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SUMMARY 

Control of scale formation in heat exchangers using simulated 
geotlrrermal waters can be achieved by lowering the pH of the 

lower. This does not, however, appear to be 
oach for highly buzfered geotliermal brines 
o'severe corrosion problems. 

a .Ad. 1 ,  d I: * -L *. 

scale control agents, Calgon CL-165 and Monsanto 
owed promise of effecting scaling in a minor 
e tested further on actual geothermal waters. 

le control methods tested were unsuccessful. These 
seeding experiments, turbulence promotion and electo- 
nd electromagnetic devices reputated to modify scale 

experiments were performed with tube-in-shell heat exchangers 
geothermal waters prepared from a salt dome 
rine. The scale formed was primarily silica 

with a small percent of calcium carbonate and traces of magnesium 
and iron. 

r 

Physically it was a hydrous coft solid adhering only 
lightly to the heat exchange surface. This is not typical of 
geothermal water scales encountered in high temperature brine 
operations and the results of the-scale control experiments 
should be evaluated with that in mind. 
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STUDY ON SCALE FORMATION AND SUPPRESSION 
IN HEAT EXCHANGE SYSTEMS FOR SIMULATED GEOTHERMAL BRINES 

U.S.D.O.E. 
EY-76-C-02-2833.*000 

Final Report 
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I. Introduction 

A. The Geothermal Scale Problems and Approaches 

Many proposed applications for geothermal heat 
usage require heat exchange between the geothermal 
fluid and low boiling liquids or less corrosive 
water. One of the problems inherent in such 
processes is the scaling which may occur on the 
hot geothermal fluid side of the heat exchange 
surface.' This results in decreased heat exchange 
coefficients requiring increased surface, hence 
increased capital cost. In severe cases, plugging 
of the heat exchanger may even occur. 

This project was undertaken to investigate possible 
means of preventing or alleviating such scale formation. 
Several approaches were taken. These,include: 

Addition of commercial scale prevention agents 

Carbon dioxide overpressure to prevent calcium 
carbonate precipitation 

Pre-seeding with nuclei such as calcium sulfate 
to form suspended solids which may carry through 
the heat exchangers 

Investigation of the effectiveness of electrical 
and magnetic "black box" scale prevention devices 

All four of these areas of investigation were pursued. 

The magnitude of the scaling problems of geothermal 
brines will be dependent on the composition of the 
brines. This composition will, in turn, be controlled 
by the temperature and geological formation present in 
the reservoir.2 In formations where conditions have 
resulted in high salinity, high temperature brines 
the strong complexing action of the chloride ion 
solubilizes the active rocks leading to fluid with 
high levels of heavy metals, hydrogen sulfide, 
silicates and carbonates. Lower temperature, 



less saline resources give less complex brines. 
However, all may be expected to be saturated with 
silica and to contain high levels of bicarbonate 
ions with greater or lesser amounts of the alkaline 
earth ions, calcium and magnesium. 

B. The Nature of the Scale and the Brine 

For the purpose of this study only the most common 
types of scale were chosen for consideration, namely 
silica and calcium carbonate. This decision was 
based upon the belief that silica would represent 
the major scaling problems in view of its temperature 
dependent solubility range and that calcium carbonate 
would be not only the second most serious scale 
component but could also be the principal seeding 
agent for the formation of silica scale. 

This is a simplified approach to the total problem 
of geothermal scaling which is recognized to involve 
metal sulfides, metal silicates and many other 
compounds. However, it is believed that control 
of scale in a silica-carbonate system would alleviate 
the major problem in heat exchange scaling in 
geothermal heat recovery. 

The solubility of silica in saline water is a function 
of, not only the temperature of.the water, but also 
the form of silica solids in equilibrium with the 
solution. A summary of the solubility relationships 
is given by Barnes.3 For the purpose of this study 
it was assumed that typical geothermal brines will be 
equilibrium with quartz, will have a pH near nuetral 
and high levels of carbon dioxide in the form of 
bicarbonate and dissolved gas. The levels chosen 
for the temperature of 350°F (177OC) was 400 ppm 
silica as SiO, and 800  ppm total carbonate a s  CO,. 
These values were used in all scaling runs except 
those designed to study the effects of silica levels. 
Table 1 lists the composition chosen for a standard 
simulated geothermal brine. 

11. Technical Approach 

A .  Scale Prevention Methods 

The four approaches to achieving the purpose of this 
project, investigation of methods for controlling 
scale formation in geothermal brine heat exchange 
systems, has been stated in Section I. 

2 



The principal methods chosen for scale modification 
was the use of scale control additives in samll amounts. 
This approach has proven successful in heat exchanger, 
cooling tower and many other'water systems applications. 
Such additives are items of commerce selling for a 
typical price of $1.00/lb and intended for low level 
addition. 

I€ the heat exchange system is used in the generation 
of electrical power by the secondary fluid cycle, 
the additive cost per unit of power is a possible 
approach to determining economic levels of an 
additive. Assuming 375OF (190OC) geothermal water 
and 300 gpm or 2500 lbs/min water flow per Mwe4, 
the additive at 10 ppm would add approximately 
1.5 mils/I<wh to the cost of the power. On this 
basis, addition up to 30 ppm would be reasonable 
adding only 4.5 mils to the cost per Kwh. 

The selection of additives for testing was confined 
to those already available on the market except for 
one experimental siliconate which was hoped to be 
effective in reducing silica scaling. This was 
tried because all the commercial additives found were 
calcium carbonate (CaC03) scale control agents which 
would work on silica only if seeding by calcium 
carbonate was the primary scale forming mechanism. 

These additives are generally surface active agents 
and act by attaching to the small seed particles as 
they form, thus preventing crystal growth and particle 
coalescence to larger scale forming solids. 

Pursuing the idea of silica scale seeding by calcium 
carbonate particles, a second method intended to pre- 
vent carbonate precipitation was tried. This method 
was the maintainance of a carbon dioxide ( C 0 2 )  
over-pressure in the heat exchanger to prevent loss 
of C02 with the resulting conversion of bicarbonate 
ion to carbonate ion precipitating calcium carbonate 
as calcite. 

The relations of calcium ion concentration to C 0 2  
overpressure is expressed by Holland2 as 

Ki KcalBf~~2 

4K2 y3 -+ Ca (HCO,), 
M ++ = Ca 

where : 

Ki = first ionization constant of carbonic acid 

3 



- 
fC0* 

+ - 
Ca (HCO 1 2= 

second ionization constant of carbonic 
acid 

Solubility product of calcite 

Inverse Henry's Law constant for C02 in 
water; moles C02/liter of solution per 
atmosphere pressure 

fugacity of C02 

means activity coef f icent of Ca (CHO 3) 
in solution 

From the above equilibrium system it follows, as 
stated by Shannon1, that 

"Calcite can not deposit by simply cooling the 
solution. 

- At any given temperature calcite can be deposited 
by C 0 2  release. 

Calcite can deposit if the solution boils and 
releases C02. Boiling can, and usually does, 
occur when water depressurizes as it comes up 
a geothermal bore. 

Calcite deposition is more likely to occur in 
production from lower temperature reservoirs 
with high C02 gas content than where CaC03 is 
more soluble. For example: complete release 
of 70 atm C02 pressure from a l5OoC solution 
would deposit 450 mg CaC03/kg solution, whereas 
the same release from a 3OOOC solution is only 
60mg/kg (Holland, 1967). 'I 

Indications are that most calcite scale depositions 
occur when C02 is lost from the waters due either to 
pressure release or boiling. Simple cooling in a 
pressurized heat exchanger should not cause deposition 
due to the increase temperature solubility of calcite. 
To avoid pressure drop on cooling, the heat exchanger 
must be pressurized with at least the same partial 
pressure of C02 existing in the original waters. Thus 
a heat exchanger with an overpressure of C02 should 
prevent precipitation. If calcite should be serving 
as a seeding mechanism for silica scale formation, 
C02 overpressure should also decrease the silica 
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scaling. An experiment was designed to test this 
concept using a vertical heat exchanger with the 
geothermal waters on the shell side and with the 
capability of CO, pressurization above the geothermal 
water level. 

A second seeding concept investigated was the 
formation of many solid seeding particles in the 
brine just prior to entering the heat exchanger 
with the idea that silica, which tends to super- 
saturate, might deposit on these particles and be 
carried through the heat exchanger without scaling. 
The solid chosen was calcium sulfate (CaS04). 
Because of its inverse solubility with temperature, 
solid CaS04 formed at high temperature will tend to 
dissolve in the cooler brine discharge from the 
exchanger and thus not present a solids problem in 
the waste brine. 

Another approach to scale prevention is the use of 
electrostatic or magnetic devices claimed to either 
present scale formation or to alter the scale formed 
to a soft easily removed type. Very little published 
information is available on such devices, often 
referred to as "Black Boxes". One paper, by B. Q. 
Welder and E. P. Partridge5 compiled the case 
histories of such devices and reported the results 
at the Fourteenth Water Conference. They concluded 
that such devices had proven useless. 

Introduction of such gadgets with many claims and 
testimonials seem to follow twenty year cycles and 
we are currently enjoying an up cycle. Therefore, 
it seemed appropriate to test the "Black BOX" 
technique for scale prevention. 

Two products were chosen. One from Progressive 
Equipment Corporation of Erie, Pennsylvania, the 
Progressive Electronic Water *Treater, is claimed 
is be a high DC voltage capacitor using flouro- 
carbon coated electrodes with the positive electrode 
in the center of the flow. It reportedly attracts 
free electrodes and builds up a high level of 
excitement in the brine lasting for hours and 
producing eilher no scale or a very soft scale form. 
The other was an electromagnetic device called 
'I El ectro-Mag TMa from Electronic Water Conditioners, 
Inc. of Miami, Florida. This instrument operates 
with a rotating field claimed to induce a charge 
upon the surface of the magnetic particles in the 
water. These particles then fail to grow and are 
swept through the system without adhering to the 
equipment surfaces. Both products were tested 
in standard scaling runs. 

5 



B. Measurement of Scale Prevention Effectiveness 

The method for evaluating the success of scale 
prevention was to: 

Prepare a standard simulated geothermal scaling 

Establish a reference heat transfer coefficient 

brine at approximately 350°F (177OC)  

decay time curve for this brine in two heat 
exchange systems 

Add trace quantities of scale control agents 
or otherwise modify this standard brine and 
redetermine the coefficient decay time curve to 
measure the effect of the change upong scaling 
in the systems. 

Two heat exchanger systems were used. One 
consisted of a vertical U-tube exchanger with the 
simulated geothermal brine on the shell side. The 
other was a horizontal series of three small or 
mini-exchangers in series, each having four straight 
tubes. The hot brine flowed through the tube side of 
these in four separate streams. All exchangers were 
cooled by Brazos River water. 

A 

Hot brine and cooling water flow rates were measured 
for the total flows in the.vertica1 U-tube exchanger. 
Inlet and outlet temperatures were recorded for 
both fluids, thus treating the exchanger as a single 
unit. The mini-exchangers were treated as multiple 
units with flow rates and temperatures being measured 
for each of the twelve tubes enabling the calculation 
of heat transfer coefficients for each individual 
rube. 

Normal methods6,’ were used for the calculation 
of the heat exchange coefficients with the assumption 
that heat is transferred by conduction only. The 
transfer coefficient is calculated from the basic 
equation. 

Q 
(MTD) ( A )  M =  

where Q is the average heat flux, MTD is logrithmic 
mean temperature difference and A is the effective 
heat transfer area. The logrithmic mean temperature 
differences are calculated using standard formulae. 
A fortran computer program was written to calculate 
the heat transfer coefficients for the vertical 
heat exchanger, each of the twelve tubes, and for the 
total of each of the three mini-exchangers. 

6 



The physical constants utilized in the program; 
specific gravity, viscosity and heat capacity 
for the brine were taken from data in Office of 
Saline Water reports8 l o  on elevated 
temperature sea water and from the Chemical 
Engineers Handbookll. 

111. Description of Process and Equipment 

A .  Preparation of Simulated Geothermal Water 

The simulated geothermal brine was prepared in the 
manner described in a previous report on oxidation 
of hydrogen sulfide in simulated geothermal brines12. 

The problems of mixing and heating a simulated 
geothermal brine are primarily physical in that many 
of the components are soluble only in the high- 
temperature, high-pressure state. Chief among 
these are silica and calcium carbonate. The solution 
adopted to solve this problem was the preparation and 
deaeration of a base sodium chloride solution with 
certain nonscaling cations added, heating this base 
brine to temperature through a steam heat exchanger, 
injected concentrated and deaerated solutions of 
the other desired components into the exit stream 
of the exchanger and mixing just downstream with in- 
line mixers. The resulting stream then represents 
a simulated flow from a geothermal well with the 
advantage of wide variations in composition and 
temperature. 

The source of salt was "chlorine cell feed", a 
2 6 %  sodium chloride brine from a salt dome solution 
mining process. The brine is treated to remove 
calcium and thus contains 1,200 to 1,800 ppm 
sulfate. A batch process utilizing barium chloride 
to precipitate the sulfate as barium sulfate was 
used to lower the sulfate levels to allow calcium 
addition without scaling in the heat exchanger. 
typical composition of the Dow salt dome treated 
brine is given in Table 1. 

A 

This concentrated brine was diluted with Dow steam 
condensate. Chloride solutions of the desired cations 
such as caicium, iron, etc. were added to the base 
brine solution prior to deaeration. 

7 



T A B L E  I 
C O M P O S I T I O N  O F  DOW S A L T  DOME T R E A T E D  B R I N E  

C o n s t i t u e n t  

con 

H 2 S  

N a  

K 

L i  

C a  

Mg 

F e  

c1  

Br 

I 

S i 0 2  

ppm 

100 

1 

102,000 

3 5 0  

10 

3 -  6 

0-1 

1-3 

158,000 

1 0 - 2 0  

1 

1,200-1,800 

100 

0-10 

0-10 

Q ~ 2 6 0 , 0 0 0  

8 
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The anions, prepared as concentrated solutions 
of the sodium salts, were injected into the hot 
flowing brine stream. The primary anion solution 
contained 5% sodium silicate and 10% sodium bicarbonate. 
Technical grade hydrochloric acid (HC1) was injected 
to adjust pH. All solutions were deaerated with 
nitrogen and stored under a nitrogen pad prior to 
injection. 

B. Equipment 

A schematic diagram for water prepation and heat 
exchange studies is shown in Figure 1. This shows 
the 10,000 gallon holding tank, omitting the deaerator 
to save space, and the two heat exchanger systems. 
The single simulated geothermal brine stream is 
divided by means of an orrife meter loop and dp 
cells to pass one gallon per minute through the shell 
side of the vertical heat exchanger with the remaining 
flow passing to the mini-exchanger. Here, this flow 
is divided again by the same technique to pass equally 
through the four tubes of the mini-exchanger series. 

All equipment is of conventional design but constructed 
to avoid exposure of the brine to corrosive surfaces. 
All connecting piping is polytetrafluorocarbon-lined. 
The heat exchanger is constructed of titanium. 

The brine flow into the brine heater is supplied by a 
316 stainless steel, triple positive displacement pump, 
Model 431, manufactured by the CAT Pump Corporation. 
The flow rate is modified by changing pump or motor 
pulleys. A pulsation dampener is included to 
provide a more uniform flow. 

The anion solution, the HC1, and additives were injected 
with Model Milroyal D chemical injection pumps. The 
pump chambers and the injection tubing are of HastelloyB 
C or B to avoid corrosion and contamination. 

Mixing the anion, acid and additive solutions into 
the brine was accomplished by an in-line mixer. This 
mixer is an ISG (Interfacial Surface Generator) mixer 
of Dow design, manufactured by Charles Ross & Son 
Company of Hauppauge, New York. The ISG mixer consists 
of a series of stationary mixing elements enclosed in a 
pipe housing. Each unit has four passage holes at 
oblique angles. 
such that adjacent elements form a tetrhedral chamber. 
A photograph of a disassembled mixer is shown in 
Figure 2 .  

The ends of the elements are shaped 

9 
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Figure 2. IGS Static In-Line Mixer manufactured by Charles 
Ross and Son. Six (6) units illustrated divides 
a two-layer stream into 8192 layers. 
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The unit was a polytetrafluoroethylene, 5.08 cm 
(2 in.) diameter with six elements. The number 
of layers emerging, L, can be calculated by the 
equation (L=N(4)  E) where N is the number of streams 
and E is the number of elements. Thus a two-layer 
stream through a six-element mixer results in 
8192 emerging layers, giving effective mixing. 
Pressure drop across each mixer was calculated at 
0.015 kg/cm2 (0.22 psi). Operating pressure of the 
system is 1 4 . 0 6  kg/cm2 (200 psi) with a pressure 
drop of approximately 3.52 kg/cm2 (50 psi) across 
the entire system at an 11.4 liter-per-minute 
( 3  gallon) flow rate. 

Samples from the sample points following the mixer 
were taken into evacuated, 350 ml., polytetraflouro- 
carbon-lined, stainless steel bombs. The sample valves 
were Anderson, Greenwood and Company 316 stainless 
steel, Model M9, guage valves. 

The vertical heat exchanger was shop built U-tube 
design with three-quarter inch tubes of Alloy 20 and 
a mild steel shell. A photograph of the tube bundle 
is shown in Figure 3 .  This exchanger was equipped 
with a level controller to provide a gas space above 
the brine on the shell side. Total heat exchange area 
of the U-tubes was evaluated to be 15.8 sq. ft. at 100% 
full level. This area was corrected for the actual 
level used in the runs. 

The three mini-exchangers, arranged in series, and 
shown in Figure 4 contained four three-quarter inch 
O.D., 0.035 inches thick E-briteB alloy tubes except 
for runs intended for tube sectioning. In these 
runs aluminum tubes were used. The tubes were not 
rolled into the headers but were attached by a 
special SwedgelockB fitting which compresses a 
high temperature rubber stopper around the tube 
and screws into the drilled and tapped header. 
This enables easy removal of the tubes for cleaning or 
sectioning. A photograph of this tube holder is shown 
in Figure 5. Such connections have been tested in 
this laboratory to 300 psi and found to be safe. Heat 
exchange area of each tube was calculated to be 0.915 

A problem of deposition on the cooling water side 
of the heat exchange surfaces was encountered in the 
initial test runs. This was due to suspended 
silt particels in the river water used for cooling. 
The problem was eliminated by installing 25 micron 
filters in the cooling water lines and injecting 
10 ppm Ameroyal@, a Drew Chemical Company surfactant, 
into the filtered cooling water streams. 

sq. ft. 

12 



1 

F i g u r e  3 :  Photograph  of Tube Bundle From Main Ver t i ca l  
Heat Exchanger Showing S c a l e  D e p o s i t  on Tubes 
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Figure 4. Photograph of mini-exchanger series with flow 
from right to left. 
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Figure 5. Swedgelocka tube fitting for mini-exchanger tube 
installation. 
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IV. Experimental Results and Conclusions 

A. General 

The emphasis is placed on the data from the three 
mini-exchangers arranged in series. The U-tube 
or main vertical heat exchanger was also used in 
the runs as specified but it is believed that the 
mini-exchangers give the most valid data. Computer 
printouts of all the heat exchange data for the 54 
successful runs including some cooperative work 
with L o s  Alamos Scientific Laboratory are included 
in Appendix A .  

Some runs terminated early due to plugging resulting 
in high pressure shut down. This plugging occurred 
primarily in the in-line mixer and resulted from 
calcium carbonate apparently formed by the pressure 
drop accross the mixer. Theoretically the pressure 
drop should be 0.015 kg/cm2 (0.22 psi). 

This is a very small pressure drop, which brings up 
the question of complete solution of the silica and 
carbonate prior to arriving at the mixer. Repeated 
sampling of the feed going to the mixer gave a clear 
solution free of solids. Colorimetric analysis for 
silica; which should detect only monomeric silica, 
agreed well with total silica analyses. However, 
some reasonable doubt can exist that complete solu- 
bility of all components was achieved. 

B. Determination of Clean Surface Heat Transfer Coefficients 
and System Check-Out 

Runs were made with 30,000-43,000 ppm sodium chloride 
containing no added ingredients other than those nat- 
urally occurring in the treated l o w  sulfate salt dome 
brine to determine clean surface heat transfer coef- 
ficients for the system. These runs were made at 
intervals throughout the program using different con- 
ditions. In general these runs showed no coefficient 
change with time, indicating no scaling as would be 
expected. The runs of this nature were numbers 2 ,  5, 
19, 28, 34, and 41. Table I1 is a summary of the results. 

The first four runs were made with split flow, 1.0 gpm 
flow to the main U-tube exchanger and 1.6 gpm to the 
mini-exchangers. The total flow of 2.6 gpm passed 
through the mini-exchangers in the last two runs. 
Heat exchange coefficients varied between runs, as 
could be expected, but remained essentially constant 

16 



TABLE I1 
SUMMARY OF RESULTS OF NON-SCALING RUNS 

Total Flow, 2.6 gpm 

Typical Coefficient, Btu/hr.sq.ft.OF 
Run No. TDS, ppm U-Tube,Hy Mini #1 Mini #2 Mini #3 Remarks 

2 36,000 120 92 77 60 No insulation on 
mini-exchanger 

------- 5 43,000 110 90 80 61 

19 30,000 135 

28 31,000 125 

34 30,000 --- 

41 30,000 - - -  

115 100 

120 100 

75 Cooling water scaled 
main exchanger 

------- 87 

167 160 136 Total flow through 
mini-exchanger 

185 175 158 Total flow through 
mini-exchanger 



for any one exchanger. Some difficulty was experienced 
in balancing equal flow between the four tube systems 
of the mini-exchangers due to inherent problems of 
DP cell operation with hand-contolled valves. This is 
a problem common to all runs. 

C. Definition of Scaling Conditions and a Standard 
Scaling Composition 

The objective of these experiments was to establish 
a standard scaling composition to use as a basis for 
runs designed to modify the formation of scale as 
measured by the decay of the heat exchange coefficients. 
An auxiliary purpose was to determine the effect of 
total salinity on scale formation in this system and 
also the effect of calcium carbonate formation on the 
silica scaling based on the idea of calcium carbonate 
solids being a seeding factor in bringing down the 
silica. 

Runs numbered 3, 4 ,  6, 7 ,  8, 9, 10, 19, 35, 38, 39, 
and 4 3  furnished data of this nature. Table I11 is 
a summary of the compositions of these runs. 

Both heat exchanger systems were used in the first 
30 runs with the exception of run 29 made for L o s  
Alamos Scientific Laboratory. The flow was split 
such that 1.0 gpm passed through the main or U-tube 
exchanger and 1.6 gpm passed through the four tubes 
of the mini-exchangers. This, of course, resulted 
in very low rates of flow, approximately one hour 
residence time in the shell of the main exchanger and 
0.29 ft/sec. in the tubes of the mini-exchanger. After 
the 30th run, work intended for the main exchanger had 
been completed, so the total flow was diverted to the 
mini-exchangers to increase the flow rate to 0 . 4 7  ft/sec. 
This was still a lower than desired flow but represented 
the maximum capability of the system. 

Runs 6, 8, 9, and 10 were standard scaling runs with 
split flow as previously described. Curves of heat 
exchange coefficients versus time for the three mini- 
exchangers and the main exchanger are plotted in 
Figure 6 shown as four different figures (6-1, 6-2, 
6-3, and 6-4) for simplification. These curves show 
considerable scatter even though every attempt was 
made to keep flows of cooling water and other variables 
constant. Runs 8 and 9 were chosen as standard 
reference runs for comparison with experiments using 
split flow. 
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R u n  N o .  

3 

4 

6 

7 

8 

9 

1 0  

35 

38 

39 

43 

TABLE I11 
COMPOSITION OF STANDARD SCALING RUNS 

Run D a t e  R u n  T i m e ,  hrs. 

12/9/76 52 

12/14/76 23 

28 2/ 1 O/ 7 6 

3/2/77 5 

3/3/77 26 

3/9/77 39 

3/30/77 16 

11/2/77 10 

12/14/77 38 

12/21/77 47 

1/24/78 6.6 

T D S ,  ppm 

50,000 

33,000 

28,000 

26,000 

26,000 

45,000 

50,000 

30,000 

30,000 

30 000 

34,000 

Ca, ppm 

N o n e  

N o n e  

58 

34 

34 

24 

20 

34 

32 

32 

24 

S i 0 2 ,  ppm 

350 

500 

400 

300 

300 

400 

400 

400 

415 

400 

360 

C O 2 ,  ppm 

700 

1000 

800 

600 

600 

800 

800 

800 

830 

800 

7 20 

PH 
8.1 

8.7 

6.0 

6.9 

6.9 

7.1 

7.1 

7 .O 

7.8 

8.6 

6 .5  

Flow, ppm 
Main Mini R e m a r k s  

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

- 
1.6  

1 . 6  

1 . 6  

1.6 

1 .6  

1.6 

1 .6  

2.6 

2.6 

2.6 

2.6 
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Increasing the flow through the mini-exchangers to 
2.6 gpm by eliminating the main exchanger from the 
system required a new standard reference run. This 
was Run Number 35. These three curves, one for 
each mini-exchanger are plotted in the Figure 7 
series and were used as reference curves for ex- 
periments where this flow system was employed. 

It was believed that calcium content would be 
important to scaling on the basis that calcium 
carbonate solids would tend to seed the formation 
of silica scale. Runs 3 and 4 were made with the 
silica, 350 ppm and 500 ppm respectively, added 
along with corresponding amounts of carbonate but 
with no calcium ions present. Results of these 
runs are compared with standard runs 9 and 10 in 
kbe Figure 8 series. These data indicate the 
possibility, but do not definitely prove, that 
calcium does enhance the silica scaling. 

This concept was pursued at a later date using the 
mini-exchangers only. These experiments involved 
adding ethylene diamine tetraacetic acid (EDTA) as 
the sodium salt at concentrations calculated to 
exceed by 10% in Run 38 and 50% in Run 39 all 
chelateable cations in the solution as determined 
by EDTA titration for total hardness. 
tie up the calcium and prevent precipitation of 
calcium carbonate seed particles. Results of these 
experiments are plotted in the Figure 9 series. 

This should 

The most noticeable effect of chelating calcium and 
other ions with EDTA was to prolong the run time 
apparently by preventing plugging and high pressure 
shutdown which normally was the limiting factor. 
Heat exchange also appeared to have been improved. 
These experiments taken with the previously described 
experiments using no calcium addition tend to 
support the calcium carbonate seeding theory. 
Though scale still formed in both cases, it was 
less severe in the absence of calcium ions even at 
the very low, 20-30 ppm, levels used in the standard 
scaling runs. 

The nature of the scale formed has a significant 
effect on the validity of the experimental results. 
Unfortunately, firmly adhering, hard scale was not 
obtainable under these temperature and run time 
limitations. The actual scale was a whitish-grey 
hydrous solid adhering very loosely to the heat 

n 
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exchange surfaces. However, it was evenly dis- 
tributed, indicating that it was not being formed 
by settling of a precipitate. Figure 10 is a 
photograph of a typical.scale taken at lOOOx en- 
largement. No differences were observed in photo- 
graphs of scale formed from standard and those 
without calcium added or with various additives 
tested. 

Composition of the scale was investigated. The 
primary component was always amorphous silica. 
Calcium as the carbonate was present in the 3-5% 
range in the typical run. Significant amounts of 
magnesium, probably from the salt dome brine were 
found. Other elements were present in trace amounts, 
generally less than 25 ppm. 

A study was performed on scale distribution and its 
composition as cooling progressed down the mini- 
exchanger. This run, Number 4 8 ,  was made with 
aluminum tubes to facilitate tube sectioning. The 
brine composition was 33,000 ppm TDS with 21 ppm 
calcium, 400 ppm silica and 800 ppm carbonate as 
C O a .  The upper left-hand tube and the lower right- 
hand tubes of all three exchangers were cut into 7- 
inch sections, air dried at 50% relative humidity 
for 100 hours, weighed, cleaned and then reweighed 
to determine the scale distribution down the exchanger 
series. The recovered scales were analyzed to 
study composition changes. Figure 11 is a plot of 
the weight versus distance down the system. Table IV. 
is the results of the analyses. It was necessary 
to combine scale from sections to obtain enough 
sample for analysis. It also should be noted that 
these samples could not be washed to remove super- 
natent brine without disturbing the scale distribution 
so sodium chloride is a significant portion of the 
so l ids .  

The distribution shows high scale deposition in the 
first exchanger decreasing down to an almost constant 
rate in the third exchanger. 

The analyses showed definite trends relative to 
silica and calcium content. The silica tended to 
increase down the tube system whereas the calcium 
followed a reverse trend apparently tending to form 
predominently in the'hotter portion of the exchanger. 
Magnesium followed the same trend as the calcium. 
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Figure 10. Photograph of typical scale formed in the mini- 
exchangers taken at lOOOx magnification. 

30 



.d 
a a, 
l-i 

m
 

i: k
rl 

*
4

 a
 a, 

E
l

k
 

1
b

l
 

rl -4
 0
 

4
 

4
-
3

 

.. 
0

’0
 

z
z

 
a

la
, 

.Q
.Q

 
1
1
 

B
B

 
0

0
 

i I 

i 
0
 i 

l \ 
0
 0

 

A
Y

 

0
 r
/
 

c
 

rb u 
m

 

31 



W 
N 

TABLE IV 
ANALYSIS OF SCALE FROM SECTIONED TUBES OF RUN NO. 48 

USING KENICS MIXER IN TUBE NO. 4 

Tube No. 1 

Exchanger No. 1 
0-14" 

Exchanger No. 2 Exchanger No. 3 
0-28'' 2 8 'I - 5 6 0-56" 

%Si02 37.3 53.5 54.2 54.6 Sample Test 58.7 

%Ca 7.6 5.0 3.8 3.4 Sample Test 1.5 

%Mg 5.1 2.7 2.0 0.6 Sample Test 0.5 

%Na 4.3 6.2 7.8 8.3 Sample Test 4.6 

%C 1 6.0 7.6 9.8 12.4 Sample Test Insuff. Sample 

%Si02 41.6 

%C a 7.4 

% M g  5.1 

%Na 4.1 

%C 1 5.7 

Tube No. 4 

56.0 

5.1 

2.1 

6.1 

8.3 

58.0 59.0 

4.1 2.7 

2.1 0.5 

7.0 10.0 

9.2 14.2 

59.4 

3.1 

1.8 

6.8 

Insuff. Sample 

62.0 

1.4 

0.3 

8.7 

11.7 



Since the scale distribution showed the rate of 
scale formation to be much higher in the first 
exchanger, the calcium apparently drops out very 
early in the hotter section. 

D. Testing of Scale Control Additives 

Prevention of general water hardness scale by the 
addition of trace additives has long been practiced 
in heat exchangers of various types. Numerous add- 
itives, primarily organic surface active agents and 
phosphate derivatives, are marketed for this applica- 
tion. These are particularly effective for calcium 
carbonate, magnesium hydroxide and iron oxide scaling. 

Numerous companies marketing these products were 
contacted and asked to submit samples for screening 
in this project. The samples received were tested 
at the addition levels recommended. Samples tested 
and conditions of the test are listed in Table V. 
Data from these runs may be found in Appendix A. 
Curves of the heat exchange coefficients are shown 
in Figures 12 through 17 where the heat exchanger 
series are plotted along with the appropriate 
standard scaling runs. 

Generally, all the additives seemed to give better 
heat exchange coefficients for short times. However, 
only two, Calgon-165 and Dequest 2 0 6 0  had any lasting 
effect. These two, shown in Figure 14 and Figure 17, 
did appear to effect scaling tendency throughout the 
runs. Both were recommended at the 10 ppm level. 
Runs were made at or near this level and then at 
approximately twice the recommended level of addition. 
Both additives gave better results at the recommended 
levels. These two additives deserve further investiga- 
tion in actual geothermal brine systems. No conclusions 
can be drawn as to how these inhibitors are functioning 
but it is assumed that the primary action is related to 
inhibition of calcium carbonate scaling. Energy dis- 
persive X-ray analysis scans of the scales formed by 
these runs were identical to those of the standard 
runs. This indicates no effect on scale composition 
resulted from the additives. 

E. Electrostatic and Electromagnetic Instruments 

Attempts were made to test an el'ectronic water treater 
manufactured by Progressive Equipment Corporation of 
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TABLE V 
SCALE CONTROL ADDITIVES TESTED 

Additive 

Betz 403 

Hercules AF-504 

Belgard E.V. 

DOW Corning 
S i 1 icona te 

Calgon CL-165 

Calgon CL-165 

Calgon CL-165 

W 
A 

Ammonium Bifluoride 

Methylene Sulfonic 
Acid 

Polyethyleneamine- 
18-Itaconic Acid 

Thermosal APS 

Dequest 2060 

Dequest 2060 

Added, ppm Run No. Run Time, hrs. 

90 

20 

20 

20 

13 

25 

12 

32 

25 

12 

13 

10 

20 

11 

12 

13 

14 

20 

23 

27 

21 

22 

26 

52 

53 

54 

24 

23 

7.5 

37 

53 

42 

12 

24 

10 

23 

20 

28 

23 

pH 

7.1 

7.0 

6.8 

6.8 

6.9 

7.0 

6.9 

6.9 

7.0 

6.8 

6.9 

6.7 

6.7 

TDS, ppm 

31 , 000 

32,000 

31 , 000 

31,000 

30 , 000 

31,000 

33 , 000 

32 , 000 

30 , 000 

29 , 000 

Calcium, ppm 

22 

28 

21 

21 

20 

22 

20 

20 

22 

20 

30,000 24 

32,000 25 

32 , 000 25 

Silica, ppm 

445 

420 

420 

420 

410 

500 

420 

425 

440 

420 

Carbonate, ppm 

890 

840 

840 

840 

820 

1000 

840 

850 

880 

840 

400 800 

400 800 

400 8’00 
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Erie, Pennsylvania. This instrument has been pre- 
viously described. It was installed in the simulated 
geothermal brine flow line just prior to the point 
of division of the flow to the two heat exchange 
systems. 

Run Number 15 was intended to test this piece of 
equipment. The control assembly included a red 
light to indicate malfunction due to shorting 
between the electrodes. After a few minutes of 
operation at 350'F the light indicated a short 
had occurred so the run was terminated. Consulta- 
tion with the supplier resuited in this unit being 
replaced by a similar type but stated to have 
higher operating temperature limits. The new unit 
gave the same short signal as soon as the flow 
reached full temperature. No solution to this 
problem was forthcoming so attempts to test this 
equipment were abandoned. 

A second type of "black box" instrument was purchased 
from Electronic Water Conditioners, Inc. of Miami, 
Florida. This device, previously described, was 
reported to operate on an electromagnetic principle 
using a rotating magnetic field. The trade name was 
Electro-Mag. 

Run Number 37 was a standard scaling run designed to 
test this apparatus. Results of this run compared 
to the standard Run Number 35 are shown in the 
Figure 18 series. Inspection of the curves indicates 
no effect on the heat exchange values and visual 
inspection of the tubes indicates typical scale 
formation. No further work was done in this area. 

F. Scale Control by Prevention of CaCOs Formation by 
COa Overpressure in the Main Exchanger 

This approach was undertaken as described in the 
Technical Approach section. A standard scaling 
brine was used with 33,000 TDS, 22 ppm calcium, 
410 ppm silica and 820 ppm carbonate. The main 
heat exchanger was operated at 80% of full with 
a 150 psig carbon dioxide pad above the brine 
level. Runs numbered 16 and 17 were the experi- 
ments of this nature. As the runs progressed, a 
considerable carbon dioxide demand was noted in 
both runs indicating the gas was dissolving into 
the brines. A check of pH showed this to be the 
case as the pH, initially 7.0, fell to the 5 . 5  to 
6.0 pH unit region. 
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, 

Theexeat exchange values for the main exchanger 
only for these runs is plotted in Figure 19 and 
compared with the results of Standard Runs 8 and 
9 .  Little or no scaling is indicated. Visual 
inspection of the tube bundle following each of 
the runs confirmed a non-scaling condition existed 
in the main exchanger while copious scaling occurred 
in the uneffected mini-exchangers. 

These runs were successful scale prevention runs. 
However, it is believed that the carbon dioxide 
simply acted as an acidic gas to lower the pH 
which prevented not only calcium carbonate forma- 
tion but also shifted the silica polymerization 
equilibrium toward the soluable monomer form and 
thus prevented silica scaling by that mechanism. 
This suggested pH control with the hydrochloric 
acid injection as a possible scale prevention tech- 
nique. Experiments of this type are described below. 

G. Scale Control by Acidification with Sydrochloric 
Acid Injection 

Runs were made using standard scaling conditions 
but adjusting the hydrochloric acid pump to give 
pH values of 5.0 and 6.0 to compare with the 
Standard Run Number 35, which was made at pH 7.0. 
The results of these runs, Numbers 32 and 33, along 
with Number 35 are plotted in the Figure 20 series. 

Lowered pH did indeed do a good job of preventing 
scaling in this system. A few streaks of solids 
were found in the first mini-exchanger tubes but the 
tubes in the second and third exchangers were clean. 
This suggests that acidification could be a viable 
means of preventing scaling in geothermal systems 
where the scale forming elements are calcium carbonate 
and silica. 

H. Prevention of Scaling by Seeding with Calcium Sulfate 

This method was based on the concept that copious 
seeding would tend to promote formation of very 
small silica and other particles in the body of the 
water and that these particles would be swept 
through the system without adhering to the surfaces. 
The seeding material chosen was calcium sulfate. 
These particles, due to inverse solubility, could be 
redissolved in the cooled brine thus preventing 
down-stream solids problems. The calcium level was 

A 
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8 
chosen at 2 0  ppm as in the standard scaling composition. 
A sulfate addition of 2 4  ppm was calculated to give 
calcium sulfate precipitation in the hot brine and 
redissolution after cooling. 

The results of this run are shown in the Figure 21 
series. No effect on scaling was observed in terms 
of heat exchange characteristics, although some 
slight improvement was noted in the main exchanger. 
Examination of the exchanger revealed typical scale 
formation. The scale, analyzed by energy dispersive 
X-ray scanning showed the usual composition. No 
sulfate was detected indicating the calcium sulfate 
redissolved or did not scale. This method was 
apparently ineffective in scale prevention. 

Effect of Turbulent Flow on Scale Formation 

Several experinents were performed at the request 
of the Los Alamos Scientific Laboratory for their 
computerized modeling of scaling variables. 
of the most informative experiments involved intro- 
duction of turbulence into one of the four tubes of 
the Number One mini-exchanger to whsh away the 
amorphous scale. 

A Static Mixer@ for this purpose was designed by 
Kenics Corporhtion. It consisted of a 40-element 
bundle 4 8  inches long constructed of 304 stainless 
steel and precision ground to fit inside a 3/4-inch 
O.D. x 0.035-inch wall heat exchanger tube. This 
mixer was installed in the lower right-hand tube of 
the first mini-exchanger. 

I. 

One 

A non-scaling brine-only run, Number 45 and a standard 
scaling run, Number 4 6 ,  was made to test the effect 
of turbulence. The heat exchange values of the Kenics 
mixer tube, Tube Number 4 ,  and the average of that of 
the other three tubes is compared in Figure 2 2 .  The 
turbulence increased the coefficient of heat exchange 
on the blank run from an average of 150 to 275 
Btu/hr.ft?FO. However, the scaling run showed little 
or no effect due to the turbulence in Tube 4 with 
the heat transfer decaying rapidly in both cases. 
This indicated that the scale is of such nature that 
higher flow rates would have little effect on scaling 
tendency. 

V. General Conclusions 

Suppression of scaling in heat exchange systems using 
simulated geothermal brine at 35OOF has been studied 
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by methods consisting of commercial scale prevention 
additives, carbon dioxide overpressure in the exchanger, 
pre-seeding with calcium sulfate nuclei and electrical or 
magnetic scale prevention devices. Effectiveness was based 
on decay of heat exchange coefficient with time. 

The nature of scale formed from the simulated brine was 
essentially a hydrous silica with low levels of calcium 
carbonate and traces of magnesium and iron compounds. 
This scale was equally distributed on the tube surface 
but was not adhering and was easily removed by flushing 
with a low pressure water nose. 

Of the ten additives tested, two appeared to have a signi- 
ficant effect on scale formation. These were Calgon CL-165 
and Monsanto Dequest 2060. These additives are reported 
to primarily prevent calcium carbonate scaling. Their 
effect was to decrease the heat exchange decay rate but 
capius scale still formed. Further testing in actual 
geothermal water would, however, appear to be justified. 

Overpressure with carbon dioxide above the simulated 
geothermal brine in the exchanger to prevent decomposition 
of biocarbonate ions to form carbonate ion and thus 
precipitate calcium carbonate was very successful in 
preventing scaling. However, the primary action of the 
carbon dioxide appeared to be the lowering of the pH 
of the brine from pH 7 to pH 5 to 6 through the adsorption 
of the carbon dioxide. 

This suggested acidification with acid. Trials of this 
concept using hydrochloric acid confirmed that, at least 
in this system, scale did not form in either type exchanger 
at pH values below pH 6. However, since geothermal waters 
are highly buffered, acid addition does not appear to be an 
economic way of controlling scale. Also, serious 
corrosion problems would result at this pH range. 

Attempts to control scaling using electrical and magnetic 
devices were unsuccessful. The electrical device failed 
in operation and scaling was uneffected by the magnetic 
device tested. 

Seeding with calcium sulfate nuclei gave no discernable 
scale control. Increasing turbulence in an exchanger tube 
containing the flowing brine stream increased heat exchange 
rate but did not decrease the scale formation rate. 

The result of this work indicates that scaling can be 
controlled by acidification to pH 6 or lower. Two addi- 
tives, Calgon CL-165 and Monsanto Dequest 2060, showed 
promise of having some scale control properties but fell 
short of the desired degree of control. These two additi 
do warrant further testing in actual geothermal waters. 
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I k i :  I5 1nf IWrUl D A T A  FUR l l l f  fIOS1 RUN 
11115 R U N  s i m i f o  o c i u i f R  20. 1976 
I H E  C O W I I I O M S  or inis ku* u w l  

A. Sl)lIWIIY t 30,000 PPI I  I O T I L  D l S S O L U E D  SOLIDS 
Y .  C A L C I U M  I NONE 
C. S I L I C A  I 375 PPN 

E .  P n  I 10.2 
1. A D D I T I V E  1 N O N E  

1 ,  L L V E L  I Y D M  

D. c . m o n f i i E l  750 PPM 

G. OTHER I NO I N S U L A T I O N  ON THE R I N I  E X C H I N B E R S  

T I M E  
HOURS 

.oo 
1 -58 
2.35 
3.0s 
5.85 

18.17 
20.17 
21 .57 
23.17 
24.57 
26.38 
35.00 

I N  
320.0 
322.5' 
324.5 
322.0 
326.0 
325.0 
329.5 
329.0 
331.0 
331 .O 
313.0 
326.0 

IN 
184.5 
190.5 
193.5 
193.0 
195.0 
204.5 
211.0 
211.0 
212.0 
215.0 
216.0 
213.0 

IUBE 1 
6AGE 

7.1 
7.2 
7.2 
7.1 
7.2 
7.1 
7.1 
7.1 
7.2 
7.3 
7.4 
7.6 

E X C H A N G E R  
OUT I N  

227.5 323.0 
233.0 325.0 
236.0 327.0 
234.0 325.0 
240.0 329.0 
247.5 327.0 
252.0 330.0 
253.0 331.0 
253.0 331.0 
255.0 332.0 
255.0 333.0 
250.0 328.0 

EXtHAd6ER 

147.5 182.0 
154.5 187.5 
157.0 191.0 
157.0 190.0 
160.5 194.0 
170.0 203.5 
175.0 209.0 
179.0 211.0 
179.0 211.0 
183.0 215.0 
184.0 216.0 
181.0 213.0 

our IN 

F L O Y S  
TUBE 2 TUBE 3 

SAGE 6A6E 
7. I 7.1 
7.1 7.2 
7.2 7.2 
7.2 7.1 
7.2 , 7 .3  
7.1 7.2 
7. 1 7; I 
7.2 7.2 
1 . 3  7.2 
7.3 7.3 
7.5 7.4 
7.7 7.6 

N U N K R  1 
OUT 

228.0 
232.0 
233.0 
235.0 
238.0 
244.0 
250.0 
250.0 
252.0 
253.0 
253.0 
249.0 

HUHBER 3 
OUT 

149.0 
155.0 
158.5 
158.5 
161 .O 
172.0 
177.0 
179.0 
183.0 
184.0 
181.0 
183.0 

TEMPS I N  
I N  

320.0 
322.5 
324.5 
322.0 
326.5 
324.5 
328.0 
329.0 
331.0 
332.0 
333.0 
328.0 

TEMPS IN 
IN 

176.0 
184.0 
187.0 
186.S 
190.5 
200.0 
205.0 
207.0 
209.0 
211.0 
213.0 
213.0 

TUBE 4 
&AGE 
7.1 
1.2 
7.2 
7.2 
7.2 
7.1 
7.1 
7.1 
7.3 
7.2 
7.4 
7.6 

O E G .  F  
OUT 

238.0 
244.0 
247.0 
244.0 
249.0 
251 .o 
255.0 
256.0 
257.0 
259.0 
241.0 
260.0 

DE6. F 
O U T  

147.0 
153.5 
156.0 
154.5 
159.5 
168.0 
172.0 
176.0 
178.0 
181.0 
183.0 
183.0 

COOL H20 
G A L L O N S  

3. 
1. 
1. 
3. 
1. 
3.  
3. 
3. 
3. 
3. 
3. 
1. 

I N  
320.0 
322.0 
324.S 
322.0 
326.0 
325.0 
328.0 
329.0 
331.0 
331.0 
333.0 
326.0 

IN 
172.5 
181.0 
184.0 
184.5 
178.0 
199.5 
205.0 
207.0 
209.0 
210.0 
213.0 
211.0 

RESULTS FROM THE F I R S 1  RUN 
T H I S  RUN S T A R T E D  O C T O B E R  20, 1974 
T H E  C O N D I T I O N S  OF inis RUN uEREI  

A .  S A L I N I T Y  I 30,000 P P M  TOTAL DISSOLVED S O L I D S  
B. C A L C I U M  I NONE 
C. S I L I C A  I 375 P P M  
D. C A R D O N A T E :  750 PPM 
E. pn t 10.2 
F .  ADBITIVE I NONE 

1. L E V E L  I N O N E  
0. OTHER I N O  INSULAIIOW OH THE M I N I  EXCH~N6ERS 

C O O L  H20 
L l / N R  
2266.0 
2265.1 
2264.8 
2265.3 
2193.2 
2?3A. 2 
2235. I 
2381 .S 
2416.7 
2490.1 
2S33.7 
2530.3 

TUBE1 
L W H R  
166.6 
147.6 
147.4 
168.8 
168.0 
165. t 
165.2 
165.9 
147.4 
168.1 
172.5 
175.9 

F L O U R A T E S  
TUBE2 
L B m R  
144.3 
16A.2 
146.3 
167.b 
168.0 
164.9 
IA5.6 
167.4 
163.8 
168.7 
175.5 
178.3 

lUBE1 

161.5 
I 4 E . I  
167.9 
169.7 
169.4 
166.5 
1611.3 
I 4 4 . E  
lb7.4 
168.7 
172.5 
176.k 

w n u  
TUN.4 
LB/HR , 
114.3 
167.2 
167.0 
168.1 
168.2 ' 

164.6 
164.4 
165.9 
168. I 
167.4 
172.5 
175.7 

OUT 
243.0 
246.5 
249.0 
247.5 
250.0 
253.0 
258.0 
259.0 
259.0 
261 .O 
262.0 
260.0 

OUT 
148.0 
154.0 
1S.O 
157.5 
162.0 
170.0 
175.0 
178.0 
180.0 
183.0 
184.0 
183.0 

T l M E  
HOURS 

.oo 
1 .58 
2.35 
3.05 
5.85 

18.17 
20.17 
21.S7 
23.17 
24.57 
26.38 
15.00 

C O D L I N G  YATER T E l P E R A l U R E S  IN DEO. 
E X C H  I E X c n  2 

Ill OUT I N  OUT 
86.0 107.5 7S.O 66.0 
69.0 109.0 77.0 89.0 
8 9 . 0  110.0 77.5 89.0 
89.0 109.0 77.5 89.0 
83.0 104.0 72.0 83.0 
73.0 91 .O 64.0 73.0 
76.5 93.5 67.0 ?6.5 
81.0 99.0 71 .O 81 .o 
85.0 101.0 75.0 85.0 
87.0 105.0 77.0 87.0 
88.0 107.0 79.0 88.0 
80.0 99.0 72.0 80.0 

F  
txcn 3 

IN OUT 
67.5 75.0 
70.5 77.0 
70.5 77.5 
?O.S 77.5 
a5.5 72.0 
58.0 64.0 
61 .O 67.0 
65.0 71.0 
69.0 75.0 
71.0 77.0 
72.0 79.0 
67.0 72.0 

I n  
227.5 
233.0 
236.0 
236.0 
240.0 
247.5 
252.0 
253.0 
253.0 
255.0 
255.0 
250.0 

E X C H A N G E R  N U M B E R  2 T E H P S  IN 
OUT I N  OUT IN 

184.5 228.0 182.0 238.0 
190.5 232.0 187.5 244.0 
193.5 233.0 191.0  247.0 
193.0 235.0 190.0 244.0 
195.0 238.0 194.0 249.0 
204.5 244.0 203.5 251.0 
211.0 250.0 209.0 255.0 
211.0 250.0 211.0 256.0 
212.0 2S2.0 213.0 257.0 
215.0 253.0 215.0 259.0 
216.0 253.0 214.0 261.0 
213.0 249.0 213.0 260.0 

DES. F 
OUT 

176.0 
184.0 
187.0 
186.5 
190.5 
200.0 
205.0 
207.0 
209.0 
211 .o 
213.0 
213.0 

Ill 
243.0 
246.5 
249.0 
247.5 
250.0 
253.0 
258.0 
259.0 
259.0 
261 .O 
262.0 
240.0 

OUT 
172.5 
181 .o 
184.0 
184.5 
178.0 
19p.5 
205.0 
207.0 
209.0 
210.0 
213.0 
211.0 

TUBE1 

90.4 
84.b 
84.6 
81 .7 
77.5 
42.1 
10.) 
64.4 
b7.6 
67.9 
73.0 
72.3 

M I N I  E X C H A N G E R  NUMBER 1 
O V E R A L L  HEAT TRANSFER C O E F F I C I E N T S  

TUBE2 TUBE3 TUBE4 
BTUIHA. SO.FI. DEG. f 

90.7 76.7 70.3 
87.0 71 .I 68.1 
89.7 71.7 60.0 
84.7 ?2.6 67.9 
82.0 68.4 6A.5 
66.8 58.8 5a.6 
63.0 S4.8 53.7 
69.S 61.6 58.3 
49.3 63.4 41 -6 
71.1 64.5 $1.2 
75.7 66.2 65. 1 
76.0 62.8 A0.P 

AVERAGE 

82.0 
77.9 
78.8 
76.7 
73.6 
4 1 . 1  
58.5 
63.4 
b5.5 
66.2 
70.0 
68.0 

TINE 
h0ur3 . 00 

1.511 
2.35 
3.03 
5.83 

18.17 
20.17 
21.57 
23. I7 
24.57 
26.30 
35.00 
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TUBE1 

s2.1 
s3.2 
S1.4 
s2.s 
40.b 
40.3 
39.0 
41.1 
44.2 
43.8 
42.3 
38.0 

MlNl  E X C W A Y G f P  N U M L I R  ? 
OVERALL M E A 1  l R A N S 6 L O  COLftlClLNTS 

B l U / H R .  S O . f T .  DEG. f 
TUlE2 lUBtl 1U114 bVERAGE 

SS.8 7S.3 85.1 b?.  I 
5b.2 74.9 81.9 b 6 . b  
S I  .5 72.3 70.s 63.4 
5S.S 70 .8  74 .7  63.9 
48.0 63 .1  01.1 b0.2 
30.4 40.s 50.1 44.3 
39.6 40.2 50.1 44.3 
40.9 31.1 s3.3 47.1 
42.4 SI .7 33.0 40.0 
42.0 52.9 55.7 40.6 
40.6 st.0 5Z. I  4b.9 
37.6 47.1 4P.2 43.0 

ling 

1.u 
HOURS 

* 00 

2.3s 
3,OS 
S.8S 

20.17 
21.S7 
23.17 
24.57 
26.38 
lS.00 

10.17 

inis 1 s ' ~ ~  wur  DATA FOR THE FIRST tun 
1118 RUN STl l lED O C l O l f R  20, 1174 
T U  CONDITIONS OF IHIS RUM YhREt 

A. S A L I 1 I T T  I 30,000 FPH I O T A L  PISSOLVED WLIIS 
I. c i i c i u n  I NONE 
E. siiicn I 37s PPM 
#. EARBOHATEI ?SO PPM 
1. rn I 10.2 
F. LBUITSUC I NOWE 

1. L l V t L  : NONE 
0. OTHER a 10 INSULATION 01 TM HINI EXCHAlOERIl 

rImE 
NOUUS . 000 

2. JSO 
L O S O  
1.150 

18.167 
10.147 
21.s47 
23.147 
24.S67 
24.101 
11.000 

i . u a  

W Y E  
INLET 

TEMP 
338.0 
339.1 
341 .O 
339.0 
142.0 
331.0 
341.1 
341.0 
S42.5 
3 4 2 3  
341.) 
339.0 

WINE 
OUTLET 

TEMP 
101.5 
104.1 
105.s 
1Ob.O 
104.0 
lOB.0 
110.5 
112.) 
1lb.O 
117.1 
111.5 
112.0 

RESULTS FROM THE NlIN EXCHAHDER FOR THE FIRST RUN 
lNIS RUM STIRlLD OCTOBER 20, 1976 
TO€ CONDITIONS OF T H I S  RUN UERE: 

A. SALIN171 I 30,000 PPI l O l A L  DISSOLVED SOLIDS 
1. C l L C l U M  I NONE 
C. S I L I C A  37s PPM 
I. CIRIOWITEI ?SO P P I  
E. PH I 10.2 
r. m I T l V E  I NOM 

1. LEVEL : NONE 
8 .  OlMEU I NO INSUAlIOl 01 THE NIHI EXCHLNBERS 

IRIIE 
CLOU 

L W H R  
466.7 
441.7 
461.4 
411.2 
4%) 
46b.4 
((1.2 
4b1.4 
4b1.0 
461.0 
440.1 
471 - 0  

tOOLH2O 
FLOY 

LDIHR 
5857.2 
S877.1 
5876.1 
S876.7 
S0bQ.1 
4281.3 
(127.5 
4138.8 
6191.0 
126S.7 
4242.7 
4252.7 

DRIWt 
FLUX 

l r U / H R  
106390.3 
104630.0 
104792.4 
102733.6 
104791.8 
103922.5 
102000. 0 
IO1 722.6 
100790.4 
1 b0132.4 
1 0 0 8 8 l , 9  
103 140.0 

I U l E l  

b S . 2  
Sb.4 
57.b 
s7.s 
s0.2 
39.9 
40.4 
30 .2  
41.2 
40.S 
44.4 
30.1 

BRINE 
fl0U 
fA8E 
s. 1 
1.0 
s.0 
4.9 
4.9 
1.1 
1.0 
1.0 
1.0 
S.0 
S.0 
1.1 

11111 EXLHANGER Y U N P t Y  1 
OVERALL H f A l  T R A N S I L R  C O E F F I C I E N l S  

IUHE? TUBE3 T U N 4  
I T U I W R .  SO.fl. N O .  F 

s7.4 S2.9 44.9 
S1.I 49.7 44.2 
51 .o so.O 42.4 
so .2  49.7 44.5 
48.1 46.5 24.? 
3b.2 30.1 34.7 
35.9 38.3 34.2 
30.6 38.3 35.3 
37.0 39.1 36.6 
39.2 39.0 34.b 
4l.S 42.3 40.7 
35.9 l s . s  33.2 

coouuo WOLH20 
INLET OUTLET 
itnr TEIP 
40.0 86.0 
70.s 88.0 

70.1 88.5 
6S.S 83.5 
58.0 n.0 
61 .o 7s.S 

49.S 84.0 
71 .S 87.1 
72.s 88.0 
44.0 60.0 

70.5 89.0 

0 . 0  ai .s 

COOLHZU 
FLUX 

ITUIHU 
101210.1 
102646.2 
108490.1 
1OSSb0.4 
1OS271.4 
106675.8 
1071 24.  I 
101 007.1 
101179.7 
1000s0.9 

96568.S 
87342.3 

0UERh.C 
HTC 

BlU/HRSOFTMOF 
137.3 
111 .8 
l S . 5  
130.2 
121.8 
IO1 .5 
102,s 
101.1 
103.1 
102.1 
100.0 
T4.0 

AVERAGE 

55.1 
50.4 
50.4 
50.4 
42.4 
17.1 
57.2 
17.6 
38.5 
38.3 
42.2 
35.b 

COOLH20 
FLOUR ATE 

EAOE 
7.9 
7.9 
7.9 
7.9 
7.9 
1.4 
1.2 
1.2 
#.I 
1.4 
1.4 
1.4 

RUN 
1 l N E  
HOURS 

.oo 
1.58 
2 . 8  
3.05 

11.17 
20.17 
21.57 
23.17 
24.57 
2b.31 
35.00 

5.81 

TIME 
nouns 

0 00 
1 .se 
2.33 
3.05 
5.05 

18.17 
20.17 
21 .S? 
23.17 
24.57 
26.38 
35.00 
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in is IS THE i w u r  FOR THE SECOND RUII 

TIE CONDIIIOYS oc i n i s  nu# UERE: 
l N I S  RUN S T A R l E D  OCIOBLR 27, 1976 

A. SALIMITV I 36,000 PPN TOTAL DISSOLVED SOLIDS 
B. CALCIUN I YONC 

8 .  C A R D O M 4 l E i  HONE 
E. PH I UMKMOUN 
F. A D D I l I V E  I MOW€ 

I. LEVEL I NOME 
6. OTHER 

c. s n i c l i  I YonE 

I NO IWSULAIION OW THE N I M I  EXCHANGERS 

COOLlMO UATER TENPERATURES I N  DEG. F 
ElCY I E X C H  2 E X C H  3 

OUT 
71 .o 
71.0 
70.0 
6h0 
68.0 
65.0 
61.0 
63.0 

T I M E  
HOURS 

.OO 
1.33 
2.S8 
4.33 
9.83 

20.83 
2s.17 
27.33 

TUBE 1 
6AGE 

7.0 
7.0 
7.0. 
7.0 
7.2 
7.4 
7.3 
7.4 

F LOUS 
T U N  2 TUBE 3 
6A6E GAGE 

h.7 h .7 
7.0 7.0 
7.0 7.1 
7.0 7.1 
7.1 7.1 
7.3 7.4 
7.3 7.4 
7.4 7.4 

TUBE 4 
SAGE 

7.3 
7.1 
7.1 
7.1 
7.3 
7.4 
7.4 
7.S 

COOL 120 
64LLONS 

4. 
S. 
5. 
4. 
4.  
4. 
4. 
4. 

--- 
IN 

80.0 
80.0 
80.0 
79.0 
78.0 
75.0 
72.0 
74.0 

011 1 
99.0 
99.0 
99.0 
97.0 
97.0 
93.0 
91 .O 
91.0 

I N  
71 .o 
71 .o 
70.0 
69.0 
h8.0  
b5.0 
h3 .0  
63.0 

OUT 
80.0 
80.0 
80.0 
79.0 
78.0 
75.0 
72.0 
74.0 

IN 
65.0 
h5.0 
65.0 
64.0 
(3 .0  
5 9 . 0  
57.0 
57.0 

IXCHANSER NURSER 1 TERPS IN DEG. F 
OUT 1M OUT I N  OUT 

215.0 32S.0 213.0 125.0 238.0 
217.0 329.0 216.0 328.0 239.0 
i l 8 . 0  329.0 215.0 329.0 239.0 
217.0 327.0 217.0 327.0 239.0 
219.0 321.0 218.0 326.0 241.0 
121.0 323.0 219.0 323.0 244.0 
221.0 324.0 221.0 324.0 24S.O 
224.0 125.0 224.0 325.0 247.0 

EXCHANGER NUNBER 2 TENP3 IN DE6. F 
OUT IN OUT IM OUT 
171.0 211.0 1S9.0 238.0 175.0 
173.0 216.0 163.0 239.0 174.0 
174.0 215.0 163.0 239.0 17S.O 
173.0 217.0 164.0 239.0 174.0 
17S.0 218.0 165.0 241.0 177.0 
177.0 217.0 167.0 244.0 179.0 
177.0 221.0 167.0 245 .0  179.0 
178.0 224.0 1b9.0 247.0 181.0 

I N  
231.0 
235.0 
235.0 
235.0 
237.0 
240.0 
241 .O 
243.0 

OUT 
161.0 
1b5:0 
165.0 
166.0 
168.0 
171.0 
169.0 
171.0 

I M  
325.0 
328.0 
329.0 
327.0 
321.0 
323.0 
324.0 
325.0 

OUT 
231.0 
235.0 
23S.O 
23S.O 
237.0 
240.0 
241.0 
243.0 

IN 
215.0 
217.0 
218.0 
217.0 
219.0 
221 .o 
221.0 
224.0 

I N  
327.0 
32T.O 
329.0 
329.0 
327.0 
324.0 
32S.O 
323.0 

I N  
171 .o 
173.0 
174.0 
171.0 
115.0 
177.0 
177.0 
178.0 

EXCHANGER IURBER 3 I 
OUI I N  OUT 

137.0 'lS9.0 131.0 
137.0 163.0 135.0 
137.0, 141.0 135.0 
137.0 164.0 135.0 
139.0 1 0 . 0  136.0 

138.0 167.0 137.0 
139.0 169.0 119.0 

ia9 .0  167.0 138.0 

IElIPS I N  IJLG. r 
IN OUT 

171.0 139.0 
174.0 138.0 
17S.0 139.0 
174.0 138.0 
177.0 139.0 
179.0 141 .0  
179.0 141.0 
181.0 142.0 

IN 
161 .O 
165.0  
165.0 
lb6 .0  
168.0 
I71 .O 
169.0 
171.0 

OUT 
13S.O 
138.0 
139.0 
138.0 
139.0 
141.0 
141;O 
142.0 

RESULTS FROR THE SECOND RUN 
T H I S  RUM STARTED OCTOBER 27, 1976 
TnE CONBITIONS of THIS RUN WE: 

A. SALINITY 1 3 h , O O O  PPH T O T A L  DISSOLVED SOLIDS 
I. C A L C l U l  I NONE 

P. CARBOWATE; RON€ 
E. PH I UNKYOUN 
C. ADDIT IV t  1 NONE 

6. OTHER I NO INSULATION OW THE NINI EXCHANSERS 

E. s n l c n  I HONE 

1.  LEVEL I HONE . 

FLDURATES 
COOL 1120 T U I E l  TUBE2 TUBE3 TUBE4 

LJ/HR LBIHR lB/HR LB/HR LWHR 
3200.1 1b2.6 lS6.2 151.2 168.5 
3348.9 162.9 162.4 163.0 163.7 
3348.9 163.1 162.7 163.6 lh3.6 
327S.8 162.9 162.6 113.7 lhS.4 

3203.9 171.0 169.9 172.2 173.4 

3272.3 171.1 170.9 172.5 174.1 

327S.8 167.0 166.1 166.1 1 u . s  

3zos.z 1 ~ 9 . 9  168.9 171.0 172.6 

HIMI EXCHANGER w n s m  I 
O V L R A L L  HEAT TRANSFER C O E f F I C I E N T S  

TUBE2 T U B E 3  TUBE4 LVERAGE 

106.8 7h. I 90.8 95.0 
111.3 81.6 86.7 97.4 
112.5 82.4 87.1 97.b 
104.0 77.9 83.3 92.7 
107.2 m . 3  84.1 94 .2  
101.3 72. I 7 7 . 2  87.7 

9S.l (9.1 74.2 83.4 

BTUIHR. S O . f T .  DE6. F 

100.4 72.4 77 .7  88.1 

TrnE 
HOURS 

* 00 
1.33 
2 . N  
4.33 
9.83 

20.83 
2S.17 
27.33 

TUBE1 

109.8 
110.2 
108.b  
105.6 
107.2 
100.1 
101.8 

95.2 

i I R E  
HOURS . 00 

1.33 
2.58 
4.33 

20.83 
9.a3 

2s. I 7  
27.33 

R I N I  EXCHAN6ER NUMBER 2 
bUERALL HEAT TRANSFER COEFFICIEYTS 

B T U I H R .  SO.FT. DEG. f 
TUNE2 TUBE3 TUBE4 AVERAGE 

74.6 73.5 96.8 70.0 
74.6 80.3 92.0 76.4 
77.3 82.9 9h.5 79.5 

75.7 79.9 92.3 77.0 

?SA 80.9 94.1 77.8 

71.9 82.8 93.5 78.2 

71 .I 78.9 88.5 74.1 
h7.7 75.7 8S.8 70.1 

H I M 1  EXCHANGER N U l B E R  3 
OVERALL HEAT TRANSFIR C o E i F i c i E n i s  

TUBE2 TUBE3 TUBE4 IVE9AGE 

60.9 17.9 58.5 64.1 
60 .1  71.9 56.7 (5.4 
54.9 64.9 49.3 19 .2  
S4.8 63.8 52.2 50.7 
53.6 64.9 52.5 58.4 
54.1 (6.6 54.9 60.8 
54.9 65.0 50.6 29.7 
54.3 b4.2 52.0 b0.1 

ITU/HR. S0.fT. DEG. f 
TUBE1 

S8.9 
58.8 
h1.3 
60.4 
59.9 
S7.6 
53. I 
bO.0 

TinE 
HOURS 

.oo 
I .33 

4.33 

20.83 
25.17 
27.33 

2.58 

,.a3 

1UDEl 

69.0 
72.7 
67.7 
64.2 
62.4 
(7.6 
68.1 
(7.7 

TXPE 
HOURS 

. O O  
1.33 
2.:9 
4.33 

20.83 
2s. I 7  
27.33 

1.83 
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i n i s  1s rnt INPUI DhlA f O R  i n €  SECOND RUN 
7WlS RUM SlAUIED JClOBLR 17, 19’6 
TI f  CONDIllONS O f  THIS RUN YEREl  

4. S ~ L I I I T Y  I 16,000 PPli TDTAL DlSbMVZD SOLIDS 

E. SILICA I NONE 
B. CARBOIAlEi N O H E  
f .  PH I UNUNOUI 
f .  ADDITIVE I NONE 

1. LCVCL I NOME 
0. OTHER I NO INSULATION ON THE M I l X  EXCHAWGLRS 

I. cALcIun I #ONE 

l l M E  
YOUUS 
,000 
1.313 
1.193 
4.333 
1.1111 
20.831 
1S.lb7 
17.333 

IRIWB 
I NLfT 
TEMP 

33b.S 
339.s 
340.0 
318.0 
336. S 
333.0 
334.0 
333.S 

IRINE 

T L H I  
121.0 
121.0 
121.0 
121.0 
104.0 
94.0 
88.0 
89.S 

OUTLf 1. 
U l W L  

fL0U 
6AOC 
s.1 
s.0 
S.0 
3.0 
s.0 
L O  
4.9 
4.9 

m a ~ 2 0  cooLn2u 
lYLEl OUTLET 
ifnr tEYP 
bS.S 87.5 
65.0 17.0 
bS.0 86.S 
b4.0 86.0 
b2.3 8s. 0 
59.5 82.) 
S7.0 80.S 
S7.0 81 .s 

RCSULTS FROM THE HAIN EXCHANBER VOR THZ SECOND RUN 
T l l S  RUM STARIEB OCTOBER 27, 1976 
Tiif COYDITIONS Of THIS RUN U C R E I  

h .  SAlIWIll I 36,000 PPM IOTA(. EISSOLYED SOLIDS 
1. CALCIUl I NOWE 
C. S IL ICA I IIOHE 
b. c m o n n r E :  NONE 
1. CH I UWKNOUN 
r. m i i I v f  I Ron€ 

1. LEVEL I N O M  
$. OTHER I NO INSULATION OH THE HIMI  EXCHhMERS 

IRINL 
FLOY 

LIIHR 
471.4 
461 .? 
4hI.b 
462.0 
((2.4 
463.1 
4S8.3 
418.4 

COOLH2O 
FLOU 

LBIHR 
447s.s 
4476.0 
4476.4 
4476.9 

4480.0 
4466.8 
4490.9 

447%7 

8. OTNEU 

T I M E  
HOURS 

.oo 
1.33 
2.60 
4.42 
5.08 

13.32 
14.bO 
15.35 
21.35 
22.52 
24.03 
2S.30 
17.57 
28.48 
29.40’ 
33.s2 
34.52 
49.48 
50.35 
51.17 
52,SS 

t 

TUSE 1 
GAB€ 
7.4 
7.b . 
7.4 
7.4 
7.5 
7.b 
7.4 
7.f 
7.6 
7.7 
7.b 
7.6 
7 .7 
7.7 
7.7 
7.7 
7.7 
7.5 
7.7 
7.7 
7.S 

TUBE 2 
GAGE 
7.4 
7.6 
7.4 
7.5 
7.5 
7.6 
7.4 
7.5 
7.6 
7.9 
7.7 
7.7 
8.0 
7.8 
7.7 
7.7 
7.7 
7.5 
7.7 
7.8 
7.3 

TUB€ 3 
AGE 
7.4 
7.6 
7.4 
7.5 
7.1 
7.6 
7 . h  
7.6 
7.6 
7.7 
7.8 
7.7 
8. I 
7.9 
7.8 
7.3 
7.8 
7.5 

7.9 
7.1 

7.8 

lUBE 4 
GA6E 
7.4 
7.6 
7.4 
7.5 
7.h 
7.6 
7.3 
7.1 
7.7 
7.8 
7.8 
7.8 
8. I 

7.8 
7.9 
7.8 
7.6 
7.7 
7.8 
7.5 

7.8 

BRINE 
FLUX 

8 W H R  
980T3.0 
98141.4 
98347.8 
96777.6 
103445. t 
106433.1 
108S71.7 
10772I. T 

m 
COOL H20 
GALLONS 

1 4 ,  
13. 
13. 

8 .  
8. 
8. 
8. 
8. 
8. 
8. 
8. 

8. 
9 .  
8. 
8. 
a. 
8. 
8. 
9. 
8. 

a .  

cooLu20 
FLUX 

I W H R  
98264.3 
98274 .O 
96050.1 
98293.7 
100547.7 
102936.3 
104865.1 
109671.4 

OMRAU 
n i c  

BTWHUSPFTDEOF 
77.8 
76.0 
7s.4 
73.S 
98.9 

120.3 
138.2 
138.7 

COOLING UhTER IEt lPERATURES IN J E B .  
EXCH 1 E m  2 

I N  our I N  OUT 
71.0 83.0 66.0 71 .O 
73.0 85.0 67.0 73.0 
74.0 85.0 69.0 74.0 
74.0 8f .0  69.0 74.5 
71.b 81.0 67.0 73.0 
70.0 81.0 64.0 70.0 

71 .o 81 .o 64.0 71 .O 
71.0 81 .0 63.0 71.0 
73.0 83.0 67.0 73.0 
75.0 81.0 60.0 75.0 
76.0 BS.0 b 9 . 0  76.0 
77.0 85.0 6 9 . 0  77.0 
75.5 84.3 b9.2 7S.0 
74.0 83.0 0.0 74.0 
73.0 8 2 . 5  6?.0 73.0 
73.0 82.3 67.0 73.0 
67.0 75.0 6 1 . 0  67.0 
65.0 72.0 59.0 65.0 
69.0 73.0 61 .O 69.0 
67.0 74.0 61 .O (7.0 

70.0 80.0 64.0 70.0 

COOLH2O 
FLOUR ATE 

6.0 
6.0 
6.0 
6.0 
6.0 
b.0 
6.0 
b.0 

m a  

RUN 
TIME 
HOURS 

.PO 
1.33 
2.58 
4.33 
9.83 
20.83 
25-17 
27.33 

n 

F 
’ LXCN 3 

I N  ou: 
63.0 hb 
b4.0 67 
65.0 b9 
65.0 b P  
63.0 67 
59.0 64 
5 9 . 0  64 
59.0 44 
61.8 bS 
63.0 67 
64.0 68 
66.0 bV 
(5.0 49 
b5.0 68 
63.0 
63.0 
62.0 
J7.0 
56.0 55 
56.0 61 
57.0 & I  
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IN 
331.0 

, 132.0 
334.0 
333.0 
3S4.0 
334.0 
334.0 
334.0 
315.0 
135.0 
334.0 
335.0 
335.0 
335.0 
336.0 
335.0 
335.0 
335.0 
326.0 
331 .O  
310.0 

IN 
175.0 
178.0 
I 81 .o 
182.0 
183.0 
187.0 
188.0 
189.0 
191.0 
193.0 
194.0 
19S.O 
197.0 
198.0 
198.0 
196.0 
200.0 
21s.0 
207.0 
213.0 
215.0 

EXCHANGER N W E E R  I TEllPS IN DEG. F 
OUT I N  OUT I N  OUT 

232.0 331.0 224.0 131.0 246.0 
227.0 332.0 227.0 332.0 259.0 
230.0 135.0 231 .0  J33.0 252.0 
231.0 332.0 232.0 333.0 253.0 
233.0 333.0 231.0 333.0 254.0 
239.0 333.0 240.0 133.0 260.0 
240.0 319.0 241.0 334.0 261.0 
241.0 314.0 242.0 134.0 262.0 
245.0 334.0 245.0 334.0 266.0 
246.0 334.0 247.0 334.0 267.0 
247.0 333.0 248.0 133.0 267.0 
249.0 334.0 249.0 334.0 268.0 
250.0 334.0 250.0 335.0 269.0 
251.0 334.0 231.0 314.0 269.0 
2Sl.O 335.0 251.0 335.0 270.0 
2S1.0 333.0 253.0 333.0 269.0 
257.0 135.0 255.0 335.0 271.0 
263.0 333.0 264.0 333.0 275.0 
255.0 322.0 255.0 326.0 268.0 
262.0 331.0 263.0 332.0 273.0 
263.0 129.0 264.0 329.0 273.0 

OUT I N  OUT I N  OUT 
139.0 171.0 140.0 184.0 145.0 
143.0 1 7 5 . 0  143.0 189.0 149.0 

145.0 180.0 145.0 193.0 152.0 

149.0 185.0 149.0 199.0 157.0 
148.0 186.0 150.0 199.0 157.0 

151.0 189.0 153.0 204.0 161.0 
1S3.0 190.0 154.0 205.0 163.0 
154.0 192.0 155.0 206.0 163.0 
15S.O 193.0 157.0 207.0 161.0 
156.0 195.0 1S9.0 208.0 167.0 
157.0 196.0 158.0 209.0 166.0 
156.0 197.0 159.0 210.0 167.0 
IS5.0 193.0 157.0 209.0 165 .0  
156.0 199.0 158.0 211.0 168.0 
165.0 215.0 171.0 225.0 101.0 
163.0 206.0 165.0 217.0 176.0 
167.0 215.0 171.0 224.0 181.0 
170.0 215.0 173.0 225.0 183.0 

EXCHANGER HUMBER 3 TEMPS II D E G .  F 

145.0 178.0 145.0 192.0 151.0 

145.0 180.0 146.0 193.0 152.0 

149.0 186.0 i s 1 . 0  201.0 158.0  

RESULTS FRO# THE THIRD RUH 
TNIS R U N  S T A R T E D  DECEMBER 9, 1976 
THE CONDITIONS Of T H I S  R U N  ULRE: 

1. S A L I N I T Y  : 50.000 PPil fOTAL DISSOLVED SOLIDS 
J. CaLCIuR : NOHE 
C. SILICA I 350 PPM 
D. CAR0OnAlE: 700 PPI( 
E. PH : 8.1 
F. ADDITIVE I NONE 

I .  LEVEL : NONE 
8. OIHCR 

COOL H20 
LBIHR 

10123.7 
9s97.3 
9?46.6 
5970.3 
5971 .1 
6012.4 
5976.3 
597S.1 
6124.3 
6010.0 
6010.0 
6030.0 
6007.6 
6703.0 
6010.0 
6063.5 
bOb3.5 
6094.4 
6113.0 
6111.8 
6110.6 

I 

FLOURI\TES 
TUSEI TUBE2 
LB/HR LO/HR 
171.5 171,s 
174.9 174.9 
170.8 171.6 
172.3 173.3 
171.5 174.1 
17S.9 177.2 
171.3 172.0 
173.6 173.b 
175.8 17S.9 
178.1 179.4 
177.1 178.3 
176.8 178.2 
178.1 185.2 
178.1 179.4 
178.5 178.8 

178.1 179.1 
171.5 173.7 
178.9 179.3 
178.5 179.6 
173.9 174.0 

1 7 8 . 1  178 .8  

TUBE3 T U B E 4  
LB/HR LWHR 
171.5 171.5 
174.9 174.9 
171.8 171.8 
173.7 173.7 
1715.1 174.8 
176.0 177.2 
174.8 173.6 
1715.9 177.1 

178.2 179.4 
179.5 180.6 
179.2 180.5 
187.4 187.4 
181.7 180.5 
179.3 181.1 
180.6 181.7 
180.5 lSO.5 
173.7 l74.a 
180.1 179.3 
183.0 180.7 
176.3 174.0 

175.9 118.2 

IN 
331.0 
332.0 
331.0 
333.0 
333.0 
333.0 
334.0 
334.0 
334.0 
314.0 
333.0 
334.0 
135.0 
33S.O 
33s.o 
334.0 
315.0 
333.0 
322.0 
132.0 
329.0 

I N  
178.0 
183.0 
186.0 
186.0 
187.0 
I94 .O 
185.0 
I9S.O 
200.0 
202.0 
203.0 
205.0 
206.0 
206.0 
208.0 
206.0 
210.0 
223.0 
217.0 
223.0 
224.0 

OUT 
245.0 
248.0 
250.0 
251 .o 
252.0 
257.0 
258.0 
259.0 
264.0 
264.0 
265.0 
2b5.0 
257.0 
267.0 
268.0 
267.0 
269.0 
273.0 
264.0 
271.0 
270.0 

OUT 
145.0 
149.0 
151.0 
152.0 
153.0 
156.0 
157.0 

161.0 
162.0 
164.0 
165.0 
167.0 
166.0 
167.0 
165.0 
167.0 
181.0 
177.0 
181.0 
183.0 

158.0 

T I H E  
HOURS . 00 

I .33 
2.60 

‘4.42 
5.08 

13.52. 
14.60 
15.3s 
21.3s 
22.s2 
24.03 
2s. 30 
27.37 
28.48 
29.40 
3 3 . x  
34.52  
49.48 
30.35 
51.67 
52.55 

I N  
232.0 
227.0 
230.0 
231.0 
233.0 
239.0 
240.0 
241 .O 
245.0 
246.0 
247.0 
249.0 
230.0 
251.0 
2s1.0 
251.0 
2S7.0 
263.0 
25s. 0 
262.0 
263.0 

tXCHANGER NUllOER 2 TEMPS IN DEG. F 
OUT I N  OUT I N  O U l  

175.0 224.0 171.0 246.0 104.0 

181.0 231.0 178.0 252.0 192.0 
182.0 232.0 180.0 253.0 191.0 
183.0 233.0 180.0 254.0 193.0 
187.0 240.0 185.0 260.0 199.0 

189.0 242.0 186.0 262.0 201.0 
191.0 245.0 189.0 266.0 204.0 
193.0 247.0 190.0 267.0 205.0 
194,O 248.0 192.0 217.0 206.0 
195.0 249.0 193.0 268.0 207.0 
197.0 250.0 193.0 269.0 208.0 
198.0 2 5 1 . 0  196.0 269.0 209.0 
198.0 251.0 197.0 270.0 210.0 
196.0  253.0 195.0 269.0 209.0 
200.0 255.0 199.0 271.0 211.0 
215.0 264.0 215.0 t7S.O 225.0 
207.0 3 5 . 0  206.0 268.0 217.0 
215.0 263.0 215.0 273.0 224.0  
215.0 264.0 215.0 273.0 22S.0 

179.0 227.0 17s.o 259.0 189.0 

188.0 241.0 186.0 261.0 199.0 

TUBE1 

133.0 
142.9 
131.6 

90.6 
107.8 
92.6 
84.6 
85.6 

85.4 
75.4 
79.0 
72.3 

77.9 
77.6 
71 .? 
62.6 
60.9 
45.6 
56.3 

as.& 

a t  .8 

NlHI EXCHPNGER NUMBER 1 
DVER4LL HEAT TRANSFER COEFFICIEdTS 

TUBE2 TUBE3 T U f i E 4  

147.3 109.8 1 1 1 . 4  
142.9 90.8 107.6 
129.5 97. I 100.0 
97.1 73.2 75.5 
94.2 70.6 72.7 
91.2 67.5 71.3 
87.5 6J.S 64.1 
84.5 63.6 67.2 
84.8 61.4 b4.4 
84.0 61.1 64.7 
74.2 55.2 57.5 
78.9 $8.6 62.2 
74.4 16.2 68.5 
81.b 6 1 . 1  a4.4 
77.2 37. I 59.3 
74.1 57.5 60.8 

60.1 49.2 5 1  .5 
57.9  48.5 4 9 . 1  
43. I 38.9 39.P 

#TU/HR. SQ.FT. DEG. F 

?4.5 57.7 59.a 

54.b 46.7 40.a 

AVERAGE 

125.4 
I21 . I  
1 1 4 . 1  
ab. I 
a6.3 
F0.5 
75.4 
75.2 
74.0 
73.8 
65.6 
69.7 
67.9 
72.4 
68.3 
67.5 
66.0  
55.9 
34.1 
42.4 
SI .A 

I N  OUT 
245.0 178.0 
248.0 183.0 
250.0 186.0 
251.0 186.0 
252.0 107.0 
257.0 194.0 

259.0 195.0 
264.0 200.0 
264.0 202.0 
265.0 203.0 
265.0 205.0 
257.0 206.0 
267.0 206.0 
268.0 208.0 
267.0 206.0 
?69.0 210.0 
273.0 221.0 
264.3 217.P 
271.0 223.0 
270.0 221.0 

x 8 . o  1 8 5 . 0  

!IME 
HOURS 

.oo 
I .I3 
2.60 
4.42 

13.52  
14.60 
15.35 
21.15 
22.52 
24.33 
25.30  
27. S? 
18.48 
29.40 
33.52 
54.52 
49.4.~ 
5 0 . 3 5  
SI.d? 
52.55 

5. aa 

6 5  



M I N I  EXCHANGER NUIIBER 3 
OVERALL HEAl TRANSFER COEFFICIENlS 

lUirE2 lUBE3 TUBE4 AUERlGE T I N E  
BlUlHR. SO.Fl. DE6. F HOURS 

72.3 83. I 72.2 77.6 .oo 
70.S 80.0 69.8 74.1  1.33 
83.9 V4.8 83.0 81 .9  2 .60  
67.0 71.3 60.9 h7.2 4 .42  
13.5  70.4 59. s 65.7 5.08 
h 3 . 3  72.9 68.0 70.5 13.52 
h 9 . I  75.1 52.5 h8.4 14.60 
64.9 73.s 65.1 b9.4 15.35 
59.8 h4.7 60. 4 h2.8 21.35 
40.6 63.3 hl.7 ( 3 . 0  22.52 
h l . 8  62. I 60.4 h2.7 24.03 
S3.0 56.5 s4.7 55.7 25.33 
(0.1 (3.4 40.8 62.7 21.57 
56.5 59.2 55.3 S?.8 ?8.48 
59.3 (1.7 59.8 h l . ?  29.40  
h0.3 h 4 . h  41.2 63.0  33.32 
6 9 . 7  h7.2 4?.7 69.9 34.52 
55.1  51.2 49.5 S5.0 49.40 
50 .2  4h.4 4 4 . 9  48.9 50.35 

S0.l 5I.Z 64.1 51 .67  b2.5 
53.h 50.5 48.8 52.7 52.55 

i u x t  

88.8 
84.7 
77.0 
40.0 
(4.3 
b4.4 
41.3 
h7.h 
b5.0  
b4.1 
49 .2  
70.s 
74.T 
72. I 
68. I 
h 4 . 9  
h S . 5  
S3.5 
Sb.h  
63.S 
s4.5 

MIMI EXChhHGER NUMBER 2 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 lUbE3 TUBE4 RUERAGE T I B E  TUBE 1 

86.3 89. I 99.0 90.8 .oo 82.9 
91.1 1OS.I 103.1 96.0 I .33 76.1 
84.5 84.8 93.2 84.9 2.60 89.9 
64.4 h b . 3  74.2 6h.2 4 . 4 2  69.7 
70. I 72.3 79.3 71.5 5.08 h9.3 
(0.9 68.1 72.6 h8.5 13.52 72.0 
hS.4 h7.5 83.8 h9.5 14.60 76 .1  
73.5 72.5 78.9 73.1 15.35 74.0 
17.9 b7.2 71 .b 57.9 21.35 h6.5  
70.0 4 7 * ?  (9 .4  67.8 22.52 bb.4 
74.0 73.1 7h.0 73.1 24.03 66.2 

81.4 82.6 71 .8 77.7 27.57 b6.4 
75.9 7h.2 78. I 75.h 28.48 60.4 
( 9 . 8  70.4 72.1 70.2 29.40 66.2 
h 8 . h  h S . 3  67.8 h 4 . h  33.52 h5.S 
65.3 h 4 . 8  h4.2 64.9 34.52 74.9 
54.5 S2.h 53.3 53.5 49.48 (4.1 
sa.0 5 h . 0  52.b s4.0 S0.3f 5 4 . 1  
h5.l (4.3 h 2 . 7  41.9 51.47 ( 9 . 0  
S5.5 32.3 50.0 S J . 0  52.55 $8.1 

I lU/HR. SO.FT. DEG. F HOURS 

74.3 73.3 73.7 73.0 25.30 S8.5 

lXlS IS 1Ht I W U l  DAlA FOR THt T H I R D  RUM 
11111 RU# S T A R I E D  DECEMBER 9 ,  197b 
iur COWDIIIO~IS o f  i n i s  R U M  u u x :  

A. 6bLINI l ' l  I 50,000 PPI( T O l A l  DISSOLVED SOCIDS 

e. S l l l C l  I 150 P P I  
8 .  CARYOMATE: 700 P P l l  
E.  ?H I 8.1 
C. ADD171UE 1 MONC 

I .  LEVEL t NONE 

L c i i c I u n  : NONE 

0. O l H f R  I 

M I M E  
T I N E  INLET 

HOUR8 TEMP 
,000 342.S 

1.333 342.S 
2. bo0 343.s 
1.417 343.0 
5.081 343.0 

13.517 344.0 
14.bOO 344.0 
15.350 343.0 
21 .3SO 344.0 
22.s17 344.0  
14.013 343.0 
2S.300 144.0 
27. 547 344.5 
28.481 344.0 
2T.400 344.5 
33.S17 343.0 
34.S17 344.0 
4T.483 34b.O 
18. 310 337.s 
S1.447 . 14z.s 
52.sso 341 .S 

BRIM 
OUTLET 

12.0 
13.5 
W.0 
14.0 
13.5 
90.0 
10.0 
90.5 
15.0 
94.0 
95.5 
96 .5  
97.5 
97 .0  
97.0 
Th.0 
97.0 

102.0 
102.0 
102.0 
104.0 

r w  

. 
811 I NE COOLH2O 
r10u INLET 

. a m  TENP 
s.0 12.S 
5 .0  b4.S 
1.0 bS.0 
4.9 15.0 
4.1 (3 .0 
5.0 31.S 
3.0 S9.5 
5.0 ST.S 
5.0 41.0 
5.0 42.0 
4.9 b4.0 
4.9 4h.O 
4.9 (4.0 
4.Q 64.5 
5.0 44.0 
5.0 (3.0 
4.Q b2.S 
4.9 57,s 
4 . 9  54.0 
4.7 s4.0 
5.0 57.0 

COOLH20 
OUTLET 

TEUP 
80.0 
82.0 
82.5 
82.0 
81 .o 
77.0 
77.0 
77.s 
79.0  
80.0 
E! .s 
83.0 
83.0 
82.5 
81 *5 
10.5 
10.0 
7s. 0 
72. S 
73.0 
74.s 

COOLH20 
FLOURATE 

8a01 
6.4 
4.2 
4.2 
h.2 
4-2 
b.2 
4.1 
4.1 
S. 8 
5.4 
1.7 
5.7 
5.4 
5.5 
S.h 
5.A 
5.4 
5.7 

, 5.7 
5.7 
5.7 

6 6  



RESULTS FROM THE M A I N  EXCHANGER FOR THE THIRD RUN 
TNIS RUN STARTED DECERBER 9 ,  1976 
T I E  CONDITIONS OF THIS RUM ULRE: 

n. SALINITY I so,ooo PPM TOTAL DISSOLVED SOLIDS 
B. CALCIUM : NONE 
c. S I L I C A  I 350 PPM 
B. CARBONATE: 700 PPM 
E. PH : 8.1 
F. nDDITIUE I NONE 

1. LEVEL : NONE 
6. OTHER : 

DRINE 
fL0Y 

1 JIWR 
461.0 
462.9 
459.0 
447.1 
456.1 
460.7 
460.7 
460.9 
460.7 
460.7 
436.3 
456.1 
446.8 
451 - 5  
462.4 
460.9 
451.S 
431 .O 
452.9 
413.4 
461.2 

COOLH20 
FLOY 

LWHR 
4766.1 
4629.8 
4629.1 
4607.4 
4608.3 
4612.0 
45S9.6 
45S9.2 
4133.7 
4220.7 
4 2 5 6 . 0  
4253.6 
4180.9 
4091.7 
4167.2 
4181.0 
4IS3.4 
4262.1 
4264.5 
4264.0 
1262.8 

BRIM 
FLUX 

8TU/HR 
1 1  1301 - 9  
I 1  1088.4 
1 10381.2 
107307.1 
109736.0 
1 12771.0 
I 1  2771.0 
112156. I 
11 1460. I 
11 1021.1 
108870. I 
108030.8 
106400.9 
10751 7 .1  
110349.9 
10975I.  1 
107517.1 
106154.6 
102826.4 
100510.4 
1054S0.3 

COOLH20 
FLUX 

#TU/HR 
81122.9 
80858.8 
00850.8 
78168.4 
82866. I 
80628.4 
7971 3.7 
81981.0 
77927.8 
75897.1 
74145.3 
721 99 .6  
70912.9 
71501.4 
72780.1 
731 28.8 
73116.1 
74514.1 
70291.1 
72415.9 
74521.4 

OVERALL 
HTC 

BTU/HRSPFTDEGC 
133.5 
134.1 
113.5 
127.7 
110.6 
127.8 
127.2 
( 2 8 . 8  
122.8 
121 .s 
119.9 
120 .0  
114.7 
117.1 
115.4 
115.4 
1 to. 1 

92.2 
u.7 
86.3  
89 .8  

RUN 
TINE 
HOURS 

.oo 
1.13 
2.60 
4.42 
5.08 

13.52 
14.60 
15.35 
21.35 
2 2 . 5 2  
2 4 . 0 1  
25 .10  
27 .57  
28 .18  
29 .40  
33.52 
34.52 
49.48 
50 .35  
51.67 
52.55 

T H I S  IS THE INPUT DATA FOR THE FOURTH RUN 
THIS RUN S I A R T E D  DECLhBER 14, 1976 
THE CONDITIONS OF THIS RUN UERE: 

A. s n L I N I T y  I 33,000 PP(( TOIAL DISSOLVED SOLIDS 
E. cALciun I NONE 
t. S I L I C A  : 500 ppn 
D .  CARBOnATEr 1000 PPn 
E. PH I 8.7 
F. ADDITIVE I NONE 

1. LEVEL I NONE 
8 .  OTHER I 

~ COOLING YATER TEMPERATURES I H  DEG. 
EXCH I EXCH 2 

I N  OUT I N  OUT 
61.0 72.0  56 .0  63.0 
63.0 7 3 . 0  57 .O 63.0  
65.0 74 .0  58 .0  63.0 
65.0 74 .0  S9.0 65 .0  
69 .0  74 .0  59.0 69 .0  
63.0 71 .O  S8.0 63.0 
63 .0  6 9 . 0  58 .0  63.0 

F 
EXCH 

IN 
53.0 
5 3 . 0  
5 4 . 0  
55 .0  
55.0 
5 4 . 0  
5 4 . 0  

TIME 
HOURS . 00 

2 . 8 3  
4 .27  
5 . 3 8  
6 .58  

15.53 
23.18 

TUBE I 
GAGE 

7.6 
7.4 
7.4 
7.3 
7 .4  
7 . 2  
7.6 

FLOUS 
TUBE 2 TUBE 3 

GAGE GAGE 
?.4 7 . 5  
7.3 7.3  
7 . 3  7 . 1  
7 . 2  7 . 2  
7 . 3  7 .2  
7.1 7.  I  
7 . 5  7 .7  

TUBE 4 
GAGE 

7 . 4  
7.4 
7.4  
7 . 3  
7 .3  
7 .2  
7 . 6  

COOL H2O 
GALLONS 

8. 
8.  
9. 
8. 
8 .  
8. 
8. 

3 
OUT 

56.0 
57.0 

59 .0  
59 .0  
58.0 
58.0  

58.0 

EXCHANGER NUflBER 1 TEMPS I N  DEG. F 
I N  

231.0 
241.0 
245.0 
248.0 
251.0 
261.0 
272.0 

EXCHAN6ER NUMBER 2 TEMPS IH DEG. F 
OUT IN OUT I N  OUT 

173.0 231 .0  170 .0  244.0 177.0 
182.0 239 .0  179.0 249 .0  185 .0  
187.0 244.0 187.0 251.0 190.0 
191.0 247 .0  189.0 253.0 194.0 
195.0 251.0  193.0  255 .0  198.0 
210.0 261.0 210.0 262.0 212.0  
229.0 272.0 229 .0  276.0 231 .0  

I N  
236.0 
244 .0  
248 .0  
251 .O 
255.0  
262 .0  
276 .0  

our 
174.0 
183.0 
189.0 
193.0 
197.0 
213.0 
232 .0  

. I N  
112.0  
131 .O 
131 .O 
329.0 
131.0 
129 .0  
332.0 

OUT 
231.0 
2 4 1  .O 
245.0 
248.0 
251.0 
261.0 
272.0 

IN 
330.0 
130.0 
329.0 
328.0 
331.0 
329.0 
332.0 

OUT 
231.0 
239 .0  
244.0 
247 .0  
251 .O 
261.0 
272.0 

I N  
331 .o 
331.0 
329.0 
329.0 
331.0 
329.0 
332.0 

OUT 
244.0 
249 .0  
251 .o 
251.0  
255.0 
262.0 
276.0 

IN 
331.0 
330.0 
329.0 
329.0 
331 . O  
329.0  
331 .O 

OUT 
234.0 
244 .0  
248.0 
251.0 
255 .0  
262.0 
276.0 

I N  
173.0 
182.0 
187.0 
191.0 
195.0 
210.0 
229 .0  

EXCHANGER NUMBER 3 TEMPS I N  DEG. F 
OUT I N  OUT IN OUT 

137.0 170.0 132.0 177.0 136.0 
140.0 179.0 140.0 i 8 5 . 0  142.0 
143 . )  187.0 143.0 190.0 145.0 
145.C 189.0 145.0 194.0 148.0 
149.0 191.0 149.0 198.0 151.0 
165.0 210.0 165.0 212.0 166.0 
189.0 229.0 190.0 231.0 191.0 

IN 
174.0 
183.0 
189.0 
193.0 
197.0 
213 .0  
232.0 

OUT 
136.0 
143.0 
146.0 
149.0 
153.0 
169.0 
193 .0  
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RESULTS FROM THE FOURTH RUN 
TNIS RUN STARTED DECEMBER 14, 1976 
THE COHDITIONS OF T H I S  RUN UEREI 

A. SALINITY I 33,000 ppn TOTAL DISSOLVED SOLIDS 
I. CALCIUN I NONE 
c. S I L I C A  I 500 PPI( 
D. CARBONATE: 1000 ppn 
E. PH I 8.7  
F. ADOITIVE I NONE 

1 .  LEVEL 1 NONE 
8. OTHER 1 

f LOURATES 
TUBE2 
L B I H R  
171.6 
169.3 
169.4 
168.1 
168.1. 
165.9 
173.8 

MIMI EXCHANGER NUhBER 1 
OVERALL HEAT TRANSFER COEFFICIENT 

TUBE2 TUBE3 TUBE4 
B T U I H R .  50.fT.  DEG. f 

81 . o  69 .5  7' 

' S  
COOL H20 

L U H R  
6135.4 
6022.0 
6693.9 
6043.2 
b110.6 
6099.2 
5989.4 

TUBE1 
LBIHR 
174.9 
172.7 
171.5 
169.8 
170.4 
167.1 
176.1 

TUBE3 
L B I H R  
171.9 
169.2 
168.2 
167.1 
166.9 
163.6 
178.4 

TUBE4 
L B / H R  
171.5 
170.5 
170.5 
168.2 
168.1 
167. I 
176.2 

i I n E  
HOURS 

TUBE1 

83.9 
79.2 
77.2 
69.9 
53.9 
57.0 
46.1 

AWE RAGE 

77.8 
75.4 
73.2 
67 .3  
S I  -6  
56.2 
44.2 

T I h E  
HOURS 

.oo 
2.83 
4.27 
5.58 
6.58 

15.53 
23.18 

.oo 
2.83 
4.27 

r 0 . e  

74 .3  
72.0 
66.2 
50.0 
56.1 
41.9 

79. I 
75.8  

69 .3  
67 .9  
63.7 
49.6 
5 4 . 9  
43.2 

5.58 
6 .58  

15.53 
21.18 

69 .5  
53.1 
56.6 
45.5 

1111 EXCHPNBER NUflBEh 2 
OVERALL HEAT TRANSFER EOEf f IC IENTS 

TU8E2 TUBE3 TUBE4 AVERAGE T I N E  TUBE I 

81.6 84.9 80.3 81.2 .oo 57.6 

74.5 76.9 76.3 76.1 4.27 71.4 
65.8 64.3 64.2 64.7 5.58 69.0 
87.5 83.0 85.4 85.2 6.58 66.9 
50.3 48.2 48.1 49.3 15.53 56.4 
42.1 44.6 42.9 41.1 23.18 46.4 

I T U I H R .  S0.fT. DE6. f HOURS 

6q.7 70.6 69.3 69.6 2.83 69.4 

#IN1 EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEfFICIENTS 

TUBE2 TUBE3 TUBE4 
BTU/HR. S O . F T .  DEG. F 

62.3 64.5 59.7 
64.0 68.1 63.9 
70 .7  70 .2  67 .9  
65.9 66.1 63.6 
63.6 65 .6  61 .5 
56.1 55 .9  53.7 
44.5 46.4 44.3 

AuERnsE 

61.0 
66.4 
70.1 
66.1 
64.4 
55.5 
45.4 

T IHE 
HOURS 

I O 0  
2.83 
4.27 
5 .58  
6.58 

15.53 
23.18 

TUBE1 

78. I 
68.7 
76.6 
64.7 
85.1 
SO.? 
42.7 

TNIS IS THE w u i  DLTA FOR inE r o u a i N  RUN 
TNlS RUN 8TLRTED DECERDER 14, 197b 
TNE CONDIT IONS Of T H I S  RUN UERE: 

A. 8ALlNlTV I 33,000 FPM lOlAL BISSOLYED B(xI#S 
I. CALClU1 I NONE 
c. 8 I L I C A  I 500 P P I  
I. CAN)ONATEI 1000 p p n  
E. ?n I 1.7 
1. ADDllIVE I NONE 

1. LEVEL I NONE 
0. 07HER : 

BRINE 
INLET 

TEN? 
344.0 
343.0 
342.5 
342.0 
341.0 
341.0 
343.5 

I R I M E  
OUTLET 

TENP 

11 .s 
95.0 
96.0 
W.0 

103.0 
114.5 

116.0 

BRIM 
f L 0 U  
BABE 
5.0 
5.1 
5. 1 
5.1 

5.1 
5.1 

5.1 

coamo 
INLET 

TEMP 
53.0 
53.0 
54.0 
55.0 
54.5 
54.0 
54.5 

COOLWO 
OUTLET 

TEMP 
69.0 
70 .0  
71 .O 
71 .o 
71 .O 
70.0 
70.0 

C90LH20 
ILOURATE 

BABE 
6.5 
6.3 
6.1 
1.3 
6.4 
6.3 
6.3 

TIRE 
NOURS . 000 
2.131 
4.267 
5.583 
6.583 

15.533 
23.183 

RESULTS fROM THE MAIN EXCHANGER FOR THE fOURTH RUN 
TNlS RUN STLRTED DECEMBER 14, 1976 
TU€ CONBIlIONS Of THIS RUN UERE: 

1. SALINITT I 13,000 PPI( TOTAL DISSOLKD SOLI89 
8. CALCXUN I NONE 
e. S I L I C A  I 500 P P I  
I. CARBONATE: 1000 PPIl 
E. PH I 8.7 
F. ADBITIVE I NONE 

1. LEVEL t NONE 
0. OTHER I 

COOLH2Q 
FLUX 

DTUIHR 
77861.7 
79450.8 
77528.6 
75360.5 
78949.1 
75375.4 
72440.4 

BRIM 
f L 0 U  

Ll IHR 
460.7 
465.5 
465.b 
468.5 
465.5 
466.0 
470.0 

OWRALL RUN 
HTC T I H E  

BTU/HRSOf TDEGF HOURS 
114.1 . 00 
1os.a 2.83 
100.2 4.27 

97.8 5.58 
96.1 6. S8 
86.4 15.53 
74 .3  23.18 

CooLH20 
r10u 

LBIHR 
4866.4 
4678.3 
4565. 1 
4714.7 
4789. 6 
4715.7 
4178.3 

BRINE 
FLUX 

I T U I H R  
11 451 8.0 
112836.1 
1 1  1089.6 
11 1102.8 
109964.9 
106947.3 
103887.1 
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T H I S  IS TM INVUI i l n i A  FOR ix  FIFIH RUN 
THIS RUN S l A L l E B  DLCtnBik 2 1 ,  1976 
THE CONDlTIJNS Of l h I S  RUN YEht: 

b .  S A L I h I T I  : 43.030 PPI( TOTAL DISSOLVED SOLIDS 

C. S I L I C A  t NONE 
0. CARBONAlEt NUhE 
E. PH I /-e 
F. ADDITIVE a NONE 

I .  LEVEL i NONE 
8. OTHER t 

B. CALCIUII I NONE 

TIHE 
HOURS 

.oo 
16.08 
18.20 
21.28 
23.00 
24.13 
40.08 

I N  
3JO.O 
333.0 
332.0 
332.0 
331 .O 
333.0 
331.0 

I N  
171.0 
180.0 
181.0 
181.0 
182.0 
183.0 
186.0 

TUBE I 
GA6E 
7.3 
7.5 
7.3 
7.3 
7.4 
7.4 
7.3 

FLOUS 
TUBE 2 TUBE 3 

6AGE 6AGE 
7.7 7.4 
7.4 7.7 
7.2 7.4 
7.3 7.6 
7.4 7.6 
7.3 7.6 
7.3 7.4 

TUBE 4 
GA6E 
7.3 
7.6 
7.3 
7.3 
7.4 
7.4 
7.4 

EXCHANGER NUNBER 1 
OUT I N  OUT 
215.0 329.0 229.0 
223.0 331.0 240.0 
226.0 331.0 241.0 
225.0 331.0 240.0 
225.9 331.0 249.3 
227.0 JJJ.0 241.9 
227.0 329.0 243.0 

TERPS I N  DEG. F 
I N  OUT 

329.0 225.0 
331 .0  237.0 
331.0 237.0 
JJ1.0 2J5.0 
330.0 2AY.O 
332.0 238.0 
329.0 234.0 

EXCHANOER NURBER 3 TEHPS I N  DEG. F 
OUT I N  OUT I N  OUT 
129.3 161.0 129.0 167.0 130.0 
138.0 168.0 138.0 176.0 138.0 
13Y.O 171.0 139.0 179.5 139.0 
139.0 169.0 138.0 178.0 139.0 
139.0 170.0 139.0 170.0 149.0 
141.0 172.0 141.0 181.5 141.0 
142.0 175,O 141.0 182.0 141.0 

EUOL H2O 
GALLONS 
26631, 
36161. 
37038. 
J8988. 
(0412. 
41 147. 
SlOl8. 

I N  
329.0 
332.0 
331.0 
331.0 
331 .O 
333.0 
329.0 

RESULtS CROH THE FIFTH RUN 
THIS RUN S T A R l t u  DiCEN6ER 21, 1976 
T i l €  CONUllIUBS OF iHiS RUN UERE: 

n. s A L r n I i i  : 43,000 w n  I ~ ~ A L  DISSOLV~D SOLIDS 
B. CALCIUN : NONE 
C. S I L I C A  : NONE 
B. c A w W a r i :  NONE 
E .  t" : 7-8 
F. ADDITIVE : NONE 

I .  LEVEL t HONE 
8. OTHER : 

IN 
163.0 
172.0 
172 .O 
172.0 
172.0 
173.0 
178.0 

COOL H20 
LB/HR 
49'10.4 
3431.4 
s250.0 
b892.6 
5383.6 
513f.8 
5052. I 

TUBEl 
L W H R  
168.1 
173.7 
168.0 
169.1 
171.1 
170.2 
168.8 

f LOURATES 
TUBE2 
LBlHR 
179.1 
172.7 
166.9 
169.2 
171 . I  
169.1 
168.2 

TUBE3 
LB/HR 
171.7 
178.S 
172.7 
17S.O 
177.4 
177.2 
170.5 

TUBE4 
LB/HR 
168.9 
174.9 
168.1 
169.2 
172.7 
172.5 
171.7 

TUBEl 

59.0 
47.1 
55.0 
57.6 
5J.O 
53.6 
49.0 

M I N I  EXCHANGER NUMBER 2 
OVERALL HEAT TRANSFER COEFFICIE#TS 

BTWHR. SO.FT. DE6. F 
TUBE2 TUBE3 TUBE4 AVERAGE 

97.1 78.3 97.4 83.0 
78.3 66.9 77.0 67.3 
84.6 71.0 87.4 74.5 
93.4 75.8 92.4 79.8 

83.7 70.5 87.7 73.9 
80.7 62.5 81.7 68.S 

86.6 88.8 88.1 79.2 

our 
238.0 
244.0 
245.0 
244.0 
244.0 
245.0 
247.0 

OUT 
131.0 
13Y.U 
139.0 
139.0 
141.0 
141 .O 
143.0 

IIME 
HOURS . 00 
16.08 
18.20 
21.28 
23.00 
24.13 
40.0U 

T I N E  
H U M S  

.oo 
I 6  ' 0 8  
18.20 
21.29 
23.00 
24.13 
40.08 

COOLIN6 UATER TERPERAlURtS I N  DEE. 
EZCH 1 EXCH 2 

I N  OUT I N  ou 1 
65.0 79.0 S7.0 65.0 
65.0 79.0 57.0 65.0 
66.0 80.0 S9.0 66.0 
66.0 81 .o 60.0 66.0 
67.0 81 .o 60.0 67.0 
67.0 81 .o 60.0 67.0 
64.0 78.0 57.0 64.0 

F 
EXCH 3 

I N  OUT 
S3.0 57.0 
54.0 57 .O 
54.0 59.0 
5S.O 60.0 
56.0 60.0 
56.0 60.0 
51.0 57.0 

IN 
215.0 
223.0 
226.0 
225.0 
225.0 
227.0 
227.0 

EXCHANGER NUMBER 2 TEMPS IN DE6. F 
O U l  I N  OUT I N  OUT I N  
171.0 229.0 161.0 225.0 167.0 738.0 
180.0 240.0 168.0 237.0 176.0 244.0 
181.0 241.0 171.0 237.0 179.0 24S.O 
181.0 240.0 169.0 235.0 178.0 244.0 
182.0 240.0 170.0 239.0 170.0 244.0 
183.0 241.0 172.0 238.0 181.0 245.0 
186.0 243.0 175.0 234.0 182.0 247.0 

OUT 
163.0 
172.0 
172.0 
172.0 
172.0 
173.0 
178.0 

NIHI EXCHANGER HUMBER 3 
OVERALL HEAT TRANSFER COLFf X C I E N l S  

TUBE2 TUBE3 TUbE4 
BlUIHI(. SU.FT. DEG. F 

62.3 66.7 57.5 
40.4 51.0 43.9 
60.6 75.7 62.7 
71.2 88.4 74.3 
57.k 57.2 56.7 
52.5 68.3 s5.1 
53.4 63.3 54.7 

AVERME 

64.9 
47.3 
68.9 
81.2 
61 .7 
61.0 
59.3 

TINE 
HOURS . 00 
16.08 
18.20 
21.2u 
23.00 
24.13 
40.08 

R I N I  EXCHANGER WUHBER 1 
OVERALL HEAf TRANSFER COEFFICIENTS 

lUBEl TUBE2 lUIIi TUBE4 AVERAOE T I M  
IIIUIHR. SO.FI. IIEU. F HOURS 

107.0 95.2 96.0 79.6 94.4 . 00 
69.9 75.2 67.6 75.4 16.08 

104.0 04.2 92.0 eo. 1 90.1 18. iO 
121.7 104.2 115.3 98.6 111.5 11.28 
107.2 88.1 91 .8 84.1 92.8 23.00 
102.5 84.9 91.9 82.0 90.3 24.13 
100.4 79.4 91.2 76.5 86.8 (0.08 

88.9 

TUBE1 

73.2 
53.9 
76.6 
90.8 
75.4 
68.3 
65.8 
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1118 I8 1HE IWUl B A l A  FOR T M  Fl fTW RUN 
TU18 RUN S l A R l f B  B E C L l l B f R  21, 1976 
TNE CONDITIOHS OF THIS RUN UERE: 

A. 8LLINIlT I a . o o o  p p n  ioia DISSOLVED BOLIDB 
0. cALcxun I HONE 
c. S l L I C L  I NONE 
B. CARION&lEI MONE 
E. PH I 7-8 
f. LDDITIUE I WME 

1. LEVEL I NOM 
8. OTHER I 

BRINE 
INLET 

33T.S 
342.5 
342.0 
142.0 
341.0 
142.S 
340.0 

i E w  

BRINE 
O U l L E l  

TS.0 
T7.0 
T7.0 
T8.0 
TT.0 
100.0 
100.0 

r E w  

SRINE c o a ~ 2 0  COOL~ZO 
f L 0 Y  I l L E T  OUTLET 
8A6E i E n r  TE w 
5.1 s3.s 70.0 
4.T S4.0 71.0 
s. 1 54.5 ' 71 .O 
5.0 SS.S 72.0 
4.T S4.S 72.5 
s.1 S4.S 72.5 
S.0 s3.0 4?.S 

COOLH20 
fLOURAlE 
M L L O I 8  
3004s. 
42744. 
43737. 
44224. 
48018. 
4W84. 
61473. 

T I M  
R O W 8  

,000 
1b.083 
18.200 
21.281 
23.000 
24.113 
40.081 

RESUl.18 fRO1 THE 1111 EXCNAWBER fQ T H t  f I L 7 N  RW 
T l I S  RUN S l L R l E l  I E C E I I E R  21, 1774 
in€  cowemoms of THIS RUM YERE: 
L s A L x n i i v  I 43,000 PPI r o w  e ~ i s w w  taxis 
8 .  cucxun : HONE 
c. S I L I C A  - 1  MONF 
8 .  C A R B O U T € :  MONS 
1. Pn I 7-8 
f. LllItIuE I NOM 

1. LEVEL : MIME 
0. 81WR I 

COOLlltO 
f L 0 Y  

LI/WR 
4557.7 
3W2.5 
(707.7 
8928.3 
473s.4 
6412.2 
411.1 

HIM 
f LUX 

BlU/HR 
llOS3S.I 
104932.3 
1 1  1073.8 
108043. T 
1ObS64.S 
1 0887T. 7 
104003.3 

Co8UZ# 
flux 

lTU/NR 
108093.0 
64104.1 
IlOS47.1 
147173.4 
107bS7.S 
1OS48T.O 
1081 16 .3 

MRAU 
HTC 

BTU/RM#TlC8f 
111.0 
n.4 
114.6 
132.1 
110.7 
109.0 
105.0 

IUI 
TIM 
WUOS . 00 
16.08 
18.20 
21.28 
21.00 
24.13 
40.08 

DRIIC 
f l 0 Y  

LIIWR 
44T.1 
451 .8 
470.4 
4ST.l 
4Sb.7 
44S.b 
441.4 

(NIS I S  IhE INI'Ul U A l A  IUh THE SIXTH UUN 
I N I b  RUN SlARlLD FfBRJkiT  10, 1777 
THE C O l r D l l i O W f  Of T H I S  R U h  U l H E I  

A. S A L I N I T Y  I z8.ooo w n  I U I A L  L I S ~ U L V L U  SOLIDS 
E. CALCIl!I( 1 58 PPI( 
c .  S I L I C A  : 4 0 0  PPI( 
D. C A R B O N A T E :  800 PPll 
E. PH I 6 .0  
F. ADDIlIUf I NONE 

1. LEUEL I NONE 
6. OTHER : 

COOLIN6 WTER TEllPEMlURES IN PCS. F 
IUBf 4 COOL W20 E I C H  1 EXOH 2 EXCH 3 

FLOYS 
TUBE 2 l U B E  3 

6AGE GAGE 
8.2 7.8 
8.3 8.2 
8.3 7.8 
8.4 8.1 
8.0 8.1 
8.8 8 . 3  
8.8 8.4 
8.8 8.2 

rxnE 
HOURS 

* 00 
1.22 
4.32 

11.63 
20.45 
22.93 
24 .15  
27.98 

IN 
332.0 
33i.O 
334.0 
334.0 
332.0 
331 .o 
352.0 
332.0 

TUBE 1 
GIG€ 

7.8 
7.8 
7.8 
8.0 
8.0  
8.2  
8 . 3  
8.1 

OUT 
62.0 
62.0 
63.0 
65.0 
64 .O 
6 9 . 0  
73.0 
70.0 

OUT 
194.0 
195 .O 
200.0 
205 .0  
198.3 
203.0 
219.0 
213.0 

BAG€ 
8.2 
7 .8  
8.3 
8.4 
8.3 
8.4 
8 .4  
8.3 

GALLOWS 
282289. 
282920. 
284&'0. 
288580. 
296091. 
298138. 
299372. 
302276. 

I N  
71 .O 
70.0 
72 .0  
74.0 
70.0 
7 4 . 0  
78.0 
75.0 

OUT 
85.0 
83.0 
86.0 
86.0 
79.0 
82.0 
86.0 
85.0 

IN 
6 2 . 0  
6 2 . 0  
64.0 
6 5 . 0  
64.0 
( 9 . 0  
73.0 
1 0 . 0  

uu r 
71 .O 
70.0 
72 .0  
74.0 
70.0 
74.0 
78.0 
15.0 

IN 
57.0 
5 7 . 0  
S8.0 
S I  .5 
61.0 
65.0 
69.0 
6 6 . 0  

EXCHANGER NURBER I 
OUT I n  OUT 

242.0 333.0 256.0 
242.0 334.0 256.0 
245.0 335.0 255.0 
254.0 335.0 203.0 
249.0 3 3 3 . 0  259.0 
256.0 333.0 264.0  
261.0 334.0  270.0 
264.0 333.0 273.0 

TEHPS I W  DEG.  F 
I N  OUT 

334.0  250.0 
334.0 251.0 
336.0 255.0 
336.0 263.0 
334.0 260.0 
333.0 264 .0  
335.0 26P.O 
334.0 273.0 

IN 
334.0 
335.0 
336.0 
337.0 
334.0 
333.0  
335.0 
334.0  

OUT 
256.0 
256.0 
257.0 
263.0 
239.0 
264.0 
269.0 
272.0 

IN 
242.0 
242.0 
245.0 
254.0 
24Y.J 
256.0 
261 .O 
264.0 

EXCHANGER N U R B E R  2 TEHPS IN DEG. F 

195.0  256.0 196.0 250.0 202.0 
1Y5.0 256.0 196.0 251 .0  202.5 
198.0  255.0 1 9 9 . 0  235.0 2 0 5 . 0  
203.9 263.0 205.0 263.0 213.0 
195.0 2SY.O 199 .0  260.0 291.0 
201.0 264.0 204.0 2 6 4 . 0  210 .0  
207.0 270.0 212.0 269.0 218.0 
211.0 273.0 216 .0  273 .0  220.0 

OUT I N  our I N  OUT IN 
256.0 
256.0 
257 .0  
263.3 
25P.O 
264.0 
26P.O 
272.0 
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EXCHANGER 
OUT IN 

NUllDER 3 
oil 1 

I E l P S  I N  DEB. F 
I N  OUT IN 

195.0 
195.0 
198.0 
203.0 
195.0 
201.0 
207.0 
21  1 .o 

IN 
194.0 
195.0 
200.0 
205.0 
198.0 
203.0 
210.0 
213.0 

OUT 
157.0 
1SI.O 
162.0 
166.0 
159.0 
164.0 
169.0 
172.0 

153.0 196.0 
156.0 196.0 
158.0 199.0 
162.0 205.0 
154.0 199.0 
159.0 204.0 
163.0 212.0 
166.0 216.0 

lS8.0 
160.0 
164.0 
169.0 
161.0 
16S.O 
171.0 
173.0 

202.0 164.0 
202.0 165.0 
2OS.O 168.0 
213.0 174.0 
207.0 167.0 
210.0 170.0 
218.0 175.0 
220.0 176.0 

RESULTS FRO# THE S I X T H  RUN 
T H I S  RUM S T A R T E D  FEIIRUAltV 10,  1917 
TNE C O M D I T I O ~ S  OF THIS RUN YERE: 

A. s n L I t i I i y  ; 28.000 ppn TOTAL exssoLvEQ SOLIDS 
1. CALCIUN I S8 PPll 
C. S I L I C A  8 400 PPll 
B. CARBONATE; 800 PPll 
E. PH 8 6 .0  
F. ADDITIVE ; NONE 

1. LEVEL I NONE 
8. OTHER : 

FLOMRATES 
COOL M20 TUBE1 TUBE2 TUBE3 TUBE4 

L W H R  L B l H R  LE/HR LB/HR LB/HR 
4299.4 180.7 189.9 180.5 189.8 
3881.4 179.5 191.0 189.8 179.1 
4770.1 180.5 192.0 180.4 191.9 
1062 .5  185.2 193.2 188.5 198.8 
6844.2 18S.4 185.3 188.6 192.1 
8413 .0  190.1  203.8 192.2  194.5 
6281.1 192.3 203.7 193.2 19a.)  
5925.0 187.7 203.8 189.8 192.1 

HIM1 EXCHANGER MUllBER 2 
OVERALL H E A I  T R A M S I E R  COEFFICIEIIIS 

T U X 1  TUBE2 TUBE3 TUBE4 AUERLbE 
lTU/HR. SO.FT. DEG.  F 

59.6 76.6 50.0 , 79.7 68.5 
s3.3 69.4 55.9 66.5 61 .3  
62.9 77.3 63.4 77.9 70.4 
82.1 94.4 77.3 97.1 87.7 
69.0 73.5 64.0 77.7 71.0 
70.3 79.6 66.2 77.5 73.4 
L1.3 66.9 54.8 66.0 62.3 
55.3 62.1 53.1 61.4 58.0 

MINI EXCHANGER NUMIER 1 
OUERlLL HEAT TO(lN5FLR COEFFICIENTS 

TUIE2 IUBEI TUBE4 
lTU/HR. SO. fT .  DEG. F 

74.0 77.8 74 .8  
48.1 73.4 65.0 
82.0 77.9 80.4 
8b.7 05.6 91.3 
70.4 71.4 73.9 
77.8 73.4 74.3 
63.6 42.3 63.0 
59.0 5a.a 57.5 

TIllk- 
HOURS . 00 

1.22 
4.32 

11.43 
20.45 
12.93 
24.15 
27.98 

TUI lE l  

85.b 
78.1 
88.1 
94.7 
81.2 
80.8 
68.4 
61.2 

l i K R A G E  

78.1 
71.2 
82.1 
89.6 
74 .2  
76.6 
64 .1  
58.9 

TIHE 
HWkS . 00 

1.22 
4.32 

11.63 
20.45 
22.93 
24. 15 
27.98 

NINI EXCHANGER NUMBER 3 
OVERALL HEAT T R A N S F E N  COEFFICIENTS 

TUBE2 TUBE3 TUBE4 Tlllt 
HOURS . 00 

1.22 
4.32 

11.63 
20.45 
22.93 
24.15 
27.98 

T U I E I  

63.1 
55.8 
61.9 
83.5 
62.1 
80.0 
71.0 
65.4 

AVERAGE 

57.9 

58.0 
78.5 
58.0 
75.2 
66.3 
61.4 

51.5 

T I N E  
HOURS 

.oo 
1.22 
4.32 

11.63 
20.45 
22.93 
24.15 
27.98 

lTU/HR. 
58.3 
53.6 
55.8 
73.b 

7b.5 
66.2 
64.b 

a4.9 

SO.FT. DE6. F- 
52.7 57.4 
52.3 52.4 
53.3 60.9 
74.0 83.1 
55.6 59.2 
70.7 73.6 
63.2 64.6 
5b.7 58.9 

111s 1 
T N l S  I 
IN€ ct 

b. 
1. 
t. 
B. 
E. 
1. 

I 
8.  

i IWE w u i  8niA FOR THE SIXTH RUN 

I D I T I O W S  Or THIS RUN WRL; 
I A L I Y I T ?  : 28.000 P P I  TOTAL DISBOLVLD SOLID8 
:ALCIUN I 50 t P l l  
i i i i c n  I 400 PPI 
:AIlONblE: 800 P P I  
'W I 1.0 
I D 8 I T I V E  I NOYE 
, LLVEL I #I 
t1NEI I 

IN BTIRTLB FEDRUIOT 10, 1977 

C W 2 0  
, I#El 

T t l ?  
S7.0 
S7.0 
S8.0 
59.1 
b1.0 
bS.0 
49.0 
bb.0 

mama coam 
TEN? 8M.OIa 

OUTKT wnmrr 
82.0 41b47. 
W.0 4223% 

83.0 4751% 
83.5 521s1. 
87.0 suto .  
90.0 S4424. 
88.5 ss974. 

D2.0 sua. 

1RIN 
INLE 

TEN 
143. 
144. 
144. 
345. 
141. 
342. 
344. 
MI. 

IL 1RINE 
1 OUlLET 
0 TEMP 
0 106.0 
0 104.0 
0 105.0 
0 108.0 
0 110.0 
S 113.0 
0 115.0 

# O  118.0 

. )RIM 
rLOY 

1.0 
5.1 

5.1 
1.1 
s. 1 
s. 1 
5.1 

saet 

a. t 

T I l E  
lOUR8 . OQO 

1.217 
L 3 1 b  

11.113 
20. 450 
22.933 

27.981 
24.1ao 
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I S U L T S  FRO11 THE MhIN EXCHIN6ER FOR THE SIXTH AUH 
lR1S RUN STARTEB FEBRUARY 10, 1977 
I R E  CONDITIONS OF THIS RUH YERE: 

4. OnLInIr ' I  I 28,000 PW TOTAL BII#lLVED SOLIDS 
8 .  C~LCIUM 1 58 rpn 
C. SIL ICA 1 400 PPN 
B. C m o n n r E :  aoo rPn 
E. ?n I 6.0 
1. IMITIVE I #ONE 

1. LEVEL I NONE 
a. OTHLR I 

nirt COOLHlO 
FLOY FLOY 

LWHR LD/HR 
4b0.9 4008.8 
(A?.? 3b23.9 
469.) 44s3.0 
4 N . 7  4161 .B 

4bS.b (?I?.? 
465.3 3345.5 
470.1 4242.1 

470.1 4zos.a 

INIS 15 T I 4 L  INPUT OATA FOR THE SLVEIIH RUN 
IRIS  hUN STARlfIl NhkCH 1 ,  lY/7 
IN1 Cbl4DIflUN5 U I  1H1S hUN ULl\t: 

n. LnLliitr : 29,000 PPH TolnL UISSOLVLU S O L I I G  
B. cAiLium I 34 pr 
c. 8 1 L I c n  I 400 PPR- 

1 .  AUDI I IVE  1 NONE 
1 .  LEVEL I NONL 

6. OTYER : 

D. CARDOHATEI 600 PPI 
E. Pn I b.Y 

BRINE 
FLUX 

B W H R  
105374. I 

108335.9 
101403.1 
1 0 5 0 4 .  I 
t03 t27 .2  
1020~0.0 
102T12.7 

1 oa782.3 

CLDUS 
TIME TUBE I TUBE 2 TUYE 3 TUBE 4 COOL H20 
HOURS 6hGE 646E GAGE GAGE GALLONS 

.UO 7.4 7.4 7 .3  7 .6  405182. 
1 .so 7.8 7 .8  7.6 8. I 406157. 
2.50 8.7 8.8 8.6 9.1 406809. 
3.s5 7.3 7.2 7.1 7.5 407465. 
s.17 7.4 7.4 7.3 7.4 406438. 

EXCHAN6ER NUMBER I TEMPS IN DE6. f 
I M  OUT I N  OUT I N  OUT I N  OU1 

312.0 217.0 314.0 214.0 315.0 238.0 315.0 242.0 
315.0 229.0 316.0 245.0 316.0 248.0 316.0 252.0 
316.0 238.0 317.0 249.0 318.0 254.0 310.0 256.0 
312.0 234.0 313.0 246.0 314.0 248.0 314.0 253.0 
314.0 237.0 l l S . 0  250 .0  316.0 254.0 316.0 253.0 

EXCHIYGER NUNBLR 3 lENPS IN Dt.6. F 
IN OUT I H  OUT I n  OUT I N  OUT 

178.0 143.0 178.0 144.0 189.0 153.0 184.0 156.0 
185.0 150.0 189.0 152.0 200.0 161.0 196.0 156.0 
19g.O 1S6.0 198.0 162.0 208.0 170.0 204.0 166.0 
190.0 152.0 192.0 154.0 199.0 161.0 196.0 157.0 
194.0 155.0 196.0 160.0 205.0 166.0 196.0 161.0 

RESULTS FROM THE SEVEnlH R U M  
IWiS RUM S T A R I E D  MARCH 2, 1977 
IHE COYBITIOIS OF THIS RUM UERE: 

n. s n i i n i r r  : z6,ooo mi iolnt. DISSOLVED SOLIDS 
a. CALCIUM : 34 PP 
c. S IL ICA : 300 PPH 
0. C A R B O H A T E z  600 PPM 
E. PH I 6.9 
F. nDDITIVE I NONE 

1. LEVEL I NONE 
0. OTHER I 

f LOURATES 
COOL H20 IUBEl TUBE2 IUBU  TUBE^ T I M E  

LB/HR LBfHR L B M R  iB/HR iB/HR HOURS 
5387 .7  174.3 1 7 1 . 8  169.4 176.4 .oo 
5404.3 182.2 181.0 178.6 189.1 1 .50  
3175.4 203.1 2 0 4 . 2  200.6 213.1 2.50 
5094.3 170.8 168.4 165.9 175.3 3.55 
5255.3 171.8 171.7 170.4 172.8 5.17 

C00LM20 
FLUX 

BTUlHR 
1001 19.1 

U3265.1 
1 06765.1 

?4440.1 
1 S t  932.3 

7011S.3 
N 2 6 S . 4  

i o 2 3 w . 7  

OVMML 
HTC 

BTU/HlSWTD€tF 

103.0 
I l B . 6  
112.2 
I os. s 
136,s 

9 4  .I 
101.4 

1 i i . a  

RUN 
TINE 
HOURS 
.oo 
: .22 
4.32 

11.63 
20.45 
22.?3 
24.15 
27.98 

tOOLIN6 UATER TENPERATURES I N  DEO. F 
EXCH 1 EXCH 2 EXCH 3 

I N  ou1 I n  DU1 I n  DUI 
76.0 u / * o  6 9 . 0  76.0 66.0 69 .0  
77.0 87.0 70.0 77 .O 66.0 70.0 
79.0 90.0 71 .O 79.0 66.0 71 .o 
16.0 66.0  71 .O 71.0 66.0 71.0 
78.0 88.0 72.0 78.0 67.0 72.0 

EXCHANGER WUIBER 2 TEMPS I N  DEG. F 
I M  OUT I# OUT I N  OUT IN OUT 

217.0 178.0 234.0 178 .0  238.0 183.0 142.0 184.0 

238.0 194.0 249.0 198.0 254.0 208.0 256.0 204.0 
234.0 190.0 246.0 192.0 248.0 199.0 253.0 15'6.0 
237.0 194.0 250.0 196.0 254.0 205.0 293.0 196:O 

229.0 185.0  245.0 189.0 248.0 200.0 252.0 196.0 

H I N I  EXCHANbER NUNBER I 
OVERALL H E A l  IHANSFEK C O C F F I C l t N T S  

TUBE1 TUBE2 TUBE3 TUUC4 A V L K A G t  l I R E  
m m u .  5 0 . ~ 7 .  DCG. F HOUL'S 

103.4 80.9 75.7 73.9 83.5 .oo 
92.3 72.0 67.5 66 .5  <'4.6 1 .so 
91.1 78.9 71 .8  65.1 77.2 2.50 
80.3 bS.5 63. I 60.8 67.4 3 . 3  
81.2 65.9 6 1 . 6  63.6 68.1 5.17 
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H I N I  EXCHANGER MUMMER 2 
OVERALL HEAl  TRANSFER COEFFICIENTS 

TUBE 1 TUBE2 TUBE3 TUBE4 IUERAGE T I N  
BTUIHR. SO.FT. DEB. F HOURS 

61.5 82.2 66.8 83.0 73.4 moo 
65.8 77.8 62.5 - 77.5 70.9 1 .so 
70.5 78.3 65.8 79.8 71.6 2.50 
51.0 59.0 51.1 b2.b 55.9 1.55 
54.4 63.1 56.1 68.6 61 .O 5.17 

i n n  IB TNE INPUT DNA FOR TIE w w n  nuu 
T l I S  RUN 8 T A R T E B  MARCH 2, 1977 
T I L  C O Y D I T I O M S  O f  THIS RUN UEREi 

I .  s n L 1 w i n  I 26,000 PPH TOTAL IISSOLPEB taxis 
6. C A L C l U l  I 1 4  PP 
C. I l L I C I  I 300 P f l  
8. CIIIOYIIEI 600 w n  
E. PH I 6.9 
F. IDIITIVE 1 NOME 

1. Lrvu I HOME 
0. OTNLR 1 

I R I I  
r i i L  INLET 

. 000 124.0 
l.SO0 125.0 
?.SO0 125.0 
1.s50 12s. 0 
5.144 124.0 

NOURB TEnt 

B R I M  
OUTLEI 

TEMP 
97.0 

102.0 
94.0 

109.0 
107.0 

R f S U L l S  FROM THL MAIN EXCHAH8ER F O I  THL SEUD(IP #UI 
T U 6  RUM 8 T I R T E B  MARCH 2, 1T77 
T U  CON8ITIORS OF T H I S  RUM YERE: 

I .  s A L m i i  1 26,000 PPII TOTAL BISSOLUEI tams 
I. CILCIUH I 34 PP 
C. SILICl I 300 PPM 
I. C M B O l l T E I  bo0 P P I  
L. P I  1 6.P 
f .  IBIIlIVE I NOME 

I. LEVEL I NOM 
0. OTHER t 

BRINE 
FLOU 

LI/HR 
463.2 
417.1 

474.1 
474.0 

as3.7 

COOLHZO BRIM 
F LOU FLUX 

L M U  E l U / H R  
S896.5 101682.4 
4012.4 91187.4 
5914.4 77977 4 
S613.1 98723.S 
5835.8 100039.9 

THIS IS THE INPUl DAIA FOR THE EIbHlH RUN 
T H I S  RUN 51LRTED IAPUH 3,  1977 
1HE C O N D I I I ( I N S  OF T H I S  RUN UERLt 

A. S L L I N I T Y  : 26,000 P P I  TOTAL DISSOLVED S O L I l S  

C. S I L I C A  I 300 P P I  
D. CARBOHl IE t  600 PPll  
E. PH I 6.9 

B. CALCIUM I 34 p p n  

F. nimTIuE I NONE 
1. LEUEL I NONE 

6. OlHER I 

iitx 
HUURS . .OO 

1.48 
2.77 

11.42 
19.48 
21.63 
23.93 
25.35 
26.56 

TUBE I 
GAGE 

7.8 
7 .6  
7.6 
7.9 
7 .9  
8.3 
8.1 
8.1 
7.9 

FLOW 
TUBE 2 TUBE 3 

6161 GA6E 
7 .7  7.8 
7.4 7.6 
7.5 7.5 
7.9 7.9 
7.9 7 .9  
8.3 8.3 
8.2 8.5 
8.1 8.1 
7.9 7 .9  

TUBE 4 
G A M  

7.8 
7 .9  
7 .8  

8.3 
8.6 
8.6 
8 . 4  
8.4 

8.5 

MINI EXCHANGER d U I I E R  3 
OVERALL HEAT T k A M S t t R  CUEFFICIENTS 

TUBE1 TUBE2 TUBL3 TUBE4 AVERAGE T I M  
BTU/HR. SO.FT. DE6. F HOURS 

6O:b 57.7 54.4 44.3 54.3 . 00 
62.0 61.3 60.0 61.V 63.3 1.50 
68.4 66.1 61.6 69.9 47 .0  2.50 
68.1 b6.0 60.9 68.2 65.8 3.55 
70.5 62.8 63.3 61.1 44.4 5.17 

IR1m 
FLOY 
I A O E  
5.0 
4.7 
1.8 
5.1 
5.1 

COOL H20 
GALLONS 
420420. 
421365. 
422180. 
427130. 
433085. 
434138. 
435932. 
436861. 
437b50. 

Cootllo 
IWLEl 

1ENP 
44.8 
U.8 
47.8 
44.8 
41.a 

COQUZO 
fLUX 

141 S4. 4 
91317.1 
59166.5 
9s271.1 
93186.4 

 rum 

coanzo 
OUTLET 
lilp 
P . 0  
n .I 
n., 
13.0 
04.0 

OWWL 
HTC 

BTU/lfROPTDEEF 
131.9 
112.8 
17.2 

107.0 
112.1 

manzo 
CLOURITE 
OIYLOM 

1507 17. 
159783. 
140S10. 
1612% 
1 4 2 1 U .  

RIM 
TIM 
noun 

.ob 
1 .so 
2.50 
1.55 
s. 17 

COULIN6 UATER TEI~PERATURES IN DE6. 
EXCH 1 Excn 2 

IN OUT I M  OUT 
80.0 91 .O 74.0 80.0 
81.0 Y1.0 75.0 81 .o 
82.0 91 .O 75.0 82.0 
77.0 88.0 69.0 77.0 
74.0 82.0 68.0 74.0 
77.0 86.0 71 .O 77.0 
83.0 91.0 77.0 83.0 

82.0 90.0 76.0 82.0 
85.0 93.0 79.0 85.0 

F 
EXCH 3 

I N  OUT 
70.0 74.0 
71.0 15.0 
71.0 75.0' 
63.0 49.0 
b4.0 60.0 
61.0 ? I  .o 
73.0 77 .0  
75.0 79.0 
72.0 76.0 
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I N  
306.0 
306.0 
307.0 
321 .o 
319.0 
319.0 
318.0 
J18.0 
315.0 

IN 
180.0 
186.0 
191.0 
219.3 
20Y.O 
213.0 
215.0 
216.5 
215.0 

EXCHANGER NUNBER 1 1 
OUT I N  OUT 

218 .0  308.0 231.0 
226.0 3 0 9 . 0  230.0 
231 .0  309.0 243.0 
259 .0  32L.O 267 .0  
254 .0  319 .0  260 .0  
258 .0  320.0 263.0 
260.0 318.0 266.0 
258 .0  31P.O 264.0 
259.0 316.0 263.0 

IEnPs I N  DEG. F 
I N  OUT 

3 0 9 . 0  234.0 
309.0 242.0 
310 .0  245.0 
323.0 272.0 
320 .0  263.0 
320 .0  260.0 
319 .0  26l.O 
320 .0  268.0 
316.0 266.0 

EXCHANGER MURDER 3 
OUT IN OU1 

145.0 161.0 I4II.O 
150.0 188.0 153.0 
155.0 192.0 157.0 
191.0 211.0 186.0 
169.0 210.0 173.0 
174.0 216.0 177.0 
176.0 218;O 181.0 
178.0 219.0 183.0 
175.0 218.0 180.0 

i w s  IN DEG. I 
IN OUT 

187.0 156.0 
198.0 161.0 
202.0 165.0 
232.0 195.0 
220.0 180.0 
224.0 185.0 
225.0 187.0 
226.0 189.0 
224.0 186.0 

I N  
309.0 
3 0 9 . 0  
310.0 
323.0 
320.0 
329.0 
319.0 
325.0 
316.0 

RESULIS FROM THE E I Q H T H  RUN 
T H I S  RUN STARTED NAkCH j, 1977 
THE COCUITIONS~DF IHIS kUN UEREI 

A. SALINITY I 26,600 PPH TOTAL PISSOLVED SOLIDS 
a. c A L c i u n  I 34 ppn 
c. s w c a  I 300 PPI 
D. CI)RBONIIEI 600 PPll 
E. PH I 6.9 
F. ADDITIVE I NONE 

1. LEVEL I NONE 
8. OTHER I 

I N  
187.0 
195.0 
zuo.0 
227.0 
215.0 
218.0 
220 * 0 
222.0 
210.0 

DOUL H20 
LUlHK 
5288.3 
5232.6 
5343.2 
5465.4 
5221.3 
5385.2 
5418 .4  
5398.4 
5373.9 

T U a E l  

39.7 
60.5 
61.4 
57.2 
53.6 
55.) 
56.4 
54.5 
53.2 

TUBE1 
LWnP 
183.0 
17Y.5 
177.0 
185.2 
185.4 
193.5 
190.1 
187.8 
183.4 

FLOURATES 
TUBE2 
LBlHR 
180.5 
178.0 
175.7 
182.8 
183.0 
193.4 
191.3 
187.7 
I8S.6 

TUBE3 
L B l H R  
181.6 
178.0 
175.6 
18S.O 
182.9 
193.4 
198.2 
187.6 
183.3 

TUBE4 
LB lHR 
182.7 
183.9 
182.6 
197.8 
193.4 
199.5 
199.3 
196.9 
195.0 

N I t l I  EXCHANGER NUNBER 2 
OVERALL HEAT TRPtifICk C O t F F I C I E N l S  

BTU/HR. SO.FT. DEG. F 
IUBE2 IUBE3 TUBE4 AVERAGE 

73.7 6 7 . 2  74.8 68.8 
61.6 59.6 71 .3  63.3 
75.7 60.9 71 .9  67.7 
63.1 53.1 66.1 59.9 
57.6 47.6 58.1 54 .2  
56.9 4Y.l 60.1 55.5 
59.0 52.1 60.7 57.0 
56.8 51  .2 59 .7  55.6 
54.0 48.4 71 .9  56.9 

O U T  
240.0 
246.0 
249.0 
273.0 
264.0 
267.0 
268.0 
268.0 
266.0 

OUT 
183.0 

161.0 
190.0 
176.0 

183.0 

182.0 

i 5 a . o  

1ao.o 
ias.0 

TIME 
HOURS 

.oo 
1.48 
2.77 

11.42 
19.48 
21.63 
23.93 
25.35 
26.56 

TINE 
HOURS 

.oo 
1.48 
2.77 

11.42 
19.48 
21.63 
23.93 
25.35 
26.56 

I N  

226.0 
231 .O 
259.0 
254.0 
258.0 
2 6 0 . 0  
258.0 
259.0 

218.0 

EXCHANGER NliiIMER 2 TEHPS I N  DEG. F 
OUT 11  UUI Id  OUT 

180.0 231.0 181.0 234.0 187.0 
186.0 230.0 188.0 242.0 198.0 
191.0 24J.O IP2.0  245.0 202 .0  
i l Y . 0  267.0 2 ~ 1 . 0  272.0 232.0 
209.0 260.0 210.0 263.0 220.5 
213.0 263.0 216.0 266.0 224.0 
215.0 266.0 218.0 267.0 225.0 
L16.0 264.0 219.0 268.0 226.0 
215.0 263.0 218.0 266.0 224.0 

lUBEl 

103.0 
88.4 
81.5 
75.1 
61.6 
64.3 
61.1 
63.2 
58.7 

T U U E l  

82.3 
66.9 
62.9 
46.0 
56.2 
56.3 
57.9 
57.0 
5Y.3 

H I M I  EXCHANGER NUHBER I 
UVLHALL HEAl  IRAWSFLR COEFFlCIENlS 

TUBE2 TUBE3 TUBE4 
BTU/HR. SE.FT. DEG. F 

84.8  az. I 74.6 
84.9 69.4 66.6 
67.4 65.8 63.5 
64.3 59.5 62.2 
54.3 f 2 . 0  53.9 
59.2 55.6 64.6 
54.2 55.9 55.0 
56.8 53.0 55.6 
55.5 51.3 54.6 

MINI CXCHARGEH NUMBER 3 

TUBE2 TUHE3 TUBE4 
BTWHR. S O . F l .  DEG. F 

74.7 65.5 7.4 
62.8 58.8 64.6 
59.7 58.0 65.1 
57.. 6 57.5 63.6 
50.2 50 .9  54.2 
54.9 51.7 54.1 

OVERALL HEAT TRANSFER LUEfFlLlENlS 

53.5 54.1 54.8 
52.2 50.9 55.2 
55.1 51.9 43.; 

AVERAGE 

86.1 
77 .3  
69.6 
65.3 
55.4 
60.9 
56.6 
57.2 
55.0 

6 'JE R A GE 

5/.5 
b J . 2  
61.5 
56.2 
52.Y 
54.2 
55 .1  
53.8 
52.5 

IN 
240.0 
246 .0  
249 .0  
273.0 
264 .0  
267.0 

268 .0  
266.0 

268.0 

195.0 
200.0 
22/.0 
215 .0  
218 .0  
220.0 
222.0 
210.0 

T IHL 
HOURS 

.oo 
1 - 4 8  
2.77 

11.42 
19.48 
21.63 
23.93 
25.35 
26.56 

T I N E  
HOURS . 00 

1.48 
2.77 

11.42 
I ? .  48 
21.63 
2A 93 
2s. 35 
26.56 
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i n 1 8  18 in€ Impui D A T A  FOR TM E I w w  RUN 
TI16 RUN 81MTED IIAREH 3 ,  1977 
T I E  COYDIIIOIS O f  lWIS RUM ULRE: 

4. 8ALINITY I 26,000 P P I  lOlAL DISSOLVE1 SOLI19 
k.  CALCIUI I 1 4  PPN 
C. O I L I C h  I 300 P P I  
I. C A R B O I I A l E :  LOO PPI! 
E. ?H : 6.9 
f. A D I I T I U E  I NONE 

1. LEVEL : NONE 
8. OlHER : 

TIME 
NOUR8 . 000 
1.480 
2.770 
11.420 

nn 
INLE 

TEN 
I l k .  
319. 
11a. 
3lb. 

19.480 127. 
21 .A30 
13.930 31b.  
25.350 32b. 
26.3bO 323. 

I€ 
1 
IP 
0 
0 
0 
0 
0 
0 
0 
0 
0 

u 1 n E  
OUTLET 

TEIP 
105.0 
108.0 
111.0 
83.0 

117.0 
118.0 
124.0 
12b.O 
12b.O 

RESULlS FROI  THE HAIN EXCHANGER FOR THE EIOHTII lull 
1 N I S  RUN STARTED IIARCH 3, 1977 
T a t  c o n o m o n s  OF i n i s  R U N  UERE: 

4. sALInIiy I 26,000 ppn TOTAL DISSOLVED SOLIBS 
k. CALCIUI! : 34 P P I  
C. 8ILICA : 300 PPI! 
k. C A R k O N A l E t  (00 P P I  
E. P n  I 6.9 
1. IDDITIVE : WON€ 

I .  LEVEL I NONE 
8 .  OlHER : 

BRINE 
fL0U 

w n r  
475.9 
400.3 
480.5 
453.0 
478.4 
474.0 
4b9.4 
474.0 
4b0.7 

coouno 
FLOY 

LIIHR 
3b57.7 
5563.S 
Sb81 .4 
sess. I 
5532.7 
Sb92.S 
Sb05.4 
5027.3 
S721.9 

iHIS IS THE INPUT DATA FOR THE H I N l H  RUN 
l n i 5  nlrn blf iKTED nahcn 9, 1977 
aHC C O N D I T I O ~ I  OF T H I S  RUN UERE: 

a .  SALINITY : 4:.ooo w n  TOTAL DISSOLVED SOI 
B. c m x u n  : 24 ppn 
C. S I L I C A  I 400 PPI! 
D. CARBONATE: e00 PPI! 
E. PH : 7.1 
F. 4DDITIYE : NONE 

I .  LEYEL : NONE 
G. OTHER : 

liHE T U B E  1 I 
HOURS Gb6E 

.oo 7.6 
1.45 7.5 
3.25 7.8 
4.73 7.; 
6.50 8.1 
12.88 8.3 
22.65 8.7 
24.40 8.0 
25.45 8.0 
24.92 0. 1 
29.05 1 . 9  
30.68 8.1 
39.08 10.0 

FLOUS 
iUUE 2 TUBE 3 
6I6E 66CE 
7.7 7.7 
7.7 7.7 
8.0 8.3 
7.7 7.7 
8.1 8.1 
8.5 8.5 
8.7 &.I  
8.1 0.0 
7.9 0.0 
8.1 8.1 
8.0 7.9 
8.4 8.1 
10.0 9.7 

-10s 

l U B E  4 
6A6E 
7.7 
7.9 
8.3 
8.2 
8.0 
8.2 
8.7 
8.1 
7.9 
8.2 
8.3 
8.4 
9.3 

IRIIIE 
FLUX 

8TU/HR 
17b13.b 
97b22.b 
95830.2 

101488.9 
?b08?.  S 
?3080.9 
91467.5 
?I 470.1 
07551.3 

COOL H2D 
G(LLL0MS 
439600. 
440544. 
441J33. 
4 42675. 
443841. 
447400. 
454070. 
455260. 
4561 16. 
456776. 
458446. 
459562. 
465820. 

i I n E  

m e t  
FLOU 

s. I 
S.1 
1.1 
4.9 
3.1 
3.1 
s.1 
5.1 
4.9 

tooLN20 
INLET 

TEMP 
70.0 
72.0 
71.0 
(1.0 
b4.0 
b7.0 
71.0 
73.b 
72.0 

COOUl20 
FCYX 

k1UIHR 
?0141.9 
777bl .b 
90721 . I  
96313.1 
83206.9 
as21 7.3 
79433.9 

7994s.7 
~ 1 4 1 e . 8  

cwua 
OUTLET 
TEW 
k6.0 
86.0 
87.0 
n. 5 
79.0 
82.0 
W .b 
09.0 
06.0 

OVnYL 
WrC 

10.0 
79. s 
U2.S 

1SS.b 
64.2 
b6.2 
b3.0 
u .O 
40.2 

oiu/nRsPmEw 

C00C)IM 
fLOURhlE 
M U W S  

17S567. 
176577. 
177443. 
183372. 
189057. 
l?W?S. 
192073. 
193047. 
193013. 

COOLING YATER TEWERAIURES I1 DES. 
EXCH 1 EXCH 2 

IN OUT I n  OUl 
75.0 86.0 49.0 75.0 
75.0 8a.o 69.0 75.0 
7/.0 9 0 . 0  71 - 0  77.0 
77.0 89.0 70.0 77.0 
9S.O 120.0 76.0 95.0 
73.0 aJ.0 A9 .o 73.0 
72.0 80.0 70.0 72.b 
76.0 83.0 73.0 76.0 
75.0 82.0 72.0 75.0 
16.0 83.0 74.0 r’6.0 
75.0 81 .o ?3.Q 75.0 
75.0 81 .o 73.0 75.0 
72.0 77.0 71 .O 72.0 

mu 
TIM 
HOURS 
.oo 

1-48 
2.77 
11.42 
1T.40 
21.a 
23.93 
25.3s 
26.S 

F 
EXCH 3 

IN OUT 
67.0 69.0 
66.0 69.0 
60.0 71.0 
67.0 70.0 
6b.O 76.0 
65.0 69.0 
66.0 :0.0 
70.0 73.0 
69.0 72.0 
71 .O 74.0 
70 .O 73.0 
70.0 73.0 
6V.O 71 .O 

75 



I N  
305.0 
312.0 
310.0 
J:4.0 
314.0 
314.0 
31 1 .O 
309.0 
3 i0 .0  
313.0 
312.0 
31 I .0 
313.0 

EXCHANGER 
OUT I N  

218.0 308.0 
220.0 312.0 
225.0 310.0 
132.0 314.0 
250.0 314.0 
245.0 314.0 
260.0 310.0 
260.0 309.0 
262.0 310.0 
267.0 313.0 
268.0 311.0 
270.0 311.0 
283.0 313.0 

NUMBER 1 
OUT 

230.0 
232.0 
233.0 
239.0 
255.0 
247.0 
263.0 
262.0 
264. 0 
269.0 
270.0 
271 .O  
249.0 

TEMPS I N  DEY. F 
I N  OUT 

308.0 22b.b 
312.0 240.0 
310.0 236.0 
314.0 239.0 
314.0 252.0 
314.0 247.0 
311.0 261.0 
309.0 260.0 
310.0 262.0 
314.0 266.0 
311.0 268.5 
311.0 1 / 0 . 0  
313.0 275.0 

I N  
308.0 
31 1 .O 
310.0 
314.0 
314.0 
314.0 
31 1.0 
309.0 
310.0 
314.0 
312.0 
311.G 
309.0 

OUT 
230.0 
230.0 
235.0 
239.0 
252.0 
247.0 
261 .O 
259.0 
262.0 
266.0 
268.0 
2i0.0 
280.0 

ou 1 
1 4 8 . 0  
148.0 
1bS.O 
160.0 
171.0 
170.0 
191.9 
193.0 
196.0 
202.0 
201.0 
208 .o 
228.0 

I N  
218.0 
220.5 
225.0 
232.0 
250.0 
245.0 
260.0 
26G.b 
262.0 
267.0 
268.0 
270.0 
283.0 

EXCHANOER N U n 8 E R  2 TEMPS I N  UE6. F 
OUT IN UUI IN UUT 

171.0 230.0 173.0 226.0 103.0 
171.0 232.0 173.0 233.0 184.0 
177.0 23.5.0 1)G.b 236.0 189.0 
1 6 4 . U  219.0 18b. IJ  239.0 194.0 
202.0 255.0 205.0 252.0 205.0 
193.0 247.0 202.0 247.0 201.0 
L l b . 0  263.0 223.5 261.0 222.0 
210.0  262.0 222.0 260.0 222.0 
219.0 264.0 225.0 262.0 226.0 
224.0 269.0 229.0 ?66.0 230.0 
228.0 270.0 233.0 268.0 233.0 
231.0 271.0 235.0 270.0 235.0 
253.0 249.0 202.0 275.0 249.0 

IN 
230.0 
2j0.0 
235.0 
237.0 
252.0 
247.0 
261.U 
259.0 
262.0 
266.0 

270.0 
280.0 

268.0 

OUT 
178.0 
177.0 
185.0 
191.0 
206.0 
201.0 
222.0 
222.0 
226.0 
230.0 
233.0 
236.0 
252.0 

" I N  
1:I.J 
171.5 
177.0 
104.0  
202.0 
193.0 
2 l e . J  
116.0 
219.0 

8 22k.O 
228.0 
231.3 
2SJ.U 

LXC 
au 1 

l j / . O  
156.0 
142.0 
147.5 
164.0 
160.0 
181.0 
184.0 
188.0 
193.0 
197.0  
201 .0 
227.0 

HANGER NUHUER 4 
IU OUT 

l y 3 . 0  142.0 
173.0 142.0 
178.0 147.0 
186.0 154.0  
205.0 170.0 
202.0 169.0 
223.0 192.0 
222.0 192.0 
22S.b 196.0 
229.0 202.0 
233.0 205.0 
2J5.0 207.5 
202.0 173.0 

11HPS I N  
IN 

183.0 
1Y4.0 
189.0 
194.0 
205.0 
201.0 
222.0 
222.0 
1 2 6 . 0  
230.U 
233.0 
235.0 
249.0 

U t b .  F 
UUI 

1:J.U 
153.0 
l5d.U 
161.0 
171.0 
170.0 
192.0 
193.0 
196.U 
202.0 
207.0 
209.0 
221.0 

I N  
128.0 
1;;*0 
1d3.r) 
191.0 
206.0 
201 .o 
222.0 
222.0 
226.0 
230.0 

2.i6.0 
252.0 

23J.U 

RESULTS FROM THE NINTH RUN 
T H I S  fish' S T A R T E D  MARCH 9,  1977 
Ill€ CONDITIONS OF ;HIS RUN UERE: 

n. S A L I N I T Y  : 45,000 PPN T O ~ A L  DISSOLVED SOLIDS 

c. SILICA I 400 w n  

F. a m i i x w t  : NONE 
1. L L V i L  : NONE 

G. uTHER : 

8 .  CALCIUM : Z k  PPI( 

D. CARBONATE: 800 PPI! 
E .  i" : / . I  

rtlld: LXLHaNGtR N U H U E 2  I 
OVERACL HEAT TRANSFER COEFFICIENlS 

lUBE2 TUBE3 TUBE4 
OlU/HH. SO.FT. BEG. F 

82.5 87.8 82.5 
PI .2 94.0 95.5 
91 .5 90.4 91.9 
83.4 83.4 011.8 

121.1 128.5 126.9 
?4.7 74.7 72.0 
52.6 56. I 56.1 
49.1 50.8 52./ 
47.0 50.d 4Y.: 
45.8 50.2 SO.8 
40.4 42.0 45-1 
43.8 43.4 45.0 
69.4 37.5 ??.4 

COOL H20 
LB/HR 
5377.4 
5474. i 
5261.9 
5467.4 
4593.4 
5663.3 
5644.3 

' . T l . 7  
5717.0 
5671.4 
6167.7 
5572.9 

5690.7 

TUBE1 
LBlHR 
178.0 
175.5 

180.0 
189.3 
194.0 
203.6 
187.4 
187.3 
189.4 
184.8 
189.6 
2J3.6 

182.6 

FLOURATES 
TUBE2 
LB/HR 
180.5 
180.1 
187.3 
180.0 
189.3 
198.7 
203.7 
189.8 
185.0 
189.4 
187.2 
196.6 
233.8 

TUBE3 TUBE4 
LWHR LB/HR 
180.5 180.5 
180.1 184.9 
194.4 194.4 
180.0 191.6 
189.3 187.0 
198.7 191.6 
203.6 203.6 
187.4 18Y.8 
187.3 185.0 
189.3 191.6 
184.9 1Y4.2 
189.6 196.6 
226.8 217.9 

T I M E  
HOURS 

.oo 
1 .45 
3.25 
4.73 
6.50 

12.88 
22.65 
24.40 
25.65 
26.92 
29.05 
30.68 
39.08 

ruBEi 

98.5 
106.1 
101.1 
73.1 

133.6 
75.5 
57.3 

50.0 
48. I 
42.9 
43.4 
30.0 

5o.e 

AVERAGE 

07.8 
96.7 
93.7 
8.1.2 

127.5 
74.2 
55.5 
50.9 
4y.1 
40.7 
42.6 
43.9 
41.1 

T I M  
HOURS 

.00 
1.45 
3.25 
4.73 
6.50 

12.88 
22.65 
24.40 
2:. 65 
26.92 
29. 05 
30.60 
39.08 

M I N I  EXCHANGER NUMBER 2 
OVERALL HEAT TRANSFER COEFFICIENTS 

BTU/HR. SQ.FT.  DES. F 
TUBE2 TUBE3 TUBE4 AVERAGE 

83.0 60.7 74.0 72.2 
84.1 62.9 76.7 73.8 
78.6 65.8 71.4 71.2 
78.0 64.1 73.7 72.2 

123.7 117.4 113.0 119.1 
50.9 52.2 50.4 53.3 
34.3 33.7 33.7 35.1 
38.4 36.2 J5.8 38.3 
36.2 34.0 33.5 30.3 
32.6 29.5 29.9 31.7 
29.7 27.9 29.3 29.0 
30.9 29.3 29.1 30.4 
45.5 19.8 20.0 27.0 

M I N I  EXCHANGER NUflBER 3 
OVERALL H U T  TRANSFER COEFFICItNTS 

TUBE2 TUBE3 TUBE4 
BTU/HR. S0.FT. UE6. F 

5 0 . 0  43.2 45.4 
58.0 51.6 52.6 
55.9 51.9 51.9 
51.4 49.3 56.2 
84.4 81.6 82.6 
57.1 53.6 51.7 
46.4 45.5 46.1 
39.a 3 7 . d  38.3 
36.3 37.9 37.5 
34.6 35.7 36.2 
34.9 31 .I 33.3 
37.0 32.Y :6..' 
45.5 26.9 24.3 

TUBE1 

/1.u 
71.5 
69. 0 
72.7 

122.1 
59.7 
3 E . 8  
42.8 
41.5 

32.4 
32.7 
22.8 

35.a 

T I M E  
HOURS 

.Ob 
1.45 
3.2s 
4.73 
6.50 

12.88 
22.65 
24.40 
25.65 
26.92 
2Y.55 
30.68 
39.08 

TUBE1 

56.4 
67.0 
63.9 
62.k 
95.5 
60.3 
5u.o 
44.2 
4 1 . 4  
41.8 
39.9 
39.5 
28.3 

AVERClGE 

48.8 
57.3 
5 5 . 9  
53.3 
86.0 
55.6 
47.2 
40.0 
38.3 
37.1 
35.0 
30.5 
31.3 

TinE 
HlJUitS . 00 

1.45 
3.25 
4.73 
6.50 

12.88 
22.65 
24.40 
25.05 
26.92 
29.05 
30.68 
39.08 
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THIS IS THE INPUT D A T A  FOR THE mnun RUN 
TNlS RUN SlARTED IIARCH 9 ,  1977 
T I E  CONDITIONS OF T H I S  RUN UfRE I 

A. SALIIIITY I 45,000 ppn TOTAL DISSOLVED so1 
I. t n i c i u i  I 24 PPI 
C. SILICA I 400 PPI( 
I. CARBONATEI 800 ppn 
E. PH I 7.1 
f. ABllllUE 1 HONE 

1. LEVEL I NONE 
8. OlHER I 

llME 
HOURS . 000 

1.450 
3.250 
4.733 
6.500 

22.650 
24.400 
25.650 
26.917 
29.0SO 
30.183 
39.076 

12.8eo 

BRINE 
I N L E l  

31b.O 
319.0 
116.0 
320.0 
319.0 
317.0 

313.0 
313.0 
318.0 
315.0 
314.0 
313.5 

n i p  

a i4 .0  

. ID8  

BIINE 
OUTLET 

l E l P  
100.0 
104.0 
104.0 
105.0 
105.0 
112.0 
110.0 
128.0 
129.0 
133.0 
136.0 
139.0 
146.5 

RLSULIS FROH THE N 4 I N  EXCHAn8ER FOR 1HE N1NTW.PUN 
T N l S  RUN S T A R T E D  IIARCH 9, 1977 
T I E  CONDITIONS OF T H I S  RUN UEREI 

A. 81LINITY I 45,000 PPH TOTAL DISSOLVED 80LIlS 
I. c4LcIun I 24 PPI( 
C. SILICA I 400 PPll 
8. CAR8OYlltEi 800 PPH 
E. pn I 7.1 
F. A D D l T l V E  I NOM 

B. O l H E R  'I 
1. LEVEL : YOIIE 

I R I N E  
FLOU 

W H R  
476.3 
475.6 
467.0 
466.1 
466.3 
443.4 
439.4 
486.4 
495.7 
475.9 
476.5 
476.8 
476.9 

COOLH2O 
FLOY 

LB/HR 
6188.1 
6276.0 
6028.0 
4730.3 
5141.8 
5160.S 
5120.8 
5164.1 
5102.3 
5169.6 
5108.3 
5652.8 
5363.3 

THIS IS THE I N P U l  BAIP,  FOR THE TENTH KUN 
?HIS RUN S l A n T E D  n l R C H  30, 1977 
THE CONDITIONS OF THIS RUN UEHE: 

A .  SALINITY : :o,uoo w n  i u r a  BIWLUED SOLIDS 
8. c n L L i u n  : z o  I'+n 
c. SILICA : 400 PPH 
D.  C A R B O K A I L :  8 0 0  PPI4 
E. PH : 7.1 
F. ADDITIVE : NONE 

I. LEVEL : WONi 
G. O i H t i c  I 

FLOUS 
T I N E  TUBE 1 TUBE 2 TUBE 3 
HUUKS G16c GAGE GAGE 

.oo 7.6 7.6 7.4 
1.03 8.1 6.1 7.9 
2.38 7.8 7.9 7.7 
J.48 7.8 7.9 7.8 
5.32 7.8 0.0 1.8  
6.02 7.8 8 . 0  7.9 

15.65 7 .4  7.6 7.4 

TUBE 4 
6AGE 

7 .4  
7.9 
7.9 
8 . 2  
8.3 

7 .9  
a.3 

BRINE 
FLUX 

BTU/HR 
99040.0 
98482.8 
95323.9 
96517.4 
96108.7 
87575.2 
86327.9 
86750.5 
87946.4 
84911.4 
82295. b 
10505.3 
76877.4 

COOL H20 
GALLONS 
489724. 
490354. 
491227.  
491 7 1  4.  
493059. 
493504. 
499750. 

i I  

CWLH2O BRIM 
fL0U I N L E I  
PA8E TEWP 
5.1 66.0 
5.1 67.0 
5.0 68.0 
5.0 67.0 
5.0 66.0 
4.8 65.S 
4.7 66.0 
5.2 10.0 
5.3 69.0 
5.1 71 .o 
5.1 70.0 
5. I 70.0 
5. I 69.0 

COOLH20 
rLUX 

ITUIHR 
86459.8 
81424.9 
72191.2 
61371.2 
76973. I 
69527.6 
56272.8 
61845.2 
6110S.4 
56752.3 
50981 .I 
blOJb.2 
48173.2 

COOLHZO 
OUTLEl 
TEW 
80.0 
80.0 
80.0 
80.0 
11.0 
79.0 
77.0 
82.0 

82.0 
80.0 
81.0 
78.0 

(1.0 

OVERALL 

lTU/HRSQFTDE6F 
86.3 
77.8 
73.0 
67.1 
75.1 
60.6 
55.2 
51.4 
S0.d 
46.5 
42.3 
44.1 
3b.5 

nrc 

COOLING UbTEH TiHPEHATUHES I N  DEG. 
EXCH 1 E x i n  2 

I N  OUT It4 uu I 
84.0 97.0 17.0 84.0 
89.0 102.0 8 1  .0 89.0 
P2.0 105.0 84.0 ,  7 2 . 0  
Y 4 . 0  106.0 87.0 7 4 . 0  
91 .O 101.0 84.0 * I  . 3  
90.0 101.0 84.0 90.0 
85.0 91.0 79.0  85.0 

CoOCH10 
FLWRATE 
MLLONS 

194996. 
196077. 
197438. 
198515. 
199522. 
203475. 
209548. 
210627. 
211405. 
212184. 
213513. 
214Sl8. 
220235. 

RUM 

HOURS 
.oQ 

I .4S 
3.25 
4.73 
6.j0 

12.88 
22.65 
24.40 

26.92 
29.05 

39.08 

i r n E  

2s. 4s 

30.68 

F 
EXCH 3 

I N  03 I 
74.0 i #*. 0 
78.0 81.0 
80.0 d4 . O  

80.0 54.0 
70.0 a 4 . 0  
71.0 ? 9 . 0  

YJ.O a7.a 
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EXCHANGER NUNBER I 
O U I  I N  uui 

204.0 315.0 207.0 
217.0 318.0 220.0 
224.0 322.0 226.0 
256.0 322.0 237.0 
249.0 322.0 24P.0 
251.0 322.0 251.0 
269.0 320.0 269.0 

T E W S  I N  DEG. F 
I N  ou1 

315.0 210.0 
319.0 224.0 
321.0 227.0 
322.0 236.0 
521.0 249.0 
322.0 252.0 
320.0 269.0 

I N  
315.0 
J i9 .0  
322.0 
322.0 
323.0 
322.0 
320.0 

OUT 
204.0 
217.0 
225.0 
236.0 
247.0 
250.0 
269.0 

I N  
204.0 
217.0 
224.0 
236.0 
249.0 
251.0 
269.0 

EXCHANLER NUMYEk 2 I thPS I N  DE6. F 
OUT I N  OUi i h  OUT 

160.0 207.0 154.0 210.0 153.0 
169.0 220.0 168.0 224.0 166.0 
175.0 226.0 l /4 .0  227.0 172.0 
180.0 2 U . u  l a5 .0  230.0 182.0 
200.0 249.0 200.0 249.0 198.0 
203.0 251.0 20d.0 252.0 203.0 
227.0  269.9 229.0 269.0 229.0 

IN 
201.0 
217.0 
225.0 
236.0 
247.0 
250.0 
269.0 

I#  
316.0 
320.0 
322.0 
323.0 
323.0 
323.0 
321 .O 

OUT 
159.0 
163.3 
171.0 
182.0 
191 .O 
202.0 
223 .o 

TIUE 
HOURS 

.GO 
1.00 
2.38 
3.48 
5.32 
6.U2 

15.65 

TINE 
HOURS 

.00 
1.09 
2 . 3  
3.48 
5.32 
b.bL 

15.65 

EXCHANGEk NUMNER 3 T E f l C 5  I N  0 t h .  t 
bU1 I N  OUT I *  our 114 

1 2 9 . 0  I j 4 . 0  129.0 153.0 127.0  159.0 
13S.0 168.0 137.0 166.0 134.0 163.0 
142.0 174.0 142.0 172.0 142.0 111.0 
150.0 183.0 147.0  182.0 148.0 182.0 
164.0 200.9 164.0 198.0 162.0 IY9.0 
l b 7 . 0  2 0 3 . 0  166.0 203.0 166.0 202.0 
195.0 229.0 197.0 229.0 198.0 228.0 

OUT 
128.0 
134.0 
141.0 
147.0 
161.0 
1A5.0 
197.0 

TXnE 
HOURS 

.00 
1 .oo 
2.38 
3.40 
5.32 
6.02 

15.65 

T i N E  
HOURS . 00 

1 .oo 
2.38 
3.40 
5.32 
6.02 

15.65 

IN 
160.0 
169.0 
175.0 
186.0 
200.0 
203.0 
U / . O  

RESULTS r i m  ittt Tthiw H U R  
Irli’a MUH S l A R T t b  MARCH 30. 1977 
THE COIDITIONS OF I H I S  RUN SERE1 

A. S A L I N I I T  : 50.009 PPH IOTAL UISSOLVEU SOLIDS 

C. S IL ICA : 405 PPI( 
D. CARBONATE: 800 P P t l  
E. PH : 7.1 
F. ADDITIVE : NdNE 

I .  LEVEL : NONE 
6. OTHER : 

E. cnLcIuN : 20 PPI( 

BIN1  tXCHAN6Ell WUtlBEH 1 
OVERALL HEAT TifAhSFEH COEFFICIENTS 

TUBE2 T ’ J R E ~  TUBE4 

119.2 113.1 120.7 
I I J . 8  107.1 118.0 
115.1 105.0 111.7 
95.3 95.6 100.5 

BTUIHR. 5Q.FT. DEG. F 

77.3 75.4 83 .3  
80.5 70.1 84.9 
45. I 43.9 46.6 

COOL wzo 
LB/HR 
521 1 -5  
5227.9 
5158.2 
S138.4 
5254.6 
3361. I 
5305.9 

F L 0 U R A T E S 
IUlctl i cbE2 
LBIHR LBIHR 
176.3 176.4 
187.6 t 8 i . a  
111.0 i a j . 7  
181.5 183.9 
181.5 186.3 
I 8 i . 5  186.3 
172.4 178.5 

r u n t i  
LBlHR 
174.0 
185.4 
179.4 
181 .6 
181.6 
183.9 
173.6 

T U U t 4  
LB/HR 
171.7 
185.4 
183.9 
190.9 
193. I 
193.2 
184.1 

T U Y E I  

124.8 
120.3 
111.0 

96.4 
76.2 
79.4 
44 .4  

AVERAGE 

119.4 
114.8 
109.6 

97.0 
70.1 
80.7 
45.0 

M I N I  EXCHANGER NUhRER 2 
OVERALL HEAT TRINSFER CUEFFICIENTS 

BIU/HR. Sl i .FT.  DEG. F 
r u m  IUBE3 T U L E 4  AVERAGE 

106.2 112.0 06.2 97.6 
101.8 111.6 108.7 104.1 

97.9 101.1 103.8 96.1 
8?.0 81.8 92.3 85.9 
73.0 74.7 75.0 73.5 
66.0 66.3 68.9 66.4 
48.8 47.5 51 .a 49.5 

N I N I  EXCHIHGER NUNBER 3 
OVERALL HEAl lRANSFEH L D t F F I C I E H l S  

TUBE2 TUBE3 TUBE4 
BIU/HR. SP.FI. DEG. F 

65.1 68.5 76.7 
72.4 76.6 10.1 
80.1 74.6 77.6 
79.0 75.4 82 .3  
64.7 64.4 72.4 
72.1 71.2 75.6 
44,3 41.6 44.5 

W E E 1  

86.0 
94.4 
91.5 
79.6 
71.2 
64.3 
49.9 

TuaEi 

77.6 
80.2 
81.6 
77.0 
63.0 
68.0 
43.5 

AVERAGE 

72.0 
75.0 

78.4 
66.1 
7 1  ./ 
43.5 

78.6 

i n i s  16 i n €  w u i  D A T A  FOR THE T E N T H  RUN 
THIS RUN SlItRlED IIAfiCW 30, 1977 
TNE CONBIlIOMS OF I H I S  RUM UEREI 

I .  SALINl lY  I S0,OOO PPB TOTIL DISSOLVED SOLIDS 
D. CILCIUM I 20 PPII 
C. SILICA I 400 PPN 
B. C I R I O N A I E ~  BOO PPM 
E. PH I 7.1 
i .  I D B I T I V E  I NOM 

1. LEVEL I NONE 
0. OlHtR I 

B R I M  
INLET 
TEMP 

326.0 
328.0 
329.0 
329.0  
330.0 
329.0 
329.0 

BRINE 
OUTLET 

1EMP 
99.0 
T9.0 

101.0 
103.0 
103.0 
101.0 
111.0 

DRINE 
FLOU 
6A6E 
s.1 
s. 1 
5.3 
5.2 
s.1 ’ 

5.1 
s.1 

COOLHZO 
INLET 

TEIIP 
7S.O 
78.0 
80.0 
03.0 
80.0 
80.0 
75.s 

COOLH20 
OWLET 
TEW 
92.0 
94 .O 
97 .O 
99.0 
76.0 
9b.O 
90.3 

tOOLH20 
FLWRATE 

3261 08. 
328813. 
329796. 
330570. 
331 863. 
332364. 
33940% 

suons  
1 1 N E  

HOURS 
,000 

1.000 
2.380 
3.480 
5.320 
b.020 

IS.bS0 
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RESULTS FRON THE HAIN EXCHANGER FOR THE T E N T H  RUN 
TNIS  RUN STARTED NhRCH 30, I977 
TIIE C O N D I l l O 1 1 S  OF T H I S  RUN YERE: 

A. SALINITY : 50,000 P P I  TOTAL DISSOLVED S O L I D S  

C. S IL ICA I 400 P P I  
D. CARBOMlTE: 600 PPN 
E. ?H I 7.1 
F. ABDXIIVE I NONE 

I .  LEVEL I NONE 
0. OTHER I 

D. c A i c i u n  I 20 ppn 

BRINE 
FLOY 

LWHR 
474.0 
473.6 
491 .9 
482.6 
468.5 
468.7 
468.7 

CWCMO 
FLOY 

LB/IR 
5837.8 
5896.0 
5820.7 
5810.8 
5911.8 
6049.5 
5979.1 

B R I M  
FLUX 

BTU/HR 
103642.1 
104467.4 
108058.2 
1051 02.7 
102479.3 
1b25l4. 1 
98507.4 

THIS IS itit I w u r  s f i r A  FOR THE E L E v E N r H  R U ~  

T n c  C O N D I T I O N S  o i  T H I S  W N  UEM: 
T H I S  R U N  S r A l i T E D  A P R I L  6, 1977 

4. S A L I N I T Y  : 31,000 PFfi T O T A L  DISSOLVED S O L I b S  
E. C A L C I U H  : 22 w n  
c .  s i L m  : 4 4 5  rpn  
D.  C n u m o N n i E :  890 P P N  
E .  PH : 1.1 
F. 4 D D I T I V E  : bETZ 403 I. L E V E L  : 90 w n  
t .  O I H E R  : 

T I n E  
HOiJRS 

.Ob 
1.60 
b.02 

18.45 
20.lV 
21 .uo 
23.77 

16.78 

111 
314.0 
315.0 
315.0 
317.0 
314.0 
312.0 
310.0 
310.0 

I N  
I 6 i . G  
172.0 
204.6 
214.0 
2 1 7 . 6  
223.0 
225.0 
231 . O  

TUBE I 
GAG€ 
7.5 
7.2 
7 . 0  
7.2 
7.0 
7.1 
7.1 
7.1 

FLOLlS 
i b a i  2 i u a c  3 

GAGE GAGE 
7.7 /.6 
7.4 7.4 
7.2 7.2 
7.8 7.6 
7.6 7.6 
7.6 7.6 
7.6 7.6 
7.6 7.6 

Tusk 4 
S A G E  
7.5 
1.5 
7.4 
7.7 
7.5 
7.8 
7.8 
7.8 

E X C H A N G E R  WUHBER I 1 
O U T  I N  OUT 
216.0 314.0 223.0 
230.0 314.0 237.0 
256.0 314.0 258.0 
261.0 3 1 7 . 0  2 6 5 . 0  
262.0 313.0 264.0 
265.0 312.0 267.0 
265.0 310.0 267.0 
268.0 310.0 271.0 

I E H P S  I N  DEG. F 
I N  OUT 

313.0 228.0 
314.0 241.0 
314.0 261.0 
j l i . 0  265.0 
314.0 265.0 
312.0 267.0 
31 0.0 267.0 
310.0 268.0 

LXLHANGLC!  NUNBCP 3 
OUT I N  i l U l  
130.0 161.0 l j 3 . 0  
139.0 I/a.O i41.0 
164.0 207.0 166.0 
176.0 2la.O 17r.G 
I n 0 . c  219.0 :U3 .0  
106.0 2 L J . U  L Y V . U  

IYO.0 228.0 194.0 
200.0 235.0  2oa.o 

1 L i l f S  I h  
I N  

16r.U 
177.0 
205.0  
212 .0  
216.0 
L1i.3 
2 2 5 . 0  
231 . O  

i 8 F t .  I 
ou I 
131.0 
140.0 
1 b3.0 
115.3 
1,,8.0 
186.0 
191.0 
203.0 

C O U L  HZO 
G A L L O N S  
527285; 
528300. 
531245. 
538440. 
539536. 
540633. 
541 762. 
543066. 

IN 
314.0 
514.0 
314.0 
317.0 
314.0 
312.0 
310.0 
310.0 

IN 
164.0 
171.0 
20: .0 
2 1 4 . 5  
218.3 
1 1 4 . 0  
227.0 
233.0 

OUT 
222.0 
237.0 
258.0 
264.0  
264.0 
267.0 
267.0 
269.0 

BL, r 
134.0 
142.0 
14b . i )  

1 ;e .o 
162.0 
195 .3  
191.0 
235.0 

C O O L H 2 0  
'ILUX 

BTU/HR 
99043.8 
94147.9 
98753.6 
92786. I 
94558.8 
94398.6 
89507.5 

OVERALL 
WTC 

BTU/HRSPFTDEGF 
133.1 
143.4 
159.3 
153.5 
129.4 
137.1 
86.1 

RUM 
TINE 
HOURS 

.Ob 
1 .bO 
2.38 
3.48 
5.32 
4.02 
15.65 

C O O L I N G  UATER TEfiPERAIURES I N  D E G .  F 
EXCH 1 EXCH 2 EXCH 3 

I N  OUT I N  ou I I N  ou 1 
89.0  102.0 8 4 . 0  8 9 . 0  80.0 84.0 
9 0 . 0  100.0 83.0 90.0 80.0 83.0 
81.0 88.0 75.0 81 .o 70.0 75.0 
80.0 87.0 71.0 80.0 70.0 74.0 
84.0 91.0 IP.0 84.0 75.0 7 5 . D  
87.0 94.0 83.0 87.0 IP.0 UJ.6  

9 1  .O 96.0 87.0 91 .O a.i.0 81 .0 
89.0 94.0 85.0 89.0 81 .o a3.o 

I N  
216.0 
230.0 
256.0 
261.0 
262.0 
265.0 
265.0 
268.0 

EXCHAtIGER NUMBER 2 T E H P S  I N  DEG. F 
our I N  O U T  I W  OUT 
161.0 223.0 161.0 228.0 162.0 
172.0 23i.0 178.0 241.0 177.0 
204.0 258.0 207.0 Lb1.0 203.0 
214.0 2 6 5 . 0  216.3 i02.u 212.0 
217.0 264.0 219.0 265.0 216.0 
223.0 267.0 225.0 2b7.0  222.0 
225.0 267.2 228.0 107.0 225.0 
231.0 171.3 215.0 208.0 231.0 

ill 
222.0 
237.0 
L'>a.3 
L b 4 . d  

264.0  
287.0 
201.0 
269.0 

Eli I 
164.0 
1 , ' i . O  
?OS. 0 
?11.0 
1 1 R . C  
224.0 
227.0 
233.5 
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HESULTS F R O i I  THE ELEVENTH RUM 
T H I S  RUN S T A R T E L  APNIL 6. I 9 7 7  
T H t  LONDllIONS O f  [ H I S  SUN UEkE: 

A. SALINIII : 3 1 , 0 0 0  PPI( Turr\L UISSOLVED SOLIPS 
B .  c a L c I u M  : 22 FFI 
c. SILICA : 445 ppn 
U. UAkBONAlE; 890 PPI 
E. rH : / . 1  
F. ADDITIVE I K T Z  403 

1 .  LEVCL : TPN 
6. OlHER : 

COOL H Z O  TUBE1 
LB/HR LBlHR 
5242.5 175.3 
5511.2 168.2 
5538.4 163.5 

5500.4 163.6 
5497.1 166.1 
5495.7 166.3 
5494.5 166.3 

5449.7 168.0 

FLOYRATES 
TUBE2 
L B / H R  
189.0 
172.9 
168.3 
182.0 
177.7 
179.0 
17Y.1 
1?9.1 

TUBE3 
LB/HR 
177.7 
172.9 
168.3 
117.4 
178.8 
177.8 
176.8 
176.8 

W E 4  
L W H R  
175.3 
175.3 

179.7 
175.3 
182.5  
182.6 
182.6 

1 7 1 . 8  

TUBE 1 

84 .2  
90 .8  
59.3 
51.6 
47.0 
4 1 . 0  
40.S 
38.5 

MINI EXCHANGE1 M U M H E R  2 
OVERALL HEAT TRANSFER COEff ICIENTS 

BtUIHR. SO.fT. UiG. f 
.TUBE2 TUBE3 TUBE4 AVERAGE 

94.7 97.1 85.1 90.2 
89.7 P6.5 93.0 92.5 
58.5 64.1 62.5 61.0 
57.3 61 .2 58.2 57.1 
50.4 55.6 51 . o  51.0 
43.7 46.9 45.7 44.3 
4: . 9  45.0 43.9 42.8 
39.3 4 1  .O 40.8 40.0 

T I 1 8  IS THE INPUT DATA FOR THE ELEVENTH RUN 
TRIS RUM SlARTED APRIL 6, 1977 
THE COWDITIOWS OF T H I S  RUN YERE: 

A. SALIIITV I 31,000 PPtl  TOTAL DISSOLVED SOLIDS 
B. CALCIUM I 22 PPM 
c. SILXCA I 44s PPM 
E. CARBONATE: 890 PPH 
E. PH I 7.1 
F. A D D l l l V E  I BET2 403 

1. LEVEL i 9 0  P P I  
8. OTHER I 

TIME 
HOURS 

.ooo 
1.600 
6.017 

16.783 
18.450 
20.100 
21.800 
23.767 

B R I N E  
I I L E T  

TEMP 
324.0 
324.0 
324.0 
325.0 
322.0 
320.0 
318.0 
318.0 

BRINE 
OUTLET 

TEMP 
109.0 
104.0 
104.0 
111.0 
116.0 
120.0 
126.0 
132.0 

RESULTS w o n  in€  mnim EXCHANGER FOR THE I L E v i t m  RUN 
T I I S  RUN STARTED APRIL 6, 1977 
T I E  CONDITIONS OF THIS RUN UERE: 

A. S A L I N I T Y  I 31,000 PPll TOTAL DISSOLVED SOLIDS 
B. CALCIUM I 22 P P I  
c. S I L I C A  1 4 4 s  P P I  
B. CARBONATEI 890 PPI( 
E. P H  : 7.1 
F. ABBITIVE I BET2 403  

1. LEVEL i 90 PPI 
8 .  OTHER i 

TINE 
HOUitS 

* 00 
1.60 
6.02 

16.18 
18.45 
20.10 
21.80 
23.17 

T I l E  
HUUUS . 00 

1.60 
6.02 

16.78 
18.45 
20.10 
21.80 
23.77 

BRINE 
f L 0 U  

L W H R  
493.1 
483.8 
502.4 
492.8 
502.9 
494.0 
k75.T 
475.9 

cowH20 
FLOU 

L W H R  
5454 .5 
S765.7 
S78T.3 
5689.5 
5763.5 
S731.9- 
5730.2 
5736.7 

BR 1 NE 
FLUX 

BTU/HR 
102162.8 
102533.9 
(06477.6 
101 657 .8  

99860.9 
95260. 6 
88106.3 
85385.2 

BRINE 
FLOY 
8A6E 
5.3 
5.2 
5.4 
5.3 
5.4 
s.3 
s.1 
S.! 

t l I H I  EXCHANGER NUtltlER I 
OVERALL HEAT 1RANSFER COEFFICIENTS 

TUBEl TUBE2 T U X 3  1 UBE4 

116.7 138.4 98.5 107.2 
90.5 82.5 77.2 83.6 
53 .3  51 .P 4a.? 53.0 
50.4 50.2 48.9 50.6 
d . 9  49.9 4P.9 so. 1 
47.3 48.6 48.2 49.3 
3v.4 40.4  49.9 41.2 
38.0 37.7 40.4 40.6 

BIU/HR. SU, t1 .  LEG. i 

TUBEl 

93.6  
68.6 
64.5 
SI .6 
50.3 
50 .7  
48.4 
44 .8  

MINI EXCHANGER NUMBER 3 
OVERIILL HEAT TRANSFER C C E F F I C I i N T S  

TUBE2 TLibE3 TUBE4 

a4.4 Y3.4 85.S 
75.2 7 6 . 2  71.9 
66.5 69.8 65.1 
53.3 53.7 51 .8 
j L . 1  5 7 . L  SI .a 
30.4 53.0 50.1 
49.3 49 .0  50.6 
40.2 42.5 43.3 

u r u m .  su.fi. BEG. F 

COOLHZO 
l N L E T  

TEMP 
80.0 
79.0 
70.0 
70.0 
7S.O 
79.0 
81.0 
82.0 

COOLH20 
FLUX 

BTWHR 
92541.6 
97821.2 
92443.6 
90849.3 
86279.9 
80086.5 
80062.8 
85878.2 

COOLHZO 

T EW 
o u n u  

97.0 
76.0 
86.0 
86.0 
90.0 
T3.0 
9s. 0 
T7.0 

OVERALL 
HTC 

BTU/HRSOFTDEGF 
110.6 
128.8 

95.s 
82.0 
73.7 
75.1 
69 .1  
b7.6 

AVERhGE 

107.7 

51.7 
50.0 

48.4 
40.2 
39.1 

a3.s 

49.7 

AVERAGE 

89.2 
73.0 
66.5 
52 .6  
52.6 
51.1 
49.5 
42.7 

CWLH2O 
F LOURATE 
GALL ON S 

348030. 
349085. 
352163. 
359681. 
360825. 
361 973. 
363150. 
364512. 

RUN 
TIME 
HOURS 

.oo 
1.60 
6.02 

16.78 
18.45 
20.10 
2 1  .80 
23.77 

TIHE 
HOURS 

.oo 
1.60 
6.02 

16.70 
18.45 
20.10 
21.80 
23.77 

i I n E  
HOURS 

.oo 
1.00 
6.02 

16 .7s  
18.45 
X . 1 6  
21.80 
23.77 
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THIS  IS THE IriiuI L G i A  t O R  T:lE IU tLFTH RUN 
T H I S  RUN S T P R i E D  P P H I L  1 4 .  1977 
THE CONDITIONS O F  I H I S  HUN UERE: 

A. SALINITY : 32,000  PPH DISSOLVED SOLIDS 
8 .  CALCIUM : 2a w n  
c. s i L I c n  I 420 PPM 
D. CARBOWATE:  640 PPH 
E. PH : 7.0 
F .  A D D I I I U E  : HEfiCULES AF-504 

G. OTHER : 
1. LEVEL I 20 P P I  

COOLING Y A l t R  IEnP.'CHAiJRES IN DEG. F 
f X C H  1 LALh 2 u c n  3 

.. 

T I M E  
HUURS 

e 00 
1.17 
3.23 
4.55 
9.27 

20.20 
22.18 
23.22 

TUBE 1 
GAGE 

6.9 
6.9 
7.2 
7.2 
6.9 
6.8 
6.V 
7.6 

TUBE 2 
liAGE 

6.8 
6.8 
7. I 
7.1 
7.0 
6.9 
7.0 
7.6 

FLOU3 
TUBE 3 

GAGE 
6.8 
6.8 
7.1 
7.1 

.6.9 
6.8 
6.8 
7.6 

IUBE 4 
GAGE 

7. I 
7.3 
7.0 
7.0 
6.8 
6.7 
7.0 
7.6 

COOL H2O 
GALLONS 
549814. 
550565. 
551908.  
552758. 
555765. 
562822.  

564750.  
564084. 

I N  
70.0 
92.0 
91 . O  
90.0 
85.0 
83.0 
d6.0 
90.0 

OUT 
103.0 
105.0 
105.0 
102.0 

93.0 
71.0 
95.0 
98.0 

I N  
84.0 
86.0 
85.0 
85.0 
79.0 
78.0 
82.0 
84.0 

OUT 
90.0 
Y2 .o 
91 .O 
90.0 
85.0 
83.0 

90.0 
88.0 

1H 
82.0 
84.0 
63.0 
83.0 
76.0 
75.0 
79.0 
81.0 

ou T 
84.0 
86.0 
8j.0 
65.0 
79 .O 

82.0 
84.0 

7a.0 

JU r 

158.0 

160.0 
159.0 

161.0 
1p5.0 
202.0 
2c3.0 
207.0 

I N  
512.0 
31 1 .O 
310.0 
310.0 
310.0 
307.0 
310.0 
310.0 

EXCHANGER 
OUT I N  

202.0 310.0 
210.0 310.0 
208.0 3 3 8 . 0  
214.0 310.0 
244.0 310.0 
246.0 307.0 
249.0 310.0 
250.0 310.0 

NUMBER I 
OUT 

208.0 
215.0  
208.0 
214.5 
243.0 
246.0 
247.0 
250.0 

TEMPS iW LEG. F 
I N  UUT 

510.0 210.0 
310.0 2 1 4 . 0  
309.0 210.0  
3 1 0 . 0  214.0 
310.0 241.0 
307.0 243.0 
310.0 249.0 
310.0 24Y.O 

I N  
311.0 
310.0 
309.0 
310.0 
310.0 
307.0 
310.0 
J1O.Q 

I N  
262.0  
210.0 
208.0 
214.0 
244.0 
246.0 
249.0 
250.0 

EXCHRNGER n u n m  2 TEMPS IN DEL F 
u u 1  I N  OUT Id  OUT 

164.0 208.0 146.0 210.0 156.0 
164.0 210.0 150.0 214.0 160.0 

172.0 214.0 158.5 214.0 IS8.0 
! 9 8 . 0  24J.O 195.5 241.0 192.0 
203.0 246.0  201.0 243.0 196.0 
205.0 ?47.0 204.0 249.0 200.0 
207.0 250.0 256.0 247.0 203.0 

168.0 208.0 153.0 :io.o 154.0 

IW 
199.0 
:51.0 
202.0 

241 .O 
2 4 3 . 0  
247.0 
249.0 

.ua.o 

OUT 
I9P.O 
201.0 
202.0 
2 0 8 . 0  
/ 4  1 .u 
243.0 
247.0 
247.3 

ou1 
1?8 .0  
l J d . 5  
130.0 
I31 . O  
160.0 
168.3 
1,o.u 
l I 5 . 0  

TIME 
HOURS 

* 09 
1.17 
3.23 
4.55 
9.27 

20.20 
22. I 8  
23.22 

T I M E  
HOURS . 00 

1.17 
3.23 
4.55 
9.27 

20.20 
22.18 
23.22 

I h  
164.0 
164.5 
168.0 
1 i 2 . 0  
1 r a . o  
203.0 
205.0  
ro7.0 

L A t  
OUT 

l J G . 0  
132.C 
131 .O 
1 3 3 . 0  
l b C . 5  
106.0 
170.0 
l/d.O 

, n h  h Y L ; 
I N  

146.0 
IL3.9 
153.0 
1 3 . 0  
lL'J.0 
201 .o 
204.0 
206.0 

 uno.... J : t w j  ; r  
Llbl i h  

1 2 4 . 0  1 5 6 . 0  
1 Z 8 . 3  l b J . 0  
129.0 154.0 
131.0 158.0 
165.5 IP2.0 
168.5 196.U 
ll0.U ioo. iJ 
174.0 203.0 

'rG. f 
OUT 

128.0 
132.0 
I ? Y . O  
131.0 
I5d.O 
163.0 

172.0 
i b0.U 

1s 
la5.0 
159.0 
158.0 
161.0 
IYS.( i  
202.0 
LVJ.0 
207.0 

RESULTS F R O M  THE TUELFTH RUN 
THIS RUN SrARTED APRIL 1 4 ,  1977 
THE CONDITION9 OF THIS RUN UEFE: 

A. SALINITY : 32,000 YPM TOTAL DISSULUED SJLIDS 
e. c A L c I u n  : 28 PPI( 
C. SILICA : 420 p f n  
0. CAUBONATE: 840  PPM 
E. PH : 7.0 

I .  LEVEL : LO w n  
F. ADDITIVE : HERCULES IF-554 

6. OTHER : 

M I N I  EXCHANCiR riUflBER I 
OVERALL HEAT T k A I S F E R  L O E F i i t I E N T S  

TUBE2  TUBE^ TUBE4 

113.4 110.3 134.6 
114.3 108.0 129.0 

133.2 123.4 120.9 
106.5 106.5 114.2 
6J.5 64.P 63.9 
58.7 6 i  .2 b0 .3  
58.3 54.5 58.3 
62.5 63.7 63.7 

BTU/HR. S0.FT. L E G .  i 

F L U ~ R A I E S  
COOL H2O TUBE1 TuaEz  TUBE^ TUBE4 

LB/HR LB/HR LB/HR LBlHR LBd'Hk 
5317.1 161.4 159.2  15Y.L 166.2 
5368.8 161.5 159.L 127.2 1 7 0 . 9  
5330.4 168.6 166.4 166.3 164.0 
5268.2 168.6 166.3 166.3 16J.9 
5343.8 161.6 I6J.Y 161.6 159.2 

5330.3 161.6 163.9 159.2 163.7 
5320.7 178.0 178.0 178.0 178.0 

5270.9 159.b 1b1.6  159.3 157.1 

TUBE1 

126.'5 
116.8 
126.9 
108.0 
61 .5 
57.8 
55.3 
62.5 

AVERAGE 

121.: 
119.5 
126.1 

63.5 
59.5 
56.6 
63.1 

108.a 

I I N E  
HUURb . 00 

1.17 
3 .23  
4.55 
9.27 

20 .20  
22.18 
23.22 

MINI EXCHANGER MUflBER 2 

TUBE1 TUBE2 TbBE3 TUBE4 AVERPGE 
BTU/HR. S0.FT. BEG.  F 

10.8 125.6 100.9 7:.8 93.8 
82.8 117.1 1 6 . b  86.0 75.6 

u m n u  H E A I  i i i i n s i E R  CJ~FFICIEWTS 

73.3 109.6 109.8 85.8 94.6 
65.5 93.7 73.7 78.1 82.a 
59.7 64.2 65.Y 60.2 62.5 
30.2 53.7 56.1 47.8 52.1 
57.2 57.3 64.0 58.8  59.3 
59.6 61.2 69.0 50.4 61.1 

M I N I  EXCHANGER HUflBEH 3 
OVERALL KELT TRkN'J iZ i  C S I F F I C I E N T S  

TiJhE4 I U C H A G E  TUBE1 TUaE? TUHE3 
BTU/HR. 3 0 . F 1 .  X G .  F 

73.7 57.4 64.o 74.9 67.6 
71.6 56. I 63.5 72.6 66.0 
81.6 59.3 64.4 05.0 67.6 
80.1  61.1 6 1 . i  6 5 . 6  b / . O  
55.a  52.a SI .9 51.3 53.0 
51.1 46. I 47.: 45.9 47.7 
49.4 48.9 49.4 47.7 48 .8 
51.7 48.6 46 .2  4a. I 49.1 

T I R E  
HOURS 

.oo 
( . I f  
3.23 
4.55 
9.27 

20.10 

23.22 
2:.ta 
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i n i s  IS THE IWPUI DAIA FOR THL i w L m  RW 
T l l S  RUM S l A R l I D  APRIL 1 4 ,  1977 
T I E  COMDIlJOlS DF THIS RUN Y f R E I  

A- S A L I N I T Y  I 32,000 PPI4 lOTAL DISSOLVED SOLIDS 

E. S I L I C A  1 420 PPll 
8 .  EARIOIATE: 840 PPl l  
E. P I  I 7.0 
f. A D D I T I V E  I HERCULL8 AF-504 

8 .  OIHER I 

D. cnLcIum I 28 PPN 

1. LEVEL I 20 PPI1 

BRINE 
TINE i t i L E i  

HOURS itnr 
.ooo 321 .O 

1.167 320.0 
1.233 318.0 
4.550 119.0 
9.267 319.0 

20.200 316.0 
22.183 319.0 
21.217 318.0 

BRINE 
OUlLE 

IE l lP  
I 111.0 

111.0 
I 111.0 
, 110.0 
I 121.0 

128.0 
I 131.0 
, 134.0 

RESULTS FRO11 THE MAIN EXCHAM6ER FOR IHE TUELFTH RUN 

TllL COHDITIONS OF T H I S  RUM UERE: 
i n s  RUM STARTED APRIL 14, !977 

A. S A L I N I T Y  1 32,000 PPll TOTAL DISSQLVED SOLIDS 

C. S I L I C A  . I 42.0 PPI! 
8. CARDOIIATEI 840 PPll 
E. pn I 7 .0  
f. ADDITIVL I HERCULES I F 4 0 4  

8 .  OTHER I 

B. CALCIUM I 28 ppn 

1. LEVEL I 20 P P I  

DUIME 
T FLOU 

BABE 
I 5.2 
, 5.3 

5.2 
I 5.2 
, 5 .2  

s.4 
5.3 , 4.8 

cooinzo 
INLET 

TEMP 
82.0 
84.0 
83.0 
82.0 
76.0 
76.0 
79.0 
82.0 

BRINE 
FLOU 

LBIHR 
484,s 
494.0 
485.2 
48S.O 
485.0 
S04.3 
494.3 
447.9 

coou120 
FLOU 

LBIWR 
5346.5 
5404.0 
5377. 6 
5350.2 
5448.0 
5382,b 
5417 .3  
5407.6 

INIS I S  THE I N P U l  D A T A  FOR THE 1HIkTEENTH RUN 
T H I S  RUN STARTED APRIL 20, 
[ h i  2UNbiTlONS Uf I V l S  RUll UfaE: 

A. SALIWITI I 31,000 PF'H TOTAL DISSOLVED SOLIlrS 
8 .  CALCIUM : 21 PPM 
c. SILICA : 420 P P n  
D. CARBONATE: 840  PPI( 
E. PH : 6.8 
F. ADDITIVE I BELSARD E. V .  

6. OTHER 2 
1. L E V t L  : 20 PPI( 

FLUUS 
r r n c  TUBE I T U l L  2 lull€ J 
HOURS 616E 6A6E GAGE 

.oo 6.9 6.7 7.0 

.97 7.4 7.2 7.3 
2.85 7.7 7.5 7.5 
3.52 7.8 7.5 7.8 
4.80 7.5 7.3 7.3 
7.57 7.5 7.3 7,3 

lU8E 4 
GA6E 

6.5 
7.5 
1.8 
8.0 
7.8 
7,8 

BRINE 
FLUX 

I T U I H R  
98039.7 
99490.9 
96760.6 
P7648.4 
92S73.2 
91433.3 
89644.5 
79508.4 

C 0 0 L I 2 0  
FLUX 

BTU/HR 
1067 1 5 . 6 

97077.7 
101 969 .S 

90771 .6 
97867.9 
85948.8 
91909.6 
80951 - 9  

CDOLH20 
OUTLET 

TE )Ip 
102.0 
102.0 
102.0 
99.0 
94.0 
92.0 
96.0 
97.0 

COOLWZO 
FLOURATE 
GALLONS 

414050. 
41480s. 
416156. 
417013. 
420065. 
427261.  
428SSO. 
429227. 

OVERbLL 
HT C 

BTU/HRSQFTDESF 
130.5 
125.7 
127.9 
112.4 

81.9 
6a.6 
71.1 
62.0 

R u n  
TINE 
HOURS 
.09 

1.17 
3.23 
4.55 
9.27 

20.20 
22.18 
23.22 

EXCHANGER NUf+bER 1 
I N  Uu i  ik OU I 

314.0 217.0 3!2.0 211.0 
316.0 219.0 314.0 217.5 
'315.0 226.0 313.0 225.0 

319.0 241.0 318.0 242.0 
320.0 262.0 320.0 262.0 

318.0 ~ ~ 7 . 0  316.0 237.0 

TENPS IN D E G .  F 
IN OUT IM 

312.0 210.0 314.0 
312.0 214.0 314.0 
312.0 223.0 314.5 
315.0 230.0 317.0 
317.0 237.0 318.0 
320.0 2b2.0 320.0 

COOL HID 
GALLONS 
61 1143. 
611769. 
613010. 
613452. 
614292. 
616103. 

COOLING UATER TEHPERATURES I N  UE6. 
EXCH I EXCH 2 

IN OUT I N  ou 1 
a3.0 94 .0  76.0 83.0 
83.0 96.0 78.0 83.0 
81.0 92.0 74.0 81 .a 
82.0 92.0 77.0  82.0 
8B.O 97.0 82.0 88.0 
85.0 93.0 81 .O Y5.0 

F 
EXCH 3 

IN ou T 
73.0 76.0 
75.0 78.0 
71 .O 74.0 
72.0 77.0 
77.0 82.0 
76.0 01 .o 

EXCHANGER NUMDER 2 TEHPS IN D E 6 .  F 
ou T I N  O l j l  I N  OUT IM OUT I M  OUT 

209.0 217.0 160.0 211.0 155.0 210.0 160.0 209.0 154.0 
215.0  219.0 164.0 217.0 103.0 214.0 163.0 215.U 102.3 
222.0 226.0 171.0 225.0 168.9 223.0 169.0 22.9 !by., 
230.0 237.0 178.0 237.0 176.0 230.0 178.0 230.0 180.0 
238.0 241.9 192.0 242.0 190.0 23f.O 189.0 231.0 1 i U .  
259.0 262.0 218.0 262.0 216.0 2 b 2 . 0  216.0 257.9 2 1 6 .  

82 



cus 
EkCHLirbfk NUNbER 3 

I N  OUT I N  ~ U I  

160.0 127.0 155.0 i ? O . O  
164.0 131.0  163.0 126.0 
171.0 136.0 160.9 129.0 
178.0 1 4 1 . 0  116.0 135.0 
192.0  152.0 190.0 146.0 
218.0 I E J . 0  216.0 1 7 U . O  

TEr I r j  I U  UEG, i 
I n  bil l  I N  JUI  

160.0 1 I b . J  154.0 125.0 
163.0 11P.3 1@:.3 129.0 
169.9 121.0 16Y.0 IJ1.0 
1 / 8 . U  128.0 1d3.0 140.0 
189.0 150.0  1P3.0 155.0 
216.0 1,”2.0 216.0 178.0 

HLbULTS fROH THE l H I R T i i r ( 1 H  IiUa 
lHIS RUN S T A R l E D  A f R I 1  20, 1 ~ 7 7  
THE C O N D I I I O N S  O f  T H I S  RUN UERE: 

A.  s n ~ i n i i i  : J I ,OOJ F i r :  r o r h L  UIWJLVED SOLIDS 
6. LALClUM : 2 1  PYt! 
C. S I L I L A  : 420 PPH 
D. C A R B O ~ L T E :  840 P P R  
E. PH : 6.8 
f. A D D I T I V E  : EELtAfiD E. V. 

6. OTHER : 
1 .  LEVEL : 20 PPM 

COOL H2O 
LP/HR 

5453.0 
5487.3 
5421.4 
5414.2 
5426.6 

5 3 5 8 . 4  

TUJCl 
LB/HR 
161.3 
172.8 
179.5 
181.9 
174.9 
174.8 

fLOYRRTES 
TUBE2 
LBlHR 
156.7 
168.3 
175.4 
175.1 
170.3 
170.1 

TUBE3 
L I / H R  
163.8 
170.8 
175.5 
182.2 
170.4 
170.1 

W O E 4  
LB/HR 
151.9 
175.3 
182.3 
1E6.7 
181.9 
181.8 

MINI EXCHANGER N U M B E R  2 
OUERALL HEAT TicANSiEW COEFFICIENTS 

TUBE t lU§E2 TUiiE3 TUBE4 AVERAGE 
BTWHR. S0.FT. DEG. F 

97 .5  98.2 89.3 9 4 . 9  95.0 

8 9 . 1  91 .9 87.2 89.3 89.4 
77 .0  77.3 69.6 67.9 72 .9  
69 .3  72.0 67.9 71.9 70.3 
4s. I 46.2 46.2 46.5 46.0 

82.2 79.b 77.2 82.5 80.4 

TU13 IS THE I H P U l  D A T A  FOR 1NC THIRTCENTN UUY 
T H I S  RUN S T A R T E D  A P R I L  20, I 9 7 7  
THE COHDIIIOHS Of THIS RUH YERE8 

L. SALIMI IV  I 31,000 PPN TOTAL BISSOLVED EOLIBS 
D. CALCIUN I 21 PPM 
C. S I L I C A  I 420 PPN 
D. C A R B O M A I E I  840 PPM 
E. pw I 6.8 
1. IDDITIVE I BLLBARD E. V. 

8. O l M t R  I 
1. LEVEL I 20 PPI4 

BRINE Bu !YE 
lIRE IMLET O U l L E l  

HOURS TEMP TEllP 
.OOO 326.0 100.0 
-967 126.0 100.0 

2.850 125.0 98.0 
3.S17 12b.O 98.0 
4.800 328.0 104.0 
7.567 328.0 114.0 

RESULTS FROM THE MAIH EXCHANGER FOR I H E  THIRTEEWTN RUN 
THIS RUM S T A R T E D  APRIL 20, 1977 
THE COHDITIOMS OF T H I S  RUH YEREt 

L. S A L I I I I T V  I 31,000 PPll TOTLL DISSOLVED SOLIDS 
8 .  CALClUll : 21 PPM 
C. S I L I C A  t 420 PPll 
D. CARBOMLTE: 840 PPI! 
E. Pn : 6.8 
C. ADDITIVE : BELSARO E. V. 

1 .  LEVEL I 20 PPM 
6. OTHER : 

BRIWE 
FLOY 

W H R  
492.6 
164.7 
45s.7 
4ss.4 
482.8 
482.8 

COOLBO 
FLOY 

LBIRR 
5727. b 
5828.8 
5861.0 
5817r4  
s747.s 
5788.8 

r n E  
HOURS 

.oo 

.97 
2.85 
3.52 
4 .80  
7.57 

l1ME 
H D U R S  

* 00 
.97 

2.85 
3.52 
4.80 
7.57 

M I W E  
FLUX 

D W H R  
107238.8 
101168.6 

99613.2 
IO001 0.0 

99632.8 
I 84122.9 

BRINE 
R O Y  
8 I B E  
1.3 
5.0 
4.Q 
4.9 
5.2 
s.2 

. i  

n i N I  EXCHAHGER H U M H E R  I 
UVERALL I l E A i  TRANSFER COEbFIL iENlS 

TUBE1 T U B E 2  i b & c J  runEd 
B T U I H R .  S0.FT. DEG. F 

94.7 98.4 104.2 ? Y  . 4  
108.2 106.1 1 1 1 . 1  1 1 4 . 2  

93.9 91 . 3  P3.2 99.Y 
81.1 76.5 87 .7  91.6 

56.6 55.1 55.1 42.4 
75.8 71.9 77 .0  a i  .a 

AVERAGE llHE 
HOURS 

99.2 .oo 
1 1  0.0 .97 

84 .? 3 . 5 2  

57.3 7.57 

94 .6  2.a5 

76.6 4 .ao 

PIIN1 LICHANGER RLinaER 3 
OVERALL HEAT TRANSFER CGEFF I C I E N T S  

TUBE1 T U B E 2  lUbE3 l U U L 4  A V i S A G E  
BlU/HR. S U . t I .  Xlj. f 

73.0 83.0 I0i.Y ad.9 8 0 . )  
72.3 83.1 107.6 75 .6  84 .7  
66.8 77.9 102.2 7 1 . 2  81 .o 
81.9 72 .3  122.1  90.6 96.9 
80.P 91.1 73.0 86.1 84 .2  
54.6 59.5 70 .9  63.6 6 2 . 2  

toouzo 
lNLET 

TERP 
73.0 
7s.o 
70.0 
72.0 
77.0 
7b.0 

tOMH20 
OUlLE7 
TEHP 

T3.0 
94.0 
90.0 
70.0 
94 .0  
92.0 

COOLHZO 
FL OURATE 
QALLOHG 

4901 8s. 
490854. 
492 1 80. 
492b52. 
493’553. 
495475. 

CQOLH20 
FLUX 

BTU/HR 
114322.8 
I I OS25.6 
1 17006.3 
104S04.1 

77S46.0 
92436.1 

OVERALL 
HTC 

BlU/HRSOF TDEGF 
145.8 
146.1 
136.3 
128.3 
119.0 
8b.4 

RUM 

H W R S  
.oo 
.97 

2.85 
3.32 
4.60 
7 3 7  

TxnE 

IIHE 
HOUltS 

.OJ 
-9 :  

2.85 
3.52 
4 .BO 
7 . 5 7  

8 3  



1 M l S  IS THE lNPU1 DATA FOR IHE PUURTEENlh HUN 
i n I s  YUN S T A ~ T C D  A P S I L  27, 1977 
THE CONDITIONS O f  T H I S  RUN U S E :  

4 .  S A L l N l i r  : i1,OOU i Y n  i O I A C  DISSOLVEU bOLlU5 
II.  LALCIUH : 21 PPil  

D. LhRBOMTE: 840 PPll  
E. PH : 6.8 
F .  hDDITIUE : DOU L O f i N I N I k G  b-iOd3-78 

G. OTHER 1 

c. s i L I c a  : 420 P f n  

1. LLUEL : 20 PFR 

TIRE 1 
HOURS 

.oo 
1.02 
1.90 
3.50 
4.73 
12.80 
20.47 
21.87 
22.82 
24.80 
27.13 
28.88 
37.02 

FLOUS 
' U B E  I TUBE 2 TUBE 3 
GAGE GAGE GAGE 

7.4 7.1 7. I 
7.8 7.6 7.6 
7.5 7.4 7.3 
7.5 7.2 7.2 
1.6 7.4 7.4 
7.8 ?.4 7.6 
8.0 7.8 8.0 
8.1 7.9 0.0 
7.0 7.5 7.5 
7. I 7.2 7.0 
7.8 7.9 7.8 
8.0 8.0 7.9 
8.0 8.1 7.8 

T U N  4 COOL HZO 
GAGE GALLONS 

7.2 624985. 
LI.0 625622. 
7.5 626160. 
7.2 (127178. 
7.4 627951. 
7.7 6 3 3 0 9 0 .  
8.1 637859. 
8.0 618732. 
7.6 639321. 
8.0 640554. 
7.8 642001. 
7.9 644104. 
7.8 64YJIO. 

IN 
312.0 
312.0 
3 i 4 . 0  
314.0 
314.0 
313.0 
316.0 
316.0 
516.0 
316.0 
318.0 
318.0 
316.0 

I k  
161 .0  
lA4.3 
I 0 b . O  
169.0 
l74.G 
1Yd.U 
214.0 
2 1 9 . 0  
2:2.0 
2 Z 3 . 0  
2 3 0 . 0  
2s2.0 
238.S 

.EXCHANGER NUHPER 1 
OUT I N  OUT 

209.0 311.0 215.0 
214.0 312.0 218.0  
216.0 313.0 22J.O 
218.0 313.0 224.0 
224.0 J14.0 229.0 
241.5 313.0 244.0 
258.0 314.0 261.0 
264.0 314.0 264.0 
264.0 31f.O 26b.U 
264.0 315.0 263.0 
271.0 316.5 271.0 
271.0 317.0 272.0 
273.0 316.0 273.0 

L X L i l i ! 4 L L &  Nllfl i 'LI; 3 
o u r  I N  G 4 1  
132.0 IS).@ 1.10.9 
1 3 3 . 9  1 4 3 . 0  I J j . 0  
136.0 166.0 1 J 6 - 0  
I j g . 0  167.0  I J 8 . 0  

155.0 IV3.5  156.6 
141.u 1 1 4 . 0  1.11.0 

,:;.u L i 4 . U  114.9 
178.5 219.0 180.0 
130.0 221.0 181.0 
184.0 223.0 185.0 
191.0 230.0 192.0 
1 ~ 4 . 0  232.0 196.0 
252.0 L J V . 0  102.0  

TEHPS I N  DEG. F 
I N  &UT 

J l l . 0  214.0 

313.0 220.0 
313.0 224.0 
314.0 2 2 9 . 0  
j3j.J 2 4 4 . 0  
314.0 201.0 
314.0 264.0 
315.0 266.0 
3 1 S . O  279.0 
316.0 271.0 
317.0 272.0 
J16.3 272.5 

I t 6 f \  I N  bCu. f 
I N  O U l  

1 5 6 . 0  1 3 1 . 3  
103.9 136.0 
lb5.0 138.0 

174.0 1 4 2 . 0  
193.0  151.0 
L I S . 0  1,'h.O 
220.0 183.0 
222.0 134.0 
2JJ.O 192.5 
231.0 196.0 
232.0 1 9 Y . O  
239.0 206.0 

312.0 218.0 

163.0 131.0 

E. r"w : 6.8 
F. AaZirlvE : DSU CORNININ6 8-2083-78 

I .  LEVEL : 20 P i ' f i  

I N  
3 1  1 .O 
3hi.P 
313.0 
313.0  
J14.0  
3:3.6 
314.0  
315.0 
31b.O 
316.0 
316.0 
318.0 
316.5 

I N  
165.0  
164.3 
167.0 
l i 6 . 0  
182.3 
198.5 
?18.0 
225.0 
:24.5 
227.0 
233.0 
23s. 0 
241.0 

C50L H20  
L P l H R  
51?4.I 
503' .  I 
52;.1.8 
5190.5 
5750.4 

5161.9 
S l J 1 . 9  
5144.0 
5 1 S O . Y  

5292.4 
i2 i1 .9  

:149.a 

5 2 1 1 . 8  

F L O U H A l E S  
T U R E I  Tube2 
LP/HW L B I H R  
173 .1  166.2 
182.5 177.8 
175.3 173.0 
1 7 5 . 3  168.4 
177.6 172.9 
182.4 174.2 
laA.8 182.3 
189.1 184.6 
132.1 1?5.2 
l i $ . 8  lb8.2 
181.9 184.5 
186.6 186.7 
186.8 i89.I 

TUBE3 
L B / H R  
166.2 
177.1 
170.7 
1bd.4 
172.9 
177.1 

187.0 
175.2 
163.4 
182.1 
184.4 
182.1 

187.0 

T U B E 4  
i 8 f  HR 
108.5 
i87. I 
175.4 
168.4 
172.9 
180.0 
189.5 
186.9 
177.5 
186.8 
i a 2 . i  
134.3  
182.1 

OUT 
215.0 
;23.0 
223.0 
ZZI.5 
2 3 i  .O 
244.5 
261 .O 
2 6 5 . 0  
266.0 
206.0 
271 .O 
272.0 
272.5 

o u r  
132.0 
136.0 
139.0 
142.0 
145.3 
1V.O 
176.0 
182.0 
183.0 

194.0 
I Y d . 0  
203.5 

i a4 .0  

T If i i  
HOURS 

.oo 
1.02 
I . 1 3  
3.50 
4.73 

12.80 
20.17 
21.87 
22.82 
24.80 
27.1J 
28.88 
3 I . 9 2  
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COOLING UATER TEHPERkTURES I N  DEG. F 
E X l H  1 EXCH 2 EXCH 3 

I n  a u i  I N  uu 1 1N OU i 
91.0 104.0 84.0 Y I  .o 82.0 64.0 
93.0 105.0 87.0 93.0 83.0 81.0 
95.0 106.0 88.0 93.0 85.0 88.0 
95.0 105.0 89.0 95.0 8 0 . 0  89 .0  
9S.O 132.6 88.0 95.0 85.0 88.0 
85.0 93.5 80.0 85.0 75.5 80.0 
83.0 9 0 . 0  79.0 83.0 75.0 79 .0  

69.U 90.0 85.0 89.0 8 1  .o 85.0 
91 .O 97.0 88.0 91 .O 84.0 88.0 
93.0 99.0 n .O 93.0 87.0 91 .O 
92.0 9 9 . 0  91 .O  YZ.0 86.0 9 1 . 0  
eJ.5 88.0 8 2 . 0  83.5 78.5 82.0 

86.0 Y4.0  83.0 86.0 78.0 bJ.0 

I N  
20P.O 
214.0  
2 1 6 . 0  
218.0 
2 2 4 . 0  
241.5 

264.0 
264.0 
264.0 
271 .O 
271 . O  
273.0 

25a.o 

i b b E l  

124.7 
115.2 
i10.8 
104.8  

99. I 
71.7 
5 5 . 9  
56.1 
52.9 

45.6 
50.3 
36.3 

4s.a 

EXCHANGER NU 
OU1 I N  

161.0 215.0 
164.0 218.0 
166.0 220.0 
169.0 224.0 
174.0 229.0 
193.0 244.0 
214.0 2 6 1 . 0  
219.0 264.0 

223.0 265.0 
230.0 271.0 
232.0 272.0 
238.5 273.4 

2~2.0 266.0 

fi8ER 2 TEHPS I N  DEG. F 
OUT I N  OUT 

194.0 214.0 156.6 

166.0 220.0 165.0 

174.0 2 2 9 . 0  174.0 
193.5  244.0 lV3 .0  
2 1 4 . 0  261.0 215.1) 
219.0 264.0 220.0 
222.0 266.0 222.0 
223.J 270.0 230.0 
230.0 271.0 231.0 
232.0 272.5 ZJ1.b 
239.0 271.5 239.0 

163.0 2ia.o 163.0 

169.0 124 .0  16a.0 

BIN1 EXCHnNGEfi NUMBER 1 
OVERALL h i d l  TRANSFEU COEFi I L i i N i  J 

1UUi2 TUBE3 T U B E 4  

l O Y . 2  110.8 110.8 
104.0 100.0 108.4 
1UL.S 101.1 79.4 

91 . S  91.5 87.4 
89.3 89.5 06.8 
b5.6 64.9 67.2 
49./ 5 1 . 0  51.6 
52.9 53.5 53.3 
47.8 47.8 48.4 
44.7 39.3 49 .4  
44.s  43.9 43.9 
48.2 47.6 48.5 
36.7 35.8 36.2 

BTU/HR. S O . F I .  D E G .  F 

I N  
215.0 
220.0 
223.0 
227.3 
231 .O 
:44.5 
'61 .o 
2 0 5 . 0  
?66.0 
266.5 
271 .O 
272.0 
272.J 

OUT 
160.0 
164.3 
109.0 
176.0 

158.0 
218.0 
225.0  
224.0 
227.1) 
233.0 
135.0 
;ii .d 

1a2.0 

AvcRntiE 

113.9 
1 3 Y . Y  
103.4 
93.8 
91.2 
67.9 
52.0 
53.9 
4 9 . 2  
44.8 
44.5 
48.6 
36.5 

T I M E  
HOUHS 

.oo 
1.02 
I .90 
3.50 
4.73 

12.60 
20.?7 
21.87 
22.62 

27.1: 

37.02 

24.a0 

28.a; 



. . . . - . . . . -. . . . . . . . 

. .  

Gw) I U F E l  

P2.? 
i S . 0  
97.1 
8?. I 
91 .6  
6i .O 
86 .4  
43 .2  
4 4 . 3  
37.2 
34.; 
27 .0  
26.: 

l I N l  EXCHANGER NUNUER 2 
OUERALL HEAT TRANSFER COEFFICIEhTS 

BTU/HR. S O . F I .  UEB. F 
TUBE2 1 u K 3  TUBE4 AVERAGE 

115 .4  108.7 101.4 104.6 
95.4 95.4 100.8 95.4 

101.9 103.0 100.1 100.5 
91.6 93.8 80.6 88.3 
96.2 96.2 81.4 P I  .3 
61 .O 63.0 56 .9  60.7 
48.0 48.0 4 5 . 9  46.8 
42.2 41.6 37.1 41.0 
4k.6 44.6 42.8 44.1 
38.5 34.3 39.1 37.3 
35.0 33.6 31.7 33.7 
29.7 29.3 26.8 28.7 
26.4 25.0 23.4 25.5 

T Y I 8  IS THE INPUT D A T A  FOR TNC FOURTfENTH RW 
71116 RUM S I A R I E D  4PRIL 27, 1977 
TYE COHDIIIONS OF THIS R U M  YERE, 

A. SALINITY I 31,000 PPH TOTAL DISSOLVED 1OLIbS 
I. CALCIUI I 2 1  P P I  
C. SILICA I 4 2 0  PPM 
D. CARBONATE1 840 P P I  
E. PH I 6.8 
F. ADDITIVE I DOU CORNIYIWO B-2083-78 

1. LLVEL I 20 P P I  
8. OTHER I 

TIRE 
HOURS 

,000 
1.017 
1.900 
3.500 
4.730 

12.800 
20.466 
21 .E61 
22.817 
24.800 
27.133 
28.883 
17.017 

BRINE 
INLLT 

T t  NP 
322.0 
322.0 
323.0 
324.0 
325.0 
323.0 
325.0 
325.0 
324.0 
327.0 
327.0 
326.0 
3 2 5 3  

JRINE 
OUTLET 

T t l t  
104.0 
104.0 
lOS.0 
108.0 
108.0 
108.5 
111.0 
112.0 
111.0 
122.0 
125.0 
126.0 
127.5 

TINE 
HOURS 

.oo 
1.02 
1.90 
3.50 
4.73 

12 . iu  
20.47 
21 .8 /  
22.82 
24.dQ 
27.13 
28.88 
37.02 

RESUlTb FROM THE M A I N  EXCHANGER FOR THE FOURTEENTU RUN 
791S RUN STARTED APRIL 27, 1977 
TUE CONDITIOHS OF THIS RUN UERE, . . . . . 

A. SALINIIY : 31,000 ppn TOTAL DISSOLVED SOLIIS 
B. CALCZUI I 21 PPI! 
C. SILICA t 420 PPI! 
I. CARBONATEI 840 PPM 
€. ?H 8 6 .8  

I .  LEVEL I 20 P P I  
6. OTHER I 

F. AB81TIVE I DOU CORYIHIN8 6-2083-78 

mxnE 
FLOU 
LI/HR 
493.6 
456.3 
474.7 
4 ? 4 3  
4?4.3 
484.0 
455.7 
474.3 
493.1 
483.1 
455.2 
455.4 
464.8 

COMH2O 
FLOU 

L I I H R  
5534.8 
5372. I 
5628.7 
5555.3 
360?.6 
5465.b 
5473.1 
5419.4 
5456.4 
5436.0 
5526.2 
5615.6 
5547. 6 

BRJNE 
FLUX 

I T U I H R  
103642.6 

95820.5 
99696.0 
98758.6 
99174.3 

10004D.9 
93985.5 
97370.7 
99349.3 
95530.9 
88718.9 
87802.9 
88806. 8 

TUBE1 

6U.0 
9a.O 
79.3 
78.1 
75.4 
12 .8  
61.7 
h6.4 
u0.4 
52 .5  
55.7 
61.6 
44 .4  

B l l l E  
fLOY 
1A8E 
5.3 
4.9 
5.1 
5.1 
5.1 
5.2 
4.9 
5. I 
5.3 
5.2 
4.9 
4.9 
5.0 

M I N I  EXHAiruER NUMBER 3 
UVERlltL HEdI TRIINSFER CJEFFICXENTS 

TUBE2 T U B E 3  TUBE4 _ _  
B T W H R .  S O . F T .  DEG. F 

57 .9  
91.1 
78.2 
75.0 
73.5 
66.7 
56 .8  
61 . l  
56.5 
51 .b 
54 .7  
57.! 
45.5 

COOLH20 
INLET 

TEMP 
82.0 
03.0 
85.0 
86.0 
85.0 
75.5 
75.0 
70.0 
E1.0 
84.0 
87.0 
87.0 
78.5 

coosH20 
FLUX 

ITU/HI) 
104951 .4 
101 865.4 
101114.6 

94250.6 
I 100734.1 

95457. I 
92856.2 
86557.5 
871 28.6 
86801.6 
77211.9 
72856.3 
69206.8 

58 .9  
79.7 
68 .6  
70 .0  
75 .6  
66.4 
56.0 
57.7 
51.6 
47.4 
48.7 
51.7 
38.5 

COOLH2O 
OUTLET 

TEMP 
101.0 
102.0 
103.0 
103.0 
103.0 
13.0 
92.0 
94 .O 
97.0 

100.0 
101.0 
100.0 

91 -0 

64.4 
86.4 
75.6 
75.9 
76.0 
74.9 
60.4 
66.1 
56.3 
64 .3  
54.4 
57.6 
43.f  

OVERALL 
HTC 

BlU/HRSOFTDEOC 

184.7 
189.8 
145.2 
149.8 
101 . I  

89.3 
90.0 
92.3 
84.1 
74.4 
70.0 
59.2 

178.8 

A U i R l G E  

62.3 

75.4 
74.8 
75.9 
70 .2  
58.7 
62 .8  
56.2 
53.9 
53.4 
57.2 
43.1 

a8 .I 

COOLH20 
FLOURATE 
MLLON8 

499185. 
499866. 
500440.  
501530. 
5023S7. 
547834. 
512893.  
513821.  
514443.  
Slsnl. 
517285.  
518455.  
523980. 

RUN 
T I N E  
HOURS . 00 

I .02  
1.90 
3.w 
4.73 

12.00 
20.47 
21.87 
22.82 
24. 80 

28.88 
37.02 

27.13 

TIME 
HOURS 

.uo 
1.02 
I .TO 
3.50 
4.73 

12.60 

21.67 
22.82 
24.50 
27.15 
28.68 
37.02 

20.4; 
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11115 I S  THE INPUT DATA FOR THE F I F T t t N l H  RUN 

THE CONIIITIUNS OF l H I S  H U N  U E N :  
THIS RUN S I A K I E D  n a y  4, 1977 

A. SALIN1TY : 32,000 PYN TGlAL DISSOLVE3 SOLIDS 
B. CALCIUM : 25 rrm 
c. s i L i c a  : 470 
D. CAmsonArt: 940 
L. PH 1 6.8 
1 ,  ADDITIUE : NONE 

I. L t C i L  : NONE 
G. OTHER t T H I S  RUM YAS ATTEMPTED YITH THE PROGRCSJIIi ELkLThClllL' UATLR I N L A T E R  

FLOUS COOLING UATER TEtlPERATURES I N  DEG. F 
T I N E  TUBE I TUBE 2 T U B E  3 TUBE 4 C O G 1  H20 EXCH I EXCH 2 EXCH 3 
HOURS GAGE SAGE GAGE SAGE GALLONS I N  6UT IN OUT Ili U b i  . 00 1. k 7.1 7.3 8.2 656439. 94.0 106.0 88.0 94.b € 3 . 0  8a.o 

EXCHANGER NUMBER I TE87S I N  DEG. F EXCHANGER NUhEER 2 TEtlPS I N  D E G .  F 
IN OUT I N  OUT I N  OUT I N  OUT IN OUT IN our IN OUT IN OUT 
310.0 220.0 309.0 210.0 310.0 211.0 310.0 201.0 220.0 158.0 210.0 146.0 211.0 163.0 201.0 15b.O 

EICWAUbEk # U M u c T  3 ltnl's I N  U t e .  F 
I N  our u u i  i a  our i~ r ju i  

156.0 131.0 146.0 128.0 163.0 116.C 155.0 130.9 

HESULTS FRO8 ThE FIFTEENTH PUH 
M I S  R l H  S i A % I Z U  H(1Y 4. I 9 7 7  
THE CONbITIONf JF T H I S  RUN UFKE: 

A .  SALINITI. : 32,uoo wtl TOTAL m s u i u E u  saLrns 
8. CALCIUM : 15 FP8 
L. 5 l L I C A  t 475 
D .  CAfiBUNATE: 940 
E. rH : 6.8 
F. I D G I T I V E  : NURE 

1 .  LEVLL : N O M  
G. OTHER : rHis 

COOL HZO TUBE1 
LB/HR LB/HR 

.o  173.3 

HUN UAS 6IIrEFIPTED U I T H  IHE  PROGRESSIVE ELECTRGNIL UPlLil TREATER 

H I N I  EACHRNGER NVHYER 1 
FLOURATES OVERALL HEAT TRAHSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 l I H E  .TUBE1 TUBE2 TUBE3 iubc4 A U ~ H A L ~ E  i I n E  
LB/HR L B l H k  LB/HR H U U K S  EiU/HR. SU.kT. UCC. f iiUOHL 
166.3 170.9 192.0 .oo 52.4 57.7 2 8 . 9  /6.0 01 .z .oo 

M I N I  EXCHANGER HUMHER 2 H I N I  EXCHAkGER NUHEER 3 
OVERALL HEAT TRANSFER CQEFFICIENTS OVERALL HEAT TRANSFER COEFF~LLENTS 

TUBE2 TUBE3 TUBE4 AVERAGE T I N E  I U B E I  r u m  r i lnEi  lUUE4 RUth'ASE iI8E 
n%w; 

68.6 46.5 55 .4  57.7 .JO 43.5 31.7 39.4 46.2 40.2 .oo 
I U B E I  

60.6 
B T U / H R .  Sff.FT. D t l i .  f HOURS BTU/HR. 5G.FT. D E L  F 

TWIS I S  THE INPUT DAIh FOR THE f I f l E L N T H  RUN 
la18 RUN SIARTED HLY I ,  1977 
THE CON81TIONS OF T H I S  RUN UEREr 

A. SALINITY I 32,000 PPM I O T M  DISSOLVED SOLXIS 
I. CALCIUN I 25 PPM 
C. S I L I C A  : 470 
B. CARBOII~TLI 940 
E. PH I 6.8 
C. ADDITIVE : NONE 

1. LEVEL I )(ONE 
8. OTWER I THIS RWI YAS ATTENPlLD YITH THE PRUORESSIVE ELLCtRONlC YATZR TREATER 

BRINE M I N E  BRINE COOLHZO 
1INE INLET OUlLET FLOU INLET 

NOURS TENP IENP 8ABE TEMP . 000 321 - 0  109.0 5.3 86.0 

R t S U L l S  FRON THE HAIN EXCHANGER FOR THE F I f T E f N T H  RUN 
TNlS RUM S l A R l E D  HAY 4, 1977 
THE CONDITIONS OF THIS RUN YERE: 

A. SALINITY I 32,000 ppn TOTAL DISSOLVED SDLIDS 
B. CALCIUM I 25 PPN 

COOLHZO 
OUTLET 

102.0 
i E n P  

COOLHZO 
FLOURATE 
QALLONS 

532632. 

Ci S I L I C A  : 470 
B. CARIONATE: 940 
E. PH I 6.0 
1. L D D I T I V L  I NONE 

1. LEVEL I NONE 
9. OlnER : T H I S  

MINE 
FLOU 

L I I H R  
493.0 

RUN UAS ATTENPTfD U I T H  THE PRMRESSIVE ELECTRONIC YATER TREATER 

CDOLHZO BRINE 
FLOU FLUX 

LBIHR I T U I H R  
.O 1 0 0 8 O .  I 

COOLHZO OVERALL 
FLUX HTC 

BTUIHR BlU/HRSPFTDEGF 
.O 6V.4 

RUM 
TIME 
HOURS 

.oo 

86 
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THIS I S  THE INPUT DATA FOR THE SIXTEENTH RUN 
THIS RUN STANTED MAY 5, 1977 
THE COHOITIONS OF THIS RUN YERE: 

A. SALINITY : 32.000 PFH TOTAL OISSOLUED SOLIDS 

C. S I L I C A  : 405 P P M  
D. CARBONATE: 810 PPM 
E. PH : 7.0 
F. A D D I l I U E  : NONE 

1. LEVEL : NONE 
6. OTHER : THIS RUN HAD A CO2 PAD LIN THE UtRlICAL U-TUBE EXCHANGER 

B. CALCIUM : 2s PPM 

TII(E 
HOURS . 00 

.9/ 
2.17 
3.70 
10.12 
18.90 
20.02 
20.95 
22.28 
26.18 

In 
310.0 
313.0 
312.0 
312.0 
312.0 
314.0 
313.0 
315.0 
312.0 
319.0 

I N  
158.0 
168.0 
170.0 
1/J.O 
194.0 
213.0 
214.0 
220.0 
220.0 
229.0 

FLOYS COOLING YATER TEMPERATURES IN DEG. F 
IUBE 1 TUBE 2 TUBE 3 TUBE 4 COOL H20 EXCH I EXCH 2 EXCH 3 
GAGE GAGE GAGE GAGE GALLONS I N  our I N  OUT I N  
7.4 7. I 7.3 8.2 656439. 94.0 106.0 88.0 94 .O 8s. 0 
7.3 7.3 7.4 7.5 
7.4 7.4 7.4 7.7 
7.6 7.5 7.6 7.9 
6.9 6.7 6.7 6.7 
7.2 7.3 7.0 7.3 
6.8 6.9 6.6 6.8 
7.1 7.2 6.8 7.2 
7.2 7.1 6.7 7.1 
7.6 7.6 7.4 7.4 

E xi 
our 
220.0 
228.0 
230.0 
231 .O 
252.0 
265.0 
264.0 
270.0 
268.0 
273.0 

:HANGER NUNBER 1 
I N  OUT 

3b9.0 210.0 
312.0 217.0 
311.0 221.0 
312.0 225.0 
310.0 249.0 
312.0 265.0 
311.0 264.0 
313.0 270.0 
310.0 2661.0 
S l 3 . 0  273.0 

TEMPS IN DEG. f 
I N  OUT 

310.0 211.0 
112.0 217.0 
311.0 221.0 
312.0 22b.O 
310.0 246.0 
312.0 262.0 
312.0 261.0 
313.0 267.0 
311.0 265.0 
313.0 271.0 

EXCHINbI I( 
OUT I N  

151.0  146.0 
IJB.0 161.0 
138.0 106.0 
141.0 I 1 1 . U  
159.0 193.0 
176.0 214.0 
178.0 216.0 
184.0 220.0 
184.0 221.0 
194.0 229.0 

dil(l6iR 3 TEhfS I N  
GUT I N  

136.0 166.0 
138.0 1,‘O.O 
140.0 173.0 
158.0 190.0 
176.0 215.0 
180.0 216.0 
184.0 220.0 
185.0 221.0 
195.0 229.0 

128.0 163.0 

657048. 
657788. 
658737. 
662732. 
668202. 
668893. 
669468. 
670278. 
672785. 

I N  OUT 
310.0 201.0 
312.0 214.0 
311.0 219.0 
312.0 224.0 
J10.0 247.0 
313.0 262.0 
312.0 262.0 
314.0 267.0 
312.0 265.0 
314.0 2r’l.0 

EC. f 
OUT I N  OUT 
36.0 155.0 130.0 
38.0 166.0 I3?.0 
43.0 168.0 141.0 
45.0 172.0 14J.0 
57.0 IYJ.3 1 i Y . O  
81.0 214.0 180.0 
84.0 215.0 184.0 
89.0 220.0 189.0 
90.0 221.0 190.0 
96.0 231.0 198.0 

96.0 109.0 90.0 
97.0 110.0 91 . O  
97.0 108.0 91 .O 
90.0 98.0 83.0 
88.0 94.0 83.0 
88.0 9S.O 84.0 
89.0 96.0 84.0 
91.0 96.0 85.0 
96.0 101 .o 92.3 

96.0 87.0 
97.0 88.0 
97.0 87.0 
90.0 81 . o  
aa.0 80.0 
88.0 80.0 
89.0 82.0 
91 . b  84.0 
96.0 89.0 

RESULTS FRON THE SIXTEEHIH KUN 
T H I S  RUN STARTED R k Y  5, I977 
IHE CONDIllUAb OF TIIIS RUN UEHE: 

A. SALINITY : 32,000 P m  TOTAL DISSOLVED SOLIDS 
b. CALCIUM : 25 PPI( 
c. SILICA : 4 0 5  Prr( 
D. CARBONATE: 610 PPM 
L. PH : 7.0 
F. ADDITIVE : NONE 

I. LEVEL : NONE 
6. OTHER : THIS RUN HAD A CO2 PAD ON THE VERTICAL U-TUBE EXCHANGER 

EXCHANGER NUiIBER 2 TEilPS I N  DEG. f 
IN OUT IN OUT IN our 

220.0 158.0 210.0 146.3 211.0 163.0 
228.0 168.0 21i.O 161.0 217.0 166.0 
230.0 170.0 221.0 166.0 221.0 170.0 
231.0 173.0 225.0 171.0 226.0 171.0 
252.0 194.0 249.0 193.0 246.0 190.0 
265.0 216.0 265hO 214.0 262.0 215.0 
264.0 214.0 264.0 216.0 261.0 216.0 
270.0 220.0 2/0.0 220.0 267.5 220.0 
268.0 220.0 268.0 221.0 265.0 221.C 
273.0 229.0 273.0 229.0 271.0 229.C 

I N  
201 .o 
214.0 
217.5 
224 -0 
247.0 
262.0 
262.0 
267.0 
:65.0 
271 .o 

COOL H2O 
LBlHR 
5200.4 
508Y. 0 
5107.6 
5138.7 
5150.9 
5120.5 
5100.2 
5027.6 
5318.7 
5160.2 

TUBE1 
LBlHR 
173.3 
170.7 
173.1 
177.8 
161.4 
168.3 
159.0 
165.9 
168.4 
177.2 

FLOURAlES 
TUBE2 
LB/HR 
ib6.3 
170.8 
173.2 
lr’5.S 
156.9 
170.8 
161.5 
168.4 
166.3 
176.5 

TUBEJ TUBE4 
LB/HR LBlHR 
170.9 192.0 
173.1 175.5 
173.2 180.2 
177.8 184.8 
156.9 156.9 
163.8 170.7 
154.4 159.1 
159.0 168.3 
156.8 166.1 
173.0 174.1 

r i n E  
HOURS . 00 

.97 
2.17 
3.70 
10.12 
18.90 
20.02 
J.95 
22.28 
26.18 

TUBEI 

100.0 
97.6 
97.7 
91 .O 
57.9 
43.7 
46.3 
44.3 
3 9 .  I 
41 . Y  

R I N I  EXCHANGER NUlBER 1 
OVERALL HEAI TRANSFtH COEFFICIENTS 

TUBE2 TUfiC3 TUBE4 

11O.I 112.4 145.1 
114.1 115.7 122.4 
111.3 111.3 119.3 
98.5 9 8 . 3  105.4 
58.0 61.4 60.3 
42.1 43.9 46.6 
45.3 47.3 47.6 
43.2 44.0 47.4 
37.0 38.5 41.6 
3b.8 38. I 39.1 

BTUIHR. SO.FT. DEG. F 
AVERAGE 

1 1  6.9 
112.5 
109.9 
98.3 
59.4 
44.2 
46.6 
44.7 
39.1 
3 9 . 0  

OUT 
YE.0 
‘ f i l .0 
91 .O 
91 . O  
83.0 
93.0 

64.0 
85.0 
72.0 

a4.0 

oil T 
155.0 
166.0 

172.0 
193.5 
214.0 
215.0 
220.0 
2:1 .c 
231.0 

ioa.o 

TInE 
HOURS 

.oo 

.97 
1.1,- 
3.70 
10.12 
1 Lt. YO 
1g.02 
20.95 
22.20 
26.18 
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llIYI EXCHANGER NUMBER 2 
OVERALL HEAT TRANSFER COEFFICIEn'lS 

TUBE1 TUBE2 TUBE3 TUBE4 I IVERAGE 
BTU/HR. SO.FT.  DEG. F 

111.2 126.0 85.4 101.7 106.1 
98.9 101.1 90.3 87.3 94.4 
98.4 96.0 86.8 92.2 93.3 
94.9 90.3 88.4 91.4 91 .2  
76.0 72.3 74.0 70.2 73.2 
54 .9  54.4 48.3 51.6 52.3 
47.4 45.9 41.4 4 4 * 6  44.8 
50.8 51.5 46.1 48.8 49.3 
58.2 56.0 49.9 52.9 54.2 
45.6 45.5 42.8 40.7 43.7 

1 INE 
HOURS . 00 

.97 
2.17 
3.70 

10.12 
18.90 
20.02 
20.95 
22.28 
26.18 

MINI EXCHAIUER HUnBER 3 
OVERALL HEAl TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE 
BTU/HR. SO.Fl. E G .  F 

84.6 61.7 76.6 89.8 78.2 
77 .8  69.5 74.7 79.1 75.3 
83 .4  75.0 67.2 72 .2  24.5 
90.0 88.0 16.0 83.8 84 .4  
47.7 46.9 45.1 45.3 46.3 
48.9 50.7 42.3 44.5 46.6 
53.2 53.1 44.3 44.4 48.8 
39.4 39.Y 31 .8 33.6 36.2 
34.4 33.7 26.8 28.3 30.8 
45.9 44.2 41.9 41 .4 43 .3  

1 1 1 6  19 THE INPUT DATA FOR THE BIXTEINTH RUM 
T N I B  RUN S I A R l E D  M A V  5, 1977 
TNE CONDITIONS OF IHIS RUM YERE: 

A. SALINITY : 32,000 PPI! lOTAL DlSSOLMD SOLIDS 

C. S I L I C A  : 405 P P I  
B. CARBONATE: 810 P f N  
E. P I  : 7.0 
F. ADBII IVE : NONE 

1. LEVEL I NONE 
8 .  OTHER I THIS RUM WAD A C02 PAD OM THE VERTICAC U-TUIE EXCHANGER 

B .  CALCIUN : 25 ppn 

llHE 
l0URS 

.ooo 

.967 
2.167 
3.700 

10.117 
18.900 
20.017 
20.950 
22.283 
21.183 

BRINE 
INLET 

321.0 
322.0 
321.0 
322.0 
319 .0  
321.0 
321 .O 
322.0 
320.0 
322.0 

iEnP 

BRINE 
OUTLET 

TEIP 
109.0 
108.0 
107.0 
108.0 
104.0 
107.0 
107.0 
109.0 
111.0 
116.0 

BRINE 
FLOU 
8A6E 
5.3 
5.2 
5.0 
4.? 
5.3 
4.9 
5.2 

5.0 
4.8 

4.a 

RESULTS f R O M  THE M A I N  EXCHAHBER f O R  THE SIXTEENlH RUN 
T l I 8  RUN STARTED MAY 5, 1977 
ing CONDITIONS OF T n I s  RUN UERE: 

1. SALINITY : 32,000 PPM TOTAL DISSOLVED SOLIDS 
B. CALCIUN 1 25 PPll 
C. SILZCA : 40s PPN 
B. CARBONATE: 810 PPN 
E. CH : 7 .0  
F. ADBITIVE : NONE 

1. LEVEL I NONE 
6. OTHER : THIS RUN HAD A C 0 2  PllD OH THE VERTICAL U-TUIE EXCHAWGER 

BRINE 
FLOY 

LB/HR 
493.8 
484.3 
465.9 
456.3 
494.3 
456.5 
484.5 
447.0 
4bb.1 
442.3 

COOL120 
F LOU 

LWWR 
5751 .s 
5646.0 
5658.0 
5713.0 
5743.4 
5688.8 
5674.5 
5621.3 
5885.8 
5732.6 

B R I M  
FLUX 

)TU/HR 
100864.1 

99846.4 
96040.4 
94086. I 

102344.8 
94119.5 
99801.9 
91741.1 
93859.4 
87840.6 

COOLH20 
INLET 

TEIP 
86.0 
87.0 
88.0 
87.0 
81 .o 
80.0 
81 .o 
82.0 
84.0 
09.0 

COQLHZO 
FLUX 

BTU/HR 
91839.8 
90154.6 
90347.4 
91  224.8 
91710.9 
90838.3 
90609.8 
897b0.4 
88110.8 
82955.9 

COOLHZO 
OUTLET 

TEMP 
102.0 
103.0 
104.0 
103.0 

97.0 
M.0 
97.0 
98.0 
99.0 

103.5 

OVERALL 
HT C 

BTU/HRSOITDEGF 
132.4 
143.9 
162.3 
140.4 
132.3 

115.7 
107.0 
105.2 

98.2 

108.7 

EOQLHZO 
fLOURATE 

532632. 
533305. 
534125.  
53517S. 
539612. 
515710. 
546478. 
547118. 
S48024. 
5S08OO. 

onuans 

RUN 
TIME 
HOURS 

.oo 

.97 
2 - 1 7  
3.70 
IO. 12 
18.90 
20.02 
20.9s 
22.28 
26.18 

TIME Q 
HOURS 

.oo 

.97 
2.17 
1.70 

10.12 
18.90 
20.02 
20.95 
22.28 
26.18 

88 
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rn ts  IS THE INPUT D A T A  FOR THE SEVEHTEENTH R U ~  

THE CONDITIONS OF inis RUN u m :  
THIS RUN S T & R T E U  MAY 1 5 ,  1977 

4. SALINIIY : ~3,000 prm r o r a L  UISOLVED SOLIDS 
a. CALCIUM : 24 r p n  
C. S I L I C A  : 420 PPH 
D. CARBONATE:  840 w n  
E. PH : 6.9 
F. ADDITIVE I NONE 

I .  LEVEL : NONE 
6. O lHt I i  : l H I S  RUN HAD A C02 PAD ON THE VERTICAL U-TUBE EXCHANGER 

T I H E  
HOURS 

.oo 

.40 
10.36 
11.70 
12.96 
13.88 
14.88 
16.03 
17.38 
18.13 
19.03 
26.50 

I N  
310.0 
309.0 
308.0 
310.0 
310.0 
310.0 
312.5 
312.0 
312.0 
312.0 
313.0 
307.0 

I N  
160.0 
ldO.0 
166.0 
172.0 
172.0 
173.0 
178.0 
182.0 
189.0 
191.0 
195.0 
205.0 

FLOYS COOLIN6 UATER TEMPERATURES I H  DEG. F 
TUBE 1 TUBE 2 TUBE 3 TUBE 4 COOL H2O iXCH I EXCH 2 EXCH 3 
6AGE GAGE GAGE GAGE 
7.4 7.4 7.3 7.5 
7.5 7.4 7.5 7.4 
7.6 7.6 7.7 7.8 
7.8 7.8 7.9 8.3 
7.5 7.4 7.5 7.8 
8. I 8.0 8. I 8.4 
8.4  8.2 8.3 8.5 
7.9 7.8 7.8 8. I 
7.8 7.6 7.7 1.Y 
8.1 7.8 7.9 8.2 
8.2 7.8 8.0 8.4 
8.5 8 .3  8.1 8.3 

EX1 
OUT 
204.0 
201.0 
214.0 
220.0 
221 .o 
225.0 
232.0 
239.0 
244.0 
246.0 
249.0 
257.0 

:HANGER 
IH 

310.0 
310.0 
309.0 
311.0 
310.0 
41 1 .o 
313.0 
312.0 
312.0 
312.0 
313.0 
308.0 

N U H B C R  1 
OUT 
201 .o 
202.0 
214.0 
220.0 
222.0 
225.0 
232.0 
240.0 
245.0 
246.0 
250.0 
257.0 

TEHPS I N  DE6. F 
I N  OUT 

310.0 207.0 
310.9 205.0 
309.0 213.0 
311.0 220.0 
310.0 210.0 
311.0 223.0 
313.0 230.5 
313.0 237.0 
312.0 243.0 
312.0 245.0 
313.0 249.0 
309.0 255.0 

EXCHANGER NL 
OUl IN 
129.0 155.0 
128.0 155.0 
131.0 165.0 
136.0 171.0 
137.0 170.0 
140.0 173.0 
142.0 178.0 
146.0 182.0 
151.0 l 8 i . O  
154.0 190.0 
157.0 194.0 
166.0 201.0 

I l lHLk 3 TIHPS I N  816. F 
U U I  I N  UUT 
128.0 160.0 129.0 
127.0 157.0 I26.U 
130.0 163.0 129.0 
135.0 167.0 135.0 
137.0 166.0 135.0 
140.0 169.0 139.0 
143.0 175.0 142.0 
146.0 177.0 144.0 
150.0 184.0 14b.0 
152.0 189.0 150.0 
154.0 192.0 152.0 
165.0 201.0 161.0 

Ill 
310.0 
310.0 
309.0 
310.0 
311.0 
311.0 
313.0 
313.0 
312.0 
312.0 
313.0 
309.0 

GALLONS 
674993. 
675241. 
681647. 
682495. 
683308. 
683891. 
684547. 
685254. 
6861 12. 
686593. 

691980. 
687172. 

II 
155.0 
: i4 .0  
163.0 
168.0 
168.3 
172.0 
177.0 
180.0 
185.0 
1vo.u 
193.0 
202.0 

OUT 
190.0 
190.0 
212.0 
220.0 
221 .o 
225.0 
231 .O  
237.0 
243.0 
245.0 
250.0 
254.0 

UUT 
127.0 
1 1 . 0  
130.3 
136.0 
137.0 
140.0 
143.0 
146.0 
151 .o 
lb4.0 
157.0 
166.0 

IN 
88.1 
87.7 
88.0 
90.8 
93.4 
95.0 
96.5 
98.5 
98.9 
98.3  
97.1 
90. I 

I N  
204.0 
203.0 
214.0 
220.0 
221 .o 
225.0 
232.0 
239.0 
244.0 
246.0 
249.0 
257.0 

RESULTS FROH THE SEVENTEENTH RUN 
THIS RUH STARTED MAY 1 5 ,  1977 
THE CONDITIONS O f  l H I S  R U N  E R E :  

A. SALINITY : 33,000 P P f f  TOTAL DISSOLVLU SOLIDS 
B. CALCIUH : 24 PPII 
C. SILICA : 420 P P I  
D. CARBONATE: 840 PPN 
E. Pn : 6.9 
F. ADDITIVE : NONE 

1. LEVEL : NONE 
6. OTHER : T N I S  RUN HAP II i o 2  PAD ON IHE VERTICAL U-TUBE EXCHANGER 

COOL H20 
LBlHR 
5124.4 
5316.6 
5232.2 
5332.2 
5234.5 
5417.1 
5075.7 
5245.7 
5294.0 
5311.3 
5315.3 
5302.5 

TUBE1 
LWHR 
173.3 
175.7 
178.1 
102.6 
175.6 
189.7 
196.5 
184.8 
182.5 
189.5 
191.7 
l99.J 

FLOURATES 
IUBE2 
LB/iiR 
173.3 
173.3 
178.0 
102.6 
173.3 
187.2 
191.7 
182.5 
177.8 
182.5 

194.5 
182.4 

TUBE3 
LBlHR 
170.9 
175.6 
180.4 
184.9  
175.6 
189.6 
194.1 
182.4 
180.1 
184.8 
187.1 
189.8 

TUBE4 
LBiHR 
175.6 
173.3 
182.7 
194.4 
182.6 
196.6 
198.7 
I8Y.4 
184.8 
191.8 
196.4 
194.4 

TIHE 
HOURS 

.oo 

.40 
10.36 
Il.iO 
12.96 
13.88 

l6.0.i 
17.38 
18.13 
19.03 
26.50 

i4.8a 
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TUBE1 

121.2 
124.0 
105.9 
103.0 

7 8 . 3  
101.3 
93.1 
8 3 . 3  
75.7 
74.7 
72.3 
55.5 

OUT 
101.J 
100.7 
99.7 

102.1 
104.3 
105.8 
106.8 
108.2 
107.7 
106.9 
105.5 
97.2 

I N  
81.7 
81 .4 
80.8 
83.4 
85.9 
87.4 
88.6 
90.4 
90.8 
90.4 
89.3 
82.8 

OUT 
88.1 
87.7 
88.0 
90.8 
93.4 
95.0 
96.5 
98.5 
98.9 

97.1 
90.1 

98.3 

IN 
78.4 
78.1 
76.9 
7Y.7 
81.9 
83.4 
84.5 
85.9 
86.0 
65 .7 
84.7 
78.0 

EXCHAHGER NUMBER 2 TEnPS I N  DEB. F 
OUT I N  OUT I N  OUT 
160.0 201.0 155.0 207.0 160.0 
160.0 2U2.O 155.0 205.0 157.0 
166.0 214.0 165.0 213.0 163.0 
172.0 220.0 171.0 220.0 167.0 
172.0 222.0 170.0 210.0 166.0 
173.0 225.0 173.0 223.0 169.0 
178.0 232.0 178.0 230.0 175.0 

189.0 245.0 187.0 243.3 184.0 
191.0 246.0 190.0 245.0 18Y.0 
195.0 250.0 194.0 247.0 192.0 
205.0 257.0 203.0 255.0 201.0 

182.0 240.0 182.0 237.0 177.0 

B I N 1  EXCHbNGER NUN6ER 1 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 

126.2 114.8 47.9 
124.9 121.J 46.3 
106.8 IOY.7 12.7 
103.9 105.2 07.6 
95.5 115.3 03.1 
101 .o 105.4 06.0 
91.7 95.a 96.6 

72.6 76.2 76.2 
72.0 74.2 77.0 
67.5 70.5 72.7 

BTUlHR. SO.FY.  DEG. F 

80.9 86.0 w.3 

55. I 51.1  59 .a 

I N  
190.0 
170.0 
212.0 
220.0 
221.5 
225.0 
231 .O 
237.0 
243.0 
245.0 
250.0 
254.0 

&VER&GE 

127.5 
129.2 
108.8 
105.4 
103.0 
103.4 
94.3 
84.9 
75.7 
74.5 
70.7 
56.9 

OUT 
81.7 
81.4 
80.8 
83.4 
65.9 
87.4 
88.6 
90.4 
90.8 
90.4 
0 9 . 3  
82.8 

OUT 
155.0 
154.0 
163.0 
168.0 
168.0 
172.0 
177.0 

185.3 
1f5.0 
193.0 
202.0 

1a0.e 

TINE 
HLiilRS 

.oo 

. 4 c  
10.36 
11.70 
12.V6 
13.a~ 
14.88 

17.28 
16.03 

18.13 
19.03 
26 .LO 



TUBE 1 

90.8 
90.1 
92.2 
90.7 
94.2 
102.2 
101.4 
100.0 
92.2 
92.9 
87.3 
75.9 

I I N I  EXCHANlitfi NUnbE2 2 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 I U B E ~  TUBE4 
BlU/HR. S P . F I .  DEG. f 

99.4 94.4 80.7 
100.7 101.6 82.2 
94.6 99.4 99.1 
93.1 104.3 107.0 
99.4 91.7 108.4 
100.9 109.5 10d.6 
98.9 104.5 103.5 
100.1 107.5 104.3 
95.4 100.5 100.9 
91.5 93.5 94.8 
86.2 91.2 94.9 
17.6 76.8 75.7 

AVERAGE 

91.3 
93.6 
96.3 
98.8 
98.4 
105.3 
102. I 
103.0 

* 97.3 
93.2 
89.9 
76.5 

TINE 
HOURS 

.Ob 

.4b 
10.36 
11.70 
12.96 
13.08 
14.08 
16.03 

18.13 
19.03 
26.50 

17.38 

TUBt.1 

83.9 
89.1 
90.1 
81.11 
91.6 
91.2 
93.8 
92.5 
91.2 
85.9 
82.3 
75.7 

N I M I  EXCHANGER NUMBER 1 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 IUBE3 TUBE4 
DTU/HR. S0.FT. UEG. F 

76.4 82.8 81 * l  
80.3 89.8 78.0 
91.4 91.9 89.6 
90.0 83.1 86.0 
86.3 85.8 86.5 
90.0 85.7 92.2 
88.2 86.4 89.3 
91.3 87.6 90.6 
88.1 96.2 84.4 
86.7 91.9 85.1 
84.6 88.9 80.7 
73.0 68.0 69.0 

TI19 I S  THE INPUT DA14 FOR 1NE SLVLIIIEENTH RUI 
TMl8 RUN S T A R T E D  NAY l S ,  1977 
TME CONDlllONS O f  1H19 RUN ULREI 

A. SALlNI lY  I 33,000 P P I  IOTAL DISSOLVED SOLIDS 
B, CALCIUll t 24 PPII 
C. S IL ICA I 420 P P I  
D. CAROOIIATE: 840 PPll 
E. PH : 6.9 
F. 4DDITIVf  I NONE 

1. LEVEL I NONC 
8. OTNER I THIS RUN HAD A C02 PAD OH THE VERTICAL U-TUN EXCHWQER 

AVERAGE 

81 .o 
84.3 
90.7 
87.0 
87.5 
89.8 
89.4 
90.5 
90.0 
87.4 
84.1 
71 .4 

RESULTS FROM THE RAIN EXCHANGER FOR THE SEVENTEENTH R U N  
la18 RUM STARTED HAY 1s. 1977 
TNL COHDlTIOIIS OF THIS RUN U E R E I  

A. SALINITY I 33,000 P P I  TOTAL DISSOLVED SOLIDS 
B. CALCIUH I 14 ppn 
C. SILICA I 420 PPM 
B. CARBOMATE: 840 P P I  
E. P n  : 6.9 
f. 4BB17IYE I NONE 

1. LEYEL : NONE 
8. OTHER I THIS RUN HAD A W2 PAD MI THE VERTICAL U-TUBE EXCHANGER 

71NE 
HOURS . 000 

.4Ob 
10.360 
11.700 
12.960 
13.880 
14.880 
16.030 
17.380 
18.130 
19.030 
26.500 

BRINE 
INLET 

319.0 
319.0 
318.0 
318.0 
318.0 
319.0 
320.0 
319.0 
319.0 
319.0 
320.0 
314.0 

n i p  

BRINE 
OUlLEl 

TENP 
100.0 
102.0 
102.0 
102.0 
105.0 
107.0 
107.0 
108.0 
109.0 
109.0 
110.0 
107.5 

TIHE 
HOtiitS 

.Ob 

.40 
10.36 
11.70 
12.96 
13.88 
14.88 
16.03 
17.38 
18.13 
19.03 
26.50 

BRINE 
fLDU 

5.0 
s.0 
4.9 
4.7 
5.3 
4.0 
4.9 
s.2 
5.2 
4.8 
4.7 
4.9 

8naE 

commo 
INLET 

TEMP 
79. I 
78.8 
77.7 
80.5 
82.7 
84.2 
85.4 
86.8 
86.9 
86.6 
8S.S 
78.7 

COOLH20 
OUTLET 

TEMP 
V6.5 
96.2 
94.8 
97.6 
W.8 
101.3 
101.9 
103.2 
103.3 
102.9 
102.0 
94.3 

COOLH20 
FLOURATE 
SALLORS 
657887. 
658 168. 
665418. 
Ab6381. 
Ab7310. 
(67960. 
6687tl. 
669498. 
670470. 
671 01 5. 
b71670. 
677110. 

fL0Y 
LBlHR 
466.3 
46b.3 
457.2 
438.5 
494.5 
447.6 
456.8 
485.0 
48S.O 
447.6 
438.1 
4S8.1 

C00LH2O 
FLOY 

LBIHR 
5811.9 
6022.5 
5947.s 
6098.4 
584: .3 
6124.5 
5727.4 
5948.6 
6003.6 
1013.3 
(018.2 
6003.9 

BRINE 
FLUX 

D l U I H R  
98323.1 
97437.b 
95088.6 
91207.4 
101441.6 
91413.6 
93718.9 
98570.5 
98109.4 
90562.6 
88644.4 
91089.9 

COOLJl20 
FLUX 

BTUIHU 
100924.1 
104581.1 
10 1499.1 
104074.7 
99686.1 
104519.4 
94313.8 
97362.5 
98262.6 
97821.1 
99102.4 
93473.8 

OVERALL 
H l C  

BIUIHRSPFTDEOC 
163.8 
145.0 
132.4 
152.4 
151 .l 
143.7 
142.1 
1S1.7 
145.0 
136.1 
124.5 
103.8 

RUW 
TINE 
HOURS 

.oo 

.40 
10.36 
11.70 
12.96 
13.88 
14.88 
16.03 
17.38 
18.13 

:::; Q 
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THIS I S  THE INPUT D A T A  FOR THE LlDHlEENTH RUN 
THIS RUN S T A R T E U  n A Y  23, 1Y77 
IHE UUNUITIONS OF THIS HUN UEHE: 

A. s A L i ) i I i r  : ~ U , O O ~  ppn  TO:AL DISSOLVED SOLIDS 
8. CALCIUM : 20 PPM 
c. S I L I C A  : 420 TPM 
0. CARBONATE: a40 PPn 
E. PH : 6.8 
F. A D D I T I V E  : SODIUf l  SULFATE 

6. OTHER I 
1 .  LEVEL : 23.3 PPM 

COOLING U A l i R  TEMPERATURES I N  DEG. F 
E X C H  1 EXCH 2 EXCH 3 TInE  

HOURS 
.oo 
.48 

2.90 
15.73 
16.15 
16.97 
18.03 
18.90 

TUBE 1 
GAGE 

7.4 
8.0 
9.1 
8.9 
8.2 
8.2 
8.4 
8.4 

FLOUS 
TUBE 2 l U B E  3 TUBE 4 

&AGE &AGE 6AGE 
7.3 7.6 7.7 
7.8 8. I 7.6 
8.7 9.0 5.7 
8.6 9.1 6.6 
8.0 8.4 e.2 
0.0 8 . 3  8.0 
8. I 7.7 8.5 
8.2 U.6 8.3 

COOL HZO 
GALLONS 
698076. 
698371. 
699935. 
706012. 
708275. 
708780. 
709445. 
709962. 

IH 
94.4 
95.6 
93.8 
87.1 
87.7 
89.1 
91 .2 
92.3 

I N  
213.0 
219.0 
240.0 
249.0 
248.0 
250.0 
251 .O 
252.0 

OUT 
107.3 
108.7 
104.5 

94.4 
95.0 
96.5 
98.4 
99. I 

I N  
87.6 
88.4 
86.0 
81.3 
81.9 
83.3  
85.4 
86.7 

OUT 
94.4 
95.6 

87.1 
93.a 

87.7 
89.1 
91.5 
92.3 

I N  
84.0 
84.5 
81 .8 
77.1 
77.6 
79. I 
111.2 
82.8 

OUT 
87.6 
88.4 

81 .I 
81.9 
83.J 
85.)  
86.7 

I N  
317.0 
319.0 
317.0 
302.0 
302.'0 
303.0 
302.0 
302.0 

EXCHANGER NUMBER 1 TEi lPS I N  DEG. F 
OUT I N  OUT I N  UUT 

213.0 317.0 214.0 317.0 219.0 
219.0 319.0 219.0 419.9 216.0 
240.0 316.0 239.0 313.0 214.0 
249.0 3 0 3 . 0  249.0 300.0 230.0 
248.0 300.0 247.0 300.0 247.0 
250.0 301.0 249.0 301.0 247.0 
251.0 301.0 252.0 301.0 248.0 
252.0 300.0 252.0 300.0 251.0 

I N  
317.0 
319.0 
317.0 
301.0 
300.0 
301 .O 
301.0 
300.0 

OUT 
212.0 
213.0 
237.0 
246.0 
246.0 
247.0 
250.0 
250.0 

EXCHANGER NUMBER 2 TEMPS I N  DEG. F 
OUT I N  OUT I N  OUT 

163.0 214.0 158.0 219.0 166.0 
166.0 219.0 165.0 216.0 164.0 
193.0 239.0 190.0 234.0 179.0 

206.0 24i .O 205.0 24?.0 206.0 
208.0 24V.U 2C6.5 247.0 206.0 

213.0 252.0 212.0 251.0 212.0 

209.0 249.0 208.0 238.0 1ya.o 

210 .0  252.0 210.0 248.0 toa.0 

I H  
212.0 
213.5 
237.0 
2k6.0 
246.0 
247.0 
250.0 
250.0 

OUT 
165.0 
160.0 
185.0 
257.0 
205.0 
? O b . O  
210.0 
212.0 

ir  
163.0 
166.0 
193.0 
209 I O  
206.0 
208.0 
210.0 
213.0 

LICHdNCkF kd i l5LK j 
U U I  it4 OUT 

141.0 165.0 137.0 
156.5 170.0 153.0 
178.0 208.0 174.0 
175.0 205.0 172.0 
178.0 206.0 173.0 
181.0 210.8 178.0 
183.0 212.0 1110.0 

13a.o 158.0 134.0 

i i w s  I N  BLG. F 
I N  OU1 

166.0 140.0 
164.0 139.0 
179.0 143.0 
198.0 164.0 
206.0 173.0 
206.0 174.0 
208.0 175.0 
212.0 180.0 

;N 
160.0 
160.0 
165.0 
2 J I . O  
205.0 
206.0 
2lO.O 
212.0 

uu I 
135.0 
137.0 
150.0 
175.0 
173.0 
175.0 
178.0 
180.0 

RESULTS FRON THE EIGHTEENTH RUN 
THIS RUN STAFiTED H A Y  23, 1977 
THE C O N D I l I O N S  Uk IHIY KUM LiiRE: 

(1. SALINITY : 30,000 PPM TOTAL DISSOLVED SOLIDS 
B. CALCIUri : 20 PPI( 
c. SILICA : 420 w n  
D. CARBONATE: 840 p p n  
E. PH : 6.8 
F. ADDITIVE : SODIUil SULFATE 

0. O l H E R '  : 
1.  LEVEL : 23.3 PPM 

FLOYRA I E S  
TUbE2 
L B / H R  
170.4 
181 - 9  
203.1 
202.3 
188.2 
1811.1 
190.5 
192.9 

nIn1 EXCHANGER NUMR I 

1 ~ x 2   TUBE^  TUBE^ 
OVERALL HEAT TRANSFER C G i F F l L I t k T S  

BTUIHR. SR.FT. D E G .  F 
116.2 112.9 126.0 
118.5 128.0 125.1 

94.0 102.3 64.2 

56.9 59.8 59.7 
56.8 61.6 59.4 
54.4 56.6 59.8 
53.6 57.5 56.8 

57.7 76.7 43.0 

COOL H Z O  
LWHR 
5178.8 
5313.0 
5198.7 
5220.1 
5115.3 
5160.9 
5122.3 
5208.9 

TUBE1 
LWHR 
172.7 
186.5 
212.4 
209.2 
192.7 
1Y2.I 
197.4 
197.4 

TUBE3 
LBlHR 
177.4 
1811.9 
210.4 
214.1 
197.6 
195.2 
181.1 
202.3 

TUBE4 
LB/HR 
179.7 
177.2 
133.0 
155.2 
192.9 
188.1 
19Y.9 
195.3 

T i n E  
HOURS . 00 

.48 
2.90 

15.73 
16.15 
16.97 
18.03 
18.90 

I 1nE 
HOURS . 00 

.48 
2.90 

15.73 
16.15 
l l . 9 7  
18.03 
18.90 

lUUEt 

119.4 
121.3 

97.7 
61.7 
59.0 
58.9 
58.7 
56.8 

AVERAGE 

118.6 
123.2 

89.5 
61 .0  
58.8 
59.2 
57 .4  
56.2 

TIME 
HOURS 

.oo 

.43 
2.90 

15.73 
16.15 
16.97 
18.03 
1 8. 90 

i I n E  
HOURS 

.oo  

.48 
2 . 9 0  

15.73 
16.15 
16.97 
18.03 
18.p0 

# I N 1  EXCHAHBER NUflBER 2 
OVERALL HEAT lRANSFER C D L i F I C I E ~ I S  

BTUIHR. SQ.FT. DEG. F 
TUUE2 TUBE3 TUBE4 AVERAGE 

109.5 100.2 106.7 103.2 
1011.1 110.2 109.7 IOV.0 

86.6 108.3 b2.1 85.6 
61 .5 b8.4 45.5 59.3 
58.6 59.9 58.Y 59.2 
60.4 60.1 57.9 59.5 
59.3 54.9 59.7 S8.6 
57.3 58.8 55.5 57. I 

f l I N 1  EXCHANGER NUHBER 3 
OUERALL HEAT 1 H A H h F L K  COEFFICIENTS 

TUBE2 TUBE3 TUBE4 AVERAGE 

76.6 77.3 82.2 17.8 
91.6 83.9 75. Y 82.9 

89.2 89.8 103.3 58.3 85.2 
57.0 61.9 72.0 44.7 58.9 
55.1 58.3 60.7 57.3 58.0 
33.2 S9.1 59.1 s4.9 56.6 
52.2 56.4 56.6 59.2 56.1 
51.5  54.7 57.3 55.3 54.7 

BTU/HR. SO.FT.  DEG. F 
TUBE1 

96.2 
108.2 
85.3 
61.8 
59.6 
59.7 
60.2 
57.0 

TUBE1 

75.2 
80.3 
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11119 IS IHE lMPUl DAlA FOR IHE CIOHlLtNIH RUM 
T l l S  RUM S l A R l E D  NAY 23 ,  1977 
THE COMDIlIOMS O f  T H I S  RUM UEREI 

A. SALIMIII I i o , o o o  PPH TOTAL DISSOLVED SOLIDS 
B. C I L C I U M  I 20 ppn 
C. SIlIC1 I 420 PPI( 
D. CIRBOMAIE: 640 P P I  
E. PH 1. 6.8 
F. ADl lT IVE I SODIUn SULFhTE 

8. OTHER I 
1. LEVEL I 23.3 PPll 

BRINE BtINE 
l I I E  INLET OUTLEl 

HOURS TEMP TEMP . 000 32S.O (07 .0  
.483 32S.O 109.0 

2.900 322.0 108.0 
15.733 305.0 114.0 
14.1SO 306.0 11s.o 
l6 .9b? 304.0 117.0 
18.033 305.0 119.0 
18.900 305.0 121.0 

RfSULlS FROM IHE M A I N  EXCHANBER YOU 1M EIGHTEENTH Rvw 
TUIS RUM S T A R T E D  nny ZJ, 1977 
T I E  COMDITIOMS OF T H I S  RUN UERE: 

A. SALINITY I 30,000 PPH TOTAL DISSOLUED SOLIDS 

C. S111CA 'I 420 PPI( 
B. CARBONATEI 840 P P I  
E. PH I b.8 
1. ADDITIVE I SODIUM SULFATE 

8. OTHER 1 

B. CALCIUII I 20 Ppn 

I. LEVEL I 23.3 PPM 

BRIUE 
FLOY 

L t l H R  
445.0 
446.4 
493.4 
440.1 
488.0 
488.0 
169.4 
450.7 

CWLH20 
FLOY 

LB/HR 
5902.5 
6047.2 
5933.2 
S997.0 
S888.0 
S9OO18 
5849.4 
5942.1 

THIS IS THE INPUT D A T A  FOR THE d 1 h E T E i N T H  RUN 
THIS RUN s i m E c  n n i  3 1 .  1977 
ritL C O N D I T I O N S  o f  T H I S  LUN U ~ K L :  

A. SALIHITY : J O , O O O  ryn ioTaL DISSOLVED SOLlDb 
a. CALCIUN : 23 r p n  
C. S I L I C A  : NONE 

E. rH : 15.2 
F .  ADDITIVE : NONE 

1 .  LEVEL : NONE 
6. OTHER t 

D. CARBOdATE: NONE 

T I N E  
HOURS 

.oo 
I .37 
2.60 
3.60 

19.33 
20.40 
21.67 
24.02 
25.48 
26.55 
27.58 
43.15 
44 .10  

TUBE 1 
GAGE 

7.0 
7.6 
7 .1  
7.3 
7.8 
7.6 
7.7 
7.4 
7.1 
7.2 
7.2 
7 .1  
7.1 

TUBE 2 
GAGE 

6.V 
7.4 
7 .2  
7 .1  
7 . 7  
7 .6  
7.3 
7. I 
7.1 
7 .1  
/ .2  
6 .9  
6.9 

FLOUS 
T U B E  3 

GAGE 
7.0  
7.8 

.7 .5  
7.4 
8. I 
7.8 
7 .8  
7.: 
/ . 4  
7 .2  
7 ,5  
7.1 
7 . 5  

T U B E  4 
G k G E  

7.1 
?.4 
7.1 
7.2 
8 . 9  
7 .7  
7.6 
1 .7 
7 .2  
7.3 
7.5 
7 .2  
7.8 

BRIM 
FLUX 

DTUIWR 
97471.4 
92916.2 

101766.6 
84663.4 
89751 .e 
88823. I 
840P6.8 
79874. v 

COOL H20 
GALLONS 
717427. 
718319. 
71 91  27. 
71 9778. 
/3C185. 
730887. 
131732. 
733260. 
734218. 
734917. 
735598. 
745771. 
746385. 

B R I M  
lL0Y 
6A6E 
5.0 
4.8 
s.3 
4.9 
5.2 
5.2 
5.0 
4.8 

CWLH20 
INLET 

TEMP 
84.8 
05.3 
82.6 
77.8 
78.3 
79.8 
82.0 
83.6 

COOLH20 
FLUX 

l l U / H R  
103087.4 
106821.7 

94148.4 
84967.4 
83442.4 
8S390.7 
84065.4 
81244.3 

COOLH20 
OUTLET 

TEW 
102.5 
103.0 

98 .5 
92.0 
92.5 
94.3 
94.4 
97.3 

OVERALL 
HT C 

BTU/HRSOFTDEW 
152.7 
142.3 
121.1 
81.5 
12.4 
83. f 
81.1 
76.5 

COOlH20 
FLOURATE 

484170. 
684SlS.  
686284.  
695491. 
695795.  
696374.  
6971 34. 
4V774,7. 

w u o n s  

RUN 
TIME 
nWRS . 00 

.48 
2.90 

15.73 
14.1s 
16.97 
18.03 
18.90 

COOLING UATER T E H P E R A T U R E S  I N  DEG. F 
EXCH 1 EXCH 2 

I N  uu I I N  ou 1 
90.5 111.0 92.5 98.5 

100.4 113.5 94 .0  100.4 
100.3 113.7 P4.2 100.3 
100.2 113.1 93.9 100.2 

92.0 105.0 85.5 92.0 
93.8 106.4 87.4 93.8 
95.3 107.8 89 .0  95.3 

100.3 112.6 94.0 1C0.3 
90.9 103.1 8 4 . 4  90.9 
92.6 104.9 66.1 92.6 
96.8 109.1 90.5 96.8 
Y1.0 103.2 84.5 91.0 
92.2 104.6 85.7 92.2 

EXCH 3 
I N  oil i 

89.4 92.5 
90.6 94.0 
90 .7  94.2 
90.5 93.9 
82 .0  85.5 
8 3 . 9  6 1 . 4  

90 .8  94.0 
8 1  .o 84.4 

85.6 a9 .0  

82.1 a6.i 
87.2 70.5 
81.1 84 .  
82.4 85. 
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IN 
31 I .O 
320.0 
320.0 
317.0 
31Y.O 
316.0 
315.0 
317.0 
308.0 
309.0 
317.0 
300.0 
300.0 

I N  
163.0 
168.0 
1.70.0 
106.0 
170.0 
168.0 
169.0 
170.0 
l J4 .0  
166.0 
1?1.0 

170.0 
Ib7 .0  

EXCHANGER NUMBER I 
OUT I N  OUT 

219.0 J16.0 216.0 
221.0 323.0 221.0 
224.0 320.0 222.0 
218.0 317.0 218.0 
226.0 315.0 222.0 
222.0 313.0 219.0 
223.0 310.0 220.0 
225.0 312.0 221.0 
215.0 306.0 21. i .V 

i E M P S  I N  DEG. f 
I N  OUT I N  

316.0 208.0 316.0 
320.0 221.0 320.0 
319.0 215.0 320.0 
317.0 212.0 317.0 
315.0 216.3 j l 5 . 0  
314.0 214.0 314.0 
310.0 214.0 310.0 
313.0 217.0 313.0 
306.0 208.0 306.0 

EXCHANGER NUHlrER 2 TEBPS I N  
OUT IN OUT I H  

l,63.0 216.5 156.0 208.0 
168.0 221.0 160.0 221.0 
170.0 222.0 162.0 215.0 
(66.0 218.0 160.0 212.0 
170.0 222.0 162.0 216.0 
168.0 219.0 162.0 214.0 
169.0 220.0 163.0 214.0 
170.0 221.0 163.0 217.0 
164.0 213.0 156.0 2Oa.0 
166.0 216.0 157.0 213.0 
171.0 220.0 164.0 217.0 
167.0 218.0 160.0 213.0 
170.0 221.0 163.0 218.0 

DEG. F 
uu I 

162.0 
166.0 
169.0 
166.0 
165.0 
165.0 
165.0 
166.0 
16G.0 
160.0 
166.0 
160.0 
165.0 

OUT 
217.0 
221 .o 
223.0 
218.0 
216.0 
214.0 
214.0 
217.0 
21o.L, 
213.0 
217.0 
213.0 
218.0 

I N  
21Y.O 
221 .o 
224.0 
218.0 
226.0 
222.0 
223.0 
225.0 
215.0 
220.0 
225.0 
223.0 
223.0 

I N  
217.0 
221 .o 

.223.0 
218.0 

214.0 
214.0 
I ! l / . O  
210.0 
213.0 
217.0 
213.0 
218.0 

11b.0 

OUT 
166.0 
172.0 
173.0 
168.0 
166.G 
16?.0 
l O . ’ . O  
167.0 
162.0 
162.0 
166.0 
160.0 
163.0 

crs 
220.0 308.0 216.0 309.0 213.0 
225.0 310.0 220.0 310.0 217.5 
223.0 302.0 218.0 302.0 213.0 
223.0 504.0 221.0 304.0 2 ia .o  

309.0 
310.0 
304. P 
304.0 

I N  
166.0 
172.0 
173.0 
168.0 
166.0 
167.0 
167.0 
167.0 
162.0 
161.0 
l 6 J . 0  
160.0 
163.0 

E X C H I N G i f i  IU f lbEk  3 TEtlFS I N  QEG. F 
OUT 

1J8.0 
141.0 
141.0 
139.0 
140.0 
140.0 
141.0 
143.0 
139.0 
139.0 
143.0 
140.0 
142.0 

I N  
156.0 
160.0 
162.0 
160.0 
162.3 
162.0 
163.0 
163.0 
156.0 
157.0 
164.0 
160.0 
163.0 

OUT 
134.0 
1 u . o  
139.0 
139.0 
138.0 
I j i l . 0  
139.0 
141.0 
134.0 
136.0 
140.0 
139.0 
140.0  

I N  
162.0 
166.v 
169.0 
166.0 
165.0 
115.0 
165.0 
166.0 
160.0 
160.0 
166.0 
160.0 
163.0 

OUT 

142.0 
141.0 
141.0 
140.0 
136.0 
142.0 
145.0 
140.0 
140.0 
145.0 
140.0  
143.0 

i j n . 0  
OUT 

137.0 
142.0 
141.0 
141.0 
140.0 
136.0 
142.0 
143.0 
139.0 
(39.0 
144.0 
143.0 
142.0 

R ~ S I J L ~ S  FROM THE N I N E T E E M T H  RUN 
1 ~ : s  S l A R i E D  M A Y  3 1 ,  1977 
rHL C O N D I T I O N S  OF T H I S  RUN UERE: 

A .  S A L I N I T Y  : 30,000 PPM TOTAL D I S S O L V E D  SOLIUS 
1. c I ) L C I U R  : 23 PPd 
c. S I L I C A  : NONE 
D. CARBORATE: NONE 
E.  PH : 10.2 
f. A D D I T I V E  : NONE 

I .  L E V E L  : NONE 
6. OTHER : 

f L i l U i t A l l S  
TUBE2 
LB/HR 
161.1 
172.4 
167.a 
165.7 
179.9 
177.1 
170.9 
166.1 
166.6 
166.4 

159.8 
162.0 

108.6 

N I N I  EXCHANbEH NUHBER 1 
O V E R A L L  HEAT T R A N S F E R  C O E F F I C I E N I  

TUBE2 TUBE3 TUBE4 

114.6 129.9 I f6.3 
118.6 125.0 118.6 
116.3 132.7 117.9 

109.9 125.9 124.4 
112.7 1 2 5 . 1  123.5 
105.8 123.4 120.3 
106.8 120.6 123.8 
108.4 121.5 114.8 
108.4 115.8 117.4 
107.3 116.9 116.9 
98.9 111.5 114.9 
99.3 113.1 117.7 

BTU/HR. S O . F T .  DEG. F 

117.1 132.7 118.7 

5 
AUERAGt 

117.0 
121.0 
120.8 
122.2 
117.2 
117.9 
115.2 
115.1 
112.9 
111.5 
111.7 
104.7 
106.3 

COOL H20 
L V H R  
5386.7 
5398.7 
5567.3 
5454.3 
5433.8 
5506.6 
5349.4 
5385.3 
5412.6 
5444.9 
53Y2.T 
5339.8 
5423.7 

TUBE1 
L B / H R  
163.8 
177.1 
172.4 
170.4 

171.4 
1IP.P 
172.7 
166.4 
168.7 
168.3 
167.1 
167.1 

181 .9  

TUYtJ 
L B / H R  
163.4 
181 . t )  
174.9 
172.7 
189.2 
182.3 
182.6 
175.4 
173.6 
168.1 
175.6 
166.9 
176.1 

TUBE4 
LB/HR 
165.8 
172.4 
172.4 
168.0 
186.9 
180.0 
178.0 
180.0 
168.9 
171.0 
175.6 
169.1 
183.2 

1 1 h E  
HOURS . 00 

1.3) 
2.60 
3.60 

19.33 
20.40 
21.67 
24.02 
25.48 
26.55 
27.58 
43.15 
44.10 

TUBE I 

107.3 
l 2 1 . 8  
116.2 
120.4 
108.5 
110.5 
111.1 
109.2 
106.9 
104.5 
105.5 

93.4 
95.2 

T I M E  
HOURS 

.u0 
1.37 
2.60 
3.65 

1Y.33 
20.40 
21.67 
24.02 
25.48 
26.55 
27.58 
43.15 
44.19 

NINI LXCHANGER NUMBER 2 
O V t k A L L  H E A T  T R A N S F E R  COEfFICIEMTS 

TUBE2 TUBE3 lUBE4 
BIUIHR. S O . f i .  DEG. F 

115.9 8Y.5 V4.l 
120.5 109.9 89.3 
113.7 89.3 90.2 
116.5 94.9 96.4 
109.6 Ya.6 94.9 
110.0 9?.2 90.9 
104.8 97.5 89.9 
108.8 100.7 100.7 
110.6 96.6 92.0 
111.1 100.5 96.7 
103.2 97.9 97.9 

99.5 96.9 98.2 
97.7 101.9 106.0 

M I N I  EXCHANGER NUflBER 3 
OVERALL HEAT TRbNSFER C O E F F I C I E N T S  

TUBE? T U B E 3  TUbE4 AUEHkGE 
BTU/YR. S Q . F T .  OEG. F 

72.4 73.3 88.2 77.5 
77.3 77.3 88.0 81.7 
71.7 84.7 93.0 83.8 
69.4 80.7 83.6 a0.3 
70.3 74.2 75.8 75.8 
7 0 . i  87.5 91 . I  81.8 
71.1 69.9 73.1 74.1 
68.7 65.2 77.4 73.3 
70.9 62.0 69.0 68.7 
73.8 67.4 78.2 76.9 
73.1 62.8 66.4 70.3 
61 ..I 60.) 61.3 65.4 
64.2 59.1 65. 1 66.0 

l U R E l  

103.3 
101.8 
98.8 

103.0 
97. I 
99.0 
99.4 

100.6 
9 j .  I 
95.7 
93.0 
v4.3 
87.6 

A U E M G E  

100.7 
105.3 

98.0 
102.7 
100.0 

99.3 
97.9 

102.7 
98.1 

101 .o 
98.0 
97.2 
98.3 

TInE 
HUUHS 

.oo 
1.37 
2.60 
3.60 

19.33 
20.40 
21.67 
24.02 
25.48 
26.55 
27.58 
43.15 
44.10 

TUBE1 

76.0 
84.4 
86.0 
87.7 

77.8 
82.4 
81.8 
72.9 
88.2 
79.0 
78.2 
75.8 

a3.0 

T I n E  
HOURS 

- 0 0  
I .37 
2.60 
3 . 6 0  

17.33 
20.40 
21.67 
: 1 . 0 1  
11.43 
2 6 . 5 5  
27 .58  
43.15 
44 .10  
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1118 16 1HE IYPUT D A T A  FOR 1HE NINt71EHTY RUN 
lWl8 RUN S l A L l E D  11111 3 1 ,  1977 
1YE C O N D I I I W S  OF l H l S  RUN UERE: 

A. SAllHlll : 30,000 PPI! TOlAL DISSOLVED SOLIDS 
8 .  CALClUll  I I 3  PPI( 
C. S I L I C A  I NONE 
E. C A R B O H A I E :  NONE 
E. PH I 10.2 
F. A D D I I I V E  I HONE 

1. LEVEL I NOM 
0. OTHER I 

i 1 n E  
HOURS 

,000 
I .366 
2.600 
3.600 

19.333 
20.400 
21.667 
24.016 
25.483 
26.550 
27.583 
43. IS0 
44.100 

B R I M  
I K L E 1  

1 E I P  
327.0 
328.0 
328.0 
325.0 
322.0 
320.0 
317.0 
319 .0  
313.0 
316.0 
518.0 
310.0 
110.0 

BRIWE 
OUILEI  

l E I P  
110.0 
113.0 
113.0 
113.0 
105.0 
107.0 
110.0 
116.0 
111.0 
110.0 
114.0 
116.0 
116.0 

RESULIS  FROH THE M A I N  EXCHANDER FOR T H E  NINETEENTH RUN 
inis RUN S T A R T E D  m i  3 1 ,  1977 
TWE CONDIlIONS Of lHlS RUN UERE: 

0. SALIKITY I 30,000 PPI4 TOTAL DISSOLVED SOLIDS 
8. CALCIUI : 23 PPI( 

D. CAROOHAlEi NONE 
E. PU I 10.2 
f .  ADDITIVE : NONE 

1. LEVEL I NOM 
8. DlHER : 

c. s n m  : NONE 

B R I l E  
CLOY 

LBIHR 
501.7 
445.7 
482.8 
474.3 
437.7 
456.8 
448. I 
447.6 
495.7 
495.0 
475.9 
496.4 
449.b 

CooLH20 
FLOU 

LBIHR 
5485.2 
5489.9 
5470.7 
5558.0 
5540.0 
5629,O 
5517.8 
5518.1 
5556.3 
5545.0 
5535.7 
5465.1 
5546.2 

BRINE 
FLUX 

BIUIHR 
104933.0 

92392.7 
100092.1 

96919.6 
91 493.6 
93718.9 
89349.2 
87582.5 
96440.4 
98220.9 
93542.1 
92766.1 
8401 4 .5 

BRINE 
TLOU 
6ASE 
5.4 
4.8 
5.2 
5. I 
4.7 
4.9 
4.8 
4.8 
5.3 
5.3 
5.1 
5.3 
4.8 

COOLH20 
INLET 

TEMP 
90.4 
91.6 
91.7 
91.6 
82.9 
84.1 
86.5 
91.1 
01.9 
83.5 
88.1 
82.0 
83.3 

COOLHZO 
FLUX 

O W H R  
103462.8 

98073.3 
97730. I 
98711.8 
94543.0 
99995.3 
9581 7.8 

100778.9 
9S932.4 
97949.4 
96128.9 
98174.5 
97417.3 

COOLH20 
DUILET 
TEMP 
109.3 
109.5 
109.6 
109 .4  
100.0 
101.9 
103.9 
109.4 

99 .2  
101.2 
105.5 
100.0 
100.9 

OVERllLL 
HIC 

BIU/HRSPFTDEGF 
244.1 
158.6 
166.0 
163.4 
139.5 
146.3 
135.2 
135.9 
114.3 
127. 6 
125.7 
103.6 
100.7 

coOLH20 
FLOUR ATE 
BRLLONS 

7051 88. 
706096.  
707580.  706917.  

7181 77. 
718892.  
7 19755. 
721324.  
722305. 
723022.  
723715.  
734150.  
734778.  

RUK 
T I l E  
HOURS . 00 

1.37 
2.60 
3.60 

19.33 
20.40 
21.67 
24.02 
25.48 
26.55 
27.58 
43. 15 
44.10 
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IWIS 15 InE I t d i U I  Ilk117 FIJI\ I t i f  TULNIlflH KlJn 
T h l S  L U Y  5 T k l l l l f l  JUNC 7 .  1Y. ' I  
r H E  L O H i l I l l U N S  Of T h l S  LLN *&E: 

I I .  S A L I N I T Y  : 30,000 Il 'h I O I A L  Dl55JIWED SlrLIDS 
B. C k L i l U H  t ZG f P  
C. S I L I L A  : 410 FPfl 
D.  LAkbONllt: 820 F F n  
E. w : 6.V 
f. ADDITIVE : CALtiOll CL-165 

0. OIHEK : 
I .  LLWEL : I J  YPd 

T I M  
HOURS 

.oo 

.68 
1.18 
4.68 

14.25 
16.08 
16.91 
17.76 
18.81 
20.06 
21.18 
21.79 

' 22.68  
27.30 
32.83 
41;66 
52.63 

IN 
304.0 
306.0 
307.0 
305.0 
298.0 
296.0 
296.0 
296.0 
297.0 
29U.O 
299.0 
299.0 
298.0 
29V.O 
296.0 
295.0 
273.0 

I N  
1 / 1  .o 
173.0 
174.0 
171.0 
171.0 
174.0 
175.0 
177.0 
182.0 
183.0 

187.0 
189.0 
192.0 
196.0 
200.5  
202.0 

185.0 

iumt 1 
GAGE 

7 .1  
7.9 
8.1 
8.3 
8.5 
9.2 
9.2 
8.8 
9.5 
9.3 
9.1 
9.3 

10.0 
9.5 
9.8 

10.0 
9.6 

FLOUS 
TUBE 2 TUBE 3 
GAGE GAGE 

7.6 1 . 4  
8.0 7 .9  
8 .2  8.2 

8.6 8.3 
9.3 8.9 
c.3 8.9 
8.9 8.6 
P.6 9.2 
9.3 9.2 
9.3 9.1 
9.6 9.5 

10.0 10.0 
9.8 9.4 

10.0 10.0 
10.0 8.3 
10.0 6.9 

8 . 3  8 .1  

TUBE 4 
GAGE 

7.4 
8.0 
8 .2  
9 . 3  
8.6 

8 .8 
8.6 
9. I 
9.1 
9.2 
9.4 

10.0 
9.4 
9.8 
8.8 
7.5 

8.a 

EXCHANGER NUHBEH I TENPS I H  D E O .  F 
OUT I N  

216.0 304.0 
218.0 307.0 
220.0 507.0 
218.0 304 .0  
218.0 298.0 
220.0 2V6.0 
223.0 296.0 
224.0 296.0 
229.0 297.0 
229.0 297.0 
231.0 2 Y Y . V  
234.0 299 .0  
2J5.0 299.3 
2JY.U 299 .0  
240.6 296.0 
242.0 294.0 
243.0 285.0 

EXCHANGER 
OUT I N  

146.0 16L.O 
147.0 169.0 
147.0 174.0 
1 4 3 . 5  170.5 
143.3 171.0 
146.0 174.0 
141.0 175.0 
148.0 177.0 
152.0 182.0 
1 5 3 . 0  184.0 
153.0 184.0  
155.0  188.0 
151.0 195.0 
158.0 193.0 
162.0 2U.L.U 
166.0 209.0 
165.0 259.0 

our 
222.0 
22i.O 
i 2 9 . 0  
224.0 
2?0.0 
222.0 
225.0 
226.0 
231 .O 
235.0 
234.0 
236.0 
237.0 
240.0 
2 4 1  .o 
245.0 
243.0 

NUflBER 3 
OUT 

143.0 
146.0 
147.0 
142.0 
143.0 
1 4 6 . 0  
148.0 
149.0 
153.0 
157.0 
156.0 
156.0 
160.0 
162.0 
165.0 
172.0 
112.0 

I N  OUT 
304.0 213.0 
307.5  217.0 
307.0 220.0 
304.0 222.0 
298.0 221.0 
296.0 222.0 
296.3 225.0 
296.0 226.0 
297.0 2 3 1 . 0  
2Y1.0 233.0 
278.0 234.0 
298.0 236.0 
298.0 237.0 
299.0 240.0 
296.0 241.0 
294.0 2.44.0 
285.0  237.0 

IN OUT 
167.0 14.0.0 
172.0 145.0 
174.0 146.0 
171.5 144.0  
171.0 140.0 
174.0 146.0 
175.0 143.0 
177.0 144.0 

184.0 154.0 
186.0 151.0 
188.0 158.0 
190.0 154.0 
196.0 160.0 
202.0 168.0 
203.5 168.5 
207.0 164.0 

TEnPs I N  D E G .  F 

182.0  1 4 a . o  

COOL H20 
GALLONS 
750859. 
7512U4. 
751584. 
754070. 
759700. 
760846. 
761380. 
761906. 
762560. 
763328. 
764033. 
764415. 
764960. 
767927, 
771333. 
776890. 
783667. 

I N  
304.0  
307.0 
307.0 
304.0 
298.0 
2Y6.0 
296.0 
296.0 
297.0 
2v7.0 
297.0 

298.0 
295.0 
296.0 
294.0 
285.0 

I N  
169.0 
173.0 
174.0 
169.0 
169.0 
172.0 
175.0 
176.0 
182.0 

187.0 
189.0 
190.0 
196.3 
200.0 
197.5 
205.5 

293.0 

184.0 

OUT 
219.0 
225.0 
226.0 
221 .o 
216.0 
218.0 
220.0 
222.0 

231 .O 
232.0 
235.0  
237.0  
140.0  
240.0  
238.0 
226.0 

OUT 
140.0 
145.0 
145.0  
140.0 
140.0  
142.0 
144.0  
144.0 
148.0 
153.0 
152.0 
156.0 
155.0 
160.0 
164.0  
164.0 
155.5 

223.0 

COOLING UATER IEflPERArUliES IN DEG. 
EXCH I LXCH 2 

IN OUT I N  OUT 
100.3 111.6 93.7 1u0.j 
101.2 112.4 94.1 101.2 
100.9 112.3 93.5 100.9 

9b.6 107.2 88 .2  95.6 
93.9 104.2  86 .9  93.9 
97.7 107.6 90.6 97.7 

98.0 107.5 90.8 98.0 
1u1 .1  110.3 94.2 101.1 
101.9 110.7 94 .7  101.9 

99 .8  108.6 92.9 99.8 
100.9 109.7 94 .0  100.9 
102.7 1 1 1 . 1  95 .9  102.7 

96.5 154.7 89 .9  96.5 
95. I 102.5 88.5 95.1 

100.0 156.6 94 .O 100.0 
9J.5 99 .8  81.7 93.5 

98.7 108.5 9 t  . 3  98.7 

F 
EXCH 3 

I N  OUT 
YO.? 93.7 
90.2 94.1 
89.4 9 3 . 5  
84.2 Y8.2 
8J. 2 b6.Y 
80 .  LI 90 .6  
87.1 91.3 
86.5 90 .8  
9 0 . 0  94.2 
90 .2  94.7 
88 .2  92.9 
89.4 94.0 
91 .2  95.9 
84.6 89 .9  

89.2 9 4 . 0  
82 .8 87.7 

83.3 88.5 

IH 
216.0 
218.0 
220.0 
218.0 
218.0 
220.0 
223.0 
224.0 
229.0 
223.0 
231 .o 
234.0 
235.0  
239.0 
240.0 
242.0 
243.0 

EXCHANGER HUllbER 2 TEtlPS IN DEG. F 
OUT I N  OUT IN OUT 

171.0 222.0 165.0 213.0 167.0 
173.0 227.0 169.0 217.0 122.0 
174.0 229.0 174.0  220 .0  174.0 
171.0 224.0 170.5 222.0 1.71.5 
111.0 220.0 171.0 221.0 171.0 
174.0 222.0 114.0 222.0 1:4.0 
175.0 225.0 175.0 225.0 175.0 
177.0 226.0 177.0 226.0 177.0 
182.0 231.0  182.0 231.0 182.0 
l8i.O 233.0 184.0 233.0 184.0 
183.0 234.0 184.0 234.0 186.0 

189.0 237.0 190.0 23.'.0 170.0 
192.0 240.0  193.0 240.0 196.0 
196.0 241.0 202.0 241.0 2 0 2 . 0  
200.5 245.0  209.0 244.0 203.5 
202.0 243.0 209.0 237.0 207.0 

187.0 236.0 188.0 236.0 1aa.o 

IN 
219.0 
2 2 5 . 3  
226.0 
221 .o 
216.0 

220.0  
222.0  
2 2 0 . 0  
231 .O 
232.0 
235.0 
237.0 
240.0 
240.0 

226.0 

21a.0 

23a.a 

OUT 
169.0  
173.0 
174.0 
167.0 
169.0 
1x.0 
175.0  
176.0 
182.0 

187.0  
1 8 9 . 0  
1p0.u 
1ra.6 
100.0 
197.5 
205 .5  

1a4.0 
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RESULTS F R O M  THE TUENI IE IH  RLW 
T H I S  RUN STARTED JUNE 9.  1977 
THE COWBITIONS OF THIS RUN YERE: 

A. SAL IN ITY : 30,000 FFH TJTAL DISSOLVED SGLIDS 
9. CALCIUW : 20 PP 
C. S I L I C A  : 410 P P N  
D. CAYBONATt: 820 PPM 
E. PH : 6.7  
F .  ADDITIVE : CALGON CL-165 

G. O IHLH : 
I .  LEVEL : 13 PPN 

COOL H Z O  
LBlHR 
5132.5 
4948.1 
5857.7 
4858.2 
5164 .5  
5310.9 
5107.3 
5141.6 
5069.0 
5211.5 
5118.0 
5092.8 
518'9.7 
5178.0 
5198.5 
5102.5 
5154.2 

TUbLl  

91.4 
91.1 

103.1 
V 2 .  I 
96.2  

103.5 
105.7 
V8. 1 
98.0 
97.8 
94.6 
91.5 
94.8 
86.3 
83.8 
8 1  .o 
83.0 

FLOURATES 
T U X  1 I U B f 2  TUBE3 TUBE4 
L B l H R  LBlHR LBlHR LBlHK 
180.8 178.5 173.8 173.8 
185.3 187.6 185.3 187.6 
189.9 192.3 192.3 192.3 
193.6 194.9 191.4 217.2 
200.2 202.5 195.5 2 0 1 . 5  
216.9 219.2 209.8 dd7.4 
216.7 219.2 209.8 207.4 
257.4 209.8 202.7 202.7 
223.8 226.2 L16.Y 1 1 4 . 4  

214.2 219.0 214.3 216.8 
218.9 226.0 223.7 2?1.4 
235.5 235.4 235.5 235.5 
223.6 230.7 221.3 221.3 
231.0 235.7 235.7 231.0 
235.8 236.0 194.1 206.5 
227.6 L 3 I . b  162.3 177.7 

219.0 219.1 216.a z i4 .4  

nit i I   EXCHANGE^^ NUMBER 2 
OVERALL HEAT T R A N S F E R  COEFFICIENTS 

B l U / H R .  S O . F I .  UE6. F 
TUUF.2 TUUE3 T U B E 4  l V E R A G f  

115.8 93.4 97.6 99.6 
117.4 92 .1  103.5 101.0 
120.3 104.4 115.1 110.7 
1OJ.J 96.0 1 1 4 . 3  lOt.5 
100.7 98.7 99.3 98.7 
108.3 103.6 101 .o 104 .1  
110.4 105.6 96.0 104.4 
102.6 99.1 93.2 98.8 
102.5 96.2 92.3 97.7 
102.0 100.9 96.5 99.3 

99.1 92.1 87.5 91.3 
95.3 94.3 89.3 92.6 
95.6 95.6 95.6 95.4 
88.3 78.2 78.2 82.7 
73.5 73.5 74.8 76.4 
61.0 63.Y 71.2 70.7 
69.6 43.3 33.9 57.5 

, I  . . .  ., . . : . . 1 . . .  

THIS 1s  HE INPUT DAIA FOR THE i u w I E i n  RUM 

T n i  CONDI~IOYS OF THIS RUN u w c i  
TWIS RUN S lAR lED JUHE 9 ,  1977 

CL. S A L I Y I I Y  : 30,000 PPI! IOTAL DISSOLVED SOLIDS 
8 .  CALt lUl l  I 20 PP 
C. SILICA . I 410 PPN 
8 .  CARBOHAIEt 820 PPI( 
E. p n  I 6 .9  
F. ADB171VE : CALOON CL-165 

0. OIHER I 
I .  LEVEL t 13 PPI4 

TIHE 
HOURS . 000 

.b83 
1.185 
4.683 

14.250 
16.083 
16.913 
17.763 
18.813 
20.063 
21.179 
21.795 
22.678 
27.394 
32.827 
41.660 
52.626 

BRINE 
INLET 

TEMP 
310.0 
311.0 
111.0 
108.5 
303.0 
300.0 
299.0 
299.0 
101.0 
300.0 
301.0 
300.0 
300.0 
301.0 
296.0 
294.0 
285.0 

BRIM€ 
OUTLEI 

IENP 
111.0 
113.0 
113.0 
105.5 
108.0 
110.0 
111.0 
111.0 
113.0 
114.0 
113.0 
113.0 
1 1 4 . 0  
111.0 
110.0 
118.0 
115.0 

T I N E  
HOURS 

.oo 

.68 
1.18 
4.68 

14.25 
16.08 
16.91 
17.76 
18.81 
20.06 
21.18 
21.79 
22.68 
27.39 
32.83 
41.66 
52.63 

T I M E  
HOUkS 

.GO 

.b8 
1.18 
4.68 

14.25 
16.08 
16.91 
17.76 
18.81 
20.06 
21.18 
21.79 
22.68 
27.39 
32.83 
41.66 
32.63 

TUBE1 

1 1  2. /  
110.2 
120.5 
108.7 
102.8 

101.4 
96.0 
95.3 
95.5 
89.7 
87.2 
69.3 
78.5 
72.8 
72 .0  
44.2 

106.8 

T U K l  

73.6 
77.3 
86.4 
76.2 
77.4 
84.9 
83.4 
83.6 
86.1 
90.9 
84.6 

92.1 
89.6 
83.6 
81.1 
82.3 

aa .2  

BRINE 
FLOY 
BASE 
5. I 
4.8 
4.6 
5.1 
4.8 
4.8 
4.9 
5.1 
4.9 
5.0 
5. I 
4.7 
4.0 
4.7 
4.5 
5.D 
5.3 

tlltii EXCHANGEk NUnbER 1 
OUERALL HEAT T H A H S i E R  COEFFICIENTS 

TUBE? TUBE3 T U N 4  
I I T U / H R .  S0.FT. D E G .  F 

101.2 113.5 103.4 
97.6 112.9 100.8 

105.6 122.0 111.0  
98 .6  100.0 115.3 

100.6 95.5 197.4 
104.3 99 .8  105.6 

99.0 94.7 102.2 
93 .7  90.6 97 .2  
92.8 88.Y 93.0 
87.6 86 .6  89 .0  
85.6 83.8 86.9 
86.6 84.6 85.4 
8 1 . 0  85 .9  85 .9  
79.4 76.2 16.2 
72.7 72.7 /2.8 

67.7 66.1 J J . ~  

62.4 49.8 69.6 
N I H I  EXCHfitiGEH NUHRER 3 

OVERALL HEAT TTANSFEH COEFFICIENTS 
TULE2 TUBE3 TUBE4 

*- 

BTU/HB. S0.F;. UtU. b 
68.5  
71.7 
87.4 
80.8 
78.3 
85 .8  
82.6 
81 .o 
83.5  

78.5 
89.9 
83.9 
81 .7  
88 .7  
86.6 
79.9 

78 .9  

COOLWZO 
IMLET 

TEMP 
91.0 
91.2 
90.5 
85.1 
84.0 
87.7 
88.1 
87.5 
90.9 
91.2 
89.2 
90.3 
92.2 
85.5 
84.2 
90.2 
83.6 

83.0 
82.2 
9 1 . 5  
74.8 
85.8 
82 .1  
97 .7  
96.1 
97.7 
88.8 
98 .6  
82 .2  

105.4 
90.8 
80.1 
70 .8  
67.2 

COOLHZO 
OUTLET 

TEHP 
107.8 

106.7 
100.9 
100. I 
103.3 
103.6 
102.9 
105.6 
105.6 
103.7 
104.3 
106. I 

99.1 
96.9 

104.2 
97 .4  

107.8 

88.0 
85.7 
95.6  
94.1 
84.2 
91.3 
92 .8  
93 .7  
96 .6  
91.4 
98.5 
90.3 

101.7 
90 .8  
85.Y 
76.1 
90.8 

kUERAGE 

101.i 
105.4 
114.8 
105.7 
101.6 
104.1 

99 .3  
94.4 
92.5 
89 .7  
b6.5 

87.0 
77.6 
72 .8  
b5.4 
56 .5  

as .?  

AVEKAGE 

78.3 
79.2 
90.2 
81 .s 
81.4 
86.0 
89 .6  
88.6 
91 .O 
87.5 
90.1 
87 .7  
95.8 
08.2 
84 .6  
83.1 
80.0 

COLnH20 
FLOURATE 
BALLONS 

7489  15. 
74937s. 
749700. 
752784. 
758428. 
n 9 6 5 8 .  
760231. 
760796. 
761501. 
762329. 
763087. 
763498. 
764087. 
767283. 
770945. 
776905. 
784210. 

T I N E  
HOURS 

.oo 

.68 
1 .18  
4.68 

14.25 

16.91 
17.76 
18.81 
20.06 
21 .18  
2 1 . 2 9  
22.68 
2 7 . 3 1  
32.63 
41.66 
52 .63  

16.08 

TIME 
HOURS 

.a0 

. 6 0  

4.68 
1 4 . 2 5  
16.06 
16.91 
17.26 

20.06 
21.18 
21.79 
22.68 
27 .39  

41.66 
52.63 

1.18 

18 .81  

32.a3 
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RtSULTS FROM THE 1111 EXCHAHGER FOR THE l Y E M l I f T H  RUN 
JUNE 9 ,  1977 

30,000 PPI4 TOTAL DISSOLVED SOLIDS 

410 P P I  
820 P P I  
6.9 

T H I S  RUN YERE: 

20  pr 

i. ADDITIVE I CALGON U-16S 
1. LEVEL : I3  P P l l  

8. OTHER I 

Ti l l8  RUM STARTED 
WE CONDllIONS Of  

1. SALINITY I 
D. CALCIUll I 
C. S I L I C L  I 
D. CARBONATEI 
E. PH I 

CWLHZO 
FLOU 

LDIHR 
5559.4 
5365.4 
7274.9 
4876.4 
5547.5 
5703.7 
5491.3 
5547.7 
5470.1 
5609.0 
5512.0 
55 tb .b  
5595.9 
5573.4 
5581 .I 
5502.7 
5547.6 

BRINE 
FLUX 

B W H R  
91537.3 
05694.9 
82124.3 
93403.1 
84650.9 
82593.3 
83466.3 
86873. I 
83407.7 
84244.8 
86812.1 
79610.7 
80874.9 
80044.3 
75926.6 
79933.s 
81 354.4 

COOLHZO 
FLUX 

BlUIHR 
93210.4 
08887.3 

117618.3 
76892.7 
891 36.8 
88799.3 
84945.6 
85263.4 
00250.3 
80607.9 
79763.6 
76985.1 
77627.1 
75646.9 
70746.h 
76883.1 
76403.4 

OVERALL 
HTC 

DTU/HRSOFTDEGF 
166.7 
138.0 
148.9 
137.2 
121.6 
128.8 
123.4 
122.4 
120.0 
116.6 
112.9 
109.0 
114.5 

96.4 
88.3 
95 .7  
89.1 

RUN 
TIME 
HOURS 

.oo 

.66 
1.18 
4.68 

14.25 
16.08 
11.91 
17.76 
18.81 
20.06 
21.18 
21.79 
22.68 
27.39 
32.83 
41.66 
52.63 

B R I M  
FLOY 

L k/HR 
477.7 
44v.4 
430.6 
478.0 
451.1 
451.7 
461.4 
400.2 
460.9 
470.6 
47P.7 
442.3 
451 .7 
442.1 
424.3 
471.9 
0 7 . 6  

T H I S  IS THE I N W l  D A l A  FOR THE IUENTY FIRST fiUN 
T H I S  RUN SIARTED JUNE ? I ,  1977 
THE CUNIIITIOSS UF THIS KUN UERE: 

1. SALINITY I 32 ,000  P P I  TOTAL DISSOLVED SOLIDS 
8. CALClUfl : 20 PPH 
F. S IL ICA : 425 PI" 
D. E A W I I U N A I E I  850 PPH 
E. PH I 6.9 
F .  A D U l l l V E  : AflMONIUI BIFLOURIDE 

G. OTHER I 
I .  LEVEL : 32 P P I  

TUBE I 
GAGE 

1 .4  
1.7 
0.3 
0.8 
0.5 
0.7 
0.9 
8.7 
8.0 
7.8 
8.0 

FLOYS 
TUBE 2 TUBE 3 
6AGE GAGE 

1 . 2  7.2 
7.5 7.6 
8.2 0.2 
8.5 8.5 
8. I 8.2 
8.5 8.5 
8 .6  8.5 
8.6 8 .6 
7.0 7.5 
7.9 7.7 
8.5 8.0 

TUBE 4 COOL H20 
GAGE GALLONS 

7.6 829985. 
8.1 83061 I .  
8.2  031290. 
8.2 8J1963. 
8.4 832520. 
0.3 833352. 
8.1 833853. 
8.4 838315. 
7.9 843405. 
8.1 844706. 

7.6 829421. 

COOLING YATER TEHPERATURES I N  DEG. F 
EXCH 1 EXCH 2 EXCH 3 TIRE 

HOURS 
.Ob 
.90  

I .03 
2.95 
4.02 
4.90 
6.20 
6.98 

13.97 
22.02 
24.20 

IN 
313.0 
313.0 
312.0 
312.0 
312.0 
312 .0  
312.0 
310.0 
309.0 
305 .0  
304.0 

Il l  
158.0  
162.0 
172.0 
183.0 
190.0 
l Y 9 . 0  
204.0 
208.0 
231 .O 
240.0 
239.0 

I W  
Yb.2 
98.1 

100.6 
150.8 
100.4 
101.6 
1 0 1 . 8  
1 0 2 . 2  

92.3 
09.8 
92.0 

I N  
199.0 
206.0 
224.0 
237.0 
239.0 
246.0 
248.0 
252.0 
265.0 
269.0 
269.0 

OUT 
108.8 
l11.0 
111.6 
110.5 
109.3 
110.3 
109.9 
110.1  

98.0 
94.6 
96.8 

I N  
89.9 
91.9 
93.2 
93.5 
94 .0  
95.2 
96.1 
96 .5  
80 .2  
86.4 
88.6 

ou T 
96.2 
90.1 

100.6 
100.8 
100.4 
101.6 
101.8 
192.2  

92.3 
09 .8  
92 .0  

I N  
06.5 

89.0 
88.6 
89.3 
90.2 
91.7 
91.J 
84.8 
83 .8  
86.0 

88.2 

ou T 
89.9 
91.9 
93 .2  
93.5 
Y4.0 
95.2 
96.1 
96.5 
88.2 
86.4 
88 .6  

OUT 
155.0 
163.0 
174.0 
186.5 
192.5 
198.0 
204.0 
207.0 
251 .0  
2 4 5 . 0  
244.0 

EXCHANGER 
OUT I H  

199.0 313.0 
206.0 313.0 

NUHRER I TEHPS I N  DEG. F 
OUT i N  OUT 

213.0 313.0 219.0 
219.0  313.0 226.0 

312.0 230.0 312.0 235.0 
312.0 23Y.0 313.0 242.3 
313.0 241.0 313.0 244.0 
313.0 246.0 513.0 248.0 
312.0 248.0 313.0 24V.0 
311.0 252.0 312.0 255.0 
J08.0 265.0 309.0 269.5 
305.0 268.0 305.0 272.0 
304.0 268.0 J04.0 272.0 

I N  
JI3.0 
31J.0 
312.0 
313.0 
313.0 
313.0 
5lJ .O 
312.0 
309.0 
305.0 
304.0 

I l l  
155.0 
163.0 
174.5 

I Y 2 . Q  
i f8.Q 
234.0 
207.0 
:31 .O 
245.0 
244.0  

186.0 

EXCHANGLK NUNUCR 2 l E h Y S  If4 DEG. F 
OUT I N  OUT I N  OUT Ill 

158.0 213.0 157.0 219 .0  164.0 209.0 
162.0 219.0 166.0 226 .0  172.0 217.0 
172.0 230.0 1ib .O 235.0 176.0 223.0 

OUT 
209.0 
217.0 
229.0 
238.0 
241.0 
216.0 
248.0 
252.0 
262.5 
271 .0 
271 .O 

OUT 
134.0 
140.0 
146.0 
154.3 
159.0 
164.0 
raa.0 
172.0 
19B.C 
2 1 5 . 0  
217.0 

224.0 
2J7.0 
239.0 
246.0 
248.0 
252.0 
265.0 
269.0 
269.0 

183.0 2J9.0  
1 9 0 . 0  241.0 
199.0 216.0 
204.0 24b.O 

231.0 265.0 
240.0 260.0 
239.0 268.0 

23a.o 252.0 

lU.0 
1F4.0 
201.0 
204.0 
209.0 
231 . O  
240.0 
239.0 

242.0 189.5 238.0 
244.0 195.0 241.0 
248.0 202.0 246.0 

253.0 211.0 2 5 2 . 0  
269.5 240.5 262.5 
272.0 246.0 271.0 
27Z.5 240.0 271.0 

2 4 v . o  207.0 248.0 

EXCHLYGER NUIlPfW 3 
OUT I Y  ou1 

1 3 4 . 0  157.0 134.0 
138.0 166.0 140.0 
143.0 176.0 146.0 
151.0 189.0 154.0 
154.0 1 9 4 . 0  159.0 
159.0 201.0 164.0 
164.0  204.0 168.0 
l b 7 . V  209.0 172.0 
196.G 2 3 1 . 0  197.5  
210.0 240.0 210.0 
210.0 239.0 209.0 

T i f l?b ; N  ULG. F 

164.0 136.0  
1??.0 142.0 
176.0 145.0 
189.0 154.0 
115.0 1 6 0 . 0  
202.0 166.0 
207.0 171.0 
211.0 175.0 
245.0 210.0  
246.0 214.5 
246.0 219.0 

I H  our 
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KESULTS FRUN 1HE IUENTY F I R S 1  RUN 
fHIS KUN STARTED JUNE 2 1 ,  1977 
THE CONDITIUHS Of THIS RUN UEki: 

A .  h f i L i n i n  : 32,oao PP,I TuiaL B I S W L V U  SOLIDS 
B. c A L c I u n  : 20 P P ~  
C. S I L I C A  : 425 PPh 
D. CARBONATE: 639 PPI 
E. PH : 6.9  
F. R D D I I I V L  : AAdUNlLfl  B i iLOURI i iC  

I .  LEVEL 1 32 P P I  
G. OTHER : 

CUUL H2O 
LBfHR 
5171.7 
5534.8 
5013.9 
5205.6 
5205.4 
5280.2 
5247.7 
5274.8 
5229.5 
5159.9 
5245.6 

IUUE I 

87.9  
95.4 

103.9 
104.0 

86.0 
80.5 
73.0 
69.9 
41.5 
32.4 
34.1 

TUBE1 
L B l H R  
173.0 
180.0 
194.2 
205.9 
198.8 
203.5 
208.2 
2 v i . 7  
187.4 
183.1 
187.9 

FLOURATE S 
TUBE2 
LB/HL 
168.4 
175.4 
191.8 
198.8 
189.4 
198.7 
201.2 
201.3 
182.8 
185.4 
199.6 

TUBE3 
L O / M  
168.4 
177.7 

198.7 
191.7 
198.7 

201.2 
175.7 
180.7 
187.9 

191 . a  

19a.7  

TUBE4 
Lb'lHR 
177.7 
177.7 
189.5 
191.7 
191.7 
196.4 
194.1 
I8Y.S 
( 9 6 . 8  
185.4 
190.2 

M I N I  EXCHANGER N U f l B E R  2 
OVERALL H E A T  TRANSFER C O ~ ~ F I C I E N T S  

TliBE2 T U X 3  TUBE4 

110.1 100.4 115.8  
102.7 99.2 109.2 
1 9 1 . 5  108.8 103.8 

89.4 93 .7  91.4 
76.5 79.5 81.5 
74.6 75.4 79.8 
70.5 65 .4  68.0 
67. I 64.8  66.8 
40.4 32.3 40.6 
31 .8 27.9 28 .8  
35.2 20.7 30.5 

B T U l V f .  S0.Fl .  DEG. F 
AVERAGE 

103.6 
101.6 
104.5 

94.6 
80 .9  
77.6 
69.2 
6 / .  1 
38.7 
30.2 
32.1 

T H I S  I 5  IHE INPUT DATA FOR 7HE I Y E N l Y  FIRS1 RUN 
T N l S  RUN 6 1 A R l E D  JUWC 21, 1977 
T n E  C O N D I T I O N S  of IHIS RUM U T P E I  

A. SALlNIlV I 32,000 PPi l  T O l b L  DISSOLVED SOLIBS 
8 .  C M C I U U  I 20 PPI( 
c. BILIC~ I 42s ppn 
8 .  CARBONATE, 850 ppn 
E. P I  I 6 .9  
f. ADDITIVE I AnNOYlUM BIFLOURIX 

I .  LEVEL I 32 ppn 
8 .  OTHER I 

iinE 
HOURS 

.ooo 
,900 

I .833 
2.9SO 
4.017 
4.900 
1.200 
6.903 

13.967 
22.017 
24.200 

BRlNE 
INLET 

T E M P  
322.0 
321 .O 
320.0 
320.0 
321.0 
320.0 
320.0 
319.0 
316.0 
311.0 
311.0 

BRINE 
OUlLET 

lENP 
112.0 
112.0 
112.0 
111.0 
113.0 
116.0 
118.0 
120.0 
129.5 
14S.O 
150.0 

rrnE 
HOURS . 00 

.90 
1.83 
2.95 
4.02 
4.90 
6.20 
6.98 

13.97 
22.02 
24.20 

TUBE1 

141.5 
144.9 
1 1 0 . 2  

94.2 
86.3 
79.8 
?6.7 
69.9 
45.1 
36. I 
36.6 

N I N I  EXCHANGER NUMBER I 
OVERALL HEAT TRkNSFER COEFFiClENlS 

IUUtZ TUBE3 IUIIE4 

113.6 104.3 126.8 
117.4 107.2 122.5 

99.2 91.5 9Y.5 
87.9 84.4 87.2 
80.3 77.2 81.3 
78.9 76.1 7L1.0 
74.1 72.8 72.4 
70. I 69.7 66.9 
43.1 37.5 50.4 
37.7 32.4 34.4 
40.1 33.2 34.8 

B T U / H R .  S(1.FT. DEG. F 
nuEnfi(it 

121.6 
123.u 
100.1 

88.4 
81.3 
7U.2 
74.0 
69.1 
44 .0  
35.2 
36 .2  

T IHE 
HOUitS 

.oo 

. 9 0  
1.83 
2.95 
4 .02  
4 .90  
6.20 
6.78  

13.97 
22.02 
24 .20  

T I M E  
HOURS . 00 

- 9 0  
1.83 
2.V5 
4.02 
4.90 
6.20 
6.9U 

13.97 
22.02 
24.20 

lUYEl 

81.3 
83.5 
89.7 
92.9 
93.4 
98.5 

90 .8  
4 8 . 3  
33.9 
34.9 

89.9 

N I N l  LXCHAHGER NUflEER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 AUERAGE 

76.4 86 .6  74 .1  71.7 
84.0 92.6 26 .9  84.3 
87.0 90.6 81.2 111.1 
92 .8  P2.8 L13.2 90 .4  
81.7 81.1 78 .8  83.9 

76.2 72.a 73.5 78 .1  
78.1 73.Y 70.2 78.3 
44.8 35.5 47.4 44.0 
34 .3  34.4 33.1 33.9 
38.5 3 0 . ?  31.5 33.9 

Y i w H n .  SU.FT .  DEG. F 

85.1 81.3 78.4 85.8. 

T l f I E  
HOJRS 

.00  

.90  
1.8; 
2.95 
4 .02  
4.90 
6.20 
6 . 9 8  

13.97 
22.02 
24.20 

BRINE 
fL0U 
OA6E 
5.1 
5.0 
4.9 
4.9 
4.8 
5.0 
1.8 
4.9 
5.1 
4.9 
5. I 

COOLH2O 
l H L E l  

T E M P  
87.4 
89.1 
89.9 
89.6 
90.3 
91 .2 
92.8 
92.8 
85.7 
84.6 
06.9 

COOLH20 
OUTLET 

TE8P 
106.0 
106.6 
106.3 
105.4 
107.0 
107.6 
109.0 
108.8 
101.4 

98.6 
100.8 

COOLHZO 
FLWRATE 
OALLONS 

82384S. 
024449. 

9258SS. 
826584. 
8 2 7 l 8 7 .  
8 280 88. 
828627. 
833108. 
838876. 
840336. 

wsiz3. 
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RfSULlS FROM THE MAIM EXCHANGER FOR THE TUENTV FIRST RUN 
T N I S  RUM STARTED JUNE 21,  I 9 7 7  
THE COND11101S OF THIS RUN UEREr 

A. S A L I N I T Y  I 32,000 PPH TOTAL DISSOLVED SOLIDS 
B. C A L C l U l l  8 20 P P I  
C. S I L I C A  I 425 PPM 
E, CARBONATE: 850 PPH 
E. PH : 6.9 
F. A D B I i l v E  t Anmiurn BIFLOURIOE 

8 .  OTHER I 
1. LEVEL I 32 P P I  

COOLH20 
FLUX 

B W H R  
102868.4 
104168.9 

88562.6 
88970.6 
93963.8 
93639. 9 
91845.0 
84551.6 
92790.4 
77276.0 
78139.9 

OHRALL 
nrc 

BTU/HRSBFTDCOF 
144.5 
149.0 
133.8 
134.8 
134.3 
123.3 
117.1 
105.3 

78.3 
54.5 
54.3 

RUN 
TIHE 
HOURS 

.oo 

.90 
1.83 
2.95 
4.02 
4.90 
6.20 
6.98 

13.97 
22.02 
24;20 

MIME 
FLOU 

LBIHR 
474.9 
465.9 
456.8 
456.8 
447.2 
466.1 
447.4 
457.0 
481 .O 
458.7 
477.5 

WOLH20 
FLOU 

LBINR 
5541.6 
5964.4 
5411.0 
5642.3 
5637 .9  
5721 .2 
5680.8 
5295. I 
5922.1 
5530.8 
5632.8 

BRINE 
FLUX 

BTU/HR 
96120.1 
93826.0 
91547.8 
91982.2 
89647.6 
91642.8 
87125.6 
87667.4 
8651 2.8 
73489.9 
74787.5 

IHIS IS THE lNPUl D A l A  FUR IHt lYtNTY SECOND RUN 

THE CPNDITItiHS OF T H I S  RUN ULHE: 
rHis RUN S T A R T E D  JUNE 23, 197;  

A. S A L l N I T l  : 30 ,000  PPil TOTAL UISBOLV€U SOLIOS 

c. SILICA : 440 wn 
B.  CALCiUN : 22 PPI( 

D .  CARBONdlE: 880 PPN 
E .  PH : 7.0 
F. ADDITIVE : XFS-4029-HSA 

6. OTHER : 
1.  LEVEL : 25 PPN 

TIME 
HOURS 

.oo 
1.10 
2.03 
3.30 
4.15 
5.07 
6.08 
7.73 
9 . w  

10.32 

FLOUS 
TUBE 1 TUBE 2 TUBE 3 

GAGE GAGE 6 A G E  
7.5 7.6 7 .7  
8.0 8.0 8.0 
7.5 7 .2  7.4 
7.7 7 .6  7 .7  
7.9 7 .6  7.6 
7.9 7 .6  8.1 
7.5 7.3 7.5 
7.4 8. I 7.4 
7.1 7.6 7 .0  
7.5 7.5 7.3 

TUBE 4 
GA6E 

7.9 
7.9 
7 . 2  
7.6 
7 .7  
7 .8  
7.2 
7.4 
7. I 
7.3 

COUL H2O 
GALLONS 
881160. 
881831. 
88241 I .  
883187. 
883713. 
884270. 
884903. 
885943. 
887000. 
8a7608. 

COOLING Y A T E R  TEflPLRAIURES I N  DEG. 
tXCH I E I C H  2 

I N  OUT I n  OUT 
97.9 111 .0  91.3 97.9 
99.7 112.3 92.7 9 9 . 7  

101.5 111.8 v4.5 101.5 
102.6 111 .4  96.9 102.6 
102.2 110.1 96.9 102.2 
101.9 137.1 96.8 1 0 1 . Y  
101 . Y  108.7 96.8 101.9 
100.0 106.1 95.0 100.0 
97.1 102.7 92.4 97.1 
95.0 100.4 90.6 95 .0  

F 
EXCH 3 

I N  OUT 
87 .7  91 .3  
88.0 92 .7  
90.0 94.5 
92.0 96.9 
92 .3  96 .9  
92.5 96.8 
92.4 96.8 
91 . O  95.0 
86 .7  92.4 
87 .0  70.6 

I N  
313.0 
314.0 
315.0 
313.0 
312.0 
312.0 
314.0  
31 1 .O 
312.0 
310.0 

EXCHANGEH WUtiBER I 
OUT I N  OU1 

218.0 314.0 214.0 
216.0 316.0 218.0 
236.0 316.4 237.0 
246.0 315.0 246.0 
255.0 313.0 255.0 
260.0 314.0 258.0  
266.0 315.9 205.0 
268.0 313.0 2.’1.0 
274.0 313.0 274.5 
273.0 312.0 214.0 

TEWFS I N  YE6. F 
I N  OUT 

314.0 224.0 
316.0 226.0 
316.0 238.0 
315.0 240.0 
314 .0  255.0 

Jl5.C 265.0 
313.0 268.0 
313.0 272.0 
312.0 172.0 

3 1 9 . 5  2sa.o 

I N  
314.0 
316.0 
316.0 
j i 5 . 0  
314.0 
314.0 
315.0 
313.5 
313.b 
312.0 

cu1 
228.0 
230.0 
243.0 
250.0 
256.0 
261 . O  
263.0 
267.5 
271 .O 
272.0 

I N  
218.0 
218.0 
23b.O 
24b.0 
255.0 
260.0 
266.0 
268.0 
274.0 
273.0 

EXCVANGER NUMBER 2 1EflCS I N  
OUT I N  OUT I N  

171.0 214.0 167.5 224 .0  
172.0 218.0 171.0 226.0 
187.0 237.0’ 185.0 233.0 
208.0 246.0 204.0 246.0 
219.0 255.0 214 .0  255.0 
225.0 258.0 220.0 256.0 
226.0 265.0 222.0 265 .0  
232.0 270.0 232.5 248.0 
239.0 274.0 237.0 272.0 
238.0 274.0 237.0 ?/2.0 

OEG. F 
OUT 

167 .0  
170.0 
187.0 
204.0 
214 .0  
222.0 
224.0 
234.0 
239.0 
239.0 

IN 
228.0 
230.0 
243.0 
250.0 
256.0 
201 .o 
263.0 
267.5 
271 .0  
272.0 

OUT 
168.0  
171.0 
185.0 
205.0 
11d.0 
2 2 2 . 0  
224.0 
232.0 
236.0 
2 3 7 . 0  

TCMPS In u t b .  F 
I n  O U I  

1b7.0 140.3 
170.0 141.0 
ia?.o  i i 7 . 0  
234.0 163.3 
214.0 173.0 
Z 2 1 . J  181.0 
224.0  185.0  
234.0 192.0 
219.0 200.0 
239.0  201.0 

E X i H A N G L k  liUdlrEk ’3 
OUT I n   UT 

l J J . 0  167.0 1 3 9 . 0  
136.0 111.0 1 4 2 . 0  
144.0 185.0 1 5 1 . 0  
159.0 204.0 Ib6.O 
11’1.0 2 1 4 . 0  118.0 
178.0 2ZO.O 183.0 
184.0  i 2 2 . 0  158.0 
IP0.C 232.5 23?.0 

199.0 237.0 207.0 
1 9 1 . 0  237.0 2sn.o 

I N  
111.0 
172.0 
187.0 
208.0 
219.0 
225.0 
226.0 
232.0 
23Y .O 
238.0 

I N  
166.0 
171.0 
185.0 
205.0 
214.0 
222.0 
224.0 
232.0 
236.0 
237.0 

ou I 
140.0 
141.0 
149.0 
165.0 
I??*O 
184.0 
181.0 
193.0 
200.0 
231 .o 

99 



RESULTS FROH THE TUEWTY SECOND RUN 
T H I S  RUN S T A R T E D  JUNE 23, 1977 
THE CONDITIONS OF T H I S  RUN YEkE: 

A. SALINITY : 30,000 PPti 1OTAL DISSOLVED SULIUS 
u. iALC1UH I 22 PPI! 
C. SILICA : 440 PPH 
D. CARRotuiE: 880 ppn 
E .  PH 1 7 .0  
F .  A U Q I T I V E  : XFS-402Y-ilSA 

1. LtUEL t 25 P P I  
0. UTHER t 

COOL H20 
LBIHR 
5UJ2.0 
5126.8 
5051.6 
5101.4 
5017.0 
5136.4 
5201.9 
4761.5 
5288.2 
5068.8 

w i  

85.2 
92.4 
82.5 
57.8 
50.9 
48.2 
50.5 
43.3 
40. I 
39.3 

TunEi  
LBlHR 
175.4 
187.0 
175.2 
180.0 
184.8 
184.8 
175.3 
174.4 
166.1 
175.6 

FLOYRATES 
TU6E2 
LBlHR 
177.6 
186.8 
168.1 
177.5 
177.7 
177.6 
170.5 
190.6 
177.7 
175.5 

TUBE3 
LB/HR 
180.0 
186.8 
172.8 

TUBE4 
LB/HR 
184.6 
184.5 
169.1 

179.9 177.5 
l l i . 6  180.0 
189.3 182.3 
175.2 168.2 
171.9 171.8 
163.7 166.0 
170.8 170.8 

TIME 
HOURS 

.oo 
1.10 
2.03 
3.33 
4.15 
5.07 
6.08 
7.73 
9.57 

10.52 

MINI E X C H I Y G E R  NUMBER 2 
OUERALL HEAT T R A N S F E R  COEFFICXENIS 

TUBE2 IURE3 TUbk.4 
BTUIHR. S i .FT.  DEC. F 

90.0 106.0 112.0 
94.9 110.0 111.9 
84.6 84.1 P2.3 
64.1 64.9 67.4 
56.8 56.8 55 .5  
51.6 51.7 53.4 
53.8 52 .3  48.1 
43.9 40.0 42.1 
45.6 37.4 40.8 
41.6 36.1 38.5 

(I U E R A G E 

98.3 
102.3 

65.9 
63.6 
55.0 
51 . 2  
51 . 2  
43.6 
41.0 
38.9 

1 IME 
HOURS 

-00  
1.10 
2.03 
3.30 
4.15 
5.07 
6.08 
7.73 
9.57 

10.52 

T H I S  IS THE INPUI DAIA FOR :HE TUENlY SECOND RUM 
T H I S  RUN STACTLD JUNE 23, 1977 
THE CONDITIONS OF T H I S  RUN U E W I  

A. s A L I n I i i  I IO,OOO prm T O T A L  DISSOLVED SOLIDS 
B. CALCIUN I 22 P P I  
C. SILICA t 440 PPM 
D. CARUOWAlEt 880 PPM 
E. PH I 7.0 
F. ADD111UE I XFS-4029-HSA 

1. LEVEL I 25 PPM 
8. 0lHCR I 

11ML 
NOURS . 000 

1.100 
2.033 
3.300 
4.150 
5.066 
6.083 
7.733 
9.516 

10.511 

BRINE 
INLET 

TEPP 
321 .O 
323.0 
324.0 
322.0 
321 .O 
321 .O 
322.0 
320.0 
320.0 
319.0 

BRINE 
OUTLET 

TEMP 
106.0 
110.0 
111.0 
111.0 
120.0 
126.0 
130.0 
134.5 
136.0 
140.0 

TUBE1 

115.8 
122.3 

90.2 

fllNl tXCHAflGER HUHBEK 
OVERALL HEAT TRANSFER COEFFICIENTS 

1 ~ ~ 2   TUBE^  TUBE^ 
BIUIHH. . $ t l . F r .  LEb. F 

125.2 109.7 105.9 
124.1 110.4 102.6 

86.0 87.0 77.8 
74 .3  75.1 76.1 69.8 
63.4 61.9 62.8 62.3 
56.1 58.2 62 .0  56.0 
50.4 51.1 52.5 52.8 
42.2 4s .? 43.4 44 .3  
37.4 41 . o  JY.9 41.6 
36.9 37 .6  38.7 38.7 

AVERASE 

114.2 
114.9 

85.2 
73.8 
62 .6  
58.1 
51.7 
'43.9 
3v.9 
38.0 

TINE 
HUURS 

.oo 
1.10 
2 .03  
3.30 
4.15 
5 .07  
6.08 
7.13 
9 .57  

10 .52  

TUBE1 

109.0  
110.1 
107.5 
100.5 

86.4 
77.3 
67 .9  
57 .5  
53.5 
49.7 

B R I N E  
FLOU 
8AtE 

4.7 
5.0 
S. I 
5.1  
5.0 
5.2 
4.8 
5.4 
4.8 

4.a 

M I N X  EXLHANGER t(UdBER 3 

TUBE2 TUBE3 TUBE4 
BTU/HR. SQ.FT. DEG. F 

76.7 76.2 80.5 
84.2 85.5 8 6 . 8  
77.7  89 .7  83.6 
74.7 83.3 78 .8  
61 . l  71.6 66 .9  
58.1 68.8 65.4 
53.2 61.2 s5.2 
43.1 55.7 51.9 
38.0 48.3 45.7 
37.1 46.6 44.4 

OUtRALL HEAT TRANSFER C O E k F I C I E N  i s  
A V E i l A G t  

86. I 
91 .2  
87.6 
84.3 
71.5 
66.1 
60 .9  
52 .  I 
46.4 
44.5 

T i H E  
HOURS 

.OQ 
1 . 1 0  
2.03 
3.30 
4 .15  
5.57 
0.08 
7.73 
9 .57  

10.52 

COOLH20 
I N L E l  

TENP 
88.7 
89.9 
91 .O 
93.1 
93.3 
93.6 
93.5 
92.0 
89.8 
88.0 

C00LH20 
OUTLET 

TEflP 
105.0 
106.4 
107.1 
108.7 
108.0 
108.1 
107.9 
106.2 
104.2 
101.9 

C00LH20 
FLOUR AT E 
BALLONS 

29093. 
29892. 
30584. 
31512. 
32141. 
32805. 
33560. 
34895. 
36103. 
36774. 
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RESULTS FROM THE HAIN EXCHAHGZR FOR THE TUEMTY SECOND RUN 
THIS RUN STARTED JUHE 23, 1977 
i n E  CONDITIONS OF THIS RUN U E R E I  

A. SALINITY I 30,000 PPI TOTAL DISSOLVED SOLIDS 
J. CALCIUM I 22 PPM 
C. SILICA t 440 PPM 
D. C A R D O N A T E i  880 PPM 
E. PW I 7.0 
F. A D D I T I V E  I XFS-4029-MSA 

I .  LEVEL I 25 PPI( 
8. OlHER I 

IRINE 
FLOU 

LI /HR 
447.2 
437.5 
465.2 
474.9 
475.2 
465.9 
484.J 
442.8 
503.4 
447.6 

COOLHZO 
f L 0 U  

LBlHR 
5999. I 
6124.0 
6046.7 
6107.2 
5903.3 
6127,6 
6678.5 
5441.7 
5034.4 
6036.3 

T n I s  IS THE I ~ P U T  D A T A  FOR THE TUENTY THIRD RUN 
THIS RUN STARTED JULr I I ,  1977 
THE CONDITIOHS OF T H I S  R U N  YEl iE:  

A. SALItilTY : 31,000 PPI! TOTAL DISSOLVED SOLIDS 

c. S IL ICA : 505 PPI! 
D. CARUONATE: 1005 PFf l  
E. PH I 7.0 
F. ADDITIVE : CALGON CL-165 

G. O T i l t H  I 

u. CALCIUM : 22 prn 

I .  LEVEL : 2s rrn 

TIME 
nooms 

.oo 
1.M 
2.30 
7.30 
8.00 
17.65 
19.40 
20.77 
22.77 
23.92 
25.02 
26.23 
34.35 
42.02 

IN 
310.0 
31 I .O 
314.0 
314.0 
314.0 
316.0 
315.0 
314.0 
313.0 
311.0 
31 I .O 
31 I .O 
310.5 
316.0 

)LOUS 
TUBE 1 TUBE 2 IUBE 3 

G A G E  GAGE GAGE 
7.3 7.5 7.6 
7.4 1.6 7.6 
t . 2  7.3 7.3 
7.0 7.5 7.0 
7.2 7.6 7.3 
7.5 8 . 3  7.7 
7.3 7.8 7.7 
7.5 8.0 7.0 
7.5 8 . 0  7;s 
7.7 8.5 7.6 
7 . 3  7 . 9  7 . 5  
7.5 8 .  I 7.7 
7.4 7.8 7.6 
7.1 8.2 0.6 

TUB< 4 
GAGE 
7.3 
7.4 
7.2 
7.2 
7.2 
7.5 
7.4 
7.6 
7.6 
8.0 
7 . 3  
7.6 
7.4 
0.7 

EXCHANGER NUMBER 1 
OUT I N  OUT 
206.0 307.0 213.0 
206.0 510.0 217.0 
215.0 310.0 229.0 

250.0 310.0 253.0 
267.0 i09.0 270.0 
267.0 30 i .0  268.0 
270.0 S07.0 270.0 
271.0 j07.0 1 7 1 . 0  

269.0 304.0 270.0 
269.0 303.0  267.0 
2tl.5 2Y5.5 271.5 
275.0 295.0 274.0 

243.0 310.0 252.0 

248.0 504.0 270.0 

T E M P S  I N  D F G .  F 
I N  OUT 

3;O.O 202.0 
210.0 217.0 
310.0 250.0 
310.0 ZS1.0 
JlO.5 265.0 
308.0 265.0 
307.0 267.0 
j 0 7 . 5  268.0 
301.0 266.0 
304.0 266.0 
30j.O 265.0 
297.0 2~0.0 
2V5.G 174.0 

508.0  202.0 

BRINE 
FLUX 

W / H R  
92623.8 
89797.7 
95495.5 
94313.0 
92085.6 
87618.3 
89706.1 
79257.7 
89303.4 
77344.6 

COOL H2O 
GALLONS 
917270. 
910050. 
918754. 
921968. 
922360. 
V16555. 
929682. 
930550. 
93 1860. 
932620. 
9 3 3 3 3 2 .  
934128. 
937511. 
944362. 

I N  
3 0 9 . 0  
312.0 
312.0 
312.0 
312.0 
312.0 
310.0 
3 0 9 . 0  
306.0  
336.0 
305.0 
JCJ.0 
Li9.U 
298.0 

OUT 
210.5 
216.0 
231 .O 
250.0 

265.0 
265.0 
267.0 
260.0 
; O b . U  

266.0 
266.0 
269.5 
274.0 

252.0 

CMLH20 
FLUX 

JTU/HR 
97589.4 

100843.6 
97157.4 
950Bl,6 
87778.9 
88671 .8 
95977.4 
77116.9 
83847.9 
83736.1 

OVERALL 
HTC 

BTU/HRSOFTDEOF 
210.8 
158.8 
157.0 
131.1 
106.6 
91.2 
88.8 
68.5 
72.0 
b2.2 

RUM 

HOURS . 00 
1.10 
2.03 
3.30 
4.15 
3.07 

7.73 
9.57 
10.52 

i i n E  

4-08 

COOLIHG UATER TEHt'ERATUYtS I N  DEG. F 
Excn I EXCH 2 EXCH 3 

I N  OUT I N  OUT I N  OUT 
101.0 1 1 2 . 4  95.0 101.0 91.8 95.0 
99.4 111.5 93.0 99.4 89.6 93.0 
100.9 111.3 ?4.l 100.9 70.3 94.1 
94.9 102.2 09.8 94.9 85.5 89.8 

91.4 96.7 07.5 91 .I 04. I 61.5 
92.9 98.1 89.0 92.9 85.6 8 9 . 0  
95.0 101 .o 91.9 95.0 e e . 4  91 .9 
v7.9 102.6 94.2 97.9 y1.0 94.2 
98.8 103.4 95.2 93.2 72.2 95.2  
9 9 . 2  103.8 9 5 . 6  P9.2 9 2 . 6  9 5 . 6  
90.8 103.1 95.4 9 8 . 8  92.5 5 5 . 4  
91 .i 95.7 BO.4 YI .I 65.6 88.4 
91 . I  94.9 Y 1 . 9  71.1 05.1 87.9 

94.6 101.7 89.5 Y4.6 85.2 89.5 

I N  
206.0 
206.0 
215.0 
248.0 
250.0 
26j.O 
267.0 
270.0 
211.0 
268.0 
269.0 
269.0 
211 .5 
275.0 

EXCHAEiGER Nut 
OUT IH 
163.0 213.0 
164.0 217.0 
174.0 229.0 
213.0 252.0 
'214.0 25.3.0 
252.0 270.0 
235.0 268.0 
240.0 270.0 
242.0 271.5 
243.0 270.0 
242.0 270.0 
242.0 269.0 
244.0 271.5 
247.0 274.0 

IRER 2 T E f  
OUT 

153.5 
:>4.0 
173.0 
210.0 
213.0 
236.0 
236.0 
240.0 
242.0 
242.0 
241.0 
241 . O  
2 4 3 . 5  
247.0 

fPS I N  DEG. F 
I N  O l i i  

202.0 153.0 
252.0 154.0  
217.0 165.0 
250.0 204.0 
251.0 207.0 
265.0 2?6.0 
265.0 229.0 
267.0 231.0 
260.0 234.0 
266.0 235.0 
266.0 232.0 
265.0 231.0  
270.0 227.0 
274.0 246.0 

I N  
210.0 
216.5 
231 .O 
250.0 
252.0 
265.0 
265.0 
267.0 
168.0 
266.G 
266.0 
2 6 6 . 5  
269.5 
2 7 4 . 0  

our  
101.0 
162.0 
175.0 
206.0 
21G.5 
220.0 
233.0 
236.5 
236.5 
?Sa.*) 
236.G 
234.0 
2J7.5  
246.0 
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IN 
163.0 
164.0 
174.0 
213.0 
214.0 
2JZ.U 
235.0 
240.0 
242.0 
243.0  
242.0 
Z42.U 
244.0 
247.0 

L I ( H k W b t h  N U 3 b l h  1 I 
OUI IN 091 

131.0 153.6 136.0 
133.0 154.0 159.0  
l J i . O  1/3.U 144.0 
1?0.0 210.0 114.0 
17S.O 213.0 175.0 
206.0 236.0 2OF.5 
211.0 236.0 207.0 
216.0 240.0 214.0 
21P.O 242.0  217.0 
220.0 242.0 219.0 
219.0 24l.b 21Y.O 
221.0 241.0 220.0 
226.0 243.5 224.0 
230.0 247.0 228.0 

153.0 lJ3.0 
1 5 4 . 0  1 3 4 . 0  
165.0 IjV.0 
204.0 Io9.0 
207.0 171.0 
226.0 l Y b . O  
229.0 201.0 
231.0 202.0 
234.0 257.0 
235.0 208.0 
232.0 2C7.0 
231.0 2 C U . O  
237.0 213.0 
246.0 224.0 

I d  
161.0 
162.0  
1/5.3 
236.1 
2 1 J . O  
23.0 
233.0 
256.3 
736.0 
236.3 
2 a b . 0  
234.0 
237.3 
246.0 

RESULTS  FRO^ i n E  T Y E N T V  THIRD RUN 
THIS RUN STARlED JULY 1 1 ,  1977 
THE CONDITIDfiS OF T H I S  RUN UEHE: 

A. SALIWITY : 31,000 PPn TOTAL DISSOLVED SOLIDS 
B.  CALCIUH : 22 FPil  
e. S IL ICA : 505 P P I  
D. CARXUWATE: 1000 PPil 
E .  Pn : 7.0 
f .  A D b I l l V E  : CALGON CL-165 

1. LEVEL : 25 PPH 
G. o r t w  : 

COOL nzo 
LBlHR 
3304.4 
5278.9 
5248. I 
5250.2 
5288.4 
5327.7 
5251 .5 
5414.0 
5460.7 
5347.6 
5407.7 
5485.4 
5444.7 
5373.9 

TUDEl 

89.6 
87.0 
79. I 
43.9 
46.3 
37.3 
34.7 
30.5 
32.8 
29.3 
30.4 
J0.U 
28.2 
28.5 

.TUBE1 
LB/HR 
170.9 
173.2 

163.6 
168.3 
175.1 
170.5 
175.3 
175.4 
180.2 
170.9 
175.5 
112.1 
179.8 

1 6 3 . 3  

FLOURAltS 
T U B E 2  
LBlRR 
175.9 
178.0 
170.P 
175.6 
178.0 
194.4 
182.9 
187.6 
lU7.6 
199.6 
185.5 
15'0.3 
182.7 
193.4 

TULE3 
LB/HR 
178.1 
1JB.J 
170.9 
165.9 
17U.Y 
180.3 
180.5 
lil2.Y 
175.9 
17Y .5 
176.1 
180.9 
171.9 
202.8 

HIM1 EXCHANGER HUHBER 2 
OVERALL HEAT Ih'ANSFEii COEiFlCIENTS 

BTUIHR. S0.FT. BtG. F 
TUlr i l  TUBE3 I U U E ~  

134.3 117.3 101 .6 
137.3 112.3 158.3 
104.1 107.1 100.5 
56.5 5P.7 58.2 
54.1 59.0 54.6 
39.4 43.9 3?.0 
37.0 42.4 35.7 
32.6 39.7 32.7 
35.1 39.9 37.0 
36.3 37.2 37.: 
J5.4 41.1 J4.8 
33.8 40.9 37.4 
30.5 35.9 33.8 
29.6 32.3 32.7 

T l i B E 4  
LiriHR 
171.0  
173.1 
168.4 
lba.4 
168.4 
17b.5 
173.3 
178.0 
178.1 
187.7 
171.3 
178.5 
173.0 
204.9 

A V t K A L i t  

110.7 
111.2 
97.7 
5 4 . 6  
53.5 
39.9 
37.4 
33.9 
36.4 
35.1 
35.4 
39.5 
32.1 
30.8 

ou1 
I i 1 . d  
139.5 
146.0 
174.0 
11;.0 
201 .0 
?05.0 
207.0 
206.0 
210.0 
L11.J 
212.3 
2 I J . O  
225.0 

TIHE 
W O W S  

.OB 
I .20 
2.30 
7.38 
8.00 
17.65 
19.40 
20.77 
22.77 
23.92 
25.02 
26.23 
34.35 
42.02 

TIHE 
HOURS 

.oo 
I .20 
2.30 
7.38 
8.00 
17.65 
19.40 
20.77 
22.77 
23.92 
25.02 
26.23 
34.35 
42.02 

TUBE1 

135.1 
128.7 
113.1 
62.7 
61.5 
44.3 
43.0 
45.6 
40.1 
4 1 . 5  
40.0 
39.5 
37.7 
39.5 

N I N I  EXCHANGER NUNGER I 
OVERALL H E A l  TRANSFER COEFi ICIENlS 

T U E ?  TUBE3 TUBE4 AVERAGE 

118.2 141.5 122.0 128.0 
112.1 138.9 112.4 123.0 
89.9 108.1 87.5 99.6 
58.9 57.3 60.5 59.8 
57.Y 57.9 57.6 58.7 
39.4 42.7 43.2 42.4 
38.  I 41.7 41.7 41.1 
41.7 44.3 45. I 44.2 
37.2 38.1 39.5 38.7 
36.8 37.2 4 1  .O 39.1 
35.6 38.2 38. 1 38.0 
35.3 37.9 37.2 u . 5  
25.5 28.0 29.6 30.2 
22.7 24.0 27.5 28.5 

BTU/HR. S0.F l .  D E G .  F 

lUBEl 

116.7 
112.0 
107.9 
71.2  

HINl EXCHANGER NUWER 3 
OVERALL HEAl TRAhSFER COEFFICIENl5 

TUBE2 I U N 3  T U B E 4  
BTU/HR. S O . F T .  DEG. F 

65.3 80.6 83.0 
56.4 79.4 79. I 
80.7 80.3 77.2 

.. 63.4 60.7 54.9 
63.3 65.5 62.5 57.8 
35.1 39.4 44.4 39.1 

32.5 38.0 44.7 41.9 
30.7 36.1 39.1 40.6 
30.4 33.7 38.1 38.1 
30.7 32.0 37.4 35.3 
29. I 31.7 36.0 33.0 
22.6 26.3 33.5 33.2 
21 .I 25.9 32.0 30.7 

31.7 38.4 41.6 38.7 

AVERAGE 

86.4 
81.7 
86.5 
62.6 
62.2 
3y.5 
37.6 
39.3 
36.6 
35.1 
33.8 
32.4 
28.9 
27.5 

TIRE 
MGUPS 

.oo  
I .20 
2.30 
?.Jd 
8.00 
17.65 
19.40 
20.7/ 
22.77 
23.92 
25.02 
26.23 
34.35 
42.02 

1 IRE 
HOURS 

.oo 
1.20 
2.30 

8.00 
1/ .05  
19.40 
?0.77 
22.77 
23.92 
25.02 
26.23 
34.35 
4'2.02 

7.38 

A 
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THI8 18 THE INPUr D A I A  FOR TNE TUEMTY I H I R D  RUM 
T H I S  RUN S T A R T E D  JULY 1 1 ,  I 9 7 7  
T I E  CONDITIOMS O f  THIS RUN UEREI 

A. SALINITY : 31,000 PPM TOTAL #ISSOLVED SOLIDS 
B. cALciun I 22 PPM 
C. S IL ICA t 500 PPM 
D. CARBONATE: 1000 PPI( 
E. PH 1 7 .0  
F. ?DDlTlVE 1 CALBON EL-165 

1. LEVEL I 2S P P I  
e. OTHER 1 

TIME 
HOURS 

.OOO 
1.200 
2.300 
7.383 
8.000 

17.650 
19.400 
20.767 
22.767 
23.917 
25.017 
26.233 
34.350 
42.017 

BRINE 
rMLET 

TEMP 
319.0 
322.0 
323.0 
322.0 
321 .o 
319.0 
318.0 
316.0 
314.0 
313.0 
312.0 
312.0 
303.0 
302.0 

m m  
OUlLEl 

1EMP 
111.0 
114.0 
114.0 
119.0 
120.0 
131 .O 
136.9 
139.0 
140.0 
143.0 
145.0 
147.0 
130.0 
144.0 

RESULTS FROM THE N A I H  CXCHAHGER FOR THE TUEMTY THIRD R U M  
T H I S  RUH STARTED JULY 11, 1977 
THE CONDITIONS OF THIS RUN UERE: 

A. SALINITY I 31,000 PPI! TOTAL DISSOLVED SOLIDS 
B. CALCIUM I 22 PPM ~~ 

e. S IL ICA I so0 PPtl 
D. CARBONATE: 1000 PPM 
E. PH I 7 .0  
F. ADDITIVE I CALGON CL-165 

1. LEVEL 1 25 PPM 
6. OTHER : 

BRINE 
FLOU 

LBIHR 
457.0 
454.3 
484.0 
474.9 
493.8 
466.3 
485.2 
504.3 
495.5 
448.9 
505.3 
477.2 
493.4 
488.9 

C00LH20 
CLOY 

LBIHR 
5809.6 
5768.9 
5742.1 
5729.5 
5770.6 
5810.1 
5730. 6 
5909.6 
5959.4 
5823.5 
5919.0 
5985.9 
5966.1 
5869.9 

RESULTS F R O M  THE TUENTY FOURTH RUN 
M I S  RUN STARTED JULY 20, 1977 
THE CONDITIONS OF T H I S  k U N  &EKE: 

A .  SALJNIIY : 29,003 P F I I  IUlAL U I ~ S I L W I  SOLIDS 

C. SILICA : 500 PPH 
D. CARBONATE: 1,000 P P I  
E .  PH : 8 . 0  

B. CALCIUM : 17.6 p p n  

F. A u u i T i v E  t HONE 
1. LEVEL I NONE 

6. OTHER t 

COOL H20 TUBE1 
LBIHH LBIHR 
5499.1 192.8 
5605.0 171.4 
5617.9 176.4 
5703.5 183.5 
5671.4 188.1 
5676.2 190.6 
5814.0 200.0 
5744.6 192.5 

S750.1 197.4 
5744.2 191.3 
5776. I 193.: 
5786.6 186.4 
5780.8 217.2 
5747.3 217.3 

5790.4 206.7 

f LOURATES 
TUBE2 
LblHR 
188.1 
169.2 
176.5 
181.3 
183.6 
190.7 
202.5 
209.6 
226.1 
220.5 
194.4 
196.7 
194.4 
220.0 
2S2.3 

TiJBE3 
L B l H R  
192.8 
169.2 
176.4 
1111 . J  
178.9 
188.3 
197.8 
185.8 
19?.9 
189.6 

199.1 
192.0 
227.6 
227.6 

t96 .a  

TUBE4 
LB/HR 
190.4 
166.8 
174.0 
178.8 
181.2 
188.2 
202.5 
185.7 
184.6 
183.6 
191.9 
194.2 
189.6 
227.5 
227.6 

BRINE 
FLUX 

BTUIHR 
91 580.4 
91482.7 
97509;s 
92957.1 
95696.8 
84570.3 
85208.6 
86143.1 
831 89. 6 
73654.1 
81442.8 
76006.6 
82255. I 
74504.3 

BRINE COOLHZO 
fL0Y IHLET 
BA6E TEMP 
4.9 92.9 
4.V 91.0 
5.2 91.3 
5.1 86.4 
5.3 86.1 
5.0 84.4 
5.2 86.5 
5.4 89.6 
5.3 92.1 
4.8 93.3 
5.4 93.6 
5.1 93.6 
5.3 86.5 
5.2 66.0 

T I M  
HOURS 

.00 

. 8 3  
2.12 
3.32 
4.47 
5.27 
6.27 

13.00 
13.93 
15.18 
20.63 
21.63 
22.47 
23.93 
24.Y3 

103 

COOLH20 
FLUX 

PTUIHR 
100884.8 
105359.1 
103151.3 
104639.9 
102511.8 
93934.7 
90363.1 
89646.1 
83859.6 
82528.7 
85063.7 
83634.9 
86335.8 
76741.4 

TUBE1 

143.4 
129.4 
118.2 
109.8 
102.7 

97.8 
9 0 . 6  
55.6 
57.4 
53.2 
46.6 
47.1 
46.3 
47.9 
46.5 

COOL H2 0 
OUTLE T 

TEMP 
110.3 
109.3 
109.3 
104.7 
103.9 
100 .6  
102.3 
104.8 
106.2 
107.5 
108.0 
107.6 
101.0 

99.1 

OVERALL 
HTC 

BTU/HRSQFTDEBF 
233.7 
154.7 
157.2 
109.0 
105.0 
74.8 
71.3 
71 .9  
69.4 
64.0 
67.5 
63.0 
75 .5  
57 .0  

M I N I  EXCHANGER NUABER 1 
OVERALL HEAT TRdNSER COEFFICIENTS 

TUBE' W E 3  I U K 4  

108.3 120.0 130.7 
108.3 108.3 119.6  
105.2 106.1 116.6 

96.4 97.3 108.8 
88.5  8 7 . 8  9 7 . 9  
as.7 87 .6  96.6 
96.4 81.2 93.0 
5 6 . 5  52 .3  53.2 
60 .9  S4.1 5 4 . 4  
57.8 51.3 49.6 
45.5 4 b . l  46.S 
45.1 4 b . 6  45.5 
43.0 42 .5  43 .0  
42.6 43.6 44.9 
42.0 4 1  . I  4 1 . 7  

BTUIHR. S O . F T .  DEG. F 

COOLH2O 
FLWRATE 
BALLONS 

68430. 
b9275. 
70044. 
73581. 
74009. 
80750. 
81980. 
82928. 
84359. 
85189. 
85965. 
86837. 
92723. 
98257. 

RUN 
TIM 
HOURS . 00 

1.20 
2.30 
7.39 
9.00 

17.65 
19.40 
20.77 
22.77 
23.92 
25.02 
26.23 
34.35 
42.02 

AUERAGE 

125.6 
1 1  6.4 
1 1 1 . 5  
10j.1 

94.2 
92.7 
90 .3  
54.9 
56.7 
53.0 
46.0 
45.8 
43.7 

4 3 . 1  
4 4 . a  

i I n E  
HUUHS 

.09 

. 8 3  
2.12 
3.32 
4.47 
5 . 2 1  
6.27 

13.00 
13.93 
15.18 
20.63 
21.63 
22 .4 .7  
2 3 . 9 3  
24.93 



TUBE1 

w . 2  
95.0 

103.5 
104.2 

99.7 
95.1 
98.4 
43.1 
44.4 
38.8 
33.0 
33.0 
32.7 
36.7 
33.3 

PIIN1 EXLHANGER NUhRER 2 
OVERALL HEAT TRANSFER COEFFICIENTS 

BTU/HR. SO.FT. DtG. F 
TUBE2 TUBE5 T U B E 4  AVERAGE 

111.8  106.1 100.1 101.3 
104.3 104.3 97.3 100.2 
103.5 103.5 96.4 101.7 
104.5 104.4 99.8 103.2 
101.6 100.0 98.6 109.0 

95.4 96.7 91.5 94.7 
101.1 98.5 96.5 98.6 

52.7 46.9 46.5 47.3 
56.2 47.3 42.8 47.7 
49.2 42.3 4 1  .O 42.8 
39.2 35.1 31.2 34.6 
37.7 35.1 32.8 34.7 
3/.9 36.0 34. I 35.2 
37.7 35.9 35.9 36.6 
36.0 35.3 35.3 35.0 

lh15 1 M E  IHFU! b l i h  bUY THE l l r r h l r  FOUhId kUN 
IHlS LUN S I C 2 l l O  J U L l  Ju, ;,,, 
in1  ; 7 k i I i i l U l ( j  dI l l i l S  hUN U t H t :  

n. S A L I N I I Y  : ? Y , O O )  rrn I ~ J I ~ L  I ~ I ~ S ~ I W  S O L I P S  
b. CALClUIl : 17.6 iirl 
C. S I L I C A  : 5tG F I N  
D. CARBONATE: 1,OaO FPfi  
E. f" : 8.0 
F. ADDITIVE : t+@fiE 

1 .  LLUEL : HONE 
0. OTHER 

T l t I E  
HOURS 

.oo 

.83 
2.12 
3.32 
4.47 
5.27 
6.27 

13.00 
13.93 
15.18 
20.63 
21.63 
22.47 
23.93 
24.93 

TUUE I 
GAGE 

8.2 
7.3 
7.5 
7.n 
8.0 
8.1 
6.5 
8.1 
8.8 
8.4 
8. I 
8.2 
7.9 
9.2 
9.2 

F LOUS 
lUBE 2 l O k E  3 

GAGE LiA6h 
8.0 8.2 
7.2 7.2 
1.5 7.5 
7.7 1.7 
7.8 7.6 
8. I 8.0 
8.6 8.4 
a.9 7.9 
9.6 8.1 
9.3 8.0 
8.2 11.3 
8 .3  8.4 
8.2 8. I 
9.7 9.6 
9.8 9.6 

IN 
301.0 
304.0 
301.0 
300.0 
301.0 
JOO.0 
300.0 
292.0 
292.0 
290.0 
292.0 
294.0 
294.0 
293.0 
292.0 

I 6  
162.0 
160.0 
160.0 
168.0 
174.0 
176.0 
180.0 
214.0 
214.5 
217.5 
225.0 
226.0 
226.0 
229.0 
233.0 

EXCHANGER NUNBER I 
OUT I N  OUT 

199.0 301.0 216.0 
204.0 302.0 214.0 
208.0 300.0 215.0 
216.0 298.0 222.0 
222.0 299.0 228.0 
224.0 2Y9.0 229.0 
230.0 298.0 226.0 

244.5 286.5 241.5 
244.5 283.5 240.5 
250.0 284.0 245.0 
251.0 285.0 246.0 
252.0 284.0 248.0 
255.0 284.0 253.0 
256.0 284.0 254.0 

244.5 286.5 245 .0  

EXCHANGER NUMBER 3 
OUT I N  OUT 

137.U 163.0 i i 9 . 0  
137.0 162.0 139.0 
139.0 164.0 140.0 
143.0 171.0 143.0 
146.0 176.0 145.0 
148.0 177.0 150.5  
151.0 177.0 144.0 
195.5 20Y.5 179.5 
188.0  L 0 8 . 3  1 3 . 5  
193.0 211.0 i a 4 . o  
203.0 217.0 195.0 
204.0 217.0 197.6 
205.0 220.0 200.0 

213.0 231.0 211.0 
208.0 228.0 ZG:.O 

lUUt 4 
GAGE 

8.1 
7. I 
7.4 
7.6 
7.7 
8.0 
8.6 
7.9 
7.8 
7.8 
8.1 
8.2 
8.0 
9.6 
9.6 

TERPS I N  BEG. F 
I N  OUT 

301.0 211.0 
502.0 214.0 
301.0 215.0 
299.0 222.0 
299.0 227.0 
239.0 229.0 
298.0 234.0 
2ae.o 242.; 
a a . 0  241.0 
285.0 240.5 
284.0 245.0 
285.0 246.0 

284 .0  ::2.0 
284.5 254.0 

lEl4Pf I N  DEG. F 
I N  OUT 

163.0 131.0 
; 6 2 , U  i 3 i . O  
164.0 1JP.O 
171.0 143.0 
175.0 145.0 
1 7 t . 0  147.0 

209.0 176.5 

211.0 1b3 .0  
220.0 204.0 
221.0 204.0 
221.0 197.0 
228.0 z07.5 
231.0  211.0 

2a4.o :4ti.o 

182.0  151.0 

208.5 ra3.o 

TIHE 
HOURS 

.oo 

. 83  
2.12 
3.32 
4.47 
5.27 
6.27 

13.00 
13.93 
15.18 
20.63 
21.63 
22.47 
23.93 
24.93 

COOL H20 
GALLOWS 
746581.  
Y47140. 
948012. 
948829. 
947624. 
9501 74. 
750U62. 
955607.  
956255. 
957130.  
960918. 
961612. 
962194. 
9632 I Y .  
96391 8. 

I N  
302.0 
J03.0 
301 . O  
300.0 
300.0 
300.0 
298.5 
289.0 
288.0 
285.0 
295.0 
286.0 
265.1) 
285.0 
284.0 

I N  
161.0 
160.; 
162.0 
158.0 
173 .O 
177.0 

208.0 
208.0 
? I  1 .o 
222.U 
222.0 
222.0 
228.0 
231 . O  

180.5 

OUT 
205.0 
207.0 
208.0 
215.0 
222.0 
?24.0 
228.0 
241 .O 
13F.O 
2 4 U . Z  
245.0 
246.0 
243.0 
251.0 
254.0 

OUT 
1 U . 0  
136.0 
137.0 
142.0 
145.3 
147.0 
155.0 
176.5 
I b2.5 

204.0 
204.0 
200.0 
2 5 7 . 0  
21 1 .o 

ia4.o 

HIMI EXCHANGER NUIBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 

84.3 76.9 87.0 80.5 
76.9 73.4 85.5 78.9 
73.7 81 .o 85.2 78.5 
81.8 88.7 88.6 83 .1  
86.0 92.6 87.9 84. I 
84.8 84.8 92.4 90.0 
83.4 104.2 87.1 88.1 
45.2 54.4 33.2 SI .7 
45.2 56.9 4 1  . B  43.7 
3 9 . 3  51.7 46.4 4 3 , l  
33.0 35.8 25.1 27.3 
32.2 34.6 26.1 26 .B 
28.1 29.2 34.9 31.1 
31.2 33.3 33.0 32.9 
30.2 32.8 32. I 32.1 

BILi /HH.  SO.FI. lltli. F 
AVERAGE 

82.2 
78.7 
t 9 . 6  
85.7 
87.6 
88.0 
90.7 
51.1 
46.2 
45.1 
30.3 
27.9 
50.8 
32.6 
31.8 

EXCH I 
1W 

COOLING UATER TEflPERATURES IN UEG. F 

P6.7 
97.1 
99.3 

100.6 
101.9 
101.5 
102.4 
91.9 
91 .5 
P I  .2 
89.3 
89;3 

Y?.6 
95.4 

89.a 

I N  
19Y .O 
204.0 
208.0 
216.0 
222.0 
221.9 
230.0 
244.5 
244.5 
244.5 
250.0 
251.0 
252.0 
255.0 
256.0 

OUT 
108.3 
108.5 
109.6 
110.3  
110.9 
110.3 
110.6 

97.7 
97.2 
96.6 
94.2 
94.1 
94.6 
98.3 

100.0 

EXCH 2 
I N  OUT 

90.8 76.7 
91 .2 97.1 
95.6 9Y .3  
94.2 100.6 
95.5 101.9 
9 5 . 3  101.3 
96.3 102.4 
88.0 91 .9 
87.7 91.5 
87.6 91 .2 
86.2 87.3 
86.2 87.3 
86.7 87.8 
Y0.5 Y3.6 
92.3 75.4 

EXCHANGER NUhBER 2 TEMPS I N  DEG. F 

l l h E  
HUUkS 

.GO 

.E3 
2.12 
3.32 
4.47 
5.27 
6.27 

13.00 
13.93 
15.18 
20.63 
21.63 
22.47 
23.93 
24.93 

OUT 
162.0 
150.0 
1 6 0 . 0  
168.0 
174.U 
176.0 
180.0 
214.5 
214.5 
217.5 

226.0 
226.0 
2 1 9 . 0  
233.0 

225.9 

I N  
216.0 
214.0 
215.0 
222.0 
228.0 
229.0 
226.0 
243.0 
241 .> 
240.5 
245.0 
246.0 
248.0 
253.0 
254.0 

ou T 
163.9 
162.0 
164.0 
171.5 
176.0 
119.0 
177.0 
2GY.5 
208.0 
211.0 
217.0 
219.0 
220.0 
228.0 
251.0 

I N  
211.0 
214.0 
215.0 
222.0 
227.0 
229.0 
234.0 
242.5 
241.0 
240.5 
245.0 
246.0 

252.0 
254.0 

2qa.o 

OUT 
163.5 
162.0 
164.0 
171 .o 
175.0 
178.0 
182.0 
209.0 
2 0 8 . 0  
211.0 
220.0 
211 .o 
221 .c 
228.0 
231 .O 

EXCH 3 
IN OUT 

87.6 90.8 
88.0 VI.;! 
90.4 93. 6 
90.6 94.2 
91.8 95.5 
91.6 Yb.5 
92.6 y1.3 

85.0 88.0 
84.9 87. ,' 
85.7 87.6 
83.7 86.2 
84.0 64.2 
84.6 86.7 
88.4 90.5 
90.1 92.3 

I N  
205.5 
2g1.0 

215.0 
222.0 
224.0 
228.C 
241 .O 
239.0 
240.5 
245.0 
246.0 
248.0 
252.0 
254.0  

x a . 0  

OUT 
161.0 
160.0 
162.0 
168.0 
173.0 
177.0 
180.1) 

208.0 
211.0 
222.0 
2 2 2 . ' )  
222.0 
2 2 8 . 0  
231 .O 

20a.0 
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T N I S  IS THC INPUT L R l A  FOR THE TUENTY FOURTH RUN 
THIS RUN S l A R l E D  JULY 20, 1977 
THE CONOI l lONS OF 1HlS RUN UEREa 

n. SALINITY I 29,000 PPI TOTAL DISSOLVED SOLIDE 

D,  CARBONATE^ 1,000 ppn 
E. PH I 8.0 

1. CALCIUII : 17.6 PPM 
C. S I L I C A  I 500 PPI( 

f. ADDITIVE I NOHE 
I .  LEVEL I NONE 

8 .  OTHER t 

T i n E  
HOURS . 000 

,835 
2.117 
1.117 
4.467 
5.267 
1.267 

13.000 
13.933 
15.183 
20.633 
21.633 
22.467 
21.913 
24.933 

BRINE 

TPIP 
309.0 
311.0 
309.0 
308.0 
107.0 
307.0 
304.0 
294.5 
292.0 
292.0 
291.0 
291 .O 
290.0 
290.0 
289.0 

IHLET 
BRINE 
OUTLET 

TEMP 
101 .o 
108.0 
110.0 
111.0 
112.0 
112.0 
113.0 
117.0 
117.5 
120.5 
136.0 
138.0 
142.0 
145.0 
146.0 

RESULTS FROM THE H A I N  EXCHANGER FOR TNP TUENTY FOURTH RUN 
T H I S  RUN S T A R T E D  JULY 2 0 ,  1977 
1Ht CONDITIONS OF THIS RUN UEREI 

n. SALINITY : 29,000 PPII TOTAL DISSOLVED SOLIDS 
D. CALCIUM I 1 7 . 6  ppn 
c. S I L I C A  I 500  PPM 
B. CARBONAlE; 1,000 PPtl 
E. P n  I 8.0 
f. 1\DDITIVL I NONE 

1. LEVEL 1 NOHE 
6. O l n E R  I 

BRINE 
f L 0 U  

LBIHR 
411.1 
496.2 
496.7 
4h8.8 
459.6 
450.2 
432.1 
424.6 
434.6 
472.4 
491 .5 
482.0 
501.2 
435.0 
473.0 

COOLHZO 
FLOU 

LBIHR 
5663.0 
5781.9 
5799.6 
5893.9 
5860.8 
5860.9 
6 0 1 2 i 8  
5919.5 
5973.2 
5927.9 
5931.3 
5970.9 
S950.1 
5960.1 
5930.0 

BRINE 
FLUX 

)TUIHR 
86278.5 
96980.3 
95160.5 
88914.4 
86292.8 
84531.7 
79451.8 
72333.8 
72969.9 
77966.4 
71385.8 
71 054.7 
71475.5 
60789.4 
65195.0 

BRINE 

GA6E 
4.6 
5.3 
5.3 
5.0 
4.v 
4.8 
4.6 
4.5 
4.6 
5.0 
5.2 
5.1 
5.3 
4.6 
5.0 

m u  
COOLH20 

INLET 
TEhP 
88.6 
89.1 
91.5 

COOLH20 
OUTLE T 

l E I P  
103.6 
105.6 

. .__ 107.1 
91.9 107.0 
93.0 107.7 
92.8 107.6 
93.8 108.3 
86.0 9 v . 7  
85.8 99.3 
85.7 99.0 
84.9 96.9 
84.9 9 7 . 2  
85.6 97 .5  
89.4 100.5 
91.1  102.0 

COOLH2O OVERALL 
f L U X  mic 

BTUIHR BIU/HRSOFTI 
84774.41111111011111111#11 
9521 I .2 183.9 
90292.0 171.9 
88819.9 152.2 
85980.9 l4S.6  
86567.6 143.7 
87010.8 139.1 
80935.1 85.1 
80476.2 84.1 
78683.1 80.8 
71 033.8 59. I 
73294.9 58. I 
70760.1 35.5 
16025.3 50.0 
63323.6 51 .1  

COOLH20 
FLOURATE 
BALLOWS 

102173. 
102944. 
103843. 
104606. 
105507. 
106075. 
106785. 

1 12358. 
113261. 
1171 68. 
1 t 7885. 
I 1  8487. 
119543. 
120264. 

I 11690. 

RUN 
TINE 

IEGF HOURS 
.OO 
.83 

2.12 
1.32 
4.47 
5.27 
6.27 

13.00 
13.93 
15.18 
20 .63  
21 .63 
22.47 
23.73 
24.93 

l H I S  IS IHE l h P U l  OATA FOR THE TUENTY F l F l H  kUN 
l H l 5  LUN S T A R T E D  J U L l  2;. 1977 
THE CONDITIOHS UF l h l S  RUN UERE: 

A. SALINITY : 31,000 p p n  TOTAL DISSOLVED SOLIDS 
B. L n L c i u n  : 2 1  P F N  
c. SILICA : 4 4 0  prn 
0 .  CARBONATE: 880 PPd 
E. PH : 8.0 
F. ADDITIVE : NONE 

1.  LEVEL : NONE 
6. OTHER : THIS RUN H A D  R C02 P A D  O N  THE VERTICAL U-IUBE EXCHANGER 

FLOUS COOLING YATEW TENPEHRTURES I N  UEG. 
T I N E  TUBE 1 TUBE 2 TUBE 5 TUBE 4 CdOL H20 EXCH 1 EXCH 2 
HWRS GAGE 6AGE GAGE GAGE GALLONS I N  3iJT I N  OUT 

* 00 7.8 7.8 7.8 7.9 115610. 98.0 109.5 92.2 98.0 
.70 8. 1 8.2 8.2 8.2 116081. 97.8 109.4 91.8 97.8 

2.02 8.4 8 .4  8 . 3  8.3 116Yil. PU.7 110.1 92.5 98.7 
3.27 9 .1  9.2 9.0 9 .0  11;813. 101 .? 112 .4  95.5 101.9 
1.97 9. 1 9.3 9.0 9.0 118268. 102.4 1 1 1 . 9  9 6 . 2  102.4 
5.07 0.7 9.0 0 .6  8.7 118995. 103.3 111.5 97.8 103.3 
3.62 9.u 9 . 3  8.Y 8.Y 119360. 102.7 1Il.l Y7.L 102.: 

11.90 8.8 9.2 a.a 8.6 123499. 95.2 102.3 90.5  95 .2  
21.12 8.8 9.5 8.6 8.3 129558. 92.4 98.3 88.2 92.4 

F 
EACH .i 

I N  ou T 
59.6 9 2 . 2  
88.4 91.8 
89 .0  72.5 
91.9 95.5 
92.2 76.2 
94 .O 97.8  
93 .? 9 7 . 2  
87 .5  90 .5  
8S.d 58.2 
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I N  
302.0 
304.0 
302.0 
300.0 
300.0 
296.0 
302.0 

2Y4.0 
Joa.0 

I N  
l6J.0 
165.0 
16Y.0 
174.0 
101.0 
190.0 
197.0 
216.0 
224.0 

EXCHANGER 
OU1 I N  
208.0 300.0 
212.0 302.0 
214.0 300.0 
220.0 2V9.J 
229.0 2Y7.0 
231.0 293.0 
237.0 27V.O 
24Y.0 292.0 
253.0 za6.c 

NUilBEic i 
OUT 
202.0 
2G0.O 
211.0 
L l 0 . O  
224.0 
220.0 
234.0 
240.0 
251.0 

TEMPS 1H DEG. i 
I N  OUT IN 

3 0 3 . 0  214.0 301.0 
303.0 219.0 3 0 3 . 0  
301.0 220.0 301.0 
299.0 225.0 298.0 
298.0 231.0 298.0 
213.0 232.0 294.0 
297.0 238.0 299.0 
293.0 247.0 294.5 
280.5 251.0 206.0 

I I C H A t i G E H  P U I l t L P  3 I t d P S  I N  BEG. F 
OUT IN 061 I N  OUT I N  
139.0 148.0 130.0 163.0 136.0 165.0 
137.0 153.0 1 J l . U  164.C 137.0 l a l . 0  
142.0 162.0 134.0 168.0 IJ ' f . 0  165.0 
145.0 166.0 139.0 172.0 143.0 172.0 
151.0 176.5 144.0 181.0 151.0 181.3 
159.0 184.0 150.0 166.0 155.0 108.0 
165.0 192.9 156.0 195.0 161.0 195.0 
190.0 211.0 192.0 211.0 180.0 211.0 
199.0 221.0 191.0 220.0 103.0 219.0 

OUT 
206.0 
200.0 
213.0 
220.0 
228.0 
230.0 
236.0 
245.0 
249.0 

001 
156.0 
132.0 
13Y.O 
144.0 
151 .O 
157.0 
163.0 
180.0 
184.0 

I N  
208.J 
212.0 
214.0 
220.0 
229.0 
231.0 
237.0 
249.0 
253.0 

RISULTS FROH THE TULdTY f I t T H  RUN 
lHIS kUN STARIED JULY 25. l P l 7  
IHE C U N I ; I l i U N S  OF THIS RUN UECE: 

A. S A L I d I l l  : 31,900 r P l l  TOTAL DISSOLVED SOLIDS 

c. S I L I C A  : 440 PTn 
D. CdRBONAiC: EPO PPH 
E .  PH : 8.0 
F. AiWIlIUE : NONE 

I .  LEVEL : NONE 
0. OTHER : IHiS RUN HAD A C02 PAD ON THE VERTICAL U-TUBE EXCHANGER 

B .  CALCIUM I 21 ppn 

COOL H2U 
L W H R  
5552.2 
5576.4 
5 5 5 1 .  b 
5360.4 
5451 . O  
5473.9 
5434.1 
54J2.2 
5462.5 

iunEi 
LB/HR 
183.3 
190.2 
197.4 
2i4.l 
214.1 
205.1 
211.6 
207.0 
207.6 

FLOYRATES 
TUbE2 
LS/HR 
103.5 
192.7 
1'37.6 
216.6 
219.1 

. 212.5 
218.9 
217.3 
225.0 

TUBE3 
L W H R  
183.: 
192.7 
195.2 
211.9 
212.0 
203.0 
209.5 
203.0 
203.7 

T U B E 4  
LB" 
185.0 
192.7 
195.2 
212.0 
212.0 
205.3 
209.5 
202.9 
196.6 

M I N I  EXCHANGER NUMRER 2 
OVERALL HEAT TRANSFER COEFiiLI tNTS 

TUfr t l  TUaE2 TUBE3 l U U E 4  AVERAGE 
BTU/HR. S0.FT. DEG. F 

95.3 132.3 105.2 101.8 108.7 
9/.6 120.6 112.9 103.5 110.7 
97.1 112.5 100.0 105.6 106.0 
100.1 118.0  113.1 1G4.7 109.0 
97. I 104.5 99.3 94.5 98.8 
77.3 8V.9 82.7 80.5 82.6 
72.8 82.0 77.9 74.9 76.9 
49.7 65.0 54.7 52.0 54.1 
42.2 48.1 45.1 42.6 44.5 

T H I S  19 I H E  lHPUl D A T A  FOR THE TUEMTY f I F T H  RUM 
T H I S  RUM SlARlED JULY 25, 1977 
TnE COrDIllOMS OF THIS RUN UERE: 

A. S A L I M l l l  I 31,000 PPH TOTAL DISSOLVED SOLIDS 
B. CALCIUH I 21 PPN 
C. SILICA I 440 PPN 
D. cnRBonnTEr 880 PPM 
E. PH I 8.0 

TIME 
HOUHS 

.oo  

.70 
2.02 
3.27 
3.97 
5.07 
5.62 
11.90 
21.12 

T I M  
HOURS . 00 

.70 
2.02 
3.27 
3.97 
5.07 
5.62 
11.90 
21.12 

TUBE I 

123.9 
122.4 
122.4 
114.5 

79.3 
87.1 
85.3 
65.0 
53.3 

T U B E 1  

01.1 
07.3 
05.5 
92.8 
09.6 
78.5 
75.7 
42.6 
34.5 

TINE 
HOUR6 . 000 

.700 
2.01? 
3.267 
3.967 
5.067 
5.617 
11.900 
21.117 

JRIWE 
INLET 

IERP 
307.0 
306.0 
306.0 
306.0 
103.0 
300.0 
105.0 
298.0 
289.0 

PRIME 
OUILET 

TEHP 
105.0 
108.0 
108.0 
110.0 
111.0 
112.0 
111.0 
111.0 
121.0 

BRIME 
FLOU 
6A6E 
5.1 
5.0 
4.9 
4.0 
4.6 
5.0 
4.7 
4.7 
4.6 

106 

0 

F. A D D I l I V E  I NONE 
1. LEVEL : NONE 

8. OlHER : THIS RUM HAD A C 0 2  PAD OM THE VERTICAL U-TUBE EXCHAMGER 

EXCHANGER NUNBER 2 TEHPS I N  DEG. F 
OUT it4 OUT I N  OUT 

163.0 202.0 140.0 214.0 163.0 
165.0 200.0 153.0 219.0 164.0 
t69.0 211.0 162.0 220.0 168.0 
174.0 216.0 166.0 225.5 172.0 
181.0 224.0 176.0 231.0 181.0 
190.0 220.0 104.5 232.0 188.0 
197.0 234.0 192.0 230.0 1 Y h . O  
216.0 240.0 211.0 247.0 211.0 
224.0 2 5 1 . ~  221.0 251.0 220.0 

MINI EXCHANGER NUtiBER 1 
OVERALL HEAT TRANSFtH COEiFICiENTS 

TUBE2 TUfit'3  TUBE^ 
BIUIHR. S O . F T .  D E G .  F 

133.5 111.2 120.4 
129.6 110.3 130.6 
126.2 109.0 121.9 
122.5 103.0 1 1 1 . 1  , 
107.4 92.5 97.8 
v2.0 Ul .2 86.6 
90.5 80.1 03.4 
60.2 50.0 62.9 
50.6 45.0 47.0 

.~ 
I I l U / H i i ' .  SO.FT. UEG. F 

75.0 94.1 06.0 
09.3 94.3 85.7 
101.1 94.1 86.1 
90. I 94.9 90.8 

10 / .4  88.7 80.7 
99.3 06.3 80.7 
96.6 02.8 76.8 
52.9 s1.4 53.4 
4/.0 54.2 49.9 

COOLH20 
INLET 

TElP 
90.0 
0P.4 
90.0 
93.0 
93.2 
9S.1 
94.4 
88.4 
86.5 

COOLHZO 
OUILET 

TEHP 
104.4 
103.5 
103.7 
106.4 
146.2 

107.8 
101.6 
99.8 

100.1 

AVERAGE 

124.3 
123.2 
119.9 
112.0 
99.2 
86.;' 

61.7 
49.2 

85.0 

I N  OUT 
206.0 160.0 
208.0 161.0 
213.0 ;6& 
220.0 
220.0 I 
230.0 188.0 
236.0 lY9.0 
245.0 2li.O 
249.0 219.0 

AVERAGE 

84.4 
89.1 
91.7 
94.2 
95.6 

83.0 
50.6 
46.6 

a6.2 

COOLH2O 
FLOURATE 
OALLONS 
122908. 
123433. 
124424. 
125363. 
125870. 
126601. 
127086. 
13169s. 
110460. 

)(IN1 EXCHANGth' NUrIbCX J 
IVERALL HEAT TRANSFER COEFFlCIENiS 

TUBE? TURES TUBE4 

IIf lE 
HOURS 

.00 

.70 
2.02 
3.27 
3.Y7 
b . 0 1  
3-62 
11.90 
21.12 

TIt lE 
HOURS 

.00 . ,'o 
2.02 
3.27 
3 . Y ?  
5.07 
5.62 

1 1  .PO 
21 .I2 

Q 



RESULTS FROM THE H A I N  EXCHANGER FOR THE IUENIY F I F T H  WN 
TNIS RUN STARTED JULV 25, 1977 
1NE CONDlTlONS Of THIS RUN YERE: 

A. snLlwITv : 31,000 PPM TOTAL DISSOLVED SOLIDS 
B. CALCIUM 1 21  PPM 
C. S IL ICA : 440 PPH 
D. CARBONLTE: 880 PPH 
f .  P H  I 8.0 
F. ADDITIVE : HONE 

1. LEVEL : HONE 
8. OTHER : THIS  RUN HAD A COZ PLD GN THE VERTICAL U-TUBE EXCHANGER 

BRINE 
FLDU 

LB/HR 
478.4 
466.8 
459.8 
450.4 
451.1 
470.6 
441.3 
442.8 
435.2 

COOLH20 
FLOU 

LB/HR 
6195.0 
6216.6 
6205.9 
5980.3 
6087.7 
6077.9 
6055.2 
6066.0 
6088.9 

THIS IS THE INPUT D ~ T A  FOR THE TUENTY SIXTH HUN 
M I S  l iUN STdHiE I t  AUBbSl 2, 1977 
THL C O N D I T I O N 5  OF THIS R l l N  UERE: 

A .  SALINITY : 29,tOO PPN TOTAL DISSOLVED SOLIDS 
E. CALCIUM : 20 PPM 
C. SIL ICA : 460 PPM 
0 .  CAKPONATE: 920 P P i l  
E.  P H  : 6.8 
F. f i D D I l I V E  : PEI-18-ITACONIC A C I D  

G. O T H E R  : 
I .  LEVEL : 12 Pl'M 

I I N €  
HOURS 

.oo 

.90 
1.73 
2.88 
4.00 
5.29 
6.37 
21.65 
22.80 

I N  
314.0 
319.0 
320.0 
121.0 
322.0 
325.0 
315.0 
323.0 
326.0 

TUkE I 
GAGE 
7.9 
8.2 
8.0 

8.4 
8.6 
8.2 
8.7 
8.2 

a . 4  

FLOUS 
T U B E  2 TUBE 3 

G A G E  SAGE 
7.9 7.0 
0.2 8.2 
8.1 8.2 
8.4 8.5 
8.4 0.4 
8.7 8.6 
8.4 8.3 
8.8 8.2 
8.2 8.2 

l U b E  4 
GAGE 
7.7 
8.0 
8.0 
8.4 
8.2 
8.5 
8.2 
9.0 
8.1 

EXCHANGER NUNBER 1 
OtiT Ili OUT 
212.0 313.0 223.0 
223.0 316.0 233.0 

232.0 318.0 239.0 
240.0 319.0 243.0 
246.0 321.0 248.0 

279.0 313.0 279.0 
280.0 315.0 279.0 

229.0 31a.o 237.0 

242 .0  314.0 2 4 4 . 0  

TEnPS I N  DEG. F 
I N  OUT 

313.0 200.0 
316.0 212.0 
311.0 21Y.O 
319.0 224.0 
319.0 234.0 
321.0 244.0 
314.0 242.0 
314.0 279.0 
315.0 279.0 

BRINE 
FLUX 

BTU/HR 
92998.0 
90251.4 
07634.6 

83364.3 
85139.9 
81570.1 
79666.6 
70354.3 

84989.8 

COOL H20 
GALLONS 
131509. 
132139. 
132722. 
133525. 
134300. 
135210. 
135955. 
146765. 
147424. 

I H  
314.0 
317.0 
319.0 
320.0 
320.0 
322.0 
314.0 
314.0 
316.0 

OUT 
203.0 
216.0 
222.0 
226.0 
234.0 
243.0 
241.0 
276.0 
279.0 

E X l H k h b i k  UUnkCh 3 i l h Y S  Ik ut". F 
I N  u U I  i r i  O U l  IN Ob1 I N  OU1 

1)O.o 136.0 I j 'U .0  ! j t . O  1L6.0 133.0 I ~ J . , J  134.0 
176.0 1 4 0 . 0  , 178.0  144.0 100.0 131.0 lu3 .0  139.0 
160.0 141.0 1 8 1 . 0  148.0  166.0 141.0 Ic'i.0 141.0 
l j 2 . 0  14b.O 185.0  1 5 1 . 0  172.0 144.0 l l 4 . 0  144.0 
187.0  1:o.o 101.0 154.0 179.0 148.0 179.0 1.ia.o 
193.0 154.0 198.0 1:y.o ia:.o 1 z . 0  i8a.o 153.0 
194.0 153.0 197.0 13.0 1bB.O 151.0 lb9.O 151.9 
143.0 208.0 243.0 205.0 ?43.0 203.0 241.0 '202.0 
246.0 209.0 246.0 206.0 245.0 207.0 244.0 :3.'.0 

COOLHZO 
FLUX 

BTU/HR 
89030.2 
87478.1 
04849.7 
79975.0 
78982.0 
78954.8 
80977.2 
79911.4 
8081 9.9 

OVERALL 
HTC 

BTU/HRSOFTDEGF 
233 .B 
145.6 
144.2 
146.1 
134.3 
146.3 
131.3 
108.1 
79.4 

COOLIND UATER TEtlPERATURES I N  D t G .  F 
EXCH 1 EXCH 2 

I N  OUT IN OUT 
92.7 104.0 87.0 92.7 
94.3 105.2 88.1 94.3 
97.7 108.3 91.3 9/.7 
99.0 109.5 92.3 99.0 
100.7 110.7 93.6 100.7 
Y9.1 108.1 92.7 79.1 
96.9 105.7 90.8 96.9 
86.7 92.0 82.4 86.7 
9 0 . 0  95.2 85.7 90.0 

EXCHANGEH.hUNbEK 2 TEMPS I N  REG. F 
I N  OUT I N  3UT I N  OUT 

212.0 170.0 223.0 170.0 200.0 158.0 
223.0 176.0 233.0 178.0  21?.0 166.0 
229.0 180.0 257.0  181.0 219.0 166.0 

240.0 187.0 243.0 l P l . 0  234.0 lf9.O 
246.0 193.0 248.0 190.0 244.0 187.0 
242.0 194.0 244.0 197.0 242.0 1Bd.O 

280.0 246.0 279.0 246.0 279.0 245.0 

232.0 182.0 239.0 i a s . 0  224.0 172.3 

279.1 243.0 279.0 243.0 2 7 9 . 0  243.0 

RUN 
T I M E  
HOURS . 00 
.70 

2.02 
3.27 
3.97 
5.07 
5.62 
11.90 
21.12 

t x c n  3 

d4.8 ea. I 

IN OUT 
84.1 87 .O 

a7.8 91.3 
88.3 92.3 
0Y. 5 p1.6 
9 0 . 0  92.7 
86.2 9 0 . 8  
79.4 a2.4 
82.2 85.7 

I N  
203.0 
2 1 8 . 0  
222.0 
226.0 
234 .O 
245.0 
'41.0 
276.0 
279.0 

ou T 
160.0 
168.0 
1 6 9 . 9  
174.0 
179.0  

167.0 
241.0 
244.6 

1m.3 
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Q w ~ S U L T S  F R G H  THE I U C W T Y  S I X T H  RUN 
T H I S  WUfI S l I k T E B  C l l G U S l  1 .  !V77 
rHE C O N l r l I I O N S  O f  T d I S  RUH UEkE: 

A.  S A L I N I I Y  : ZY,OJI) F V C  TOTAL DlLSULVEU SOLIDS 
b. CALCiUM : 20 PPI( 
C. S I L I C A  : 4 4 0  P F i l  
D. CARBONATE: 920 PPtI 
E. PH : 6.8 
F. ADDITIVE : F L I - 1 8 - I I A C O N I C  A C I D  

0. OTHER : 
1 .  LEVEL : 12 PPM 

H I H I  EXCHAIiGER NUtlBER I 
OVERALL H t A l  I H A f i S E R  C D E F f I C I E N l S  

TUBE2 r u ~ t 3  T G O E ~  
BTU/HW. S0.FT .  DEG. F 

IO1 .6 138. I 131.8 
94.2 121.5 118.6 
91.5 1ZO.Y 113.9 
91.3 116.8 113.1 
89.6 103.4 101.8 
02.5 8 7 . 2  88.4 
81.4 83.2 83 .6  
36.7 35.2 42.2 
37.0 37.0 37.5 

COOL HZO 
LB/HR 
5782.5 
5801.0 
5763.2 
5709.8 
$819.5 
5693.7 
5766 .1  
5744-1 
5776 .1  

TUkEl 
LB/HR 
184.6 
191.2 
186.4 
195.7 
195.6 
199.9 
191.6 
202.4 
190.5 

F L O U R A T E S  
ruiG2 
LB/HR 
184.7 
191.5 
188.9 
195.9 
195.8 
202.6  
196.3 
205.8 
191.6 

TUBCJ 
LB/HR 
182.4 
I 9 1  .S 
191.3 
178.2 
195.8 
200.3 
194.0 
191.6 
191.6 

TUBE4 
L B l H R  
180.0 
186.7 
186.5 
195.8 
191.1 
19/.9 
191.6 
210.3 
189.1 

iiix 
HOURS ' 

.oo 

.90 
1.73 
2.88 
4 .00  
5.29 
6.37 

21.85 
22.80 

TUBE1 

119.8 
111.9 
103.8 
104.4 

96.9 
87.9 
83.1 
45.8 
45.8 

AVEHAGE 

122.8 
113 .0  
107.5 
106.4 
97.9 
8 6 . 5  
82.8 
4 0 . 0  
39.3 

T IRE 
HOURS 

.oo 

. 9 0  
1.73 
2.88 
4 .oo 
5 .29  
6 .37  

21 .65  
22.80 

M I N I  EXCHANGER N i l H b t K  2 
OVERALL H E A T  TRANSFER C O E F F I L i i N i S  

TUBE2 TUBE3 T U R E 4  
BTU/HR. S0.FT .  DEG. F 

101.4 94.6  92.9 
99.n 97 .4  96.2 

. o  98.4 110.6 104.5  
93.6 97 .0  107.8 104.3 
97.5 92.9 108.3 105.7 
86.9 80 .6  97.1 92.4 
77.2 75 .8  90.5 86.0 
41.5 42.2 39.3 42.5 
39.3 38.4 39.7 40.5 

HINI EXCHkNGiR NUHBEH 3 
OVEFIALL HEAl  TFiAi lSiER CULFFICIENTS 

TUBE2 TUIiES TUBE4 
bTU/HR. S0.FT. DEG; F 

81.3 74.2  f4 .J  
85 .6  80.0 79 .O 
85 .2  76 .3  81.7 
89.6 85.5 89 .3  
Y3.4 81.8 85.6 
75.1 74.2 72.4 
88.9 91.6 92.5 
46.1 4 5 . 5  49.2 
49.6 47.1 45.4 

T U B E 1  

84.0 
83 .5  

A V E R A G E  

93.2 
95.7 

100.4 
100.7 
101.1 

89.2 
82.4 
4 1 . 4  
39.5 

T I f l E  
HOURS 

.OO 

.90 
1.73 
2.88 
4.50 
5.29 
6.37 

21.85 
22.80 

TUBE1 

91.5  
94.8 
98 .8  

100.3 
98.3 
78 .2  
95.8 
4 1 . 3  
45.1 

AVERAGE 

80.3 
84 .9  
85 .5  
91.2 
91 .2  
75.1 
9 2 . 2  
45.5 
46.8 

T I n E  
HOURS . 00 

.90 
1.33 
2.66 
4 .OO 
5 . 2 8  
6.37 

21 .65  
22.80 

88. 

T H I S  IS 7nE I N p u i  DAIA FOR THE TUENTY SIXTH RUM 
lHI8 RUN S T A R T E D  AUGUST 2, 1977 
THE C O H D I l I O I ( S  O f  THIS RUN UERE: 

A. S A L I N I T Y  I 29,000 PPH TOTAL DISSOLVED SOLIDS 
B. c n L c i u i  I 20 PPN 
C. S I L I C A  I 460 PPI4 
D. C A R B O Y A l E i  920 PPll 
E. PH I 6.8 
F. A D D I l I V E  I P E I - 1 8 - I T A C O N I C  A C I D  

1. L E V E L  I 12 PPN 
8. OTHER I 

71llE 
HOURS . 000 

.900 
1.710 
2.880 
4.000 
S.290 
6.370 

21.850 
22.800 

B R I N E  
INLET 

TEHP 
322.0 
325.0 
325.0 
325.0 
326.0 
328.0 
322.0 
319.0 
319.0 

B R I N E  
O U T L E T  

lEHP 
108.0 
111.0 
112.0 
113.0 
115.0 
117.0 
116.0 
126.0 
129.0 

B R I N E  C O O L H 2 0  
FLOU INLET 
8A6E TEHP 
4.7 85 .6  
4.6 85.6 
5.0 89.1 
5.2 89.9 
5.2 90.6 
5.2 91.3 
5.0 87.2 
4.0 79.9 
5.2 83.0 

COOLHZO 
OUTLET 

101.3 
101.2 
104.4 
105.2 
106.1 
1 OS. 9 
102.9 

93.7 
96.9 

iEnP 

C O O L H 2 0  
F L D U R A T E  
G A L L O N S  

152950. 
153586. 
154175. 
154986. 
155766. 
156684. 
157434. 
168303. 
168964. 
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RtSULlS F R O l  THE NAIN EXCHANOER FOR THE TUENTY SIXTH RUN 
T H I S  RUN STARTED AUGUST 2 ,  1977 
THE CONDITIONS OF THIS RUN UERE: 

A. S A L I N I T l  I 29,000 P P H  TOTAL DISSOLVED SOLIDS 
B. cALciun  I 20 ppn 
C. SILICA I 460 ppn 
D. CARBONATEI 920 ppn 
E. PH I 6.8 

I. LEVEL t 12 ppn 
F. ADDITIVE I PEI-18-ITACONIC ACID 

6. OTHER : 

BRINE 
FLOU 

LB/HR 
137.7 
427.8 
465.0 
483.6 
483.3 
482.8 
465.6 
447.6 
485.0 

COOLH2O 
R O Y  

LB/HR 
5840.7 
5865.4 
5825'. I 
5751.6 
5876.1 
5734.4 
5801.4 
5759.6 
5810.3 

THIS IS THE INPUT D A T A  t G R  lHE IUENTY S E V E l l H  fiUW 
T H I S  R U N  STARTED AUGUST 9,1977 
THE CONDITIONS OF THIS RUN U E X :  

A .  SALINITY : ~3,000 Ppn TOTAL DISSOLVED SOLIDS 
B. cALcIun I 20 Ppn 
c:sILIcn : 420 wil 
D. C A R B O N A T E :  8 4 0  PPfl  
E. PH : 6.9 
F .  P l D D I T I V E  : CALGON CL-165 

I .  L E V E L  : I ?  ppn 
6. OTHER : 

T I n E  
HOURS 

.oo 
1 .oo 
1.77 
3.00 
3.83 
5.25 
5.98 
6.57 

12.28 

I n  
315.0 
319.0 
320.0 
319.0 
316.0 
316.0 
317.0 
317.0 
314.5 

I N  
17 j .O 
179.0 
180.0 
166.0 
189.0 
190.0 
192.0 
193.0 

TumE I 
G A G E  

7.6 
7.7 
8.1 
7.9 
8.0 
8.2 
8.6 
8.2 
9.0 

FLOUS 
TUYE 2 l U P E  3 

GAGE 6dGE 
7.5 7.7 
7.5 8.0 
8.2 8.5 
7.8 8.0 
8.0 8.3 
8.1 8.4 
8. I 8 .3  
8.1 8.1 
8.8 8.7 

EXCHANGER NUilBEH 1 
OUT I N  OUT 

217.0 310.0 2 1 6 . 0  
220.0 312.0  220.0 
224.0 314.0 2 2 4 . 0  
230.0 312.0 229.0 
231.0 312.0 231.0 
234.0 309.0 233.0 
i J6 .0  30Y.5 256.0 
237.0 309.0 237.0 
247.5 301.0 247.0 

BRINE 

BTU/HR 
90245.8 
88231.3 
95461.4 
98820.0 
98324.9 
98254.8 
92463.8 
83320.5 
88877.1 

fLUX , 

TUBE 4 COOL H20 
GAGE ' GALLONS 

7.6 148703. 
7.8 149383. 
8. I 149907. 
7.8 150750. 
8.2 151354. 
8.5 152281. 
8.4  152774. 
8.0 153164. 
8.7 157054. 

IEhYS id DEG. F 
I N  OUT 

LXiaAHbER E b n d i l  3 
OU1 ik 0Uf 

1 3 4 . 5  1aa.0 I J I . J  
140.0 1,'q.O 140.0 
140.0 177.0 1 4 4 . 1  
147.0  163.0 1 4 5 . 0  
148.0 184.0 146.0 
150.0  l ( i S . 0  150.0 
151.0  1 8 i . O  155.0 
151.0 189.0 153.0 

314.0 220.0 
316.0 225.0 
3IB.U 224.5. 
317.0 230.0 
316.0 23k.O 
316.0 233.0 
317.0 2.i6.0 
3 1 1 . 0  237.0 
316.0 247.0 

I N  
516.0 
319.0 
321 . O  
319.0 
317.0 
317.0 
319.0 
319.0 
316.0 

OUT 
212.0 
217.0 
219.0 
22Y.O 
231 . O  
232.0 
234.0 
i 3 6 . 0  
244.5 

I t i lPS  I N  b C G .  I 

1:Y.U l ~ 4 . G  
1L.i.O 134.0 
161.0  139.0 
171.0 1 3 d . O  
175.0 146.0  
175.0 146.0 
177.0 147.0 
178.0 1 4 8 . 0  

I W  our If4 
163.3 
10:.3 
ib4.O 
179.0 
1?4.0 
1J4.0 
115.0 
177.3 

OUT 
128.3 
131.0 
114.0 
137.0 
140.0 
141.0 
141.0 
141.0 

COOLH20 
FLUX 

BTUIHR 
91516.0 
91317.3 
88946.2 
87823.8 
90897.2 
83555.1 
90899.4 
79323.2 
80601.7 

OVERALL 
NTC 

BTU/HRSPFTDEGF 
126.0 
109.8 
123.2 
124.0 
120.7 
107.4 
103.6 
65.4 
68.9 

RUN 
T I H E  
HOURS . 00 

.90 
I .73 
2.88 
4.00 
5,29 
6.37 

21 .85 
22.80 

COOLING UATfk TtHYEfiAiUHES I N  DEG. F 
EXCH I EXCH 2 EXCii 3 

I N  OUT IN OUT I H  OUT 
93.8 105.2 87.7 93.a 84.4 87.7 
v5.0 106.9 89.B Y5.0 86.5 P 9 . 8  

96.3 105.9 90.1 96.3 86.0 70.1 
103.0 112.9 96.5 103.0 92.8 76.5 
104.2 114.0 YI.4 104.2 93.5 97.4 
104.2 113.7 97.4 104.2 93.5 97.4 
104.2 113.5 97.4 104.2 93.3 97.4 
98.3 106.4 91 . 8  98.3 87.2 91.8 

95.1 105.8 89.0 95.1 85.8 87.0 

I N  
217.0 
220.0 
2'4.0 
230.0 
231 .O  
234.0 
236.0 
237.0 
247.5 

EXCHANGER NUh&Efi 2 TENDS III DEG.  F 
UUl IN OUT In OUT 

173.0 216.0 168.0 220.0 158.0  
17Y.O 220.0 174.0 225.0 163.0 
180.0 224.0 177.0 224.0 161.0 
186.0 229.0 183.0 230.0 171.0 

190.0 233.0 185.0 233.0 175.0 
192.0 236.0 107.0  256.0 177.0 
193.0 237.0 189.0 237.0 178.0 
205.5 247.0 200.5 247.0 190.0 

189.0 231.0 r a4 .o  231.0 175.0 

1H 
212 .0  
217.0 
'/I?.O 
229.0 
231 .O 
232.0 
234.0 
236.0 
244.5 

GUT 
1 6 0 . 0  
102.0 
161.0 
170.0 
174.0 
1,a.0 
175.') 
1??.0 
189.5 

205.5 158.5 200.5 159.0 190.0 154.0 189.5 146.5 
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NLSULtS FkO8 I H E  TUEWTl b E V t t i T ; l  RUN 
THIS kUN STARILD AUGLtbl 9,1977 
THE CONIIITIOHS OF 121s RUN UEHt: 

A .  5IL:NITI : 3J,OLiI  PPH IOTt lL  DISSOLVEII SOLItiS 
B. c n L c I u n  : 20  ppn 
C. S I L I C A  : 420 P P I  
D. CARBONATE: 840 YPH 
E. PH : 6.9 
F. ADDITIVE : CRLGON C L - I 6 5  

G. OTHER : 
I .  LEVEL : 12 w n  

NINI EXCHANGER NUHPEH 1 
OVCkALl HEAT TRANSFER C U E f i I C I E N l S  

T U b E l  I U Y E ~  T U B C ~  
B l U I H R .  SO.FT. DEG. F 

108.7  108.6 121.6 
107.6 110.1 123.0 
104.1 1 1 1 . 4  116.4 

94.0 99 .3  99.9 
94.4 101.6 101.2 
Yl.7 101.7 105.5 
86.0 Y5.5 101.5 
86.2 93.5 95.6 
65.6 79.4 8 2 . 9  

COOL H2O 
L W H R  
5599.4 
5640 .3  
5 5 4 S . Y  
5987.5 
5394.5 
5544 .9  
5505.? 
5611.1 
5612.3 

TUBE1 

177.5 
179.5 
188.8 
184.2 
186.8 
191.5 
200.1 
191.4 
210.3 

L u n m  

FLOURATES 
TUBtL 
LE/" 
175.6 
175.5 
191.6 
182.5 
187.1 
189.8 
189.8 
187.8 
206.9 

TUBE3 
LBIHR 
180.0 
186.6 
198.3 
186.7 
193.8 
196.1 
193.7 
189.0 
203.1 

TUBE4 
LB/HR 
177.4 
181.Y 
188.7 
181.9 
191.4 
198.4 
195.8 
186.5 
203. I 

llVEHAGE 

112.9 
114.3  
109.9 

98 .2  
98.8 
99.1 
95.5 
92.5 
77.0 

AVERAGE 

89 .2  
87 .9  
8 4 . 7  
88.3 
94.7 
9.5.9 
9 7 . 3  
75.6 
96.6 

TIUE 
HOURS 

.oo 
1 .oo 
1.77 
3.00 
3 .83  
5.25 
5.98 
6.57 

12 .26  

T I H E  
HOURS 

.oo 
1.93 
1 . x  
3.00 
5 .83  
5.25 
5 . 9 8  
6.57 

12.28 

TIME 
HOURS 

.oo 
1.00 
I .77 
3.00 
3.83 
5 .25  
5.98 
6.57 

12.28 

T I M  
HOURS 

.oo 
1.00 
I .77 
3.00 
3.83 
5.25 
5.98 
6.57 

12.28  

T U B E I  

11247 
116.5 
107.8 

99.7 
97.9 
9 7 . 7  
98.V 
94.7 
80.0 

IIIHI EXCHANGER NUMBEH 2 
OVERALL HEAl  TRANSFER COEFFICIENTS 

B T U I H R .  S O . F T .  D E G .  F 
TUPEZ TUBE3 ruBE4 AVERAGE 

88.6 123.0 103.8  98.7 
75.8 113.9 102.4 89.8 
84.6 129.2 lO7.5 99.5 
80.3 112.3 110.5 94.8 
85.8 111.6 112.8 96.2 
89.5 118.5 121.1 102.3 
88.2 114.9 118.5 100.8 
87.5 114.0 113.6 98.5 
77.0 97.3 94.9 8 4 . 5  

WIN1 EXCHANGER NUWBiR j 
OVERALL HEAT 1RA"JFER COEFFICIEUTS 

TUBE?  TUBE^  TUBE^ 
BTUIHR. S0.FI. DEG. F 

82.0 / I . /  79.0 
84.8 87.7 7O.Y 
83.0 66.4 88.5 
68 .6  86 .5  89. I 
Y7.2 irl .z 100.4 
91.9 86.8 105.8 
93.9 8 4 . 8  104.4  
89.5 82.8 105.5 
Y1.2 84.7  107. 5 

r u x t  
79.4 
6 7 . 2  
76.7 
76.1 
74.4 
80.2 
81.6 
79.2 
69.0 

TUREI 

103.9 
96.4 

100.8 
88.8 
99.9 

103.0 
106.1 
104.7 
102.Y 

THIS IS 1HE INPUT F A I A  FOR THE TUEHTY SEVCNTH RUf4 
TNIS R U N  S T A R T E D  A U G U S T  9,1977 , 

7 n ~  C O P J D I T ~ O ~ S  OF Tnis R U N  uEREi 
A. SAL IN ITY I 33,000 PPll l O l A L  DISSOLVED SOLID8 

C. S I L I C A  I 420 PPM 
D. CARIIOWATEI 840 P P I  
E. PH I 6 . 9  
F. ADDITIVE 8 CALGON CL-165 

6. OlHER : 

L c A L c i u n  I 20 PPI 

1. LEVEL 1 1 2  PPti 

C001H20 
I N L t l  

85.3 

86.8 
88.1 
94.0 
94.6 
94.7 
94.6 
88.1 

rEnP 

87.5 

C00 lH20  
OUlLLT  

99.8 
102.2 
100.8 
101.7 
108.8 
109.3 
109.7 
109.5 
101.9 

TEnP 

COOLHZO 
FlOURAlE 

170502. 
171241. 
171816. 
172737. 
173396. 
174410. 
174950. 
175375. 
I 7 9 6  13. 

8ALLrins 

9RINE 
INLET 

TEMP 
318.0 
320.0 
320.0 
319.0 
317.0 
317.0 
318.0 
318.0 
317.0 

9RJNE 
OUTLET 

TEHP 
105.0 
111.0 
113.0 
114.0 
116.0 
1 0 . 0  
118.0 
118.0 
11s.s 

BRIHE 
FLOU 
$AGE 
4.8 
5.0 
4.8 
5.2 
5.1 
5.0 
4.q 
5.1 
4.8 

rinE 
HOURS . 000 

1.000 
1,767 
3.000 
3.833 
5.250 
5.983 
b.567 

12.283 

RLSULTS F R O l  1HE I A I H  EXCHANGER FOR THE TUEHTY SEVENTH RUN 
1NlS RUN S T A R l E D  A U 6 U S l  9,1977 
7NE CONDll IONS O f  THIS RUN YERE: 

A. SAL IN ITY I 33,000 P P I  TOTAL DISSOLVED SOLIDS 
8. c A L c x u n  1 20 PPI 
c. s i L I c n  I 420 PPI 
D. CARBONATEi 840 PPM 
E. PH : 6.9 
F. ADDITIVE I CALGON CL-165 

6. OIHER I 
1. LEVEL I 12 PPH 

BRlUE 
FLUX 

BTUIHR 
91871.6 
93859.4 
89254.0 
95803.7 
92216.7 
90408.5 
881 33.8 
91731.1 
06099.0 

CD"2O 
FLUX 

BTUIHR 
88414.9 
98885.4 
86268.2 
88741 .f 
87229.0 
89185.6 
89891 .7 
90975.5 
84425.0 

OVERALL 
HTC 

BIUIHRSOFTDEGF 
135.4 
119.1 
101.4 
107.0 
126.9 
130.0 
120.5 
122.7 
96.3 

R U N  
TIHE 
H O U R S  

.oo 
1.00 

BRINE 
FLOU 

LBIHR 
447.9 
466.1 
447.4 
485.0 
476.1 
466.7 
457.2 
475.9 
443.4 

COOLHZO 
FLOU 

LBIHR 
6109.8 
6195.1 
6174.4 
1538.2 
5905.7 
6079.2 
A004.8 
6118.0 
6130.0 

1.77 

5.25 
5.98 
6.57 

12.2e 

110 



... . .. . . .... . - _ _  . .- . 

. ,  . . .  , .  . . . . .  . .  . >  

THIS I S  THE I N P U l  O A T A  } O K  W E  T U E N I l  t I G H T H  RUN 
THIS RUN S T A R T E D  AUGUST 24, 1977 
THE CONDITIONS O f  [HIS RUN UERE: 

A.  SALINIIY : si,oon PPI~ TOI~L DISSOLVED SOLIDS 
B. CALCIUH : --- 
C. S I L I C A  ': 8 DFH 
D. CIIRBONAIE: --- 
f. ADDITIVE : NONE 

1 .  LEVEL : NONE 
0. UlHER : 

E. PH : a.4 

I Ink 
HOURS 

.oo 
1.011 
2.07 
2.73 

18.07 
18.93 
19.90 
27.87 

I N  
322.0 
328.0 
324.0 
321 .O  
313.0 
314.0 
314.0 '  
318.0 

in 
l h l . 0  
171.0 
168.P 
170.0 
161.0 
1to.o 
1l2.0 
116.0  

TUBE 1 
GAGE 

7.6 
7.6 
7.9 
7.7 
8.2 
8.0 
8.3 
8.0 

FLOUS 
TUBE 2 T U E i  3 

GAGE GAGE 
7.5 7.5 
7.6 7.6 
7.8 8.1 
7.5 7.8 
8.1 8.2 
8.0 8.0 
7.8 8.2 
8.2 8.2 

EXCHANGER NUHBER 1 
OUT I N  OUT 

213.0 320.0 224.0 
219.0 325.0 231.0 
220.0 322.0 230.0 
216.0 319.0 226.0 
212.0 506.0 220.0 
216.0 306.0 219.0 
214.0 3 0 5 . 0  217.0 
225.0 299.0 224.0  

EXCHkN6th HJnPili 3 
OUI I N  o u r  

134.0  1 4 6 . 0  I 4 U . G  
141.0 173.0 143.0 
140.0 170.0 144.9 
140.0 172.0 142.0 
139.0 1 6 7 . 0  110.0 
140.0 170.0 136.0 
I 4 I . O  112.0 139.0 
149.0 177.0 148.0 

1UBE 4 COOL H23 
GAGE GALLONS 

7.6 171039. 
7.8 171759. 
8.2 I724 IO. 
7.7 172848. 
8.2 182992. 
8.0 18J554. 

8. I 189057. 
8.1 184180. 

T E H f S  I N  Dit. F 
I N  OUT 

311.0 226.0 
325.0 231.0 
322.0 230.0 
319.0 229.0 
306.0 220.0 
306.0 220.0 
306.0 220.0 
301.0 224.0 

I L N I b  it, 
I N  

163.0 
169.0  
1 6 0 . 0  
lb7.0 
104.0 
1 6 6 . 0  
169.0 
175.3 

LL9. i 
ou I 

1 3 9 . 0  
1 4 4 . 0  
143.0 
1 4 2 . 0  
1'33.0 
133.3  
136.0 
150.0 

I N  
321.0 
U S . 0  
322.0 
320.0  
307.0 
307:O 
307.0 
303.0 

RESULTS f R O H  THE TUENTT EIGHTH HUN 
THIS RUN STARTED AUGUST 24 ,  1977 
THE CONDIIIONS OF THIS RilN GERL: 

A. SALINITY : 31,000 PPH TOTLL DISSOLVED SOLIDS 
I). CALCIUM : --- 
c. S I L I C A  : 8 PPI4 

f. l 0 O I T I V E  t NONE 

D. CARPOtiI lE: --- 
E. PH : 8.4 

I .  LEVEL I NONE 
0. O T H E R  : 

I n  
159.0 
106.0  
166.0 
166.0 

I61 . J  
l6?.0 
171.0 

1:a.o 

COOL H20 
LB/HH 
5484.4 
5454.0 
5421.1 
5452.7 
5358.1 
5344.0 
5051. I 
5330.: 

TUBE1 
LBlHR 
176.9 
176.4 
183.7 
179.4 
IY1.7 
187.0 
194.0 
186.6 

f LOURATES 
TUBE2 
LPlHR 

176.7 
181.6 
174.9 
190.U 
187.7 
163.1 
193.0 

174.8 

TUBE3 
LB/HP 
174.7 
176.7 
188.6 
181.9 
192.4 
187.7 
192.4 
192.8 

TUBE4 
LBlHH 
177.0 
181.2 
190.9 
179.4 
192.3 
187.6 
189.9 
190.3 

106.8 
94.7 

103.7 
95.5 
91.4 
90.5 
89.6 
96.9 

MINI EXcuauGm nunntlt 2 
OVERALL HEAT T R A N S F E R  COEFFICILNIS 

TUBE 1 TUI IE2 TURE3 T U B E 4  AVERAGE 
BTUI'HR. S0.FT. DEG. F 

08.5 11v.2 1 0 1 . 1  109.0 
07.1 118.1 106.2 106.7 
11.9 121.7 106.9 1 1 1 . 1  
03.3 125.9 103.4 107.0 
03.2 11?.5 110.0 104.3 
95.6 107.5 106.8 100.1 
89.5 107.2 97.9 9 6 . 0  
95.9 101.2 97.3 Y7.8 

our 
206.0 
216.0 
2 1 6 . 0  
2 1 4 . 0  
208.0 
21 1 .o 
212.0 
216.0 

OUT 
131.0 
138.0 
139.0 
1 3 . 0  
I . i d . 0  
134.0 
I j U . 0  
149.0 

I I H E  
HOURS 

.oo 
I .CU 
2.07 
2.73 

18.07 
18.93 
19.90 '  
27.87 

T I n E  
HOURS 

.00 
;.Ob 
2.07 
2.73 

18.0; 
18.73 
19.90 
27.87 

COOLING YATER TEilPERATUkES II( UEU. F 
EXCH 1 EXCH 2 EXCH 

I N  OUT I N  OUT I N  
9U.2 110.8 91.7 98.2 88.3 

101.1 114.2 94.2 101.1 90.4 
101.7 114.7 95.0 101.7 71.5 
102.3 115.0 95.6 102.3 91.8 

94.1 107.5 88.1 Y4.7 84.6 
97.2 10Y.6 V0.4 9:.2 110.7 

101.9 114.3 95.4  101.Y 91.9 

94.0 106.6 87.4 94.0 83 .8  

I N  
213.0 
219.0 
220.0 
216.0  
212.J 
216.0 
214.0 
225.0 

EXCHPYER NUMBER 2 TEnrs IN DEG. F 
OUT I N  OUI I N  OUT 

161.0 224.0 166.0 226.0 163.0 
171.0 231.0 173.0 231.0 169.0 
168.0 250.0 170.0 230.0 l6E.O 
170.0 226.6 172.0 229.0 167.0 
161.0  220.0 167.0 22U.O 164.0 
170.0 219.0 170.0 220.0 166.0 
172.0 217.0 172.0 220.0 169.0 
176.0 224.0 177.0 224.0 175.0 

I N  
206.0 
216.0 
216.0 
214.0 
208.0 
211 .o 
212.0 
i16.0 

3 
oil T 

9 l . J  
94.2 
95 .O 
05.6 
67.4 
88.1 
70.4 
95.4  

OUT 
159.0 
166.5 
164.0 
166.0 
158.0 
161 .O 
167.0 
171.0 

TUBE1 

140.8 
130.8 
129.4 
132.5 
131.2 
1 3 . 5  
129.0 
122.0 

TUBEl 

84.0 
92.8 
91.2 

83.0  
a1 .2 
83.1 
76.4 

9e.o 

d I N 1  EXCHANGER N f l H E R  I 
DUEWALL HEAl  THkNSi tR CUEFFICIENTS 

T U W  TUBES T U R E ~  
BTU/HR. S O . F T .  DEG. F 

109.5 101.2 142.6 
137.9 108.6 108.6 

109.3 113.5 140.0 
110.4 109.9 135.3 
I09.I 110.5 133. i 
112.7 111.0 128.1 
108.3 109.6 123.2 
107.3 109.4 125.4 

# I N 1  EXCHANKR NUtiIER 3 
OVERALL HEA; ThAhSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 
BIUIHR. S P . f I .  B E G .  i 

80.0 76. I 100.9 
90.0 76.3 95.0 
79.4 8 1 . 1  93.6 
92.4 82.9 9d. I 
78.6 99.5 83.6 
88.5 98.3 8?.4 
88.7 77.8 84.3 
85.0 72.9 80.4 

AVERAGE 

122.5 
121.5 
123.1 
122.0 
12 j  - 0  
119.3 
117.5 
116.0 

4 V i R A t E  

85 .3  
88.5 
86.3 
92.3 
86.2 

88.5 
78.7 

87.6 

T I t i E  
HOURS 

.oo 
1.08 
2.07 
2.73 

18.07 
18.93 
19.90 
27.37 

i i n i  
notins . 00 

1.08 
2.07 
2.73 

18.07 
18.93 
19.90 
3 7 . a 7  

111 



. . . .  . 

1)11s 1 9  THE INPUT DATA FOR TIN lUENTY EIGHTH RUN 
l y l s  ~ l l H  S T A R T E D  AUGUSl 24, 1977 

CONDITIONS Of THIS RUN UEkE1 
A. SALINIIY I 31,000 P p n  T O T A L  DISSOLVED SOLIDS 
t. CALCIUM I --- 
c. S l L l C A  I 8 PPM 
p. CARBONATEI --- 
t. P H  I 8.4 
f. A D B I l I V E  t NONE 

0. OTHER I 
1. LEVEL I NONE 

T I M E  
HOURS 

,000 
1.083 
2.067 
2.733 

18.067 
18.933 
19.900 
27.867 

BRINE 
INLET 
TEMP 

328.0 
322.0 
328.0 
325.0 
313.0 
313.0 
313.0 
306.0 

I R I N E  
OUTLET 

TEMP 
104.0 
112.0 
113.0 
113.0 
110.0 
110.0 
111.0 
120.0 

RESULTS fROM THE MAIN EXCHANGER FOR THE Tl lENTl EIGHTH RUN 
T H I S  RUN STARTED AUGUST 24, 1977 
THE CONDITIONS OF T H I S  RUN UERE: 

A. SALINITY I 11,000 PPM TOTAL DISSOLVED SOLIDS 
E. CALCIUM I --- 
c. s i L i c n  . I 8 p p i  
D. CARBONATEI --- 
E. PH I 8.4 
f. ADDITIVE I NONE 

1. LEVEL I HONE 
8. OTHER I 

BRINE 
f L 0 U  

LBlHR 
301.4 
502.9 
455.0 
492.8 
467.6 
477.0 
477.0 
469.2 

C O M W O  
FLOU 

LBlHR 
5976.3 
5963.1 
5910.0 
5937;7 
5812.4 
5777.0 
5459.0 
5791.1 

BRINE 
FLUX 

BTU/HR 
108231.6 
101 774.5 

94317.6 
100720.4 

91426.1 
93254.6 
92801.1 
84067.2 

BRINE 
PLOY 
6AGE 
5.4 
5.4 
4.9 
5.3 
5.0 
5.1 
5.1 
5.0 

COMHZO 
INLET 

TEMP 
89.2 
91.4 
92.5 
92.8 
84.6 
85.4 
87.5 
92.9 

COOLH20 
OUILET 

TEMP 
107.1 
108.8 
109.5 
109.5 
101.3 
102.1 
104.1 
109.1 

COOLH2O OVERALL, 
FLUX WTC 

BTU/NR BlU/HRSOf TDEGF 
106762.61111111111WlWNNlNR~ 
103551.1 178.1 
100268.3 162.1 

98960.9 118.1 
96572.3 124.2 
96283.6 129.1 
90437.9 130.9 
93628.8 114.6 

RUN 
T I M E  
HOURS . 00 

1.08 
2.07 
2.73 

18.07 
18.93 
19.90 
27.87 

Q 

COOLH2O 
f L O U R I T E  
GALLONS 

187249.  
188033.  
188744.  
189221.  
200255. 
200864. 
201340. 
206805.  

THIS I S  THE IHPUT DATA FOR THE FIRST SEPTEMBER RUM 
?HIS RUN STARTED SEPTEMBER 6, 1977 
THE CONDITIONS O f  THlS RUN UERE: 

A. SALINITY I 31,000 p p n  TOTAL DISSOLVED SOLIDS 
E. CALCIUM I 15 PPI( 
c. S I L I C A  I 0 PPM 
D. CARBONATEr 0 PPn 
E. PH I 6.8 
f. ADDITIVE I NONE 

1. LEVEL I HOME 
8. OTHER I THIS VAS A RUN FOR LASL, THE BRINE fLOU UAS LOU AND THE COOLIHG UATER fLOU UAS LOU 

f LOUS COOLINO YATER TEnPERATURES IN DEG. F 
TIME TUBE 1 TUBE 2 TUBE 3 TUBE 4 COOL N20 EXCH 1 EXCH 2 EXCH 3 
HOURS GAGE GAGE BRGE OAGE GALLONS I N  OUT I N  OUT I N  OUT 

.oo 4.0 4.0 4.0 4. I 190775. 103.2 116.1 96.6 103.2 93.0 96.6 

.48 4.1 4.1 4.3 4.0 191101. 103.7 116.6 97.2 103.7 93.7 97.2 

.92 4.0 4.1 4.2 4.0 191375. 103.4 116.4 96.8 103.4 93.1 91.5 

O . i 3  
EXCHANSER NUMBER 1 TEMPS I N  DE6. f EXCHANGER NUHBER 2 TEnPs I H  DEG. F 

IH OUT I N  OUT I N  OUT I H  OUT IN OUT I N  OUT I N  OUT I N  
310.0 210.0 316.0 215.0 316.0 202.0 316.0 216.0 210.0 168.0 215.0 170.0 202.0 163.4 216.0 170 
310.0 212.0 316.0 226.0 316.0 203.0 316.0 216.0 212.0 168.0 226.0 169.0 203.0 165.4 216.0 172.0 
310.4 214.0 316.0 226.0 316.0 205.0 316.0 217.0 2 1 4 . 0  170.0 226.0 172.0 205.0 165.9 217.0 173.0 
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EXCHANBER NUMBER 3 TENPS I N  DEG. f 
I N  OUT I N  OUT I N  OUT I N  OUT 

168.0 137.0 170.0 142.0 163.4 138.5 170.0 139.0 
168.0 139.0 169.0 142.0 165.4 139.2 172.0 140.0  
170.0 140.0 172.0 142.0 165.9 . 140.0 173.0 141.0  

I '  

RESULTS FRON THE F I R S T  SEPTENBER RUN 
T H I S  RUN STARTED SEPTENBER 6 ,  1977 
THE CONDITIONS OF THIS RUM UERE: 

A. SALINITY I ~ 1 , 0 0 0  p p n  TOTAL DISSOLVED SOLIDS 
1. CALCIUN I 25 PP)I 
E. S I L I C A  : 0 P P I  
D. CARBONATEt 0 PPN 
E. PH : 6.8 
f. ADDITIVE I NONE 

1. LEVEL I NONE 
8. UlHfR I T H I S  UAS A RUN FOR LASL, THE BRINE FLOU UAS LOU AND THE COOLING UATER f L O U  YAS LOU 

M I N I  EXCHANGER NUllBER 1 
fLOURATES OVERALL HEAT TRANSFER COEFfICIENTS 

LB/HR L B / H R  LB/HR L B / H R  LBlHR HOURS 1TU/HR. SO.FT.  DEG. F HOURS 
5562.1 175.4 193.8 185.0 178.7 .OO 134.1 136.4 150.6 129.7 137.7 .oo 
5202.1 180.3 198.7 197.b 173.9 .48 129.4 120.8 150.7 124.1 131.3 .48 
5391.6 175.3 198.7 195.1 173.9 .92 127.9 123.2 149.3 125.5 131.5 .92 

COOL H2O TUBE1 TUBE2 TUBE3 TUBE4 TINE TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE TINE 

M I N I  EXCHANGER NUMBER 2 M I N I  EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE T I N E  TUBE1 TUBE2 TURE3 TUBE4 AVERAGE T I N E  
BTU/HR. SO.FI. DED. F HOURS DTUIHR. SP.FT. DEG. F HOURS 

102.5 106.8 108.8 103.3 105.4 .oo 100.1 93.5 94.0 97.5 96 .3  . 00 
101.1 113.5 104.5  9S.O 103.5 .48  92.8 90.5 93.9 92.2 92.3 .48 

99.8 110.1 106.7 96.2 103.2 .92 94.0 97.0 95.0 P3.8 94.9 .92 

THIS IS IHE INPUT B I T A  FOR THE FIRST S E P T U I B E R  RUN 
?HIS RUN S T A R T E D  SEPIFHeER 6, 1 9 7 7  
THE COHDll lONS Of T H I S  9 U N  UERE: 

A. S A l l ~ I l ~  I 31,000 PPN TOTAL DISSOLVCD SOLIDS 
I .  c A L c i u n  I 2s PPN 
C. S I L I C A  I 0 P P I  
D. CARlONAlEi  0 PPI( 
E. PH I 6.8 
f .  ADDITIVE I NONE 

1. LEVEL I NONE 
6. OTNER ITHIS UAS A RUN FOR LASL, THE BRlME FLOU VAS LOU AND THE COOLING UATER FLOU UAS NEDIUM 

fLOUS COOLING U A l E R  TEMPERATURES I N  DEQ. F 
TINE TUBE 1 TUBE 2 TUBE 3 TUBE 4 COOL H2O EXCH 1 EXCN 2 EXCH 3 
HOURS 6AGE 6AGE GAGE 6AGE GALLOMS I N  OUT I N  OU? I N  OUT 

.87 4.1 3.9 4.1 4.1 192854. 9V.b 138.1 95.5 P9.b 73.4 95.5 

.oo 4.1 4.1 4.0 4.0 191924. 99.1 107.b 95.1 99.1 93.1 95.1 

.48 4.2 4.0 4 . 1  4 . 1  192442. 99.7 108.2 95.6 99 .7  93.5 95.6 

EXCHANGER NUHBER 1 T E W S  I N  DEB. F EXCHANGER NUMBER 2 TEMPS IN DEG. f 
I N  OUT I N  OUT IN OUT I N  OUT IN OUT I N  OUT I N  OUT IM OUT 

310.5 204.0 316.0 219.0 316.0 199.5 316.0 206.0 204.0 164.0 219.0 164.0 199.5 159.4 206.0 162.0  
310.3 205.0 316.0 214.0 316.0 200.0 317.0 207.0 205.0 165.0 214.0  164.0 200.0 159.7 207.0 1 6 4 . 0  
309.0 204.0 315.0 214.0  315.0 199.2 316.0 205.0 204.0 164.0 214.0 162.0 199.2 159.5 205.0 162.0 

EXCHANBER NUMBER 3 TEMPS I N  DEG. f 
IN OUT I N  OUT I N  OUT I N  OUT 

164.0 132.0 164.0 137.0 159.4 135.2 162.0 134.0 
165.0 136.0 164.0 136.0 159.7 135.5 164.0 135.0 
164.0 134.0 162.0 137.0 159.5 134.9 162.0 134.0 
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RESULlS FRON THE F I R S T  SEPTENBER RUN 
T H I S  RUN S T A R T E D  SEPTEMBER 6, 1977 
THE CONDITIONS Of T H I S  R U N  UERE: 

A. SALINITY I 31,000 PPN TOTAL DISSOLVED SOLIDS 
B. CALCIUN I 25 PPN 
c. S I L I C A  I 0 PPH 
D. CARBONATEI 0 PPM 
E. PH I 6.8  
F .  ADDITIVE I HONE 

1. LEVEL : NONE 
6. OTHER :THIS UAS A RUN FOR LASL, THE BRINE FLOU UAS LOU AND THE COOLING YATER FLOU UAS I(EDIUN 

N I N I  EXCEANGER NUMBER 1 
FLOURATES OVERALL HEAT TRANSFER COEFFICIENTS 

LBIHR L B l H R  L B / H R  LB/HR LB/HR HOURS BTU/HR. SO.FT.  DEG. F HOURS 
COOL H20 TUBE1 TUBE2 TUBE3 TUBE4 TIME TUBE1 TUBE2 TUREI TUBE4 AVERAGE TIUE 

8852.9 180.3 198.7 185.0 173.9 .OO 140.2 130.1 149.7 136.7 139.2 .oo 
8855 .6  185.3 193.8 190.0 178.6 .48 1 4 1 . 4  135.0 151.8 138.2 141.6 * 48 
8853.7 180.4 189.0 190.1 178.7 .E7 140.3 132.9 152.6 140.4 141.5 .87  

M I N I  EXCHANGER NUMBER 2 M I N I  EXCHANGER NUHBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS OVERALL HEAT TRANSFER COEFFICIEHTS 

TUBE1 lUBE2 TUBE3 TUBE4 AVERAGE TIME TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE TIHE 
BTU/HR. S Q . f T .  DEG. F HOURS BTU/HR. S P . f T .  DEG. f HOURS 

101.7 116.3 108.9 104.9 108.0 .OO 104.8 95.1 91.6 94.9 96.6 .oo 
103.8 113.8 112.3 105.2 108.8 .48 98.6 99.9 95.5 98.6 98.1 .48 
103.7 116.1 112.0 107.6 109.9 .e7 101.8 93.3 96.9 99.3 97 .8  .87 

THIS IS THE INPUT D A T A  F O R  THE FIRST SEPTEnBER RUN 
T H I S  RUN S T A R T E D  SEPTENBER 6 ,  1977 
THE CONDITIOUS O f  THIS RUN UEREr  

A. SALINITY : 31,000 PPN T O T A L  DISSOLVED SOLIDS 
8 .  CALCIUN I 25 PPN 
C. S I L I C A  I 0 PPI 
D. CARBUHATEI 0 PPM 
E. PH : 6.8  
f .  ADDITlUE : NONE 

1. LEVEL : NOHE 
8. OTHER : T H I S  UAS A RUN FOR LASL, THE BRINE FLOU UAS LOU AND THC COOLING UATER FLOU VAS HIGH 

COOLING UATER TEMPERATURES IH DEG. F CLOYS 
TIME 7UBE I TUBE 2 TUBE 3 TUBE 4 COOL H20 EXCH 1 EXCH 2 EXCH 3 
HOURS BAG€ SAGE GAGE GAGE GALLONS I N  OUT I N  OUT I N  OUT 

4.1 3.8 4.0 4.1 193632. 95.7 100.1 93.7 95.7 92.8 93.7 

4.1 4.0 4.0 4 .0  196323. 91.7 96.1 . 89.7 91.7 E8. 8 89.7 

.oo 

.38 

.73 4.1 4.0 3.9 4.1 195270. 94.0 96.3 92 .0  94.0 91.4 
1.20 

4.0 4.0 4.0 4.1 194490. 95.2 99.6 93.1 95 .2  92.2 93.1 
91 .0  

EXCHANGER NUMBER 1 TEMPS I N  D E G .  F 
I N  OUT I N  OUT I N  OUT I N  OUl 

308.4 . 195.0 315.0 202 .0  315.0 190.5 316.0 195.0 
308.4 197.0 315.0 207.0 315.0 185.6 315.0 194.0 
309.2 193.0 315.0 207.0 315.0 287.0 315.0 193.0 
310.0 192.0 315.0 205.0 315 .0 ’  168.5 315.0 191.0 

EXCHANGER NUMBER 2 TEMPS I N  DEG. F 
I Y  OUT I N  OUT I N  OUT I N  OUT 

195.0 156.0 202.0 153 .0  190.5 151.4 195.0 154 .0  
197.0 154.0 207.0 154.0 185.b 148.0 194.0 151.0 
193.0 155.0 207.0 154.0 287.0 149.1 193.0 1 5 1 . 0  
192.0 156.0 205.0 155.0 188.5 148.3 191.0 153.0 

EXCHANGER NUNBER 1 TEMPS IH DE6. F 
IN OUT I N  OUT I N  OUT I N  OUT 

1Jb.O 130.0 153.0 130.0 151.4 128.6 154.0 130.0 
154.0 129.0 154.0 129 .0  148.0 126.3 191.0 128.0 
155.0 128.0 154.0 129.0 149.1 126.8 151.0 127.0 
156.0 128.0 155.0 126.0 148.3 125.4 153.0 126.0 A 
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RESULTS FRON THE FIRST SEPTERBER RUN 
THIS RUN S T A R T E D  SEPTEREER 6, 1977 
THE CONDITIONS O f  THIS RUN UERE: 

A. SALINITY 1 31,000 PPM TOlAL DISSOLVED SOLIDS 
8. CALCIUM 1 2s ppn 
c. SILICA : o ppn 
D. CARBONATE: 0 PPR 
E. PN I b.8 

, F. ADDITIVE I NOHE 
1. LEVEL I NONE 

6. OTHER I T H I S  UAS A RUN FOR LASL, THE BRINE FLOU UAS LOU AND THE COOLING UATER FLOY UAS H I 8 H  

HINl EXCHANGER HURBER 1 
FLOURATES OVERALL HEAT TRANSFER COEFFICIENTS 

COOL H20 TUBE1 TUBE2 TUBE3 TUBE4 TIRE TUBEl TUBE2 TUBE3 TUBE4 AVERASE 

18520.2 180.5 184.2 185.1 178.7 .DO 151.0 145.2 161.0 152.3 152.4 
18425.8 175.5 193.9 185.1 178.8 .38 145.5 141.9 167.2 152.4 151.7 
18647.7 180.4 193.9 180.0 178.8 .73 150.7 139.9 66.8 151.6 127.3 
185S3.9 180.3 193.9 185.1 174.0 1.20 151.2 141.5 159.3 151.0 150.8 

LE/HR LBlHR LBIHR L B / H R  LB/HR HOURS BTU/HR. SB.FT. DEG. F 

NINI EXCHANGER NUHBER 2 NINI EXCHANGER NUHBER 3 
OVERALL HEAT TRAHSFER COEfFICIENTS OVERALL HEAT TRANSFER COEFFICIENTS 

lUBE1 TUBE2 TUBE3 T U B E 4  AVERAGE TIRE TUBEl TUBE2 TUBE3 TUBE4 AVERAGE 
BTUIHR. SO.FT DEG. F HOURS B T U I H R .  S@.FT. D E I .  F 

111.0 122.6 119.3 
116.9 128.5 12b.4 
109.8 124.4 165.1 
403.7 117.5 116.7 

l H I S  IS THE INPUT D A T A  FOR THE 
T H I S  RUN S T A R T E D  SEPTERBER 6, 1 
THE CONDIlIONS O f  THIS RUN UERE 

A. S A L I H I T Y  t 31,000 PPR TO1 
B. CALCIUM I 25 PPM 

D. CARBONATE: 0 PPI( 
E. PH : 6.8 
F. ADDITIVE : NOHE 

c. SILICA t o ppn 

114.6 116.9 .oo 97.8 95.4 98.3 95.1 96.7 
122.6 123.6 .38 95.9 101.0 100.6 96.7 98.6 
117.7 129.3 * 7 3  84.4 83.8 80.4 82.0 82.7 
107.4 111.8 1.20 96.1 98.8 96.8 97.1 97.2 

- - 
I R S T  SEPTERBER RUN 
77 

L DISSOLVED SOLIDS 

TIRE 
HOURS . 00 

.38 
.73 

1.20 

T I R E  
HOURS 

.oo 

.38 

.73 
1.20 

1. LEVEL I NONE 
6. OTHER t T H I S  UAS A RUN FOR LASL, THE BRINE fLOU UAS HIGH AND THE COOLIN6 UATER FLOU UAS LOU 

FLOUS COOLING UATER TEfiPERATURES IN DEG. F 
TIME TUBE 1 TUBE 2 TUBE 3 TUBE 4 COOL H20 EXCH 1 EXCH 2 EXCH 3 
HOURS SAGE GAGE G A G E  WIDE GALLONS I N  OUT IN OUT IN OUT 

.oo 6.3 6.4 6.2 6.4 207218. 100.7 117.2 PO.1 100.7 83.3 90.1 

.48 6.2 6.3 6.3 6.4 207566. 100.9 117.5 90.3 100.9 83. 5 90.3 

.PO 6 . 3  6.4 6.4 6.3 207845. 101.3 117.7 90.7 101 .a a3.9 90.7 

EXCHANGER NUMBER 1 TEMPS I H  DEG. F EXCHANGER NUMBER 2 TEMPS I H  DEG. f 
IN OUT IN OUT IN OUT IN OUT I N  OUT I N  OUT I N  OUT IN OUT 

315.2 241.0 319.0 241.0 319.0 235.0 319.0 240.0 241.0 191.0 241.0 191.0 235.0 185.6 240.0 192.0 
316.0 243.0 319.0 243.0 319.0 235.0 319.0 242.0 243.0 192.0 243.0 192.0 235.0 186.2 242.0 193.0 
316.5 242.0 319.0 242.0 319.0 235.0 319.0 242.0 242.0 193.0 242.0 193.0 235.0 185.4 242.0 193.0 

EXCHANGER WUNBER 3 1ENPS IN DE6. F 
I N  OUT I N  OUT I N  OUT IN OUT 

191.0 157.0 191.0 154.0 185.6 153.5 192.0 151.0 
192.0 157.0 192.0 154.0 186.2 153.9 193.0 lS3.0 
193.0 157.0 193.0 154.5 ias .4  153.3 193.0 , 153.0 
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RESULTS FROM THE FIRST SEPTEMBER RUN 
l W I S  RUN S T A R T E D  SEPTEflBER 6, 1977 
THE CONDITIONS OF THIS RUN UERE: 

A .  SALINIll t 31,000 PPM TOTAL DISSOLVED SOLIDS 
B.  C A L C I U I  t 25 P P I  
C. P I L I C A  t 0 P P I  
D. CARBONATE: 0 P P I  
E. PO : 6.8 
C. ADDITIVE : NONE 

1. LEVEL : NONE 
6. OTHER : T H I S  UAS A RUM FOR LASL, THE BRINE FLOU UAS HIGH AND THE COOLING UATER FLOU UAS LOU 

Q 

M I N I  EXCHANGER NUMBER 1 
FLOYRATE S OVERALL HEAT TRANSFER COEFFICIEHTS 

COOL H20 TUBE1 TUBE2 TUFES TUBE4 TIME TUBEl TUBE2 TUBE3 TUBE4 AVERAGE TIME 
L W H R  L P l H R  LB/HR LB/KR LBlHR HOURS BTU/HR. SO.FT. DEG. F HOURS 
'5936.1 288.6 310.1 296.0 280.4 .OO 150.7 158.2 164.0 154.2 156.8 . 00 
5512.0 281.5 305.2 301.0 288.4 .48 141.9 148.9 160.2 146.2 149.3 .48 
5739.2 288.4 110.1 306.1 283.6 .90 147.2 154.0 164.1 147.5 153.2 .90 

MINI'LXCHANGER NUMBER 2 M I N I  EXCHANGER NUMBER 3 
OVfRALL HflT TRRNSFER COEFFICIENTS OVERALL HER1 TRANSFCR COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE TIME TUBEl  TUBE2 TURE3 TUBE4 AVERAGE T I H E  
BTUIHR. SO.FT. DEG. F HOURS 8TUIHR. S0.FT. DEG. F HOURS 

137.b 142.5 145.6 134.8 140.1 .OO 124.7 137.8 129.4 142.4 133.6 . 00 
131.2 136.2 140.3 129.6 134.3 .48 120.5 133.6 125.6 133.5 128.3 .48 
132.8 137.5 146.7 131.7 137,2 .PO 125.8 137.7 130.6 135.5 132.4 .90 

T H I S  I S  THE INPUT D A T A  FOR THE F I R S T  SEPTEMBER RUN 
TWIS RUM STARTED SEPTEflBER 6, 1977 
THE CONDITIONS OF THIS RUN UERE: 

A. SALINITY t 31,000 PPM TOTAL DISSOLVED SOLIDS 
I.  CALCIUM : 2 5  P P I  
e. S I L I C A  I 0 P P I  
D. C A R b O I A T E :  0 PPI( 
E. PH t 6.8 
F. ADDITIVE I NONE 

I .  LEVEL : NONE 
6, OTHER I T H I S  YAS A RUN FOR LASL, THE BRINE FLOU UAS HIGH AND THE COOLING UATER FLOU UAS HEDIUM 

CLOYS 
TIME T U B t  1 TUBE 2 TUBE 3 TUBE 4 COOL H20 
HOURS 6A6E GAGE 6AGE GAGE 

COOLINO UATER TEMPERATURES I N  DEG. F 
EXCH I EXCH 2 EXCH 3 

GALLONS IN OUT I n  OUT IN OUT 
6.3 6.3 208546. V4.6 1os.s 88.2 P4.b 84.4 88.2 

6.3 209015. 9S.O 105.9 88.4 9S.O 84.6 88.4 
6.1 6.1 
6.3 6.4 6.3 

1 .os 6.2 6.4 

.oo 

.40 
6.4 b . 3  209777. 95.6 106.1 89.1 95.6 05.4 89.1 

EXCWAYCER N l i lBEk  1 I tnu5  I N  P E G .  F fXCHANGLK #UIIKk 2 Tfnf'S I N  IrEG. F 
I N  OUT IN OUT I N  OUT I N  OUT I N  OUT I N  OUT IM OUT I H  OUT / 

315.0 211.0 317.0 231.0 314.0 22S.O 316.0 211.0 231.0 182.0 131.0 182.0 725.0 175.1 231.0 183.0 1 
315.4 231.0 316.0 231.0 316.0 224.6 316.0 231.0 131.0 182.0 1 3 1 . 0  182.0 224.6 175.6 231.0 183.0 ' 
314.3 231.0 316.0 211.0 316.0 224.1 316.0 231.0 211.0 183.0 231.0 181.0 224.1 175.4 231.0 183.0 ' 

EXCHAMBER NUMBER 3 TEMPS IM DE6. F 
IU OUT rti OUT i n  our I N  auT 
182.0 130.0 182.0 147.0 i7s.i i 4 4 . s  183.0 145 .0  
182.0 is0.0 182.0 148.0 175.6 1 4 4 . 8  183.0 147.0 
183.0 150.0 181.0 148.0 175.4 145.0 183.0 147.0 

- - 
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RESULTS FROM THE FIRST SEPTEHBER RUH 
THIS RUN S T A R I E D  SEPTEMBER 6 ,  I 9 7 7  
THE COHDITIONS Of THIS RUH UEREI 

A. SALINITY : 3 1 , o o o  PPM TOTAL DISSOLVED SOLIDS 
1. CALCIUH I 25 PPM 
c. S I L I C A  I 0 PPH 
D. CARBOHATEi 0 PPM 
E. rn I 6.8 
F. ADDITIVE : NONE 

1. LEVEL 1 NONE 
6. OTHER I THIS UAS A RUN FOR LASL, THE BRINE FLOU UAS H I 6 H  AH0 THE COOLING UATER FLOU VAS MEDIUM 

M I N I  EXCHANGER NUMBER 1 
fLOURbTES OVERALL HEAT TRANSFER COEFFICIENTS 

L V H R  LB/HR LB/HR LB/HR LB/HR HOURS BTUIHR. SP.FT. DE6. F HOURS 
9b82.8 288.1 305.5 301.4 284.0 -00 162.6 168.3 176.1 161.9 167.2 .oo 
9680.4 288.5 310.6 301.4 284.0 .40 163.2 169.5 177.2 162.3 168.0 .40 
9b80.3 283.8 310.6 306.5 284.0 1.05 160.2 168.4 178.3 161.2 167.1 1 .os 

COOL H20 TUBE1 lUBE2 TUBE3 TUBE4 TINE TUBE1 TUBE2 TUBE3 TUBE4 AVERME TIME 

M I N I  EXCHANGER NUHBER 2 M I N I  EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS OVERALL NEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBES TUBE4 AVERAGE TIME TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE TIME 
?TU/NR. SO.FT. DEG. F HOURS BlU/HR.  SP.FT. D E G . 7  HOURS 

141.4 143.3 154.7 138.3 144.9 -00 126.3 139.2 137.0 141.3 136.0 .oo 
144.1 149.2 156.1 141.0 147.6 .40 126.6 137.6 137.1 135.6 134.2 . 4 0  
140.6 146.6 157.1 140.6 146.2 1.05 126.3 138.6 136.9 135.2 134.2 1.05 

T H I S  I S  THE IWPUl  D A T A  FOR THE FIRST SLPTEHBCR RUN 
THIS RUN S T A R T E D  SEPTENRER 6, 1977 
THE CONDITIONS OF THIS R U M  UERE: 

n. SALINITY I 31,000 PPM T O T A L  DISSOLVED SOLIDS 
?. CALCIUM I 25 P P I  
e. S I L I C A  : 0 PPH 
D. CARBOHATE: 0 PPM 
E. PH t 6.8 
f. ADDITIVE I NONE 

1. LEVEL I NONE 
8 .  OTNER : T H I S  UAS A RUN FOR LASL, THE BRIHE FLOU UAS HIGH AH# THE COOLING UATER FLOU UAS HI6H 

PLOYS COOLIN8 UATER TEMPERATURES I H  DES. F 
T INE TUBE 1 TUBE 2 l U B E  3 TUBE 4 COOL H20 EXCH 1 EXCH 2 EXCH 3 
HOURS 6A6E 6A6E 6A6E 6AtE GALLONS I N  OUT IN OUT I N  OUT 

.Ob 6.3 6.3 6 . 3  b.2 212827. 92.5 98.7 89.0 92.5 67.1 89.0 

.f5 6.3  4.3 6.3 6.3 214044. 94.1 100.3 90.6 94.1 88.7 90.6 

.92 6.3 b.3 6.4 6.3 214853. 95.1 101.2 91.6 95.1 89.8 91.6 

EXCHANGER NUMBER I TEMPS I N  DEG. F EXCHAWER NUMBER 2 TEMPS IN DEG. F 
I N  OUT I N  OUT I N  OUT I N  OUT I N  OUT I N  OUT I N  OUT I N  OUT 

314.4 224.0 316.0 224.0 316.0 215.0 316.0 224.0 224.0 175.0 224.0 175.0 215.0 166.6 224.0 176.0 
315.5 225.0 316.0 223.0 316.0 216.6 116.0 226.0 225.0 176.0 223.0 175.0 216.6 168.4 226.0 176.0  
513.7 225 .0  315.0 215.0 313.0 216.4 316.0 22b.O 22S.O 176.0 225.0 175.0 216.4 168.8 226.0 176.0 

E X C H N I G E R  MUkbER 3 TfNPS I N  D f t .  f 
IN OUT I N  OUT i n  OUT in  OUT 

175.0 146.0 175.0 144.0 166.6 138.0 176.0 143.0 
176.0 146.0 175.0 145.0 118.4 139.7 176.0 143.0 
176.0 147.0  175.0 146.0 168.8 140.2 176.0 145.0 

RESULTS FROM THE FIRST SEPTEMBER RUN 
T H I S  RUN STARTED SEPTEMBER 6 ,  1977 
THE CONDITIONS O f  THIS RUN UERE: 

A. SALIHITY 1 31,000 PPM TOTAL DISSOLVED SOLIDS 
B. CALCIUM : 2s p p n  
c. S I L I C A  I 0 PPM 
D. CAREOHATE: 0 PPM 
1. PU : b.8 
F. ADDITIVE : HOME 

1. LEVEL I NONE 
6. OTHER : T H I S  V A S  A RUH FOR LASL. THE BRIHE FLOU UAS HIGH A N D  THE COOLIHO YATER FLOU UAS HIGH 



FLOURATES 
COOL H20 TUBE1 TUBE2 TUBE3 TUBE4 

LBlHR L B l H R  LB/HR L B l H R  LB/HR 
18298.1 288.7 305.7 301.4 279.2 
18223.1 288.5 30'5.7 301.4 284.0 
18261.3 288.8 305.8 306.7 284.0 

MINI EXCHANGER NUMBER 2 
OVERALL HEAT T R A H S f E R  COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE 
BlU/HR. SO.FT. DEG. F 

152.3 156.4 168.3 147.7 156.2 
152.8 159.4 167.5 152.5 158.0 
154.5 161.2 169.5 1S4 .1  159.8 

THIS IS THE INPUT DATA FOR THE FIRST HOVEMBER RUM 
T N I S  RUH STARTED NOVEMBER 2 ,  I 9 7 7  
THE COHDITIONS OF THIS RUN UEREJ 

A. SALINITY : 30,000-PPN TOTAL DISSOLVED SOLIDS 
B. CALCIUM : 34 PPI 
C. S I L I C A  8 400 PPll 
D. CARBOHATE: 800 PPM 
E. PH 8 7 . 0  
F. ABDlTlUE I NOHE 

6. OTHER 8 THIS UAS A RUN FOR LASL 
1. LEVEL 8 NONE 

TIME 
HOURS 

.oo 
1.08 
2.57 
3.55 
3.52 
6.48 

10.50 

FLOUS 
TUBE 1 TUBE 2 TUBE 3 TUBE 4 

GAGE 6AGE 6A6E GAGE 
6.4 6.4 6.4 6.4 
6.3 6.4 6.3 6.4 
6.4 6.3 6.3 6.3 
6.4 6.4 6.3 6.3 
6.4 6.4 6.5 6.5 
6.4 6.4 6.4 6.4 
6.4 6.4 6.4 6.4 

EXCHANGER NUMBER I TEMPS IN DEG. F 
I N  OUT I N  OUT IN OUT 

304.0 214.0 304.0 220.0 305.0 223.0 
308.0 219.0 308.0 225.0 308.0 227.0 
310.0 237.0 310.0 240.0 310.0 239.0 
313.0 248.0 313.0 251.0 314.0 247.0 
314.0 260.0 314.0 264.0 315.0 259.0 
314.0 265.0 314.0 268.0 315.0 263.0 
314.0 274.0 314.0 278.0 315.0 273.0 

T I M E  
HOURS . 00 

.55 

.92 

TINE 
HOURS 

.oo 

.55 

.92 

COOL H20 
GALLONS 
400774. 
401731. 
4031 21. 
404012. 
405786. 
406658. 
410123. 

' I N  
169.0 

,171.0 
177.0 
197.0 
213.0 
222.0 
240.0 

EXCHAN6ER NUNBER 3 
OUT IH OUT 

130.0 165.0 132.0 
133.0 170.0 137.0 
146.0 178.0 152.0 
158.0 198.0 163.0 
176.0 217.0 182.0 
186.0 225.0 190.0 
205.0 242.0 210.0 

TEMPS IN DE6. F 

164.0 132.0 
168.0 136.0 
174.0 150.0 
193.0 159.0 
211.0 179.0 
218.0 186.0 
236.0 205.0 

IN o u i  

I N  
304.4 
307.5 
309.5 
313.2 
J14.2 
313.0 
313.9 

In 
160.6 
164.7 
182.2 
195.3 
214.6 
221.2 
239.4 

ou1 
220.5 
224.6 
237.8 
247.8 
261.3 
265.0 
276.7 

OUT 
134.2 

151.3 
163.0 
181.7 
189.0 
209.3 

133.0 

TUBE1 

174.3 
174.6 
173.5 

MINI EXCHANGER HUNBER 1 
OVERALL MEAT 1RAHSfER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 AVERAGE 

180.1 193.7 172.4 180.1 
179.8 192.5 172.0 179.7 
179.1 193.8 171.7 179.5 

BTU/HR. SO.FT. DEG. F 

MINI EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERASE 
BTU/HR. SO.FT. DEG. F 

128.4 138.8 147.4 137.1 137.9 
134.6 138.1 132.4 138.3 147.0 

127.8 133.4 145.6 133.2 135.0 

COOLIHG UATER TEWPERATURES I I  DEG. 
EXCH 1 EXCH 2 

IN OUT I N  OUT 
79. I 91.9 71 .O 79.1 
82.2 94.9 73.8 82.2 
84.8 95.8 76.8 84.8 
86.4 96.7 78.4 86.4 
86.3 95.0 79.0 86.3 
84 .6  92.3 77 .7  84.6 
75.2 81 .? bV .4 75.2 

T IHE 
HOURS 

.oo 

.55 

.92  

T INE 
HOURS 

.oo 

.55  

. 9 2  

F 
EXCH 3 

In OUT 
66.1 71.0 
68.7 73 .8  
71.2 7 6 . 0  
72.9 78 .4  
73.6 79 .0  
72 .6  77 .7  
64.7 69.4 

S I  
214.0 
219.0 
237.0 
248 .0  
260.0 
265.0 
274.0 

EXCHANGER NUMBER 2 TENPS IN DE6. C 
OUT IH OUT IN OUT 

169.0 220.0 165.0 223.0 164.0 
173.0 225.0 170.0 227 .0  168.0 
177.0 240.0 178.0 239.0 174.0 
197.0 251.0 198.0 247.0 193.0 
211.0 264.0 217.0 259 .0  211 .0  
222.0 168.0 225 .0  263 .0  218.0 
240.0 278.G 242.0 273 .0  236.0 

I N  
220.9 
224.6 
237.8 
247.8 
261.3 
265.0 
276.7 

OUT 
160.6 
164 .7  
182.2 
195.3 
214.6 
221.2 
239.4 
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RESULIS FROM THE f I R S T  NOVENDER RUN 
TNIS RUN STARTED NOVEREER 2,  1977 
THE CONDITIONS O f  THIS RUN UERE: 

A. SALINITY : 30,000 P P I  TOTAL DISSOLVED SOLIDS 
#. CALCIUN 1 34 P P I  
C. S I L I C A  : 400 P P I  
D. CARBONATE: 800 P P I  
E. PH : 7.0 
F. ADDITIVE : NONE 

I .  LEVEL : NONE 
8. OTHER : T H I S  UAS A RUN FOR LASL 

COOL H2O 
LWHR 
7317.3 
7751.6 
7499.9 
7461.1 
7470.3 
7516.5 
7532.2 

TUBEl 
L B / H R  
295.1 
289.6 
294.2 
293.8 
293.7 
293.7 
293.7 

f LOURATES 
TUBE2 
LB/HR 
312.3 
311.7 
306.6  
31 1 .O 
310.9 
310.9 
310.9 

lUBE3 
LB/HR 
108.1 
302.6 
302.3 
301.7 
311.7 
306.7 
306.7 

TUBE4 
L V H R  
290.4 
290.0 
284.9 
284.4 
293.8 
289.2 
289. I 

TUBE 1 , 

132.1 
137.5 
142.6 
116.7 
97.1 
85.7 
b1.4 

I I N I  EXCHANGER N U I B E R  2 
OVERALL HEAT TRANSFER COEFFICIENTS 

BTU/NR. S0.fT. DEG. f 
TUBE2 TUBE3 TUBE4 AVERAGE 

150.0 153.7 154.3 147.5 
154.0 157.8 159.7 152.2 
146.2 152.4 131.1 143.1 
120.8 124.2 117.4 119.8 
97.4 102.2 95.9 98.2 
86.6 91.3 86.1 87.4 
(3.9 66.3 (3.4 b3.8  

T I M E  
HOURS 

.00 
1.08 
2.57 
3.55 
5.52 
6.48 

10.30 

TIME 
HOURS 

.00 
1.08 
2.57 
3.55 
5.52 
6.48 

10.30 

( H I S  I S  THE INPUl D A T A  FOR IHE T H I H l i E l H  RUN 
THIS HUN s i A r ; i E D  s tYiEnm 1 3 ,  1977 
THE CUNBITIONS Of  THIS SUN LIERE: 

A. S h L I f i I l Y  : 31,060 PPI( TOTAL DISSOLVED SJLIDS 

C. S I L I C A  : 410 PPN 
D. CARBONklE: 820 PPI4 
E .  rH : 6.7 
f .  ACDITIVE : NONE 

I .  LEVEL : HONE 
G. OTHER : T H I S  RUN HAD SCALE OUTSIDE OF THE TUBES 

8 .  cALciun : --- 

I InE 
H O U R S  

moo 
1.68 
2.67 
3.73 
4.77 
5.43 

21.63 
23.90 
25.72 
27.15 
27.70 

I N  
309.0 
3 0 9 . 6  
307.3 
306.5 
307.4 
306.5 
315.2 
318.0 
3 1 6 . 0  
314.2 
312.1 

FLONS 
T U B E  1 T U B E  2 IUBE 3 

GAGE G A G E  GAGE 
4.1 4.1 4.0 
4.3 4.4 4.5 
4.3 4.3 4.5 
4.3 4.3 4.2 
4.2 4.1 4.1 
4.4 4.3 4.3 
4.s 4.6 4.5 
4.b 4.7 4.7 
4.5 4.? 4.9 
4.7 4.5 4.6 
4.5 4.5 4.5 

rust 4 C O O L  w z o  
G A G E  GALLONS 

4.0 221272. 
4.4 222450. 
4.4 223133. 
4.3 223884. 
4.2 224605. 
4 .4  225068. 
4.5 L371iS. 
4-6 238015. 
4.9 239278. 
4.6 240282. 
4.5 240659. 

EXCHANGER N U f l P E R  1 
OUT I N  OUT 

204.0 315.0 226.0 
214.0 316.0 231.0 
216.0 313.0 231.0 
222.0 313.0 235.0 
223.0 314.0 234.0 
224.0 314.3  235.0 
246.0 31b.0 245.0 
248.0 319.0 250.0  
247.0 315.0 249.0 
2 5 0 . 0  ~ 1 3 . 0  247.0 
249.0 311.0 248.0 

TEIPS I N  DEG. f 
I N  OUT 

315.0 206.0 
J16.0 216.5 
314.0 217.4 
313.0  216.8  
314.0 217.5 
314.0 219.6 
316.0 242.9 
319.0 245.8 
316.5 246.l 
613.0 247.2 
311.0 244.5 

IN 
3 1 6 . 0  
3 i6 .0  
314.0  
314.0  
315.0 
314.0 
316.0  
319.0 
j l 6 .0  
314.0 
313.0 

OUT 
?10.0 
218.0 
220.0 
225.9 
225.0 
226.0 
243.0 
245.0 
249.0 
259.0 
250.0 

TUBEl 

160.1 
160.3  
126.6 
111.3 

89.4 
78.3 
58.1 

l l1NI  EXCHANGER NUNBER 1 
OVERALL HEAT TRANSFER COEfFICIENTS 

TUBE2 TUBE3 TUBE4 AVERAGE 
BTU/HR. S0.fT. 

155.9 151.0 
157.2 152.0 
125.3 125.7 
110.8 114.6 
87.5 93.9 
77.5 82.8 
56.2 b I . 0  

DEG. F 
149.7 
151.9 
123.3 
109.9 

88.2 
77.1 
55.3 

TUBE1 

138.9 
144.5 
122.3 
1lb.3 
96.3 
84.8 
66.6 

N I N I  EXCHANGER NUHBER 3 
OVERALL HEAT TRANSFER COEfFICIENTS 

TUBE2 TUBE3 TUBE4 

131.7 129.4 114.9 
134.0 132.5 119.9 
110.3 109.6 113.3 
109.6 111.2 102.1 
92.3 91.6 87.9 

b4.b b4.7 60.4 

B T U I H R .  SO.FT. DEG. F 

83.8 82.8 78.8 

154.2 
155.4 
125.2 
l l l . b  

89.7 
78.9 
57.7 

AVERAGE 

128.7 
132.7 
113.9 
109.8 
92.0 
82.5 
63.9 

I N €  
HOURS 

.oo 
1.08 
2.57 
3.55 
5.52 
6.48 

10.30 

T I M E  
H O U R S  

‘00 
1.08 
2.97 
3.55 
5.52 
6.48 

10.30 

COOLING UATER T E H P E R A T U R E S  I N  i lEG. F 
EXCW 1 Excn 2 Excn 7 

XN our I N  OUT I N  
87.7 
94.0 
95.8 
96.4 
93.9 
94.7 
91.3 
93.4 
94.8 
92.8 
92.2 

I N  
204.0 
214.0 
216.0 
Zi2.0 
223.0 
224.0 
246.0 
248.0 
247.0 
250.0 
249.0 

99.8 
105.5 
106.8 
107.0 
104.7 
105.0 
100.8 
103.5 
104.2 
101.6 
101.0 

80.7 
87.1 
89.1 
89.4 
86.9 
88.1 
84.5 
8 b . 4  
87.7 
86.2 
85.8 

87.7 
94.0 
95.8 
96.4 
93.9 
74.7 
91.3 
93.4 
?4 .8 
92.8 
92.2 

76.8 
8J. 1 
85 .2  
85.3 
82.7 
83.9 
7 9 . 5  
81.3 
82.4 
80.8 
80.7 

EXCHANGER N U I I I E R  2 I E I P S  I H  DEG. F 
OUT I N  OUT I N  OUT 

16L.0 226.0 165.0 206.0 1 5 Y . S  
168.0 2 3 1 . 0  172.0 216.3 161.1 
170.0 231.0 172.0 217.4 169.2 
174.0 235.0  177.0 216.8 168.1 
175.0 234.0  174.0 21,’.> 168.5 
176.0 235.0 176.0 219.6 170.5 
198.0 245.0  198.0 242.9 194.6 
199.0 250.0 199.0 245.8 196.3 

201.0  247.0 LJ0.0  242.2 200.3 
201.0 248.0 200.5 244.5 199.2 

231.0 2 4 9 . 0  199.0 246.7 197.0 

I ri 
210.0  
2 1 8 . 0  
2 2 0 . 0  
225.9 
:2s. 0 
2ze.o 
243.0 
245.0 
t49.O 
2 5 5 . 0  
2 z c . 5  

OUT 
80.7 
87.1 

69.4 
66.9 
88.  I 
84.5 
86.4 
87 .7 
h6.2 
95.8 

e9.1 

O U T  
162.0 
I / ? . . J  
172.0 
l ? 6 . 3  
177.0 
178.0 
: P S . O  
197.0 
201 .o 
201 .o 
201 .o 



OZT 

5's 
5-s 
1'5 
1'5 
1.5 
6't 
5's 
1'5 
0's 
0's 

39\18 

3HIUE 

r-s 
noid 

O'tl1 
L'O11 
L'601 
L'SOI 
t'bh 
t'O0l 
8'86 
t-101 
C'101 
0'001 
O'tb 
dY31 

3H I uu 
13iino 

8'LIP 
5'615 
0'125 
O'CZ5 
6'025 
S'C15 
9'ClC 
t'tlE 
L'51C 
9'515 
L'S15 
dY31 
131WI 
3HI81 

OOL'LZ 
OSI'LL 
L1L'SZ 
OO6'5Z 
C59'ZC 
CPC'S 
L9L.t 
55L'S 
L9V'Z 
(89'1 
000' 

SllnOH 
3YII 

'SL9tSZ 
'08 I tsz 
'S98ZSL 
'bOZ1 SZ 
'CtOOCL 
'OZEtE2 

't99Z52 
'LL9 LE2 
'5t605Z 
't896ZZ 

-EIPCCZ 

SHOllV9 

OZHlOOl 
3iv~noid 

S'th 
9'th 
5'96 
5'Sh 
L 'EL 
L'f6 
6'96 
2'6) 
9'101 
8-6s 
6'56 

dH31 

OZH1003 
1311110 

S'I8 
E' 18 

0.28 
2'08 
f't8 
t'58 
1'98 
0'98 
8'58 
S'LL 
dU3I 
131HI 

t-ra 

oznioo3 

OL'LZ 
E1 'LZ 
2L 'Si 
OS'Ei 
f9'ZZ 
EC'I; 
LL'b 
$2'5 
L9'2 
89'1 
00 - SHlOH 

3m11 

1.88 
8'06 
9'68 
5.16 
C'O6 
t'68 
E'98 
Z'88 
L'Ot 
0' I6 
z-9e 

lVJW3fiY 

t'9L O'E8 P'<OI 

6'96 8'COl C'CL 
t'C8 6'68 O'CCI 
L 'SL :=:e C'OLI 
A'S@ R'06 5'16 
e-re Z'8L O'L8 
s-se 9'26 S'66 
1 'W 5-96 O'E6 
2'88 9'96 6'Fi 
L'6L 5'14 Z'L8 

b38fl? C38nl 239111 
SlN?l?1433n.3 N3jSNVYl IY3H llWV3hO 

C M3dHllN Y39WYH3X3 INIW 

5' 18 k'6R r*L6 

j '9311 *ij*os *(IH/~IU 

OC'LZ 
SI'LZ 
ZL'SZ 

E9'ZZ 
SC'E 
LL't 

L9'Z 
89'1 
bo' 

o6.r.z 

rL*c 

smon 
3YII 

I'LL C'SL 1-91 C'Z9 
8'8L L'9L 0'6L E'O8 
S'9Q E'CP Z'C6 Z'Z6 
6't8 0'6L L'88 1'26 
S'Z8 5'28 Z't8 0.S8 
5'6C 1'68 Z'101 9'511 
Z'OOI 6'88 8'101 5'811 
O'bO1 B't6 6'S01 0'611 
C'SO1 8'96 8'801 o-rzi 

I'Zl1 E'tZl C'SOI 2'06 
S'101 S'LZI E'EOI Z'56 

3 *03c *ij*us 'awn18 
39113?V t39n: neni z3mi 

SIN313!33303 83jSNVIJI IW3H 11VU3hO 
2 Y3SYflN E39NIIH3X3 INIU 

8't1 
Z'bf 
0'91 
6'6C 
S'LL 
6'14 
9' 16 
Z'96 
1't6 
5'c6 
9'88 

~xni 

OL'LZ 
Sl'LZ 
ZL'SZ 
oh's2 
E9'ZZ 
CC'S 
LC'C 
TL'C 
L9'Z 
89'1 
00' 
SM!lOH 

"1 

8'012 
L'SlZ 
P'OEZ 
I '022 
t'ClZ 
C'OOZ 
2'061 
b'S6l 
C'01Z 
E'OlZ 
I'S81 
#H/Bl 
~38111 

6'661 
9'COZ 
9'661 
E'tGL 
9'661 
S'SJ I 

S'b51 
5'061 

t-091 

138111 

s-sat 

r:061 

nwi 
13 

I'S8LS 
O'E99S 
S'f8LS 
9'1tL2 
C'908S 
S'68LS 
O'ZtLr; 
L'9SLE 
t'9I8S 
I'ZtlS 
6'98LS 
BH/ll 

OZH 1001 

CL'LZ 8'LL 
E'8? 
./'E8 
6'88 
L'SB 
c-so1 
L'SOI 
1'801 
6'511 
T.811 
C'IZI 

39w~3nu 

8'5L 
I'9L 
8'6rI 
I'C8 
C'6L 
L'IOI 
C'101 
9't01 
8's 11 
8'L I1 
5'91.1 

13en1 

SI'LZ 
if 'SZ 
G6'EZ 
t?':Z 
Ef'E 
LL'C 
EC'C 
L9'2 
0o.i 
00 * 
SYflOH 

3YII 

S3Rfll 3HI 30 311ISlnO 3lV35 IIVH NllY SIHl : Y3H10 '9 
?NON 2 13h31 *I 
~NON : 3nriIaav '3 
L'9 : Hd '3 

Ydd 028 :31VHO#PV3 'a 
YJd OIC : VIIlIS '3 

SBIlOS r13AlOSCIO WlOl HdO OOO'IC : IlIMIlUS 'V --- : un13iv3 *a 

:3m !w SImi jo SNOIII~IW~~ 3nl 
CLtl 'El w3aY31d3s 03!.WlS NnW SIWl 

NflY H131181H1 3H: YflW3 SllnS3H 

O'C9I 
O'S9I 
O'IPI 
b'6El 
@'OEl 
O'Ltl 
O'9bl 
O'Pb I 
O'Tbl 
0' Ib 1 
@'bfl 

rno 

0' 102 
0' 101 
0' IO? 
O'Ldl 
O'S6 I 
0'9LI 
O'LLI 
O*p;l 
O'iLl 
O'2i I 
O'iol 

HI 

o* inz 
O'IOZ 
O'OOZ 
0'661 
0'861 
O'PL I 
O'P,CI 
0'b11 
c)'@ll 

0':91 
Wl 

n'r)oi 
e 
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RtSULlS FROM THE MAIN EXCHAN6ER FOR THE THIRIIETH RUN 
THIS RUN STARTED SEPTEMBER 13, 1977 
THE CONDITIONS OF THIS RUN U E R E I  

1. SALINITY I 31,000 PPH TOTAL DISSOLVED SOLIDS 
D. CALCIUN : --- 
C. S IL ICA I 410 PPM 
D. CARBONATE: 820 PPll 
E. PH I 6.7 
F. lDDIllVE I NONE 

1. LEVEL 1 NOHE 
8. OTHER I THIS RUN HAD SCALE OUTSIDE OF THE TUBES 

/-.\ 

d 

BRINE 
FLOY 

LBIHR 
495.1 
467.1 
467.5 
47b.7 
49s.3 
458.2 
475.2 
474.7 
475.2 
494.2 
494.6 

COOLH2O 
FLOY 

LBIHR 
6192.1 
6167.1 
7636.7 
7604.9 
7539.8 
7609.0 
7617.9 
7541.9 
7S92.2 
7448.6 
7467.0 

I i n L  TUBE I 
HOURS GAGE 

.oo 6.3 

.93 6.0 
'1.62 6.1 
3.43 6.0 
4.52 6. I 
6.48 6.0 

12.98 6.0 
22.88 6.0 
24.13 6.0 
25.43 6.0 
27.27 6.0 
28.70 A. 1 
30.48 6.0 
37.48 6.1 
48.53 6.0 
49.45 6.2 
50.68 6.2 
52.22 6.2 
53.80 6.4 

I N  
314.0 
315.0 
316.0 
316.0 
317.0 
318.0 
313.0 
311.0 
310.0 
310.0 
309.0 
305.0  
306.0 
298.0 
308.0 
30LI.O 
309.0 
310.0 
309.0 

FLOYS 
TUBE 2 TUBE 3 

GAGE CAGE 
6.4 6.4 
6.0 6.3 
6.1 6.0 
6.2 6.0 
6.1 6.1 
6.1 6.1 
6.0 6.1 
6.0 6.0 
6.0 6.0 
6.1 6.0 
6.1 6.0 
6.1 6.1 
6.1 6.1 
6.1 6. I 
6.1 6.3 
6.2 6.2 
6.2 ' 6.2 
6.2 6.2 
6.2 6.0 

I U B E  4 
GAGE 

6.4 
6.2 
6.1 
b.0 
6.1 
6.1 
6.1 
5.9 
6.0 
6.0 
6.0 
A. I 
6.0 
5.9 
6.0 
6.2 
6.2 
6.4 
5.9 

EXCHAN6ER NUMBER I TEMPS I N  DEG. F 
O U T  I N  DU1 I N  OUT 

231.0 314.0 227.0 314.0 2JI .O 
232.0 316.0 230.0 316.0 232.0 
235.0 316.0  232.0 316.0 231.0 
235.0 316.0 231.0 316.0 2 ~ 1 . 0  
236.0 317.0 l J l . 0  311.0  232.0 
236.0 317.0 231.0 319.0 232.0 
234.0 314.U 230.0 314.0 231.0 
236.0 JI2.D 232.0 313.0 232.0 
237.0 311.0 234.0 3 1 1 . U  234.0 
237.0 310.5 237.0 3 1 1 . 0  236.0 
240.0  309.0 237.0 309.0 237.0 
242.3 305.0 :40.0 305.0 239.0 
1'42.0 30/.0 240.0 307.5 238.0 

214.0 3 0 9 . 0  212.0 308.0 213.0 
216.0 309.0 21S.O jO8.0  212.0 
216.0 310.0 214.0 310.0 212.0 
220.0 311.0 218.0 310.0 215.0 
228.0 310.0 225.0 309.0 225.0 

241.0 301 .0  257.0 t9a.o 237.0 

BRINE 
FLUX 

BTUIHR 
105613.2 
96934.4 
95401.6 
97738.3 

102881.0 
93978.9 

101350.1 
99380.3 
96741.7 
99327.8 
98064.1 

COOL H2O 
GALLONS 
250550. 
251407. 
252970. 
253730. 
254740. 
256562. 
262617. 
271 81 8. 
27501 9. 
274199. 
275900. 
277224. 
278867. 
205360. 
295532. 
296315. 
291510. 
298717. 
300370. 

I N  U U I  
316.3 217.0 
309.5 217.6 
309.2 219.3 
308.8 219.5 
309.3 220.0 
310.0 220.5 
309.1 217.6 
310.7 216.5 
311.5 217.6 
312.3 219.3 
310.7 219.3 
JIO.0 219.3  
309.7 218.2 
308.9 213.6 
308.0 213.0 
308.6 214.2 
309 .1  2 1 5 . 2  
309.6 218.1 
308.1 224.2 

COOLH2O 
FLUX 

BTUIHR 
101346.8 
9847b.8 

118894.1 
99425.1 

100830.8 
9871 8.7 

102633.7 
100106.1 
99258.6 
97381.3 
96876. B 

OVERALL 
HTC 

BTUIHRSOF TDEGF 
321.7 
283.0 
346.4 
186.2 
194.8 
173.0 
145.0 
118.2 
107.9 
101.9 
98.5 

RUN 

HOURS . 00 
1.68 
2.67 
3.73 
4.77 
5.43 

22.63 
23.90 
25.72 
27.15 
27.70 

i x n E  

COOLIHG UATER T E M Y E H A I U k E 5  I N  Ut&. f 
EXCH 1 EXCH 2 Excn 3 

I N  
97.1 
98.7 

102.9 
103.6 
104.6 
104.3 

96.4 
95.4 
97.3 

10a.7 
103.6 
1 0 4 . 8  
1U4.S 
96.4 
98.3 

100.1 
101.9 
104.1 
103.9 

I N  
231 .O 
232.0 
235.0 
235.0 
236.0 
236.0 
234.0 
236.0 
237.0 
237.0 
240.0 
242.0  
242.0 
2 4 1  .O 
214.0 
216.0 
216.0 
220.0 
228.0 

O U T  
110.3 
112.1 
116.0 
116.5 
117.5 
117.2 
109.7 
109.1 
110.8 
114 .2  
117.1 
(18.2 
11/ .8  
110.5 
112.9 
1 1 4 . 3  
116.2 
117.7 
116.1 

I N  
89.3 
90.8 
95.3 
96.0 
96.8 
96. i  
88.4 
87.5 
8Y .: 
92.7 
95.9 
97.1 
96.9 
88.7 
91 .0 
92.8 
94.8 
96.9 
96.3 

OUT 
9,'. 1 
98.7 

102.9 
103.6 
104.6 
104.3 
96.4 
95.4 
97.3 

100.7 
103.6 
104.8  
104.5 
96.4 
98.1 

100.1 
101.9 
104.1 
103.9 

IN 

81.1 
90.6 
91.4 
92.2 
Y I  .9  
83.7 
82.8 

88.0 
9 1 . 2  
P2.5 
92.J 
8 4 . 0  
06.7 
88.4 
90.4 
92.6 
91.6 

84.5 

u4.a 

OUT 
178.0 
179.0 
182.0 
183.0 
184.0 
184.0 
181 .o 
183.0 
185.0 
189.0 
190.0 
I P J . 0  
193.0 
192.0 
167.0 
169.0 
169.0 
173.0 
179.0 

I N  OUT I N  
227.0 . 178.0 231.0 
230.0 180.0 232.0 
232.0 183.0 231.0 
231.0 183.0 232.0 
231.0 184.0 232.0 
231.0 184.0 232.0 
230.0 181.0  231.0 
232.0 184.0 232.0 
234.0 185.0 234.0 
237.3 169.0 236.0 
237.0 lYO.0 237.1, 
240.0 193.0 239.0 
240.0 193.0 238.0 
237.0 192.0 237.0 
212.0 169.0 2 1 3 . 3  
213.0 16'1.0 2 1 2 . 0  
214.0 169.0 212.0 
218.0 173.0 215.0 
225.0 180.0 2 2 5 . 0  

EXCHANGER lUM5ER 2 TEHPS I N  DEG. F 
OUT I N  

177.0 217.0 
179.0 217.6 
179.0 217.3 
179.0 219.5 
181.0 220.0 

1,V.O 212.6 

1 6 i . O  217.6 

ia1.o 220.5 

1ao.o 216.5 

1a3.0 219.3 

1ae.o : i ? . ~  
189.0 ? l a . ?  

187.0 2 l ' f . i  

187.t  2 1 3 . 6  
l0S.U 2 l i . O  
164.0 214.2 
164.0 215.2  
167.0 218.1 
173.0 224 .2  

uu 1 
8 Y . J  

Y5.3 
9b .O 

76 .5  
6 3 . 4  
81.5 

92 .? 
7 5 . 9  
97.1 
76. P 

P1.0 

9 4 . 8  
96.9 
76.3 

70.8 

96.a 

8 9 . 5  

88.7 

9z.a 

OUT 
165.9 
167.7 
170.5 
170.9 
121.5 
171.7 
16i'.& 
151.0 
168.2  
170.4 
171.6 
, / I . ?  

170.8 
165 .5  
165.9 
186.4 
167.6 
113.6 
171.6 

, ,. 
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IN 
178.0 
179.0 
182.0 
183.0 
184.0 
194.0 
181.0 
183.0 
185.0 

190.0 
193.0 
193.0 
192.0 
167.0 
169.0 
169.0 
173.0 
179.0 

i a 9 . 0  

EXEHINGEk NU#BE:i 3 TEMPS I N  DEG. F 
OUT In oui IN UUI 

147.0 178.0 146.0 177.0 149.0 
147.0 189.0 148.0 179.0 151.0 
151.0 183.0 151.0 179.0 152.0 
152.0 183.0 151.0 179.0 152.0 
153.0 184.0 152.0 181.0 153.0 
153.0 184.0 152.0 181.0 154.0 
149.0 181.0 145.0 179.3 151.0 
153.0 184.0 151.0 180.0 15J.O 
134.0 185.0 153.0 181.0 1 5 4 . 0  
158.0 189.0 157.0 183.0 157.0 
160.0 193.0 159.0 187.0 160.0 
165.0 193.0 164.0 188.0 165.0 
165.0 193.0 163.0 189.0 164.0 
164.0 192.0 162.0 187.0 164.0 
137.0 169.0 139.0 165.0 138.0 
139.0 169.0 140.0 164.0 138.0 
140.0 169.0 141.0  164.0 139.0 
142.0 173.0 143.0 167.0 142.0 
146.0 180.0 147.0 173.3 145.0 

RESULTS FRO# THE THIRTY,FIRST RUN 
T H I S  RUN STARTED SEPTENBER 27,1977 
THE EDNbITIONS OF THIS RUN UERE: 

A. SALINITY : 30,000 PPN TOTAL DISSOLVED SOLIDS 
E. CALCIUH : 5 PPR 
C. S I L I C A  : 400 PPH 
D. CAkBONATE: 8 0 0  P P I  

F. ADII ITIVE : .NONE 
I .  LEVEL 1 NONE 

6. OTHER : 

E. PH t 6.8  

I N  
166.9 
167.9 
170.5 
170.8 
171.5 
171.v 
167.8 
167.0 
168.2 
173.4 
171.6 
171.9 
170.8 
105.5 
165.0 
1L6.4 
167.6 
169.6 
171.6 

COOL H2O 
LB/HR 
7578.3 
7654.7 
7675.3 
7677.5 
7635.0 
7674.9 
7668.7 
f 9 2 9 . 0  
7488.0 
7646.0 
7612.4 
7590.4 
7641.3 
7594.5 
7580.6 
7588.5 
7559.5 
7561.5 
7631.1 

TUBE1 

r4a.u 
146.6 
150.2 
145.6 
150.2 
147.8 
143.6 
143.0 
135.1 
130.4 
135.5 
132.7 
150.9 
126.1 
151.9 
155.5 
155.8 
152.8 
1 5 Z 5  

FLOURATES 
TUBE1 TUBE2 
L B l H l  LB/HR 
288.7 310.9 
273.8 291.1 
278.6 296.0 
273.6 300.8 
278.5 295.8 
273.4 295.8 
274.0 291.4 
274.3 291.7 
274.4 291.8 
274.4 296.8 
274.6 297.0 
280.1 291.5 
275.0 297.2 
281.0 298.1 
274.7 297.0 
284.b 301.8 
284.5 301.: 
284.3 301.5 
294.4 A01.7 

TUBES TUBE4 
LBiHFi LB/HH 
306.8 288.5 
301.4 280.1 
286.3 275.3 
286.3 270.6 
2Y1.2 215.3 
290.9 275.2 
291.6 275.3 
286.7 l b s . 5  
286.9 :70.2 
286.9 270.1 
287.2 270.3 
292.9 275.2 

293.8 265.7 
302.6 270.7 
297.5 280.2 
291.2 280.1 
297.2 289.7 
287.2 265.8 

292.6 279.4 

# I N 1  EXCHANGER NUMBER 2 
OVERALL HEAT IkANSFEP C D E F F I C I t l T S  

BTUIHR.  S0.FT. DEG. F 
TWE2 TUBE3 TUBE4 AVERAGE 

150.4 161.9 158.1 154.9 
147.4 161.4 159.3 153.7 
148.4 156.4 156.3 152.8 
150.1 160.8 154.9 152.8 
147.1 159.2 15Y.8 154.1 
147.4 1 5 Y . 4  159.5 153.5 
143.3 153.3 156.0 149.1 
139.0 151.1 152.6 146.4 
I A L Y  148.7 150.0 142.6 
141.1 156.0 156.0 145.9 
139.3 145.7 154.1 143.6 
136.2 149.9 156.3 143.8 
136.7 144.3 156.1 142.0 
124.6 139.9 150.7 135.3 
149.6 173.9 155.6 157.8 
156.4 174.7 159.6 161.6 
159.6 175.3 157.4 162.0 
156.5 173.7 165.6 162.1 
147.3 16Y.2 160.4 158.1 

OUT 
143.9 
145.0 
147.7 
148.1 
148.9 
149.0 
144.4 
143.3 
144.5 
145.9 

148.Y 
148.0 
142.4 
142.6 
143.7 
145.3 
147.2 
148.3 

14a.4 

T I M E  
HOUYS 

.Ob 

.93 
i . 6 2  
3.43 
4.52 
6.48 

12.98 
22.88 
24.13 
25.43 
27.27 
28.70 
30.18 
37.48 
48.53 
49.45 
50.68 
52.22 
53.80 

T I M E  
HOURS 

.00 

.93 
2.62 
3.43 
4.52 
6.48 

12.78 
22.88 
24.13 
25.43 
27.27 
28.70 
30.48 
37.48 
48.53 
49.45 

52.22 
53 .80  

5 u ~ a  

I U B E I  

153.8 
153.4 
154.5 
151.6 
152.7 
151.2 
145.8 
144.5 
139.0 
145.0 
140.5 
135.4 
133.3 
125.6 
188.9 
188.5 
192.1 
182.0 
165.2 

TUBE1 

133.9 
134.8 
136.7 
132.6 
133.0 
131.2 
125.4 
117.5 

119.0 
118.0 
110.7 
107.7 
102.8 
146.5 
153.2 
153.7 
156.8 
160.7 

11a.4  

M I N I  EXCHANGER &UMBER 1 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 7UHE3 TUBE4 

176.1 163.4 195.7 
169.9 170.6 186.3 
172.1 169.1 183.3 
177.5 160.3 176.9 
175.6 170.1 180.8 
175.2 172.8 180.1 
166.9 164.4 182.2 
165.8 164.6 189.0 
157.2 154.6 188.7 
156.9 156.0 193.5 
160.3 155.1 197.8 
149.5 155.0 206.6 
151.5 154.7 203.7 
150.6 142.6 214.3 
211.9 211.2 188.9 
210.7 209.1 191.5 
211.6 214 .7  191.6 
200.7 205.2 190.2 
179.3 169.2 157.2 

M I N I  EXCHANGER NUtlBER 3 
OVERALL HEAT TRANSFER COiFFICIENTS 

TUBE2 TUBE3 TUBE4 

149.9 121.2 108.9 
1 4 1 . 4  125.8 107.5 
149.0 123.5 109.7 
151.7 123.7 107.0 
147.1 127.9 107.3 

154.7 116.3 103.3 
138.7 112..3 100.2 
130.9 110.2 105.8 
133.8 108.5 107.7 
132.8 112.9 109.9 
122.7 97.7 1 1 5 . 7  
126.5 105.3 112.4 
118.3 90.5 108.9 
153.2 145.8 103.6 
155.5 145.1 10y.y 
155.8 144.9 111.7 
159.3 137.8 112.3 
162.2 139.5 105.2 

BTU/HR. S0.FT. DEG. F 

BTU/HR. S0.FT. DEG. F 

147.8 122.8 109.8 

AUERkGE 

172.3 
170.0 

168.6 
169.8 
169.6 
164.8 
166.0 
159.9 
162.8 
163.4 
160.4 
160.8 

200.2 
200.0 
202.5 
194.5 
167.7 

169.a 

15a.3 

AV E R AG E 

130.0 
127.4 
129.7 
128.7 
128.8 
127.6 
124.9 
118.7 
116.3 
117.3 
118.4 
111.4 
113.0 
105.1 
137.3 
140.9 
141.6 
141.5 
141.9 

T I N  
HOURS 

.Ob 

.93  
2.62 
3.43 
4.52 
6.48 

12.98 
22.88 
24.13 
25.43 
27.27 
28.70 
30.48 
37.48 
48.53 
49.45 
50.68 
52 .22  
JJ.80 

TIME 
HOURS 

.00 

.93  
2 .62  
3.43 
4.52 
6.48 

12.98 
22.88 
24.13 
25.43 
27.27 
28.f0 
30 .48  
37.48 
48.53 
4v.45 
50.68 
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TINE 
HCURS 

.00  
1.02 
2.55 
4.22 
5.08 
5.83 

11.47 
22.15 
23.20 
24.13 
25.12 
27.78 
28 .80  
29.62 
34.87 
4 5 . i 3  
47.77 

I N  
Jl8.0 
319.0 
320 .0  
318.0 
318.0 
318.0 
318.0 
314.0 
314.0 
314.0 
317.0 
319.0 
519.0 
319.0 
320.0 
315.0 
316.0 

IN 
168.0 
171.0 
173.0 
182.0 
182.0 
163.0 
197.0 
204.0 
203.0 
203.0 
205.0 
212.0 
21 1 .o 
211.0 
211.0 
213.0 
216.0 

TUBE 1 
G A G t  

6.J 
6.5 
6.5 
6.4 
6.4 
6.4 
6.5 
6.3 
6.3 
6.4 
6.3 
6.4 
6.5 
6.5 
6.4 
6.5 
6.5 

FLDUS 
TUBE 2 l U b E  3 

G R G t  GAGE 
6 . 2  6.4 
6.5 6.4 
6.4 6.6 
6.5 6.3 
6.4 6.5 
6 .4  6.5 
6.3 6.4 
6 . 3  6.4 
6.4 6.4 
6.3 6.2 
6 . 2  6 .2  
6.4 6 . 4  
6.4 6.5 
6.4 6.4 
6.5 6.5 
6.5 6.4 
6 .5  6.5 

TUBE 4 COOL HZO 
bAbf  GALLONS 

6 .6  302345. 
6 .1  303273. 
6.5 304659. 
6.6 ,06170. 
6.4 306975. 
6.4 307684. 
6.4 3 12977. 
6.4 323138. 
6.3 324121. 
6.3 325008. 
6 .3  3 2 5 Y V .  
6.4 328429. 
6.4 329363. 
6 . 5  330114. 
6.5 J34966. 
6.5 344804. 
6.5 346591. 

EXCHANGER NUnbER 1 
OUT I N  OUT 

224.0 318.0 225.0 
228.0 320.5 230.0 
229.0 320.0 231.0  
240.0 318.0 2 3 1 . 0  
240.0 319.0 238.0 

256.0 319.0 254.C 
256.0 314.0 254.0  
254.0 315.0 251.0 
255.0 315.0 250.0 
258.0 318.0 252.0 
266.0 320.0 260.0 
266.0 520.0 160.J  
266.9 320.0 261.0 
268.0 321.0 264.0 
26t1.0 316.0 i66.0 
270.0 J17.C 268.0 

ou1 IN OUT 
136.0 170.0 137.0 
140.0 174.0  141.0 
142.0 176.5 144.0  
147.0 182.C 147.0 
147.0 I a 2 . 0  147.0 
148.0 183.0 148.0 
156.0 199.0 158.0 
162.0 205.0 165.0 
161.0 200.0 160.5 
162.0 198.0 IS9.0  
165.0 1V8.0 160.0 
172.0 204.0 I6S.O 
171.0 2U3.0 163.0 
170.0 203.0 162.0 
166.0 205.0 159.0 
169.0 210.0 162.0 
170.0 212.0 163.0 

241.0 319.0 233.0 

EXCHANGER u u n m  3 

TEHPS I N  K6. f 
I N  UUT 

318.0 224.0 
319.0 226.0 
320.0 227.0 
31Y.0 235.0 

319.0 236.0 
319.0 249.0 
314.0 253.0 
314.0 131.F 
315.0 250.0 
318.0 253.0 
320.0 260.0 
320.C 165.0 
323.0 260.3 
521.0 261.0 
516 .0  263.0 
317.0 265.0 

TEhPS I N  D E B .  i 
I N  OUT 

171.0 118.0 
172.0 140.0 
173.0 143.0 
180.0 145.0 
1 7 9 . 0  146.0 
180.0 147.0 
193.0 156.0 
202.0 163.0 
200.0 161.0 
200.0 161.0 
202.5 164.0  
208.0 170.0 

208.0 169.0 
206.0 163.0 
211.0 164.0 
212.0 166.0 

318 .0  m . 0  

2oa.o 1)o.o 

I N  
317.6 
318.7 
318.2 
318.2 
317.9 
317.7 
317.6 
315.2 
313.2 
313.5 
316.7  
319.2 
518.7 
318.9 
320.3 
i l 4 . 6  
3 1 5 . 1  

I N  
165.4 
168.1 
170.8 
174.4 
175.2 
175.6 
190.7 
197.7 
175.5 
1v5.0 
198.1 
205.6 
205.r 
204.7 
204.0 
206 .6  
208.5 

ou 1 
222.8 
224.8 
227.0 
23J.Z 
133.4 
233.2 
252.5  
254.3 
252.0 
250.: 
253.0 
260.2 
260.7 
2 b O . 9  
263.1 
263.3 
265.3 

OUT 
142.8 
144.3  
145.5 
150.1 
149.6 
153.5 
158.0 
166.5 
164.6 
165.4 
167.9 
174. I 
173.2 
172.8 
166.7 
169.7 
170.0 

COOLINb UATEH TEHPERATURES I N  DEG. 
EXCH 1 EXCH 2 

i n  ou1 I N  OUT 
90.4 1 0 4 . 9  81 .8 90.4 
93.9 108.5  85.1 93.9 
96.2 110.4  87.5 96 .2  
97.4 110.0 88.5 97.4 
Y7.5 109.7 89.4 97.5 
9 8 . 6  110.8 YO.1  98.6 
91 .8 101.5 11J.2 Y l  .a 

87.6 96.5 80.0 87.6 
89.3 98.4 81.6 89.3 
Y2.0 101.2 84.2 92 .O 
97.7 106.6 LIY . 3  97.7  
97.9 106.8 89.4 97.9 
98. I 107.2 89.2 98.1 
92.9 1 0 1 . 4  a4.o 92.9 
95.2 100.8 84.8  93.2 
93.9 101.4 85.6 93.9 

88.1 96.8 80.4 sa. I 

F 
CXLH 3 

I N  GUT 
7 6 . 7  81 .8 

62.2 8,J.b 
84.0 dY.> 
83 .7  89.4 
84. v YU.1 
7,'. 1 83.2 
74.4 80.4 
74 .2  80.0 
76.0 81.6 
78.11 84 .2  
63.3 89 .3  
83 .3  89.4 
82.9 89 .2  
77.2 84.0 
77.9 8 4 . 8  
78 .5  85 .6  

79.9 a5.1 

IN 
224.0  
228.0 
229.0 
243.0 
240.0 
241.0 
256.0 
256.5 
254.0 
255.0 
258.5 
266.0 
266.0 
266.0 
268.0 
268.0 
270.0 

EXCHANGER W U W B i R  2 TEhPS I N  DEG.  f 
U U I  I N  OJT I N  OUT 

168.0 225.0 170.0 224.0 171.0 
171.0 230.0 174.0 226.0 172.0 
173.0 231.0 176.0 22?.0 173.0 

182.0 138 .0  182.5 235 .0  179.0 
183.0 238.0 163.0 236.0 180.0 
197.0 254.0 199.0 249 .0  193.0 
204.0 254.0 205.0 ~ 5 3 . 0  202.0 
203.0 251.0  200.0 231 .0  200.0 
203.0 250.0 198.0 250.0 200.0 
205.0 252.0 198.0 253.0 202 .0  
211. t  260.0 234.0 260.0 2Od.O 
211.0 260.0 203.0 260.0 208.0 
211.0 261.0  203.6 2 b O . O  Z(i8.0 
211.0 264.0 205.9 261.0 206.0 
213.0 266.0 210.0 263.0 211.0 
216.0 268.0 212.0 265.0 212.0 

182.0 237.0 182.0 235.0 183.0 

I N  
2 2 2 . 8  
221.8 
217.0 
233.2 
233.4 
233.2 
252.5 
254.3 
252.0 
250.5 
253 .0  
7a0.2 
280.7 
2QJ.Y 
1a3.1 
213.d 
205.3 

;ti: 
165.4 
168.1 

174.3 
175.2 
1 7 5 . 4  
170.7 
197.7 
195 .5  

1 70.a 

195.0 
178.1 

204.7 

205.6 
205 .3  

204.0 
206.0 
208.1 
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HCSULlS F R O M  THE T H I R T Y  SECOND RUN 
T E I S  RUN S l A R i E B  O L i O a i h  3 ,  I ? i 8  
IHt Ccnbi l IGNS OF T r f I S  H i i H  b t i i t :  

4. 5 C i i H I T Y  : 30.00G FPrl 7 0 l A L  O l S S r J L U E D  S0L:IlS 
B, C A L C I U R  : 30 PFll 
C. SiLIC4 : 400 PPll  
D. C A K B U N ~ ~ T E :  B O U  vcn 
t .  ri: : 3.Q 
F. A D D I i l V t  : N O N E  

1 .  LEVtL : NONE 
G. OTHER 

COOL HZO 

7536.4 
7461.9 
?478.1 
7669.6 
7800.2 
7750.2 
7861.0 
7744.? 
7865.2 

7723.0 
7582.6 
7589.1 
7129.6 
7769. I 
6066.7 
7655.8 

LII/HR 

7815.7 

TueE I 

161.2 
168.9 
166.6 
159.2 
153.6 
l 5 7 . J  
137.3 
110.4 

114.8 
114.7 

122.4 
125.1 
12J.I 
104.5 
112.1 

i o a . 9  

1 i a . i  

ruBEi 
L B / H R  
288.2 
297.9 
297.8 
213.1 
293. I 
293.1 
298.1 
2do.7 
288.7 
293.7 

293.0 
297.9 
297.9 
292.8 
298.5 
298.3 

288.5 

FLOURATE S 
TUBE2 
L l l / H i  
300.3 
314.8 
310.0 
315.1 
310.1 
310.1 
305.2 
3'26.0 
310.7 
305.8 
300.5 
310.0 
310.0 
310.0 
314.7 
315.4 
j ; 5 . 3  

T U R E I  TUBE4 
L P / H R  L B / H R  
306.2 298.1 
306.1 28J.4 
316.0 293.; 
301.2 29J.O 
311.3 288.5 

306.1 288.0 
306.8 289.2 
306.8 294.4 
296.5 204.3 
296.1 2BJ.P 
305.9 288.3 
311.0 288.4 
353.9 2 9 3 . 2  
310.8 233.0  
306.5 293.8 
311.4 295.6 

311.1  288.5 

~~ 

M I N I  E X C H k M G i l  N U M B E R  2 
OVERALL HEAT T K P N B F E R  CGEFFICIEHTS 

TiJBE2 TUBES i i i6C. l  A V E R A G E  

162.6 157.4 174.3 164.4 
171.1 164.7 167.5 168.1 
166.2 i 71 .ii 168.1 168.2 
164.1 159.6 1?3.4 164.6 
158.0 163.0 161.3 159.0 
139.5 166.8 164.8 162.1 
IJ9.M 139.2 144.8 138.0 
110.5 117.0 124.1 115.5 
119.7 118.2 12J.3 117.6 
124.0 114.6 124.4 l l P . 4  
1 2 i . 9  115.6 122.4 120.4 
136.3 122.8 122.7 125.0 
138.9 124.5 124.1 127.5 
144.0 125.2 131 . I  1JI.i 
139.0 128.6 130.3 129.7 
114.4 103.7 110.1 108.2 
125.4 118.2 121 .0 119.2 

B I W H R .  S 0 . i I .  OEG. F 

THIS IS 1HE iN7Ul D A l A  FOR THE THIRTY I H I R D  RUN 
[HIS kUN S T A P I E D  O C I Y a E F i  1 2 ,  l'?,'7 
1HE I;LINDIliONS OF T H I S  RUN UEKE: 

.A.  SlLINlll : J0,OOO PPH 131IIL 1)ISSOLUED SOLIDS 
B. C A L C I U M  : 28 P P H  
c. S I L I C A  : 4 a 9  PPA 
D. CAKHONIITE: 81J0 PPH 
E. P H  : 6.0 
F. A U D I T I V E  : NONE 

1. LEVEL : NONE 
t .  O T H E R  I 

T I N E  
HOURS 

.oo 
1.02 
I .82 
3.05 
4.25 
4.95 
7.42 

1 ' l . l Y  
23.03 
28.98 
31.57 

FLOUS 
TUBE 1 TUBE 2 TUBE 3 

646E GAGE GAGt 
6.5 6.5 6.5 
6.5 6.5 6.5 
6.5 6.5 6.5 
6.5 6 . 5  6.5 
6.6 6 . :  6.5 
6.6 b.5 6.5 
6.7 6.4 6.3 
6.2 6.5 6.4 
5.7 5.1 6.1 
6.2 6.3 6.6 
5.7 5.9 5.9 

TUhE 4 
G A Q E  

6.4 
6.4 
6.5 
6 . 5  
6.5 
0.5 
b.4 
6.5 
6.0 
7.0 
6.4 

T I r E  
nouis . 00 

1.02 
2.55 
4.22 
5.08 

11.4,: 
22.15 
23.tO 
24.IJ 
25.12 
27.78 

29.62 
34.8;  
45.33 
47.77 

5.a3 

2 8 . 8 0  

T I n E  
HOURS 

. O G  
1.02 
2.55 
4.22 

5.85 
11.47 
22.15 
23.20 
?4.:J 
25.12 

28.irO 
i 9 . 6 2  
34.87 
45.33 
47.77 

5.08  

27.18 

COOL H20 
GALLONS 
348815. 
349737. 
350463. 
351584. 
352677. 
333315. 
355600. 
359890. 
369790. 
375205. 
377560. 

143.9 151.7 
1 4 3 . 4  157.2 
145.7 157.2 
148.8 160.0 
155.4 164.4 
1 4 / . 6  156.2 
142.a 143.2 
127.1 125.7 
126,9 132.4 
126.7 130.4 
l2C.2 126.J 
122.5 136.1 
125.7 141.9 
1J0.6 147.4 
133.1 156.3 
116.7 141.6 
135.1 160.6 

i U B E I  

172.7 
174.3 
173.3 
143.0 
142.2 
140.6 
105.0 

92.9 
96.2 
97.4 
95.6 
88.0 
89.4 
91 .O  
8J.0 

74.9 
b Y . 0  

TUBE1 

H I N I  EXCHAgGER Nti t lUER 1 
OVERALL htAT ThANSFEX LutFFICILf4TS 

IUBL2 TUBES i w c 4  
B T U I H R .  SU.FI.  Uru. k 

177.6 183.5 181.2 
185.4 184.4 176.3 
175.2 1 8 V . 4  1, 'd. l  
161.3 1:Y.l i 62 .2  
156.9 163.5 155.2 
157.7 163.2 156.1 
11.5.1 124.0 107.9 
10L .4  104.7 Y5.1 
111.2 158.3 97.4 
113.1 1C9.7 102.1 
115.2  1UY.S 103.2 

10z.9 107.3 96.3 
106.7 i07.4 99.5 

V U . /  103.5 51.6 
/7.9 kC.9 , 5 . 2  

fllci EWChAilGER NUtldER 3 
C V L k R L L  hEAl  .nAU',Ftk Lbki i LLiENTS 

l Q # ' . G  105.b 98.0 

64.6 89.4 a i  .9 

TUBE? TUBE3 I UdC.I 

B T W H R .  SO.FI. DEG. F 
152.4 101.1 
151.1 
148.4 
157.0 
159.5 
151.4 
i i 4 . d  
125.8 
126.8 
123.9 
: l V . 4  
125.0 
127.0 
1 Z V . Y  
142.2 
132.6 
146.4 

106.5 
.1:5.2 
107.1 
113.9 

112.1 
94.7 
93.3 
89.9 
YS.5 
96.4 
98.8 

101.1 
114.8 

98.4 
114.6 

100. b 

COOLING U 4 T E K  
E X C H  I 

IN OUT 
89.2 103.8 
89.8 104.1 
89.5 103.6 
d8.0 101.8 
90.0 103.4 
90.9 104.2 
89.2 102. I 
87.8 100.2 
77.2 85.6 
89.5 97. I 
89.4 96.5 

fiYEitAGE 

178.8 
178.9 
177.7 
156.4 
154.4 
154.4 
11'2.5 
Y8.8 

1 0 3 . 3  
105.6 
105.4 

99.6 
105.0 
101.2 

94.4 
?5.? 
E?.? 

n 8: t 6: nii i 

137.3 
1J9.5 
I 4 l . t  
143.2 

110.4 
133.2 

119.8 
117.) 
114.1 
120.0 
123.4 
127.2 
1 3 f . 6  
122.3 
139.2 

1 4 3 . 3  

i t a . 3  

E X C H  2 
I N  

80.5 
80.9 
80.8 
79.2 
81.2 
82.2 

78.6 
68.5 
E l  . 3  
E l  .6 

au .+ 

OUT 
89.2 
89.8 

88.0 
90.0 
90.9 
87.2 
87.6 
77 .2 
J9.5 
89.4 

a 9 . t  

A 

TInE 
HOUhS 

.oo 
I .02 
2.55 
4.22 

5.83 
11.47 
22.15 
X . 2 G  
24.13 
25.12 
27.76 

25.62 
34.a1 
45 .33  
47.77 

5 .  oa 

28.60 

T I C €  
HOURS 

.30 
1.92 
2. b5 
4 . 2 2  

5 . a  
11.47 
12.15 
23.20 
24.13 
?;.12 
? 7 . 3  
2d.60 
29.62 
34.87 
45.35 
47.77 

s.oa 

EXCH 3 
16 OUT 

75.3 80.5 
75.7 60.9 

73.9 79.2 
75.5 ao. 8 

75.8 a i  .2 
76.9 a 
75.0 8 
72.8 7 
62.9 68.5 
74.2 31.3 
?4.4  81.6 
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t 

IN 
318.0 
320.0 
317.0 
317.0 
317.0 
317.0 
314.0 
318.0 
316.0 
319.0 
318.0 

EXCHANGER N U f I U E R  1 
OUT I N  G U T  
221.0 318.0 230.0 
234.0 320.0 233.0 
224.0 316.0 233.0 
225.0 316.0 254.0 
228.0 317.0 235.0 
228.0 316.0 235.0 
230.0 314.0 235.0 
236.0 317.0 241.0 
250.0 315.0 255.0 
270.0 319.0 272.0 
271.0 3 1 8 . 0  273.0 

T E l l P S  IN DEG. F 
I N  OUT 

3 1 8 . 0  228.0 
321.0 230.0 
317.0 229.0 
317.0 251.0 
318.0 232.0 
317.0 232.0 
315.0 22Y.b 
319.0 238.0 
316.0 256.0 
320.0 272.0 
319.0 273.0 

I N  
3 1 7 . 3  
319.8 

316.1 
316.9 
315.8 
313 .1  
316.9 
316.3 
319.8  
317.6 

3 1 5 . 8  

OUT 
225.3 
227.7 
226.9 
227.9 
230.4 
230.7 
229.3 
234.8 
254.0 
273.7 
273.3 

I N  
1 7 5 . 0  
177.0  
177.0 
128.0 
180.0 
181 .u 
181 .o 
185.0 
189.0 
219;O 
222.0 

EXCHINLEI( i u n m  s 
O U T  I N  OUT 
IJ6.0 172.0 138.0 
138.0 124.9 I 4 G . O  
138.0  174.0 139.0 
I J U . 0  I l b . 0  1 4 4 . 0  
140.0  1?7.0 142.0 
141.0 178.0 142.0  
1 4 1 . 0  179.0 141.0 
142.0 184.0 145.0 

171.0 215.0 Ib9.0 
172.0 219.0 171.0 

1 4 4 . 0  i a 6 . o  145.0 

I f h Y S  I t i  LEB. F 
1N 0111 
170.0 138.0 
172.0 140.0 
1tl.O 140.9  
1l2.0 140.0 
174.0 142.0  
174.0 143.0 
173.0 14?.0  
178.0 145.0 
191.0 151.0 
220.0 179.0 
223.0 182.0 

I Y  
163.2 
165.6 
165.5 

168.3 
169.2 
169.2 
173.5 
182.9 
222.0 
224.7 

1 6 5 . 8  

RESULTS t f i U H  IHC lHlRll iHIRD kUN 
T H I S  RUM S T k R T E V  OClOBEfi 1 2 ,  19,'; 
I H C  L O M G I I I O N S  O F  T H I S  RUN UEkB: 

A. S A L I N I T Y  I 30,000 rrd TOTAL OifiSULViD SOLIUS 
8 .  CALLIUH : 26 PPH 
C. S I L l C A  t 400 YPh 
D. CARRONLTEI 8 C O  P P n  
E.  P H  : 6.0 
F. k D D I T I V E  : NONE 

1 .  LEVEL : N O M  
G. OTHER : 

COOL H Z 0  
l I I / H P  
7489.4 
7496.5 
7511.0 
7527.5 
7530.0 
7651.0 
/438.5 
7543.2 
7538.7 
/555.0 
7533.5 

TUBE1 

130.2 

130.0 
127.5 
132.0 
130.7 
136.1 
125.1 
115.1 
96.9 
87.8 

150.8 

I U B L l  
L W H R  
278.1 
291.8 
298.2 
2911.2 
303.1 
303.1 
308.5 
285.3 

283.1 
258.6 

258.8 

F L O W A T E S  
lUOE2 
LiJ/HR 
315.1 
J14.8 
315.4 
3 1 5 . 4  
315.3 
315.4 
310.9 
315.3 
247.4 
305.2 
286.0 

TUlrE3 
LWHR 
31 1.3 
310.6 
3 1 1 . 4  
311.4 
31 1 .3  
311.4 
301 . 6  
306.1 
291.3 
316.0 
200.8 

TUBE4 
L W H R  
268.6 
288.2 
293.6 
293.5 
293.4 
293.6 
289.2 
293.4 
269.6 
316.9 
288.6 

l X N I  LXCHAHGER NUIIBEI 2 
OVERALL HEAT T I A H S F i R  COEFFICIENTS 

BTUIHR. S O . F l .  DEG. F 
TUBE2 TUBE3 TUBE4 AVERAGE 

170.5 171.5 178.8  162.8 
168.2 i66.a 173.1 164.7 
169.7 169.8 176.2 161.4 
166.3 168.7 175.1 159.5 
1 6 4 . i  f66.6 174.5 159.3 
163.5 169.4 174.7 159.5 
155.5 158.9 166.8 154.3 
153.7 163.3 165.5 1 5 i . 9  
121.3  134.6 129.0 125.0 
117.9 109.4 107.8 108.0 
107.5 96.4 95.7 96.9 

ou I 
137.9 
140.7 
140.3 
I50.1 
142.8 
143.3 
142.7 
145. I 
149.2 
177.8 
179.1 

T I M €  
HOURS . 00 
1.02 
1.82 
3-05 
4.25 
4.95 
7.42 
12.18 
23.03 
28.98 
31.5/ 

T I n E  
HOtikS 

.oo 
I .02 
I .82 
3.05 
4.25 
4.95 
7.42 
12.18 
23.03 
28.98 
31.57  

IN 
221 .o 
234.0 
224.0 
225.0 
228.0 
228.0 
230.0 
236.0 
250.0 
270.0 
271 .O 

TUBE1 

185.8 
157.7 
177.0 
172.2 
167.6 
170.0 
159.4 
138.7 
90.5 
74.v 
67.6 

TUBE1 

164.9 
160.7 
161.8 
160.2 
164.1 
163.7 
162.3 
154.4 
124.3 
125.9 
122.6 

EXCHANGER N 
OUT I N  
175.0 230.0 
177.0 233.0 
177.0 233.0 
178.0 254.0 
160.0 235.0 
181.0 235.0 
181.0  2J5.0 
185.0 241.0 

219.0 272.0 
222.0 773.0 

ie9.0 2 5 3 . ~  

UHBLR 2 
OUT 
172.0 
174.0 
174.0 
175.0 
177.0 
178.0 
179.0 

186.0 
215.0 
219.0 

184.0 

IEHYS IR DE;. F 
I N  OUT 

228.0 170.0 

229.0 i7l.O 
231.0 172.0 
232.0 174.0 
232.0 114.0 
229.0 l7S.O 

256.5 191.0 
272.0 220.0 
273.0 223.0 

230.0 172.0 

238.0 178.9 

H I N I  EXCHANGER MUilBEA 1 
O V E R A L L  H t A T  TRANSFER COEFFICIENTS 

TUBE2 TUBEJ TULE4 

172.6 175.6 168.3 
169.3 176.2 167.2 
162.3 171.8 165.3 
157.7 164.6 161.2 
156.8 163.7 156.4 
157.5 164.5 156.4 
148.5 159.7 149.7 
141.1 146.8 144.6 
80.8 91.1 88.0 
77.1 81.3 78.0 
71.2 71.3 70.8 

BTU/HR. SO.FT.  DEO. F 

H I N I  EXCHANGER NUMBER 3 
O V E R A L L  HEAT TRANSFER COEFFICIENTS 

TUBE2 TUBE3 IUBE4 

, 152.1 143.0 101.0 
148.2 ~139.3 103.7 
134.9 136.6 107.8 
148.4 136.2 106.7 
149.4 137.2 105.7 
154.5 133.2. 107.7 
146.5 127.b 106.1 
153.4 129.8 1OY.5 
109.0 118.5 108.6 
133.3 115.0 124.1 
132.2 103.1 IlY.4 

B W H R .  S0.FI. DEG. F 

I N  
225.3 
227.7 
,.6.? 
ZZ?. 9 
230.4 
230.7 
229.3 
'234.8 
254.0 
273.7 
273.3 

...* 

AVERAGE 

175.6 
167.6 
169.1 
163.9 
161.1 
162.1 
154.3 
142.9 
87.6 
77.8 
70.2 

AVERAGE 

140.2 
138.0 
140.J 
13/.7 
139.1 
139.8 
135.6 

115.1 
125.6 
119.5 

136.a 

ou 1 
163.: 
165.6 
165.5 

168.3 
1 6 9 . 2  
169.2 
173.5 
187.9 
2 2 ;  . 3  
224.7 

165.a 

T I M  
HOURS 

.oo 
1.0: 
i .82 
3.05 
4.25 
4. Y 3  
7.42 
12.18 

13.98 
23.03 

31.57 

TInL 
HiJciliS 

. P O  
I .02 
I.&' 
3.65 
4 .:5 
4.v5 
7.42 
12.18 
23.05 

31.57 
2a.98 
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T H I S  IS THE INPUT DATA FOR THE THIRTY FOURiH R U N  
THIS  RUN S T A R T E D  O C i D B E R  21, 1977 
TilE COND1710NS GF THIS SUN UERE: 

A. SALINITY : 30.000 PPM IOlAL DISSOLVED SOLIDS 
E. CALCIUN : H O N E  
C. S I L I C A  : NOtiC 
D. CAmBunniC: NONE 
E .  PM : 10.2 
F. ADDITIVE : NOW 

1. LEVEL t NONL 
G. UlkER I 

TIME 
HOURS . 00 

I .oo 
16.57 
17.73 
19.17 
20.95 
23.02 
24.77 

TUBE 1 
6 A G E  

6.5 
6.4 
6.2 
6.2 
6.3 
6.3 
6.3 
6.2 

FLOUS 
TUBE 2 TUBE 3 

GAGE GAGE 
6.6 5.7 
6.5 5.7 
6.3 6.3 
6.3 6.3 
6.3 6.3 
6.3 6.3 
6.3 6.2 
6.3 6.3 

TunE 4 
GAGE 

6. I 
6.1 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 

COOL H2O 
GALLONS 
376886. 
379700. 
392715. 
393610. 
394866. 
396352. 
398058. 
399502. 

COOLING U A l E R  IEHPERATURES I N  DEG. F 
EXCH 1 EXCH 2 EXCH 3 

I N  
96.6 
P6.2 
88.9 
8Y.7 
12.0 
96.2 
97.7 
96.5 

OUT 
111.1 
1 1 1 . 1  
104.3 
105.3 
107.5 
111.2 
112.9 
111.8 

I N  
87.7 
87.3 
79.6 
80 .3  
82.8 
87.2 

87.2 
88.5 

OUT 
96.6 
76.2 
88.9 
89.7 
92.0 
96.2 
97.7 
96.5 

IN 
82.3 
81 .9  
73 .9  
7 4 . 6  
77. I 
81.7 
83.0 
81 .6  

OUT 
87.7 
87 .3  
79.6 
80.3 
8 2 . 8  
87 .2  

87.2 
88.5 

OUT 
167.6 
167.3 
105 .2  
166 .6  
166 .9  
169.6 
170 .6  
169.8 

i I n E  
HOURS . 00 

1.00 
16.5; 
17.73 
19.17 
20.95 
23.02 
24.77 

lit!€ 
rluuiis 

.oo 
1 .oo 

16.57 
17.7; 

20. 
23.02 
24.77 

I I'@ 

EXCHAHGER NUMBEH I lEn I 'S  I d  vtli. i 
OUT I n  OUT IN UUI 

225.0 315.0 231.0 315.0 229.0 
227.0 318.0 232 .0  318.0 231.0 
224.0 311.0 22LI.U J l l . 0  ZJ'2.J 
224.0 318.0 2JO.O 319.0 232.0 

.227.0 319.0 231.0  320.0 234.0 

230.0 JIY.0 233.0 320.0 236.0 
229.0 320.0 2J3.0 320.0 236.0 

228.0 318.0 232.0 313.0  235.0 

I1111 
227.4 
223.0 
226.8 
228.4 
229.0 
230.0 
231.2 
231 . O  

EXCHhNliER HUMBER 2 T E W S  I N  DEG. F 
IN OUT I n  OUT IN OUT 

225.0 179.0 231.0 175.0 . 229.0 169.0 
227.0 179.0 232.0 175.0 231.0 170.0 
224.0 175.0 228.3 170.0 232.0 172.0 
224.0 176.0 230.0 172.0 232.0 172 .0  
227.0 178.0 231.0 173.0 224.0 174 .0  

230.0 181.0 233.0 176.0 236.0 177.0 
229.0 181.0 233.0 176.0 236.0 177.0 

228.0 1ao.o 232.0 174.0 235.0 175 .0  

I N  
??7.4 
228.0 
226.8 
228.4 
229.0 
230.0 
231.2 
231 .O 

I N  
314.0 
318.0 
317.0 
318.0 
319.0 
318.0 
319.0 
320.0 

I N  
314.2 
317.5 
31b.2 
317.3 

317.4 
318.9 
319.3  

318.0 

r x t t  
ou1 

111.0 
14?.0  
1Jb .U  
137.0 
1 5 9 . 0  
142.0 
143.0 
142.0 

iANtCR 
I N  

175.0 
175.0 
170.0  
172.0 
l i 3 . U  
174.0 
176.0 
176.0 

t u b i S  3 
OUT 

144.0 
1 4 4 . 0  
13d.0 
139.0 
141.0 
143.0 
144.0 
144.0 

T i f l P S  I N  DLG. f 

169.0 139.0 
170.0 1 4 0 . 0  
172.5 138.0 
172.0 139.0 
174.0 1 4 1 . 0  
175.0 1 4 4 . 0  
l i 7 . 0  145.0 
177.0 144.0 

IN nu1 I N  
l6,'.6 
l o J . 3  
i6L.1 
166.6 
166.9 
169.6 
170.5 
169.8 

OUT 
143.R 
143.5 
i 3 9 . 7  
141.3 
142.2  
144.9 
1 . l b . 1  
145.4 

I N  
1j9 .0  
179.0 
175.0 
176.0 
1 m . o  
180.0 
181 .o 
181.0 

RESULlS F R O 1  THE I H I K T Y  FUURTH RUN 
IWIS RUN S l ~ f i T E D  OCTObER 21, 1977 
;HE CONDIIIONS OF i n i s  RUN WE: 

A. S A L I N I I Y  t 3 0 , 0 0 0  PPH lulA1 UISbULVEU SULIDS 
E. CALCIUll t nun€ 
C. SXLILA : M E  
D. CARKINAIE: NONE 
E. PH I 10.2 
F. I D D I T I V E  : NONL 

1. LLVLL : NONE 
6. OTHER : 

MINI EXCHPNGER NUBBER 1 
OVLRALL HEAT TRANSFER COEFFICIENTS 

TUBE2 TUPE3 TUbE4 AVERAGE 

174.5 152.3 156.9 165.0 
177.3 154.7 162.8 168.1 
173.1 160.8 162.6 166.7 

165.2 161.8 167.9 171.1 
172.8 164.3 164.0 168.5 
171.2 161.2 163.0 166.7 
175.2 161.8 165.2 167.8 
174.0 163.9 165.6 168.7 

BIUIHR. S P . F I .  DLG.  F 
COOL H20 

L P l H R  
6714.7 
6896.7 
6836.3 
6UJO.3 
6879.9 
6808.2 
6308.0 
6865.8 

i u n E i  
Ll l lH l t  
2 9 8 . b  
293.1 
283.4 
283.3 
218.0 
288.2 
288.0 
283.0 

FLOURATES 
lUBE2 
LB/HR 
329.4 
315.1 
305.5 
305.4 
~ 0 5 . 2  
305.4 
305.2 
305. I 

TUBE3 
L B / H R  
271.2 
270.8 
301.3 
301 .O 
300.9 
301.2 
295.8 
300.9 

TUBE4 
LB/HR 
274.7 
274.2 
204.0 
253.8 
283.7 
283.8 
283.6 
283.5 

TINE 
mums . 00 

1 .oo 
16.57 
17.73 
19.17 
20.95 
23.02 
24.77 

TINE 
N U R S  

,oo 
I .oo 

16.57 
17.73 
19.17 
20.95 
23.02 
24.77 

TUBE I 

176.6, 
177.7 
170.2 
173.2 
172.9 
I 7 1  .5 
17f.O 
171.3 

N l N I  EXCHANGER N U N P E R  2 
OVERALL HEAT TRANSFER CDEFFICIENTS 

BTUIHR.  S O . F I .  DEG. F 
I U B E ~  IUKS  TUBE^ AVERAGE 

172.Y 163.6 167.7 159.2 
172.9 164.3 170.3 160.7 
106.5 165.6 169.6 157.6 
165.1 167.7  170.0 157.7 
165.8 166.3 172.1 iS8.7 
169.3 169.8 169.4 159.6 
168.6 166.3 173.0 160.6 
168.2 168.9 175.3 160.6 

lJNl EXCHhNGLR NUi3DER 3 
OVERALL HER1 lRAliSFER COEFFICIENTS 

 TUBE^ TU&.! TUBE4 AVERAGE 

147.2 130.5 101.5 135.5 
146.8 130.2 103.2 135.6 
139.0 144.9 105.0 136.5 
142.8 140.8 103.1 135.6 
141.3 142.8 104.0 137.1 
1 4 1  .3 137.5 105.9 136.G 
144.9 138.5 104.6 136.8 
143.0 144.6 104.0 137.9 

B I U I H R .  S 0 . F i .  DEG. f 
TUBE I 

132.4 
135.0 
128.9 
127.2 

129.8 
134.5 
129.8 

130.4 

TUbEl  

162.7 
162.0 
156.2 
155.6 
160.4 
159.3 
157.1 
159.8 



THIS I S  THE I N P U l  DATA FOR THE T H I R T Y  F I F T H  RUN 
THIS RUN STARTED NOUEHbER 2.  1977 
THE CONDITIONS OF T H I S  RUN UEHE: 

A .  SALINITY 1 30,000 PFH TOTAL DISSOLVED SOLItS 
B. CALCIUM : 34 PVH 
E. S I L I C A  : 400 PPH 
D. CARBONATE: 800 PPH 
E.  VH I 7.0 
F. ADDITIVE I NONE 

I .  LEVEL : NUNE 
0. OTHER : 

T I H E  1 
HOURS 

.oo 
1 .otl 
2 .57  
3.55 
5 .52  
6.48 

10.30 

FLOUS 
lUBE I TUBE 2 TUBE 3 
GAGE GAGE GAGE 

6.4 6.4 6.4 
6.J 6.4 6.3 
6.4 6 .3  6.3 
6.4 6.4 6.3 
6.4 6.4 6.5 
6.4 6.4 6.4 
6.4 6.4 6.4 

TUBE 4 
G A G E  

6.4 
6.4 
6.3 
6.3 
6 .5  

-6.4 
6.4 

COOLING UATER TEHPERATURES 
EXCH 1 EXCH 2 

Y DEG. 
E x c n  3 COOL HZO 

GALLONS 
400774. 
4Ol7JI .  
403121. 
404012.  
405786. 
406658. 
410123. 

I N  
79.1 
82.2 

86.4 
86.3 
14.6 
75.2 

a4.e 

our 
91.9 
94 .9  

96.7 
V5 .0  
92.3 
81 .2  

9 5 . 8  

I N  
71 .O 
73.8 

78.4 
79.0 
77 .7  
69.4 

76.8 

OUT 
79.1 
82.2 

86.4 
86.3 
84.6 
75.2 

84.8 

I N  
66.1 

7 1 . 2  
72 .9  
7J .6  
72 .6  
64 .7 

68.7 

ou 1 
71.0 
/J. a 
76 .a 
78.4 
/ Y . O  
77.7 
69 .4  

UbT 
160.3 
164.7  
182.2 
195.3 
2 1 4 . 6  
271 .2 
239.4 

TIHE 
HOURS 

.oo 
1.08 
2.3; 
3.55 
5.52 
6.4U 

10.30 

T I h E  
HOuhb 

.oo 

2.5; 
3.55 
5.52 
6.46 
IO. 39 

1 .ca 

EXCHANGER NUNPER 1 
I N  OUT I N  OUT 

304.0 214.0 304.0 220.0 
308.0 219.0 308.0 225.0 
310.0 237.0 310.0 240.0 
313.0 248.0 313.0 251.0 
314.0 260.0 JI4.0 264.0 
314.0 265.0 314.0 268.0 
314.0  274.0  3 1 4 . 0  278.0 

TEMPS I N  D E G . . F  
I N  OUT 

JO5.0 223.0 
308.0 2?7.0 
310.0 239.0 
314.0 247.0 
315.0 259.0 
315.0 263.0 
315.0 273.0 

111 
214.0 
219.0 
237.0 
249.0 
260.0 
265.0 
274.0 

EXCHANGER HUNBER 2 TENPS I N  DEG. F 
UUT If4 OU1 I N  OUI 

169.0 220.0 165.0 223.0 164.0 
173.0 225.0 170.0 227.0 168.0 
177.0 240.0 178.0 239.0 174.5 

213.0 264.0 217.0 259.0 211.0 
197.0  2 5 1 . 0  198.0 24/.0 193.0 

222.0 268 .0  225.0 263.0 218 .0  
240.0 278 .0  2 4 2 . 0  273.0 236.0 

I N  
220.5 
224 .6  

247 .8  
261 .3  
2d.s.o 
276.7 

237.a 

I N  
304.4  
307.5 
309.5 
313.2 
3 1 4 . 2  
313.0 
313.9 

OUT 
220.5 
224.6 
237.8 
247.8 
261.3 
265.0 
276.7 

L A  
00 1 

130.0 
i l i . 0  
146.0 

176.5 
166.0  
205.0 

i 5 a . o  

L l l i l l ~ , L I .  b l l ~ l * l i  J 

r h  U U I  
165.0 1 3 2 . 0  
i.'O.J l J / . !  
178.0 151.0  
198.0 163.0 
2 1 7 . 0  162.0  
225.0 1 9 0 . 0  
2 4 2 . 0  210.0 

l L f ! l >  l h  h L b .  1 

1b4.0 1 3 2 . 0  
168.0 1 3 6 . 0  
174.0 158.0 
173.0 159.0 
2 1 1 . 0  179.0 
218.0  I t (6 .0  
256.0 ZUb.0 

I N  cur in  
160.0 
164.7 
I U 2 . 2  
195.3 
214.6 
321 . 2  
239.4 

IJJ I 

134.2 
1 Jtl.3 
151.3 
1 6 3 . t  

I 8 9  .O 
2OY . 3  

i a i  .; 

i n  
1 0 7 . 9  

I.'J.O 
177.0 
191.0 
213.0 
222.0 
240.0 

RESULTS ir iun THE IHIHIV t i l  1 3  R U N  
THIS H U H  b l A R T E D  N D V E R l t t H  2, l??i 
i n t  CuiiDITIONS OF IHSS H U N  UERE: 

A. SALIHITY I 30,000 PPI1 T O l A L  DISSOLUtU S U L I D D  
E. CALSICII : 34 PPfl  
C. S I L I L A  8 400 PPI4 
D. CAiisoNnTEr 8 0 0  Y P R  
E. VH I 7.0 
F. ADDITIVE : HONE 

1. L E V E L  : WOIiE 
G. O T H E R  : 

M I N I  EXCHANGER N U H B E K  I 
OVERALL HEAl 1kANSFE.R LOEFFICIENTS 

TUBE2 TUBE3 TUbE4 

i s 7 . a  1 5 0 . 1  146.1 

126.1 126.5 121.0 
110.8 117.3 107.8 

86.0 97.7 86.6 
76.6 86.4 . 75.1 
55.1 64.0 53.1 

BTU/HR. SO.FT. DEG. F 

159.8 150.4 i4n.8  

COOL HZO 
LBIHR 
7317.3 
7751.6 
I 4 V Y . Y  
7461. I 
7470.3 
7516.5 
7532.2 

TUlcEl 
LbIHR 
295.1 
28Y.6 
~ 9 4 . 2  
2 9 5 . 0  
293.7 
293.7 
2 9 d . l  

FLOUk ATES 
 TUBE^ 
LB/I:R 
312.3 
31 I .7 
306.6 
3 1  I .O  
310.9 
310.9 
310.9 

TUBE3 
LB/HR 
308.1 
302.6 
102.3 
301.7 
311.7 
306.7 
306.) 

TUBE4 
La lHR 
290.4 
290.0 
284 .Y  
284.4 
293.8 
289.1 
289. I 

TINE 
HOURS . 00 

I .OB 
2.57 
3.55 
5.52 
6.48 

10.30 

TIME 
H O U i S  

.oo 
I .08 
2.57 
3.55 
5.:2 
6.48 

10.30 

TUBE1 

163.1 
162.5 
127.4 
110.7 

88 .7  
77.7 
58.4 

W E R A G E  

154.3 
155.4 
125.2 
111.7 

89.7 
78.Y 
5 7 . 1  

M I N I  EXCHANGER N U H R E R  2 
OVERALL HEAT TRhNSiER COEFFICIENTS 

TUBE2 IUbE3 IUBE4 

H I N I  EXCHAIGER NUIlBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3 TUbE4 

149.5 134.7 129.6 101.0 
156.6 137.2 131.5 105.5 
128.9 107.9 101.4 117.2 
121.7 111.9 110.2 95.5 

98.6 P4.6 89 .9  84.9 
86.5 86.7 81.5 75.5 
68.8 65.1 64.4 57.5 

B W H R .  SO.FT. DEG. F 
TUBE I 

118.3 
123.1 
141  .2 
114.1 
95.5 
84.  I 
58.9 

AVERAGE 

147.5 
152.3 
143.1 
119.8 
98.2 
87.4 
63.8 

AUERAOL 

128.7 
132.7 
113.Y 
1OY.B 

92.0 
82.5 
63.9 

PTUIHR.  SQ.FT.  DtG. F 
152.8 160.8 IS8.I 
157.4 164.4 164.2 
149.7 158.4 123.2 
123.9 126.6 114.6 

98.5 104.6 94.5 
87.4 93.6 64.6 
65.0 67.8 63.3 

127 



THIS Is THE INPUT DATA FOR THE T H I R T Y  S I X T H  XUN 
l n l b  8U:: S T A P T E D  NUUt' lBER 8, lY?7 
THE CONDl l iGNS OF THIS RUN UEWE: 

A. S A L I N I T Y  : 31,000 PPM TOTAL DISSOLVED SOLIDS 
8. CALCIUM : 34.4 PPH 

D .  CAKRONATE: NONE 
E. PH : 10.2 
F. ADDiTIVE : NONE 

I .  LEVEL : NONE 

c. S I L I C A  I NONE 

6. OTHER I 

T I n E  
HOUKS 

.oo 

.87 
2.lir 
8.73 

17.88 
20.48 
2 2 . b 2  
25.83 

'UI I1 1 
GAbE 

6.2 
6.2 
6.3 
6.0 
6.3 
6.3 
6.3 
6.2 

iUbE 2 
6ASE 

6.2 
6.3 
6.3 
6.0 
1 . 3  
6.3 
6.3 
6.3 

FLOUS 
TUBE 3 

GAGE 
6.3 
6.3 
6.3 
6.6 
6.2 
6.3 
6.3 
6.3 

TUBE 4 
SAGE 

6.2 
6.3 
6.J 
6.6 
6.3 
6.3 
6.3 
6.3 

COOL H2U 
GALLONS 
414898. 
416546. 
419087. 
431840. 
449734. 
454924. 
459199. 
465616. 

I N  
305 .O 
J16.O 
318.0 
320.0 
305.0 
N2.G 
302.0 
306.0 

EXCiiANGER NUMBER 1 
OUT I N  CUT 

208.0 309.0 208.5 
211.0 316.0 212.0 
214.0 318.0 215.0 
214.0 320.0 213.0  
ZC5.U' 306.0 256.0 
2b4.0 303.0 205.0 
204.0 303.0 206.0 
207.0 306.0 208.0 

TEiiPS I N  DEB. F 
I N  OUT 

510.0 207.3 
316.0 212.0 
318.0 216.5 
320.0 217.0 
306.0 206.0 
JG2.0 205.0 
303.0 206.0 
307.0 238.0 

I N  
307.1 
315.4 
317.9 
319.0 
303.8 
300.7 
301.1 
305.0 

OUT 
206.4 
211.5 
214.9 
214.5 
203.4 
202.5 
203.7 
206.2 

EACHANGER N u n s c n  3 
IN O U T  IN b u r  

152.0 117.0 150.0 1 1 9 . 0  
151.0 117.0 153.0  122.0 
157.0  1 2 2 . 0  156.5 1 2 4 . 0  
155.0 119.0 152.0 121.0 
150.3 116.0 149.0 118.0 
150.0 1 1 6 . 0  149.0 118.0  
IS l .0  117.0 150.0 120.0 
l 5 2 . J  11u.o 151.0 120.0 

i t n r b  111 Utlj. t 

1 5 0 . 0  1?1.0 
152.0 I ? 3 . 0  
157.0 126.0  
156.0 1 2 5 . 0  
148.0 119.0 

148.0 120.0 
150.0 121.0 

IN aur 

147.0 118.0  

IN 
148.4 
152.2 
155.9 
154.6 
146.4 
146.2 
141. .8 
149 .O 

uu r 
121 . 4  
124.7 
128.6 
127.4 
120.3 
120.2 
121.Y 
122.6 

h t S U L 7 S  FRDH THE T H i R T Y  S I X T H  RUN 
THIS R U N  S T A R T E D  NOUEI(RCR 8 ,  1977 
irii CONDITIONS OF THIS RUN UEREI 

A. S A L I N I T Y  : j 1 , O O O  PPn roTnL DISSOLVED SDLIDS 
D. caL;Iun : 34.4 PPN 
C. S I L I C A  : NONE 
0. C A P D O M A I E :  NONE 
E. PH : 10.2 
F. ADDITIVE : NONE 

I .  LEVEL I NONE 
t. UrHER : 

COOL H20 
LBIHR 

16018.8 
16137.9 
16227.8 
16574.5 
16584.7 
165dJ.3 
16294.8 

15781.8 

TUBE1 
LBIHR 
284.5 
283.5 
288.2 
273.1 
290.0 
290.4 
290.4 

.za4.9 

FLOURATES 
TUBE2 
LBIHR 
301 .8 
305.7 
305.4 
290.S 
307.2 
307.6 
307.6 
307.2 

TUBE3 
LBIHR 
302.J 
301.4 
J O I  .2 
316.0 
297.8 
303.5 
303.3 
302.7 

TUBE4 
LPIHR 
280.4 
284.1 
283.7 
297.9 
285.7 
288.1 
286.0 
215.5 

T I M E  
HOURS . bo 

.87 
2.18 
8.73 

17.Xb 
20.48 
22.62 
25.83 

i u a i  I 

155.8 
160.1 
1 6 4 . 5  
150.8 
157.1 
151.4 
159.4 
l i6 .4  

N I N I  EXCHANbih l U n # t R  2 
OVERALL HEAT TRANSFER COEFFICIENlS 

i l l U / H R .  SQ.FT. DEG. F 
T U B E 2  TUBE3 TUBE4 AVERAGE 

172.9 170.9 163.1 165.6 
179.0 180.5 168.3 172.0 
180.8 176.6 168.1 172.5 

173.7 172.7 176.0 1 8 4 . 4  
173.1 111.7 165.1 lh6.11 
173.2 179.1 166.3 16V.C 
178.0 184.0 169.0 172.6 
175.1 176.6 166.4 166.6 

1 I H E  
HOURS 

.oo 

.a2 
2.18 
8.73 

11.68 
20.a 
22.62 
25.113 

I N  
71.1 
74.7 
79.5 
75.3 
71.1 
72.1 
74.3 
73.9 

I N  
208.0 
21 1 .o 
214.0 
214.0 
205.0 
204.0 
204.0 
207.0 

COOLING YdiEN TEHPERAIURES I N  DEO. F 
EXCH I EXCH 2 EXCN 3 

OUT I N  OUT I N  ou 1 .. 

78.6 
82.5 
87.2 
83.1 
78.3 
i Y . 0  
81.1 
81 .0  

67.0 71 . I  
I 0 . S  74.7 
75.4 79.5 
71.1 75.3 
67.3 71.1 
68.3 72.1 
70.4 24.3 
70.0 73.9 

64.8 
68.2 
75.1 
68.9 
65.1 
66.2 

.67.9 
68.4 

67.0 
70.5 
a'5.4 
71 .t 
67.3 
68.3 
70.4 
70.0 

EXCHANGER NUHBER 2 TENPS IN DEG. F 
our i n  OUT i N  our 

152.0 208.0 150.0 20?.0 150.0 
154.0 2 1 2 . 0  153.0 212.0 152.0 
157.0 21J.O 156.5 216.0 157.0 
155.0 213.0 152.0 217.0 156.0 
150.0 206.3 149.0 X 6 . b  148.0 
150.0  205.0  149.0 205.0 117.0 
151.0 206.0 150.0 206.0 149.0  
152.0 2 0 3 . 3  151.6 208.0 150.0 

l d  
206.4 
211.5 
214.9 
214.5 
203.4 
202.5 
203.7 
206.2 

OUT 
148.4 
152.2 
155.9 
154.6 
146.4 
146.2 

1 JY .o 
147.8 

TUBE1 

1 1 4 . 1  
181.6 
185.5 
114. I 

1.'7.2 
170.6 
174.8 

180.0 

n I c i  EXCHANGER IUMBER 1 
OlititaLL HEAT T ~ A E I S F E R  COEFFICIENTS 

TUbf?  TUBE3 W E 4  

134.7 188.9 172.7 
l ' t J . 3  190.6 180.0 
194.0  188.8 180.4 

189.6 183.8 17Y.5 
186.6 1 8 2 . h  176.3 

185.9 184.7 175.7 

itTU/HI(. SO.FT. UEG. F 

187.6 193.9 187.3 

185.5 112.9 175.4 

AVEfiAOE 

1a0.1 
186.4 
187.2 
183.7 
183.2 
180.7 

180.3 
180.6 

TinE 
HOURS 

.OO 

.87 
2.18 
6.73 

I?.  88 
20.48 
22.62 
25.83 

TUBE1 

157.6 
164.Y 
171.0 
15V.6 
164.7 
163.4 
164.0 
158.4 

Hit41 EXCliAHGER NUMBER 3 
OVERALL H i A T  TRANSFER COEFFICIEftTS 

T U D i 2  TUBES T U B E 4  

1 4 7 , j  135.7 ! l ? . Y  
151.2 141.1 124.8 
163.6 152.4 124.5 

157.2 142.2 122.7 
155.9  115.8 121.5 

153.9 141.5 120.6 

BlU/Hh. SO.Ff. D E S .  F 

146.3 149.9 122.5 

150.0 139.9 120.1 

AVERAGE 

139.6 
146.5 
152.9 
144.6 
146.7 
146.7 
143.5 
143.6 

TIME 
HDURS 

.oo 

.87 
2. 
8. 

17. 

22.62 
20: 48 

25.83 
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T N I S  I S  THE INPUT D A l A  FOR THE : r l i R T I  SEbENTM RU:: 
l H I S  RUN S T A R I E D  UECEIlBER 7, 1971 
THE CONDITIOIS OF T H I S  niN U L l t L :  

A. snLIi ! i r  : 30,000 PPM IOTAL  ISS SOLVED SOLIDS 
B. cnLcIun : 32 prm 
C. S I L I C A  : 420 FPR 
D. CARBONATE: 840 PPil  
E. PH i 6.9 
F. ADDITIVE I WJNE 

6 .  OTNER I T n I s  RUN HAD THE WW+ALUE ti Fr1hdJ.L u h m  r f i E A i L H  i r s i A i L E D  
1. LEVEL : NONE € L E C T r O  M A 4  

1 i n €  
HOUUS 

.oo 
3.17 
4.17 
4.98 
5.73 
6.67 

TUBE I 
GAGE 
6.3 
6.9 
6.9 
7.0 
7.3 
7.6 

FLOUS 
TUBE 2 TUBE 3 

GAGE GAGE 
6.4 6.4 
6.8 6.8 
6.9 6.9 
7.0 7.0 
7.3 7.3 
7.7 7.6 

TUBE 4 
GAGE 
6.4 
6.8 
6.9 
7.0 
7.3 
7.5 

COOL H20 
GALLOWS 
467057. 
469804. 
470670. 
471379. 
412031. 
472860. 

EXCHkNGEK hUilBER 1 
I N  OUT I N  OUT 

296.0 211.0 296.0 221.0 
308.0 245.0 308.0 246.0 

307.0 251.0 308.0 254.0 
308.0 254.0 308.0 256.0 
309.0, 256.0 309.0 2dO.O 

308.0 247.0 5oa.c 250.0 

TEMPS I N  DLG. F 
I N  OUT I N  OUT 

296.0 223.0 293.2 219.2 
308.0  246.0 305.4 244.0 
508.0 249.0 505.4 247.7 
3G8.O 253.0 305.5 251.5 
309.0 1 5 6 . 0  305.7 254.6 
309.0 :60.0 306.2 237.3 

COOLING UAIER 1ElFERATURES I N  UEG. F 
EXCH I EXCH 2 

I N  OUT I N  OUT 
75.2 87.3 66.6 75.2 
78.6 E8.Z 10.1 78.6 
78.0 87.5 70.5 18.0 
77.9 86.6 70.8 77.9 
76.5 85.0 69 .7 76.5 
75.1 83.7 69.1 15.1 

E I C H  3 
I N  OUT 

61.1 66.6 
64.2 10.1 
6i.O 70.5 
65.7 70.8 
64.7 69.7 
64.3  69.1 

EXCHANGtR PUflDtH 2 TEfiPS I N  X U .  F 
I N  OUT I N  OUT I N  OUT I N  0111 

211.0 167.0 221.0 166.0 223.0 166.0 219.2 163.9 
245.0 1 Y J . O  246.0 1 Y I . V  246.0 197.0 244.0 196.9 
247.0 199.0 250.0 202.0 249.0 202.0 24j.7 203.0 
251.0 205.0 254.0 2G9.O 253.0 209.0 231.5 207.3 
254.0 2 0 9 . 0  256.0 213.0 256.0 214.0 254.6 214.2 
256.0 215.0 269.0 219.0 260.0 218.0 257.3 21.3.: 

LXLIII)NGER Nl l f lbCk 3 TEMPS l U  2cu .  I 
i n  UU1 i n  (rlrl  I N  0111 1N OUI 

167.0 130.0 l b h . 0  IJ?.O 166.0 134.0 103.7 134.1 
193.0 152.0 197.0 151.0 177.0  1 0 3 . 0  11'6.9 162.1 
199.0 160.0 202.0 166.0  202.0  170.0 '233.0 189.7 
205.0 169.0 209.0 175.0 209.0 176.0 209.3 117.7 
20V.O 174.0 213.0 180.0 214.0  1H4.0 214.2 183.Y 
2is.o itl1.0 219.0 1 8 7 . 0  218.0 1 ~ 0 . 0  21a.2 1 ~ 6 . i  

RLSULTS t R O n  THE THIRTY SEJENTM RUfi 
T H I S  RUN S T A l t T E D  IrELLflkEW 7 .  !Y77 
IHL  CUUDITIONS Of  I H I S  RUN bihl: 

A. SALINITY I 30,000 PPtl lOTAL DISSOLVED SOLIDS 
8 ,  CALCIUII : 32 PPM 
C. S I L I C A  I 420 P f M  
D. CAREONATE: 840 P P I  
E. PH : 6.9 
F. ADDITIVE : NONE 

1. LEVEL I NONE 
G. D l H E R  I I H I S  RUN MAD THE PROGRESSIVE ELICTKONIC U A I I R  TREATER INSTALLED 

COOL HZO TUBE1 
LBlHR L&lHR 
7189.1 2Y1.2 
711b.4 319.3 
7201.2 319.3 
7206.3 324.4 
7359.9 339.2 
7219.4 353.9  

FLOURATES 
T U B E 2  
L B / H R  
313.5 
i31.3 
336.2 
341.0 
355.7 
375.0 

TUBE3 
LB/HR 
309.5 
328.0 
S33.1 

353.3 
569.5 

333.2 

TUbE4 
L B H R  
291.9 
j 0 J . S  
314.3 
319.1 
333.5 
343.0 

T I n E  
HOURS 

.oo 
3.17 
4.17 
4.98 
5.73 
6.b7 

TUBE1 

154.7 
106.2 
103.5 

n I w i  EXCHANUH N U M U ~ H  1 
OVERALL H E A I  TRAHSFER COEFFICIENT> 

TUBE2 TUBE3 TUBE4 

142.0 135.5 132.1 
108.1 107.0 101.2 
102.7 103.8 96.7 

94.1 v4.4 95.6 89.4 
92.9 93.4 94.3 , 86.8 
90.9 88.2 06.6 a i  .5 

BIUIHR. SO.FT.  DEG. F 
AVERAGE T I M E  

HOURS 
141 . I  .ou 
105.6 3 . 1 7 .  
101.7 4.17 
93.4 4.96 
71.8 5.73 
86.8 6.67 

h I K 1  EXCHANGER NUlPER 2 l I N 1  EXCHANGER HUnPER 3 
OVERALL HEAT TRANSFER COEFFICIENTS OVERALL HEAT TRANSFER COEFFICIENTS 

T U B t  I T u m  TUBES  TUBE^ AVERAGE TIM TUBE1 TUBE2 lUBC3 TUBE4 AVERAGE T I * €  
BTU/HR. S Q J T .  DEG. F HOURS BTU/HR. SP.FT. DEG. F H U l l l S  

123.0 118.0 116.8 106.6 116.1 3.17 128.1 116.7 101.3 98.3 111.1 3.17 
116.7 152.4 154.8 14S.l 142.2 .OO 138.7 136.0 124.6 110.6 127.5 .oo 
105.6 109.0 106.1 95.2 104.0 4.17 113.2 105.5 91.2 89.3 97.8 4.1; 
98.9 99.3 96.6 87.7 95.6 4.98 98.0 93.3 83.2 80.1 88.7 4.98 
96.e 9S.l 92.0 83.8 91.9 5.73 94.6 89.9 79.5 76.1 85.0 5.73 
87.3 90.3 91.2 79.6 87. I 6.67 88.1 84.7 72.2 71.4 79. t 6.67 
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THIS IS in[ INPUT unin FOR THE IHIRIY EIGHTH RUN 
THIS RUN S I R l l l k U  U E F t i l B E R  14. 1977 
THE CONDITIONS OF THIS kiJN U E R t :  

A. sALIN:iy : 30,000 PPI( r o i A L  DISSOLVED SOLIDS 
8 .  cnLcIum : 32 PPI 
c. SILICA : 4 1 s  PPI( 
8. CARBONATE: 830 PPR 
E. PH I 7.8 
F. ADDITIVE a VERSENE 100 

1. LCVEL I 101 EXCESS 
6. OTHER I 

TIRE 
nourns 

.oo 
1.12 
2.90 
5.10 
6.75 

23.22 
26.02 
28.73 
30.88 
38.30 

I N  
304.0 
309.0 
310.0 
309.0 
313.0 
309.0 
310.0 
308.0 
306.0 
3 0 0 . 0  

I N  
15.7.0 
160.0 
173.0 
189.0 
294.3 
226.0 
230.0 
230.0 
228.0 
22J.0 

FLOUS 
lUBE I TUBE 2 TUBE 3 TUBE 4 
GAGE G A G E  GAGE G4Gi 

7 . 0  7 . 0  7.3 7.3 
7.2 7.2 7.1 7.1 
6.9 7.2 7 .0  7.1 
6.8 7.0 6 .8  7 .0  
6.7 6.7 6.7 6.8 
6.4 6.4 6.4 6 . 4  
6.5 6.4 6.4 6.S 
6.6 6.4 6.4 6 .6  
6.5 6.5 6.6 6.5 
6.6 6.7 6.3 6.3 

EXCHANGER NUHER 1 
OUT I N  OUT 

210.0 304.0 211.0 
214.0 309.0 216.0 
228.0 370.0 230.0 
242.0 309.0  243.0 
253.0 313.0  253.0 
262.0 3 3 9 . 0  262.0 
265.0 310.0 265.0  
264.0 308.0 264.0 
263.0  306.0 263.0 
257.0 300.9 258.0 

TENPS I N  l iEl i .  F 
I N  our 

304.0 212.0 
309.0 216.0 
310.0 2J1.0  
309.0 242.0 
313.0 256.0 
3 0 9 . 0  263.0 
J10.9  266.0 
308.0 266.0 
3C6.0 265.0 
300.0 259.0 

COOL HZO 
GALLONS 
487343. 
488302. 
489722. 
491625. 
493033. 
507582. 
510045. 
512397. 
514295. 
520770. 

I N  
301.9 
305.6 
307.7  
306.2  
310 .1  
307.4 
308.8 
300.0 
304.7 
297.4 

OUT 
21 I .8 
214.3 
i 2 9 . 1  
241.8 
252.0 
262.6 
2 6 5 . 1  
264.3 
263.0 
256.5 

EXCHANCtk N U n d l X  J 
our I f l  J b I  

121.0 156.0 122.0 
125.0 161.0 1 2 7 . 0  
135.0 173.0 136.0 
145.0 I E 8 . 0  146.0 
159.0 202.0 160.0 
183.0 225.0 185.0 
18U.O 229.U 189.0  
1UY.O 228.0 189.0 
187.0 227.0 189.0 
181.0 224.0 18S.0 

I t n r >  I N  O E G .  f 
l k  OUI I N  O U T  

I S J . 0  I 2 , J . O  lb2 .4  125.4 
1.52.0 130.0 lZS.4 127.5 
1 7 5 . 0  139.0 170.8 I3A.9 
192 .0  150.0 185.3 146.6 
207.0 164.0 1V7.4 140.6 
227 .0  1118.0 221.5 186.1 
231.0 1Y1.0  2 t j . 5  lY0.7 
231.0 191.0 22:.2 191.0 
231.0 191.0 226.0 189.4 
223.0 184.0 219.2 181.8 

RtSLlLTS FROR THE THIRTY EIGHTH RUN 
T H I S  RUN S T A R T E D  DECEIEER 14, 1977 
THE CONDITIONS OF i n i s  RUN YERE: 

A .  SALINITY : 33,000 ppn T O ~ A L  DISSOLVED SOLIDS 
E. cnLc Iun  1 32 PPN 
c. s l i m  I 41s PPI( 
U. CARBONAlE: 830 PPI( 
E. PH : 7.8 
F. ADDITIVE ,I VERSENE 100 

1. LEVEL I 1 0 2  EXCESS 
0. OlNY : 

COOL HZO 
L Y i H R  
7117.6 
6610 .4  
7160.4 
7063. S 
7313.4 
7305 .3  
7181.8 
7318.0 
1 2 j 6 . 9  
;245.0 

t LIJilRATES 
TUBE1 TUBE2 
L B f H R  LBIHR 
324.9 341.7 
334.0 350.6 
319.0 3SO.S 
314.2 340.9 
308.7 J25.6 
294.4 3 i 1 . 6  
299.2 311.4 
304.4 31 I .7  
2W.U 316.9 
335.6 327.6 

TUBE3 
L B l H R  
354.1 
343.1 
337 .9  
527 .9  
322.2 
J07.5 
307.4 
307.7 
318.2 
303.8 

TUBE4 
LBfHR 
334. I 
323.9 
323.6 
319.0 
308.8 
290.0 
294.6 
299.8 
295.2 
296.5 

TIRE 
HOURS . 00 

1.12 
2.90 
5.10 
6.75 

23.22 
26.02 
28.73 
JO.88 
38.30 

COOLING UATER TERPERATURES I N  OEG. F 
EXCH I EXfH 2 EXCH 3 

71.3 86.1 62.6 71.3 57 .2  62.6 
75.4 80.1 66.5 75.4 61.1 66.5 
E 1 . l  93 .6  71 .9 y1.1 66 .0  ?1.9 
83.9 93.8 75.3 83.9 68 .7  75.3 
84.1 93.8 75.8 84.1 68 .5  75.8 
70.0 77.3 64.0 70.0 51. 7 64.0 
77.2 84.3 I 1  .A 1 7 . 2  65.0 71.3 
79.5 86.5 73.6 :9.5 67.3 73 .6  
79.4 86.4 73.5 79.4 67.1 73 .5  
72.9 79.5 67.1 72.9 60.8 67 .1  

IN OUT I N  OUT I N  ou r 

III 
210.0 
214.0 
228.0 
242.3 
253.0 
262.0  
265.0 
264.9 
263.0 
257.0 

E X C H A l l i E k  NUMIER 2 T E W S  I N  DEG. F 
OUT I N  OUT I N  OUT 

157.0 211.0 156.0 212.0 159.0 
160.0 216.0 161.0 216.0 162.5 
173.0 ZJii.0 17j.O 231.0 175.0 
189.9 243.0 188.0 242.0 172.0 
204.0 253.0 202.0 256.0 207.0 
226.0 262.0  225.0 263.0 227.0 
230.0 265.9 229.0 266.0 231.0 
230.0 264.0 228.0 266.0 231.0 

223.0 258.0 224.0 259.0 223.0 
228.0 263.0  227.0 265.0 231.0 

W B E l  

175.9 
118.7 
146.7 
112.2 
102.1 

69.7 
69.2 
71 .O 
68.0 
68.4 

R I N I  EXCHANGER NUMBER 1 
OVERALL HEAT TRlNSFER COEFFICIENlS 

TUBE2 TUBE3 TUBE4 

102.4 186.4 173.2 
121.2 118.6 111.3 
156.2 148.3 142.9 
I19.S 117.0 110 .2  
107.7 100.4 79.8 

73.8 71.1 65 .6  
72.0 69.3 65.3 
72.7 68.1 66.5 
72.8 69.3 65.9 
71.4 64.5 61.7 

D T U l M R .  SQ.FT. DEG. F 

I N  
21 1.8 
214.3 
2 2 9 . 1  

?52.0 
262.6 
205.7  
264.3 
263.0 
256.3 

a 1 . a  

AVERAGE 

179.5 
117.5 
148.5 
114.) 
102.5 

70.0 

69.6 
69.2 
66.5 

68.9 

ou i 
152.4 
155.4 
170.k 
185.3 
199 .4  
223.5 
227.6 
227 .2  
‘26.0 
219.2 

TINE 
HOUkS 

.oo 
1.12 
2.90 
5.10 
6.75 

23.22 
26.02 
28.73 
30.a~ 
38.30 
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i u m E i  

148.6 
152.7 
145.8 
125.4 
108.4 

64.4 
0 . 5  
65 .6  
66.6 
65.4 

MINI EXCHANGER NUfiBER 2 
OVERALL HE41 IRANSFER COEFFICIENTS 

BTUIHR. S0.fT. DEB. f 
TUBE2 IUUEJ l U i l E 4  AVERAGE 

162.5 159.2 174.4 a 161.2 
161.2 154.1 165.4 158.4 
164.9 154.2 157.9 155.7 
141.4 121.9 138.1 131.7 
120.0 110.8 118.9 114.5 

70.3 66.9 69.3 67.7 
69.3 65.9 69 .6  67.3 
71.6 67 .7  71.1 69.0 
72 .6  67 .6  69.7 69.1 
69.7 68.5 67.8 b7.9 

lHIS 15 I lk iNI'UI i lh ld  fGk lilt I H l l c T Y  Nlr4lrl LUN 

IHE C D N b i l I i l t i j  Of THIS R U d  Y i h ' E :  
lH1S i L f i  i r l k l i l r  I i i C E r t k t k  ? I ,  19?7  

A. SI )L INITI  I 33.060 t'kn I O T A L  61SSl jLVtU 50LlDS 
e. CI%LCIUd : 3: F f ' f l  
C. S I L I C A  : 460 Pf'fl 
D. CAkBOtidlE: 800 D P i l  
E. PH I 8.6 
f .  A D D I T I V E  : W i S E N E  100 

I .  LEVEL I 5UX EXES: 
0. OTHER I 

T I M  
HOURS 

.oo 

.80 
7.70 

16.70 
18.67 
20.13 
22.20 
22.82 
23.70 
24.40 
24.73 
30.28 
40.70 
43.45 
45.23 
47.00 

I N  
296.0 
297.0 
306.0 
3 0 / . 0  
3 0 9 . 0  
303.0 
301.0 
301.0 
302 .0  
301 .O 
302.0 
298.0 
307.0 
307.0 
303.0 
302.0 

In 
157.0 
157.0 
179.0 
206.0 
21 1 .o 
208.0 
212.0 
214.0 
216.0 
215.0 
218.0 
222.0 
233.0 
234.0 
233.0 
234.0 

FLOUS 
TUbE I TUBt 2 TUBE 3 

GAGE GAGE GAGC 
6.2 6 . 2  6.2 
6 .2  6.2 6.3 
6.8 6.2 5 .8  
6.2 6.2 6.2 
6.2 6.2 6.2 
6.4 6.3 6.1 
6.3 6 .3  6.3 
6.4 6.3 6.3 
6.4 6.3 6.3 
6.4 6.3 6.3 
6.5 6.3 6.3 
6.7 6.2 6.4 
6.3 6 .3  6.2 
6.3 6.3 6.2 
6.3 6.3 6.2 
6.3 6.3 6.2 

IUBE 4 
GAGE 

6.2 
6.3 
5.8 
6 .2  
6 .2  
6.0 
6.3 
6.3 
6.3 
6.3 
6 .2  
5 .9  
6.3 
6.3 
6.3 
6.3 

EXCHAIOLR NUMBER 1 
OUT IN our  

206.0 296.0 207.0 
209.0 297.0 212.0 
249.0 3 0 I . O  246.0 
251.0 357.0 252.0 
2 5 4 . 0  309.0 2 5 4 . 0  
251.0 3 0 3 . 0  251.0 
252.0 302.0 252.0 
253.0 301.0 2 5 4 . t  
253.0 502.0 256.0 
256.0 301.0 256.0 
257.0 302.0 257.0 
259.0 2Vd.O 259.0 
267.0 307.0 268.0 
269.0 307.0 269.0  
266.0 303.0 267.0 
266.0 302.0 267.0 

OUT I N  OUT 
121.0 153.0 122.0 
121.0 156.0 123.0 

159.0 204.0 1511.0 
166.0 209.0 165.0- 
168.0 205.5 161.0 
170.0 211.0  169.0 
171.0 212.0 170.0 
173.0 214.0 172.0 
174.0 215.0 172.0 
175.0 216.0 173.0 
178.0 219.0 175.0 
192.0 :J:.O 191.0  
174.0 234.0 194.0 
195.0 233.0 194.0 
176.0 234.0 195.0 

EXCHANGES HUHBER 3 

144.0  187.0 i 3 a . o  

TEMPS I N  DEG. F 
IN OUT 

296.0 20/ .0  
297.0 213.0 
307.0 ?42.0 
308.0 250.0 
3 0 9 . 0  2 5 2 . 0  
353.0 248.0 
302.0 250.0 
J 0 l . u  251.0 
302.0 253.0 
302.0 254.0 
302.0 255.0 
299.0 257.0 
351.0 256.0 
308.0 267.0  
305.0 204.0 
302.0 264.0 

TEbPS I N  Uii. F 
I N  OUT 

153.0 123.0 
156.0 124.0 
181.0 135.0 
201.0 154.0 
206.0 161.0 
2J5.0 152.0 
208.0 165.0 
210.0 167.0 
212.5 168.0 
213.0 169.0 
214.0 170.0 
219 .0  173.0 
230.0 188.0 
232.0 189.0 
231.0 187.0 
231.0 190.0 

T I M E  
HOURS . 00 

1.12 
2.90 
5.10 
6.75 

23.22 
26.02 
28.73 
30.88 
38.30 

COOL HZO 
GALLONS 
523480. 
5241 80. 
530130. 
537845. 
539541. 
540770. 
542548. 
543084. 
543845. 
544447. 
344730. 
549490. 
550550. 
560892. 
562426. 
563930. 

I N  
293.1 
292.6 
303.9 
305. Y 
307.3 
300.7 
298.7 
2')s. 3 
29Y. 1 
298.5 
299.0 
294.9 
304.9 
304.5 
300.1 
299.0 

IH 
150.4 
153.7 
17Y.8 
197.6 

,206.0 
203.6 
206.9 
208.1 
209.1 
209.7 
210.1 
21 1.3 

229.2 
227.3 
227.5 

2Zd.5 

OUT 
207.8 
209.9 
240.7 
243.8 
2 5 2 . 5  
248.0 
249.2 
250.4 
252.3 
252.3 
253.0 
253.4 
266.2 
266.4 
263.3 
262.9 

OUT 
121.5 
122.5 
134.6 

159.8 
159.5 
162.4 
163.5 
163.9 
164.3 
164.4 
164.5 
183.0 
1115.0 
184.0 

148.6 

194.6 

TUBE1 

152.6 
148.0 
140.7 
148.7 
139.1 

94.0 
94.0 
95.8 
95.8 
98.1 

bINI EXCHANGER HUbBER 3 
OVERALL HEAT TRI\NSFLR COEFFICIENTS 

i i iBEi  TUBE3 TUBE4 
YTUIHR. SP.fT. DEG. F 

151.3 139.9 116.8 
147.8 132.4 115.1 
155.8 141.7 132.4 
153.7 141.6 133.6 
137.3 133.6 121.2 

92.2 87.2 78.8 
93.1 90.6 81.1 
94.0 93.5 83.4 
93.4 96 .7  83.9 
96.1 89.7 82.9 

AU ER A t  E 

140.1 
135.8 
144.2 
144.4 
132.8 
88.0 
89.7 
91.7 
92.5 
91.8 

T i n E  
HOURS . 00 

1.12 
2.90 
5.10 
6.75 

23.22 
26.02 
28.73 

48.30 
30.81 

COOLlNti UATER TEHPERATUHLS IN BEG. F 
EXtH 1 EXCH 2 EXCH 3 

I N  OUT I N  OUT I N  OUT 
70.9 84.8 62.6 70.9 57 .5  62 .6  
71.1 84.2 62 .3  71 . I  57.1 61. J 
65.3 74.9 56 .2  65.3 48 .7  56.2 
62.6 71.5 5 5 . 0  62.6 47.5 55 .O 
67.0 75.6 51 .7  67.0 52.7 59.7 
N.5 78.9 63.7 70.5 57.0 63.7 
7 2 . 1  80.7 6 6 . 0  72.7 59.4 6 6 . 0  
72.4 80.0 65 .7  72.4 59.0 65 .7  
72.2 79.6 65.4 72.2 58.8 65.4 
72 .7  79.9 66.0 72.7 5 9 . 2  66.0 
72.3 79.5 65.6 72.3 58. 8 65.6 
68.2 74.4 61.9 68.2 55.2 61.9 
68.9 75.1 63.0 68.9 x . 5  65.0 
71.6 77.6 65.7 71.6 59.5 65 .7  
76.8 82.5 71 .Z 76.8 65.1 7 1 . 2  
79.6 85.2 74.1 79.6 68.0 74 .1  

IN 
206.0 
209.0 
249.0 
251.0 

251 .o 
252.0 
253.0 
253.0 
256.0 
2 U . U  
259.0 
267.0 
269.0 
266.0 
266.0 

2 5 4 . 0  

EXCHl 
OUT 

157.0 
157.0 
1.79.0 
206.0 
2 1 1 . 0  
208.0 
212.0 
214.0 
216.0 
215.0 
218.0 
222.0 
233.0 
234.0 
255.0 
234.0 

M G E R  NUMBER 2 I 
IN OUT 

207.0 153.0 
212.0 156.0 
246.0 187.0 
Z52.0 204.0 
2 5 4 . 0  2 0 9 . 0  
251.0 205.0 
251.0 211.0 
254.0 212.0 
256.0 214.0 
256.0 215.0 
257.0 216.0 
259.0 219.0 
268.0 232.0 
269.0 234 .0  
2 6 / . 0  233.0 
267.0 234.0 

EnPs I N  DLU.  F 
I n  OUT 

207.0 153.0 
213.0 156.0 
242.0 181.0 
250.0 201.0 
15?.0  206.0 
248 .0  205.0 
250.0 2oLI.u 
251.0 210.0 
253.0 212.0 
254.0 213.0 
2 5 5 . 0  214.0  
257.0 219.0 
266.0 230.0 
261.0 232.0 
264.0 231.0 
264.0 23i.O 

I N  
207.8 
209.9 
210.7 
248.0 
2 5 2 . 5  
248.5 
24y.1 

250.4 
252.3 
252.3 
253.0 
253.4 
266.2 
266.4 
263.3 
262.9 

OUT 
150.4 
153.7 
1,'9.8 
197.6 
2 0 6 . 5  
203.6 
206.9 
L08. 1 
209.1 
2 0 9 . 1  
210.1 
211.3 
228.5 
229 .2  
22,t.J 
2 2 7 . 5  
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RESULTS F R O #  I H E  T H I R l Y  N I N T H  RUN 

THE C O N D I I I O I ( S  OF T H I S  R U N  UEHE: 
THIS RUN S I A ~ ~ T E S  nECEnsiR ;I, 1777 

A .  SALIYil'I : 30,000 PPll i J l A L  DISSOLVED SOLIDS 
8 .  CALCIUM : 32 PPR 
c. SILICA : 460 ppn 
D. C A k B O N A i E :  800 P Y f I  
E .  PH : 8.6 
f .  ADDITIVE : VERSENE 100 

1. LEVEL : 502 EXCESS 
6. O l H E R  : 

COOL H2O 
LB/HR 
1240.8 
7151.6 
7123.3 
7158.0 
6993.2 
7131.1 
7174.7 
7178.0 
7138.9 
7118.3 
7119.6 
7225. I 
7075.8 
7156.7 
7049.4 
/136.2 

1UBEI 

131.4 
138.1 
149.8 
80.7 
77.4 
82.4 
76.7 
75.3 
71.4 
77.8 
74.5 
10.2 
57.6 
60.4 
58.6 
58.0 

FLOURATFS 
TUBE1 TUBE2 I U B E j  
LPlHR LBI"I( LBlHR 
286.3 303.7 299.2 
286.1 303.6 304.2 
314.7 302.1 277.3 
284.8 J02.1 297.5 
284.5 301.8 297.4 
215.2 307.6 293.1 
290.5 307.7 303.5 
295.5 351.9 303.6 
293.1 307.7 303.5 
295.5 3 0 7 . 7  303.5 
300.3 307.7 303.5 
310.9 303.4 309.6 
289.7 307.0 297.1 
289.7 307.0 297.5 
-290.3 307.6 298.2 
290.4 307.7 Z V t r . 4  

& I N 1  EXCHINGih f d l i f i i E i r  2 
O V E R A L L  H E A T  TRANSFER COEFFICIENTS 

TUBE2 

156.3 
157.0 
118.5 
91.7 

92.8 
83.6 
84.8 
84.4 
81 .1  
80.8 
74.8 
64.6 
64.0 
63.9 
63.3 

B T U  

8 6 . 5  

/ H R .  
T U d i 3  TUBE4 

, S ~ . i r .  bEb, F 
154.0 156.2 
159.5 152.0 
116.4 110.5 
9 3 . 6  93.6 
88.5 84.3 
83.4 80.2 
8 5 . 8  82.1 
82.9 81.4 
82.4 82.9 
80.9 60.5 
80.6 79.7 
72.7 72.1 
63.3 63.9 
62.7 64.5 
60.9 64.6 
62.4 b b . 1  

TUBE4 
LBlHli 
282.3 
287.2 
261.6 
285.6 
280.4 
271.6 
286.4 
286.4 
286.5 
286.4 
281.5 
Z b 7 . 5  
282.2  
285. h 
286. L 
280.3 

C l V E X l i C i  

149.5 
151.7 
123.8 

8 7 . 9  
84.2 
84.7 
82.0 

80.3 
80.1 
78.9 
1 2 . 5  
62.4 
62.9 
62.0 
62.2 

81.1 

T I M E  
HOURS . 00' 

.80 
7.70 
16.70 
18.67 
20.13 
22.20 
2 2 . 8 2  
23.70 
24.40 
24.73 
J0.28 
40.7V 
43.45 
45.23 
47.00 

TIME 
HOURS 

.oo 

.80 
7.70 
16.70 
18.67 
20.13 
22.20 
22.82  
23.70 
24.40 
24./3 
30.28 
40.70 
43.45 
45.23 
47.00 

IHlS IS 1HE Ir(PtI1 PAIA fOH Ilif FOURIIETH AUM GRAPHITE EXCHANGER 
IWIS IIUN S l A l i l E D  JANUAYI 6, 1978 
1HE C O N l i I I I O N f  Of THIS RUN U f l E :  

A. SALINIIY I 30,000 ppn IOIAL DISSOLVED soiias 
I. CALClUll : NONE 
C. S I L I C A  I NONE 
I. CARDONAlPr NONE 
E. PH I 9.2 
i .  I I D I I I V E  I NONE 

1. LEVEL I NONE 
6. OlHER I 

1 IIE 
HOURS . 00 

.83 
1.78 
3.15 
8.18 
19.50 

JRZNE 
FLOURAlE 

G I N  
77.2 
77.2 
77.2 
77.2 
77.2 
77.2 

BRINE 
INLET 
DEB F 
236.0 
243.0 
243.5 
243.0 
245.0 
244.0 

BRINE 
OUlLLl  
DE6 F 
209.0 
214.0 
215.0 
214.5 
212.0 
215.0 

TU B E  I 

163.5 
154.3 
92.8 
no.8 
1 8 . 5  
81.5 
16.2 
75.0 
15.4 
69.2 
70.1 
61.5 
56.8 
54.4 
54.5 
54.5 

T U B E 1  

143.: 
139.3 
113.5 
113.0 
102.0 
100.4 
99.9 
102.8 
99.5 
96;7 
100.7 
100.0 
81.1 
78.9 
77.8 
79.7 

RINI EXCHAhGER NUHBER 1 
OVERALL HEAT TRANjFER COEFFICiEt l lS  

TUBE2 i U I E j  TUBE4 
' I ( I U / H H .  S0.FT. DEG. F 
170.9 l6:.4 1b2.8 
156.5 154.4 146.5 
95.9 94.8 87.8 
84.0  81.5 81.0 
8J.3 85.5 77.7 
84.9 86.3 77.0 
82.2 84.8 76.9 
76.3 80.7 73.4 
75.2 7 ? . 5  70.4 
72.1 76.0 69.9 
71.8 74.4 68.3 
60.0 66.0 57.5 
58.6 60.0 54.5 
57.6 40.4 54.4 
56.1 59.4 54.2 
56.5 2 9 . 4  54.6 
M I N I  EXCHANGER NUfiBER 3 

OUERALL HEAI TitAhSFiK C j E F F i C i i N T S  
TUBE? T U D t 3  I U R E 4  

BTU/hR.. S 0 . F I .  DEG. F 
117.5 133.2 126.0 

134.2 129.4 122.0 
152.4 136.9 127.8 
115.5 119.6 122.0 
106.9 110.8 IOZ.8 
100.6 111.3 107.5 
106.6 110.8 109.7 
105.8 109.0 I 0 i . l  

106.6 109.7 110.3 
104.7 107.8 107.9 
99.7 107.0 IOC.3 
86.5 87.4 92.9 
83.6 89.3 90.2 
84.9 91 . O  92. 9 
81.0 91 . j  94.8 

102.4 106.4 108.1 

COOL H 2 0  
F L O U  

BILLONS 
2684. 
3668. 
4751. 
6296. 
12238. 
23421. 

COOL H2O 
INLEI 
DE6 F 
61.0 
63.0 
6S.0 
64.0 
57.0 
57.5 

AVERAGE 

163.9 
152.9 
92.9 
03.5 
81.2 
.82.4 
80.0 
76.3 
74.1 
71 .8 
71.1 
61.3 

56.7 
56.1 
56. I 

s-7 J, - 5  

A V E R A G E  

130.1 
131.2 
132.6 
110.8 
106.9 
105.0 
106.8 
106.7 
104.6 
105.8 
105.3 
101.7 

85.5 
66 .7 
68.2 

.a?.o 

COOL H20 
OUTLET 

DE6 F 
66.0 
b8.5 
71 .O 
70.0 
b3.0 

TlHE 
HCtiXS 

.oo 

7.70 
16.70 
18.67 
20.13 
2 2 . 2 5  
22.82 
23.70 
25.50 
24.73 
30.28 
46.70 
43.45 
45.23  
47.06 

. a0 

T I n E  
HOLiilS 

-00 
.e3 

7.70 
16. ('0 
18.67 
20.13 
?2.?0 
22 .82  
23.70 
24.40 
24 .?3  
30.28 
40.70 
43.45 
45.25 
47.00 
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RESULTS FROM THE FOURTIETH RUN GRAPHITE EXCHAHGER 
TSIS RUN STARTED JINUARY 6, I978 
THE CONDITIONS OF THIS RUN UERE: 

A. SALINITY : 30,000 PPM TOTAL DISSOLVED SOLIDS 
m. cnicIun : NONE 
C. S I L I C A  : NONE 
D. CARBONAlEt NOHE 
E. PH : 9.2 
F. ADDITIVE I NONE 

1. LEVEL : NONE 
8. O l H E R  I 

I R I N E  
LB/HR 
I870 
1860 
1860 
1860 
1860 
1860 

UITER 
L B / H R  
9610 
9650 
9390 
9810 
9700 
9700 

BRINE 
BTU 
49100 
52600 
5 1700 
5 1700 
59800 
52600 

T H I S  I S  THE I N P U l  D A I A  FOR THE FOURTY FIRST RUN 
T H I S  RUN STllRlED JbNUARY 7, 1978 
THE CONDITlONS OF T H I S  RUN UECE: 

A. SALINITY I 30,000 PPII TOTAL DISSOLVED SOLIDS 
0. CALCItiM : NONE 
C. S I L I C A  I NONE 
D. CAROONATE: NONE 

F. A D D l l I V E  : NONE 
1. LEVEL : NONE 

6. OTHER I 

E. P H  I 13.2 

TIME 
HOURS 

.oo 

.so 
1 .oo 
2.01 
5.20 
11.17 

TUUE 1 
GAGE 
9.6 
9.7 
9.7 
9.7 
9.7 
9.7 

FLOUS 
TUBE 2 TUBE 3 TUBE 4 

GAGE GAGE 6AGE 
9.6 9.8 51.0 
9.7 9.7 51.0 
9.6 9.7 51.0 
9.6 9.8 51.0 
9.7 9.7 51.0 
9.7 9.6 51.0 

COOL H2O 
GALLONS 
564846. 
565301. 
565754. 
566715. 
569700. 
515400. 

EXCHANGER NUlSER 1 
IN OUT I N  OUT 

279.0 215.0 279.0 214.0 
280.0 216.0 280.0 215.0 
280.0 216.0 280.0 215.0 
280.0 216.0 280.0 216.0 
279.0 217.0 279.0 217.0 
281.0 217.0 281.0 217.0 

TEMPS In OEG. F 
IN OUT I N  OUT 

279.0 216.0 278.4 216.0 
280.0 216.0 219.6 217.0 
280.0 217.0 275.3 217.0 
280.0 217.0 279.6 217.7 
279.0 217.0 278.6 217.6 
2111.0 218.0 279.8 217.1 

LICHANCER NllnbER 3 
I N  OUT I N  UUT 

173.0 1 4 1 . 0  172.0 1 4 1 . 0  
174.0 142.0 173.0 142.0 
174.0 142.0 l J 3 . 0  142.0 
175.0 143.0 174.0 1 4 3 . 0  
176.0 144.0 175.0 1 4 4 . 0  
05.0 14l.J 174.C 143.0 

TEHi'S I N  11th. I 
I N  our in OUT 
171.0 142.0 17o.a  1 4 4 . 8  

112.0 142.0 17i.a 145.6 
l:2.0 143.0 172.0 145.7 

173.0 144.V 172.6 146.7 
174.0 145.0 123.1 147.1 
173.0 144.0 111.7 145.0 

RESULTS FROM 1 H t  I U l i R r T  b 1 R S T  RUN 
THIS RUN S T A R l t I l  JANUARY 1 .  I978 
THE CONDITIONS OF THIS HUN UEfiE: 

A. SALINITY : 30.005 fPH TUlAL DISSOLVED SOLIDS 
E. c i L c I u n  I NONE 
C. S I L I C A  : NOSE 
D. CARBONITE: NONE 
E. PH 1 10.2 
F. ADDITIVE I NONE 

1.  LEVEL : NONE 
6. OTHER I 

COOL HZO 
L W H R  
7636.3 
7404. I 
7703.7 
7802.7 
7902. I 
7826.4 

b L O Y R A T E S  
TUBE1 TUBE2 
L S l H R  L B/HR 
462.0 474.5 
464.3 41V.2 
464.3 474.3 
464.3 474.3 
464.5 479.5 
464 .1  479.0 

TUBE1 
L B / H R  
484.6 
481.8 
481.8 
484.4 
482.0 
476.4 

T U ~ E ~  
L S l l i R  
484.9 
484.6 
484.7 
484.6 
484.9 
484.6 

UATER 
)TU 
48100 
53000 
56300 
58800 
58200 
b1100 

MEAN 
TEMP 
158.5 
162.1 
160.6 
161.1 
167.7 
168.1 

U 
BlU/HRFFTZ 

167.2 
177.6 
183.3 
187.0 
191.7 
187.5 

TIME 
HOURS . 00 
.85 

1.78 
1.15 
8.18 
19.50 

COOL WG UATER TEHPERAIURES IN EEG. F 
EXCH 1 EXCH 2 EXCH 3 

I N  OUT I N  OUT I N  OUT 
18.2 90.9 69.1 78.2 62.7 69. I 
78.2 91.1 69.0 78.2 62.5 69.0 
79.0 91.8 69.9 79.0 63.4 69.9 
80.5 93.1 71.3 80 .5 64.8 71.3 
81.9 94.5 72.8 81.9 66.3 72.8 
77.6 90.4 68.2 77.6 61.6 68.2 

EXCHANGER NUtlBER 2 TEMPS I N  DEG. f 
I N  OUT IN OUT I N  OUT IN OUT' 

215.0 171.0 214.0 172.0 216.0 171.0 216.0 170.8 
216.0 174.0 215.0 173.0 21o.O. 112.0 217.0 172.0 
216.0 174.0 215.0 173.0 217.0 172.0 217.0 171.8 
216.0 175.0 216.0 174.0 217.0 173.0 217.7 172.6 
217.0 176.0 217.0 175.0 217.0 174.0 217.6 1/3.1 
217.0 175.0 217.0 174.0 218.0 173.0 217.1 171.7 

hINI EXCHANGER HUNIIER I 
OVERALL HEAT TRAN5iEic COEFFICIENTS 

TIME TUBE1 T U B E 2  TUBES T M E 4  AVERAGE 
HOURS BTU/HR. SO.FT.  DEB. F 

-00 180.'0 188.4 185.1 18J.8 184.3 
.so 178.1 187.4 184.8 181.4 182.9 
1.00 182.1 189.6 1 8 5 - 4  184.8 185.5 
2.03 185.5 189.3 IU9.6 186.2 187.6 
5.20 182.5 188.4 189.4 1U.'.2 186.9 

1 1 . 1 1  180.9 186.7 182.1 185.5 183.8 

T i n €  
HOURS 

.oo 

.so 
1.00 
2.03 
5.20 

1 1 . 1 )  
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I I I N I  EXCtikNGER NUMBER 2 
OVERALL HEAT TRANSiER C0EFF.iCIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE 
IIlU/HR. bO.FT. b f t .  F 

161.4 167.: 182.6 183.7 173.7 
159.7 166.3 175.3 179.7 170.3 
162.7 167.6 182.0 184.1 174.1 
162.6 I J 1 . 0  183.2 187.8 176.2 
164.1 174.3 180.3 188.2 176.7 
162.4 172.4 1 7 9 . 6  186.1 175.1 

T I n E  
NOURS 

.oo 

.so 
1 .oo 
2.03 
5.20 

11.17 

T N I S  15 IHE INPUT D A l A  I O N  THL FOUKTY SECOND kUN SPAPHIIE EXCHANGE 
IHlS kUH S l A K 1 1 U  JANUARY 18. 1978 
1111 CBNUlTIOWS OF 1HIS RUN UtWE: 

A. SALINIIV : 40,000 w n  i o i n L  Dissoivu SOLIDS 
8 .  ChLCIUM 1 27 PPI( 
c. S I L I C A  I 375 PPM 
D. CARBONATE: 750 PPI( 
E. PH I 7.0 
F. ADDITIVE : NONE 

1. LEVEL I NOHE 
6. OTHER I TNIS  UAS A SCALING RUN IN THE GRAPHITE EXCHANGERS 

T U B E 1  

M I N I  EXCHANGER NUMHER 3 
OVERALL HEAT TRAN3FER COEFf iC iENTS 

TUBE2 TilSE3 iURE4 AVERAGE T I M E  
UTU/HR. SO.FT. UCG. F HOURS 

165.2 165.2 ' 157.6 139.1 156.8 .o 
162.5 163.3 153.3 136 .3  153.9 .5 
166.8 165.8 163.8 140 .7  159.3 1.0 .... ... 

159 .9  2.03 160.6 141.3 169.3 168.3 
171.1 172.0 161.5 144.3 162.2 5 . 2 0  

156.7 11.17 164.4  165.2 153.5 143.7 

BRINE 
T I N E  FLOURATE 
NOURS ' SAGE . 00 6 5 . 0  

.8S 65.0 
1 ..7B 64.0 
3.27 71 .O 
5.33 70.0 
6.47 70.0 

10.73 70.0 
22.62 79.0 

BRINE 
INLET 
DE6 F 
248.0 
252.0 
249.0 
249.0 
244.0 
244.0 
242.0 
233.0 

BRINE 
OUlLET 
DE6 F 
207.0 
211.0 
210.0 
209.0 
205.0 
205.0 
203.0 
197.0 

RESULIS FROM THE FOURTY SECOND RUN SRAPHITE EXCHANGE 
TNIS RUN STARTED JANUMY 18,  1978 
i n €  CONDITIOWS OF THIS RUN UERE: 

A. SAL IN ITY : 40.000 PPH TOTAL DISSOLVED SOLIDS 

E. SILICA I 375 PPI( 
D. CARDONATEz 750 PPI( 
E. PH : 7.0 
F. ADDITIVE : NONE 

1. LEVEL I NONE 
6. OTHER THIS LIAS A SCALING RUN I N  THE GRAPHITE EXCHANGERS 

B. c A L c i u n  1 27 w n  

BRINE 
LWHR 

1560 
1560 
l S 4 0  
1710 
1690 
1690 
1690 
1910 

unim 
LB/HR 
10120 
10260  
10030 
10290 
10170 
10060 
10080 
10110 

BRINE 
BTU 

62500 
62400 
58500 
66600 
64100 
64100 
64200 
67100 

UATER 
BTU 

60900 
72000 
70400 
72200 
71400 
65600 

11 6300 
60800 

THIS IS THE INPUT DAIA FJR THE b U U R T I  TllIkU YijN 
THIS RUN STARlLD J l U U C i i l  2 4 ,  I Y l d  
THE CONDITIONS OF T m  CUM WE: 

A. Y l L I N i T f  : 34,009 PPI( TOTAL UISSlJLVEb SOLIDS 
B. CALCIUM : 24 PPI! 
c. SILICA : 360 w n  
u. CAuBotiAiE: 720 wn 
E. PH : 6.5 
f .  ADDITIVE : W N t :  

I .  LEVEL : kONE 
G. OTHER i 

COOL N20 
FLOU 

GALLONS 
35120. 
36150. 
37296. 
39077. 
41622. 
43001. 
48141. 
62477. 

COOL H20 
INLET 
DEB F 
39.0 
38.0 
38.0 
38 .0  
37.0 
38.0 
32.5 
35.0 

COOL H2O 
OUTLET 
OEG F 
45.0 
45.0 
45.0 
45.0 
44.0 
44.5 
44.0 
41.0 

MAY 
1EMP 

184.5 
189.0 
187.1 
186.5 
183.0 
182.3 
183.1 
176.2 

U 
BTU/HRFFTZ 

182.3 
193.8 
187.8 
202.9 
201.8 
193.9 
268.6 
197.9 

i InE 
HOURS 

.oo 

.85 
1.78 
3.27 
1.33 
6.47 

10.73 
22 -62  

T I M E  
HOURS 

.oo 

.55 
1.18 
2.67 
3.97 
5 .40  
6 . 6 0  

FLOYS 
TUBE I TUUE 2 TUBE 3 

SAGE G A G E  LiALiE 
9.5 9.3 9.? 
9.4 9.4 9.9 
9.5 9.5 9.6 

10.0 10.0 10.0 
l o . u  10 .5  10.0 
10.0 10.0 10.0 
10.0 10.0 10.0 

I U B E  4 
GAGE 
50.0 
50.5 
55.0 
50.0 
52 .0  
51.0 
50.5 

COOL H20 
GALLONS 
576314. 
576b72. 
5771 01 .  
w a v 5 i .  
576971. 
579944. 
580756. 

COOLING UATER TERPERATURES I N  DEG. 
EXCH 1 EXCH 2 

I N  GUT I N  ou 1 
69.1 88.2 b5.6 69.1 
69.2 88.8 5 5 . 1  69.2 
69.5 8E.7 56 .0  69 .5  
71 .5  89.0 58.3 71 .S 
72.1 88.5 59 .0  ?2.1 
70.4 85.3 58.5 70.4 
73.2 84.4 5Y.1 70.2 

F 
Excii j 

I N  
46.6 
46.4 
46.8 
49.2 
49.7 
49.8 
50.9 

OUT 
55 .6  

58'. 5 
:?. 1 

134 
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EXCHLNGER WUHBER I 
I N  OU1 I N  OU1 

2U5.0 214.0 285.0 218.0 
283 .0  214.0 263.0 217.0 

279.0 219.0 279.0 223.0 
278.0 223.0 278.0 226.0 
275.0 224.0 2/5.0 227.0 

283.0 214 .0  233.0 216.0 

281.0 215.0 2 a i . o  219.0  

Ttnrs IN KO. F 

283.0 2 1 5 . 0  
II OUT 

285.0 216.0 
'284.0 215.0  
281.0  217.0 
2?9.0 221.0  
273.0 225.0 
276.0 226.0 

I N  
282.0 
285.1 
283.0 
280.4 
278.4 
277.8 
275.0 

OUT 
212.5 
214.5 
213.1 
214.7 
225.7 
223.9 
224.3 

I N  
214.0 
214.0 
214.0 
215.0 
219.0 
22J.O 
224.0 

EXCHANGER NUllKR 2 TEHPS I N  ;EO. F 
OUT I N  OUT I N  OUT 

167.0 216.0 167.0 215.0 167.0 
16/.0 2111.0 167.0 216.0 I6Y.O 
167.0 217.0 168.0 215.0 167.0 
169.0 219.0 169.0 217.0 169.0 
174.0 223.0 176.0 221.0 175.0 
182.0 226.0 184.0 223.0 182.0 
187.0 2 2 7 . 0 '  1 I Y . C  226.0 187.0 

I N  
212.5 
2:4.> 
213.1  
214.7 
220.7 
223 .9  
224.5 

OUT 
164.2  
166.5 
165.5 
168.1 

181.6 
185.5 

124.8 

I N  
167.0 
167.0 
167.0  
16V.O 
174.0 

187.0 
182.0 

t;llHkNGER KUllREY 3 
OUT I N  OUI 

132.0 167.0 134.0 
132.0 I o , ' . O  134.5 
131.0 168.0 13:.0 
134.0 16Y.O IJ,'.u 
1 3 Y . O  176.0 142.0 

154.0 189.0 158.0 
146.0 1n4.0 I>I.O 

Tt'flPS i N  DEG. F 
I N  O U T  

169.0 136.3 
167.5 1 J 5 . 0  
169.0 13:.0 
175.0 144.0 
IU2.U 1S3.0  
187.0 159.0 

ib;.5 i 3 5 . 0  
I N  

164.2 
166.5 
165.5 
166. I 
174.8 
181.6 
185.5 

uu I 
155.8 
131.8 
1 J6. Y 
I3Y.6 
146.2 
154.9 
160.6 

RESULTS FROB THE FOilRTY THIRD RUN 
T H I S  RUN SIARTED JLNUARY 24, l P ? 3  
THE CGNUITIONS OF THIS RUN U L I Z :  

A .  SALINITY : 34,003 PFB TOTAL DISSOLVED SOLIDS 
8. CALCIUB : 24 P P r l  

D. CAREOHATE: 720 P P I  
E .  I" : 6.5 
I. A D D l l I V t  : NONE 

I .  LEVEL I N O M  
6:UIHtli : 

e. S IL ICA : 360 PPI( 

H I N I  EXCHANGER NUNkEk 7 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 

181.5 190.8 194.6 
182.8 200.9 201.4 
183.0 195.0 198.8 

160.8 168.7 167.2 

135.3 141.8 139.3 

BTUIHR. SQ.FT .  DEJ. F 

175.9 184.0 182.3  

145.1 149.3 1 4 8 . 5  

COOL N2O 
LR/HR 
5394.0 
5615 .5  
5576. I 
5553.4 
5626.4 
5610.7 
5581.5 

TUBE1 
L U H R  
453.6 
448.2 
453.6 
479.1 
479.6 
479.1 
480.5 

FLOURATE5 
TUBE2 
LB/HX 
4&d.7 
463.J 
468.7 
493.8 
494.3 
494.5 
475.2 

TUBE3 
LB/HR 
481 . I  
490.9 
475.7 
497.0 
497.5 
497.7 
498.2 

TUBE4 
LblHR 
474.6 
478.6 
474.4 
475.0 
494.5 
485. I 
480.9 

T I B E  
HOURS 

.OG 

.55 
1.18 
2.67 
3.97 
5.40 
6.60 

TUBE1 

l a 3 . 2  
190.0 
187.1 
184.2 
169.4 
150.3 
140.8 

AVERAGE 

187.8 
193.8 
191 .O 
181.6 
166.5 
148.3 
139.3 

T I n E  
HOURS . 00 

. 5 5  
1.18 
2.67 
3.y1 
5.40 
6 .60  

HINI EXCHANGER NUHEER 2 
OUCRlLL HE41 IRANSFER COEFFICIENTS 

1U5L2 TLillEJ TUBE4 
BTU/HR. S O . F T .  DEG.  F 

176.0 177.5  180.1 
1112.9 178.2 180.4 

... 178.4 179.4 179.8 
169.8 187.7 182.6 171.4 
163.4 172.1 171.4 170.3 
140.4 145.6 151.7 146.2 
I2S.3 130.3 136.1 132.8 

HXNI EXCHANLitR NUHlkK 3 
OVERALL HEAT TRPINSFER COEFFICIENTS 

T U B E 1  TLikE2 TUBE3 TUBE4 

158.9 153.0 151.4 153.6 
161.: 155.6 161.5 137.1 
158.6  156.5 154.8 137.3 
169.9 157.3 158.3 133.2 
163.8 159.7 145.6 122.0 
153.9 140.6 124.1 115.5 
134.0 126.3 115.1  98.7 

BIU/HR. SQ.FT. DEG. F 
AVERAGE 

174.5 
176.7 
176.4 
177.9 
169.3 
146.3 
131. I 

T I B E  
HOURS 

.oo 

.55 
1 .18  
2.67 
3.97 
5 .40  
6.60 

AVERAGE 

149.3 
153.9 
151.8 
154.T 
150.3 
132.3 
118.5 

YIME 
HOURS . 05 . s5 

1.18 
2.67 
3.y; 
5 ,ZJ 
6.60 

T U B E I  

164.4 
165.2 
168.0 

T H I S  IS 1HE I N P U S  DATA FOR THE FOURTY FOURTH KUW 
T H I S  PUN S1AhIEU JdNUAiil 2 5 .  l Y i 8  
THE CONDITIONS OF THIS RUN UEkE: 

A .  SALINITY : 34,000 PFN TOIAL DISbULUED SOLI35 
8. CALCIUH : 24 YPn 
c. S I L I L A  : 350 PPH 
D. CARBONATE: 700 PPI! 
C .  P H  I 6.C 
F. ADDITIVE : NONE 

I .  LEVEL : NONE 
6.. OTHER : 

FLOUS 
TUDE 2 TUBE 3 

GAGE 6A6E 
9.7 9.8 
Y.7 9.8 
9.7 9.8 
9.8 10.0 

10.0 10.0 
9 .6  9.9 
9 .6  9.8 

10.0 10.0 
Y.J 9. I 
9.4 9.3 

COOL HZ0 
GALLONS 
601224. 
601636. 
602038. 
602904. 
603565. 
604540. 
605394. 
607720. 
608370. 
616793. 

EXCH 
I N  

67 .0  
69.4 
70 .2  
72.0 
73.7 
73.7 
72 .6  
6 7 . 0  
64 .5  
66.2 

COOLING UATER TEHPERATUHES I t i  DEG. F 
I CXCH 2 

OUT I N  ou1 
85.6 53.8 67 .0  
88.5 55.8 69.4 
89.: 56 .5  75.2 
90.4 58.6 72.0 
92.6 60.3 73.7 
90 .9  60 .5  73.7 
90.0 59 .5  72.6 
84 .0  53 .2  67.3 

80. I 54.8 66.2 
80 .0  52 .J  Q q  - 5  

EXCH 3 
I Id GUY 

44.5 53.; 
46.2 55.8 
47 .0  5 0 . 5  

49.2  W . 6  
50.8 6 0 . 3  
51 .o 60.5 
50.1 5 9 . 5  
43 .8  53.' 
4 2 . 8  32.3 
46.3 5 4 . 6  

T I M E  
HOURS 

.oo 

.:a 
1.16 
2.42 
3.40 
4.EO 
6.03 
9 . 3 3  

10.53 
21.93 

TUBE 1 
CAGE 

9.6 

9.1 
9.7 

10.0 
9.9 
9.0 

10.0 
9.5 
9.5 

9.a 

TUDE 4 
6ABE 
52.0 
53.G 
53.0 
53.0 
54 .0  
52.0 
52.0 
55.0 
54.0 
53.0 



1 I  
273.0 
277.0 
275.0 
275.0 
276.0 
275.0 
275.0 
274.0 
273.0 
249.0 

I h  
164.0 
16t.O 
167 .O 
i b Y . 0  
170.0 
173.0 
172.0 
111.0  
179.0 
1 ~ 4 . 0  

EXCHANGER NUM6ER 1 
OUT I N  OU1 

207.0 273.0 lu9 .0  
211.0 277.0 212.0 
210.0 275.0 211.5 
211.0 275.0 211.0 
213.3 276.0 211.0 
216.0 275.0 217.0 
216.0 275.0 216.5 
217.0 274.0 215.0 
219.0 273.0 220.0 
222.0 269.0 222.0 

TEMPS I N  DEG. i 
I N  OUT 

273.0 205.0 
278.0 209.0 
275.0 209.0 
275.0 210.0 
276.0 212.0  
275.0 214.0 
275.0 214.0 
274.0 214.0 
274.5 215.0 
269.0 219.0 

I N  
273. I 
277.0 
276.2 
275.0 
275.7 
274.5 
274.: 
2 i3 .7  
272.7 
268.4 

OUT II 
297.8 207.0 
211.3 211.0 
211.4 210.0 
211.8 211.0 
213.1 213.0 
215.3 216.0 
214.5 216.0 
217.7 21/.0 
221.1 219.0 
218.9 222.0 

EXCHANGER NUMBER 2 TEHiS I N  DEG. F 
uu I 

164.0 207.0 166.0 205.0 164.0 
167.0 212.0 165.0 207.0 167.0 
167.0 211.0 164.0 209.0 167.0 
169.0 211.0 166.0 210.0 168.0 
lJO.0 211.0  167.0 212.0 170.0 
173.0 217.0 173.0 214.0 ! X . O  
172.0 216.0 172.0 214.0 172.0 
1/1.0 215.0 169.0 214.0 170.0 
179.0 220.0 178.0 215.0 176.0 
184.0 222.0 184.0 219.0 182.0 

our IN OUT I H  IN 
237.8 
211.3 
211.4 
211.8  
213.1 

'215.3 
214.5 
21/ .7  
221.1 
218.9 

133.6 
154.0  
131.0 
139.0 
138.0 
136.0 
146.0 
1 . 7 d I . 0  

164.0 
166.0 
167.0 
173.0 
172.0 
167.0 

184.0 
1,'a.o 

133.0 
135.0 
1 3 6 . 0  
142.0 
140.0 
13.'.0 
1 4 1 . 0  
154.0 

1 6 7 . 0  
l t 6 . 0  
170.5 
173.0 
172.0 
175.0 
1/6.U 
182.0 

3 0 . 3  165.,. 

39.0 I6H.8 
42.0 170.9 
4 1 . G  170.3 
40.0 112.5 

54.0 1;b.P 

38.3 161.3 

48.5 iao.5 

R I S U L 7 S  F R O I l  THE F O U R 1 7  F O U R T H  RUN 
L H I S  RUN S T A l t l + D  J l N U A h l  l b ,  l f / 8  
I H t  L O E i L I l I O K ' J  Of T H ' I S  RUN U E f l E :  

P .  SALINITY : 3 4 , 0 0 0  ~ ~ f i  TrJrAL DISSOLVED 5 3 ~ 1 1 1 s  

c. s l L I c n  : 350 PPI(  
D. C A K B O N A T E :  700 ppn 
E. FH : 6.0 
F .  A O D I T X U E  : NONE 

1. L E V E L  : hSNE 
0. OTHER : 

6 .  C A L C I U M  : 24 ?PI4 

COOL H2G 
L P / H R  
5889.6 
5743.3 
5694.3 
5756.0 

5750.5 
5833.6 
5889.5 
5P87.2 
5812.7 

~ 7 . a  

TUBE1 
L B l H R  
465.8 
470.0 
465.4 
465.4 
480.3 
475.5 
470.4 
480.7 
455.7 
456.6 

FLOURA I E S  
i U h E t  
L B I H R  
480.8 
4IY.9 
480.4 
485.3 
475.0 
4t15.3 
485.3 
495.5 
461 .O 
466.8 

T U B E 3  TUBE4 
L B I H R  L B I H R  

487.4 504.3 
488.1 504.5 
498.4 504.7 

493.3 4 7 5 . 3  
488.1 475.4 
k90.7 524 .1  
452.2 514.8 
463.6 47j.7 

4a8.6 495.7 

49a.z 514.1 

TUBE1 

166.0 . 
169.7 
164.6 
163.4 
170.4 
166.9 
168.5 
171.4 
138.1 
128.5 

N I W I  C X C H A h 6 i R  i i i lW8Ei i  2 
OVERALL HEAT T R A l i S F E R  COEFFICIEHTS 

TUUE2 T U B E 3  I U B E ~  A V E R A G E  
BIUIHR. b u . F r .  L J E ~ .  I 

i a4 .9  169.0 192.5 178.1 
186.2 169.1 193.7 179.7 
170.0 171.3 172.2 180.0 
185.2 176.5 190.4 178.9 
183.6 173.2 188.9 ; / i .o 
173.8 166.3 181.8 172.2 
173.8 168.0 180.5 17i .7  
1.z9.4 172.5 182.0 I16.J 

145.1 146.8 137.0 I d * . &  

131.4 129.3 145.9 133.8 

.em 

16i.8 
164.7 
165.7 
167.5 
168.8 
170 .1  
170.3 
172.3 
180.0 
178.9 

OUT 
1JJ.Y 
134.5 
1 3 . 2  
138.9 
140.5 
1 4 2 . 4  
14l.Y 
143.4 
lS4.U 
152.9 

I xnc 
HOURS 

-00 

1.16 
2.42 
3.40 
4.dO 
6.03 
9.33 

10.53 
21.93 

.sa 

T i n E  
H O U R j  

.03 

.58 
1.16 
2.42 
3.40 
4.80 
6.03 
9.33 

10.53 
21.93 

TUBE1 

190.9 
1Y1.7 
191 .O 
187.2 
190.5 
175.1 
174.2 
164.6 
147.6 
129.4 

T U B E 1  

173.2 
172.7 
166.9 
172.8 
171.0 
167.2 
165.6 
164.3 
137.0 
135.1 

M I N I  EXCHANGER N U n X E R  1 
UUEKALL H E A T  T R A N S F E k  CJCkF1L;ENTS 

r m :  T U H E 3  TUBE4 

191.7 210.0 20?.5 
192.1 208.9 204.6 
193.4 204.1 294 .? 
195.3 204.4 199.9 
264.1 201.5 202.7 

179.7 188.2 187.0 
1 7 6 . 8  181.5 176.0 
146.0 161.7 
132.3 141.2 144.3 

B T U I H R .  SQ.FT .  DEL. F 

175.1 189.2 18j.a 

158.9 

AVERAGE 

198.8 
199.3 
198.3 
196.7 
199.7 

182.3 
174.7 
153.5 

180.a 

136.8 

M I N I  EXCHANGER N U H 3 E R  3 
OVERALL & A T  iRANSFi3 C O E F F I C I E N T S  

T U B E 2  TULE3 tu5e4 

157.9 158.8 145.7 
161;7 1 6 0 . 7  147.6 
159.2 156.8 148.8 
160.8 155.: 14J.4 
162.9 158.8 147.1 
152.9 155.4 144.5 
159.0 154.0 143.5 
155.2  143.5 142.2 
130.0 115.5 116.9 
123.5 115.4 112.3 

B T U / H H .  SO.FT. DEG. F 
AVERAGE 

158.9 
160.8 
157.9  
159.1 
160.4 
155.0 
155.5 
151.3 
124.6 
120.3 

T I N E  
HOURS . a0 

.58 

2.42 
3.10 

6.03 
Y.33 

10.53 
I1 - 9 3  

1.1b 

4 .ao 

TIBE 
HOUR; 

.oo 

1 . 1 0  
2.42 
3.13 

6 .03  
9.33 

10.53 
21 .?3 

.Sa 

4.80 

136 
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T H I S  IS THE I N P U l  D A l A  FOR THE FOURTY FIFTH RUN 
T H I S  R U N  S T A R T E D  JAhUARY 30, l 9 l 8  
7HL CONDITIONS OF T d I S  R U N  YEict:  

A. S A L I N I T ~  : 30,000 PPd TOTAL QISSOLVED SIILIUS 
B .  CALCI'JM : NOWE 
C. S I L I C A  : NONE 
D. CARBONATE: NONE 
E. YH : 15.2 
F .  A U D I T I V E  : HONE 

I .  LEUEL : NONE 
G. O T H E R  t THiS K'UN HAD THE KENICS nIXER I N  TUBE 4 OF THE FIRST EXCHANGER 

T I A E  
HUMS 

.oo 

.52 
I .03 
2.85 
7.75 
8.35 

18.90 

TUBE I 
GAb€ 

5.9 
5.8 
5.8 
5.8 
5.7 
5.7 
5.9 

FLOUS 
I U B E  2 TUBE 3 

GAGE GAGE 
5.8 6.0 
5.7 6.0 
5.7 6.0 
5.7 b . 0  
5.6 6.0 
5.6 6.1 
5.8 5.8 

TUBE 4 
GAGE 
32.0 
32.0 
31.5 
31.0 
31.5 
31 .5 
32.0 

COOL H2O 
GALLONS 
619092. 
619443. 
61 9788. 
621 0 1  7. 
624400. 
624810. 
632160. 

COOLING UATER TEtlPERATURES I N  DEG. F 
EXCH I EXCH 2 EXCH 3 

I N  OUT I N  ou T IN 00 T 
b0.9 77.9 52.4 60.9 47.1 52.4 
60.9 78.4 52.3 60.9 47.0 52.3 
60.7 77.9 52.1 60.7 46.9 51.1 
59.1 76.7 51.3 59.7 46.2 51.3 
58.8 76.2 50.3 58.8 45.0 50.3 
58.8 76.2 50.2 58.8 44.9 50.2 
57.4 75.0 48.6 57.4 43.2 48.6 

EXCHAN6tR NtiMBER I 
I N  OUT I N  O U T  

283.0 193.0 283.0 200.0 
283.0 192.0 2115.0 199.0 
282.0 1 Y I . O  282.0 199.0 

283.0 192.0 283.0 199.0 
289.0 195.0 289.0 202.0 

282.0 192.0 282.0 198.0 

284.0 192.0 233.0 199.0 

TEnPs IN DEG. F 
I N  OUT 

282.0 18'8.0 
283.0 189.0  
283.0 189.0 
282.0 1 8 9 . 0  
283.0 190.0 
283.0 191.0 
289.0 191.0 

OUT 
155.8 
156.5 
156.1 
155.3 
15b.3 
156.2 
158.3 

I N  
192.0 
193.0 
192.0 
191.0 
192.0 
192.0 
195.0 

EXCHANGER NUflIICH 2 T L W S  I N  DEG. b 
OUT I N  OUT I N  OUT 

148.0 198.0 145.0 188.0 149.0 
146.0 200.0 146.0 189.0 141.0 
148.0 199.0 146.0 187.0 150.0 
147.0 199.0 145.0 189.0 149.0 
147.0 199.0 145.0 190.0 150.0 
147.0 199.0 145.0 191.0 150.0 
149.0 202.0 147.0 191.0 149.0 

I N  
155.8 
156.5 
156.1 
155.3 
136.3 
156.2 
158.3 

OUT 
119.1 
119.7 
119.4 
118.8 
119.1 
119.3 
120.0 

Ih: 
280.2 
281.5 
281.6 
280.4 
282.1 
281 . J  
286.6 

E X C H A N G E H  N b H > i k  3 TEfil'h I N  DEG. F 
In OUT IN OUT 1 N  OUT 

148.0 113.0 145.0 113.0  149.0 115.3 
146.0 113 .0  146.0 113.0  147.0 116.0 
148.0 113.0 146.0 113.0 15u.0 116.0 
l 4 / . 0  I I J . O  145.0 113.0 149.0 115.0 
147.0 112.0 145.0 112.0 150.0 116.0 
14I.O 112.0 145.0 112.0 ISO.0 116.3 
149.0 113.0 147.0 113.0 149.0 l I 4 . t  

I N  
119.1 
119.7 
I iY .4  
118.8 
1 1 9 . 1  
119.3 
120.0 

ou 1 
101.4 
101.6 
101.J 
1OO.d 
100.7 
100.7 
100.8 

RESULTS FROM THE i O U R l Y  F I F T H  RUN 
THIS fiUN S T A I T E O  J A N U A i i Y  3 9 ,  1978 
THE CONDIIIONS O f  T h I S  kUN UtKE: 

A. S A L I W I l l  : j0,OOO FPII TUlAL DISSOLVED SOLIDS 
E. CALCIUM : NONE 
C. S I L I C A  : NUN€ 
D .  CARBONATE: N O N i  
E. P H  : l o . ?  
F .  ADDITIVE : NOhE 

1 .  LtUEL : NUNt 
i?. OTHER : IHIS fiUN HAD THE KENICS M I X %  I N  TUBE 4 3F THE F I R S T  EXCHPNlER 

FLOURATES 
TUBC2 
LB/HR 
286.0 
280.9 
280.9 
281 .o 
275.9 
275.9 
285.0 

N I H I  EXCHAN,GER NUdbER I 
OVERALL HEAT TRANSFEI COEFFICIENTS 

IUBE2 TUbE3 TUBE4 

144.2 170.4 274.2 
140.3 171.4 277.1 
141.7 170.5 272.6 
140.1 168.7 277.0 
139.7 168.4 272.6 
1 4 1 . 1  170.7 274.7 
!43.5 164.9 270.8 

YIU/HR. S B . F T .  DEl i .  F 
COOL H2O 

5637.6 
5551.4 
5616.6  
5734.4 
56?6.2 
5787.1 
5744.8 

L m n  
TUBE1 
L B l H R  
273. I 
26b.O 
268.0 
268.1 
262.d 
262.9 
272.2 

TUBES 
LD/HR 
290.9 
290.8 
290.8 
i Y 0 . 9  
290.8 
295.9 
279.7 

TUBE4 

304.0 
303.8 
299.1 
304.0 
299.0 
299.1 
303.1 

L n i H m  
TIME - 
HOURS 

.oo 

IUBU RVERRGE 

184.9 
184.4 
183.8 
184.2 
182.4 
184.0 
182.7 

TIME 
HUUkS 

.oo 

.52 
1.03 
2.85 
7.75 
8.35 

18.90 

150.8 
- 5 2  148.9 

1.03 150.3 
2.15 13O.Y 
7.75 149.1 
8.35 149.4 

18.90 151.7 

M I H I  LXLHANuER l iJEbLH II 
OVERALL HEAT TRANSFER COEFf ICIENlS 

1bbE2 T U B E 3  TUEE4 
B T U i H R .  SO.FT. DEG. F 

142.8 1011.7 140.5 
139.6 109.8 146.9 
140.2 108.6 147.6 
141.3  110.2 147.5 
138.0 101.5 145.4 
139.5 114.0 145.7 
140.7 108.6 146.9 

BIliI EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUbE2 TUBE3 TUBE4 AVERdGE 

118.7 123.7 90.7 113.? 
119.8 119.4 92.3 111.5 
117.9 120.4 89.8 111.5 
114.6 121.7 92.2 110.9 
116.6 1 1 9 . 9  9d.8 1 1 1 . 0  
117.2 122.5 92.1 1 1  2.2 
118.7 117.9 92.2 111.9 

BTU/HR. S G . f T .  DEG. F 
AVEKAGE T i n E  

HOURS 
.JO 
.52 

I . 03  
2.85 
7.15 

18.90 
a.35 

TUBE 1 

114.0 
118.9 

112.0 
111.2 
112.5 
114.1 

112.8 

T U B E  I 

122.0 
114.3 
118.0 
115.0 
116.6 
117.2 
1 1 8 . 8  

TIME 
HOURS 

.oo 

. 5 ?  
1.03 
2.85 
7.75 
8.35 

18.15 

128.7 
128.8 
127.3 
127.7 
125.8 
121.9 
127.6 
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lHlS Ib M E  I l F l i l  DATA fOh THE FDURTY S l X f H  RUN 
T H I S  kUN S T A R T E D  JANUARY 11, I Y I U  
IHL CONDll lUNS OF lHlS RUN Yt l tE :  

A. S A L I Y I I ~  I ~ 0 . 0 0 0  P P ~  JUJAL DISSOLVED SOLIDS 
B. LALCIUM I 2J PPM 
C. s i i i c n  t 430 P Y ~  
D. cnmmoNniEI 860 PPI( 
E. Y H  t 6.8 
F. nUDITIVE J NONE 

1.  LEVEL t NONE 
. O s  OTHER t T H I S  RUN HAD THE KENICS MIXER I N  TUBE 4 OF THE FIRST EXCHANGER 

FLOUS 
TIME TUBE 1 IUUE 2 TUBE 3 TUBE 4 CODL HZO 
HOUKS GAGE GAGE 6AGE GAGE GALLONS 

.oo 6.1 6.0 6.2 32.5 633225. 

.52 6.1 6.2 6.5 33 .0  633578. 
1.07 6.4 6.3 6.5 33.0 633955. 
I .92 6.5 6.5 6.6 33.0 634507. 
6.27 6.6 6.8 6.8 33.0 638880. 

COOLING UATER TEHPERATURES I N  DEG. F 
EXCH I EXCH 2 EXCH 3 

I N  OUT I N  OUT IN OUT 
59.2 77.0 50.1 59.2 44.4 50.1 
59.8 76.2 50.4 59.8 44.5 50.4 
60.1 75.1 50.6 60.1 44.2 50.6 
61 - 2  75.8 S I  .5 61 .2 44.0 51.5 
53.3 63.0 48.2 53.3 43.7 48.2 

EXCHANGER NUNBER 1 TERPS IN DEB. F EXCHANGER NUNBER 2 TEIlPS IN UCG. F 
I N  OU1 I N  OUT I N  OUT IN OUT IN OUT IN OUT I N  OUT IN our 

267.0 196.0 287.0 201.0 287.0 193.0 284.5 163.9 191.0  150.0 201.0 148.0 193.0 152.0 163.9 124.3 
286.0 203.0 286.0 206.0 286.0 201.0 284.3 170.3 203.0 154.0 206.0 153.0 201.0 157.0 170.3 128.1 
187.0 211.0 287.0 214.0 287.0 209 .0  285.3 174.2 211.0 160.0 214.0 161.0 209.0 165.0 114.2 130.9 
286.0 220.0 288.0 222.0 288.0 220.0 286.2 181.3 220.0 168.0 222.0 162.0 220.0 161.0 l B 1 . 3  1.47.0 
287.0 242.0 28I.O 245.0 287.0 245.0 285.0 202.4 242.0 211.0 245.0 215.0 245.0 217.0 202.4 177.5 

E)ICHhWGER NUhBER 3 TEMPS I N  DE6. F 
IN OUT IN OUT IN OUT In OUT 

130.0 114.0 148.0 114.0 152.0 117.0  124.3 104.1 
154.0 116.0 153.0 117.0 157.0 121.0 128.1 106.9 
160.0 120.0 161.0 123.0 i6s.o 125.0 133.9 108.4 
16B.O 175.0 162.0 129.0 i o7 .0  133.0 1J7.0 112.4 
211.0 1U2.0 215.0 187.0 217.0 191.0 177.5 165.5 

RESULTS f m o i  THE mmrr s I x m  R G W  
TNIS RUN SrARrED JntwnmI 3 1 ,  1978 
THE CONDITIONS OF THIS RUN UERE: 

A. SALINITY : 50.300 PPIl TOTAL DISSOLVED SOLIDS 
D. c w I u n  : 23 Frn 
C. S I L I C A  : 430 P P I  
0 .  CARBONITEJ 860 PPW 
E. PH I 6.8 
F. ADDITIVE L NONE 

1. LEVEL I NOHE 
6. OrNER I IHIS RUN HAD THE KEWICS HIXER IN TUBE 4 OF THE FIRST EXCHANGER 

FLOURATES 
COOL H20 TUBE1 TUBE2 

L W H R  L W H R  LWHR 
5679.8 282.5 295.2 
5693.6 282.6 105.2 
5395.6 292.5 310.0 
5720.9 302.4 314.7 
S697.1 307.S 334.6 

MINI EXCHANGER NUHBEk 1 
OVERALL HEAT IUANSFER COCFFICIENTS 

TUBEJ  TUBE^ TINE TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE TINE 
L B / H R  LB/HR HOURS BTUIHR. S0.FT. DEG. F HOURS 
300.S 308.1 .OO 154.4 149.8 183.1 . 00 

.52 
1.07 

:3::: 167.3 316.1 312.9 .52 136.0 140.1 
315.9 312.8 1.07 120.0 120.9 133.9 147.7 
320.9 312.6 1.92 113.7 116.0 120.7 208.7 139.8 1.92 
331.3 312.U 8.27 66.3 66.8 66.2 84.6 8.27 

NIRI EXCHANGER NUNBER 2 
OVERALL HEAT TRANSFER CDEff IClENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE T I N E  
I lU /HR.  SQ.FT. DEG. f HOURS 

110.4 141.5 112.4 147.9 130.1 . 00 
119.1 138.3 118.7 149.6 131.4 .52 

52.6 54.3 49.8 54.0 52.7 8.27 

117.4 127.5 107.7 143.3 124.0 I .07 
115.2 143.4 lZS.1 136.2 130.0 I .92 

M N I  EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFi ICIENTS 

TUBE1 TUBE2 TUBE3 TUBE4 AVERAGE 

94.6 116.1 123.2 122.9  123.6 
124.1 126.7 125.3 94.8 1 1  7.7 
124.6 122.5 127.5 95.2 117.5 

5n.8 59.9 54.1 29.5 50.6 

Bwm. su.Fr. UEG. F 

146.1 iI8.u 117.4 109.9 123.1 

TIME 
HOURS 
.00 
.52 

1.07 
1.92 
8.27 
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. . . .  

TNIS IS THE IHPUT D A T A  FOR I H E  kOURII SEUtNTH RUN 
1 H l S  RUN STARIED FEBRUARY 1 ,  1978 
TNE COHDITIONS OF T H I S  RUN &REI 

A. SALIHITY i 30,000 PPH TETAL DISSOLVED SOLIDS 
E. cnLcIum i NonE 
C. S I L I C A  i #ONE 
D. CAitBomAiE: NOHE 
E. PH 1 10 
F. ADDITIVE I NONE 

I .  LEVEL I NONE 
8. OTHER i lk1S RUN UAS HADE U l T H  ALUtiINUN TUBE I N  THE EXCHANGERS 

TIME 
HOURS 

.bO 

.48 
4.18 

16.13 
17.88 
20.22 

FLOUS 
TUBE I TUBE 2 TUBE 3 

G66E 6A6E 6AGE. 
6.0 6 .1  6.1 
6.0 6.0 6.2 
6.0 6.0 6. I 
6.1 6.0 6.1 
6.1 5.9 6.2 
6. 1 6. I 6.0 

COOL HZ0 
GALLONS 
645690. 
646040. 
648b12. 
657397. 
658709. 
660459. 

COOLING UATER TENPERATURES I N  DEG. 
LXCH 1 EICH 2 

I N  OUT I N  OUT 
61.7 77.8 52.6 61.7 
61.2 77.6 S2.O 61.2 
61.6 77.1 51.2 61.6 
59.8 73.3 49.7 59.8 
59.9 73.2 50.1 59.9 
61.7 74.9 31.9 61.7 

F 
EXCH 3 

I N  ou T 
47.1 52.6 
46.5 52.0 
45.0 51.2 
43.7 49.7 
44 .2 so. 1 
46.0 51 .9  

TUBE 4 
GAGE 
32.0 
33.0 
33.0 
32.5  
33.0 
32.0 

EXCHANGER NUMBER 1 
I N  O U I  I H  OUT 

268 .0  190.0 288.0 19E.O 
292.0 191.0 292.0 200.0 
29S.O 206.0 29S.0 209.0 
288 .0  206.0 288.0 209.0 
289:b 208.0 289.0 209.0 
237 .0  208.0 287.0 210.0 

iuws i r  UED. F 
I H  OUT I N  OUT 

288.0 192.0 285.5 190.1 
292.0 195.0 290.7 193.8 
295.4 ZU6.0 293.1 203.1 
288.0 205.0 285.4 202.6 
289.0 206.0 286.4 203.4 
2b7.0 206.0 283.Y 202.6 

EXCHANGER NUMBER 2 TEMPS IN DEG. F 
I N  OUT IN OUT I N  OUT I H  OUT 

190.0 144.0 198.0 141.0 192 .0  143.0 190.1 137.2 
191.0 144.0 200.0 142.0 195.0 145.0 193.8 137.2 
206.0 154.0 209.0 152.0 206.0 152.0 203.1 142.9 
208.0 155.0 209.0 152.0 205.0 151.0 202.6 141.5 
208.0 155.0 209.0 152.0 206.0 151.0 203.4 142.4 
208.0 155.0 210.0 153.0 206.0 151.0 202.6 141.2 

EXCHAlGin NUIIBLR 3 
I N  OUT I N  OU1 

144.0  110.0 141.0 111.0  
144.0 116.0 142.0 1 1 1 . 9  
I54 .U 115.0 152.0 115.0  
155.0 115.0  112.0 115.0  
155.0 11;.0 1L2.0 115.3  
135.0 116.0 t53.0 lld.0 

i E n r s  IN ME. F 
IN OUT I N  our 

143.0 113.0 137.2 115.0 
145.0 114.0 137.2 116.5 
152.0 118.0 142.9 120.2 
151.0  117.0 141.5 119.2 
151.0 117.0 142.4 119.7 
151.0 118.0 141.2 I1Y.9 

HtSULTS tKUn lrlc t U U Y I I  SEVLNlH IYJH 
T H I S  RUH STARTED FEilKbAR'l I ,  1978 
T H f  COHIIITIONS OF THIS HUH E R E :  

A. S A L I N I I Y  I 30,004 PPh I O T A L  DISSOLVED SOLIDS 
B. C l L C l U l  I NONE 
t. S I L I C A  t NONE 
D. CARBONATE; NOHE 
E. PH I IO 
F. ADDITIVE : HONE 

1. LEVEL I NOr(E 
6. O T H U  i lHlS RUN UAS HADE i l ITH ALUHINUH TUBE I N  THE EXCHANGERS 

FLOURAlES 
TUBE1 TUBE2 TUBE3 TUBE4 
Lb /HR LB/HR LBlHR LWHR 
277.3 299.7 295.2 333.2 
170.8 294.5 299.8 312.0 
276.4 294.0 294.3 311.6  
282.3 295.0 29S.2 308.0 
282.2 289.9 300.2 312.6 
282.; 300.1 270.2 303.5 

H I R I  EXCHAliGi2 N U N R E R  2 
OVERALL HEAT TRANSFER COEFFICIENTS 

YlUiHR. SO.FI .  UEG. F 
TUBE2 TURE3 TUBE4 AVEPAGE 

160.6 137.5 158.7 144.6 
155.1 136.4 166.8 143.3 
145.8  139.7 174.6 146.3 
143.3 138.4 173. I 145.2 
138.4 140.3 170.9 143.4 
142.9 136.6 169.9 143.6 

H l W l  EXCHINGER NUHDLW 1 
OVLRALL HEAT IKANSFER COEbFICIEHTS 

TUBE1 TUBE2 TUBE3 TUBE4 

168.3 162.3 174.2 180.1 
168.7 158.2 172.9 181.1 
143.5 146.0 132.7 165.9 
129.0 132.1 141.3 149.2 
128.5 1JO.O 141.0 149.0 
127.5 131.2 135.2 144.6 

BTUIHR. SQ.FT. DEG. F 
T I M E  
HOURS 

.oo 

.48  
4.18 

16.13 
17.88 
20.22 

AVERAGE 

171.2 
170.2 
152.0 
138.0 
137.1 
134.6 

T I N E  
noufis 

,Ob 
. 4 8  

4.18 
16.13 
17.88 
20.22 

COOL H20 

6017.4 
5929.8 
6058 .4  
6231.2 
6216 .0  
6068.9 

L w n R  

Mil1 EXCHANGE3 NUh3ER 3 
OVERALL HEkl IRfiNSFER COEFFICIENIS 

TU!El TUBE2 TUBL3 IUUC4 
BIU/HR. SU.c I .  Gi6. F 

132.4 127.5 122.2 94.6 
128.5 12S.0 122.4 94.6 
115.2 137.8 124.1 90.6 
137.5 134.9 123.0 87.1 
136.3 131.7 124.2 88.6 
135.6 138.0 118.6 83.2 

T IME 
HOURS 

.Ob 
a48 

4.18 
16.13 
17.88 
20.22 

AVERAGE 

119.2 
117.6 
121.9 
120.6 
120.3 
118.9 

TIME 
HOURS 

.00 

.48  
4.18 

16.13 
17.68 
20.22 

TUBE 1 

121 .5 
120.9 
125.1 
126.1 
123.8 
124.7 
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MIS IS THE 1E;PUI DA:n FJR ThE t O U R T Y  EIbHTl l  PUN 
THIS R U N  S T k k I i U  F i D i U A k Y  6, I9/8 
THE CONDITIONS Of THIS RUM UEHE: 

A. SALINITY : 33.0~0 r r f i  I U I P L  LISSOLVLD :OLIDS 
II .  CALCIUH : 21 PPh 
C. S I L I C A  : 400 PFN 
D. CAhBiYNAlE: 800 PFIY 
E .  P H  : 6.9 
F. ADDITIVE : NONE 

I .  LEVEL : NONE 
G. OTHER : THIS KUN YAS hADE UITH ALUMIIIUII TUBES i N  THE EXCHANGE6 

FLOUS 
i i M E  TUDE I TubE z r u u E  3 
HOURS GAGE GAGE G k U E  

.oo 6. I h .  1 6.2 

.SO 6.1 h .  I 6.3 
I .02 6.3 6.2 6.2 
2.22 h.J  6.3 6.4 
3.08 4.4 6.3 .6 .5  
4.00 6.4 h.4 6 . 6  
9.92 6.6 6.6 6.6 

T U B t  4 COOL H20 
bAbE BALLONS 
33.0 662931. 
33.3 663509. 
33.0 663690. 
33.0 664607. 
33.0 665270. 
34.0 665980. 
34.0 6/0420. 

EXLHANGER NUMhER 1 
I W  OUT I N  OU1 

313.0 231.0 313.0 231.0 
315.0 254.0 313.0 233.0 
313.0 237.3 3l3.o 1 3 5 . 0  
313.0 240.0 313.0 237.0 
514.0 244.0 314.0 241.0 
314.0 246.0 314.0 243.0 
314.0 257.0 314.0 257.0 

TEMPS I N  BEG. F 
I N  G U T  I N  OUT 

313.0 231.0  310.3 226.9 
313.0 236.0 311.0 LJQ.8 
313.0 238.0 311.8 232.4 
313.0 242.0 310.5 237.5 

314.0 247.0 311.6 245.0 
314.0 261.0 311.9 260.1 

314.0 246.0 311.a 242.8 

L l C H f i M G E R  l U i l 6 i k  2 I 
:Y OU1 I N  U U I  
173.0 129.0 161.0 1 1 6 . 5  
1 3 . 0  131.0 172.0 lZY.3 
177.0 132.0 1,'4.U 130.0 
180.0 134.0 116.0 I J ' . O  
186.0 138.0 182.0 136.0 
188.0 140.0 184.0 138.0 
211.0 I6Z.O 209.0 161.0 

' i f i f ' s  I N  Qtt. F 

1 6 1 . 0  132.0 
1 1 2 . 9  135.0 
1,'J.O i35 .0  
1 d Y . Y  144.a 
189.0 146.0 
191.0 148.0 
226.0 181.0 

in  UT I N  
Ib7.J 
161.6 
It.: 
175.7 
1 7 8 . 4  
I a2.s 
210.7 

OUT 
1.54.4 
137.1 
1-57> 0 
140.4 
145.9 

179.6 
148.3  

COOLING UATEH TEHFERGTURES I N  DEG. F 
E X C H  1 PXCH 2 E X L i l  3 

I N  OUT I N  OUT I N  OUT 
70.7 84.0 60. I 70.7 53.6 60.1 
71.7 85.0 60.6 71.7 53.8 60.6 
7 0 . 9  8 3 . 5  60.2 70. Y 53.5 60.2 
69.6 81.4 59.2 69.6 52.3 59.2 
70.6 8 2 . 2  69.5  70.6 53.1 60.5 

62.3 71.0 54.8 62.3 48.1 34.8 
67.9 i8.8 18.2 67.9 5 1  . O  58.2 

I N  
231 .O 
234.0 
237.0 
240.0 
144.0 
246.0 
257.0 

A f S U L l S  FROM THE F O U H T Y  L I G H T H  RUN 
rHis RUN s i A i i t 9  F E I I ~ ~ U A R Y  6, 1 ~ 1 8  
THE CONDITIONS OF THIS RUN UERE: 

A. S A L I h I T Y  : 3~,01rO PFM IUlkL UISSJLULU SOLIDS 
8. LALLIUN : :I rrn 
C. S I L I C A  : 400 PFM 
D. CARBONAIE: u0U iPH 
E. PH : 6.9 
F. A u J I T I V E  : NONE 

I .  LEVEL : NONE 
0. OTHt l i  : [HIS H U I  CAS M D E  L I T H  ALUHINUd TUBES I N  THE EXCHANGERS 

COOL H20 
L W H R  
6270. I 
6110.8 
6338.5 
6352.9 
6423.9 
6229.9 
6279.4 

TUBE 1 

122.7 
124.4 
127.2 
122.4 
118. I 
110.6 
78.3 

. .  

EXCHANGER NUMBER 2 TEf i fS  I H  DEG. F 
OUT I Y  OUT I N  OUT 
173.0 231.0 167.0 231.0 16Y.0 
175.0 253.0 172.0 236.0 172.0 
177.0 235.0 174.0 23a.o 171.0 
160.0 237.0 176.0 242.0 rao.0 
186.0 241.0 1ai.o 246.0 187.0 
188.0  243.0 184.0 147.0 IY1.U 
211.0 257.0 209.0 261.0 220.0 

TUBE I 
LBlHR 
279.0 
279.0 
288.9 
2U8.Y 
293.7 
293.7 
303.6 

FLOURATE S 
T U I E ~  
LBlHR 
296.4 
296.4 
301.3 
306. I 
306.0 
310.9 
320.6 

lUBE3 TUUE4 T I M E  
LBlHR LBlHR HOURS 
296.8 309.0 .oo 
301.9 S08.Y .50 
294.8 308.8 1.02 
307.0 309.0 2.22 
311.9 308.8 3.08 
3 1 6 . 9  318.2 4.00 
316.9 318.2 9.92 

M I N I  EXCHANGEQ NlJHIlEH I 
OVERALL H U T  T~\ANSFCH LUEFFICIEHTS 

l U B E l  rufrc2 TUUC3 I U ~ E ~  
blU/HR. 5 G . f r .  LtG. F 

120.? 128.0 128.2 138.2 
116.2  125.4 121.9 132.5 
114.0 122.7 115.1 12Y.4 
106.3 1 i e . j  I 0 Y . J  115.2 

95.5 106.4 101.3 102.1 
77.4 81.7 74.4 73.5 

104.3 114.2 107.0 108.9 

I N  
226.9 
230.11 
232.4 
237.: 
242.n 
245.0 
260.1 

OUT 
157.3 
I61 .a 
162.5 
170.7 
178.4 
122.5 
21 0.9 

AVERAGE 

128.7 
124.0 
120.3 
112.3 
108.6 
101.3 
76.8 

T I d E  
HOURS 

.oo 

.50 
1.02 
2.22 
3.G8 
4.00 
9.92 

RINI EXCHGWXR r ( u n m  3 - -  M I N I  EXCHANGER IIUMPEH 2 
OVERALL HEAT T R A N S f E K  COEFFICIENTS OVERALL H E A T  TRANSFER C O i F F I C i t N T S  

i u a i 2  TUB;; TUBE4 AVERAGE T i H E  IUBEI TUBE2 TL;HE3 IUBE4 AVLRAGE TlHE 
BTUlHR. S 0 . i T .  DEG. F H O U H S  U l U l H i r .  S U . F T .  DEb. i HGUilS 

147.8  142.1 178.0 147.7 .OO 140.6 146.0 1 ~ 3 . 6  84.4 124.; .oo 
i38.9 147.1 173.6 146.0 .so 137.4 146.5 123.6 86.0 123.6 .5J 
137.5 140.8 171.6 144.3 1.02 141.2 147.8 1 2 5 . 1  68.6 125.7 1.G?. 
115.2  133.6 152.7 136.0 2.22 137.4 143.5 122.5  9 7 .  I 125.1  2 
rra.3 121.1  142.7 127.6 3.08 141.5 i42.J 127.2 99.4 128.3 3 
122.0 I 1  3.6 132.3 119.6 4.00 130.5 136.0 119.6 98.5 121.2 4 
86.8 70.2 87.1 80.4 9.92 100.9 113.9 8 1 . 6  68.0 91 . I  9.92 
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IN15 15 (111 Idl'UI CkIA I(1h 'Ilk F0tJhII NINlH LUN IS1 PRRT 
THIS k U N  S t k h i t l r  bcbPGPIkT 9. l P / B  
THE i O N D I I I O N >  Clt I H l ,  RbN UERE: 

n. h n L I d l I Y  : J 3 . 0 . ~  r r n  IUlkL DIS~ULYLU SOLIDS 
B. c n L c I u n  I 21 v f t t  
c. SILICA : 475 
D. CnmoNnTE: 850 PPM 
E. PH : 6.8 
F.  ADDITIVE : NONE 

1. LEVEL I NONE 
G. OTHER : THIS RUN HAD ONE UEEK SHUTDOUN PLTYEEW PARTS 

FLOUS 
TINE lUBE 1 TUBE 2 TUBE J 
HOURS 6A6E GAGE GAGE 

.oo 6.3 6.4 6 .3  

.48 6.4 6.5 6.4 
1.00 6.4 6.5 6.5 
1.48 6.4 6.3 6.5 
1.98 6.5 6.5 6.5 
3.25 6.6 6 . 6  6.7 
4.0U 6.7 6.7 6.7 
4.9) 6.8 b.8 6.8 
5.75 7.0 7.0 6.9 
11.77 7.3 7.1 6.9 

IUUC 4 COUL H20 
GAUL GALLONS 
33.0 0. 
33.0 506. 
33.0 1053. 
33.0 1559. 
3 3 . 0  2088. 
33.5 3420. 

33 .0  5213. 
33.0 6029. 
33.0 12359. 

33.0 4ia9. 

I N  
303.4 
306.0 
308.0 
302.0 
305.0 
306.0 
307.0 
307.0 
305.0 
297.0 

EXCHANGER NUMBER I TEMPS I N  BEG. F 
OUT I N  OUT I N  JUT I N  OUT 
195.0 303.0 200.0 303.0 193.0 3 0 0 . 3  196.5 
116.0 306.0 202.0 306.0 194.0 303.7 198.0 
195.0 308.0 202.0 308.0 192.0 305.3 196.2 
193.0 302.0 199.0 302.0 191.0 299.7 194.5 
198.0 305.0 202.0 305.0 198.0 301.7 199.2 
201.0 306.0 202.0 306.0 204.0 302.8 202.7 
205.0 357.5 206.0 307.0 209.0 305.3 206.9 
210.0 307,O 209.0 307.0 214.0 304.1 211.4 
215.0 305.0 216.0 305.0 220.0 301.9 215.8 
234.0 297.0 238.0 298.0 236.0 294.1 235.4 

EXCHANGEX NUNBER 3 TEMPS I N  DE6. F 
i n  UUI I N  OUT IN nu1 IN OUT 

143.0 108.0 144.0 109.0 144.0 112.0 144.0 113.6 
145.0 109.0 145.0 110.0 145.0 113.0 145.0 114.0 
144.0 108.0 144.0 109.0 144.0 111.0 144.0 112.2 
143.0 107.0 142.0 108.0 143.0 110.0 143.0 111.3 
145.0 108.0 145.0 110.0 146.0 112.0 145.0 112.5 
147.0 108.0 145.0 110.9 118.0 114.0 147.0 113.9 
149.0 110.0 147.0 111.0 151.0 115.0 149.0 115.0 
151.0 111.0 149.0 113.0 154.0  116.0 151.0 116.4 
154.0 114.0 153.0 115.0 158.0 120.0 154.0 118.2 
188.0 138.0 190.0 144.0 194.0 153.0 192.0 148.2 

RESULTS FROM THE FOURTY NIhTH RUN IS1 PART 
(HIS RUH STIRTED F E B R U I R ' I  9 ,  1978 
THE CONDITIONS OF THIS RUN UERE: 

A. s n L i N i i i  : 33,000 ppn TOTAL DISSOLVED SOLIDS 
8 .  cnLcIum : 21 PPM 
c. mien : 425 PPN 
D. C A R B O N ~ I E :  8 x 1  wr( 
E. PH : 6.8 
F. ADDITIVE : NUNE 

1.  LEVEL : NONE 
6. OTHER 1 THIS RUN HAD A OHE UEEK SHUTDOUN DETUECN PARTS 

COOL H2O 
LWHR 
8708.6 
8793.9 
8712.1 
8800.2 
8745.) 
8677.7 
8694.1 
8668. I 
11150.6 
8747.1 

FLOURATES 
TUBE1 TUBE2 
LBlHR L l l H R  
290.3 312.5 
294.8 316.9 
294.5 316.6 
295.4 417.5 
2YY.9 J17.1 
304.7 321.8 
309.6 316.6 
314.5 331.4 
324.1 341.5 
340.9 347.8 

iUYE3 
LB/HR 
303.3 
308.0 
J12.8 
313.7 
313.2 
323.2 
323.1 
328.2 
333.6 
134.7 

IUBE4 
LBlHH 
310.5 
310.0 
309.8 
310.6 
310.3 
314.9 
309.8 
310.0 
310.3 
311.4 

T I R E  
HOURS 

.oo 
* 48 

I .oo 
1.48 
1.98 
3.25 
4.08 
4.97 
5.75 
11.77 

COOLIN5 YATER TElPERATURES IN OE6. F 
EXtH I EXCH 2 EXCH 3 

I N  OUT I N  OUT IN OUl 
56.5 72.5 47.8 56.5 42.7 47.8 
57.1 73.2 48.3 57.1 43.1 48.3 
56.0 1 O . S  48.1 56.0 43.6 48.1 
55.4 69.5 47.7 55.4 43.2 47.7 
55.3 68.9 47.4 55.3 42.8 47.4 

56.1 69.5 47.6 56. I 42.7 47.6 
55.8 69.2 47.6 55.8 42.9 4:.6 

57.0 69.6 48.2 57.0 43.3 48.2 
57.6 69.4 48.6 57.6 43.4 48.6 
55.3 63.2 49.0 55.3 4J.1 4y.0 

EXCHANGER NUNBER 2 TEIIPS I N  DE6. F 
IN OUT I N  OUT IN WT 
195.0 143.0 200.0 144.0 193.0 144.0 
196.0 145.0 202.0 145.0 194.0 145.0 
19S.O 144.0 202.0 144.0 192.0 144.0 
193.0 143.0 199.0 142.0 191.0 143.0 
198.0 145.0 202.0 145.0 198.0 146.0 
201.0 147.0 202.0 145.0 204.0 149.0 
205.0 149.0 206.0 147.0 209.0 151.0 
210.0 151.0 209.0 149.0 214.0 154.0 
215.0 154.0 216.0 153.0 220.0 158.0 
234.0 1 w . o  2~u.o 190.0 236.0 194.0 

I N  OUT 
196.5 144.0 
178.0 145.0 
lYb.2 144.0 
194.5 143.0 
199.2 145.0 
202.7 147.0 
206.9 149.0 
211.4 151.0 
215.8 154.0 
235.4 192.0 

M I N I  EXCHANGER HUIIBER 1 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBEZ TUBES  TUBE^ nvERnbL 
BTUIHR. SO.FT. DEG. F 

198.5 200.3 212.8 204.2 204.0 
202.9 202.1 217.3 204.6 206.7 
191.0 188.2 210.4 1Y4.4 196.0 
189.1 Ib8.2 205.9 191.8 193.7 
181.4 182.2 189.4 180.3 183.3 
177.2 184.7 180.8 174.7 179.4 
174.7 182.0 173.0 168.J 174.5 
164.3 175.4 162.3 155.0 164.2 
156.3 162.0 149.4 143.4 152.8 
105.4 99.6 101.1 09.9 99.0 

I I f l E  
HOURS 

.oo 

.48 
1.00 
I .40 
1.98 
3.25 
4.0U 
4 . Y )  
5.75 
11.77 
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ll'. t 
lUl lE I 

155.7 
154.4 
14b.L 
143.5 
147.6 
I4U.; 
1 5 J . l  
159.3 

N l N i  EXTAANCfI; Nl inh ,k  .) 

ALL H t A l  T h A h b t E i  i u t t F I L 1 L N l S  
Ubc: IUCE3 I U B E 4  lVtRAGE 

76.4 1 S J . 7  166.4 163.1 
01.4 156.1 lb,'.5 164.0 
IJ .2  146.7 155.6 155.2 
73.0 147.4 l 5 4 . a  l:4.6 
6 5 . 5  150.5 155.6 154.8 
66.9 161.1 157.6 158.6  
71.2 161.7 157.4  160.9 
?2.9 164.5 160.0 164.2 

BIUfHI i .  S ( r . f T .  DLG. F 

165.7 178.1 165.2 158.1 166.3 
103.0 107.7 89.9 u:.2 96.9 

T I h E  
i i o w  

. oo  

. 4 t l  
1 ; G O  
1.48 
1 . ? E  
3.25 
4.08 
4.9) 
5.75 

11.77 

THIS IS IhE INPUT DATA FOR THE FOUNTY NINTH RUN 2ND PART 
IHIS RUN STARTED FEBRUARY 16,1978 
lhi COODii iOldS OF T H I S  kUN UEKE: 

A. S n L I N l T Y  : 33.090 F'Pd IOTAL DISSOLVED SOLIDS 
H .  c k L c I u n  : 21  PPI( 
C. S i i l C A  : 425 PPI( 
D. CAROGNATE: 8 5 0  P P H  
E. 014 : 6.8 
F. kDDIlI4E : NUNE 

I .  L t U E L  : NONE 
6. OTHLR : I H X S  RUN HAD A ONE UEEKSrIUTDOllN BETYEEN PARTS 

FLUUS 
T I M E  TUBE 1 TUBE 2 T U B E  3 TUBE 4 COOL H Z O  
HOURS GAGE' GAGE GAGE G A t i E  GALLONS 

.oo 6.0 6.0 6.2 34.0 98465. 
.4> 6.0 6.1  6.1 34.0 98842. 

5.35 6.6 6.7 6.6 34.0 102949. 

16.40 7.7 7.5 7.5 13.0 112276. 
15 . a s  7.4 7.5 7.4 33.0 111810. 

EXCHANGiR NUllbER 1 TEHPS I N  D E G .  F 
IN OUT I N  OUT I N  OUT i W  O U T  

311.0 241.0 311.0 244.0 311.0 2 4 i . O  310.1 248.1 
311.0  248.0 311.0 250.0 ~ 1 1 . 0  247.9 310.0 x 1 . a  
3 : 3 . 0  25S.O 313.0 258.0  313.0 254.0 312.3 2:Y.b 
3 0 6 . 0  262.0 306.6 251.0 307.0 260.0 306.1 263.7 
306.0 264.0 306.0 261.0 307.0 261.0 205.11 265.3 

ixt . i iCfluL)i  nUnrLIi 3 lFnrS IN Ult. f 
I N  u i i i  I N  GUI I N  C U I  IN our 

183.0 152.0 190.0 145 .0  lYO.0  1 4 9 . 0  190.0 15=1.4 
1/7.0 141.0 '173.0 1 4 4 . 0  1 d i . d  i i L . 0  I>L.J l47.,' 

2 0 1 . 0  163.0 207.0 164.0  203.5 l o i . 0  2??.6 1:g.B 
2 2 6 . 0  l P 2 . 0  2zl.O IPO.0 223.0 l Y 0 . 0  2 2 3 . 0  l V 6 . 0  
230.0 191.0 223.0 192.0  226.0 1 9 5 . 0  2 2 6 . 0  I Y Y . 8  

RESULlb FROH T H E  F O U f i l Y  N I H T H  CUN ? N U  P A k r  
THIS &IN S T A X T E D  F t B F C A K Y  :6,iY70 
IWl L U h d I l l O N S  OF IHia .Ut1 YLi,t: 

A. b A L i N I T Y  : 33.000 Y t r l  IGTAL DISSULVED SbLIOS 

C. S i L I C A  : 425 PPI( 
D. CARUONATE: 830 V t n  
t .  rn : 6 .U  
F. A D D I I I U E  : NONi 

B. C l l l C I U n  : 21 PPM 

. .  
I .  LEVEL : NONE 

G .  O T H E R  : lHIS HUN HAD A ONE YEEK SHiJlUtUY BETUEEN PAHTS 

FLOURllCS 
COOL H?U TUBEI w a i 2  T U U E ~  IUl lE4 

LB/HR C B I H R  LI(IH.4 L U n i  ~ b / l l R  
6951,  I 274.3 2 9 1 . 8  297.1 31a.4 

7049.7 544.4 365.9 J a . ?  jor.7 

6956.2 274.3 296.7 292.0 31d.S 
7013.0 303.7 525.6 317.1 318.1 

7005.3 359.3 365.8 363.8 309.7 

llIN1 EXC'nANGER NUhBEFi 2 
OVtRALL HEAT 1 X A ; l d i i R  COEFFICIENTS 

TUBE1 TUBE2 TCbEJ lirJ:i AUE;lb: 
B l U / H R .  SO.FT. DEG. F 

132.5 143.4 132.: 164.3 145 .1  
117.8 125.7 118.6 I J b . 3  125 .1  

9 1 . 6  103.5 1b3.5  IGJ.3 100.6 
67.6 81.1 73.3 69.0 72.7 
67.3 78.6 71.4 67.6 71.2 

T U l l E l  

146.3 
151.5 
140.6 
143.2 
145.0 
152.2 
151 .5  
153.J 
155.2 
147.9 

n l n l  I J . l l ~ d + l J b  NIl , lbth'  j 
o u t i i b i L  n L 3 1  I~ . { -N i r t h  c o t . F t l l . l t n r S  

IUPF? I U t t t J  T U K 4  
B l i l l H k .  S O . f l .  DEG.  f 

1 5 5 . 5  13L.U 12y .a  
157.1 l J 6 . 6  131.3 
145.8 133.8 126.6 
145, I 136.3 123.4 
142.9 l J 4 . 4  127.5 
143.6 I J 4 . I  127.9 
148.0 1 3 9 . 5  127.6 
144.0 144.6  12Y.Y 
154 .7  142 .7  129.0 
133.8 108.5 111.0 

AVERAGE 

191.6 
144.4  
136.7 
I J S . 2  
1 3 7 . 4  
139.4 
141.6 
142.1 
145.4 
I 2 3 . J  

TinE 
HOUUS 

.4u 
1.00 
1.48 
1 :/a 
J.dS 
4 .08  
1.97 
>.# 5 

11.77 

. OOlQ 

LUULING u n m  i t r ( m a i u R E s  IN KIEG. F 
EXCH 1 EXCH 2 EXCH 3 

I N  O U I  I N  OUT I N  OUT 
70.8 82.0 60.1  70.8 52.9 60. I 
70.2 bV.J 60.1 70.1 53.0 60.1 
64.5 74.1 55.6 64.5 4a.a 55.6 
60.4 67.9 5J.E 60.4 49.0 53.8 
61.4 69.0 54.7 61.4 49.: 54.7 

tlCHC'lGER NUMBER 2 TEMPS .IN DEG. F 
I N  OUT I N  OUT I N  OUT I N  OUT 

241.0 1?7.0 244.0 178.0 241.0 181.0 248.1 1 7 8 . 0  
2 4 8 . 0  1 3 8 . 0  2 5 0 . 0  IYO.6 247.0  190.0 1 5 1 . b  1'70.0 
2 5 5 . 0  2u.'.0 2 5 8 . 0  207.0 254.0  203.0 259.6 207.0 
262.0 226.0 2 6 1 . 0  221.G 250.0 223.0 263.7 223.0 
264.0 230.0 261.0 223.0 261.0 226.0 265.3 226.0 

N I N I  EXCHANGER NUMBER 1 
OVERALL HLkT TRAtiSFiH C O E F F I C I f N T B  

T I N E  I UUE I TUBE2 i i l u t ~  TUBE4 AVERAGE 
HUL'KS P T U / H H .  S0.FT.  DEG. F 

.oo 104.6 i 0 5 . 7  113.3 105.7 107.3 

. 4 5  92.5 96.4 100.3 9 a . s  96.7 

i5 .85  6 9 . 7  75.9 77.8 60.1 70.9  
:..is . 87.4 88.1 9 3 . 0  a2.3 8 7 . 1  

16.40  7 0 . 1  7 7 . 0  78.1 sa. 1 70.8 

t l I N l  LXCHANrjEii NJr iBtR  3 
OVERALL KEA1 THANSFEK C O i F F I i I E N I S  

T I M E  T U B E i  TUBE? TUBE3 T U B E 4  AVERAGE 
H O U R S  B T U I H R .  S O . F T .  UEG. F 

* 00 I 13.6 111.8 160.3  106.6 123.5 
.45 98. I 136.4 1 1 7 . 8  106.1 115.1 

5.35 105.8 110.3 5 8 . a  00.2 100.8 
is.as 71.6 7 0 . 1  73.5 50.9 66.7 
16.40 72.5 71.9 70.2 49.7 66.1 

i InE 
HOURS 

.oo 

. 4 5  
5.35 

15.85 
16.46 

.90 

. 4 5  
5 .35  

16.40 
i5.a: 
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I H I j  I:, lht INFi I I  5"TA ~ U K  IHC kltlrETH RUN 
IlllS kUN S l A l i l l l l  LthkUAMY 2 > ,  l i / d  
Idt. CUf;YIl IUNS U t  1K15 kUN UCkL: 

A. SALINITY : jz,ooo PFI( r a r A L  DISSOLKD SGLIUS 
B. CALCIUM : 2 2  F F r l  
C. S I L I L A  : 250 FFM 
0. CAR60NAIEr 800 PPI( 
E. FH : 6.7 
F. Ai lDIT lVE : NONE 

1.  LEVEL : NiJl l  
6. OTHER : IHIS iiAS A LASL S P E C I F I E n  HUN U i l i X B Y  IHE SILICb/CARBONAlE RATIO UAS CHANGED 

FLOUS 
TUBE 2 TUBE 3 

GAGE GAGE 
5.6 5.7 
5.5 5.8 
5.6 5.7 
5.7 5.7 
5 . 8  5 .9  
5.8 5.8 
5.3 6.0 

CUULING YAIER TEdPERATURES I N  DEG. 
EXCH I EXCH 2 

I M  OUT I N  OUT 
75.5  87.0 64.8 75.5 
76.0 81.4 65.4 76.0 
77.1 91 .5  66.6 / / . I  
80.2 91 .7 69.6 80.2 
78.7  89 .4  68.6 78.7 
7 / .6  88.0 67.7 77.6 
68 .6  77.2 59.9 68.6 

F ".\. 
EXCH 3 

I N  OUT 
55.3 64.8 
56.0 65.4 
57.1 66.6 
59 .8  b9 .6  
59.1 68.6 
58.4 67.: 
50.9 59 .7  

T U B E  4 
GAGE 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
36.0 

COOL H20 
GALL UMS 
1 1  9068. 
119J03. 
1 19753. 
121070. 
1221 13. 
122631. 
1275'95. 

TIME 
HOURS 

.oo 

.33 

.95  
2.78 
4 . 2 1  
4.95 

11.75 

Ii lbE 1 
&AGE 

5.6 
5.6 
5.6 
5.7 
5.8 
5 .8  
5 .0  

EXCHANGER NUMBER I 
OUT I N  OUT 

246.0 112.0 254.0 
248.0 i 1 3 . 0  256.0 
250.0 315.0 257.0 
254.0 317.0 263.0 
251.0 312.0 Z d l . 0  
255.0 312.0 263.0 
254.0 322.0 282.0 

TEMPS I N  DEG. F 
I N  OUT 

312.0 241.0 
314.0 243.0 
316.0 246.0 
318.0 252.0 
313.0 251.0 
313.0 253.0 
322.0 278.0 

EXCHANGER NURBEH 2 TEnPS I N  DEG. F 
OU1 I N  OUT I N  OUT 

195.0 254.0 199.0 241 .0  187.0 
!96 .0  25b.0 201.0 143.0 192.0 
197.0 257.0 202.0 246.G 194.0 
201.9 263.0 208.0 252.0 178.0 
201.0 261.0 206.3 251.0 202.0 
203.0 263.0  210.0 253.0 204.0 
194.0 282.0 238.0 278 .0  240.0 

I N  
243.7 
246.5 
250.6 
252 .0  
251 . l  
252.2 
282.1 

OUT 
193.0 
198.0 
196.0 
204.0 
2G5.0 
207 .0  
239 .6  

I N  
312.0 
613.0 
315.0 
317.0 
312.0 
312.0 
322.0 

I N  
310.1 
312.1 
314.3  

3 1 0 . 2  
310.3 
321.3 

n 5 . a  

OUT 
243.7 
243.5 
250.8 
252.0 
251.1 
252.: 
282.1 

I N  
246.0 
248.0 
250.0 
254.0 
251.0 
253.0 
254.0 

I N  
195.0 
196.0 
197.0 
201 .o 
201 .o 
203.0 
194.0 

EXCHANGtR NUnBER 3 TERPS IN DEG. F 
OUT I N  OUT I N  OUT I N  

141.0 19Y.U 149.0 189.0 143.0 193.0 
142.0 201.0 150.0 192.0 145.0 198.0 
143.0 202.0 131.0 194.0 140.U 198.0 
148.0 208.0 157.0 198.0 151.0 204.0 
150.0 208.0 159.0 202.0 155.0 205.0 
152.0 210.0 162.0 204.0 157.0 207.0 
145.0 238.0 189.0 240.0 190.0 239.6 

OUT 
147.4 
149.5 
153.1 
155.6 
158.6 
160.3 
195.5 

RESULTS FROM THE F I F T I E T H  RUN 
T H I S  RUN STARTED FEBRGARI 23,  1978 
THE CONDITIONS OF THIS RUN YtRE:  

A. S A L l N i r r  : 32,000 PPM irirAL DISSOLVED SOLIDS 
8 .  CALCIUM : 22 p p n  
C. S I L I C A  : 250 PPM 
D. CARBONATE: 800 PPM 
E. YH : 6 .7  
F. AUDITIVE : NONE 

I .  LEVEL : NONE 
6. OTHER I THIS YAS II LASL SPECIFIED RUN UHEREPr THE SILICI /CARBONAlE RATIO UAS CHANGED .. . . 

FLOURATES 
l U B E 2  
LI/NR 
272.2 
261.2 
i71  .8 
276.4 
281.9 
281.9 
256.6 

M I N I  EXCHANGER NUMDER 1 
OVERALL HEAT TRANSFEH C9EFFICICNlS 

TUBE2 rUBE3 TUBt4 
BTU/Hff. sa.Fr. DEG. F 

8 3 . 0  105.1 108.1 
81.0 107.9 107.4 
83.5 103.4 102.5 
80.2 98.8 105.9 
76.6 95.4 97.4 
73.4 vu.4 99.6 
49.1 60.7 63.1 

CUOL HZO 
LB/HR 
5849.5 
6044.8 
5953 .1  
5956.6 
5985.4 
6 0 0 .  6 
6 0 I / . O  

TUUEI, 
LRI" 
234.4 
254.3 
254.0 
258.7 
:64.3 
264.6 
225.6 

TUBE3 
LRlHR 
271.6 
276.4 
271.1 
2jO.8 

276.5 
285.4 

2ar . 6  

TUUE4 
LYIHR 
299.7 
299.4 
299. I 
298.9 
299.7 
299.7 
335.4 

T I R E  
HOiiRS . 00 

.33 

. 95  
2.78 
4.23 
4.95 

11.75 

TUBE1 

90.2 
89.8 
89.1 
89.8 
88.3 
85.1 
?7.9 

hUEfiA6E 

96.6 
96.5 
94.b 
93.7 
8 9 . 4  
06. I 
62 .7  

T I n E  
HOURS 

.oo 

.13 

. 9 5  
2.78 
4.13 
4. Y5  

11.a 

N I N I  EXCHANGER NUMBER 2 
OVERALL HEAT TRANSFER CDEFFICIENTS 

UIUIHR. bU.FT. DE6. F 
TUBE2 TUBE6 1UBE4 AVERAGE 

l U Y . 7  111.1  117.4 109.4 
108.8 112.1 111.7 108.6 
107.6 107.9 117.4 108.1 
108.2 111.5 106.9 107.4 
10s.) 102.1 101.6 102.2 
103.8 98.8 98.0 99.3 

64.4 62.2 81 .o 75.4 

M I N I  EXCHANGER NUMBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE2 TUBE3 TUBE4 
' . BTU/HR. SP.FT. UEG. F 

134.0 132.2 1sa.9 
133.1 134.9 143.8 
136.3 135.5 132.5 
135.7 131.4 142.4 
129.6 129.5 132.1 
123.1 123.9 129.8 

89 .9  101.3 103.1 

TUBE1 

98.8 
102.0 
100.7 
102.8 
Y8.7 
96.7 
94.2 

TIME 
HOURS . 00 

.33 

.95 
2.78 
4.23 
4.95 

11.75 

TUBE1 

143.6 
142.9 
143.7 
142.3 
136.0 
132.3 
109.2 

AVERAbE 

137.2 
138.7 
137.0 
137.9 
I 3 1  .8 
127.3 
1U0.9 

T I M E  
HOURS . 00 

.33 . Y5 
2..'b 
4.23 
4 - 7 5  

I 1  .A 
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TWIS IS THE INFUT I I A i A  FOR THE F I F T Y  fIkST RUN 
T I I I S  RUC b i d # l t U  S A J i i H  7 ,  l97U 
:HE CONDITIONS OF THIS RUN UEHE: 

A. CALINITY : 20,OGO P P I  TUTAL DISSOLVED SOLIDS 
E. CALCIUil  : 24 PPll 
C. S I L I C A  : 430 PPI( 
D. CARBONATE: 860 YFM 
E. FH : 6.9 
F. A n U I T I U E  : NONE 

1 .  LEUEL : NONE 
G. OTHER : THIS UAS A LASL SPELFIED HUN UHERBY THE TOTAL DISSOLVED SOCIIIS UPS A T  20,000 PYA 

TINE 
HOURS 

.oo 

.so 
1 .oo 
2.12 
3.17 
5.85  
7.62 
8.47 

19.83 

IN 
30P.O 
311.0 
31 1 .O 
311.0 
313.0 
3 i2 .0  
3 0 2 . 0  
302.0 
303.0 

TUBE 1 
GAGE 

5.7 
5.6 
5.7 
5.7 
5.7 
5.8 
5.6 
5.7 
5.6 

F LOUS 
TUBE 2 TUBE 3 TUBE 4 
GlGE GAGE GAGE 

5.7 5.7 32.0 
5.6 5.7 32.0 
5.7 5.7 32.0 
5.6 5.7 32.0 
5.7 5.8 32.0 
5 . 8  5.7 32.0 
5.6 5.6 32.0 
5.6 5.5 3 1 . 5  
5.7 5.5 31.0 

I N  
1JO.O 
10a.J 
169.0 
l 6 d . 0  
205.0 
252.0 
216.0 
221.0 
230.0 

EXCHANGEH NUflBEk I 
OUT I N  our 

212.0 309.0 219.0 
219.p 311.0 224.0 
2ZJ.O 311.0 ZZ,'.ir 
237.0 4 1 1 . 0  241.0 
250.0 313.0 255.0 
248.0 i12.0 252.0 
249.0 302.0 252.0 
2 u . o  302.0 258.0 
262.0 3C3.0 262.0 

1EMi.S I N  DEG. F 
IN OUT 

310.0 203.0 
311.0 212.0 
3 1 1 . 0  215.0  
312.0 257.0 
314.0 250.0 
313.0 251.0 
303.0 241.0 
303.0 254.0 
304.0 257.0 

COOLING UAiER TEAPERATSRCS I N  LEG. F 
EXCH 1 EXCH 2 EXCH 3 COOL H20 

GALLONS I N  O U l  IN OUT IN O'J : 
136238. 80.3 95.5 71.2 80.3 65.8 71.: 
136668. 82.1 96.8 72.6 82.1 66.9 72.3 
13:052. 83.4 97.6 73.8 83.4 68.0 13.5 
138033. 84.1 95.9 75.0 84.1 68.3 75.5 
138925. 80.4 90.3 72.7 80.4 67.0 72.- 
139507. 81.1  90.9 13.4 81 . I  67.4 73.4 

153105. 62.4 69.3 57.2 62.4 52.9 51.:  

142691, 69.4 78.4 63.7 69.4 59.1 63.7 
143418. 6 8 . 0  75.4 62.7 68.0 58.2 62.; 

I N  
307.3 

308.7 
310.0 
311.9 
3 1  1 .2 
29Y.j 
299.7 
300.3 

3oa.9 

EXCHANG6 h 

124.0 161.0 
128.0  167.0 
I J0.0 170.0 
143.0 188.0 
167.0 239.0 
164.0 207.0 
184.0 220.0 
194.0 230.0 
200.0 232.0 

UUT I N  
N U i l P i R  J 

ou I 
129.0 
132.0 
134.0 
1 4 8 . 0  
174.0 
170 .0  
192.0 
2u3.c 
204.0 

TtnFS I N  G t G .  t 
I h  OU i 

15;.0 128.0 
160.9 I J 2 . J  
162.0 1J4.0 
184.0 148.0 
204.0 174.0 
205.0 175.0 
206.0 188.0 
2.12.0 1 9 P . U  
2:b.Q LUO.0 

UUT 
206.7 
213.1 
216.0 
237.5 
251.6 
253.2 
242.9 
255. I 
255.6 

I N  
154.8 
I X . 2  
159.5 
133.6 
208.6 
210 .1  
211.3 
z2>.2 
22s. 1 

ou1 
128.6 
IJ1.5 
133.0 
148.2 
174.3 
I IS .Y 
182.2 
1Yb.4 
196.4 

I N  
2 1 2 . 0  
219.0 
225.0  
237.0 
250.0 
2 4 8 . 0  
249.0 
i53.0 
262.0 

EXCHANGER HUAlrER 2 TEWS IN DEG. F 

160.0 219.0 161.0 203.0 155.0 
160.0  224.0 167.0 212.0 160.0 
169.0 227.0 170.0 215.0 162.0 
186.0 241.0 188.0 ? j ? . O  184.0 
205.0  i 5 i . O  2 0 9 . 0  250.0 204.0 
202.0 252.0 2 0 1 . 3  251.0 205.0 
216.0 252.0 220.0 241.0 206.0 
224.0 253.0 230.0 254.0 222.0 
230.0 262.0 232.0 2 5 2 . 0  226.0 

our I N  OUT IN OUT 

RESULTS tPJM THE FIFTY FIRST RUN 
THIS KUH STI i t lEU i IAt iCH i ,  lYI8 
I H E  CfJ;~Ul l IONS OF I N I S  RUN U E K i :  

A .  SALINITY : 20,000 PPA TOTAL DISBULYEn SOLIDS 

C. S I L I C A  : 430 PPI( 
3 .  CARBONATE: 860 FFil  
E. FH : 6.9 

R. CALCIUM : 24 ppn 

F. ADDITIVE I NONE . . .  
1 .  LEVEL : NONE 

6. OTHER : T H I S  URS A LASL SFCCFIED HUN UHticfiY T H E  TGTAL DISSOLVED SOLIDS UAS AT 20,000 PPA 

COOL H20 
L P / N I  
7116.3 
6353.4 
7264.2 
7029.0 
lG58. 4 
7000.5 
7101.5 

7074. I 
7010.7 

T U B E 1  

142.9 
130.0 
141.0 
115 .4  
87.8 
92.9 
58.4 
so. 9 
49.Y 

i U E E l  
LB/HR 
259.7 
254.5 
259.5 
259.5 
259.2 
264.3 
255.6 
260.6 
255.5 

FLOYRATES 
TUBE2 
LB/HR 
277.4 
272.3 
277.2 
272.3 
276.9 
281.9 
273.5 
273.5 
278.2 

TUBE3 
L W H R  
271.8 
:?I .7 
271.7 
271.6 
276.4 
271.5 
267.7 
262.6 
262.4 

T U E t 4  
LWHR 
300.1 
?99,9 
299.9 
299.7 
299.5 
299.6 
501 .z 
296.5 
291 ./ 

I l I N I  EXCHANGER rlUABER 2 
OVERALL H E A T  TRANSFER CUEFFICIENTS 

BTU/HR. SQ.FT.  DEG. F 
TUBE? TUBE3 TUBE4 AVERAGE 

164.9 l4/ . . i  173.1 157.1 
146.2 144.6 169.5 147.6 
155.9 155.1 lE4.5 159.1  
123. I 126.6 142.1 126.8 

YJ.! 96.1 95.1 Y3.0 
94.1 93.5 94.2 93.7 
59.4 68.7 68.2 63.7 
50.1 56.8 59.2 54.5 
50.7 50.8 5 5 . 9  51.8 

T I n E  
HGUHS 

.ou 

.so 
1 .oo 
2. i 2  
3.1/ 
3.85 
7.62 
8.47 

19.a3 

T i n E  
HOURS 

.oo 

.50 
1 . G O  
2.12 
3.1? 
3.85  
7.62 
d.47 

19.83 

I N  
206.7 
213.1 
216.0 
237.5 
251.6 
253.2 
242.Y 
255. I 
255.6 

# I N 1  EXCHANGER WUtiBER 1 

TUBE1 TUBE2 TUBE3 TUUE4 AVERAGE 
BTU/WW. SO.FT. DEG. F 

194.0 162.1 151.3 
179.0 157.5 1 4 1 . 3  I ( r l . 5  142.1 
183.7 162.3 146.3  147.2 172.0 

116.7 114.6 123.7 132.4 121.9 

OuCnALL h C A l  InAsSFER C X k t l C I E N T S  

1w.8 1 7 8 . 4  

Y2.4 89.6 9 Y . P  102.0 Y6.0 
96.0 Y4.9 94.5 Y?.3 95.7 
75.2 75.3 93.9 97.0 85.3 
68.6 63.9 68.8 71.1 68.1 
53.5 58.J 63.6 68.0 60.9 

f l IN1 EXChGNGER NIJRbEic 3 

TUBE1 IUGE2 r u m  IbHE4 AUtbAGi  
L T l l / H R .  S O . F i .  Dtb. b 

151.0 136.6 118.1 12a.G 123.0 
1 4 1 . 0  133.9 111.1 118.6 126.1 
155.3 147.6 117.6 125.6 136.5 
139.6 130.8  119.6 125.8 129.9 

94.9 8 9 . 0  /,>. s 94.J 88 .9  
100.3 99.3 82.1 93.8 93.9 
67.6 60.6 40.6 22.7 60.4 
5a.7 SL..' 4 4 . 8  65.7 55.5 
51.6 51.: 46.: 57.9 51.9 

OVERALL mi T I C R ~ S F E K  COEFFICIENTS 

T I n E  
HOURS . 00 

-50  
1.00 
2.12 
3.17 
3.85 
7.62 
8.47 

19.83 

TIME 
HOURS 

.so 

. op 

3. as 
7.62 
8.47 

I P. 83 
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T H I S  IS THE INPUT D A T A  FOR THE FIFTY SECOND RUN 
T H I S  R U N  S T M T E D  MAfiCH 13, 1778 
Ti l€  C O N D I T I O N S  O f  T H i S  RUN UELE: 

n. SALINITY : 20,000 w n  T O T A L  DISSOLVED SOLIDS 
0. c n L c i t i i  : 24 w n  
c. s I L i c n  : 400 ppn 
D. C n u n o N n r E :  800 PPM 
E. P H  : 6.9 
F. ADDITIVE : r H E i i n u s i x  APS 

1 .  L E V E L  : 13 i . F H  
8. OTHER : 

T I l E  
HOURS 

.oo 

.43 
I .20 
2.18 
2.93 
4 . b l  
7.43 

19.03 
19.68 

I N  
308.0 
307.0 
305.0 
306.0 
306:O 
305.0 
312.0 
310.0 
314.0 

T U B E  1 
GAGE 

5.9 
6.0 
6. I 
b.4 
6.4 
6.6 
7.1 
7.5 
7.2 

FL 
TUBE 2 

&AGE 
6.0 
6. i 
6.2 
6.5 
6.5 
6.7 
7.1 
7.5 
i . 2  

.ous 
T U B E  3 

GAGE 
5.9 
6.0 
6 . 1  
6.2 
6.5 
6.6 
6.9 
6.7 
7.1 

EXCHANGER NUflBER 1 
OUT I N  OUT 

208.0 3 0 8 . 0  218.0 
216.0 357.0 223.0 
230.0 305.0 235.0 
236.0 306.0 243.0 
242.0 306.0 249.0 
244.0 305.0 252.0 
266.0 312.0 272.0 
280.0 310.0 282.0 
284.0 314.0 286.0 

IN 
1 6 2 . 0  
l b 8 . u  
187.0 
190.0 
1 9 5 . 0  
I9E.O 
Z2b.O 
251.0 
254.0 

i x :  
9" l  

124.0 
128.6 
140.0 
1;o.o 
154.0 

181.0  
220.0 
221 .o 

158.0 

TUBE 4 
GAGE 
3 3 . 0  
33.0 
33.0  
33.0 
33.0 
33.0 
33.0 
33.0 
3J.O 

TEhPS I N  DEG. f 
I N  O U T  

309.0 201.0 
307.0 211.0 
305.0 227.5 
336.0 234.0 
3 0 7 . 0  242.0 
306.0 24k.O 
312.0 2AI.O 
311.0 279.0 
315.0 285.0 

. : : A  flu. ,, 

IA2.O 
167.0  
185.0 
195.0 
201 .o 
205.0 
234.0 
2 5 6 . 0  
257.0 

. I* Ihbi.fi ik 3 
ni, r 

1 ju.d 
I 3.3. 0 
148.0 
159.0 
105.0 
IA9 .0  
1 9 Y . O  
.JO.O 
2 J 1  .o 

T I n i . 4  ; t i  L s L L .  f 

I S > . O  124.3  
IA0.O I?&.O 

I N  o u r  

1 7 8 . 0  142.0 
189.0 152.0 
190.0 16U.O 
200.0 16J.O 
L'J3.0 l V 4 . U  
2so.u 218.0 
L>>.U 2 2 4 . 0  

COOL H20 
GALLONS 
160279. 
160684. 
I A 1  395. 
162322. 
163032. 
164729. 
167380. 
178606. 
179238. 

I N  
306.7 
304.0 
303.4 
303.6 
305.3 
3 0 J . J  
JIO..! 
309.5 
313 .4  

I N  
l 5 ? . ' J  
l (1 .1  
l S J . 7  
I !.!.I 
ZOI . 2  
201.6 
2.52.1 
253.5 
2 3 9 . 2  

kISULTS FROM THE F I F I Y  SECOND PUN 
rnis RUN S T A S T E O  n a i i c r i  1 3 .  1978 
THE C O N D I T I O N S  O f  T H I S  KUN U t k E :  

n. SALINITY : 20.000 F W  TOIAL DISSOLVED SOLIDS 
6. C A L C I U M  : ?4 P P H  
c. S I L I C A  : 405 P P I (  
D. CARBONATE: 800 YPll  
E. D H  : b.9 
F .  A O D I ~ I U E  : THihnOSOL APS 

I .  L E V E L  : 13 P P N  
0.  OTHER c 

COGL HZO 
L 0 / H F i  
7745.9 
7678.3 
7815.5 
7849.4 
8119.9 
7945.0 
8033.4 
80g3.3 
8006.2 

T U l l E l  

130.6 
129.2 
115.6 
110.0 
105.4 
102.7 

80.6 
52.9 
51.6 

F L O Y R A T E S  
T U B E 1  TUBE2 TUBE3 TUBE4 
L S I H R  L B I H R  LBIdR L B / H R  
269.7 292.2 282.1 30V. 6 
L;4.8 2 9 i . 2  287.5 310.0 
280. I 302.4 292.9 310.1 
294.8 316.9 297.8 310.0 

304.9 326.9 318.2 310.1 
328.6 345.3 332.5 309.0 
348.7 365.1 322.5 309.2 
333.2 349.8 342.1 508.6 

294.8 116.9 5 1 2 . 9  i o v . 8  

H I M I  EXCHAHGER NUflKER 2 
OVERALL H E A T  T K P N ~ F E I  COEFFICIENTS 

TUBE? T U B E 3  TUBE4 AVERAGE 

166.0  1 4 6 . 1  175.2 154.L 
159.9 152.6 171.5 153.3  
126.4 126.9 126.2 123.8 
118.5 109.9 108.7 l l l . 8  
I 1o.a 109.1 98.9 106.1 
107.1 101.7 94.3 ' 101.5 

77.4 74.3 67.0 74.8 
48.8 4 ? . l  44.1 48.7 
47.9 52.7 41 .E 48.5 

B T U I H R .  S0.FT. DEG. F 

OUT 
211.1 
217.1 
ZJ1 .b  
237.0 
244.5 
296.3 
268.3 
2 8 1  .o 
2a5.9 

011 r 
129.5 
131.7 
146.4 
156.0 
1 6 2 . ~  
1aS.I 
I f 4 . 1  
218.9 
224./ 

T I M E  
HOURS . 00 

.43 
I .20 
2.18 
2.93 
4.67 
7.43 

19.03 
19.68 

1 Ill€ 
H U U H S  

.oo 

.43 
1 .20 
2.16 
2.93 
4.67 
7.43 

19.03 
19.68 

I N  ' 
77.5 
77.6 
76.9 
75.9 
15.9 
76.2 
73.4 
67.8 
68.7 

I N  
208.0 
216.0 
230.0 
236.0 
242.0 
244.3 
266.0 
280.0  
284.0 

TUBE1 

178.6 
152.8 
122.9 
112.5 
105.2 
100.7 

72.7 
47.3 
45.1 

TUBE1 

C O O L I N G  Uh1i.R I L f l F t K A : J R t S  I N  UEG. F 
E X C H  1 EXCH 2 E X C H  3 

OUT i N  OUT Ili OUT 
91 .S 6 8 . 9  :z.J 63.7 0d.Y 
90.5 bY.6 77.6 b 3 . 1  68.6 
87.7 68.8 76.P 62.9 68.a _ .  
85.3 68.1 75.9 62.4 6a.1 

84./ 61.1 76.2 63.5 6V.1 
85.0 611.6 75.9 63.0 68.6 

77.6 67.3 73.4 02.1 67.3 
72.1 63.5 67.8 59.1 63.5 
73.9 64.J 68.1 59.v 64.3 

153.0 
152.2 
137.2 
!21.5 
120.0 
115.2 

91.1 
62.4 
62.J 

LXCHANGER NURBER 2 T E M S  I N  DEG. F 
OUT I N  OUT I k  GUT 

162.0 218.0 102.0  201.0 155.0 
16d.0 223.0 161.0 211.0 160.0 
1 8 2 . 0  235.0 185.0 227.0 178.0 
190.0 ?43.0 1 9 5 . 0  234.0 189.0 
195.0 249.0 CO1.0 242.0  1Yo.O 
198.0 252.0  205.0  :4+.0 200.0 
226.0 272.0 2 j 4 . 0  261.0 230.1 
2 5 1 . 0  282.0 256.0 273.0 250.0  
254.0 28b.0 2 5 9 . 0  285.0 255.0 

N I N I  E X C H a N G E R  NUnHtk 1 
U v E t r n u  mr I ~ ~ N S F E R  COLFFICIENTS 

TUBE2 TUBE3 TUBE4 

160.5 197.; 185. 6 
I4U.Y 111.6 163.1 
121.9 134.9 130.0 
106.7 117.6  112.Y 

98.8 113.2 104.4 
Y I  .: 106.6 95.4 
65.4 71.7 62.3 
46.0 46.7 39.8 
44.0 46.1 48.2 

N I N l  EXCHANGEH tiUtCIER 3 
OVERALL HEAT TRANSFER C O E F F I C I E N T S  

BTUIHR. sa .FT.  D E G .  F 

WEE2 TUBE3 r t i ~ i 4  
B T U I H R .  

3 3 . 8  
35.6 
22.7 
09.8 
04.6 
02.5 
80.2  
52.b 
2 J . 2  

S0.f I. 
i 3 e . b  
133.0 
123.7 
112.8 
137.9 
107.5 

6 0 .  1 
5v.4 

8 1  .a  

ULW. f 
129.2 
131.0 
128.8 
113.3 
i 3 8 . 4  
104.5 

79.5 
61.5 
5 8 . 9  

R V E R k G i  

178.6 
159.6 
1?7.4 
112.4 
105.4 
98.6 
68.0 
45.0 
43.4 

B d E R k G t  

138.3 
137.9 
128.1 
114.4 
110.1 
107.4 
83.1 
59.1 
58.4 

Ili 
211.1 
217.  I 
2 3 1  .e 
237.0 
? 4 4 . 5  
2 4 6 . 3  
2 6 8 . 3  
281.0 
;U;.Y 

OUT 
157.9 
162.1 
183.7 
193.1 
? C 1  .z 
? 0 3 . 6  
2 5 2 . 1  
253.5 
2:v.L' 

TiME 
HOURS 

.oo  

.43 
1 . 2 9  
2.16 
2.93 
4.07 
7.43 

19.03 
1 7 . 6 d  

t1n6 
HGIJRS . 00 

. 4 j  
1 .:3 
2.18 
?.13 
4.07 
7.43 

19.0: 
1 9 . b ;  
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d1S I S  THE INPUT DATA FOR THE F I F T Y  THIRD 
l H I S  RUN STARTED 9 / 2 7 / 7 8  
THE CONDITIONS O F  THIS  RUN UERE: 

A. SALINJTY : 32,000 PPH 
B .  cnLciun : 25 PPN 
C. S I L I C A  : 400 PPH 
D .  CARBONATE: 800 PPM 
E. PH : 6.7 
F .  ADDITIVE : DEDUEST 2060 

6. OTHER : NONE 
1 .  LEVEL : 10 PPM 

TIME 
HOURS 

. o o  

.57 
1.12 
1.88 
3.20 
4.18 
5.55 
6.57 

10.27 
12.60 
21.92 
24.34 
27.04 

I N  
304 .0  
3 0 5 . 0  
306.0 
306.0 
306.0 
307.0 
307.0 
306.0 
306.0 
304 .0  
304.0 
303.0 
304.0 

IN 
164.0 
165.0 
167.0 
1 69.0 
173.0 
175.0 
177.0 
179.0 
209.0 
209.0 
230.0 
224.0 
227.0 

FLOUS 
TUBE 1 TUBE 2 TUBE 3 

GAGE GAGE GAGE 
6.0 6.0 6.0 

, 6.0 6.0 6.0 
6.0 6.0 6.0 
6.1 6.0 6.0 
6.2 6.0 6.0 
6.2 6.1 6.0 
6.3 6.1 6.0 
6.3 6.1 6.0 
6 .3  6 . 0 .  6 . 3  
5.9 5.9 5.8 
6.9 6.9 6.7 
6.5 6.3 6.3. 
6.4 6.4 6.2 

OUT 
207.0 
208.0 
21 1 .o 
213.0 
216.0 
219.0 
222.0 
225.0 
248.0 
247.0 
261.0 
251 .o 
254.0 

I N  " OUT 
305.0 210.0 
307.0 212.0 
308.0 214.0 
308.0 216.0 
308.0 220.0 
309.0 223.0 
3 0 9 . 0  226.0 
307.0 228.0 
308.0 250.0 
307.0 250.0 
307.0 262.0 
302.0 251.0 
307.0 258.0 

RUN 

n 

TUBE 4 
GkGE 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 
32.0 

COOL H20 
GALLONS 
402158. 
402652. 
403130. 
403799. 
404940. 
405785. 
406963. 
407842. 
410973. 
412978. 
42091 0. 
422962. 
425278. 

ou1 
l?V.O 
1AO.O 
132.0 
133.0 
137.0 
138.0 
140.0 
141.0 
170.0 
165.0 
197.0 
194.0 
198.0 

I N  

160.0 
161.0 
164.0 
167.0 
170.0 
172.0 
174.0 
203.0 
205.0 
2?8.0 
222.0 
228.0 

1:a.o 
uu I 

1 2 5 . 0  
130.0 
1 3 1 . 0  
133.0 
136.0 
137.0 
149.0 
141.0 
16Y.0 
166.0 
199.0 
196.0 
202.0 

RtSULlS F R O M  THE F I F T Y  THIRU RUN 
THIS RUN STARTED 9 / 2 7 / 7 8  
THE CONDITIONS OF THIS  RUN UERE: 

h .  SALINITY : 32,000 PPN 
B. CIILCIUM : 25 ppn 
e. mien : 400 PPI 
D. CARBONATE: BOO P P I  
E. PH : 6.7 
F .  ~ D D I T I V E  I DEOUEST 2060 

8 .  OTHER i NONE 
I .  LEVEL : 10 PPM 

111 O U I  111 
157.0 129.0 158.0  
158.0 130.0 161.0 
159.0 111.0 1 6 1 . 0  
161.0 132.0 lb3.0 
165.0 156.0 167.0 
167.0 137.0 170.0 
170.0 139.0 173.0 
172.0 140.0 176.0 
196.0 163.0 205.0 
197.0 165.0 208.0 
230.0 ?01.0 235 .0  
226.0 198.0 232.0 
227.0 201.0 231.0 

lUBE3 
LB/HR 
287.9 
287.6 
287.6 
287.6 
287.5 
287.5 
287.5 
287.8 
302.9 
277.6 
323.4 
303.5 
297.9 

EXCHANGER NUHBER 1 TEMPS I N  DEG. F 
I N  OUT I N  

304.0 222.0 3 0 3 . 0  
306.0 224.0 304.0 
306.0 225.0 304.0 
306.0 226.0 304.0 
307.0 230.0 305.0 
J07.0 232.0 305.0 
307.0 233.0 305.0 
305.0 233.0 304.0 
306.0 250.0 304.0 
305.0 250.0 302.0 
305.0 266.0 303.0 
302.0 264.0 301.0 
30S.O 262.0 302.0 

COOL H20 
LB/HR 
7157.9 
7175.4 
7266.7 
7133.8 
7112.2 
7092.8 
7106.7 
6979.6 
7111.3 
7038.5 
7023.5 
7103.4 
7080.4 

FI 
TUBEl 
L W H R  
275.2 
275.1 
275.0 
279.9 
284.9 
284.8 
289.7 
289.8 
289.8 
270.3 
319.9 
300.2 
295.1 

.OURATES 
TUBE2 
LB/HR 
292.6 
292.4 
292.2 
292.2 
292.2 
297.0 
297.0 
297.2 
292.2 
287.5 
336.3 
317.5 
311.9 

TUBE4 
L B l H R  
300.7 
300.6 
300.6 
300.6 
300.4 
300.4 
300.4 
300.6 
300.6 
300.9 
300.7 
301 . O  
300.9 

OUT 
206.0 
209.0 
211.0 
213.0 
219.0 
222.0 
226.0 

249.0 

265.0 
261 -0 
2f8.O 

ou1 
I 3 1  -0 
133.0 
134.0 
135.0 
139.0 
140.0 
143.0 
144.0 
170.9 
171.0 
202.0 
201 .o 
201 .Q 

228.0 

248.0 

TIHE 
HOURS . 00 

.57 
1.12 
1.88 
3.20 
4.18 
5 . s  
6.57 

10.27 
12.60 
21.92 
24.34 
27.04 

COOLING UATER TEHPERATURES I N  DEG. 
EXCH 1 EXCH 2 

I N  OUT I N  OUT 
90.4 105.0 82.5 90.4 
92.1 106.7 83.9 92.1 
92.9 107.4 84.7 92 .? 
94.3 108.7 86.0 94.3 
97.9 111.4 89.5 97.9 
98.1 111.2 89.5 98.1 
99.9 112.5 91.3 99.9 
99.4 111.7 90.9 99.4 
92.9 102.0 85.7 92.9 
89.4 98.3 82.5 89.4 
83.9 90.5 78.7 83.9 
84.2 91.6 79.3 84.2 
84.3 91.8 79.6 84.3 

F 
EXCH 3 

I N  OUT 
77.8 el. 5 
79.1 83.9 
79.9 84.7 
81 .o 86.0 
84.5 89.5 
84.5 89.5 
86.2 91.3 
85.6 90.9 
80.3 85.7 
76.7 82.5 
74.5 78.7 
75.5 79.3 
75 .? 79.6 

I N  
207.0 
208.0 
21 1 .o 
217.0 
216.0 
219.0 
222.0 
2?5.0 
248.0 
247.0 
261 .O 
251 .o 
254.0 

EXCHANGER NUNBER 2 TEHPS I N  OEG. F 
OUT I N  OUT I N  OUT 

164.0 210.0 158.0 222.0 15?.0 
1 6 5 . 0  212.0 160.0 224.0 158.0 
167.0 214.0 161.0  225.0 159.0 
169.0 216.0 164.0 226.0 161.0 
173.0 220.0 167.0 230.0 165.0 
175.0 223.0 170.0 232.0 167.0 
177.0 226.0 172.0 2Z3.0 170.0 
179.0 228.0 174.0 233.0 172.0 
209.0 250.0 203.0 250.0 196.0 
209.0 250.0 205.0 250.0 197.0 
230.0 262.0 228.0 266.0 230.0 
224.0 251.0 222.0 264.0 226.0 
227.0 258.0 228.0 262.0 227.0 

I N  
206.0 
209.0 
211.0 
213.0 
219.0 
222.0 
226.0 
228.0 
249.0 
248.0 
265.0 
?61 .O 
258.0 

OUT 
15b.0 
161.0 
162.0 
163.0 
167.0 
170.0 
173.0 
176.0 
205.0 
208.0 
235.0 
232.0 
231.0 

M I N I  EXCHANGER NUHRER 1 
OVERALL HEAT TRANSFER COEFFICIENTS 

TUBE1 TUBE2 TUBE3  TUBE^ nvEnaGE 

188.4 193.3 157.0 207.3 186.5 
BTUIHR. S0 .FT .  DEG. F 

190.1 193.6 157.3 203.1 186.0 
186.3 192.6 157.3 200.4 184.1 
184.9 187.7 155.3 195.2 180.8 
181.0 177.7 147.6 180.7 171.7 
173.4 173.0 141.9 171.3 164.9 
169.4 166.1 140.3 161.6 159.3 
159.2 157.0 136.7 153.9 151.7 
100.6 100.3 100.9 99.1 100.2 

92.3 96.6 90.5 97.5 94.2 
71.9 78.4 64.9 59.2 68.6 
87.8 91.3 62.7 66.2 77.0 
82.0 83.5 69.5 73.1 77.0 

TIME 
HOURS 

.oo 

.57 
1.12 
1.88 
3.20 
4.18 
5.55 

21.92 
24.34 
27.04 
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- .  ... 

TUBE1 

127.3 
130.3 
131.0 
132.1 
131.1 
131.8 
135.9 
133.7 
85.5 
77.5 
61.1 
54.2 
52.4 

M I N I  EXCHANGER NUREER 2 
OVERALL H E l T  TRANSFER COEFFICIEItI 

TUBE2 TUBE3 TURE4 

167.8 197.8 162.0 
169.9 204.7 162.3 
171.9 204.1 164.5 

BIUIRR. SO.FT. DEB. F 

166.0 
169.2 
167.8 
169.4 
163.7 
105.8 
98.2 
70.7 
62.0 
60.6 

199.9 
198.6 
195.9 
188.5 
177.7 
129.9 
115.4 
70.8 
73.8 
67.0 

167.4 
171.4 
167.3 
167.2 
157.5 
101.4 
90.8 
54.1 
55.3 
52.1 

AVERAGE 

163.7 
166.8 
167.9 

NI N l  EXCHANGER NUNSER 3 
OVERhLL HEAT TRANSFER COEFFICIEN 

T I n E  TUBE1 TUBE2 TUBE3 iUBE4 
HOURS BTU/HR. S O . F T .  DEG. F 

.oo 159.1 145.8 139.4 136.9 

.S7 160.5 151.1 140.7 140.0 
1.12 158.5 151.5 141.1 140.5 

166.3 1.88 164.9 153.0 145.2 140.5 
167.5 3.20 165.9 153.7 143.4  138.7 
165.7 4.18 162.3 157.2 141.1 140.6 
‘165.2 5.55 165.8 151.7 145.5 139.2 
158.1 6.57 164.2 150.8 144.6 142.2 
105.6 10.27 111.4 101.0 108.5 102.2 
95.5 12.60 117.9 112 .4  92.6 107.3 
64.2 21.92 72.7 67.1 63.6 66.0 
61.3 24.34 65.4 59.9 60.3 64.1 
58.0 27.04 61.2 56.9 54.7 62.9 

THIS I S  THE INPUT DATA FOR THE F I F T Y  FOURTH RUN 
THIS RUN STARTED 10-3-78 
THE CONDITIONS OF THIS RUN UERE: 

A.  SALINITY : 32000 PPH 
8 .  CALCIUH : 20 PPH 
C. SILICA : 390 PPN 
D. CARBONATE: 780 PPH 
E. Pn : 6.7 
F.  ADDITIVE : DEOUEST 2060 

G. OTHER : NONE 
1 .  LEVEL : 20 PPN 

FLOUS 
TIME TUBE 1 TUBE 2 TUFE 3 TUBE 4 
HOURS GAGE GAGE GAGE GAGE 

.oo 6.0 6.1 6.0 32.0 

.58 6.0 6.0 6.0 33.0 
1.02 6.0 6.0 6.0 33.0 
2-35 6.1 6.0 6.1 33.0 
4.15 6.2 6.1 6.0 33.0 
5.60 6.2 6.1 6.1 33.0 
6.33 6.3 6.2 6.3 33.0 
7.28 6.4 6.3 6.2 33.0 
11.48 6.5 6.4 6.4 33.0 
22.65 6.0 6.0 6.0 32.0 

In  
306.0 
309.0 
309.0 
310.0 
310.0 
311.0 
311.0 
310.0 
3 0 0 . 0  
307.0 

EXCHANGER NUHEER 1 
OUT I N  OUT 
208.0 306.0 208.0 
212.0 309.0 210.0 
213.0 309.0 209.0 
220.0 310.0 215.0 
232.0 311.0 230.0 
243.0 313.0 240.0 
247.0 312.0 246.0 
249.0 311.0 248.0 
259.0 310.0 259.0 
275.0 309.0 275.0 

TENPS I N  PEG. F 
I N  OUT 

306.0 217.0 
309.0 218.0 
309.0 219.0 
310.0 226.0 
310.0 234.0 
312.0 244.0 
312.0 250.0 
310.0 250.0 
309.0 261.0 
308.0 272.0 

COOL H20 
GALLONS 
426685. 
427294. 
427748. 
429146. 
431049. 
432561. 
433320. 
434294. 
438651. 
450454. 

I N  
305.0 
308.0 
307.0 
309.0 
309.0 
310.0 
310.0 
308.0 
306.0 
306.0 

EXCHANGER NUHRER 3 
I N  OU1 I N  OUT 

164.0 128.0 155.0 125.0 
167.0 131.0 156.0 127.0 
167.0 132.0 157.0 128.0 
172.0 136.0 161.0 132.0 
182.0 144.0 172.0 140.0 
197.0 157.0 188.0 1S1.0 
204.0 164.0 196.0 159.0 
207.0 lb8.0 100.0 164.0 
223.0 192.0 221.0 191.0 
250.0 224.0 246.0 223.0 

TENPS IN bEG. F 
I N  OUT 
155.0 124.0 
158.0 136.0 
159.0 128.0 
165.0 133.0 
173.0 139.0 
190.0 151.0 
199.0 160.0 
201.0 163.0 
224.0 192.0 
244.0 219.0 

OUT 
205.0 
206.0 
207.0 
212.0 
2?0.0 
241 .O 
246.0 
248.0 
260.0 
279.0 

I N  
158.0 
160.0 
161.0 
165.0 
177.0 
195.0 
203.0 
207.0 
,227.0 
257.0 

OUT 
127.0 
129.0 
130.0 
134.0 
141.0 
153.0 
160.0 
164.0 
189.0 
231 .O 

TS 
AUERAGE 

145.3 
148.1 
147.9 
150.9 
150.4 
150.3 
150.6 
150.4 
105.8 
107.6 
67.3 
62.4 
58.9 

T I M  
nOURS 

-00 
,57 
1.12 
1 .B8 
3.20 
4.18 
5.55 
6.57 
10.27 
I?. 60 
21.92 
24.34 
27.04 

COOLING UATER TENPERPITURES I N  DEG. F 
EXCH 1 EXCH 2 EXCH 

IN OUT I N  OUT I N  
85.7 98.5 78.9 85.7 74.9 
87.6 100.4 80.7 87.6 76.6 
89.0 101.7 82. I 89.0 78.1 
92.8 104.9 85.8 72.8 81.8 
97.0 107.4 89.8 97.0 85.4 
98.5 107.7 91.8 98.5 86.8 
98.1 106.7 91.9 98.1 86.9 
97.8 106.0 91.7 97.8 86.9 
88.3 94.7 83.5 88.3 79.7 
85.2 89.5 81.8 85.2 79.0 

I N  
208.0 
212.0 
213.0 
220.0 
232.0 
243.0 
247.0 
249.0 
259.0 
275.0 

EXCHAEttER NU 
OlJT I N  
164.0 208.0 
167.0 210.0 
147.0 ?09.0 
172.0 215.0 
182.0 230.0 
197.0 ?40.0 
204.0 246.0 
207.0 248.0 
223.0 259.0 
250.0 275.0 

rlBER 2 TEHPS I N  DEG. F 
OUT I N  OUT 
155.0 217.0 155.0 
156.0 218.0 158.0 
157.0 219.0 159.0 
161.0 226.0 165.0 
172.0 234.0 173.0 
188.0 244.0 190.0 
196.0 250.0 109.0 
200.0 250.0 201.0 
221.0 261.0 224.0 
246.0 272.0 244.0 

I N  
205.0 
206.0 
207.0 
212.0 
228.0 

246.0 
248.0 
260.0 
279.0 

241 .o 

3 
OUT 
78.9 
80.7 
82.1 
85.8 
89.8 
91.8 
91.9 
91.7 
83.5 
81.8 

OUT 
158.0 
160.0 
161.0 
165.0 
171.0 
195.0 
?OY.O 
207.0 
227.0 
257.0 
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RESULTS FROH THE F I F T Y  FOURTH RUN 
T H I S  RUN STARTED 10-3-78 
THE CONDITIONS OF THIS RUN UERE: 

A. S A L I N I T Y  : 32000 PPN 
B .  CALCIUN : 20 PPH 
C. S I L I C A  : 390 PPH 
D. CARBONATE: 780 PPH 
E. PH : 6.7 
F.  ADDITIVE : DEOUEST 2060 

G. OTHER. : NONE 
1. LEVEL : 20 PPN 

COOL H20 
LBIHR 
8683.3 
8529.7 
8687.1 
8731.8 
8608. I 
8 5 8 2 . 5  
8464.8 
0566.1  
8745.1 
8694.0 

TUkEI 

127.2 
127.9 
135.6 
137.8 
134.7 
113.6 
100.4 
99.1 
73.5 
41.3 

TUBE1 
LB/HR 
275. 0 
274.6 
274.6 
279.4 
284.3 
284.2 
289.2 
294.2 
299.5 
274.8 

FLOURhTES 
TUBE2 
L W H R  
297.4 
292.1 
292.1 
291.9 
296.7 
296.4 
301.4 
306.4 
31 1.4 
292.1 

TUBE3 
LB/HR 
287.6 
287.2 
287.2 
292.2 
287. I 
291.9 
302.0 
297.2 
307.5 
287.4 

 TUBE^ 
L B N R  
300.4 
309.4 
309.5 
309.2 
309.2 
309.1 
309.1 
309.4 
309.7 
300.3 

H I N l  EXCHANGER NUMBER 2 
OVERALL HEAT TRANSFER COEFFICIENTS 

B T W H R .  S0.FT. DEG. F 
TUBE2 TUBE3 TlJBE4 AVERAGE 

175.0 190.8 155.8 162.2 

173.8 186.8 160.2 163.6 
176.8 186.4 161 .O 1b5.S 
173.8 173.1 155.9 159.4 

' 141.3 141.1  125.5 130.4 
126.6 125.9 109.2 115.3 
122.0 l l 9 . S  102.1 110.7 

81.2 76.8 58.5 75.0 
51 .5 49.6 38.5 45.2 

176.0 183.8 157.5 161.3 

TIME 
HOURS . 00 

.58 
1.02 
2.35 
4.15 
5.60 
6.33 

11.48 
22 .65  

7.28 

r rHE 
HOURS . 00 

a58 
I .O? 
2.35 
4.15 
5.60 
4.33 
7.28 

11.48 
22.65 

TUBE I 

183.2 
176.3 
177.0 
167.7 
142.8 
120.0 
112.0 
108.3 
80.9 
47.1 

n I N l  EXCHANGER NUHBER 1 
OVERALL HEpT TRANSFER COEFFICIENTS 

1 u 1 2   TUBE^  TUBE^ 
RTUIHR. SO.FT. DEG. F 

198.1 168.2 207.2 
192.9 169.2 214.5 
199.2 169.6 213.8 
188.6 160.1 206.9 
195.4 139.5 164.0 
135.0 122.9 133.6 
120.5 114.0 120.4 
116.6 107.3 112.9 
87.1 80.7 78.6 
52.9 55.7 43.1 

AVERAGE 

189.1 
188.2 
189.9 
180.8 
150.4 
127.8 
116.2 
111.3 

81 .8 
49.7 

ruBE t 

153.2 
150.5 
148.8 
152.7 
151.6 
136.6 
126.2 
119.5 
72.8 
45.4 

H I N I  EXCHANGER NIIdBER 3 
OVERALL HEAT TRANSFER COEFFICIENTS 

i u m  TURES r u ~ 4  AVERAGE 

143.7 155.3 155.4 151.2 

BTUIHR. SO.FT. IEG. f 
150.5 152.9 151.1 151.7 

150.5 150.7 157.2 145.3 
1 4 3 . 2  152.5 134.9 150.8 
t46.4 154.9 164.9 153.4 
144.1  148.0 l a S . 1  147.7 
1 3 0 . 6  135.0 141.5 135.3 
121.6 124.7 142.0 126.9 
74.1 76.9 92.2 79.0 
43.3 47.3 47.6 45.9 

TIHE 
HOURS . 00 

.58 
1.02 
2.35 
4.15 
5.60 
6.33 
7.28 

11.48 
22.65 

I I n E  
HOURS 

.oo 

.58 
I .02 
2.35 
4.15 
5.60 
6.33 
7.28 

11.48 
22.65 
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