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FOREWORD

This study by the Oak Ridge National Laboratory and by Bechtel
Corporation is an attempt to evaluate the technology and cost of large
multistage flash evaporators being developed by the Office of Saline
Water. The design is limited to features which have been displayed
in previous OSW studiles, or which were under active development by OSW
contractors in 1967. The maturation of these programs should enable
such plants to be built and operated, within the estimated costs, during
the 1975-80 period.

The design concept was originated by ORNL; Bechtel provided an
engineering review of the concept. Following this review, a reference
design was established which both engineering organizations consider
to be feasible. Bechtel developed a capital cost estimate of the
reference design.

This report contains ORNL's description of the reference design

followed by Bechtel's engineering review and cost estimate.
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1. INTRCDUCTION

The Oak Ridge National Laboratory (ORNL) has made this study for the
Office of Saline Water (OSW) to reflect technology being developed as of
1967, applicable to a 250-million-gallons-a-day (250-Mgd) multistage flash
(MSF) distillation plant.

The scope of this effort included the development of cost and de-
scriptive information for a 250-Mgd evaporator of potential use in 1975-
1980, plus administration of a subcontract with the Bechtel Corporation
for engineering analysis of the ORNL design and development of a capital
cost estimate. After the Bechtel review, revisions to the design were
developed by mutual agreement and were incorporated into the reference
design for this report and for the cost estimates. Specifically, the
study included the following:

1. Development of design criteria based on 0SW's ground rules and on
the assumption that the plant would be located in southern California
(section 2).

2. Preparation of cost estimates, including capital, operating, and
maintenance costs (Section 3), as well as unit water costs. Capital costs
were developed by Bechtel Corporation (Part Two of this report), and for
the sake of consistency, their cost estimates are used throughout the re-
port.

3. Description of process flow and development of a process flow
sheet (Section L4).

4. Description of plant systems and components (Section 5).

5. Description of plant design concept and development of con-

ceptual design and detail drawings (Section 6 and Appendix B).
2. SUMMARY AND CONCLUSIONS

ORNL has designed and obtained cost estimates for a 250-Mgd multistage
flash desalination plant which is coupled to one 2500-Mwt boiling-water
reactor. The design is considered the best practicable within the current
state of the art. The hypothetical location of the plant is in southern
California.

The water plant has an average performance ratio over its assumed

thirty-year life of 12.8 1b of product/lOOO Btu and has a blowdown brine




concentration ratio of 2.0. The plant consists of four trains. Each train
is 692 ft long and is 90 ft wide on the high-temperature end of the plant
and 105 ft wide at the low-temperature end.

The flash chamber design incorporates two flashing brine levels and a
product water tray. The condenser tubing is .035-in. wall, 90/10 copper-
nickel alloy in the heat recovery section and .049-in. wall, 90/10 copper
nickel in the heat reject section with an assumed thirty-year life. The
flashing brine flows through the evaporator stages in two levels. The con-
denser tube bundles are located at the top of the evaporator structure, and
the product water condensate drains into the product tray immediately be-
low the bundles. The product is flashed to downstream stages in the same
fashion as the brine.

Each plant train is stepped between the heat recovery and the heat re-
Jject sections so that condenser tubes approximately 240 ft long can be in-
serted from either end of the heat recovery section. A single water box
is used at the midplane of the heat recovery vessel.

The floor of the plant is concrete with a 1/L-in. steel liner. The
roof and the side walls of the high-temperature end (above 200°F) are of
l/2—in.—§x£l arch construction. In the lower temperature portions, 9-in.-
thick concrete with a l/h-in. steel liner is used.

The deaerator is a compact two-stage spray chamber. A relatively
small quantity of stripping steam is used for stripping air from the feed
water. The deaerator is situated adjacent to the heat reject section,
which provides the stripping steam. Sulfite is injected to react with any
oxygen remaining in the deaerator effluent.

Separate brine heaters are provided for each train (two per train).
The heater tubing is 90/10 copper-nickel alloy. This tubing is 24.2 ft
long, and the brine velocity in the tubes is 4.5 fps.

The seawater intake system is the submarine line type.

Table 1 summarizes the principal parameters for the MSF plant. Table
2 gives the basic grourd rules and assumptions for the design.

The conclusions from this study are that a 250-Mgd MSF distillation
plant, under the ground rules, can be built at a cost of $149,725,000 or
59.9¢/daily gallon of capacity, and that annual operating costs with a 5.6
percent charge rate will amount to 20.6¢/1000 gallons.
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TABLE 1

SUMMARY OF MSF PLANT PARAMETERS

Plant dimensions

Evaporator, ft 692 L x 500 W x 24 H
Water plant plan area, ft 960 L x 500 W
Performance ratio, 1bs product/1000 Btu 12.8L45
Brine temperature range, °F 250 - 92
Concentration ratio 2.0
Shell construction Concrete and steel
Number of trains and product of each L, 62.5 Mgd
Number of flashing brine levels 2
Power requirements, Mw 69.82
Number of stages of heat recovery 48
Number of stages of heat reject 2
Steam requirements, Btu/hr 6.71 x 109

Heat exchangers

Evaporator Recovery Reject
Tube material 90/10 Cu-Ni 90/10 Cu-Ni
Brine velocity, fps 4,50 5.0
0.D. and wall thickness, in. 0.750 x 0.035 0.750 x 0.049
Estimated tube life, yrs 30 30
Overall U, Btu/hr-ft2-°F 579 425
Total surface area for 23,370,000 1,352,000
250-Mgd, ft°
Tube length 241 £t 6 in. & 67 ft 6 in.
238 ft 6 in.
Total number of tubes for 247,960 101,960
250-Mgd
Number of tube bundles/train 5 5
Bundle dimension
0.D. Stages 1-25: 8 ft 2 in. major axis
10 ft 2 in. 5 £t 8 in. minor axis
Stages 26-48:
11 £t 2 in.
I.D. Stages 1-48: 3 ft 3 in. major axis

1l ft 10 in. O ft O in. minor axis
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TABLE 1 (CONTINUED)

Brine heater

Tube material 90/10 Cu-Ni
Brine velocity, fps 4.5

0.D. and wall thickness, in. 0.750 x 0.035
Estimated life, yrs 30

Overall U, Btu/hr-ft2-°F 659

Surface area, ft@ 1,187,000
Length 24 £t 1 3/L4 in.
Number of tubes 250,400

Brine temperature, in-out, °F 238.76 - 250
Brine flow, 1b/hr 624.54 x 106
Steam temperature, °F 254, 2

Steam flow, Btu/hr 6.71 x 109

Deaerator design

Number of spray stages 2

Water flow, 1b/hr/fte 20,000
Steam required, 1b/100 1b feed 0.0033
Makeup water flow/train, 1b/hr 43.11 x 106

Brine tray design
Maximum flow, lb/hr-ft of width 1,000,000
Number per train 2
Width, top tray, ft 27 ft 5 in. (high temperature)
32 ft 4 in. (low temperature)

Width, bottom tray, ft 36 (high temperature)
42 (low temperature)

Stage design
Heat recovery stages
Stage number, length, width 1 through 16,

9 ft x 36 ft

17 through 25,
10 ft 6 in. x 36 ft

26 through 48,
10 ft 6 in. x L2 ft

Heat reject
Stage number, length, width L9, 33 ft 6 in. x L2 ft
50, 34 ft 0 in. x L2 ft

Pumps and drives (all pumps are vertical dry-pit-type centrifugal pumps.)

Seawater intake

Number of pumps L

Flow per pump, gpm 148,000

Pump head, ft 5T

Pump speed, rpm 327

Type of drive Synchronous motor

Rated hp 2,750




TABLE 1 (CONTINUED)

Brine recycle
Number of pumps
Flow per pump, gpm
Pump head, ft
Pump speed, rpm
Type of drive
Rated hp

Deaerator feed
Number of pumps
Flow per pump, gpm
Pump head, ft
Pump speed, rpm
Type of drive
Rated hp

Product water
Number of pumps
Flow per pump, gpm
Pump head, ft
Pump speed, rpm
Type of drive
Rated hp

Blowdown
Number of pumps
Flow per pump, gpm
Pump head, ft
Pump speed, rpm
Type of drive
Rated hp

Vent
Number of pumps
Flow per pump, gpm
Pump head, 1t
Pump speed, rpm
Type of drive
Rated hp

L

302,000

189

225
Synchronous
18,000

h

84,200

2k

225
Synchronous
700

L

43,400

107

514
Synchronous
1500

L

41,300

Lo

k50
Synchronous
600

L
3200
L5

1170

motor

motor

motor

motor

Induction motor

50




TABLE 2

GROUND RULES AND ASSUMPTIONS

10.

11.

12.

13.

The plant is to be located in southern California.

Costs for labor and material are to be expressed in terms of second-
quarter 1968 dollars.

Capital charges are 5.6%.

The plant load factor is to be 90%.

The energy source for the plant is to be one 2500-Mwt light-water
reactor. The evaporator designs, however, are to be useful with

other nuclear or fossil energy sources.

The seawater temperature is to be taken as 65°F. A total dissolved
solids content of 33,600 ppm is assumed.

The product water is to be delivered at 25 psig and 90°F at the
plant battery limits. Total solids will be limited to 25 ppm.

Component designs developed by OSW and its contractors are to be
used to the extent feasible.

Energy costs from the 2500-Mwt light-water reactor are:

Prime steam at SLO°F and 965 psi 16.03¢/MBtu
Exhaust steam at 25L.2°F, saturated 8.0¢/MBtu
Electric power 2.50 mills/kw-hr

Operating and maintenance costs are to be estimated based on a
single operating staff for both power and water plants.

Operating control for the plant is to be based on a single control
room for the evaporator and the reactor.

The plants are to be designed in a manner that will make possible
adding other units to share the same facilities later.

Designs are to be based on current technology.




3. PLANT COSTS

3.1 Capital Cost

Capital cost estimates given in this report were developed by the
Bechtel Corporation under subcontract to ORNL (See Part II). The capital
cost of this first-of-a-kind 250-Mgd plant is based on 1968 southern Cali-
fornia labor rates and second-quarter 1968 prices. The total direct capi-
tal costs, as estimated by the Bechtel Corporation, amount to $ll7,83l,OOO-
With the addition of the indirect costs, except escalation to the date of

construction, the total cost is $lh9,725,000 or 59-9¢/daily gallon.

3.2 Operating Costs

The operating costs were estimated by ORNL. The average unit cost of
water over the life of the 250-Mgd facility is 20.58¢/1000 gallons. This
cost is based on a fixed charge rate of 5.6 percent and on 1968 dollar
value. Labor rates for southern California were used with a 22.5 percent
allowance for fringe benefits which are applied to the direct labor costs.

The annual and unit cost breakdown is shown in detail in Table 3. The
heat cost is based on a steam requirement of 6.71 x 107 Btu/hr at 8.0¢/MBtu.
The chemical cost is based on chlorine injection of 5 ppm two hours a day
(seawater intake flow, 30L4.27 x 106 1b/hr; chlorine cost, $130/ton) and on
a continuous sulfuric acid addition of 120 ppm (makeup water flow, 172.4 x
106 1b/hr; sulfuric acid cost, $17/ton). Antifoam (L2¢/1b) is added at a
rate of 0.5 ppm to the makeup flow, and sodium sulfite (2.125¢/1b) is added
to the deaerated feed at a rate of 0.4 ppm to bring dissolved oxygen from a
nominal 50 ppb to O ppb. The power cost to the water plant is 2.5 mills/Kwh
based on a load of 70 Mw. The operating labor cost is based on the man-
power requirements shown in Table 4, and the cost for maintenance and sup-

plies is based on 0.6 percent of the direct capital cost.
4. PROCESS FLOW DESCRIPTION

The description of the process flow for the 250-Mgd water plant is
presented in Figure 1. The water plant 1s coupled with a backpressure
steam turbine operated from a power plant which is driven by one

2500-Mwt BWR reactor. As a result of this coupling the performance



TABLE 3

ANNUAL AND UNIT COST BREAKDOWN FOR 250-MGD MSF PLANT
OPERATING AT AN OVERALL PLANT LOAD FACTOR OF 90%

$/vr x 10° $/Kgal
Heat L.2353 0.05157
Chemicals 1.7hok 0.02119
Power 1.3762 0.01676
Operating cost 0.k592 0.00559
Maintenance and supplies 0.7070 0.00861
Capital
Pumps and motors 0.7335 0.00893
Chemical systems 0.2508 0.00305
Site work 0.0365 0.000kkL
Sea intake 0.6063 0.00738
Evaporator shell 1.8716 0.02279
Evaporator area 3,77k 0.0Lk596
Brine heater 0.4301 0.0052Lh
Valves and piping 0.3151 0.0038%4
Electrical equipment 0.0976 0.00119
Cranes 0.0059 0.00007
Instruments 0.1392 0.00169
Buildings 0.0176 0.00021
Deaerator 0.1066 0.00130
Total 16.9030 0.20581




TABLE 4

ANNUAL OPERATING AND MAINTENANCE LABOR COST ESTIMATE FOR 250-MGD MSF PLANT

Annual Rate Personnel Fraction Chargeable to Annual Cost in $ for
$ Required Water Plant Power Plant Water Plant Power Plant

Plant Management
Station Supervisor 19,500 1 1/2 1/2 9,750 9,750
Chief Engineer 15,700 1 1/2 1/2 7,850 7,850
Secretary-Typist 5,700 1 1/2 1/2 2,800 2,800
Clerk 6,500 1 1/2 1/2 3,250 3,250
Guard 6,200 5 1/2 1/2 15,500 15,500
Subtotal 9 4 1/2 4 1/2 39,150 39,150

Technical Staff
Nuclear Engineer 15,100 1 all 15,100

Water Plant Engineer 15,100 1 all 15,100

Health Physics Supervisor 14,000 1 all 14,000
Chemist 14,000 1 1/2 1/2 7,000 7,000
Laboratory Technician 8,400 2 1/2 1/2 8,400 8,400
Clerk 6,500 1 1/2 1/2 3,250 3,250

Subtotal 7 3 4 33,750 47,750




TABLE 4 (CONTINUED)

Annual Rate Personnel Fraction Chargeable to Annual Cost in $ for
$ Required Water Plant Power Plant Water Plant Power Plant
Operating Staff
Shift Supervisor 11,400 5 1/2 1/2 28,500 28,500
Water Plant Operator 9,000 9 all 81,000
Power Plant Operator 9,000 9 all 81,000
Auxiliary Operator 8,800 5 1/2 1/2 22,000 22,000
Instrument and Monitoring 8,500 9 1/2 1/2 38,250 38,250
Technician
Subtotal 37 18 1/2 18 1/2 169,750 169,750
Maintenance Staff
Maintenance Supervisor 15,100 2 1/2 1/2 15,100 15,100
Mechanic-Machinist 8,800 6 1/2 1/2 26,400 26,400
Pipefitter-Welder 8,800 6 1/2 1/2 26,400 26,400
Flectrical Mechanic 9,000 4 1/2 1/2 18,000 18,000
Instrument Mechanic 9,000 4 1/2 1/2 18,000 18,000
Helper 7,500 3 1/2 1/2 11,250 11,250
Storekeeper 6,500 2 1/2 1/2 6,500 6,500
Laborer 5,000 2 1/2 1/2 5,000 5,000
Janitor 5,600 2 1/2 1/2 5,600 5,600
Subtotal 31 15 1/2 15 1/2 132,250 132,250
Total Direct Labor 8L 41 1/2 ko 1/2 $374,900 $388,900
Fringe Benefits - 22.5% 84,350 87,500
Total Annual Labor Cost $459,250 $476,400

$935,650

OT
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ratio of the water plant is 12.8L45. The generator produces 538 Mw of
power, of which 435.3 Mw is saleable and 70 Mw is supplied to the water
plant auxiliaries.

The incoming seawater is first screened to remove ocean debris and
chlorinated to control algae. It is then pumped into the condenser
tubes of a two-stage heat reject section. In the reject evaporator,
the seawater receives a quantity of heat nearly equal to the plant
steam input rate. Of this total flow, about 40% is rejected to the
sea. The remaining seawater is used for process feed and is therefore
acidified and pumped to the deaerator.

The deaerator is relatively new in concept and is constructed as
an integral part of the heat reject section. It consists of two stages
of brine spray with a countercurrent flow of water vapor, the latter
being obtained from the final brine flash chamber. Some deaeration is
accomplished by flashing in the first set of spray nozzles. However,
the major transfer of inerts from brine to vapor is expected to occur
in the two spray stages provided. The main condensation of the stripping
vapor is done by direct contact with treated, cold seawater. The inerts
and water vapor are withdrawn at a temperature of 80°F and evacuated to
the atmosphere by a three-stage ejector system.

The acidified, deaerated seawater and the processed brine from the
last stage of the evaporation process are combined at an average tem-
perature of 91.59°F and pumped through 480 ft of evaporator tubes in
the heat recovery section at a velocity of 4.5 ft/sec. Water vapor
from flashing brine condenses on the tubes and heats the seawater inside
the tubes to 238.76°F as the seawater passes through the 48 evaporator
heat recovery stages. From the condenser tubes, the seawater enters a
brine heater and is further heated to 250°F with saturated exhaust steam
at 25L.2°F from a backpressure turbine. The hot brine then flows back
through all the evaporator stages, this time passing through the weirs
and along the brine trays designed to promote flashing of the water vapor
in each of the 50 stages and terminating in the heat reject section,

adjacent to the deaerator.
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The design depth of this flashing brine is 15 in., and the mass
velocity is tapered from 1,000,000 1b/hr/ft of tray width at the high-
temperature end of the plant to 800,000 at the end of the heat recovery
section. The submergence allowance (deviation of brine temperature from
equilibrium)on each stage is a function of brine depth, stage length,
temperature decrement, brine flow, and chamber geometry or shape. An
estimate of this effect is based upon AMF flash chamber test data.
Interstage vapor pressure differentials provide the driving force to
maintain the brine flow from stage to stage. Additicnal static head is
provided by stage elevation changes at the bottom of the plant, where
the stage-to-stage vapor pressure differential alone is not sufficient
to maintain the brine flow. In the heat reject section, the temperature
decrement per stage is increased from 3.05°F to 5.82°F to promote brine
flow.

The vapor from the flashing brine in each stage is passed through
demisters, condensed on tube bundles, and collected in trays located
beneath the tubes. This product is flashed from stage to stage in the
same manner as described previously for the brine, treated with calcite,
and stored in a reservoir.

The air and the dissolved gas removed from the seawater in the
deaerator are withdrawn from the plant by a central system of ejectors.
Traces of noncondensables resulting from inleakage and incomplete de-
aeration are carried by water vapor to the condenser bundles. A gas
cooling and gas removal section in the condenser bundle serves to re-
move the noncondensables which collect at each stage. The stages above
atmospheric pressure are vented separately; the subatmospheric stages
are served by the central ejector system. The total heat losses sus-
tained by these venting operations are about 1% of the brine heater
heat duty.

Table 5 is a list of the significant stage parameters that resulted
in the condenser surface area and flash chamber length. Values are
listed for the top and bottom heat recovery and reject stages, as well

as the average value for the heat recovery section.
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TABLE 5

STAGE

PARAMETERS

Heat Recovery

Heat Reject

Stage Position Top Bottom Top Bottom
Temperature, °F

a. Flashing brine in 250.00 106.51 103.L45 97.63

b. Flashing brine out 246,95 103.k5 97.63 91.80

c. Vapor ohk, 26 98.91 95.1k 88.50

d. Tube-side brine in 235.70 91.59 78.42 65.00

e. Tube-side brine out 238.76 9k.66 91.59 78.L42
Submergence AT, °F 0.7794 2.4l 0.4368 1.0b47
Pressure drcp AT, °F 0.0L06 0.799 0.7632 0.993
Chemical BPE, °F 1.863 1.305 1.289 1.263
Total losses, °F 2.683 L, 5hLs5 2.489 3.303
Condenser area, ft2 X 106 0.398 0.6U6 0.869 0.5L46
U 663.51 L87. b7 437.15 403.89
LMTD 6.92 5.65 8.50 15.85
Temperature decrement 3.055 3.055 5.82 5.83
Fouling factor 0.0005 0.0005 0.0007 0.0007
Stage length, ft 8.17 13.27 33.5 34.0
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5. DPLANT SYSTEMS AND COMPONENTS

5.1 Chemical Systems

A1l incoming seawater is chlorinated to control marine growth;
sulfuric acid is added to prevent formation of alkaline scales;
sodium sulfite is added to eliminate residual oxygen; and a Hagan C-1
treatment is used to prevent foaming of the flashing brine. It is
planned to use a calcite filter bed for passivation of the product
water. Further product water treatment will be required when the
water is pumped from the reservoir into the distribution mains.

A cost comparison of using an on-site acid plant versus buying
acid commercially indicated that a considerable saving can be realized
with an on-site acid plant. Acid from this facility would cost $17/ton,
based on suflur at $L0/ton, compared with $35.80/ton for purchased acid.

Chlorination. Marine growth in the intake system is to be con-

trolled by the use of chlorination. Design rates of chlecrine addition,
based on demonstration plant experience, are set at a maximum of 20 ppm
for two hours a day. However, West Coast power station experience in-

dicates that normal requirements might be reduced to 5 or 6 ppm for two
hours a day to maintain a residual concentration of 0.5 ppm during the

injection period.

Chlorine is added to the seawater at the intake pump suction. Liquid
chlorine is transferred from a tank car tc vaporizers by its vapor pres-
sure. Steam is used to produce vapor with 15 to 20°F of superheat to
prevent condensation in the line. Water Jet exhausters mix the wvapor
with a side stream of seawater from the main intake pumps. The dilute
mixture is then pumped to the intake opening. Premixing assists in
delivering a uniform treatment condition. Dual vaporizer and exhaust
systems are provided to increase the operational flexibility. Chlorine
addition is regulated by a control valve in the seawater line to the
jet exhauster set to maintain a desired pressure in the chlorine line
to the Jjet exhauster. The mixture i1s then delivered to the pump suction.

The annual cost of chlorination is $65,000 based on $130/ton of

liquid chlorine.
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Scale Control. The single-effect plants can operate at a maximum

temperature of 250°F. The maximum concentration of brine at the reject
of the plant is 67,000 ppm total dissolved solids, that is, twice the
normal seawater concentration. At the 250°F level, the brine concen-
tration is 57,900 ppm. Calcium sulfate scale will not form under these
conditions; consequently, chemical treatment is needed only to prevent
the alkaline scale that results from calcium carbonate and magnesium
hydroxide.

The basis for scale control in the condensers and in the brine
heaters is acid treatment such as in the Point Loma plant. Sulfuric
acid produced on the site is stored at 93% concentration in a 400,000-
gallon storage tank. A 250 ton/day sulfuric acid plant is to be erected
as a turnkey Jjob. The plant utilizes molten sulfur which is oxidized
to SO3 gas and absorbed in dilute sulfuric acid. The sulfur is de-
livered by rail. Treatment is based on the addition of 120 ppm of
sulfuric acid, with provisions for a maximum addition of 130 ppm (Point
Loma experience). In operation, concentrated sulfuric acid flows by
gravity from the storage tank to the plant trains where it is pumped
into the proper pipe lines. Since treating is absolutely necessary to
prevent scaling during the evaporation process, dual pump systems are
provided. Adequate mixing is assured by the inclusion of six injection
nozzles in the pipe lines. An appreciable saving in acid cost is
realized by using an on-site, or captive, acid plant. Acid cost from
such a facility would be $17/ton, including amortization, as contrasted
with the current price of $35.80/tonl of commercial acid (excluding de-
livery cost). These costs are based on a price of $40/ton for sulfur
delivered to the plant. The annual cost of acid is $1,388,000.

Antifoam. Antifoam requirements follow Point Loma experience,
where 0.5 ppm of Hagan C-1 added to the makeup water was adequate. The
chemical, available in drums, is usually injected as a 1% solution, but
pumping is difficult. To facilitate pumping and storage necessitates
that the antifoaming agent be transferred from drums to a storage tank,
where it is diluted to yield a 10% solution. From the storage tank, it
is pumped into the sump directly for the recycle pumps of each train.
The mixing action of the pump obviates the need of injection nozzles at

this point. The antifoaming agent cost is L2¢/1b or $276,000/yr.
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Sulfite. The deaerator system will bring the residual 002 level

down to 5 ppm and the residual 0. down to 50 ppb. Since a lower level

of O2 is desired, probably down io O ppb, a supplemental chemical
scavenging system to feed sodium sulfite to the deaerated makeup feed
stream has been included in the design.

Sodium sulfite in powder form is blended with deaerated brine in a
batch-mixing tank to form an aqueous solution. This solution is pumped
to the sodium sulfite storage tank for continuous feed to the four
evaporator trains. A total of 68 1b/hr of sodium sulfite is required

for the deaerated makeup feed stream of 172.L4L x 106 1b/hr, or 0.4 ppm.
The sodium sulfite cost is $42.50/ton in bulk form or $11,400/yr.

5.2 Pumps and Drives

Three leading pump manufacturers were contacted for information
and assistance in the selection of the pumps applicable to this design.
All three manufacturers recommended the vertical dry-pit type of pump
for the range of flows and heads required.

Single-suction vertical pumps will yield the best efficiency in
ranges of interest. This type also is able to run for long periods of
continuous duty without requiring excessive maintenance. The dry-pit
type of installation allows free access to the pump and motor and provides
ease in maintenance and inspection of the bearings, the impeller, and
the packing. These pumps are simple to dismantle for major maintenance.

Studies indicated that the brine recycle pump, the seawater pump,
the blowdown pump, and the deaerator pump should be constructed with
type 316 stainless-steel-clad cases, with CF3M stainless-steel impellers,
and with type 316 stainless-steel shafts. The product water pump should
be constructed with Ni-Resist case and type 316 stainless-steel impeller
and shaft. The use of Ni-Resist cases and type 316 stainless-steel
impellers and shafts was considered for the seawater intake and brine
recycle pumps; however, the Ni-Resist material was rejected for two
reasons: (1) there is some question as to whether Ni-Resist can be
fabricated and welded in such large casings; and (2) on the basis of
experience in coastal power stations, stainless-steel pumps should

provide a longer pump life.



18

The suction to all pumps with the exception of the seawater pump
is from the low-pressure end of the evaporator, where the pressure is
approximately 0.5 psia. For this reason, it was necessary to investigate
the net positive suction head requirements to avoid possible cavitation.
The most reliable and economical solution was found to be submergence
of the impeller eye approximately L0 feet below the sump water level.
This gives an approximate atmospheric pressure at the impeller eye and
permits the use of a higher speed pump that is smaller and lower in
cost than a lower speed pump operating at a lower net positive suction
head. The deaerator pump, because of its low head requirements, was
set approximately 30 feet below the sump level and will require a lower
speed.

Evaluations led to the conclusion that large pumping units are
significantly cheaper than multiple small units and have a higher
efficiency.

All pumps have suction lines which enter at the top of the pump
with resulting low head loss and uniform flow profile to the eye of the
impeller. The seawater pump piping is designed to recover approximately
20 feet of head from the vacuum pressure in the deaerator. The pump is
capable of developing this additional head during start-up. Trapped
air is removed from the top of the water boxes through a ball-float
air-relief valve to the building exhaust system.

The recycle pumps are set in a dry well to recycle brine through
the heat recovery section. A retention pit is used to feed water to
the recycle pumps through inclined suction pipes. The water level
during normal operation is maintained 40 feet above the center line of
the pump to satisfy suction conditions. The retention pit has suf-
ficient capacity for about 30 seconds of operation above and below the
normal operating level. This will facilitate an adjustment of the
makeup water from the deaerator, as well as will allow flexibility in
pumping during start-up and operation.

The product water pump is installed in a dry well adjacent to the
product water pit of each module. The impeller eye is set L0 feet below
the building floor in order to satisfy the required suction conditions.

The pump is capable of delivering the product water to a point 1000 feet
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from the evaporator building with a residual pressure of 25 psig at an
elevation of 35 feet above mean sea level.

In compliance with the ground rules, the drives for all pumping
units are electrical. Both pumps and motors are designed for outside
installation with special hardware and coatings to protect them from
the seawater environment. Motors 1000 hp or larger are water-to-air

cooled.

5.3 Tubing

The tubing for the evaporator condenser bundles will be 90/10
copper-nickel alloy, 3/b-in. 0.D. with .035-in. wall thickness in the
heat recovery sectlion and 0.049-in. wall thickness in the heat reject
section. Continuous straight lengths of 238 ft 6 in. and 241 ft 6 in.
will be utilized in the heat recovery section and 67.6-ft lengths will

be used in the heat reject section.

5.4 Materials Selection

The materials selected for this facility were deemed to be the
most economical for the service required. The attached Table 6 is a

summary of the materials used.
6. DESIGN DATA

6.1 Structural Design

The evapcorator structure is designed of structural steel for that
portion of the plant operating above 200°F and of reinforced cast-in-
place concrete for the low-temperature end. The concrete shell is lined
with a thin steel sheet to prevent air leakage. Welded to this steel
liner are small channels which bond the liner to the concrete and serve
as part of the structural reinforcement of the shell. This liner also
acts as a form for pouring wall sections and, in theory, lowers the
amount of shoring required in construction.

The stage walls in the heat recovery portion of the evaporator are
on 9-ft centers in the above 200°F section of the plant and on 10-ft
6-in. centers in the below 200°F section of the plant. Transverse

column lines are located at this same spacing for the entire length
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TABLE 6

MATERIALS OF CONSTRUCTION FOR 250-MGD MULTISTAGE
FLASH EVAPORATOR PLANT

Component

Material

Intake system

Submerged pipe
Intake structure
Bar grating and exposed
metal
Pipe

Traveling bar screens and
traveling screens
Structure
Screens
Guide rollers

Seawater intake

Pumps
Shaft
Impeller
Casing

Piping

Valves
Body
Vanes
Seat
Shaft

Deaerator

Shell

Piping
Spray nozzles
Pump

Shaft

Impeller
Casing

Reinforced concrete
Phenolic-coated steel

Concrete; bell-type joints with
rubber rings for flexibility
and sealing

Type 316 stainless steel
Type 316 stainless steel
Type 316 stainless steel

Type 316 stainless steel
CF-3M stainless steel
316 stainless steel clad

Carbon steel, Portland cement lined
Ductile Ni-Resist, type D-2
Ductile Ni-Resist, type D-2

"Nordel™
Type 316 stainless steel

Concrete with "Lumnite" cement
coated steel liner

Steel, "Lumnite" cement lined
Saran
Type 316 stainless steel

CF-3M stainless steel
316 stainless steel clad
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TABLE 6 (CONTINUED)

Component

Material

Recycle brine system

Piping

For service below 250°F

Valves
Body
Vane
Seat
Shaft

Pump
Shaft
Impeller
Casing
Brine heater

Tubes

Tube sheet

Shell
Piping to and from
Water boxes
Blowdown piping
Sump
Pumps
Shaft
Impeller
Casing
Piping
Valves
Body
Vane

Seat
Shaft

Steel

Ductile Ni-Resist, type D-2
Ductile Ni-Resist, type D-2
"Nordel"

Type 316 stainless steel

Type 316 stainless steel
CF-3M stainless steel
316 stainless steel clad

0.035-in. wall, 90/10 copper-nickel

90/10, 1/16-in. copper-nickel-clad
steel

Steel
Steel

Steel coated with phenolic

Concrete with 1/U-in.-thick steel
liner

Type 316 stainless steel
CF-3M stainless steel
316 stainless steel clad

Portland cement-coated steel

Ductile Ni-Resist, type D-2
Ductile Ni-Resist, type D-2
"Nordel"

Type 316 stainless steel
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TABLE 6 (CONTINUED)

Component

Material

Evaporator

Shell
High-temperature end

Low-temperature end
Partitions
Brine trays

Below 200°F

Above 200°F
Product trays

Below 200°F

Above 200°F

Weirs

Structural steel box sections and

arched plate

Concrete with 1/L-in. steel interior

lining

Steel and concrete lined with
polypropylene

Polypropylene-lined concrete to

3 in. below water level
Phenolic-coated steel

Polypropylene-lined concrete
Phenolic-coated steel

Phenolic—-coated steel

Tubes 0.035-in. wall, 90/10 Cu-Ni (heat rec.)
0.049-in. wall, 90/10 Cu-Ni (heat rej.)

End tube sheets 90/10, 1/16-in., copper-nickel-clad

steel
Intermediate supporting Steel
tube sheets
Expansion Joints in walls Monel
Internal piping Steel

Demisters Type 316 stainless steel

Water boxes Steel coated with phenolic

Chlorination system

Dry liquid-Cl, lines Monel
Vaporizer
Shell Monel
Tubes Monel

Tube sheet Monel
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TABLE 6 (CONTINUED)

Component

Material

Chlorination system (cont.)
Valves
Cly vapor lines
Liquid Cly pumps
Ejectors (mixing)
Water and Clo lines
Acid treatment system - Hy804

Equipment apd piping exposed
to 98% acid

Acid pumps

Equipment and piping exposed
to warm diluted acid

Eductor mixer
Caustic system
Pumps
Piping
Tanks
Noncondensable removal system
Ejectors
Barometric condensers

Connecting piping

Product water system

Piping

Monel
Monel
Monel
Titanium

Titanium

Steel

Steel

Hastelloy C

Hastelloy C

Steel

Steel

Steel

Hastelloy C

Type 316 stainless steel

Steel, with 1/2-in. "Lumnite" cement

lining

Epoxy-coated steel
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TABLE 6 (CONTINUED)

Component Material

Product water system (cont.)

Valves
Body Ductile Ni-Resist, type D-2
Vane Ductile Ni-Resist, type D-2
Shaft Type 316 stainless steel
Seat "Nordel"
Sump Concrete with epoxy-coated, 1/L-in.
steel liner
Pump
Shaft Type 316 stainless steel
Impeller Type 316 stainless steel

Casing Ductile Ni-Resist, type D-2
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of the plant. Stage wall columns are on approximately 9-ft spacing in
the 36-ft module width of the plant and 10-ft 6-in. spacing in the L2-ft
module width.

The structural steel exterior in the high-temperature areas consists
of arched-steel sheet to reduce the metal shell thickness. Structural
steel tubing is used for beams and columns, as only the outer surface
of tubing 1s exposed to corrosive conditions and requires corrosion
allowance. Stage walls are of flat plate supported from the beams and
columns.

The combined structure footing and floor is a thick concrete slab
covered with a steel liner for the entire area of the evaporator. Ex-
terior insulation is required to lower the heat transfer rate for both
the steel roof and the outside steel walls. No insulation is necessary
for the concrete evaporator shell.

A 1/8-in. corrosion allowance is provided for all steel surfaces
subject to interior corrosive conditions. In addition, for the steel
portion of the structure, the interiors of the brine trays are coated
with epoxy-phenolic and the water boxes are protected with epoxy flake-
glass. Concrete, where in contact with liquid brine alone, requires
no lining; but other concrete surfaces which are exposed to product
water and vapor are provided with a 1/8-in. polypropylene liner.

Transverse expansion joints (six) are located adjacent to stage
walls and are spaced as dictated by temperature and construction
materials. One longitudinal expansion joint is placed adjacent to the
longitudinal dividing wall between trains and runs the entire length of
the plant. The deaerator and pump pits are also separated from the rest

of the plant by an expansion joint.

6.2 Flash Chamber Design

The design of flash chambers for this study was based in part on
development work done under contract to the Office of Saline Water by
the Cuno Engineering Corporation, a subsidiary of the American Machine
& Foundry Company, and in part by the experience with commercial flash
plants. In the AMF work, factors which affect brine nonequilibrium in

a multistage flash evaporator were experimentally determined and evaluated
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at brine flow rates as high as 1,000,000 1b/hr/ft of flash chamber width.
Achievement of this high flow rate required the use of submerged rec-
tangular orifices between stages. These tests showed that the non-
equilibrium allowance, A', could be represented, within the range of

interest, by the equation

-0. . CL76W
At = 12.3 e 0 0356te0 O7L¢O 76 (1)
where
A' = brine nonequilibrium allowance, °F, for a 1lh-ft stage
= stage temperature, °F
L = static liquid level, in.

= 1liquid throughput rate divided by 106, 1b/hr/ft width.

Also, it was established that the interstage flow could be

represented by the equation

APT

1.25

0.L455
W/A = L00,000

where

= 1interstage flow rate, 1b/hr/ft stage width

= 1Interstage orifice area, ft2

AP +Ah
AP = ———1;———75 , in. HL0
l—(A/Al)

APV = interstage vapor pressure difference, in. H20

Ah = 1interstage static liquid level difference, in. H.0O

2
)2

l—(A/Al velocity of approach factor.

This equation was modified to give the following design equation:

2h6-t L-12 W-0.66
_ 2.5 146 6 0.5 0.3L
SUB,, = (0.4k253) 6TE§§§/ (1.522) RTE] (2)

where

SUB = brine nonequilibrium allowance, °F, for a 10-ft stage.
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The form of equations (1) and (2) is the same except that the base
of each exponential tdrm has been changed in (2) to simplify computations,
and some of the constants have been revised to reflect current design
practice. It may be seen from equation (2) that, when t = 100, L = 12,
and W = 0.66, the submergence, SUB,,, is 2.5°F. For t = 246, L = 12, and
W =1, it may be seen that SUBlO = 0.5°F. To determine the nonequilibrium
losses for a stage other than 10 ft, we first assumed that 50 percent of
the stage temperature decrement occurred at the interstage orifice. We
then assumed an expcnential decay curve from the orifice outlet to the

end point of the 10-ft stage as would be calculated from equation (2),

that is,
SUBy %%
= —_— +
suB 75 T SUB (p/2 + SUB, ) (3)
lO/

where

SUB = nonequilibration allowance, °F, for stage of length = SL ft

p = stage temperature decrement, °F.

The procedure used to arrive at modified equation (2) was to calcu-
late the process parameters for several commercial plants using the ORSEF
computer code? and varying the constants in the temperature term of equation
(2). The resulting constants given here are those which gave the best
agreement between calculated and observed process performance.

At the low-temperature end of a flash distillation plant, the availa-
ble driving force between stages diminishes very rapidly. To provide
sufficient head to drive the brine through the interstage orifices, it
became necessary to increase the head differential by changing the stage
elevations. Table 7 is a list of the minimum change in stage elevation
required for the flashing brine mass flow rate of 800,000 1b/hr-ft width
in the stages listed. Although the elevation changes are quite small,

they are necessary.
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TABLE T

PLANT STEPPING REQUIRED FOR 9-IN.-HIGH ORIFICE OPENING

Stage~to-Stage Decrease in Elevation,

Stage Number inches

1 through 3k Reference Level
35 .84
36 1.32
37 1.56
38 2.16
39 2.52
Lo 3.00
b1 3.36
Lo 3.72
L3 3.96
Ly L.32
L5 L.68
L6 L.92
e 5.16
L8 5.40
L9 L.08
50 3.84

Total Accumulated Change from Reference Level 54.84
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6.3 Deaerator Design

The deaerator design concept for this plant incorporates a very
compact two-stage spray chamber. This design fits well into the plant
flow sheet, and only a small amount of stripping steam is required for
scrubbing the deaerator feed water.

The deaerator uses two spray chambers in series. The deaerator
feed is sprayed from a group of nozzles into the first spray chamber.

The Watef is then collected and pumped through a group of nozzles into
the second spray chamber. Stripping steam from the last heat reject
stage is used to scrub the feed water in the second spray chamber, and
this steam 1is also used as a stripping medium for the feed water in the
first stage. Finally, the stripping steam from the first-stage spray
chamber is condénsed in a direct-contact condenser. Seawater at 65°F

is used for comndensing the steam in this section of the deaerator, and
this water forms part of the deaerated water.

Tests of the Freeport deaerator’ indicated that a full-cone spray
nozzle is capable of effective separation of gas from seawater. Additional
tests of a small two-stage spray deaerator at ORNL indicated that de-
aeration to 50 ppb of oxygen could readily be achieved. A sodium sulfite
addition system was added to complete the elimination of oxygen down to
the desired level of 0-10 ppb.

It is expected that CO2 concentration in the feed will be below

> ppm.
Materials chosen for the deaerator should achieve long service life.

The feed water is introduced into a water box for each stage, and
saran spray noczzles are used beneath each water box for spraying the
water. No internal piping is used inside the deaerator. The deaerator
is made of concrete with an inside steel liner which is coated with
"Lumnite" cement.

The arrangement of the deaerator is shown in Figure 2.
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6.4 Electrical Design

Primary power is supplied to the evaporator plant from the auxiliary
bus in the main switehyard. A radial feed system is used with a single
feeder supplying one train. One 25-mva transformer and a substation are
provided for each train.

Motors 600 hp e2nd larger are synchronous type, unity power factor
with brushless exciters. The 18,000 hp brine recycle pump motor is
supplied with 13,800 volts; the other motors are supplied with 4160 volts.
Motors smaller tham 600 hp are induction type and are supplied with 480
volts. Power of 208/120 volts is provided for small power, lighting, and
control. Motors which are 1000 hp and larger are weatherproof, water-to-
air cooled. Smaller motors are epoxy encapsulated weatherproof or totally
enclosed, fan cooled.

Transformers and substations are outdoor type with protection for
seawater atmogphere.

Underground feeders are provided. Although the initial cost of
overhead distribution is less than that for underground, the underground
is relatively unaffected by weather, provides greater reliability, and
is less susceptible to atmospheric contamination. Underground ducts
also facilitate evaporator maintenance since there are no overhead lines
on or around the evaporator plant.

Duct banks of polyvinyl chloride conduits embedded in concrete are
provided for the underground cables. Polyethylene insulation is used
for 4160 and higher voltage, and THW insulation is used for other power
cables.

Al]l motors for the evaporator plant are remotely controlled from
the control rocom. Underground ducts carry the control, communication,
and instrument cables to the control room. Adequate alarms, metering,
and indication are provided in the control room for remote operation.

Mercury vapor lighting fixtures mounted on steel poles provide
lighting for streets and outdoor ocperating areas. A manual fire alarm
system is integrated into the total plant fire alarm. The telephone

system is of a commercial type.
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A copper ground mat is provided which will be tied into the switch-
yard and power plant grid. All exposed metal will be grounded to this
ground system.

The total estimated load for the plant is 70 mw. The estimated
load for each train is 17.25 mw and 1 mw for the sulfuric acid plant,

chlorination system, and other auxiliary load.

6.5 Instrumentation and Control

Plant coperations are controlled and monitored from an area instru-
mentation and control room which is equipped with the controlling, recording,
indicating, and alarm instrumentation essential for operation of the plant.
A digital data collection system is provided for recording individual stage
temperatures and pressures.

Closed loop control systems which facilitate plant operation from
the central control room are used for controlling process operating
variables. Conventional analog-type instruments are used for indicating
and recording all process control variables. Although computer control
of such plants is feasible, such control schemes were not considered for
this plant.

Electronic instruments were selected in preference to pneumatic de-
vices because of lower installation costs, rapid response, compatibility
with analytical devices, adaptability to possible future use with data-
collection and computer control systems. The major disadvantage is the
higher initial cost, estimated to be 50 to 80% higher than pneumatic
installations.

A description of the instrumentation systems follows. Included in
the controlled variables in each train is the level in each pump sump .

This function is performed by a valve in recycle lines around each pump.
The deaerator level is controlled with a valve in the deaerator feed

pump discharge line. The brine level in the first stage is maintained
with a control valve at the outlet of the brine heater and inlet orifices
to the two brine trays. This valve also serves the function of maintaining
an adequate pressure on the tube side of the brine heater for the pre-

vention of boiling inside the tubes.
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Chlorine addition to the seawater intake system is controlled by
the chlorine pressure at the suction of a water-powered ejector, which
is maintained by regulating the water flow to the ejector. Chlorine
flow is thus determined by the ejector suction pressure and by the
ejector water supply pressure. This same type of control is used for
the acid addition system. Antifoam solution is added to the recycle
stream in proportion to the makeup water flow. Sulfite solution is
added to ‘the feed at a rate governed by oxygen analysis instrumentation.

Plastic insert-type flow tubes with differential pressure trans-
mitters are used to meter flows in the large pipes. This appears to be
the most economical method based on current technology. Magnetic flow
meters, although ideal with respect to pressure drop and accuracy, are
too expensive to warrant serious consideration. Small flows, such as
those in the chemical addition systems, can be metered effectively with
orifice plates and differential pressure transmitters.

Sheath-type copper-constantan thermocouples with ungrounded hot
Junctions are used for all temperature measurements. Spare thermocouples
are recommended at all locations important to the operation and control
of the plant. Pressure transmitters slaved to the control room for re-
mote indication and/or control are used for all measurements of differential
or absolute pressures. Capacitance-type probes, properly instrumented,
produce continuous level indications for the brine trays. Differential
pressure transmitters of the electronic-volumetric type measure the liquid
levels in the pump sumps and in the first stage brine trays. This type
of transmitter uses a filled capillary system in each leg so that only
a sealed diaphragm is exposed to the process.

Salt concentration in the recycle and blowdown lines is monitored
by highly accurate short span specific gravity transmitters. Salinity

of product water is measured by electrical conductivity cells.

6.6 Valves and Piping

Hydraulically operated butterfly valves were selected for this plant
because they cost less, weigh less, require less space and support, have
fewer working parts, require less maintenance, and can be used for on-off

or throttling service. Although butterfly valves have slightly more head
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loss than gate valves in the open position, this is more than offset by
the lower initial cost. When a valve is completely closed, the edge of
the disc compresses a rubber-type seat to produce a tight closure, con-
tinued operating force is not required to maintain the disc in the closed
position. The valve disc is contoured for low head loss and is internally
reinforced to withstand both static and dynamic forces. These valves alsc
lend themselves well to flow and level control, inasmuch as the coefficient
of flow changes uniformly with the degree of opening.

For all brine service, valve seats will be "Nordel Rubber." This
material possesses a good combination of wear properties, resilience,
and resistance to brine and seawater. The valves used in this design
range from 24 in. to 114 in. Heads range from vacuum to 200 ft. They
have Ni-Resist, type D-2 bodies and vanes, and type 316 stainless-steel
shafts.

Trunnion-mounted hydraulic-cylinder operators power the valves.
These operators provide for remote, local, automatic, or manual control

systems and for open-close, pressure, and flow control service.

6.7 Tube Bundle Design

Fach of the four 62.5-Mgd trains has five tube bundles in the heat
recovery section and five tube bundles in the heat reject section located
above the product water trays. The continuous long-tube concept is used,
with the heat recovery bundle being in two lengths. The first length is
238 ft 6 in. long extending from stage 1 through stage 25. The second
length is 241 ft 6 in. long extending from stage 26 through stage L48.

The heat reject tube bundles are 67.5 ft long.

Tube sheets at the water boxes are 3-in.-thick steel, Cu-Ni clad
on the brine side. Tube sheets at the interstage walls are l-in.-thick
steel. Intermediate tube supports are 1/2-in.-thick steel.

As originally conceived, the tube bundles were rectangular in shape
with a baffle on the top of the bundle which caused the steam to flow
into the bundle from each side. During an early review the OSW expressed
a desire for a different tube bundle design to achieve more positive
sweeping of noncondensable gases. Accordingly, redesign of the tube

bundles was undertaken with the following desired objectives:
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1. The same amount of heat transfer surface (number and length of
tubes) would be used.

2. The vapor temperature loss due to pressure drop on the con-
densing side would not be greater than before.

3. The evaporator shell height or width would not be increased.

L. The bundle would provide positive sweeping of noncondensable
gases to the gas vent region. This could be achieved with a round bundle.
If a rectangular bundle were used, the steam flow should be downward
through a wedge-shaped section followed by an upward flow through a
wedge-shaped cooler section.

5. The tube spacing for the 3/4-in. tubes would vary by 1/16-in.
increments with a minimum 15/16-in. center-to-center spacing in an
equalateral triangular array.

6. The mass velocity of vapor past any row should be such that the
Reynolds number would not be in the viscous flow range (desired range
between 200 to 2000).

The number of tubes required per bundle was so large that a shrouded
rectangular-shaped bundle could meet almost none of the six requirements
listed above and was eliminated from further consideration.

The final tube bundle layouts are shown on drawings E-P34787s8,
E-P34787T, and E-P3L4787U. The two tube bundle layouts for the heat
recovery section have a conventional circular cross section and each
contains 12,398 tubes. The tube bundle layout for the heat reject
section has an elliptical cross section and contains 5,098 tubes. This
unconventional shape was required in order to fit the bundle into the
previously designed vessel without making major design changes in the
overall dimensions of the vessel.

The elliptical bundle is thought of as a flattened circular bundle
because in it and in the circular bundle the distance from any point on
the outside circumference to the central region is intended to be the
same. It has been shown by experiment on two nearly identical rectangu-
lar tube bundles (identical in length, front face cross section, total
number of tubes, etc.) that the pressure drop is the same regardless of

tube orientation for water, and for air flows corresponding to a range
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of Reynolds numbers the same as apply to these condenser bundle design
conditions. Because of this, it is believed that in these annular de-
signs, whether the annular sections be elliptical or circular, the flow
rate from any peint at the periphery of the bundle toward the center of
the bundle will be uniform if there is a constant vapor removal rate

(by condensation) per tube encounter over the entire face of the bundle
(at any given cross section normal to the axis). This, of course, is

an idealized assumption because condensate drips will cause the overall
heat transfer cocefficients to vary with position in the bundle.

The tube bundles that are summarized in Table 8, Summary of Calcu-
lated Bundle Performance Characteristics, were drawn on the basis of
preliminary calculations which indicated approximate required tube
spacings and arrangements to meet the six requirements listed earlier.
The calculated pressure drops, temperature losses, etc., in Table 8 were

obtained after the design layouts had been made.
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TABLE 8

SUMMARY OF CALCULATED CONDENSER BUNDLE PERFORMANCE CHARACTERISTICS

Heat
Heat Recovery Bundles Reject
Stages 1-25 Stages 26-48 Bundle
No. of tubes, condenser section 12,015 12,015 L 9ko
No. of tubes, gas cocler section 383 383 156
Total 12,398 12,398 5,098
8/D 1.333 1.5 1.41667
0.D., in. 0.75 0.75 0.75
No. of rows, condenser section 58 58 31
No. of rows, gas cooler Ls Ls 24
Condenser Section Stage Numbers
1 25 “"‘5"56”—‘__ L8 50
G (first row), 1b/hr-ft° 1,540 1,235 813 562 707
G (last row), 1b/hr-ft? 510 328 230 146 99
N(Re) (first row) 2,790 2,600 1,720 1,360 1,750
W(Re) (last row) 890 660 470 340 2ko
Pressure drop, in. H,0 .12 .313 .1k6 .386 LLh2
Total temperature loss, °F .009 .081 .0ko .51 .78
Whole Bundle
Overall U, Btu/hr-ft°-°F 663 590 587 487 Lok
LMTD 6.82 6.52 6.48 5.60 11.62
Avg. condensing rate, 1b/hr-ft 0.937 .759 LThT L5117 .886
Avg. temp. loss due to AP, °F .005 .0k8 .025 .313 .518
Inlet vapor temperature, °F 24k 26 170.43 167.33 98.91 88.5
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UPNATE MSF 250 MDG CURRENT TECHNALNGY 1=24=~68 DEPTH#15 FOLL¥.0005 PAGE 1
SUMMARY DF PLANT DATA
GENERAL PERFORMANCE RATINS
PLANT CAPACITY, MGD . 250.00 InpUT 12,8450
SEA WATER CONCENTRATIDN 0,03360 caLc , 12,8431
PRONPUCT CONCENTRATION _ 0,000025 RECOyPR RATID P 0,1381
DEAERATFD FEED CDNC, 0.03360 REJECT/EVAP TUBE Q 0.4326
RATIO . _2,0000
NO OF STAGES, EVAP 48
NO STAGES IN REJECT [
_TEMPERATURES ~ DEG F . FLOWS, LAS/KR ]
STEAM 254,200 TOTAL STEAM 0.712355E 07
MAXIMUM BRINE 250,000 JUBE PLOw, EVAP 04624547E 09
FINAL EFFECY 103,447 TUBE FLDWIREJ 0.270154E 09
BLOWDOWM 91.200 TATAL PREDUCT 0.,862575E 08
PRONUCT 90,023 RECYCLE FLOW 04452096E 09
. DEAERATED FEED 91,123 EJECTOR SYSTEM 0,620823E 07
DCEAN 68,000 BLOWEOWN 0,861933E n8
SEA INTAKE 0,304274E 09
BRINE INTD HEATER 238,761 SEAWATER RETURN 0,125894E 09
11 DESCRIPTION OF PHYSICAL PLANT
PLANT DIMENSIONS, FT i
OVERALL LENGTH 574,975 OVERALL WEIGHT 18,800
ND NF LFVELS 2.000 FREEBOARD 2,700
PLANT WIDTH 474,580 HEIGKT OFLEVEL ... 6s79Q0
TOTAL NN OF MODULES 10 EV SRELL VOLUME, FT13 0,171316E 08
NO OF TRAINS 4 REJ SKELL VOLUME, FY3 0,252684E 07
TUBING PESCRIPTION
BH EVAPDRATOR REJECT
o QUYSINE D1A, INCHES 02730 _0,750 0,750
WALL THICKNESS, INCHES 04035 0,035 0,049
KsBTU/HR FT2 F 26,000 26,000 26,000
FOULING RESISTANCE 0.00050 0,00050 n,00070
PLOODING FACTOR 19,000 19,000 19,000
NB NF TUBES 249197, 247970, 101953,
TUBE LENGTH FT . 24.140 . 480,032 . ... 10,803
SURFACE AREA, FT2 Q.,1181185%7€ 07 0423372154 ¢8 0.14173621E 07
_ TUBE VELDCITY . 4,50 o 4850 5,00
AVE OVERALL UBAR 658,52 578,68 424,32

L



UPDATE MSF 250 MDG CURRENT TECHNOLNGY 1=24-68 DEPTHML1S FOLL¥.0005

111 WEAD REQUIREMENTS, FT

PUMPING PCWER REQUIREMENTS, MW

PAGE 2

SEA WATFR DELTVERY 66,285 INTAKE PUMPS 8,8360
__ RECYCLE .188,561 — __RECYCLE PUMP _ 51,3932
PRODUCT DEL IVERY 106,758 PRODUET PUMPS 4,0343
. BLOWDDWN DISCHARGE . 404000 BLOWROKN PUMPS 1,5105
DEAERATPR BODSTER 23,800 8NOSTER PUMPS 1,8628
BLOWERS 3,2212
TOTAL 71,0580
1V SUBSIDIARY SECTIDNS }

JR e .. _ .. BRINE_HEATER . B DEAERATOR
LMDT, E 8,633 YEMP IN=HOT, F 91,586
H INSIDF, B/HR FT2 F 1947.43 TEMP IN=COLD) F 65,000
_._-W QUTSIDE, B/HR FT2.F .2990,13 - TEMP QUT. F 91,123
OVERALL U, B/HR-FT2-F 658,521 TEMP TO EJECT, F 70,000
. HEAY RATE, BYU/HR ___ 0.671338E 10 - _FLOw IN=HQT, LB/HR 0,144561E 09
POULING RESISTANCE 0,00050 FLOw IN=-EOLD, LB/HR 0,279115E 08
SUREACE ARFA, FT2 0.11B119F 07 FiDw_0UT, LB/HR 0,173025€ 09
ND DF TUBES 249197, VAPOR TD EJECT 0,94B267E 04
TUBE LENGTH, FT 24,140 INERTS, LB/HR 0.215590E 08

cf



. » ¢ (] LI
UPDATE MSF 250 MDG CURRENT TECHNOLOGY 1-24-6R DEPTH#15 FOULN.000%
$TAGE TTD eT c1 c2 QN UBAR H1 KO oM AS Ls w=H SF
1 8.8047 0,05786 0.05786 0405804 0.18286154E 10 663,51 1921.65 317C449 6,92 0,398087E 06 B8.176 0,100000E 01}
2 5,5011 0,05786 0,05804 0.05822 0,18275638E 10 661,14 1906,73 3161,37 6,92 0,399412E 06 8,203 0.,995327E 0O
3 5.5002 0,05786 0.05822 0.05840 0.1826516FE 10 658,76 1891.59 3151,68 6,92 D.400717E 06 8,230 0,990683E 00
4 3.4984 0,05786 0,05840 0,05858 0,18284654E 10 656,21 1876,25 3141,75 6,92 0,402116E 06 8,259 0,986066E 00
5 5.4958 0,057B6 0,05858 0.05876 0.18244208E 10 653,66 1860,71 3131,55 6,92 0,403608E 06 8,290 0.981476E 00
6 85,4922 0,05786 0,05876 0,05694  0,18233773E 10 651,05 1844.97 3121,1) 6,91  0,405206E 96 8,322 D.976913E g0
7 5.4877 0,05786 0.05894 0.05912 0.18223374E 10 648,39 1829.04 311¢.44 6,91 0,406909E 0 8,357 0.972375E 00
8 5.4822 0.05786 0.05912 0.05930 0,18212989E 10 645,67 1812.93 3¢959,.53 6,90 0.408723E oo 8,395 0.967864E 00
9 5.4758 0.,05786 0.05930 0.05948 0.18202662E 10 642,90 1796.62 3088.37 6.89 0,410647E 06 8,434 0.963377E 00
10 5.4682 0.05786 0.,05948 0,05965 0.18192384E 10 640,07 1780.14 3077.01 6,89 0,412695E 06 8,476 0.,958914E 00
11 5.4394 0,03786 0.05965 0,05983 0.18182155E 10 637,18 1763,48 3065,42 6,88 0,414863E 06 8,521 0.954474E 00
12 5.6496 0,05786 0.0%5983 0.06001 0,18172022E 10 634,23 1746,6% 3053,64 6,87 0,617173E 06 8,568 0,950058E QO
13 5.438% 0,05786 0,06001 0.,06019 0.,18181524E 10 631,23 1729,63 3041.653 6.:86 0,4196186E 06 8,618 0.945663E 00
14 5,4261 0,05786 0.,06019 0.06037 0.,18151501E 10 628,17 1712,46 3029,47 6,86 0,422205E 06 8,672 0.941291E o0
15 5.4130 0.,05786 0,06037 0.06055 0.18141773E 10 625.05 1695.13 3¢17.01 6,83 0,424901E 06 8,727 0,936939E 00
16 35,3989 0.05786 0.06055 0.06073 0,10131845E 10 621,87 1677,65 3004433 6,82 0,427741E 06 B.785 0,932607E 00
17 5.3836 0,05786 0.,06073 0.,06091 0.18121576E 1n 618,63 1660.01 2991,45 6.80 0.430730E 06 8,847 0.928296E 00
18 3.3667 0.n5786 0406091 0.06109 0.18112336F 10 615,34 1642,22 2978,42 6278 0,433901E 06 8.912 0,924003E 00
19 5.3487 0,05786 0.06109 0,06127 0.,18102639E 10 611,98 1624.29 2965.18 6477 0.437229E 06 8,980 0.919729E 00
20 5.3290 0.05786 0,06127 0.06145 0.18093259E 10 608,57 1606.22 2951,82 6,75 0,440761E 06 9,053 0.918473E 00
21 5.3080 0.08786 0,06145 0,06163 0.18083759E 10 605,09 1588,02 2938.27 6472 0.444468E 06 9,129 0,911233E 00
22 5.2852 0,05786 0.06163 0.,06181 0,18074586E 10 601,56 1569,69 2924,60 6,70 0,448396E 06 9,209 0.113376E 0l
23 5.2609 0.05786 0,06181 0.06199 0.18065393E 10 597.97 1551.24 2910476 6,68 0,452523E 06 9,294 0.112850E 01
26 85,2342 0,05786 0,06199 0.06217 _0,18086538E 10 594,32 1932,66 2896.8¢4 6,65 0,456899E 06  9.384 0,112326E 01
25 5.,2071 0,05786 0.,06217 0.06235 0.1B0647598E 106 550,61 1513.97 2882,76 6,62 0,461494E 06 9,478 0.111804E ol
26 5.1825 0,05786 0,06235 0,06253 0.18039026E 10 586,84 1495,18 2868.61 6.59 0,466369E 06 9.579 0.111283E 01
27 5.1510 0,05786 0,06253 0.06271 0.18030377E 10 583,02 1476.28 2854,32 6,56 0,47148T7E 06 9,684 0.110764E 01
28 35,1179 0,08786 0.,06271 0,06289 0.18022190E 10 579,13 1457,28 2839,99 6453 0,476922E 06 9,795 0.110246E 01
29 5.0819 0.05786 0,06289 0,06307 0.18013895E 10 575,18 1438,18 2825,54 6,649 0,482631E 06 9,913 0,109730E 01
30 5.0436 0,05786 0,06307 0.06325 0.18006472E 10 571,15 1418,97 281049 6,46 0.488407E 06 10,031 0,109215E 01
31 5.0144 0.,05786 0,06325 0,06344 0,17998705E 10 567,05 1399.67 2795.18 6.42 0,456392E 06 10,154 0.108701E 01
32 449714 0,n5786 0.06344 0.06362 0.17990772E 10 562.93 1380.33 2780,72 6438 0,501194E 06 104294 0.108188E 01
38 4.9266 0,05786 0,06362 0.06380 0,17983234E 106 558,75 1360.93 2766.17 6,33 0,508361E 06 10,441 0.107876E 01
34 4.8793 0.05786 0,06380 0.06398 0.17976198E 10 554,51 1341,45 2751,61 6428 0,515958E 06 10.597 0.107164E 01
35 4.8300 0.05786 0,06398 0.06416 0.17969159E 10 550,21 1321,91 2737.00 6423 0.523961E 06 10,761 0.106654E ol
36 4,7784 0,05786 0.06416 0.06434 0.17962442E 10 545,85 1302.32 2722,37 6,18 0.5326425E 06 10,935 0.106143E o1
3T 4.7246 0,05786 0,06434 0,06452 0.17955919E 10 541,43 1282,66 2707,71 6,13 0,561365E 06 11,119 0,108633E ol
38 4.6690 0,05786 0,06452 0,06470 0.17969210E 10 536,95 1262,99 2692,98 6,07 0.550751E 06 114312 0.105123E 01
39 4.6112 0,05786 0.,06470 0,06488 0.17943283E 10 532,40 1243.26 2678,25 6,01 0.560705E 06 11,516 0.104612E 01
40 4,5927 0,05786 0,06480 0.06506 0.,17936266E 10 527,79 1223,51 2663,30 5,95 0,571029E 06 11,728 0,104102E o1
41 4.4917 0,05786 0.06506 0.06524 0.17930883E 10 523,11 1203,72 2648440 5,89 0,582027E 06 11,954 0,103591E 01
42 4.4%23 0,05786 0.06524 0.06542 0,17922713E 10 518,36 1183.92 2632,98 5,83 0.593178E 06 12,183 0,1036B80F 01
43 4.3703 0.08786 0.06542 0,06561 0.17917834E 10 513,55 1164,10 2617.64 5,77 0.605128E 06 12.428 0.102568EF o1
44 443137 0,n5786 0.06561 0.06579 0.17907179E 10 508,63 11464.2% 2601.26 5,71 0.616760E 06 12,667 0.102056E 0}
45  4.2543 0,05786 0,06579 0.06597 0.17902739E 16 503.66 1124.46 2584.97 5,65 0,62933BE 06 12,926 0.101542E ol
gg 4,2042 0,05786 0,06597 0,06615_ 0,17886426E 10 498,55 1104,65 2566,60 5,60 0,640521E 06 13,155 0,101028E 01
4.1874 0.05786 0.06615 0,06633 0.17860107E 10 493,25 1084.89 2544473 5,58 0.,649058E 06 13,331 0,100514E 01
4! 442537 0,05786 0,06633 0,06651 9.117ngazbe 10 487,47 1065.24 2511.02 5,68 0.646143E 06 13,271 0.100000E 01
49 3,8470 0.03360 0.06651 0.06686 0.32311441E 10 437,15 1183,98 2233,73 B.50 0.86998BE 06 43,459 0,997272F 00
50 10,0874 0,03360 0.,06686 0,06721 0,34966962E 10 403,89 1091.,29 1806,57 15,85 0,546123E 06 27,281 0.992107E 00
_ _ =] [
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UPDATE MSF
STAGE wy

250 MG CURRENT
WS2

TECHNDLOGY 1-24-68 DEPTHHL5 FOUL#.0005

WPy

Tv2

TS 152 71 T2 BRINE CFM  PRDD CFM

0.19277770E
0:19182753E
0.1%9048900E
0.18936117¢

T 0.186n4435E
8 0,1B8495979E.
9 0.18388571E
0 0:18292161E
1 0.18176791E
_12 0.18072369E

1

2

3

[3

S 0. 1882645RF
_ & 0,18713920F 07 _QJJ.MAIQ.E_L_D_;LIAQQJ_LE_Q_

07 0.62261935E
07 0,62070307E
07 0.618798B18E
07 0.,61690456€
07 0.61502210F

07 0.61129026E 0o
07 0.00944066E
07 0.60760179E
07 0,60577357E
07 0.60395589E
07 __0.,60214865E

09
09

0.19277770E
0038440524E
0.574£9423E
0.,76425541E
0+952%0029E

0.13256R38E
0+1510643¢E
0+16945293E
0.18773509E
0.20591188E
0,22398428E

o7
Q7
07
07
07

08
08
08
08
[+1.]
[+1.]

244,26

241,20
238,13
235,07
232.00

250,00 246,95 235,70 238,76 0.465936E 06 0.

246,95 243,89 232,63 235,70 0,487546E 06 0,114956E Q4
2643,R9 240,84 225,57 232,63 0.510431E 06 0,242361E 04
240.R4 237,79 226,50 229,57 0.534K75E 06 0,3B3461E 04
237.79 234,73 223,44 226,50 0.,560375E n6 0. 539581E 04

228,93 234,713 2 ljge 220,37 223,44 0,587628E nb  0,71226ME 04

225,86
222,79
219,72
216,68
213,58
210.50

231,68 228463 217,31 zzo.37 0¢616544E 06 0,903119E 04
228,63 zzs,ga 214,24 217431 0,647240FE 06 0,111397E 05
225,58 222,52 211,18 214,24 0,679842E 06 0.134678E 05
222,52 219,47 208,12 211,18 0.714487E 06 0,160385E 05
219047 216,42 205,05 208,12 0,751323E 06 0,188750E 05
216,62 213,36 201,99 205.05 0,790511F né 0,220065E 05

13 0.1796B94%E
14 0.17866436E
13 0.1T7764R94E
16 0,17664319F
17 0.17564592E

18 0,17465821E 07  0.59151913E jL__nzl_Qzl,zéﬁuﬂ* 192,03

07 0.60035175E
07 0.59856510E
07 0.59678861E
07 0,593022)8E
07 0.59326571E

09

0.24195320E
0,25981963E
0:27758453E
0+29524884E
0.31281343E

08
[+L.]
08
08
08

207,43
204,35
201,27
198,19
195.12

213,36 210431 198,92 201,99 0.832223F 06 0.254600F 05
210,31 207,26 195,86 198,92 0,876644E 06 0,292707E 05
207,26 204420 192,80 195,86 0,923980F 06 0,334657E 05
204.20 201,15 189,73 192,80 0.974455€ 06 0.380972E 05
201,15 198,10 186,67 1R9,73 0.102830E 07 0,432058E 05
198,10 198,06 183,60 186,67 0.108579E 07 0,488470E 0

19 0.17367R96E 07 0.58978B234E 09 0,34764715E 08 188,98 195,06 191,99 180,56 183,60 0.1147T19€ 07 0.550639E 5
20 0.17270910E 07 0,58805524E 09 (.36491806E on 185,87 191,99 188,94 177.48 180,54 0.121282E 07 0.619334E 05
21 0.17174701E 07 0.58633777E 09 0.38209276E 08 182,78 188,94 188,89 174,41 177.48 0.120302E 07 0,695062F 05
22 0.17079395E 07 0,58462982E 09 0,39917215E 0% 179,70 185,89 182,83 171,35 174,41 0,135814E 07 0,778767E 05
2% 0.1698%4932E 07 0,58293133E 09 0.,41615708E 08 116,01 182.83 179,78 168,28 171,35 0.,143861E 07 o0, 8711095 05
26 0,16891281E 07 0,58126219E 09 0,43304836E 0B 173,52 179,78 176,73 165,22 168,28 0.152483E 07 0,973267E o5
25 0.16798441E 07 0.57956234E 09 0,44984680E 08 170,43 176,73 173,67 162,16 185,22 0,161731F 07 0,108601F 06
26 0.16706400E 07 0.57789170E 09 0.46655220E 08 167,33 173,67 176,62 159,09 162,16 0.171656E 07 0.121083E o6
27 0.16615138E 07 0.57623018E 09 0.48316A34E 08 164,24 170,62 167,57 156,03 159,09 0,182315E 07 0,134874E 06
28  0.165244TTE 07 0.57457770E 09 0,49969301E 08 161,14 167,57 164,51 152,96 156,03 0,193772€ 07 0,150161E 06
29 o.xoaaaoezE 07 0.57293420F 0+51612799E 08 153 04 164.51 161446 149,90 152,96 0,206096f 07 0.167089E ob
216346 7 29959E 39 0.53247406E 0B 154,94 161,46 158,41 146,82 149,90 o.z:oaoas 07 o 188862E

31 0. 162!789?E 07 0. . 56967380F 09 0.54873195E 08 151 83 158,41 155,35 143,76 146,82 3656E 07 0,206647E 6
32 0+16170478E 07 0Q.56805675E 09 (,56490742E 08 148,72 155,35 152,30 140.69 143,76 7032490695 07 0-229668E 06
33 0.16003774E 07 0.56644B37E 09 0.,58098615E 08 145,61 152,30 145,25 137,63 140,69 0.265703F 07 0.258206E 06
3g 0, 15997762E 07 0.564B4858E 09 (.59658395E 08 142,50 149,25 14620 134,56 137,63 0,283670E 07 0,283650E 06

0,18912499E 07 0.56325733E 09 0.,612A9p45E os 139,39 146,20 143,14 131,50 134,86 0,303096E 07 0,318231F 06
3 0.189827907E 07 0.56167454E 09 Q,62872435E 36,27 143,14 14€.09 128,43 131,50 0,324118€ 07 0.350393E 06

0.15744037E 07 0,56010013E 09 0.64446839E 08 133,15 140,09 137,04 125,36 128,43 0,346B891F 07 0,389533E 06
3! 0+13640789E 07 0.55853405E 09 0.66072517€ 08 130,03 137.04 133.98 122,29 125,36 0.371583E 07 0,433084E 06
39 0.15578299E 07 0,55697622E 09 0.67570747E 08 126,90 133,98 130,93 119,23 122,29 0,398387E 07 0;46T77AE 06
40 .15496611E4§7 0+53542657E 09 0,69120388E 08 123,78 130,93 127,88 116,16 119,23 0,427513E 07 0.535800E 06
41 0.153415210E 07 0.55388504E 09 0,70661908E 08 120,65 127,88 124,82 113,09 116,16 0,459198E 07 0.596568E 06

4 8334616E

«55235158E

272195369E

8 117,82 124.82 121,77 110.02

113,09 0,493705E 07 0.663600E 06

43 0.19254666E 07 0.55082610E 09 0.73720835E 08 114,38 121,77 118,72 106.§ 110,02 0.531335F 07 0.739658E 0
44 0.15175301E Q7 0.54930857E 09 0,75238265E 08 111,26 118,72 115,66 103,88 106,95 0,572418E 07 o,azggsosfoé
45 0.13096864E 07 0.54779890E 09 0,76748021E OA 108,13 115,66 112,61 100,80 103,88 0,617334E 07 0.918065E 06
46 0.13018350E 07 0Q.54629706E 09 Q.78249856E 08 105,01 112,61 109,56 97,73 100,80 0,666503E 07 0.101975E 07
47 0.14940880E 07 0,54480300E 09 0:79743913E 08 101,91 109,56 106,51 94,66 97,73 0.720402E 07 0.112839F 07
48 0.14862830E 07 0,.54331871E 09 0.81230196E 0B 98,91 106,51 103,45 91,59 94,66 0,779554F 07 0,121964E o7
49 0,28141698E 07 0.54050254E 09 0.84044765E 08 95,14 103.4 7,63 8,42 1,59 0,173%05E 080 0.1744 0
50. 0.22131899E 07 0.53771501E 09 0.86287554E 08  88.50 97.63 91,80 65.00 78,42 0.161920F 08  04389650E 07
_ o - W
8 - . . . ) )
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UPNDATE MSF 250 MDG CURREMT TECHNOLDGY 1-24-6R DEPTHHLS FOUL#.00C5

ONE LEVEL OF ONE MODULE .
VAPOR VEI TRAY FLOW _ TRAY WIDTH RES TIME ——. RELP DELP

$TAGE FT/SEC LB/HR FT FT SEC 14" AVATLARLE REQUIRED A ALPHA DTPD

1 9.29149% 0.100000E 07 31,227357  1.67841%5 0,26957E 02 0.14393E 01 0.81190E 00 0.95792E 01 2,683 0,82
2 9.678374  0,995327E 06 31,277117 1,725586 0,25518E 02 0,13763E 01 0,80370E 00 0.97385E 01 2,695 0.8¢
3 10.108258 0,990683E 06 31,3270642 1.742230 0424142 02 n.13154E 01 0.79936F 00 0.99438E o1 2,708 0.87
10.349475 0,980066E 06 31,377131 1.759413 0,22826F 02 0,12565E 01 0,79350FE 00 0.10136E 02 2,721 0,89

11.013376 0.9814T6E 08 31,42739¢4 1.777139 0,21570E 02 0.11996E 01 0,78751E 00 0,10334E 02 2,736 0492
11.500925  0.976913E 06 31,477844 1.795473 0,20270FE 02 0,11446E 01 0,78159E 00 0,10540E 02 2,751 0.958
12.013%62 0.972375E 06 31,528494 1.814427 0,19225E 02 0.1¢915E 01 0.77574E 00 0,10753E 02 2,767 0,98
12.552641 . 0:1967864E 06 31,579357  1.834030 0,18134E 02 0,104C2E 01 0,76996E 00 0,10973E 02 2,784 1.00
13.119771 C,963377E 06 31,630447 1,854299 0,17094E 02 0,99081E 0,76425E 00 0,11202E 02 2,802 1,03
_Jn__HJJJllbzaﬁAﬁn¢25&iLﬂiJmL_j1;&&1111,AJdllimeJhlilnii_nZ_QJ_Aalgi_nQJLJSBbOE 00 0,11439E 02 2,820 1,06

° G-IO\IL~

11 14.343944 0,954476E 06 31,733363  1.897039 0,15160F 02 0,89729E 00 0,75301E 00 0,11685E 02 2,840 1,10
12 15.004021 0.950058E Os 31,785220 1.9i9623 0,14262E 02 0,85308E 00 0.74750F 00 0,11940FE 02 2,861 1,13
13 15,698826 0,945663E 06 31,837365 1.943030 0,13409E 02 0.B10B87E 00 0,74204FE 00 0,12204E 02 2,884 1,16
16  16.42993¢ 0.94)1291E 06 31,88%817 1.967339 0.12599E 02 0.T6950E 00 0,73668E 00 0,12480FE 02 2,907 1.20
15 17.201482 0,936939€ 06 31,942591 1,992357 0,11829E 02 0,73016E 00 0,73132E 00 0,12766E 02 2,931 1,24
,”1544411401531n__04sazbozi_nh__31422§1na___2+91§222~n,11o4ﬁ£,ag 0,69238F 00 0,72605F 00 0,13062E 02 2,956 1,27

17 18.871043 0,928296E 06 32,049170 2.045186 0,10407E 02 0,6%5620E 00 0,72083EF 00 0,13365E 02 2,982 1,31
18 19.772863  0,924003E 06 32,103010  2.073211 0,97506E 0! 0,682141F QO 0,71568f 00 o.;;baqg 02 3,010 1,35
19 20.723B71 0.919729E 06 32,157247  2.102265 0,91292E ol 0,588)186E 00 0,71059F 00 0,14021E 02 3,039 1,39
20 21.725070. 0.,915473E 06 32,211899 2,132602 0,85410E 0l 0.58624E 00 0,70555E 00 o 14366E 02 3,069 1.43
21 2247TR1104 0.911233E 06 32,266994  2,164094 0,79848F 01 0,52976E 00 0.70057F 00 0.1472%E 02 3,101 i,48
22 23.89330% 0,907010FE 06 32,322551  2.196996 0,74%S0E 0! 0.,49684E 00 0.69565E 00 0,15098E 02 3,135 1,52

2% 25.066%8) 0.902803E 06 32,378599  2,223122) 0,69625E 0l 0,46870E 00 0,65078E 00 0.15486E 02 3,170 1,57
24 26.302110 0.898610E 06 32,435163 2 , 267050 0,64938E 01 n,44203E 00 0,68596E 00 0.,15891E 02 3,207 1,62
25  27.605946 0.894431E 06 32,492275  2.304356 0.60517E 01 n,41866E 00 0.68120FE 00 0,16311E 02 3,246 1,67
26 28.979217 0.890266E 06 32,54996]  2.343461 0,56351FE 0l n.39240FE 00 0,67645F 00 0,16749E 02 3,287 1,72
27 30.428754 (0.8B6113E 06 32,608255 2.384233 0,52427E 01 n,36936E 00 0,671B3F 00 0,17204E 02 3,329 1,78
28 3).985219 0.881971E 06 32,667190 2.427071 0,48733E ol n.34735E 00 0.,66722F 00 0.17680FE 02 3,374 1,83

s

29 33.566505 (0.87TB4NE 06 32,726804 2.47179% 0,45260E ol 0,32655€ 00 0,66266F 00 0,18172E 02 3,421 1,89
30  3%.285965 0,873718E 06 32,787132 2.517306 0,41994E 01 0,30666E 00 0,65B815E 00 0,18689E 02 3,472 1.95
31 37,109700 0.869606E 06 32,848181 2.564393 0,28928E 0l n,28770F 00 0,65369E 00 0.19229E 02 3,524 2,02
32 38.996709  0,865503E 06 32,909979  2.616409 0,36051E 0l n.26974E 00 0,64928 00 0,19792E 02 3,578 2,08
33 40.989095 0.,86140TE 06 32,972627 z 670924 0.33353E 01 n,25275E 00 0,64492F 00 0,20378E 02 3,635 2,15
34 43,088780 0,8573]15E 06 33,036171  2,728372 0,30826E 0! n,23660E 00 0,64060F 00 0,20991E 02 3,694 2,22

3% 45,3065%13 0,853228E 06 33,100665 2.788871 0,28460FE 0ol 0,22131FE 00 0,635633¢ 00 0.21532F 02 3,75% 2,30
36 47.646572 0.,849145E 06 33,166159 2,852169 0,26247E 01 0,20481E 00 0,63211FE 00 0.,22303E 02 3,820 2.37
a7 50.117674 0.845063E 06 33,232710 2.919004 0,24179E 0l 0.19304E 00 0,62793E 00 0,23009E 02 3,887 2,45
38 52,733333  0,840982E 06 33,300380 2,989074 0,22248E 01 0,18nC5E 00 0,623B0F 00 0,23746E 02 3,956 2,53
39 55.493956 0,836900F 06 33,369222  3,063121 0,2Q448E 0! 0,16765E 00 0,619T1E 00 0,24528E 02 4,028 2.62
40 58.4322%96 Q.B32817E 06 33,439309 3.14008% 0,18771E 0l 0,18601F 00 0,61566FE 00 0.25343E 02 4,102 2.70

41 61,532269 0,828731E 06 33,510686 3,221778 0,17211E ol n,14478E 00 0,61165E 00 0,26222E 02 4,178 2,79
42  664.866359 0,824640F 06 33,582438  3.305252 0415764E 01 n,13435F 00 0.,60769E 00 0,27133E 02  4,254»2,88
43 68,381506 0.820545E 06 33,657584  3,394305 0.14420FE 0l 0,12412E 00 0,6037T7E 00 0.28138E 02 ~ 4,333 2,97
44 72,229663  0,816444F 06 33,733224  3,482514 0,13179¢ 0l 0,11474F 00 0,59989F 00 0,29171E 02 4,408 3,08
«%  76.285903 0.812339E 06 33,B810318 3,577277 0.120315 ol n.lc!;oe 00 O, T5560BE 00 0,30354E 02 4,486 3,14
46  80.87438n Q.B0B226E Q6 33,888983  3,664875 0,10978E ol 0,9601BE-0) 0,59225E 00 0,31686E 02 4,552 3,22

47 86.275R22 0.,804110FE 06 33,969047 3.737659 0.1001%E 01 n,85526~01 0.588495 00 0,33466E 02 4,594 3,27
48 93.741134 _ 0.,800000E 06 34,050178 3,742694 0,91630E 00 0,97032E-01 0,5847TE 00 0,31320E 02 4,545 3,24

49 62380457 0.,797818E 06 34-050178 12.591806 0,81927E 00 0,14459F 00 0.58109E 00 0.25567E 02 2,489 1.20

50 93.086899 (0,793685E 06 34,050178 77910161 0.6T468E 00 0, 0,57417€ 00 0, 3,303 2,04
. .
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UPDATE MSF 250 MDG CURRENT TECHNOLOGY 1-24~68 DEPTHN1S FNULW.0NCS

STAGE AREA DM DPTDM DTDM CPRAD wIDDM TPRND
9 ] E-01 0,33218384E~0] 0,35998630E=05 995844E AQ;17964571E gg 0424505 oooE 03
2 0.41719313E 02 0,16758498E~-01 0,38232544E-01 0,38519031E-05 0,53644B30E 01 0,80083035E 00 0,24200753E 03
3 0.423%3928F 02 0,16896277E~01 0,37132263E~01 0,38251289€-0% ,5424917%E 01 0Q,82297476E 00 0,23896449E 03
4 0.43011806E 02 0,17035442E~01 0,39184%70E-01 0,37350703€~05 C,54863837E 01 0,84570765E 00 0,23592131E 03
5 0.43693881FE 02 o 17176033E-01 0.613286305-01 0.236244704E~03 0488489244E 0) 0,86905374E 00 0,23287803E 03
6 0.44401367E 02 0.173{8022E~01 0543640137E~0] o 380730T4E=05% 0.56123486E 01 0,89300250E 00 0.,22983487E 03
8Em =01 _0,33893319E~08 ¢ 69131E 91761327E Q0 0,22679093F 03
8 0.43896667E 02 0.17606491E~01 0.,40TR99TBE~0)1 0,32732456E=C5 (.57423237E 01 0,94286159E 00 0,22374716E 03
~ 9 0.466B68LOE 02 0,17733010E~01 0,51605225E~0] 0,316030878E-05 (,858087963E 01 0,96880247E 00 0,22070321E 03
10 0.47507210E 02 0.17901073E~01 O, 566035775 01 0.30514360E~05 C.58761585E 01 0,99543323E 00 0,21765908E 03
11 0.4P2358920F 02 0,180%0758E~01% £5veaaaaoe.o; 042946708%E~05 (+5%9445373E 01 0s10227958E 01 0.,21461471E 03
12 0.49243596E 02 0,18202178E-01 O, 612716675-01 0,284631828~05 0,60141990E 01 0,10509456E 01 0,21187013E 63

— 13 0.50162229E 02 0,18355423E-01

0;64956668E-01 0,275026156=05 .60853259E 01 0,10799393E 01 0,20852530E 0
14 0.51117078E 02 0,185{0326E-01

0:,68870544E-01 0,26584743E-05 (¢.61571802E 51 0,11096984E 01 0,20548025E 03

15 0.32406523E 02 0,18499655¢-01 0 724716196201 0,257619828-05 0-626576575 01 0,11403168E 0] 0.:20243549E 03
16 0.33902605E 02 0.18405669E~01 O, 7!935366E 01 0,25042372E=05 0.63941649E 01 0,11717421E 01 0,19939087E 03
17 _0.3%463144E 02 0-153}19365 [} 0 79612732E-~01 0.264073155-05 C+65254332E 01 0.12040639E 01 0.19634603E 03

18 0.57089637E 02
9 il

20 0.60557467E 02
21 0:02406031E 02 0,17946002E-0)
22 0.64333400E 02 0.178%58024E~01
2% 0.06347384E 02 0,17770597E~-01 0{10723877E 00

0, 23862;025-05 Ce 665:78265 0l 0,12372403%€ 01 0,19330091€ 03
0523335353E=05 0,67951161E o) 0.12713864E_gl_‘o.1902556 E 03
0,22B77589E=C" 0+693300959E 01 0,13063931E 01 0.18720597E 02
0,22461471E~05 0.797333415 01 0s13424376E 01 0.18416406E 03
0,22080573E-0% 0,72158362E 01 0.13793745€ 01 0.18111786E 03
0,2172993TE~05 (+73605708E 0} 0.161739845 01 _0417807126E 02
264 0.68446930E 02 0.1768617TE~01 041)1296844E 00 O, 214049bze-c5 €+75085550E 01 0.14563203E 01 0.17502431E 03
4 217602376E~0) 0,112125315 0 1102250E«05  (0.76533574E 01 0.149641105 01 0417197693E 03
0,17522793€~01 0;12570190E 00 0,20818287E~08 C,77999918E 01 0,15373598E 01 0,16802910E 03
0,17443897€-01 0,18275909E 00 0, 205507095-0‘ €e79493684E 01 0,15795558E 0] 0,16588080E 03
0,17370421F~01 0:14035034E 00 0,20296733E~05 0.80960184E 01 0.1622567%E 01 0,16283194E 03
0417297948E~01 0,14850616E QO 0,20054680E~0% .82449889F 01 0,16668815E 01 0,15978250F 03
0,17226885E~01 0-15722656E 00 0419823052E-05 0.83958549E 01 0,171258B43E 01 0415673249E 02

0, 18219335E 01
Q!] 126571601
0,18036345E~01

05838871 29¢-01
$87632261F=gi
0592140198E=01
0 9¢86279!E-01
0514186005E 00

26 0.72930078E 02
_ 27 D.T7%323996E 02
28 0.,77816909 02
29 0.80426782€ 02
30 0.83159160F 02

60296 T7154556€ - +19600926E-0% (.85519615E Q _ 0.17599636E 01 0.153681B83E 03
32 0.88980946E 02 0.17100827E~01 1768722!5 00 0,19384883E~0% 0.86883336E 01 0. 16“‘5“7?‘01 0.15063021F 03

3% 0,92072904E 02 0,17048748E~01 0 18791199E 00 0,19174190E~0% 0.88262486E ol 0.18550582E 01 0.,147%7784E 03

on

36 0.95274808E 02

38
_239
40

0.98631760F 02
0.10209853€ 03
057 3
0.10944545E 03
0511234942E 03
0.11731300€ 03

1 _0.12147232E 038

42
hé
.45
(1]
__47
48
49

0.12563302E 03
99 4
0.13426170€E 03
Q.13872997E 03_
0.14291967E 03
0415095411E 03 _
0.16339591E 03
539
0.33042292E 03

0,+17009301E-01
0-169115“25"01
0, 16950927E~01
6912251E=01
0:16937190E~01
Qe 16944327€E-01
0 16984364E-01
0,17027067E=01
0.171167245-01
0-17371564E -0l
0417529587€~01
0517871265E-01
0,1717329%E 01
0,15760111E-01
391224

0:1228644TE-01

0.199951175 00 0,18966940E=-c%
0-212966925 00 0,18762777E~C%
0-22725677E 00 0,185598209E~05

224275970E 00 0,18358069E=~09
0.2593577ce 00 0,18155583€~03
0.278549195 00 0417952688E~c?
o 29934693F 00 0,17738300€-05
Q 32209015E 00 _0,1757817%E-03
0534784698 00

7 0,17408213E~08
37607574E
0,4p861511E 00

7283730E~05

0, 17107323E~05

0544456482E 00 0,16968319E~05
0.496961365 00 0.168310295-05
0. Sogaébhge 00 _0s16695100E~0%
0550250244E 00 0,16554981E=05
e 4976501 8E 6240249E~0"
0.51206207E 00 0,16170889E~05

0+89509296E o}
Ce90763986E oi
C+91822232€ o)

0:93650002E 01
0.96412673E 01
0,94753146E€ 01
0.95080653E 0}
0-94797010E ol

496494197E 01
0,93315890E 01
0+92115643E 01
0:89663774E 01
0089363246E 01
0.,90067936E 01

»86138751E 01

0,19035433E o1
0,19534919€ 01
0420031933€ 01

0.21045163E 01
0,21561138€ 01
0,22054026F 01
o 22860140E 01

0.23022112€ 01
0523493901 01
0.23865888E 01
0,24279497E 01
0.24529305€ 0
0,24781504E 01
0.24412372€ 01

0414432444E 03
0+14147006E 03
0s13841438E 03
0+13535748E 03

013229854 03

0,12923884E 03
0,12617656¢ 03
0,12311237E 03
0.12004511€ 03
0,11697538E 03
0,11390130E 03
0,11082380F 03
"0410773982E 03
04106467832 03

0.10164107€ 03

0 436841476 00 0,95841637€ 02

0.11565320E 02 0.10470%13E o1

0.90022882E 02
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UPDATE MSF 250 MDG CURRENT TECHNOLOGY 1-24-08 DEPTWHLS FOUL#,COCS

"TUBE BUNDLE IN EVAPORATOR SECTION

TUBE 0N, IMCHES 0,750000E 00 NO OF TUBES/BNDLE 0,619859E 04
___VERY RNWS _0,690000E 02 . _ HORIZ ROWS . . 0,900000F 02 $/D_RATIOD 0.130000€ 01
BUNDLE HT, FY 0,484715E 01 BUNDLF WIDTH, FT  0,729375E 01 BUNDLE WIDTH + 3 0,102937€ 02
TUBE BUNDLE IN REJECT SECTION
TUBE 0N, INCHES 0,750000E 00 NO OF TUBES/BNDLE 0,255452E 04
____ VERY RDWS 0,730000€ 02 . HORfZ ROWS . . 0,350000€ 02 $/D RATID 0,130000E 01
BUNDLE HT, FT 0,512860E 01 BUNPLE WIBTH, FT  0,282500F 0} BUNDLE WIDTH ¢+ 3  0,582500E 01
____PPINIT . DYINIY _ _ __ DPCLR___ _ ~ DT;LR CTCND.
1 0,14123838E-~02 0.28152466E-02 0,22063255E=02 0,44021606F-02 0,72174072E~02
2 0,146333852E~02 0,30746460F=02 0,22R9]760E=02 0,48103333€.07 0,78849792E~02
3 0,15142866E-02 0,323340454E-02 0,23720264E-02 0.,521850396~02 0,85525513€-02
4@ 0,136368589E~02 0,36087036E-02 0.24!296965-02 0456648254€~02 0,92735291E-02
5 0,16130313€-02 0,38833618E-~02 0,25339127E-02 0,61111430F-02 0,99945068E-02
6. 0,16656398F~02 0,62152405E-02 0,262069T06~02 0,66413879E-02 0,10856628E-01 _
7 0417182484E-02 0,45471191F-02 0+27074814E~02 0,71716309E~02 0,11718750E-01
B 0,17742183E-02 0,49288889E~02 0,28005838E~02 0,78086853F~02 0,12737274E-0]
9 0,18301822E~02 0.53100586E~02 0,28936863E-02 0,84457397E.02 0,13755798E-0) ] .
10 0,18896465E-02° 0,57716370E~02  0,29920936E=02 0,91819763F-02 0,14953613E-0)  NOTE: This bundle design is
11 0,194911n9E~-02 0,62332153E-02 0,30905008E~02 0,99182129E-02 0,16i51428E-01 superseded by that of
212 0,20126828E~02_ 0.87901611E=02 0,31974316F=N2  0,108261118-01 0.176162725 01 6.7
13 0.,20761947E~02 0.73471069E-02 04330436236-02 0411734009E~01 0,19081116E~01
16 0,21436452E-02 0,80032349E-02 0,341868408-02 0,12798309E~01 0,20801544E~0]
18 0,221109%8E~02 0.86593628E~02 0,35330087E=02 0,13862610E~01 0,22521973E~0)
16 0,220823336E~02 0,94566345E-02 0,26545396E-~02 0.15155792E-~01 0,246124