH 

1.1 Fbam Separation - P. A. Haas, D. A. McWhirter 

Engineering studies of the problems associated with design and 
operation of columns for countercurrent exchange between a liqUid and 
the surface of a foam were continued. in 6 in. Ld. colu.1'j"I.lls. Experimental 
runs were made to determine the heights of transfer units as a function 
of column length, flow rates, foam bubble sizes, ~~d liquid distributor 
dC>3Igns, 

Countercurrent Run Results. Calculations were completed for counter
current runs using a weir type liquid feed distributor with column lengths 
B..'1d flow rates as the variables. This distrib;.ltor had ten 1/8 in. wide 
slots as weirs cut into 1/2 in, o.d, tubing; eight of the slots were 
equally spaced around a 4-1/4 in. dia ring of tubing and two on a cross 
bar, The liquid feed entered the distributor at the cross bar center. 
Calculations were ID~de and results tabulated (Table 1,1) using the 
procedures and nomenclature previously reported (May) February 1962 Unit 
Operations Monthly Reports), 

Countercurrent runs were made with flow rates of up to 2300 cc/min 
or 190 gal/hr sq ft of liqUid and 10}000 cc/min of gas. The average foam 
bubble sizes were as large as 1.65 rom compared to 0.54-0,75 rom for previous 
runs with the spinnerette gas spargers. This size increase was not antic
ipated when the 4}000 cc/min gas rate was used for rTh'1S 25A-25D. Therefore 
the (r/c)(V/L) ratios for these runs were a low 0.59-0.84 instead of the 
desired 1.1 to 1.3. This means thai; the operating and equilibrium lines 
for these runs pinched at the top. The top operating line end point is 
relatively inaccurately known and appears to lie across the equilibrium 
line for 25A thus indicating &'1 infinite number of transfer units and a 
zero HTUx value. The results for 25B and 25C are very sensitive to the 
values of ric and a because of the low (r/c)(V/L) ratio and are therefore 
less certain than the other results. 

Surfactant material balances were discontinued after run 26. The 
variations in exit surfactant concentrations are of small importance and 
can be adequately estimated from the known feed concentrations and the 
measured condensed foam rate and concentrations. The checks of the Sr 
dintribution coefficients from results with zero countercurrent length 
were much closer to the 6.2 x 10-3 em used for calculations than the last 
several checks at lower gas flow rates. 

Examination of res1Jlts for the weir distributor (Tables 1.1 and 1. 2) 
shmr decreasing HTUx values as the liquid flow rate is increased. This 
decrease would be expected from observations of uneq~al liquid flows 
through the weirs. Observed weir to weir variations around the ring as 
percentages of the average flow per weir were 53 to 155% of average for 
880 cc/min total flow, 67 to 142% of average for 1900 cc/min total flow 
and 90 to 131% of average for 3900 cc/min total flow. Much of the varia
ti,on at loW' flows appeared due to preferential wetting. While degreasing 
and aiI' oxidation to give a uniform surface scale did no~ eliminate this 
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Table 1.1. Foam Colunm Material Balances and HTU Calculations - Runs 25, 26, and 27 

Surfactant Complexing Agent: Dodecylbenzenesulfonate, concentrations given are ppm of Trepolate F-95, 
about 90% sodium salt. 

Constant Feed Concentrations: 2 x 10-6 M Sr(OH)2, 10-3 M NaOH in demineralized water and 275 ppm 
Trepolate-F-95 for liquid-feed. Prepurified N2 gas scrubbed with 1 M 
NaOH at 5-9 psig) YB = 0 cpm/sq cm, X; = 0 cpm/cc. 

Liquid Feed Distributor: Distributor "E" consisting of ten 1/8-in. wide slots cut into a 4-1/4-in. 
dia ring of 1/2-in. dia tubing. 

Run Numbers: 
Symbol Units 25A 25B 25C 25D 26A 

Gas spargers used 
Countercurrent length 

~pinnerette with 50 ~ dia hole~ ~~-EC sintered glass- ,-,-.-~ 

Liquid rate in 
Gas rate 
Condensed foam rate 
Net liquid rate 

Liquid surfactant conc. out 
Condensed foam surfactant rate 
Surfactant material balance 

Average bubble diameter 
Average foam surface area 

Gross ~ in liquid feed 
Gross ~ in liquid out 
Gross ~ in condensed foam 
Gross ~ material balance 

Sr distribution coefficient 
Phase flow ratio 

z 

L + E 
Via p 
E 
LP 

d 
a 

X2 
xR(also xl) 
yjV 

ric 
(r/c) 

* Liquid conc. in equil. with Y2 xa 
Liquid conc. entering liquid pot X1 
Liquid concentration change x~ - X1 
Average driving force (X-X*)ln mean 

Number of transfer units 
Height of transfer unit 
Height of transfer unit 

N 

~?.:x 
HTUx 

cm 

cc/min 
cc/min 
cc/min 
cc/min 

ppm 
mg/min 
% 

mm 
sq cm/cc 

cpm/cc 
cpm/cc 
103 cpm/min 
% 

10-3 cm 
dimensionless 

cpm/cc 
cpm/cc 
cpm/cc 
cpm/cc 

cm 
in. 

28 29 13 0 

2000 
4000 

21 
1980 

.8 
96 

1.00 
60 

2680 
440 

4650 
103 

6.2 
O. 

3130
b 

1910b 

b 
-b 
-b 

1100 
2200 

11 
1090 

246 
15·8 
92 

0·90 
67 

2680 
650 

2200 
101 

6.2 
0.84 

2400 
1200 
14(k) 

397 

3·74 
7·7 
3.0 

2000 
4000 

28 
1970 

253 
21.9 
96 

1.00 
60 

2680 
590 

3750 
92 

6.2 
0·76 

2500 
1040 
1645 

294 

5·9 
2.2 
0·9 

2000 
4000 

23 
1975 

19·4 

1.30 
46 

2680 
1800 
2100 
105 

6.3a 

0.59
a 

l(k)Oa 
2860a 

19 27 0 

2400 
2880 

110 
2290 

263 
50·5 
99 

0.41 
146 

3700 
390 

7400 
95 

6.2 
1.14 

2840 
835 

2865 
630 

4.6 
4.3 
1.7 

1430 
1720 

30 
1400 

266 
24.8 

101 

0·33 
182 

3700 
460 

4600 
97 

6.2 
1. 

2390 
1095 
2605 
930 

2.7 
10 
3.9 

2400 
2880 

90 
2310 

46.1 
99 

0·39 
154 

3700 
640 

7200 
98 

6.2 
1.19 

2620 
1400 
2300 
910 

2·5 
4.7 
1·9 

2400 
2880 
100 

2300 

269 
48.3 

101 

o. 
146 

3700 
1820 
4700 
100 

6.15a 

1.12a 

1830a 

3860a 

~e liquid pot was assumed to be one theoretical stage for zero countercurrent length and the values of ric calculated from the exit concentrate. 

bThe operating line for run 25A appeared to cross the equilibrium line (see discussion) and thus prevents calculation of a HTU value. x 
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Table 1.1. Continued 

Run Numbers: 
Quanity Symbol units 27C 27D 27E 28A 28B 286 28D 

Gas spargers used +------Spinnerette with 50 ~ dia holes---- ~Spinnerette with 50 ~ dia holes---~ 
Countercurrent length z cm 27 27 12 13·5 0 50 27 0 

Liquid rate in L + E cc/min 1460 1000 1000 1460 1460 1700 1700 1700 1700 
Gas rate Via p cc/min 4000 4000 4000 4000 4000 10000 8000 8000 8000 
Condensed foam rate E cc/min 30 30 30 30 30 160 92 86 90 
Net liquid rate LP cc/min 1430 970 970 1430 1430 1540 1610 1615 1610 

Liquid surfactant conc. out ppm 
Condensed foam surfactant rate mg/min ~24 22.4 ~24 20.0 .1 70 47 53 
Surfactant material balance % 

Average bubble diameter d mm 1.06 1.10 1.00 1.10 1.20 1.65 1. 1. 1. 
Average foam surface area a sq cm/cc 57 55 60 55 50 36 39 39 39 

Gross ~ in liquid feed X2 cpm/cc 3350 3350 3350 3350 3350 2800 2800 2800 2800 
Gross ~ in liquid out xB(also x!) cpm/cc 490 195 390 625 1950 115 280 1270 
Gross ~ condensed foam Y2V 103 cpm/min 4300 - 3080 2880 3140 2500 4950 4640 4300 2630 
Gross ~ material balance % 102 98 97 83 108 106 101 100 98 

Sr distribution coefficient ric 10-3 cm 6.2 6.2 6.2 6.2 6.4a 6.2 6.2 6.2 6.7a 

Phase flow ratio (r/c)(V/L) dimensionless 0·99 1.41 1.53 0.96 0.90a 1.45 1.19 1.19 1.29a 

* cpm/cc 3040 1940 2280 1950
a 2420 2240 Liquid conc. in equil. with Y2 X2 2250 2220 1270 

Liquid conc. entering liquid pot x~ cpm/cc 975 470 985 1225 3700
a 

135 252 610 2900 
Liquid concentration change X2 - x~ cpm/cc 2375 2880 2365 2125 2665 2548 2190 
Average driving force (x-x* hn mean cpm/cc 395 590 945 810 252 435 

Number of transfer units Nx 0 4·9 2.50 2.62 10.6 10·7 5·0 
Height of transfer unit HT} cm 4·5 5·5 4.8 5·1 4.7 2·52 2.60 
Height of transfer unit HTx in. 1.8 2.2 1.9 2.0 1.9 1.0 1.0 

aThe liquid pot was assumed to be one theoretical stage for zero countercurrent length and the values of ric calculated from the exit concentrate. 
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Table 1. 2. Comparison of Foam Column HTUx Results 

Location of Detailed Results: 
Runs 15} 16} and 17} February 1962 Unit Operations Monthly 
Runs 21} 22} 23, and 24, April 1962 Unit Operations Monthly 

Gas Sparger: Spinerette with 1760 50 ~ dia holes or as notedo 

Net Liquid Gas Counter- Liquid 
Rate} L Rate current Distrib. HTUx Run 

Variable Compared cc/min cc/min 1ength}cm Used cm No. 

Liquid Distributors 1100 2000 26·5 C 0065 22B 
1100 2000 26.5 D 2·3 23B 
1090 2200 29 E 707 25B 
1430 2620 26.5 C 1.5 22A 
1435 2620 26.5 D 3.8 23A 
1430 4000 27 E 4.5 27A 

Liquid Flow Rate 1100 2000 26.5 C 0.65 22B 
1230 2000 27 C 2·5 17B 
1430 2620 26.5 C 1.5 22A 

970 4000 27 E 5·5 27B 
1430 4000 27 E 4.5 27A 
1610 8000 27 E 2·5 28B 

Gas Flow Rate 1090 2200 29 E 7·7 25B 
970 4000 27 E 5·5 27B 

1610 8000 27 E 2·5 28B 

Countercurrent Length 1615 8000 13 E 2.6 28c 
1610 8000 27 E 2·5 28B 
1430 4000 13·5 E 5·1 27D 
1430 4000 27 E 4·5 27A 

970 4000 12 E 4.8 27C 
970 4000 27 E 5·5 27B 

Gas Sparger-Spinnerette 1090 2200 29 E 7·7 25B 
-EC Glass 1400 1720 27 E 10 26B 
-Spinnerette 1430 4000 27 E 4.5 27A 
-Spinnerette 1970 4000 13 E 2.2 250 
-EO Glass 2290 2880 19 E 4.3 26A 
-Spinnerette 1610 8000 27 E 2·5 28B 
-Spinnerette 1100 2000 26.5 D 2.3 23B 
-EC Glass 1385 2000 26.5 D 2.7 24A 
-Spinnerette 1435 2620 26·5 D 3.8 23A 
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preferential wetting, it is probably of less importance in the column where 
the distributor is completely surrounded by and wetted by the foam. 

The liquid distributor and flow rate effects cannot be separated. The 
"C n spider of 0.095 in. Ld. capillary tubes has given the lowest HTUx values 
(Table 1.3). However, its optimum range (May Unit Operations Monthly Report) 
corresponds to the optimum range of liquid and gas flows for the 6 in. dia 
column and the spinnerette gas sparger used. The A and B distributors are 
too small while the D and E distributors require such high gas flows that 
the bubbles are larger, and much less uniform, and the foam is less stable. 

The effects of other variables with the "E" weir distributor were the 
same as previously observed. Increased gas flows appeared to decrease the 
HTUx values. The effects of the countercurrent length variations were 
small with two small decreases and one small increase in HTUx values as 
the length was increased from 13 to 27 cm. The EC sintered glass gas 
sparger gave larger HTU values than the spinnerette gas sparger. x 



Table 1.3. Range of HTU Values 
. ~. 

Liguid Distributors 
Optimum flow 

Designation Type Size range, cc/min 

A "spider" 0.048 in. Ld. 100-300 
B flspider" 0.061 in. o.d. 150-500 
C "spider" 0.095 in. o.d. 400-1200 
D "spider"b 0.188 in. o.d. b 1500-4500 
E weir 1/8 in. slots 1500-6000 

~ese results are for porosity liD" stainless steel spargers. 
b This "spider" bad 0.125 in. dia orifices at each tube inlet. 

Results for SEinn. 
No. of Range of 
Tests HTUx ' cm 

0 
9 2·9-8.4 

11 0·5-2·5 
3 2.3-8·3 

10 2.2-7·7 

Results for EC Glass 
No. of Range of 
Tests HTUx ' em 

3
a 9-12a 

I 
0 I-' 

2 3·3, 7·1 
\.)1 

I 

4 2·7-6.6 
3 4.3-10 
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2.0 POWER REACTOR FUEL PROCESSING 

C. D. Watson 

2.1 Shear and Leach - B. C. Finney, G. A. West 

A shear and leach program to determine the economic and technological 
feasibility of leaching the core material (U02 or U02-Th02) from relatively 
short sections (1 in. long) of fuel elements produced by shearing is 
continuing. The apparent advantage of this method is the recovery of 
fissile and fertile material from spent power reactor fuel elements without 
dissolution of the inert jacketing and end adaptors. These unfueled :portions 
are stored directly in a minimum volume as a solid waste. A "cold" shear 
and leach complex consisting of a shear, conveyor-feeder, and leacher is 
being evaluated prior to hot runs. 

Shakedown runs of the complete mechanical complex showed that the 
shearing and leaching of prototype oxide fu.el could be started. 

Particle size measurements were made to determine the amount and size 
of the ,soluble and insoluble particles dislodged during shearing of 
spent fuels. Such measurements will be valuable in predicting the fate 
of particulate matter in the rotary drum leacher particularly their influence 
on leaching rate and their transfer as solid waste. 

The leacher and auxiliary catch pots including liquid process lines 
were checked out using hot water to simulate acid. After making a few 
minor modifications to eliminate vapor locking, the system operated 
satisfactorily. The leacher can be heated to -105°C in 10 min by introducing 
steam at -10 psig into the leacher through the acid and wash water lines, 
screen cleaning nozzles, and tnto the feed end. 

A wash down system to decontaminate the shear was checked out. The 
nozzles wet the interior of the shear well; however, pieces of prototype 
fuel (porcelain filled) sheared 1 in. long on top of the movable blade 
were not dislodged. The capacity of the 43 nozzles is approximately 17 
gal/min at 65 psig water pressure. 

The Squarkeen No. 3 moving blade was chipped on the center step at 
5892 cuts of the porcelain filled ORNL Mark I prototype fuel assemblies 
(Figure 2.1). Three porcelain filled ORNL Mark I fuel assemblies were 
sheared into 1/2 in. sections in continuing blade wear studies. While 
making the second cut on each assembly (cutting steel end plugs and 
ferrules, Figure 2.2) the shear was stalled approximately 1/4 the way 
through the assembly. The shear was operated at a hydraulic oil pressure 
setting of -1000 psig which is equivalent to -150 tons. Four attempts 
were required to shear through the first two assemblies and five attempts 
were required on the third assembly. On the fifth attempt, a wedge shaped 
piece 1-5/8 in. x 5/8 in. x 1/4 in. was chipped from the center step of 
the Squarkeen No.3 blade (Figure 2.3). The cutting edge and corners of 
the center step and two adjacent steps of the moving blade were badly 
rounded and apparently the difficulty encountered was the result of blade 
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Chipped Section 

UNCLASSIFIED 
PHOTO 57629 

Cutti ng Edge 

Fig. 2.1. Squarkeen No. 3 moving blade showing chipped section of 
center step which occurred at 5892 cuts of the porcelain-filled ORNL Mark I 
prototype fUel assemblies. 
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f 2 3 
OAK RIOGE NAT.ONAL LABORATOR't' 

UNCLASSIFIED 
PHOTO 57628 

Fig. 2.2. Shape of ORNL Mark I fuel assembly after having sheared 
through the solid steel end plugs and row of ferrules. 
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Chipped Piece 
from Center Step 

UNClASSIFI ED 
PHOTO 57630 

Fig. 2.3. Chipped piece from center step of the Squarkeen No.3 
moving blade showing the compacted chunk of solid steel end plugs and 
tubing in which step of blade was nestled at the time of breakage. 
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dullness (Figure 2.4). The porcelain sections were sheared without 
difficulty but there was an increase in the amount of wiping of the 
stainless steel tubing. 

The Squarkeen No. 3 blade was replaced vii th a Kleenkut blade 
(~eppenstall Company) of similar hardness (54-56 Rockwell C). After 
having made only 320 cuts of the porcelain filled fuel assemblies the 
cutting edge of the center and two adjacent steps was badly rounded 
indicating very unsatisfactory service. 

The shearing of the porcelain filled fuel assemblies was completed 
and the shear was dismantled for inspection and thorough cleaning in 
preparation for shearing U02 filled aluminum, stainless steel, and Zr-2 
tubing and U02-Th02 and Th02 filled stainless steel tubing. Approximately 
6200 cuts of the porcelain filled fuel assemblies had been made and in 
general the condition of the shear was very good; however, there was a 
considerable increase in the amount of scoring (Figures 2.5 and 2.6) of 
the gibs and liners since the last inspection (elapsed time represented 
by approximately 4Boo cuts of the porcelain filled fuel assemblies). The 
increase in scoring did not appear to be detrimental to the operation of 
the shear. 

Particle size determinations were made using shaker sieve screens 
from 9520 to 44 !J. openings on porcelain filled, stainless steel clad sheared 
sections of a (1) carburized, O.B()b maximum C, ORNL r/lark I fuel assembly, 
and (2) Yankee type fuel assembly. 

The ORNL Yark I carburized assembly sheared into 1/2, 1, and 1-1/2 in. 
lengths in ~4 kg batches generated particles < 9520 !J. of 45, 20, and 9% 
by weight, respectively, which amounts to 26, 44, and 20% more particles 
than for a noncarburized assembly. Similarly, particles in the smallest 
fraction measured « 44 !J.) totaled 3.7, 1.2, and 0.7% by weight, respectively, 
and "as 16,20, and 22% less than for a noncarburized assembly (Figure 2.7). 
Analysis of the material in the various fractions show that the total stain
less steel < 9520 !J. for cuts of 1/2, 1, and 1-1/2 in. lengths was IB·5, 
5.), and 3.3% by weight, respectively, of the original metal weight and 
compares to 2.7, 2.0, and 1.1% by weight, respectively, for a noncarburized 
assembly. The total porcelain dislodged in the fractions < 9520 !J. from 
1/2, 1, and 1-1/2 in. cut length of the carburized element was B8, 44, and 
16% by weight, respectively, of the original porcelain present and is 23, 
48, and 25%, respectively, more than a noncarburized sheared element 
(Figure 2.8). 

A Yankee type fuel assembly of 36 porcelain filled stainless steel 
tubes, 0.340 in. o.d. with 1/4 in. o.d. x 1/2 in. long spacer ferrules 
was sheared into 1/4, 1/2, 5/8, 3/4, and 1 in. lengths to determine the 
particle fractions produced and the effect of shearing with the stepped 
shear blade designed for the 53% larger cross section ORNL Mark I fuel. 
The particles produced in the fractions < 9520 !J. from the 1/4, 1/2, 5/8, 
3/4, and 1 in. cut lengths were Bl, 30, 18, 15, and 11% by weight, 
respectively, of the total batch; the stainless steel < 9520 !J. was 61, 
30, 10, 10.5, and 7.8% by weight, respectively, of the total metal 
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Cull; ng Edge 

UNCLASSIFIED 
PHOTO 57627 

Fig. 2.4. Squarkeen No. 3 moving blade showing rounded corners and 
cutting edge of the center and two adjacent steps (chipped portion was put 
in place while photographing the blade) • 



Fig. 2.5. Scored areas on shear gibs after having made approximately 
1400 cuts on the porcelain-filled ORNL Mark I prototype fuel assemblies . 
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Fig. 2.6. Scored areas on the shear gibs after having made approximately 
6200 cuts on the porcelain-filled ORNL Mark I prototype fuel assemblies. 
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originally present in the batch; and the porcelain dislodged < 9520 ~ was 
99, 37.5, 30, 20, and 15% by weight, respectively, of the original amount 
present (Figure 2.9). Shearing of the Yankee type assembly which has a 
53% smaller cross section than the ORNL Mark I prototype fuel assembly 
resulted in compaction of 10 to 24 tubes in ~20% of the cuts made with 
the leading edge of the stepped blade on all cut lengths above the 1/4 in. 
lengths. The amount of particles produced in the fractions < 4760 ~ was 
~#38% by weight less than comparable cuts made on an ORNL Mark I assembly. 
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3.0 TRANSURANICS 

P. A. Haas 

3.1 Material Evaluation - G. A. West 

Protective coatings and some plastic materials of construction are 
being evaluated for radiation, wear and chemical resistance as related 
to the TrU process environment where nuclides must be contained or easily 
decontaminated from structural surfaces. 

All materials undergoing evalua.tion are being irradiated in a cobalt-
60, r source at 1 x 106 rads/hr intensity and 40-50°C. The plastics are 
being exposed in air and the coatings are being exposed in both air and 
deionized water because they may become submerged in water in actual use. 
The protective coatings exhibiting the best resistance in both air and 
deionized water are (1) Amercoat-66, epoxy, 1 x 109 rads, (2) Amercoat 
No. 74-B Surfacer w/fiberglass cloth and No. 66 gloss seal coat, epoxy, 
1 x 109 rads, (3) Amercoat No. 74-B Surfacer wiNo. 74 seal, epoxy, 7 x 108 

rads, (4) U. S. Stoneware systems No.6 and 7, 1 x 109 rads. The phenolic 
base coatings, Plasite Nos. 7100, 7122, and 7155 on concrete by the 
t·risconsin Protective Coating Company , exhibits excellent resistance in 
air to 1 x 109 rads but failed in the deionized water at this exposure. 
The same coatings on metal are satisfactory in both air and deionized 
vTater at the 1 x 109 rads exposure (Table 3.1). Irradiation of all 
coatings 'tvill continue to failure. An "Epoxy Joint Sealer" by the Sika 
Chemical Corp. exhibits questionable failure (dependent upon the proposed 
use) at 5 x 108 rads in air by retaining some elasticity while progressively 
expanding -50%. 

Test strips of the Amercoat Corporation's polyvinyl chloride sheet 
material, 3/32 in. thick x 44 in. Wide, with seams heat welded giving a 
continuous smooth surface has been installed in areas of heavy foot traffic 
for 34 days. The Amercoat Corporation's method of welding the se&~s and 
the traffic test results appears good enough that the vinyl sheets will 
be installed on a laboratory floor for further evaluation. 
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Table 3.1. Results of Radiation Exposure to Materials 

Source: co 60 at 1 x lOs rods/hr intensity. 

Conditions: Specimens exposed in air and in 
deionized vater at 4O-50"C. 

Irradiation 
Exposed Failed OK to be 

AEl2lied on to in in in in Continued 
Material Concrete Steel Rads air water air water Yes No 

EJlO!S! Coat1ns 
x 109 Amercoat r.o. 615 X 1 X X X 

Amercoat No. 66 X 1 X 109 X X X 

Amercoat No. 14 Surfacer 
x 109 w/f1berglass and No. 66 top X 1 X X X 

Amercoat No. 74 primer v/74-B Air 
surfacer X 9 x lOB X X Only 

Amercoat No. 14-B Surfacer 
wiNo. 14 seal, grey X 1 x lOB X X X 

Amercoat No. 14-B Surfacer 
wiNo. 14 seal, white X 1 x lOB X X X 

Prufcoat primastic X 3 x lOB X X X 
v/No. 4000 top X 3 X lOB X X 

X 1 x 109 X X 

Plasite No. 9009, Wisconsin X 5 x lOB X X 
Prot!lctive Coating Corp. X 5 X lOB X X 

X 1 x 109 X Air 

x 109 
Only 

X 1 X Air 
Only 

Wilbur and Wi11iams-~ileCote X 1 x lOB X X X 

Phenolic Coat ins. Air 
Plasite :fo. 7100 X 1 x 109 X X Only 

X 1 x 109 X X X 
Air 

P1asite No. 1122 X 1 x 109 
X X Only 

X 1 x 109 X X X 
Air 

Plasite No. 1155 X 1 x 109 X X Only 
X 1 x 109 X X X 

Po1~ester Coat ins 
5 X lOB Pru£coat-Epoxy modified X X X X 

polyester X 5 x 108 X 
X 8 X lOB X Air 

Only 

Wilbur and Williams X 1 x lOB X 
No. 1112 v/1iquid glass X 2 x lOB X Air 

Only 

Y1~1 Coati~ Air 
Amercoat 815-99 system X 1 x lOB X X Only 

Nukem1te-40 X 8 x lOB X X X 

Prufcoat P-62 v/RSY X 1 x 109 X 
X 5 X lOB X X 

X 1 X 109 X Air 

lOB 
Only 

X 2 x X 
Air 

Prufcoat P-50 v/RSY X 1 x 109 X Only 
X 2 x lOB X 

U. S. Stonevare System 1 X 2 X 108 X 
X 1 X 109 X X 

System 2 X 2 X lOB X 
X 1 x 108 X X 
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Table 3.1. Continued 

Irradiation 
Exposed Failed OK to be 

Applied on to in in in in Continued 
Material Concrete Steel Rads air ;rater air water Yes No 

U. S. Stoneware System 4 X 2 X 108 X 
X 1 X 109 X X 

System 5 X 2 X 108 X 
X 1 X 109 X X 

System 6 X 1 X 109 X X X 
System 7 X 1 X 109 X X X 
System 8 X 2 X 108 X 

X 1 X 109 X X 
System 9 X 2 X 108 X 

X 1 X 109 X X 
System 10 X 1 X 108 X 

X 1 X 109 X X 

Miscellaneous Materials 
SiY~ Chemical Company's 

Colma joint sealer 
('rhiokol Rubber) 'I'ype-SL 4 x 107 X X 

'l:ype-NS 4 x 107 X X 

Sika Chemical Company's 
Epoxy joint sealer 5 x 108 X X 

Do;r Comings (silicone rubber) : 
Silastic RTV-501 5 x 108 X X 
Silastic RTV-731 5 x 108 X X 

Amercoat-Knoblock (vinyl sheet) 5 x 108 X X 

Bento~ (chlorinated polyether) -
coating X 5 x 107 X X 
sheet No. K51 5 x 107 X X 
sheet No. 9215 5 x 107 X X 

Armalon - "tetrafluorethylene 
coated glass fabric" 5 x 107 X X 
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4.0 VOLATILITY 

R. W. Horton 

4.1 Salt Recycle Studies - W. W. Pitt, V. L. Fowler 

A considerable portion of the operating costs of the Fluoride Volatility 
Process is the cost of ZrF4 in the initial fluoride salt charge for each 
batch. One method of reducing this cost i.s to use the waste salt from each 
batch as part of the initial charge of the following one. The purpose of 
the present study is to investigate the problems associated with the recycle 
of salt. 

Experimental Equipment and Procedure. The dissolution vessel used 
was the Mark II INOR-8 vessel originally used in the INOR-8 series of 
dissolution studies. Two molten salt transfer dip legs were added; one 
~~ autoresistance heated double wall line, the other welded directly to 
the vessel wall. A 6 in. i.d. Inconel vessel was used as the salt makeup 
tank. The HF supply and off-gas system were the same as used in previous 
dissolution studies (Figure 4.1). 

The simulated Zircaloy-2 elements were loaded in the dissolver and the 
30 Ib salt charge in the makeup tank. After melting the salt was transferred 
to the dissolver through one of the dip legs. Dissolution of the Zircaloy-2 
was then carried out at 600-650°C using an HF flow rate of 2.7 to 3.7 Ib!hr. 
At the end of the dissolution, the salt was tr~~sferred out of the dissolver 
through the bottom transfer line to an open container. Core samples of the 
salt were taken while the salt was still molten. After freezing, the salt 
was crushed and enough of the waste salt used to provide 30 Ib of -35 mol 
% ZrF4 salt for the following run. This normally required 27 Ib of waste 
salt and 3 Ib of fresh NaF-LiF salt. 

Experimental Results. The data. from the four runs which have been 
made to date are shown in Table 4.1, The Zr-2 specimens were of assorted 
sizes and shapes, so 110 inference can be made about dissolution rates. 
However, one can get an indication cf the trend of corrosion product 
buildup in the waste salt. The prin~ purpose of this first run was to 
shakedown the eqUipment and establish test procedures. No major diffi
culties were experienced during salt transfers and dissolution except 
for off-gas line plugging. The salt transfers have been surprisingly 
easy for all types of vessel entry (dip legs and bottom). 

Future Plans. It is planned to make a series of dissolutions at as 
near the same run conditions (HF rate, temperature, cross section) as poSSible, 
varying only the length of the elements. Waste salt from each run will be 
used as part of the initial charge for the following run. It is anticipated 
that the effect of element length on dissolution rate will be correlated, 
and also that an equilibrium concentration of corrosion products will be 
indicated for the salt recycle process. 
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Table 4.1. Corrosion Product Concentration 

(at end of run) 

Dissolution 
HF Flow Rate 
Rate (cm~min) C. P. Concentration {~~ml 

Run (lb/hr) Fe Ni Cr lvb Sn 

1 3·7 1.7 1700 70 1900 10 < 250 
2 3.4 2.2a 70 43 247 5 < 210 
3 2·7 2.6a 3600 360 2800 < 70 1000 
4 3·1 3·2 2000 750 2400 40 70 

a Rough estimate only, due to unknown surface area of elements. 
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5.0 WASTE PROCESSING 

J. C. Suddath 

The purpose of the waste processing program is to develop the waste 
calcination process and to determine the necessary data for the design of 
the Hanford pot calcination pilot plant. This report will cover waste 
calcination test R-65, a TBP-25 calcination. The purpose of test R-65 was 
to determine if mercury could be transferred from the calcination pot to 
the off-gas line and to the calciner condenser for condensation and return 
to the evaporator. A vapor sampler on the evaporator condensate to meas'Yre 
conductivity was also tested. 

Fbrty-two per cent of the mercury fed to the calciner pot ended ~p in 
the evaporator at the completion of test R-65. The off-gas line between 
the calciner and the calciner condenser was electrically heated and operated 
at a temperature between 180-470°C. The calciner flanged top and the 
calciner condenser inlet also were heated to a temperature of -180°c. 
T>,enty-eight per cent of the mercury was found to be plated out in the 
off-gas system. Of the 28%, -20% was located above the baffle section of 
the calciner vessel and 8% in the 1 in. off-gas line between the calciner 
top and the calciner condenser. 

The evaporator condensate vapor sampler was operated satisfactorily, 
however, its rate was boilup dependent and insufficient sample was obtained 
during the latter part of the test. 

5.1 Test Results - C. W. Hancher 

Test R-65 was a standard TBP-25 test using the continuous evaporator, 
470 liters of feed were fed to the system in 23 hrs at an average rate of 
20.6liters/hr (Table 5.1). The feed to water ratio was 3.1. The nitrate 
balance was 102% and the aluminum balance was 95%. The mercury recovery 
balance was 80%. The wet test meter used to measure the off-gas was not 
in operating condition during this test, therefore, there was no method 
to measure the off-gas, however, it would not appear to be excessive. The 
resulting solid had a bulk density of 0.68 g/cc.and had the following 
concentration: 

Aluminum 

Iron 

Mercury 

Nitrate 

47% by weight 

0.94% by weight 

0.58% by weight 

0.07% by weight 

The mercury concentration at the top of the solid was 1%. There was some 
mercury deposited between the top of the solid and the baffle that could 
not be sampled. This quantity would probably account for the missing 20% 
in the recovery balance. 
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Table 5.1. Material Balance for Waste Ca1ciner Test - R-q5 

NOs, Al, Fe, Hg, 
g, % g, % g, % g, % 

IN 
~Feed, g 195,636 22,276 114.2 23eo 

g/liter 411 46.8 0.24 5·0 

our 
Evap. , g 16,050 2,050 30·0 1000 

% 8.2 9·2 26.3 42 
Condo , g 183,872 5·05 1.8 640 off-gas 

% 94 1.6 28 
Solid, g 283 19,035 405 240 

% 82'2 352 10 

Total, % 102.2 94·7 379.6a eo 

other Results 

System feed rate, 1iters/hr 476/23 = 20.6 
Total feed, liter 1.~76 
Water-feed ratio, ratio 3.1 
Feed time, hr 23 
Ca1ciner time, hr 6 
Bulk density, g/cc 0.68 
Off-gas, cu ft Out 
NOs in solid, % 0.07 

~igh iron in solid may have been corrosion products from system. 

j • 

• 
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One of the stated purposes of this test was to see if the mercury in 
the calcination pot could be removed and transferred to the evaporator 
through the calciner off-gas and calciner condenser. If this is possible, 
the mercury could be withdrawn from the evaporator at the end of each test 
or allowed to build up from a number of tests and then withdrawn. A steam 
generator was installed to introduce steam into the secondary off-gas 
line at a rate of 1. 5-2.0 liters of water per hour to purge the secondary·. 
off-gas line and help sweep the mercury vapor through the primary off-gas 
line during operation. This amount of steam purged to the secondary off
gas line kept the secondary off-gas line absolutely free of mercury deposit, 
however the primary off-gas line, even with heating to l80-470°C, had a 
very heavy coating of yellow mercury oxide. About 8% of the mercury fed 
to the system ended up in the primary off-gas line. Fbrty-two per cent 
of the mercury fed to the system ended up in the evaporator, 9% remained 
with the solids even though the average calcination temperature was in 
excess of 860°c (Table 5.2). The ca.lcination pot was electrically heated 
with heating tape from the top of the baffle to the above flanged section 
where the primary off-gas line decreases its diameter to 1 in. This 
section was held at ~180-200°C. Twenty per cent of the mercury fed to 
the system accumulated in this section of the calcination equipment. It 
is felt that if this equipment could be held at a higher temperature, 
",)~00-450°C, for a long enough period. of time and with enough sweep gas 
most of this mercury could be transferred to a cooler section of the 
equipment. 

5.2 System Controls 

The system controlled very excellently during this test with one 
exception. The evaporator density control reset set at 10 min failed to 
function during the latter part of the test. This failure resulted in a 
higher than necessary boilup rate in the evaporator which caused evaporator 
concentration to be higher than the set point for ~8-l0 hrs resulting in 
the evaporator density control being out of control 53% of the 24 hr test 
time (Table 5,3 and Figure 5.1). The other controls operated very 
satisfactorily. 

The evaporator vapor conductivity cell worked satisfactorily, however 
its rate was boilup sensitive and decreased to a rate -15-20 co per min 
during the later part of the test which is much too slow conSidering the 
cell holdup of -400 cc. During this period of time the control was switched 
to the conductivity cell downstream of the evaporator condenser which 
operates on the total evaporator condensate. 

The temperatures of the calciner furnace, the calciner skin, and the 
temperatures of the interior of the calciner pot have been plotted on a 
5 min frequency using the data acquired by the automatic data logger and 
have been processed by a computer. These figures (Figure 5. 2, 5.3, 5. 4, 
5.5, 5.6, 5.7, 5.8, and 5.9) show the trend of the solid depos-iting 
radially from the wall of the calciner toward the center. A thermal 
conductivity of the radially growing solid has been calculated on an 
hourly basiS using a calciner condensate heat balance and are shown in 

• 
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Table 5.2. Mercury Deposition at End of Test R-65 

In to System 2380 g 

Out of System 
Evaporator Heel 
Calciner Pot Top 
Off-gas Line 
Evaporator Condensate 

1000 g 
522 g 
101 g 

18 g 

42% 
20% 

8% 

Table 5.3. Test R-65 Control Limits 

% of 
Over Limits Under Limits Time 

% of No. of % of No. of Out of 
time times time times Control 

Cf.U . iner Liquid Level 3.12 1 1. 2 4. 
Density .41 1 0 0 .4· 

· LiCJ.uid Level 0 0 0 0 0 
Evap. Temperature 0.63 2 5·55 6 6.18 

Conductivity 
· Vapor Pressure 0 0 1.04 1 1.04 

Prop. Set 

Total 
Control 

Time 

16 
24 

:Band Reset Point Controi Scale 
% min % of 

scale 

Control 
Limits 
+ and -

95-20 
+ 5 

+-20 

:. 15 

+ 2 

Calciner Liquid Level 200 60 ~58 to liters 
Evaporator Density 100 10 35 1.0-2.0 glcc 
Evap. Liquid Level 50 10 22-27 liters 
Evaporator Conductivity 200 10 50 1. 2-2.0 !i ::IN03 

· Vapor Pressure 20 1.0 40 -5 to +5 psig 
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Fig. 5.1. Waste calcination and evaporation control - Test 65 -
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Fig. 5.3. Calciner center line zone temperatures R-65. 
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Table 5.4. A number of important hourly system variables and parameters 
have been tabulated in Tables 5.5 and 5.6. 

The feed volume, water volume, calcined additive volume and evaporator 
condensate volume are shown as cumulative values. These values are measured 
volumes taken at the hourly sample time. The temperatures and concentra
tions are sampled on the hour and only reflect the concentration or 
temperature at that time. If a column was not sampled or was not recorded, 
a minus zero (-0) will appear in the table. The calciner furnace heat 
balance is the summation of the 6 kilowatt meters for the six zones of 
the calcination furnace reported as hundred-thousanths Btus. The calciner 
condensate heat balance is a heat balance of the water side of tbe 
calciner condenser reported as bundred-thousanths Btus. The evaporator 
heat balance is a water side heat balance on the evaporator condensate 
heat exchanger reported as hundred-thousanths of Btus. 



-50·· 

Table 5.4. Test R-65 Pot Ca1ciner Cake Thermal Conductivitl 

durins Operation 

Btu-hr-ft-OF 
Test K from K from Cake Volume 1 

Hour Skin to Center Skin to Edge liters 

1 0.212 0.215 4.118 
2 0.632 0.680 9·325 
3 1.023 1.063 14.961 
4 1.095 1.121 20.878 
5 1.082 1.235 26.043 
6 0.888 1.054 30.181 
7 0.785 0.808 33·152 
8 0·912 1.055 36.396 
9 0.945 0·978 39·349 

10 0.863 0.813 41. 779 
11 1.008 0.882 44.287 
12 0.880 0·739 46.283 
13 0.657 0·548 47.682 
14 0.627 0·578 48.879 
15 0.886 0·741 50·320 
16 0.859 0.843 51. 555 
17 0.495 0.627 52.172 
18 1.183 1.605 53·367 
19 0·547 0·740 53·777 
20 1·511 1.869 54·572 
21 0·799 1.362 54.982 

Ave. 0.84 0·92 
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Table 5.5 

HOURl v SYSTEM VARIAAlES AND PAR~~ErERS PART A 

TeS T NO R-6~ FE(:D IYPE TflP- 25 OPERJHION MODE CONT! "IUOUS 

RU,,< FEFO WATE" CAlCINER EVAI'. CAlCINER CAlCINER EVAI'. SYSrEM EVAI'. 
rIMe AlID I riVE CONO. FUI{NACE CONDo COND. OFF-GAS DENSITV 

HOURS II TERS 1I TEI<S liTER S 1I TER S tHONOReil-THOuSANOS OF t<TUSI CU FT GM/CC 

I 59. ~. -0. 54. 1.37 C.96 1.8~ -0. 1.3" 
2 I Ie. 0. -c. 223. 2. '14 2.11> ~. 61 -0. 1.39 
3 15 ~. 125. -c. .. .. 5. ....... 3 ... 7 6."1 -8. 1.38 
4 196. ~03. -0. 617 • 6.01 4."" 10.94 -0. I. ~4 
S 252. 477. -0. 908. 7 .. 51 6.04 17 .09 -0. I • ~l 

6 295. 655. -c. 1070. 8.?5 6.'19 22.24 -:J. I •. ~5 
1 ~"I • 769. -c. 1213. 1':.[;4 1.68 25.S{ -0. 1.38 
8 368. 882. -0. 1323. I ['.MI> fl ..... 2e.70 -0. 1.40 
9 390. ?6? • -c. ,,98. I I." 7 9.12 31.0" -0. 1.40 

10 410. 1022. -0. 1473. 12 .. 2? 9.69 32.58 -0. 1.41 

II 426. ID1? -c. 1~"6. 12.? I 10.21 33.97 -0. 1.41 
12 4"0. I 136. -r.. 161 7. 13.52 10.7" .~'>. 22 -0. 1.42 
13 453. I 19.~. -L. 161S. 14.07 11.07 36."~ -0. 1."2 
14 "53. 125[1. -G. 1705. 1".1>2 I I. S5 H.4tl -0. I ... 2 
15 4')3. 1280. -0. 1762. 15.C9 11.68 31.!l'> -0. 1.112 

16 453. 1'37. -c. 1762. 15.114 11.91 38.28 -0. 1.44 
11 453. I Bl. -0. 118B. I') .. 8S 12. II .iB.49 -fl. 1.44 
III 453. 1363. -0. 1194. 16.26 12.31 3/l.91 -C!. 1.45 
17 4~9. 136,. -0. 1824. 16.60 12.49 39.12 -0. 1.45 
20 459. U93. -0. 1!l24. 16.117 12.6~ 39. B -0. 1.48 

21 "59. 1393. -0. 185fl. 17.21 12.71 39.54 -D. 1.~2 
22 467. 141? -13. 1867. 11.35 12.86 39.14 -c. 1.33 
23 416. 1419. -0. 1867. 17.4 '! 1'.01 39.96 -0. 1.<;6 

UNCLASSIFIED 
ORNL·LR·DWG. 72999 

HOlJRl Y SVSTEM VARIAHlE:> A'IO PARA"E TER S ~ART Il 

rES r NO 1~-6'J FEED rY~1: TBP-2~ OPeRATION ~OOE CONTINUOUS 

'{UN EVAP. EVAP.MAJC~ CAlCI'lER (VAl' EVAP.Co,'m. EVAI'. EVIIP. EVAI'. CALC INER CIILCI"IER 
r I "E LIQUID CATION CD'Ifl. COIliO. ~AjOR 10"1 CONDo lIQUID VAPOR FEED Off-GAS 

H> FE DR At 'H> H> FE OR At RU rEMp. Hi'll'. TEMP. TEMP. 

HOURS MOl AR GMlll HR MOtAR "IOlAK G"/li TER GM/llTER DEG.C DEG.C DEG.C OEG.C 

1./0 SA.S S.20 I. ge O.OIB -e. III. lID. 104. 350. 
Z 1.1 Ii 72.0 '".00 1.54 0.003 -0. 1 12. I 14. lOti. 410. 

1.94 M.6 1.00 2.34 [J.D03 -0. 112. I 14. 107. 365. 

" 4 1.67 51l.2 6.06 1.52 0.002 -0. 101. 112. 104. 345. ., 2.O? 51.4 6.77 1.16 O.[JO.~ -0. 1(18. II'J. 104. 226. 

6 I." 7 6~.0 7. I ~ I.H o.OOJ -0. 110. 112. 10'>. 21S. 
7 I. I 7 10.4 7./9 1.54 Q.OCB -0. 112. 114. J(16. 202. 
8 0.97 7~.6 R.02 1.1\6 O. DO? -0. I I". I 16. 108. 186. 
9 0.70 16.0 6.?5 1.66 C.002 -0. 115. 116. 106. 182. 

10 0.62 78.1 6.1l? 1.6'> 0.003 -0. 116. I 16. 101. 192. 

II I. 19 79.9 6.70 1.68 0.00" -0. IH, • 116. 107. 193. 
12 D.58 H[.6 1.20 1.6. !!.002 -c. I I 7. 116. 106. 192. 
13 0.64 H2." 7.61 1.82 0.004 -0. 116. I II>. IC6. 180. 
14 0.4? R .~. I 9.64 1.62 0.0(12 -0. I I T. I 16. 106. 222. 
IS O.~9 84.9 fl.HS I. so n. oo~ -0. I I Jj. II'>. 106. 225. 

16 o.se 61l.'> 9. ,2 1.59 0.002 -D. I I tl. 110. 101. 240. 
I 1 0.61 8~.4 7.30 1.54 O.(J03 -0. J 18. II C. 106. 242. 
III G.711 81.a 1.15 1.74 (J.OO} -0. I I R. 110. 107. 202. 
I? 0.65 89.7 '>.15 1.92 0.003 -0. I I? I 10. 101. 229. 
20 J.47 8".8 4. 'i I I. H6 o.oo~ -e. 120. 110. 101. 198. 

21 0.24 9'>.7 3.26 1.'13 0.(J[l3 -G. 121. 1 10. 109. 206. 
n 0.05 9H.9 ;> •. 15 1.41 O.OOl -0. I;> i. 110. Ina. 198. 
73 0. 108.:l 2.02 1.66 O.OO.S -0 .. 176. 112. 109. 181. 
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Table 5.6. R-65 Hourly Detailed Data 

CALC IN." CENTER. I NF HMPE"ATURES. RuN NO. loS. TfiP2, ..,ASH .. 

t TH';Jf.;RATURfS hRr DEo"FE, CENTICRAOE) 
I.I'\AX .AlES hR. DEC C II1R FOM THE , MIN PERIOD Of CRE.1EST CI1'~CE ) 

RUN 10'E I ION[ 2 10M '3 lONE • ~ONE s- lONE b 
TIME AVG M~;( A.C MAX A.G "'AX •• C ;"AX A'if. M.' '.G "AX 

0,1 E I T >Ie I1R ICMP RAT E TEMP RAff TEMP RA TE TEMP RA1E TE~P UTE nor "IE 

511 0 IOUO ~(;9 .. 209'>. 42Q. -; 1.12;0 209. b' 7fl. '?66.-~a Ii. 169" ~4P~. I ?I'. -,9S. 
sno I 'CO be8. ?96. 6t S. '21 1-. 449. ;360. 200.-29,3. 119. ,9. I Ie. ,6. 
5no 1200 60 I. - Ill). 5'5. - j2~. 217.-ISL6. lid. ;0. 14:>. "12 .. 144. I •• 
SilO , lDO 543. JIO/. 494 .. ~')bO. 14G .. 2['3. 142. -3'>. 14.\4. -41 .. 143 .. -32. 
511U 140U 359. -4 Il4 .. IS7.-Llhn .. 14 I .. -ti. 140. -24. 143. 1,6. 142. - 18. 
5/1 U 1500 6 190. -Od4. 1'\9. -". n,. 18. 138. -12. I I? -9. 140. -12. 
5110 1600 I 21 ? -ZO:"i .. 140. 2? 140. -27. 119. -4 I • 14Q .. 27. ,40. 21. 
511 U , 700 ~ 26~" 97. 1110 .. 12. 14C .. 9. 118. -IA. Il? 12. 140. 12. 
5110 180U 9 32,. 103 .. 140. -2' • I":'). -~. 1\8. 24. I ~ 'I. -I ~ .. 140. -29. 
5110 1900 , J 3'ICi. ql. 14G. 12. IltO. 3. 138. -12. 14u. I ~. 141.1. A~. 
')/10 ?Qoa " 'I4e. 70. 140. • a. 1lou .. ~3. .. 131. 15. 14;1. 'I. JI.7. 12. 
5/1~ ? 10;] 12 493. bS. I h 1 .. -2~. I j'? .. 9. tH .. ? • 141 " 'I. I~O. 12. 
51 I n 220[1 , 3 )+,6. 31. 141. -2 f. 14J. '2. I IS. Zl. 14 I. 7 I. i '\4 .. 27. 
'>11 0 2301) '" ,Cb. ~b. 159. I fiG. 14U. -l S. 138. -2 I. I S6. n. l~a. 15. 
511 I II 15 $83. I 30~ ;eelf'>. 2'>1. 14 { .. 3M. III • 44. 166. I? 163. I R. 
511 I IOU I" 611. ! rll. IY9, 17'>. Ilc. 6'. )46 .. ,4. 1.,9. 12. 172. 24" 
511 I ;~UD ,7 73L. P) " 4ti6. llb~ 22,. I I ~, .. 157. 2' • 172. 9. loiA. 130. 
5/11 300 I d 177. 10. 5-'8. 170. 33! • I IS. 171. 29. 17M. iill. 2i n. 12. 
~III l~DO I? 624. 0'1. 11? " 22J. SI I .. 2?1. 18,>. 21~ . 1"1. i'i .. 243. ,>0. 
Sill SOD 2<1 BIZ. 62. l:\f,J. 170. rn. 4Q7. 202 " 32. 219. Il4 .. 211::1. 4 •• 
"III 600 21 U~6. ifl .. 936. HI. !iH4 .. IS. 2H. 44. 2'> 3. 1~4 • 32~~ 6'. 
5111 700 2:2 dY4. -4 ... Q;>6 .. 2n .. 921. Ilf. 268. 71 • 213. b2 .. ~S! '" H. 
'>/1 I 800 2', (I:jO,. -6'),. ?'-,6 .. -0'1. 9411. I'>. 5 i\ .~. IIH '" 119. ,>B. 1I 7 I .. 187. 
5/11 ?OO 2" ~l8$ .. -2 I. fI·)~. -Pi. ?to't • 1<). 487. i4'l* j'?R. "'>. 65l. 24 I. 

UNCLASSIFIED 
ORNL·LR·DWG. 71155 

rE:.,t>f:~ATUrt>:~ 2., tl\iCrlf I) t ROM t:t:NffR Of CAlCl<ER. ~U(~ NO. 6S. IAe?,> wAS IE. 

! rEMPE"ATU~YI) ARE ncG~EES Cc~T IGrtAUt: I 
(MAX rt,H':~ I'l.R: nEG c It.~ fort 111£ -, MIN PERIOD Of CRE \ rES! (HAN("E I 

KU,'i lv'oil:: I lOrtt 2 l O'~E i lO'~~ 4 lO~E '> lO~E 6 
II M" 1\>/1'; ''4:-< Ave M" AJ(j MA. AvG MAX A.e MAx AvG MAX 

QUE r I Mt:: fiR fl;""'" ~A fE fF.'1P "t, TE T[M'" RAIE H:MP KAH THtP Rh I F IEMP RATE 

'ina IDOL! I 4:?1. 1811. 404.-1 9~1. 37'.-4026. ~12.-4~11. 252.-;1dR~ 120. -69~. 
51 I II II no 2 7::::1-.1'. HI. h10. I f)')I3. ~Ji • _~6n. 2nti .. -H --SlJ. PH .. 71. 141. ",>. 
,Illl ,2DD } 02 f ~ -2dU. ') 12. -2" 5. 2111.-16qS. 14,. ~2. 148. 24. 14,' .. 24. 
51lU 1300 ') f l~ • iii. .,,3.-HJhlJ. Ibe.. ~u? II.S. -.3'.. 147. -'3. ,''. -24. 
S/I'J 1400 "ll. -4lo. 'Q~. -~nd. la-I. I'J. 141t. 12. 14? .. dd. 1,9. 5Q. 
~IIJ ISOO 4 2d",.-26>l6. 34':1. '" . 2J:i. 44. t4). lB. I~". 1'>7. Zl4. 186. 
<:./JO lono 7 I').j. di. G. ll. Cl'5. (4. l'16. 29. 128. I I~. 212. 171. 
5/1U 1700 e Q. o. O. O. l'lO. $:'. 164. 2'. 271. .s. l2" • 38. 
511 a 1900 9 D. O. O. o. 2'ld. ~6. ill. 20. 2~5. ~6. i'ih. 73. 
S/IO 1"00 III O· n. 1l. Il. 27'>. 24. I ~2. 27. .319. 6<. lR ... 71. 
')/1 jj 100U II D. O. O. 3. 21 J. 24. 196. 21. j~4,. 1'>2. 114 I .. I I i .. 
,>/1'0 210U 12 O. O. D. O. mq, 214 .. ?II. ,0. lBS. n:!. '16. as. 
:>/I!J nUll I l U. lJ. O. U, JlU. l~. 24". '> •• 404. }~. ' ... ')2. 4~. 
'>/10 noo 14 O. O. O. n. HI. ll. 2n. H3. 429. I 2:? 5711 • 40. 
~111 0 I'> O. O. 11. U. 19<1. 141" B? 110. (J26 .. 1 ..... 4 .. '>?i:: .. 13. 
'>/1 I 100 16 O. D. O. U. ':) I II ~ J'i'l. 424, ?'.I. ',63. _ 1,4 .. 616. II. 
51 j I 2 DC) 17 O. O. U. O. .6-1. 221. 500. 96. '')67 .. \ .. I';JH. II. 
,)/1 I 3Ua 16 O. 0, O. U. 1I~. LH •• "~9 • ll. 't~;,t. "0. 6'>". II. 
'>/11 400 19 O. O. O. U. B21~ • IV. 55? 40. "'1 U .. 4k. 1)70 .. ~ I. 
'>1' 1 ,00 20 O. D. O. O. "72. HI. ~HU. 21. 64 f. ",1. 612. 34. 
5111 600 21 n. C. o. U. 90 •• 00. ,>93. 59. ~qr • ". 71'>. H. 
:'/11 rOu 27 n. O. n. IJ, ,:, i, •• 42. 642. IH. 72'>. ') I., 74,i. 54. 
'>111 SOD 2$ O. O. U. ll. !141j. -21. 727. I'll. 1'>9. ..,~. 176 .. H. 
5/11 9ml 24 O. O. G. D. 14· ... lB. dl, • 106,. 770. -9.3. R?n. 1d. 



, 
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Table 5.6. Continued 

i f[ 1.PC~AH)Pf~ 4!:tE OHiREE$ CENT tC';(.o'OE) 

UNCLASSIFIED 
ORNL·LR·DWG. 71153 

lMAX RATES ARE Dt'~ C IHR FOt{ filE ~ MIN PE,uon Of t:iRtAT€sr CHAyj(.IF) 

IWN tuNE I 
T I /off. AliI; )',AX 

DATE T JMI: HR Tt~,., :'41 ~ 

~I!O 

~/I 0 
5/1 J 
5/10 
'II 0 
5110 
'II 0 
511 0 
~II a ,11 J 
';/10 
'II 0 
':>/1 :l 
'110 

'II' '>111 
5/1 I 
')/1 I 
'>111 
~II I 
~/l I 
~II I 
':>/1 I 
')/1 I 

lem 
lIn:) 
120 lJ 
IlGd 
14(1'J 
1«)0'.) 

1600 
I "!jYl 

Irnu 
1901l 
nlr,LJ 
2 

2.10!! 
~ 

IOJ 
20i1 
~Od 

'C'l 

100 
th](! 
(/ol! 

" 
Ii] 

" I ( 

" 
" I'> 

" 17 
I B 
I? 
2J 
2 , 
22 
?< 
24 

46j. 149'1. 
82' • .0 1. 
8' 1. -221. 
7~q* lS2~ 
J.]r;r. -36')~ 

71 ',. 22Q~ 
!it; ,~" 311- I .. 
H 7 ~. If) 7 .. 
Ii f'l. 'J 1 ~ 
[<T'l. ~4. 
lid }. ~'l~ 

;lHJ. 4;";. 
H9n. ~14. 

)0). 6;". 
:tp!,. -22 I • 
t' 7b,. -24. 
~ rr:" 7)4. 
RH':',. H4 ~ 

Of!".. 24. 
H9.:. -v. 
d9;.. ! u';. 
tl9 1.. -9P. 
HiST. -;'/. 
lin',. -'l(" 

IONf 2 
AvG t-:AX 

lEP'!P hr.T": 

')>+),. I 9ti, •• 
A45. 411. 
11.:::6.. -?9 .. 
>il"b. -? i ..... 
h6. -~12. 
All. -9". 
R49. 104. 
fl~2.. 8. ( .. 
H66.. I n I. 
AIQ. ~'I. 

H:~ J • ~2. 

t~tio. - iJ. 
Ht· r a -',7. 
kb.&ta -01. 
An. ;9. 
A'i).. 24,. 
'1(10.. 24 .. 
")1;0. 21. 
91U. 'l'l. 
92\).. >'h .. 
?44.. 'Sf) .. 

?~I. B. 
?"2~ ':'.3. 
9~_;\. !1.f1~ 

"!oti€ j 
Alit, MAX 

r'MJ.) RA 1 f 

4?8.-42l9. 
?;,Q. I! 1 P.. 
()i1:\ .. -2J~4 .. 
to Jlt.. H" * 
(a ~. ','I. 
7~(). I )j. 
H~::.. I Ill .. 
d74.. ,,7 .. 
,oJ?'I. 7'h 
'111. 24. 
Qi), • -4? 
91P. I'h 
(~ I ,- • I ~l • 

-/':;1. ~1.2. 

907. ')4. 
126. 48. 
~ ~ I. 18. 
1~4~ 716 
',) 5':>.. -42. 

937. ". 
92: 1 .. I j il. 
921. -:';4. 
924. -0(1. 
?2'). -42. 

lOni 1& 
AYG ~AJ( 

TEMP ItA T E 

4?O.-1~911. 
,,7{). '256. 
60B. -511. 
h44" 4dl. 
llr:.!.. -2:Hl. 
r67. 32'>. 
Ijl.? -4n3. 
"43. liD. 
W)ti. J .:SI. 
n7':>. ) 20. 
rl9':t. 1'111. 
t; 1:1.. i 9 r .. 
~27. '2~. 
92',). ! 56. 
?1.4.. 161 .. 
94l. -;9. 
9 .. 1 ~ -12IJ .. 
9H. '11 .1. 
9,". 10. 
H4. B. 
9~4. -2f. 
? S4. 48. 
932. -33. 
936. 36. 

t iEMPERAHnr $, ARF O~I.~REE$ Ct:"4fll,RADf. 

10.£ , IO~E b 
4';(; ~A)(. 4V(, MAX 

HMP RArE tEMP flArE 

4B3.·2~"l. 
56D .. -246~. 
'..ltW. -1 .. 2. 
621. :."ld. 
o4t.i.. 2u { .. 
('i4 .. -!oIl? 
t~Q. 6U. 
d')4. flO. 
821.. fl8. 
B"2. I,". 
1:172. 146. 
~?Q. 7d. 
~92. ?!. 
896. 4 J,. 
897 .. -24 .. 
tHtl,. 27. 
9~0. B. 
'1:)2. 09. 
91).. l~ .. 
90 r. 18. 
908. ~I). 
Q I J. I toO 
If 1 I.. 55 .. 
914. 30. 

274. 12;5. 
'56. '>7. 
Hd. S.it.. .. 
'>3'. 8" • 
66/. J03~ 
82'>. -,91. 
r98. -SI. 
801. m. 
HI '). , j\t. 
;B4. 147 .. 
8BO. 340. 
~~6. 24. 
~~8. ". 
eon. lO. 
e91!. -27. 
80i. -21. 
A94. -24~ 

896. 27. 
H9 7.. 2 j .. 

M9i .. -21. 
R9P.. -jlL 
89F1.. 24. 
tt9h.. 42. 
91, • ltt. 

UNCLASSIFIED 
ORNL-LR·DWG. 71154 

{MAX RAfF:l ARE DFG C /HR FOR THE 'I 1~IJ'~ PERIOD OF GkfA!ES.f CHANlicl 

~UN lmH: 1 
T I Mf iI."/G MAX 

DAre T1ME HR IPH' KATf 

'3/1 Q 1 
'31 Hl llCO 
~/1 0 I ~[JfJ 

':'II") I ~t::J 
':J/I Ll I 'jOll 
5/ Hi I SC'1 
~/l 0 1 bUO 
SilO "on 
'1/1;) i tWO 
'IIU 190J 
~II J 2GUU 
SnJ ,'>100 
'diO noD 
'>/lJ 2100 
~II I 
')11 J 1(0 
'11 I ?QO 
'::1/1 I 3C;:J 
':J/I I !.OJ 
5111 .,u~ 

511 I bOO 
')/1 I 701) 
':111' ROll 
Sill 90d 

b 
9 

10 
II 
12 
I 1 

'" IS 
'6 

" , " 
'9 
20 
21 
22 
21 
24 

... ..,0. ! 3'ld .. 
?2 I. .IM. 
9/)'. -IU4. 
9 ~'1. 1 'I f). 
H":i. - r!)! .. 
H>36. 41 H. 
?51. ~(;4. 

94 >/ .. -29:J. 
?;:'n. -2[:'>. 
9) "'. 2:' 1 " 
)~'l~ -'!1H. 
1141. -3H2. 
",~'l. - I" ~l. 
1':I,i. 1Jo '\ .. 
?7 ~. -4:15. 
96';. t j 4. 
H4. 92. 
77h. -112. 
982. -Icl'. 
99 I. jt,u. 
'nf. 4{H. 
??? .,'>9, 
9~;;).. -! : .. 
90 l. , 

LONE ;') lONE .') 
AVG I-,AX: 1\>;(; M.i.X 

TFMP IU, P: rp·v RA rE 

; >4' .. 
(16 ~ .. 

29 I, 
11.1. 
12d. 

-21 'I. 
~ S~) ~ 

113&. 

-4::; • 
- 2t.> 1. 
- 2:"9~ 

l.l'3. 
-99. 

'1. 
71. I". 

:$! ~ .. 
*1<4 'i. 

'11. 
- I I 4 ~ 

1.J6'1. 9't .. 
f? 5. 34<). 

AB. - IR. 
K~C... 1 :.2 .. 
8') r.. 19. 
90.). :S:11 ~ 

?'l-tl~ .sur .. 
'IS), .. -s 19 .. 
74M. -212. 
';40. l:tS. 

?") i. 406 .. 
?'11. -4J.~4. 

94 i>. j ~r,_ 

?")j. '1:0 .. 
946 .. -toYH .. 
95 11. -2?'l-. 
92". -39. 
91 b. - :"1. 
'/nd.. -11 .. 
?t~ .. 923. 
Har. -3';7. 
da~h -S'12_ 
clJ.j1 I. -:)4 ~ 

d8U.. -~4. 

lOI,.r: II 
Ave; MAX 
'E~P '{ArE 

S'> I. lOS 1. 
1?>:,. ~614 .. 
dl'So 42. 
"~2. 107. 
USl. 224. 
911 , 10 r. 
9',d. -561,. 
?,}f). I l~" 
121. 3, 3. 
936 .. -466 .. 
94fJ. -;\W~ .. 
96(}" -':149. 
06K. ISO. 
912. -42'. 
966. 343. 
9SI. 22,. 
947. -I(;S. 
941. -24. 
OS2. -4BI. 
953. 53S. 
9~4.. ~q9" 
16~. -R46. 
9')9.. -!do. 
?SI ~ -of] .. 

lONE ~ 
AVi, ;.tAX 

rn,.o R.ATe 

IONF 6 
AVG MAX 

TE~v RATE 

1.177 • 
201. 
101. 
221. 
146. 
'~H. 

I 9lt. ,,1. 
"l. 
, 21. 
?'alt. 
-12. 
''>1. 
10K. 
'H. 
-42. 
140. 

R 1. 
- 3~. 
132. 
-t11 .. 
2~9 • 4,. 
~9. 
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Table 5.6. Continued 

EvA!IOkh TOR ""AT aALANGE. RUN NO. bS .. T6P25 wASTF. 

tE~.rHALPY AASE r~ ltKO OEr;RHS GENIIGkAOE 1 

RUo", .1(.:. r FkOP TOl At ~-lf; t. T Ht;AT f(j TOTAL Hr"'f PUl.lP COOLER l;-.JT(RvAl CUMULi\ fI VE 
OATE n .. E HOUR. ,rrA~ IN CONil(NSJ\ 1 E OUI GOHFICIf'H HfAf LUSS HEAT LOSS 

KwH KwH ,.H 'oM flIH~/SF IDF l(iIIll kWH 

'ill 0 I r.r~] I .10.0 ~2 .4 H •• ~ H.C D. -0.6 -1l.6 
'31) U l !LJ 2 13.7 IS. & ':D .. t'1 81.3 I.~ -'>.S - t 2. I 
Sllll I,LO 3 C 3. 5 89.0 Q~,.2 91. I 2.1> -;.3 - 1 3. ~ 
"/1 C I,r] 4 121.:J 12" .2 144. :- 14'>. ') 2. I I , .... -5U.7 
,)I1C 11100 I Sb.O Ib3.A 169. '. I 7D.~ I. , -Q.~ '> - S 7.2 
.,/1 [I l"':1tl:J 6 1 67 .. ') 17S .e I}t'),.'i 1;;6 .. 6 C .. ? -111.8 -41. ? 
>/1 0 IAIO 7 11 j .. ? I \a ... 1 I ,2 .. 1 I 33.7 U. 4. ~ -4 S.' 
~lJn "uo b <Iii. Ii IIJJ.tl "'aM IOU.'1 O. 2. r -41,Q 
SIlO , "DO ? '10. r 04.2 A2.9 8 \.6 J. 11.6 -4O •• 
S/IU )'?OJ 'll ()~.,'j 67. I I,H .. I.& 69. I O. -2.J -42.S 
,/1 (J ;'1UO II 55.9 'It:! .. 3 ·)Q.2 on.H O. -2 • ., -45.0 
>/1 G 21C J 12 5! • '] ':;4. ~ ~)r .. j 'In •. '1 o. .~. , -'I.~ 
~II U " 42." .. Sol 4() .. lj ... 6 .. '1 O. -1.6 -0 S., 
>11 J I'. IS.<; 37.7 Ij4 .. ':) *<I •• ? U. -7.1 -~O.3 
,/I , 0 I;' ~4.2 2,.2 H'!"Q 56. \ O. -II .. J -61.4 
~/I I In:) I" s..s 1.1> Lf<. S 21l.1 J. -2' .3 -82.7 
>111 2[10 t7 4.'. .. .1, ~I,f. I 24. ; O. -1/.'/ -102.0 
"I I ,OJ IH " ... 0 .. I fl,. 4 1&.:'.. O. - j l .4 1 ... 0 
5/1 I "OJ 19 1 •• .3 la.' Jo .. 1 16.? J. -I~' .. 6 '26.6 
~/l I ':.tOU 20 4 •. 5 ').2 1.;, .. 6 16.7 a. 

1 i .. " - 15R. I 
,111 6CJ 21 4. ; 4.2 I r." 1 7.4 O. -, .1.2 -I ~1.4 
':>/1 , 'OU 22 •• 3 >.2 1(·.9 I 7 .. :j U. -I I .. d -16:S.2 
,/1 I HOO ?\ .. ; 4., 111.8 16.1 O. ) 2. I:) -, 76.0 
~n I 9fHJ 24 4.5 >.3 1/ .. ~ 17.3 O. - J 2. > -188.> 

UNCLASSIFIED 
ORNL-LR-DWG. 71161 

Pk(JCESS llvutuS I '\!'YE!'IfHIoI.V. f(uN NO. 6S. TBP?S .,.ASTL 

RUN f';'OC(S.~ ~Rt;CfSS f VI\POKA fOR GALC t 'EM CH( INER CUCI'IER E~APORAlOR CUMUL. 
o. TE lIME HVIJR FEED wh. fER L~A"jGf AOOITIV( CHA'GE CALC. FEED (0;,0. VOL H20/FHD 

l I Trt(:) LlIER, Ll HR'l lIlERS L I fER S LITeRS L rrE~S <AlIO 

>11 a loon It". ~ I .. 17. , C. 6.5 22.1 41 .. 8 O. 
S/I 0 IIr.o. ... 4. <\ n. :'.(1 G. 6 •. 1 .!'i.6 t~6.0 O. 
S/I U t2CLl ')2 .. 6 1211" 9 0.1 c. 6.5 4' .0 I f2.1 0.7 
SIt 0 11011 ,,8.4 171.9 -:;t .2 U. 6 •. '" 4C,.7 2~1. 2 , .> 
~llu II.UJ ')7.1 111, .. I 1.1 G. 3.1 'l1.0 :22 .4 I.? 

'" J 
I';OJ ')1 .. -4 j 11.9 - I ~ 7 n. C .. J 42 .. ? 211.7 7.< 

'>110 16CiJ )4.2 II '\. S n.2 u. 0.0 _~ ~ .. lt lbd.O 2. I 
'>/] n 171n A '?\.B I I ,~.& I •• H. -C .. j 27 .. ? , l6.? 2..s 
'>" 0 18'JJ 9 1 •• 2 87. I -lI.3 J. -0.' 22.v 9'>.0. 2.S 
S" J "00 10 ;,>.4 5.<.U -oJ. 1 V. 0.2 22. '> M • .! 2.4 ,,, [] 2l1r11 II 9." S6. " .. c,.o 11. -u. I 19 ... '\ 67.7 2.> 
5/1 a 2101 12 I;).' ')(,.8 ~. , I. D. , 17 .. ,.. 67.1 2.6 
>" 0 ;'::!fJU I I ~J .6 SCJ.tI ;:: "Q 'J. G.I 16. I 86.3 2.!> 
~IIU lion 14 , .U 'It..8 I.'> U. -0.7 12. ~ 64~(l 2.6 
jll j ,] IS -I ;". ; -1 .. 6 n. '0.1 10 .. 4 32.4 2.7 
'>111 10;) '" '">6.1:1 -L; .. b 11. -I "U ti. l ) ~? .. 4 2.a 
'>/1 , 2')U 17 IJ .. rl U. P .. 1 I'. -o.u 6_~ 1.1 2.~ 
)/ J i 301 I H ~ I. 4 26.~ C .0 0.0 '>.r If.9 2.8 
>" I 400 1° U.il '" - I .7 (1. n. 'J '.h 2.'1 2.8 
,/1 , 2U !."'! Ir.3 1.2 ;1. 0.0 4.;:: ,~I .. ~ 2.9 
'>/11 21 -1.7 ri4; -1 .. 1 ~I .. -o.U 3. ,) 1_5 2.9 
'>/11 rco 22 0.11 26.S , .6 U. U.l1 5.H 2'>. Q 2.9 
~/I f JD'I 21 U .. J 1]. -2.0 ~', .. -0.0 3.3 ~. 8 2.9 
'>111 1G.) 2' ~. 2 1f t .. 1 lIohO 

,. C.O 0.9 29.2 ~.O 
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Table 5.6. Continued 

(ALCPlfR. ilEAl H4LAI'~cr ,. RU~ NO. h·..). mp25 WA<i.tf .. 

(f:NTHALPY "A~( I ~ IF.KO DEGREES CC,,, iGUOE I 

RU' fAl! {!\jER Tor AL H.U FIIRNAC1; CUMULhf [VE Tor At HFAI INtERVAL CUMUL.\T I VE 
DATE 1'1 ~[ HOU~ V "f'iUR IN HeAT I' fURN4Cr: HFAT OUT HF.!.iT L055 MFAT LOSS 

'JE(, C KWH KwH 'wH 'oH KWH 1(,.11 

5/'0 IfWO 1 i r 'I ~ [1 <,6.1 44 .. U 411.0 1 I., ~14 .h .s4.6 
'/10 I Inn 2 t< I ~.6 '''.9 4 ~.(l: ~ 7.U 2~. 9' 22.[l >6.6 
5/10 1200 ~ IIO~ .. S 6 I .. 9 S6.0 IH.U 5'.J 21.9 alo.5 
5110 1.300 4 H3,,6 39.7 34.0 111.0 31.2 I.' 91.? 
!./1O 1400 > ·~8n .. 1 ~2 .2 46 ... 1 22"'.0 :S6.4 J ~.& 10 I. T 
!>1I0 l~UO 6 20'1.7 117. I 42. J 265.0 50. , 16.6 124 ... 
511ll Ie-un I )",11 .. 2 56. I i2.u 297.0 23.> 12.0 151.0 
"11 0 1700 8 PH.G 2~. 5 25.J i.?2.D l('.D d.' '105.5 
,110 IAHO 9 f '/~ .... :' 3.0 21.J ";"3.0 ItI .. t1 I.IJ ;;2 .. ':) 
;'/10 I'?no ,1 191.2 ; S. A 2 I.n S614 ~ [J i 6. 2 T.' 160.0 
f;,11 L. 200n II 200.5 21 ... I ?[) 383.0 14.3 I. I 16( .2 
5no 2'QO I;: I ?t •• 3 20.2 Id.lI 4C I .. 0 1::.8 7.1t ''''., 
,11 U nOll I ~ 190,. I 10.0 16.8 4 I 1.D l t .. H h. "' I eo. r 
,liD 2:;f]O '4 20:'.3 1l.6 I 'H.U IU.2 7.4 '"8.2 
~/I I il " ;1',.1 14. ~ I 44\') .. 0 d.6 ,.1 193.Q 
5/1 I 10~ 16 12. I " ./1 4,}7.0 1. 'j 14 .. ') 198." 
,111 lOu 17 II. ? 11.l1 JJhR. :J '.6 6.1 204.7 
~/! I 300 II< ~3 I .. ? I I • 7 II.i' l179.0 •• B b.? 211 .0 
'>/1 I ,on 19 ~2J .. 6 9. T 4{,H .. O 4.1 , .n 216.6 
';) II I SOD 2f1 21 1 .. 1 9., 9.0 4?7.J 5.5 6.L ?n.; 
'>/1 , 6(lO 21 zn~ •• ? .. ') fl. J '}Oo.O 5.' b.1 <28.7 
5/11 IUO n 11">.1 l.~ r.'J ,13.0 5.3 I, .. ? 232.9 
':)1 i I arm 23 2C •• 7 Ii ... U. :1 5?1 5.0 5 ... 238.5 
,111 ?~U 24 i" ;. '1 ? I k. 'J b.r 2511 2100.7 
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Table 5.6. Continued 
CALCINER LIOUID LEYEL CONTROLLE~ DAU. Mllfll NO. b,. T8P2~ WASTE. 

AYfRAGf lYfR.GE ~ .PI.. s. "HIM!)" lYfUGE FHO VALVE 
RU,'~ CALC INH O~VIATIOr-. OEVIATION DEVIATION CALC [IlEA PQS(f[ON 

OA IE I ("E >iOU" L1Q. LEV. FRO" SET ~I fRO" SE I PI HOI< Sf I PT fEED UTE PERCENT 
LITERS Lift'S LITERS L1TE'S LIIERSI~R OPEN 

CONIROLLE. ON MANUAL A I SUR I Of RUN 

511 a 920 eO~TROLLER CHANGE. NEo PARAMEHRS ARE 
su POINI oD.C.le BANnw .Ol~ 200 RESEI 4H CONTROL RANGE 25.0P/C 

920 2. I -7h.U 6.9 66.a 
925 2.6 -~h4 9.S 66.a 
930 S. I -2 •• 9 ,3.9 66.7 
9.,5 3.7 -2'.' 17.9 ~8 •• 
9'0 '.2 -;: l. 9 23.9 21.2 
11,S 4.7 -21.3 ,i4 .. 1 73. I 
>50 ".2 47.' 75. I 
Y(J';) ':..1) 4A .. 4 76.3 

'>11 J I~OO CO".OLLER 10 "'A~ lAL 
'>/IU 1:100 3.4 21.4 '9.4 

,/I 0 IIJI .. uJ C!)/Ij r~JLLfR CHA, • ..i( • ,E w PARA~ET~RS ARE 
SET PulNT ,.. J .. ;)>l/( 8A\lO.,flOHi 2.]0 ~'SEI 4H cONTROL A.A~G'E 25. o+> I C 

I ~40 I (] •. :, 17.6 31.6 81 •• 
1')45 I 1.1 - I 7.1 35.6 89 •• 
libO J I .. ~ -1&.') 36.8 q9.6 
lU55 12 .. 1 -I ~.~ 38.9 89.8 
1100 12.0 -I'>. ~ 43. , 10.S 

511n IIUO 9.1 36.0 RB. , 
lIes I i. I I Ii. 'I 44 .. 2 88.9 
I j 10 I i. t. -1'1.4 .5.2 89.4 
Itl') 14 .. ~ - I i.', 4,.9 89. r 
j I?Q 14. " - I It.4 "'4.7 90.5 
1125 1 'l.~' -1': .. 8 ..... s 90.6 
1130 I').r -1 ~.I 46.3 10.S 
• I 35 '6.5 11." 41.9 90.S 
1140 16. ~ 11 • 1 49. I 81. r 
11105 1 I. ~ - 1,].7 4R.5 89.1 
liS!) 

" .8 - I Q.? "]0 .. 4 90.0 
I I 'is I ~L4 -).1 JO.9 10.5 
1200 I H .. ? -t;.2 47. ? ?O~ "] 

Sit u 1200 16.U -12. I 12.2 -110.9 47.1 9U.Ll 
120S I I." -ti. /') 46.6 90.1 
1210 j 1.9 -B.I 48 .. 2 90.0 
121'\ n.' -? .. 0 50. I 90.8 
1220 21.U -(.1 I, r .. 5 90.8 
1:25 21 ..... -h .'~ 41.D 'i!. I 
12JO 22.1, _J, .ll 4 1.8 100.0 
125'> 22.0 -j.'" 42.? 16.9 
1240 23. I -'j.U 4.1.2 90.3 
1:?45 2~. 0 -11.4 4 i.ti ~9.0 
I :?S0 24.1 -1.9 ';.7 q~.8 
12«)') fl •• 1 '1.J. 4 7.~ 89.5 
I lOu 25.2 -l.9 ·ll.1 89.7 

':>1 HI I Ilt·l 22.3 -5.~ 6.0 -8.6 it6.0 "II.') 
I.sO J ~I). f ~2. ; : • .,.2 1!8.8 
I II J B.2 -I .~ ~" .. a q.,.? 
131 '> 26.9 -, • I 54 .. it 89.4 
I 12·1 21. I l lo~. F\ ,19'. if 

Sill] 140J U.S 1.0 -2.3 50.9 So.8 
l'l21 28.9 D.H 46.3 73 •• 
IIl2S 2?) I.] "6 .. it ?(S.r 
i l .. 'if] 29.J I.J 44.7 67.1 
, ,~3S 2?l I .U 42.9 .7. :J 
l"itO 2>.'] 0.9 '0.8 66.6 
lif4'j, 2U. ~ 1.1 38.8 61. I 

'>Illl ISOil 2~.8 0.0 0.8 I.I} "2.' n. I 
1'l7j 2A.9 U.1 3B.1 • 7. I 
IS .l~ n. l 1.6 42.3 :>2.!t 
I ~ 31 7? 0 , .0 3! .3 "9.l 
15"'U 29 w b I • 1 34.3 48.4 
,f-»Io'1 :9.1 1 • 1 31.8 1~6+4 

I S5J ::9~, , ... 21.6 4tJ .. ') 
l ~5'j n.3 I • l 26.0 49 .. ') 
16GD ;;1.2 1.1 27.3 '9. ? 

SIlC loQry 29. I 1.1 1.2 1.0 B.2 .,9 •• 
1M)') 29.:; fl. ? 26.7 ,,1.9 
Ih;h 20. L' tl.? 3 ... 7 52 .... 
16~O 29. ( I." 37.3 42,.~ 
lhj,) 2? 7 '.6 2d.4 38.6 
If;if] 29.6 i .6 26.9 lao I 
I/)it,) n., , ., 27 .4 H.9 
I '.,J 29 ... 1.3 24.'i H ... 
1 i.~. ') n.3 1.3 24.2 !-r .. ~ 
I 7~CI 21. I 1.1 24.6 38.9 

511 J I rr":J 8 29.1 •• 1 1.2 1.6 27.8 J46 .. J 
I lOS 29." l.iJ 2 •• 5 "J. " 
1121 2 1.9 0.ti 23.9 1.2 .. .1 
1'12", ~? .0 1.0 24.0 .03.2 
I 13J n.1 1.1 26.5 l6.A 
• l' 3'l 2 i. 1 1.1 22.7 35.3 
1140 21.C I .;J 18.3- 35.4 
; '4") 27.1t n ~ ~ 23.4 35.8 

51t1 IUOO 2A. " '3.9 0.9 1.1 22.7 18.1 
lMO., 2B.9 D.; 26.4 37.0 
! BID c? I 1.0 24.7 34.0 
I" 15 21.2 •• 1 22.2 31.8 
IHl;) 7'.7 1.2 22.6 ?? .. I 
la2, ?9.2 1.1 23.7 ./S.7 
: A 10 l'l.l 1.1 23.7 27.9 



RU," 
OA f€ T I ME HQUf( 

~f r eOINT 

IK.h 
1:140 
lry;i"\ 

10,0 
,,1'>; 
I'ioa 

SII 0 I ~uo 111 
I '}~") 

:>/liJ <)00 II 
J I UJ 

;/l D 'iIOO 12 
2JCS 

~'J ::I '?t'>O 
SilO 15 
511 0 I. 
>/1 I ;j 15 
;'" j iJO 16 
5/1 I 20,] 17 
>III lao " ~1I1 41JO I, 
;111 ~oo 2J 
5/11 bllJ 2 I 
~/. I 18,] 22 
~II ! 8JJ 2S 

,:,,!) 

RIPl 

OATe T 1 Mf hOIlt-.. 

SET POINT 

S/I n JDnn 
51J1'] 1101 

110') 
1110 
111':1 

>lID \lQ,] i 
;/10 I S:.JJ .. 
5/1 0 100J 5 
>/10 I '>OJ t 
,Il C 1000 7 
sno I 8 
5/10 Q 

;/1 0 I ?f1D 10 
~ SliD II 

5110 12 
, '>/10 I J 

.J 
,11 0 ?seo .. 
Slit 0 I, 
,111 100 16 
,/II 200 I r 
;/1 , .soc 1 S 
~/I t 'PO 19 
;/11 500 20 
S/I I OCI) :' I 
S/Il 700 n 
,/II ROO 23 

END 
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Table 5.6. Continued 

AIIEKAGE l\'IERAf;i: H.. t1:. s. M4.<;h4UM A\tErtA5E <EfO VALliE 

CAl.C{NrR Dlvt4frJI~ 0;: ·/1.\ r t 01'" OFl/IAT ION: CA~CI~E. eos t.r ION 

LI U. J,.fll. nwllt S. r ,'T fR;)" Sf f el ro.:orol $( T • T FE:cO ~ATf: '~E~~~N:f 

L I rr~ S L rlERS l! T[R S U TERS LI rERS'''. OPEN 

<)u.DP/C fU ~rhj{ (\. H no t{(Sf. T 'Ii CONTK()L RANGE 2~.DP/C 

2'1_ I 1.1 21.2 21.7 
21}. l 1.0 21,5 2'1. 7 
2\).U I.G 21.4 21.6 
2 () ~;; ) .. f] 19.7 71 •• 
n.'] U.'i 21 .. 4 ::u .4 

,'>l.' J ." 15.9 27 .6 
.:. 9 .. I I .... ] 1.0 1.2 22.0 29.; 

2!i. } 0.'1 B.2 U.S 
24.M 0 •• [i./3 0.<; 1>.5 26.1 
2~. ? n. ) 16.2 22.6 
2 •• 1 D .1 0. T G.? 17.h 2S.1 
2iJ .. ') 0." P.I 22.~ 

CO,IITROLLIiR T.) /I1,1t,,..Uhl 
2M.o 15. A 2~.Q 

'2';. t 11.0 O. 
? 7 ~ t> 10.1 D. 
1'. J B •• 'J. 
26.6 6.6 O. 
2"".0 ;.9 o. 
2,.6 5." ~. 

21'1.6 • • 1 U • 
21>.6 o.n O. 
2,. " i.a o. 
26.0 5. b G. 

JF "tAt\l E 
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f .JAPlJ'Q,J\ f(IR ~R£SSllRr CG~TlH)lt.F:tt OAU. ~lUi NO. 6~. mv2 .. ""AS r::. 

A¥tWAGt:: fl.VER: •• ;C K .11. S. MAxt~UM AVERAGE on G~S VAl..vf 

:"-IJ'APO~ATUI1 f)( 'III A l' ! () ~ !lUI"lIO" IlHI AnON Off GhS POS I I ION 

l)lh-SSlH<E .RoM $1 j vT FKO~ SE T P1 FPOh! S~T PI KATE: jlfllCENT 

.... $ If; "'$1 P;I PSI CF>\ O"'f.N 

1,0.1 v 1(. ~t..-'WloJiOTfi ;>0 kE ,( r 1M ('ONHFll RAN(j.~ ;.ap/c 

-14 t -n .. I 0.1 -0.2 0.1 II. f 
1.1 -G. I J. I -:1. ; 0.1 11.> 

I." -D.h 0.1 ?6 .. ~ 

-1.1 -U.l 0.1 21. I 

-I. ; -J.l 0.1 22.1 

- I. 2 -0.2 u.! -0.1 0.1 I 1.2 

1.1 -0.1 0.1 -0.1 0.1 12. I 

1.1 -0.1 [J.t -C.I 0.1 '1 .. 14 

- I • I -0. I n ~ I -(} .. I 0.2 I I.' 
- I .. I -0.1 O. , -n.2 C.2 6." 
- I ~ I -0.1 G.I 0.2 .... 
-I .. I -0. I 0.1 I 0.2 ... 

1.1 I 0.1 -'J. I C.2 •• 2 
- I .. I I 0.1 -J.l 0.2 ... 2 

1.1 -0.1 O. , -n.1 0.2 li.1 

1.1 -0.1 0.1 -G~ I 0.2 .. , 
- I .. I -0. I 0.1 -J. I 0.2 4.1 

- I + I - ~~ + I [I" I -0.1 0.2 ~.9 

-I. , -0.1 C.I -c. , 0.2 4.3 
-1.1 I O. , -u. I n.2 'j. I 

- I • I I G.I ~(l.l 0.2 •• S 

-I. I I U" ! -0. I C .2 ;.~ 

- I. I -0.1 '].1 -0.1 e.2 1.8 

- I" I -0. I C ~ 1 -c. I 0.2 ; .0 

-I. I -0.1 L ~ I -(! .. I 0.2 7.1 

-1.1 -0.1 3.1 -0. t C.2 7.6 

Uf J APlE 
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Table 5.6. Continued 

E.APORA TOR DEt:SITY CO',TROLLER DATA. PUN ~O. 6'>. mPH .A~TE • 

loy :J '.G A,l-':S MAX STEAM AVG A.G '''S MAX AHPAG£ AVEk'G£ STUM CHEST STEAM VALVE 
RU~ f:I/AP DEy OfY DE. PRE SS S IlA .. DEV DEV OEV SHAM EVAPORATOR HEAT TUNSF POSIIIO .. 

DATE T {lIE ~ou~ S.P. S. p. s.~. S. P. PRESS s.>. s.,. S.P .. COND RATE COND RATE tDEFt. PERCENT 
Gice GICC (,/(C PSIG PSIG PSI '51 PSI lITfRS/HR LI TCRS/HR A/H/SF/DF OPE .. 

CU~TR.OlLfR O~ MA"4UAL '1 S TAR 1 OF RUN 

'>11 0 nc CONTROLLER CHANGE. Nb. PAR.Me TeRS • ... e 
SET PC I ~T 35.0 BAND wiDTH loa RESET 10" CONTROL RANGE '>.0 
SECOND .. " sYST~~ CUD "10TH 50 RESET JH CONTROL U'GE 5.0 

920 1.2 e -0.07 22.8 n.o -c.a 14.2 24.1 ".3 5110 110C I. so 1;.3 2'>.7 '> 7.8 1& r.8 o. 2.6 
I J3Q 1e'!3 -0. 12 27.7 21i.3 0.7 Irs.s 81." 6. I 
Ins , .25 -0.10 25.1 27.il I. I 151.7 87.5 6.1 
1840 1.2'" -0 .. I t 27.0 2h.? 2.0 1>7.0 101.3 6.0 
1~45 1 .. 2~ -0.10 2o.B 2N. '+ -0 •• 162 .. 1& 124.9 5.9 
IG50 1 .. 2:) -o.le 23.B 29.a C. ? 167., 13".3 ~. I 

)/l 0 IIOJ 1.31 -['.05 U.J7 -J.12 2 •• 2 22.1 1 .. 6 1.8 2.') 121.8 103.2 198.2 ;.1 
"50 1.21 -0.06 26.1 27.4 8. r 183.9 1$8. ;, 1.0 

~/I 0 1200 •• $4 -0.01 O.D2 -O.Ob !?? 2' .; 1.4 I. ;, 2.2 J~ 1.1 11>.6 902.1 s •• 
125S 1.2R -C.Ol 26.9 29.0 2. I 221.d IS2.8 12.1 
1240 '.20 -J. C9 2". ? n. ~ C.4 2S! .9 167.8 1~.2 
1245 •• 21> -J.D9 lA.d 21.7 O.R 215.7 215.2 1;.11 
125J 1.21 -0.08 25. ? 29.4 0.- 283.} 229.8 I~. 9 

>110 • iOO I. il -0.04 D." ""1. il9 24.2 2~.8 1.6 f.9 3.U 21 1.7 171.0 1011.6 9.5 
1'.00 I.n -0.06 2? I 3'.2 2. I 275. , 238.8 1;.9 

5110 1400 I dl -U.O .. 0.14 -G~J6 21.? 28.8 0.1 1.1 2. I 261.> 231.5 IO .. 9.[] 11.2 
140'> 1.2? -0.06 29. I 31..0 I. ~ 284.6 243.3 15.11 
1410 '.21 -0.06 2?2 i 1.0 I. I 288.1 2 .. a.6 I~.I 

SI1 J ,,00 6 •• 31 -0.0" J. 04 -0.06 2'1.J 21.9 0.1 1.1 1.1 219.0 2,2. I 1010.6 1l.2 
511 0 IbOO 7 1 .. 31f -0.0 I 0.0 I -0.02 26.2 21.'> I. ! I.'> 2.'> 2'4." 191.5 Ho.O 6.9 
5110 1700 (- 1.33 0.03 0.03 0.0" 25." 24.3 D.~ I." 2. r 158.2 1"".0 8",.0 ~.9 

1110 1."0 0.C)5 21.6 22.0 0." '''2.2 122 .. I S.S 
5/1 0 I ~OO 9 1.31 0.02 0.0 3 0.05 2,.; 24.1 I." •• 6 2. "\ 131.0 115.7 720.2 !,h 3 
~I to 1900 10 Id9 0.04 0.')11 0.05 22.6 B." 0.1 1.0 2.0 .05.2 92.5 649.6 ".6 

1905 1 .. 4 i 0.0. 2t'J4> ., 22., I. ; 99.0 88.9 ... 5 
I;: 10 1.1f! Q.OI) "1.6 22. ;, O. <1 94.9 89.0 ".6 I? 15 t.~ I 0.06 21.6 22.0 0 •• 9S.1 88.1 ".S 
'120 1,,4 J C).Db 21.6 22.1 a.' li'), ..... aa.o 4.6 
.125 I.'" 0.J6 2 •• " 22.0 0 •• 95." 87.0 ".6 
'110 •• 41 O.O~ 20. ) I 1.2 9".1 a".5 ... S 
IH5 1.41 0.06 20.1 I 1.1 90.7 83.0 ... S 
I?~O 1.", ').06 20 .. ~ 22. J I. ! Ill.n 82.7 ... S 
I ')~ oj l ... lfl 0.06 2~ .. IJ V.I 1.3 87.1 82.6 ..... 
'>0;0 1.41 0.G6 2C .. ? 22.,) 1.2 87.5 82.1 ... S 
I ~5, L .. 41 0.06 2,1.1! 22.' I. ; P1. I 82.1 ..... 
mor 1.41 0 .. 116 2[1.7 22.1 •• 3 117.3 82 ... ~ ... ,/I 0 2000 ., i .. 41 0.06 a.lI6 U.06 21. I 22.2 1.1 1.1 1.6 91.1 64.9 623.9 ~.S 
mo, 1.4 I J.06 1? .. 1f ,I. Q 2.' 86.9 81.2 ..... 
2~ Il' 1 .. 1.11 O.Ob 11.2 22.0 2. '/ ~6.2 71.8 ... 3 
2'JI, 1.41 a.06 21.1! 22.0] 1.1 Q6.6 7".8 ... 2 
202U •• 41 ,).06 11. '+ 22.0 2 •• M6." 80.1 ~.2 
212' J .. ld O.Jo I Q .. ') 21 .. 9 2." ~S.6 19.3 4.2 
203;] 1.q I 0.116 I? \ 21.8 2.') J:!~.l'< 7'>.7 "_2 
203'> I .. q 1 0.00 I? I 21.9 2.', 85.6 12. , .... 
2(J4U 1.1I1 Cl.D6 17 .. <4 22.0 2.6 85.4 12. ; ~.2 
2'J4r, 1.41 0.D6 1?2 22. I 2.1 85 •• n.' ... 2 

1 ... 1 0.06 19 .. 2 21.9 2.1 R,) .. O 12.7 ~. 1 
1_41 J .. Ub I? .. 4 21.8 2.5 ~~ .. 2 13.0 ".1 

211JU J.'" 1J.06 19 .... 22.0 2.1 85.4 n.O ".1 
~IIO 2100 12 1.", 0.06 Ll.l)!) :1 .rJC> I? .4 21.9 2. , 2.5 2.? 85. , 7,>.6 583.6 ".2 

210) 1 ... ' J.1J6 19 •• 22.0 2.6 ~5.0 13.0 ".2 
2110 1.41 0.1)6 19.1) V.n 3.1l R4.b 10.3 ".2 
2' 15 1.41 !J.UI> 11.2 21.9 2.7 84." 67.3 4.0 
212D 1.4 t U.116 1?2 21.9 2. I 6;.0 66.1 .... 
2'2'> 1.41 0.n6 11.2 2'.9 2. r 13.0 61>.6 ".0 
2.30 1.41 O.On 19.11 22.0 3.'1 >9.7 66.2 ".0 
21n 1.'" 0.06 '9. I 22.0 2.1 ')1,.,+ 6~ .6 ... 0 
21"0 1 ... 1 0.06 I? .. I :':2.0 2.9 59.9 6'\.6 ... I 
214') 1.41 U.06 I? .. I 22. U 2 •• S? I 6, •• 4.0 
2.5Q 1.41 O.U'> I?l 21.9 2 •• ~~.S 6~." 4.0 

21 " 1.4 ! 0.06 I? I 21.1 2.e Sd.' 6~.6 ... 0 
nou ~ ... q J n ~ ~ j b 11. I 22. II 2 •• 58.a 65.4 ... 0 

'110 220;] I 1 1.4 I ~.U6 0.06 ;).Ob 19. I ~l.U 2.8 2.9 3.:1 61.8 66.6 465." ".0 
2205 1.14 t u.u. ,9. "] ;>1.9 2.1 SB.d 64.8 4.0 
221U 1.41 0.06 f? I 22.0 2.9 58 • ., 6~.2 ... I 
221S 1.41 0.06 11.1 21. ? 2.1 ~ij.A 6"l." 3.6 
2220 1.'-1 0.06 I~. I 21 •• 3. ? 58.8 6'>.0 3.S 
222~ i ,,'41 [l.D6 19 •• 21.9 2.1 5 •• 1 64.6 3 ... 
22~0 1 .. 41 U.O. I •• I n.n 2.1 58.8 64.6 3 ... 
223'l 1.41 D.Oo 19. I 2 1.8 2.r 58.5 64.8 ~ ... 
22 .. 0 i .. 41 0.0,> 19 ~ 1 2' •• 2.8 58.S 65.0 3.4 
",.5 1."1 0.06 I? I 2'.1 2.;' 58. :. 6 1'.6 3.3 
~?')O 1.'-' iJ.Ub I •• I 21 .~ 2. r ,6 • ., 

6' ... " -S.I 
2255 : .41 0.il6 .9.2 ./I ~ 6 2. i t 58.2 61.2 3.2 
25110 I." O.J6 11 •• 21.0 2.S 5".9 61.2 3. I 

5/1 0 2 ~nu '" I .. ~ 1 0.06 0.l6 l.! .. 36 19 .. 11 21.X 2.6 :.8 3. ? 50.J 64.2 382.3 3.5 
230~ ' .. 4 I O.n" 19.2 ll.~ 2.0 , I." 6U." 3.1 
~1f:::l 1.4/. D.1J;'} J7.2 21. !J, 2.2 41.6 5~ .. 4 2.3 
;: i I ':l I ~"i n.U6 19. I ~ 1.6 2. '. "3.3 '>0.9 2.3 
Z '20 1.4 I n.G6 11.2 21.4 2.2 "2.~ '>0.9 2.J 
Z S2S 1.'41 (1 .. 00 19. I Z I.~ 2.3 "2.1 50.6 2.2 
~Hn I .. !tl U.06 '9. I 21.7 2.6 42.9 '>0.1 2.1 
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Table 5.6. Continued 

e \'AIoiORATd'( OE~'ITY CONTROlleR OATA. RUN NO. ~$. rSP2S WAsre. 

4'1t,; live RMS MAX S TE AM A~(; A~G RMS MAX AVERAGE AVERAGE srEAM CHEsr STEAM VALVE 
RUN r:.IJAoJ DEV on uE~ P~ESS STEAM DEY DE, DEV ,TU" EIIAPourOR HEAT rRA~Sf POSITION 

DUE TI ME HOUK ::>F: J~ s.e. S .. p .. S .. p .. S.P. • RES; S.P. ~. p • S. P. CONO ure CONO RATE COEFf. PERCENr 
<;/c.:. Glee G/LC ;j/t.:C PSIG IJSIG PSI PSI PS I L I TERSIHR L I TEoS/fiR 8/H/SF/Of OPEl; 

SET fJ')l;'41 35.0 BANO ~ 10TH 11111 ~[ SET IC" ':ON HlOL RANGE "-hO 
SECO~OAdY SYS rEM ~4NfJ wlOIH sa RESE T 1" CONTROL RANGE 5.0 

2. ~ 3~ 1.41 0.06 19.2 21.0 I.~ 4,.3 SII.I 1.8 

1340 1.41 n.D6 19.1 :&: I .. 2 2 •• 42.3 Sci.! 2.3 
251.1'" 1.01 [J.O~ 19. I 2'. I 2.l' ~S .. :l SO.! 0.8 

H:ill ! .41 ~.oh '9.1 21.0 I. ? 26.3 0?9 D._ 

21;; 1.41 '1.80 l'l.:> 21.0 1._ 2 ;.8 so. I 0.9 
11 i."1 U.06 19.~ 21.0 2.P 21 ... SD." O. 

5111 fJ 15 1.41 O.Ob D.Utl 0.;)6 19. I 21. I 2.2 2.2 2.' Jr.2 ; •• 1 252.5 1.7 

5 1.41 'J.Ob 19.11 20.7 1.7 I?I 47.2 O. 
10 1.42 J.07 19.0 ,0.8 I. R 12. I 1,2. e o. 
15 1.42 0.01 U~.~ 20. i 2 •• 6.l 38.1 O. 
2D 1.41 U.U6 I R. It 21).6 I • , 7. S 31) • .. O. 
25 I .. 1,2 IJ~~H IH.? 20.6 1.1 1. l 36.8 O. 
I;) 1.42 ~.J , 1?iJ 20. , I • 1 7.4 H.I O. 
55 1.42 0.0' I'>.i! 2ll .. f I • , 7 .. i.t, H.a D. 
00 1 ... 2 a.'ll lB.!' 2~. I I.H 7 •• 3a .1 o. 
4S 1.42 0.01 1:3.9 2:). , I ... 7 •• 31. I o. 
sa 1.4: 0.:]1 IB.o ?Q.6 I." ~, • 3 30 .. '+ O. 

,/1 >S ! .4;:: o.n I I? .n lO.ll I.R r.4 Sh.8 O. 

5/1 I 100 Cfl~TROL L E~ CHA~GI' • ~E .. P-~I).A,Mr: rr:RS ARE 
ser Ilt) 1'41 12. a AMltO wlOTH IOU RE .. ~r H~l'1 CONTROL R4t'iGE >.0 
SECOiliOA.{Y ,YSTEM 8.\1,,0 W II1TH '>U RESET 'M CO~TROl RA~GE ;'.0 

100 f .. 4;' iJ ... J!1 19.1"1 "2. , '.1 7.4 H.S o. 
;111 I~O 16 1.14:4: 0.0' 0.1l1 u .. lll 1>l.R 20.~ 1.9 2.0 3.9 ~.2 IM.l :..0. I O. 

105 , .4;: o~ I J pJ~" 20.1 2.2 7.4 18. I O. 
110 1.!12 n. 10 11l.3 20. r 2.4 r • .. 3a.1 O. 
Ii'} 1 .. ",2 U. II] I a. 2 20., 2.3 7 ... H.8 D. 
120 1.42 U.IO I ~) .. 2: zo. b I 7 ... II. I D. 
125 1."2 0.10 PL. 2 lo.7 7.0 3!.1 Ci. 
13Q 1.42 ,J. IU 1 -l. 1 20.7 2.6 1.3 37.> O. 
13':1 I.~ ! ;).l~ I a. 2 20.1 2 .. ~ 7 ... 38. J O. 
lilO 1.42 J. JIJ la. I 2·3 .. 6 2.~ 7 •• Id. I O. 
II,S 1.41 0.09 18.2 20.7 2.i £.5 3f .8 O. 
1'i0 ~.ql 0.10 ". ? 20.1 2.1 r .. :1 51 .. O. 
1'>5 1.4 :'! 0.10 18. I 2n.6 2.~ '.5 H.I D. 
~OO 1.42 0.10 I 7.li 2~. " 2.1 7.3 .l1. 1 O. 

~1I1 ?OU 17 1.42 U.lJ J. 1 0 J. I" 1~.2 2~. " 2.' 2.5. 2.1 7,3 31.0; 46.7 O. 
2U~ 1.42 U. I i) J 1. '> 2il.1 2.8 1.3 5b.6 O. 

')111 :no eO,<TROLLER CH4'1S,L ~E \oW P4KtME TERS AI{!= 

SET PtH"H 2A.0 ~ .. o !'I 1 lHf1 Ino RESET I,]M CONTROL RAt.tG:: ,.0 
,ECO''''''<Y WSTEM a .... o II IOfl1 SO H':SET 1M CONTROL .ANGE ,.0 

210 I.if ? 0.'" 17. , 2D.2 2.r 7.5 5~.6 D. 
2.5 1."2 1).10 'J. 19.2 11.:> 7. { 56.( D. 

1-.42 D.1q O. 18.0 lxJt 1.1 12.1 O. 
1."1 0.13 -1.& 1" .. 1 f if .. r 7. I 29.6 D. 

:.'!30 1.141 0.13 -0.-") '''.0 II .. ::. 7. I 3D ... O. 
HS I .. 41 0.13 -0.3 11.9 lif. ~ 7.1 31 .2 O. 
24(J I.if I 0.13 -I.U 14. I I') .fJ 1. I 30.8 O. 
245 1.4 I O. I 3 'I. 16.2 I ~.2 7. I 3U." O. 
250 1.1f, f) .. 1 ~ n. 11.14 ! T ,,4 7.1 m.o G. 
2" I.'ll 0" I i , .. 18.9 lB. ? 7. I 26.1 D. 
300 1.01 0.13 11. 20.2 20.2 1. I 28.7 O. 

5111 300 18 I,. til O. I 3 u.13 l1.14 2.1 17.2 Ill." i 5;. j 20.2 7.2 31 •• 58.7 D. 
3D, J.42 0.1" ~. ;0. I 20.1 7. I 28.7 D. 
310 t .42 0.J4 l. 14 .. ; 14 .. 3, 1. I 21.8 G. 
31') , .. 112 0.14 'J. 13.1 13. , 1 •• 29.5 O. .. 320 1.llt 0.13 C. 11.3 13. \ r.l 10.0 o • 
325 1.41 0.13 C. 13 .. 6 1 ~. b 1.1 29.6 D. 
330 1 .. 1i I 'J. 1 3 ,-'. 1".0 '" .. ;:) 

7. J 30 ." O. 
33, ).4 I J. I 3 r. 14 .. 1 14. I 1.1 30.0 O. 
I" a 1.42 J.H' D. 16. , 10.'1 1.1 H.6 O. 
\4> 1."2 0.14 U. 11 •• l1.a 7.1 29. I U. 
15J 1.4l 1.14 O. I? I 1'1 .. 1 1. I ,9. I O. 
3» 1.42 J. Ilj O. 20.2 20.2 7.1 30.4 O. 
oo;J 1.01 O. IS G. 20.6 20.1) 1. I 3~.'' o. 

5/1 1 40'J 19 1.4.? 0.14 O .... O.J, O. 16.') 16,.,) t~. T 20.6 1. I 29.6 61.1 C. 
40', 1 .. 4'> f) _ J r u. 18.14 Pi.4 7.1 30.0 o. 
410 1 .. 4:~ J.14 D. 11.'1 I I.? r. I 29.1 D. 
41 '1 J .. 4 J 0.15 O. 14. f) 1 ... n T. I 21.6 D. 
42J 1.'+1 '1. I 3 D. 14.6 .... 1) 1. I 28.1 U. 
42', 1.41 'J.13 U. Ib.1 16.3 '. I 29 •• O. 
"I,] J .... , 0.1 I J. 17 .~ I 7. ~ 7. I 29. I D. 
.. 3, , .. 4 2 J.I" 8. 19.2 19.2 1.1 29.9 O. 
440 1 .. '.2 1.1" J. 2'1. I 2;).1 1.1 50.0 O. ... , I .. 4 ~ 'J. I S O. 20. ~ 20.h r. I 29. I O. 
"5,) 1 .. 4 .. 0.J6 D. 2D." 20 ... 7 .1 29.1 D. 
4S"'J 1 .. 4') 0.17 O. ~a.b 20.0 7.1 3D.O D. 
')CO 1.4> CJ. 11 0. 2D.' 20. ? 1. I 30 ... D. 

,/I I SUJ 28 1.45 0.1" 0.1" 0.11 O. 1M •• 18 .. 1 J S. 5 20.9 7. I 29: .. 4 52." O. 
SO~ 1." " 0.18 O. 2U.l 2Q.l 7. I 30.0 D. 
'>1 J I." , :1.19 ~. 18.2 18." 1. I 2~.b U. 
51 S I .4 ~ J.l" O. 14.1 .... i '.1 29.1 D. 
'>2J I.";' tl.lo G. 17.4 I 1 .. '. '. I 2?1 O. 
525 J .. 4,~ 0.10 r. 18.2 I q .. :(. 1.1 29. I O. 
53J 1.42 l'.14 C. 20.2 2!J.2 1. I 29.5 D. 
'>3; 1.41 ;].1') D. 20.6 20.' 1.1 27.9 O. 
540 1.4.- 0.16 G. 2J.1 20.7 '.1 29.9 C. 
,4:, J .4'\ JoIA r. .. n.::. ? I .. ') 7. I 29. J D. 
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Table 5.6. Continued 

~ ~ ,POR'1 J~ OENSlfY 'Ollr<OLLE" \)., A. RUN ~O. os. r~p2S lIIASfE .. 

Av~ \Ie ~1oC) ~4X SHA" AVG Ave KM'> MAX .\\lEs.!A~E A~[UGE S rEAM C~ESr srEAM VAlVE 
t{lf'i EIIAP OEV uu OEV PK(S' S rEAM ot:1J DE, DEY SlH'" EJAPQRA rOR ~EAT rUNSf POSllIOfI 

DATE 11 ME 4\JU,.{ IJl::N !i.to!. S ,u .. S.p * S.". e"ESS S.P. s.'. S. P. eo"o ~ArE eOIllD RAft COEFF. peRCfNT 
"1/CC elCc Glee Glee "'SIC! P S IG es I PSI PSI i..1 fF~S/HR U IEKSIH" 8tHISf/Df OPE" 

S':: T pOlm 2~.1J fl A 'liD If II) 14 I~O REser I JM ~J~I"Ol RAI',tGE S.O 
SftONDA'" S""STld~ uA"O ,,' I:) T..; ')J ~ESEr ~M CONrROl RA'if#E S.O 

S5.J ,~ 40 J.2·) O. 21. , ~ I • ~ 7. I n.s O. 
')55 1.',7 J.1.1 C. .2. I 22. I 1. I 21.9 O. 
600 I .. ,);J 0.22 0. n.l 22.1 7. I 29.1 U. 

')111 603 21 I.q·, 0.11 U. I 7 C.22 G. Iq.9 I? 1 1/l.J n.' I. I 29 •• 4,.4 O. 
60'\ I. ,'1 0.22 ". 21.6 21. , 7.1 29.5 O. 
" I] I.')U 0.22 G. LO .. ") 2\::., ... 1.1 29.0 O. 
61') 1.4 i 0.19 !J .. 2G. I 2n.~ 7. I .8.6 O. 
62,1 J.ld 0.1') ,1. 20. , 2J. , 7., 29.9 O. 
62> 1,.4':) Q.' I O. 2Q.7 20.7 7.1 29.') O. 
~3Q 1.41 0,'0 G. 21 • ~ 21 • ~ 7. I 29.9 O. 
63:; l. 2, -0.00 e. 21d 2 I .. ~ 7.1 SC.7 O. 
64J ! ~ l "J 0. , L!. ".6 21.6 7.1 SO.l (j. 

64; ! .ij ~ I O. 21.~ 21 .. '> 7. I 31 .. , (;. 
oS,) 1.4 f 0.21 C. 22.iI 22. ) 7.1 IQ.3 G. 
oS') 1.48 0.21 G. 21 .'1 I. , 7. I 3D.3 O. 
IO~ 1.4 ~ 0.2(1 O. 22. '/ 1. I 29.8 lJ. 

>/11 700 22 1 .. 146 ~. I H 0 .. \ 9 G~ 22 G. .,"1 .. 4 .'1 21 .. Q 22.9 7.1 29.9 45.0 O. 
70'; I.',,) ,1.21 f' .. 2'>. I 2'. { 1.1 29 •• O. 
IIi) I.I)IJ iJ.2L G. 2S. ~ 25.'" 7.1 29.' O. 
liS I. ;0 11.22 D. 26.2 l6.2 7. I 29 •• O. 
72J I .. SO 0.22 O. , 2'>. 1 7.1 29 •• O. 
12S 1.;0 ll.;2 n. 7 20.1 I. I n.' 1I. 
/So 1.'>0 0.22 G. 7 20.1 I. I 29.' lI. 
n; 1.48 0.20 O. 20. '> 7o! 2v.0 O. 
140 1.48 ,J.20 O. 2'.7 2 I .1 7. I 2R.o O. 
74'> 1.4" U.21 2 {.u 21.11 7. I 29.4 D. 

,111 ISJ l.l). ... rI<lOLL£R. TO a4ANUAl 
'ill I 1'I0il 23 1 .. 49 (1" • 24.2 7. I 29.6 43.0 O. 

E~n 0" r AHLt 

.. 
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Table 5.6. Continued 

E'/i\PljR/.fOR CO~OENSAIE CONUU( Tl Y I TV CONIROllr~ DATA. RuN NO. 6,. TRP2~ wAstE .. 

AI/!:AAGF l\'VERfd.;f: R .M.S. ~AXI"UM A~ERAGE .AT[R VAlVE 
RuN U)fo,'t;ErlSATE Dt:v IAr IUf; OEViATIoN DEv I A liON \fA r[R POSITION 

OATE liME HIJiJa ACIOI !Y rRilM SFT pr FROM ~ET PI FROM SO PI RATE PERCENT 
~iOLAK MOLAR M.OlAR ,",OUR lITERS/Hk OPEN 

CONTROLleR UN MANUAL AT 5 I AR T OF RUN 

SilO 920 CON 1 _OLLER (HANGE. ~Ew P:'RA,lIIlET€AS ARE 
SE I POINI ~O .. ;:1V/C PANDWIDTH 2eo kESEI 10,", CONIPCL RANGf IO.OP/f 

928 2.0 1.1 O. 
9,,5 2.6 0.6 8. 
938 2.:. 0.1 O. 
935 2.~ C.6 3.6 
940 2.n 0.3 4.2 

5110 ICOO 2. ~; O. I.ll 
1[,20 2.1 0.4 15.4 

'us 2.3 26.9 
1030 2.4 ~9.9 

511 0 , 100 I." I 0.3 0.7 D. 21.9 
I I;S 2.3 G.6 76.2 
I?OO 2 •• 8.4 ~~.7 

SII a IlOO 2.U D.2 O.l 2.6 124.9 51.1 
12US 2.2 G.') 96.2 
I~l :J 2.2 D.'> I ac.o 
.215 2.3 C.o IGO.C 
1220 2.4 C.7 1 no.o 
, 225 2." C.6 1(10.0 
1230 o.~ -(1.9 D. 
12i5 0." -u. <; 45.7 
12'>5 1.3 -0.'> 43.0 

5/1 0 I I. r -O .. ll 0.6 -0.9 117.9 66.' 
5/10 I 1.7 -u. i~ U. I -0.2 114.1 54 • .3 
511 C 1500 1.1 -0 .. I C. I -0.1 177.9 54.5 
5/1 L 1000 I .7 -0. I r .1 -n .. 2 I I ,1.5 44.8 
5/1 C , 100 1.7 -0.1 D .. I -[1 .. 2 I I 1.6 ~6.T 

5110 I~OO 1.7 -0.1 0 .. 1 -0.2 Rl. I 33.3 
,II r 19094 
5/1U 2C~0 II I. I -C.G 0.0 -0.1 56.B ?S.9 
~1I0 ; 100 12 I. I -O .. C! n.o I 56.8 24.8 
SilO non I ! I. I -[j. I C .. i 56.8 20.9 
SliD ~ ion , .. 1.7 C.I 56.8 25.6 
5111 a IS 1.6 I 0.2 -0.2 3~.! 12.4 
,111 100 16 1.1 -0.1 C .. I -C.2 S6.8 2.1 
'>111 200 17 I • I -0. , O. I -0 .. ;' C. O. I 

~ 30 1.1 -[;.7 O. 
2~') C.l< -D.? O. 
2140 t ... '\ -S.', O. 
'00 2.1 D ... O. 

Sill ;00 I a 1.0 -0.1 0 .. 4 -'1.9 26., 0.6 
30S 2. S O. , 5.1 
310 2.2 C .. ~) 12.6 
32() 0.9 -C.9 O. 
3£:~ 0.7 1.1 J. 
330 0.9 -O.d D. 

1.3 -fl.4 O. 
2.'J 0.3 O. 
2.2 0.' D. 
2. £ u.s 3.2 

• 511 I .00 19 1.6 -C.I 2.6 -1 .. 1 C. 2.1 
40, 2. , o. ~) 12 .. I 
4i~ I -1 .~ O. 
42J 0.5 I. ? ll. 
4" O.? -D.? a. 
43.) 1.2 -0.6 O. 
4S~) 2. I D •• o. 
sao 2. I C.3 D. 

'>111 20 1.5 -(~ .. .2 0.6 1 .. 2 30.3 1.6 
2. I 0." 5.2 

51~ 1.1 -n.l o. 
520 -I. , O. 
~2~ 7 -I.oS O. 
S30 0.9 -0.(" O. 
">3<" I.', -0 ... J. 
55S Z.I O. " O. 
t-OCl 2.2 O. 

5111 bUO 21 1.5 8.7 -I _.J O. 1.1 
I>ils :? ,,2 Od 7.0 



.. IFf< I\Gc 
~IJ!I (Of\m··;<}!t 1 f 

041 ( 1 I Mf ~OUf( A( 1 t: 11 'I 
AoIOLAR 

~EI PCtf\;T 

b I Ij :J.f 
,!)~O ;1. ~ 
n2'J ll.t( 
(\ ~l) I. , 

~"5 .. " ",0 1 • .1 
fU(l 22 I. " 
70'> ~ .(1 

II~ ? I 
71S 2.e 
12n 2., 
72, 2.r 
(111 fJ.9 
/ I' Ij.t. 

'1~,1 1.; 

'.' 1.:1 
t1~'J 2. Ll 

':l/l I dr..) 23 I.'> 
HO') 2 .. 1 
r\ltl 2.1.0 'I, ':.2 
;j .. W 8.9 
112") -,1.2 
'( ~:J n. " 
rLi'l I •• 
~4'1 I.r 
t<'lJ Id 

f\li) of fABLL 
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Table 5.6. Continued 

~~ERI\GF A.M.~. ~.~I~UH 

br 'i t A I i 0·" Of J 11\' 1 Ul. UE Ij 1 A 1 to'" 
r~JIM !itT Pi fI(O', 'lfT p~ fAOM SCT pi 

MOLAR MOLAl( MOlt\R 

f\At\j[JwfOIfI 'f,1) 

- .. , 
- i. , 

-t ~ • 'I 
->.1 ... 

-1).4-
-,1.14. 
-11 .,. 

tJ. ~ 

:" I~ 
LI.h 
n. 'J 

u.s 
-0. 'I 
-1.1 

c. ) 

U.6 

J.8 1.1 

UNCLASSIFIED 
ORNL·LR·DWG. 71165 

A"FR~G' 
"AlE;( 
RAI~ 

LI TFR$/iU 

c. 

wArE\( vAL'll:: 
P\)~ IT '0\1 

?:;.;(CENf 
I)PE~ 

,1. 
J. 
o. 
n. 
J. 
J. 
n.? 
tl. 
o. 
J. 
0.0 

I'J. Q 

1. 
J. 
D. 
O. 
D. , ." 
O. 
9.2 

1').1 

Q. 

J. 
C. 
U. 
~. 

UNCLASSIFIED 
ORNL·LR-DWG.71167 

F"APORf, TOR. ll{JUII) ,£VEL CONI~OllER DAIA. RU" "0. 05. T8P2> .ASH. 

AvERAGE A'IER.\~E R.~.S. M'~I"UM AYERAGE FEED YALYf 
RUk ["""ORATOR OE"IAIIUN DE" I" T I 0' DEviATION [v"PORA fIIr, PO>IIIO .. 

OATE 11~E HOw~ LIn. LEY. FRC'1 SE T P r FROf04 SET PT fROM PT FEED RATE ~FRCE~T 
LITFRS LI TEe S LITERS LT UTERS/rlR OPEN 

SET POINT SO. rJP IC c'A"10illlIDTH '>0 RE SE T 2 .. CONTROL RANGE 2D.tlPlt 

9D; G.R -2U.' •• 6 U. 
91 :. 2.9 -18.3 5 I. I 100.0 
91'1 I S. I -('. I 1$0.9 100.0 

SilO 920 CONTROLLER CHA'<H. NEW PARA"r HRS ARE 
~El POINT 50.DP/C f\A~rhII01H ,0 RF SE 1 10M CuNTROl R""GE 20.DP/C 

5110 Inno I ILl -14 .. f ".' -20 •• '4.5 jS.S 
5110 IIUO 2 20.2 -1.1 2.7 - •• 2 54 .. \ $2.3 
SliD I2DU ~ ~O.6 -U.6 1.0 -2.<.,1 52.tt 29.6 

;'.1 i14.4 2~. S O. 
5110 2 1.6 0.; 4.8 14.4 26 •• 21.1 
5110 20.6 -n.7 1.0 -2.2 52. , 32.0 
5110 I " 2:) .. 2 -1.1 I.> I 51.4 10.1 
5110 I 1 2

I
J .. " -U.n 1.2 I 5'.2 25.9 

SliD I tl 2U. JI -O.p. I • .I -2.2 H.8 19.0 
511 0 ItlOll 9 20.2 -; .. I 1.2 -2 .. 2 6.2 13.7 
511 0 1900 10 2'J.f> -u.' 0.7 1.3 35.4 6.6 
5/10 II 20.3 -0.9 0.9 I.' 9.8 S.5 
511 0 21 12 2U,," -fl.9 0.9 -1.1 10.1 .1.11 

Sill! ? tSO CONfRUllEf.l: (HANGE. NEW ~ARAMErI;;RS ARE 
SET POIN! 6U.[lP/C BANfh.! lOTH SO USE! 2" CONTROL ~A"GE 20.[]P/C 

511 0 2200 Jj 2n. f -1.2 I.S - 3. r Ji.b 4.0 
511 0 2100 I. 2 ••• D •• U .. b D.H 1.0 0.3 
SII I 0 15 2 •• 1 O. I D •• 0.8 -1.2 O. 
~II I 100 16 2~. 0 -1.n 1.7 -?-6 D. O. 
5111 201l ,I 2 j.? -O.H U.9 -?J O.A O. 
5111 3un 18 2'." G.'> 1.0 2.0 D." D. 
5111 • cn ,9 24. ('> 0.6 I.A 3. 11 0.0 O • 
5111 SOD 20 2.1.7 -r.B 1.5 -2.7 1.2 O. 
5111 '00 21 .2 ~ ~ (,~ -D. I 1.8 -2.b -0.1 O. 
511 , 7(10 22 23 •• -II. r. 1.2 -2.b 0.0 O. 
5111 ~on 23 21.8 -0.2 I.' -2. ( 0.8 0.1 

fi40 ~2. 7 ". I '.6 D. 
A.S n.7 !~.9 9.1 D. 
~50 j f. 8 ! ...... ti ".7 n. 
HsS 19.9 15.9 '.A U • 

E~O u' 1 Aelf . 
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