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. CAPITAL COST EVALUATION
1000 Mwe MOLTEN SALT COOLED REACTOR POWER PLANT

. INTRODUCTION

In July, 1959, the Oak Ridge National Laboratory initiated an evaluation
of reactor systems to determine their capability for the efficient utili-
zation of thorium and generation of electrical power. A preliminary
survey indicated that five reactor types offered sufficient potential for
these purposes to merit detailed consideration. The reactor types are
the aqueous homogeneous (AHBR), molten salt (MSBR), 1iquid bismuth (LBBR),
gas~cooled graphite moderated (GGBR), and deuterium-moderated gas-cooled

(DGBR).

Evaluation of each system is being conducted by Oak Ridge National Lab-
oratory in three phases: (1) economic optimization of fuel cycle costs
and doubling times; (2) conceptual design and capital cost estimate of
the reactor power plants; (3) analysis and cost estimate of the operating
and maintenance requirements of each plant. Studies of the fuel cycles
were completed in May, 1961, and are reported in ORNL CF-61-3-9, Thorium
Breeder Reactor Evaluation, Part 1, Alexander, L.G., Carter, W.L., et al.

In March, 1961, Sargent & Lundy was engaged to assist Oak Ridge National
Laboratory in the preparation of the conceptual design and capital cost
estimates of aqueous homogeneous power reactor plants of approximately
1000 Mwe capacity, this size having been established as the basis upon
which all of the concepts would be evaluated. The results of this study
are being used by Oak Ridge National Laboratory as a basis for evaluating
the remaining four systems.

This report presents the results of a conceptual design and capital cost
estimate of three variations of the molten salt cooled power reactor
cycle, each of sufficient capacity to develop an electrical output of
approximately 1000 Mwe. A mixture of fluorides of lithium, beryllium,
uranium and thorium serves as the transport media for the reactor fuel
in each case, and the three concepts include a binary vapor cycle,

using mercury and steam turbines, an indirect power removal cycle, which

~uses a nonfuel bearing salt mixture as an intermediate coolant, and a

direct power removal cycle in which the fuel salt transfers its heat to
boiling water and steam in a system of heat exchangers.

Oak Ridge National Laboratory established the design conditions of the
three cycles, and prepared conceptual designs of the primary and inter-
mediate heat transfer systems and their components. Using this informa-
tion as & basis, Sargent & Lundy prepared the design of the major elements
of the steam turbine systems, plant auxiliary and electrical systems and
the buildings of the three concepts. 1In addition, Sargent & Lundy prepared
capital cost estimates of each of the three systems; the estimates include
all primary and intermediate coolant heat exchangers, the major steam cycle

-l-
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components, turbine plant auxiliaries and the buildings required to house
the reactor and turbine plant and the turbine auxiliaries. An estimate
was not made of the reactor, the primary system pumps, and the associated
reactor plant auxiliaries: the charging and relief systems, instrumenta-
tion and control, fuel purification system, coolant receiving, storage
and make-up, fuel handling and storage, radioactive waste handling and

" disposal systems, and cover gas systems.

The power plants and associated auxiliaries are described in the body of
the report. A description of the primary and intermediate heat transfer
systems, which was prepared by Oak Ridge National Laboratory as the basis
for the plant designs and estimates, is presented in Appendix A.

A detailed enalysis of the potential hazards arising from coﬁponent
failures and operational errors has not been undertaken in this study.

-2-
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SUMMARY

Three heat removal and power generating cycles, each suitable for use with
a molten salt cooled reactor and capable of producing an electrical power
of approximately 1000 Mwe are reported herein. All three concepts receive
heat from a single 2500 Mwt reactor, cooled with a mixture of molten
fluorides of beryllium, lithium, uranium and thorium at a maximum tempera-
ture of 1300 F, and moderated by graphite, through which the fuel-coolant
mixture flows. All three cycles were conceived by Oak Ridge National
Laboratory; Sargent & Lundy prepared the conceptual design of the plant and
prepared the cost estimates, which include only the power generating system,
buildings, and associated auxiliaries. The reactor, primary coolant pumps,
and the reactor auxiliaries are not included in the estimate.

Preliminary performance diagrams of the three concepts as developed by ORNL
appear in Figs. 1, 2 and 3. A summary of the characteristics of each plant
is presented in Table I.

The mercury binary cycle employs boiling mercury to remove heat from the
reactor fuel-coolant mixture in eight horizontal shell-and~tube heat
exchangers. INOR-8 is used for all surfaces in contact with the fuel salt.
The mercury vapor drives two 178 Mwe mercury turbines at 240 psia, 1050 F.
The heat of vaporization of the mercury from the turbine exhaust is used
to generate saturated steam at 1800 psi, in which process the mercury is
condensed and returns to the mercury boilers. Mercury vapor is also used
in four superheaters, of shell-and-tube design, to superheat the steam to
1000 F for use in a cross-compound, six-flow turbine-generator of 855 Mwe
capacity. Seven stages of feed-water heating are provided to heat the
steam generator feed-water to a final temperature of 537 F at a total flow
rate of 7.88 x 106 1b/hr.

The net station output under these conditions is 1181 Mwe, with auxiliaries
for the station consuming about 60 Mwe.

Inzthe direct power cycle, heat is transferred from the fuel-coolant mix-
ture to the feed water-steam cycle in a system of eight boilers, super-
heaters and reheaters. Each of the heat exchangers is a vertical shell

and tube unit, with thimble<tube combinations providing a layer of stagnant
salt between the high temperature fluorides and the feed-water or steam.
Feed-water is converted to saturated steam in the boilers at about 2500 psi,
and is superheated in the superheaters, which also use fuel salt as a heat
source. Inconel and INOR-8 are used in the heat exchangers, with Inconel
on the steam side and INOR-8 on the salt side.

- Steam at 2400 psia, 1000 F is provided at the turbine throttle, and the-

exhaust from the high-pressure turbine cylinder is reheated to 1000 F

 before flowing to the intermediate-pressure cylinder and low~pressure

cylinders. With this cycle, involving a reheat turbine, a steam flow of
6.882 x 106 1b/hr., and eight stages of feed-water heating, the turbine

output is 1000 Mwe. The plant auxiliaries require 29 Mwe, resulting in

a net output of 971 Mwe.
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Summary of Design and Operating Characteristics

Molten Salt Cooled Power Reactor Plants

Station Gross Electrical Power, Mve
Station Net. Electrical Power Mwe
Station Thermal Power, Mwt

Station Net Efficiency, %

Number of ‘Turbines - Mercury
f - Steam

Number of Reactors

Fuel Salt Flow Rate, ft3/sec..

Fuel Salt Reactor Inlet Temp., F

Fuel Salt Reactor Outlet Temp., F
TotalVMbrcury~Flow Rate, 106 1b/hr.
Mercury Vapbr Conditions, psia/F
Power Output of Mercury Turbines, Mwe
Reéctor System Materials

Mercury System Materials

Inert Salt Flow Rate, ft3/sec.

Inert Salt Inlet/Outlet Temp., F
Steam Flow Rate to Turbine, 106 1b/hr.
Steam Conditions at Turbine, psia/F

Estimated Capital Requirement for Direct
Construction Cost of Energy Conversion
Systems, $106

Binary
Vapor Cycle
1211

1151

2500

b6

2

1

1

162

1100

1300

64

240/1050

356

INOR-8
Croloy 5 Si

7.48
1800/1000

77.856

Direct
Power Cycle
1135

1105 -
2500
~b4

1
162

1100
1300

7.82
2400/1000/1000

65.481

Indirect
Power Cycle
1062

1017
2500
bl

1

162
1100
1300

INOR-8

248
1100/950
7.63
2400/1000/1000

72,970
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The steam-feed water conditions for the indirect cycle are the same as
those just described for the direct power cycle. This cycle differs in
the manner of generating steam. The reactor heat 1s transferred to a
circulating nonfuel bearing (inert) salt mixture inh eight vertical shell-
and-tube heat exchangers. The inert salt temperature varies between 950
and 1100 F. Saturated steam is generated at about 2400 psi from the
turbine feed water by direct contact with superheated steam in four
Loeffler boilers. The saturated steam flows at a rate of 21 x 10° 1bs/hr.
to 16 shell-and-tube superheaters, which receive heat from the inert salt
loop and produce superheated steam at 2400 psi, 1000 F. A part of the
superheated steam is used to generate more steam in the Loeffler boilers;
the remainder, 6.88 x 106 1b/hr,, drives the steam turbine. Exhaust steam
from the high pressure-turbine cylinder is reheated to 1000 F in eight
shell-and-tube reheaters before flowing to the intermediate pressure
turbine.

The turbine has a gross output under these conditions of 1000 Mwe and the
auxiliaries require about 45 Mwe, resulting in a net power output of
955 Mwe.

The plants are assumed to be located on an Atomic Energy Commission refer-
ence site in Western Massachusetts. The site is assumed to have an
adequate source of circulating water for the turbines. Because of the

low vapor pressure of the reactor coolant, high pressure containment is -
not considered necessary; the reactors and their auxiliaries are contained
in a sealed,steel.lined concrete structure which forms a part of a sub-
divided biological shield with a total thickness of 10 feet.

The turbine-generators and the other components of the steam-condensate
system are housed in a conventional steel frame building. The turbine
building and the reactor building are arranged so that one traveling
bridge crane services both buildings.

Other structures on the site which are included in the cost estimate are

the crib house, circulating water intake and discharge flumes and tunnels,
waste gas stack, and foundations for fuel and condensate tanks and trans-

formers. Road and rail access are also provided for the plant.

The estimated direct construction cost for the plants, including the reactor
and turbine buildings, all turbine plant components and systems, .primary
heat exchangers, intermediate coolant systems, but excluding the reactor
primary system pumps and coolant, and all reactor auxiliary systems, is

indicated in Table I.

The cost estimates are based on a "second generation" design, therefore

the assumption is made that development costs have been recovered in a
previous generation of molten salt .cooled reactors. Nevertheless, tech-
nological and economic uncertainties in the application of new materials,
notably INOR-8, with which limited expérience has been accumulated, may be
reflected in a conservative design and a somewhat higher cost estimate than
may be the case in later plants. All material and labor costs are based on
prices in effect in June, 1962.

The cost estimates reported herein are arranged in accordance with the U,S.
Atomic Energy Commission system of accounts for reactor power plants.

-8=
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IITI. PLANT DESCRIPTIONS

A. General

Three complexes, each based on a nominal 2500 Mwt reactor power output,
are considered in this report. All utilize a graphite moderated, molten
salt cooled reactor as an energy source. In two of the plants, steam
- turbine-generators produce all of the electrical power. The third plant
utilizes mercury in a binary vapor cycle, resulting in a power output of
about 350 megawatts from two mercury turbine-generators, with the
remainder being produced by a steam turbine-generator.

A mixture of molten fluorides of lithium, beryllium, thorium and uranium
serves as the fuel bearing fluid in the reactor and primary system. A

- thermal power of about 2500 Mw is developed by circulating the salt
between temperature limits of 1300 F and 1100 F through heat exchangers,
where the heat is transferred to either an intermediate fluid, such as
mercury or an inert salt, or directly to steam.

The reactor and the primary éystem design conditions, which were developed
by Oak Ridge National Laboratory, are described in Appendix A.

Because of the low vapor pressure of the primary fluid, high pressure
containment of the reactor system is not considered to be required.

A sealed, subdivided biological shield is provided, surrounding the
radioactive systems, and it is installed in a conventional building
which adjoins the turbine building. The dimensions of the reactor
primary shield are based on conceptual designs of the primary system -
components; the reactor building and the secondary shield structure
provide space for unspecified reactor auxiliaries, such as those
required for fuel processing, handling and storage, radioactive waste
removal and storage, and fuel melting and charging systems.

I

The plant is considered to be located on 1200 acres of a site which has
been specified by the Atomic Energy Commission as a reference site for
power reactor plant design studies. All plant utilities are provided,
including domestic water supply and sewage systems, fire protection
. equipment, plant heating, ventilation and air conditioning, communica-
- tions systems, access by rail and truck, and parking facilities for
personnel and visitors.

: B. Binary Vapor Cycle-

A composite flow diagram of the binary vapor system is shown in

Exhibit 1. The heat released in the reactor is transferred to mercury
by pumping the liquid fuel salt from the reactor through eight shell-
and-tube mercury boilers. Mercury vapor drives two mercury turbine-
generators, producing 178 Mwe per turbine. The heat of vaporization

of the mercury is used in the mercury condensers to generate saturated

) steam, which is superheated by mercury vapor side streams in four shell-
o/ and-tube superheaters to produce superheated steam for the steam

-9-
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turbine-generator at 1800 psia. Approximately 855 Mwe is produced by the
steam turbine. The condensate passes through seven stages of feed-water
heating before entering the mercury turbine condensers, where it is vapor-
ized by condensing the mercury from the turblne exhaust

Reactor Fuel System

The reactor fuel system consists of the reactor, eight vertical centrifugal
salt pumps, which are motor-driven and mounted on the reactor vessel, and
eight shell and tube mercury boilers, all of which are located within the
primary shield of the reactor building, as indicated in Exhibits 4 and 5.
To conserve fuel salt volume, the salt flows on the tube side of the
mercury boiler, and the mercury is on the shell side. The boiler is a
horizontal U-tube and shell type. All surfaces in contact with the fuel
salt are fabricated of INOR-8, a nickel base alloy which is also known as
Hastelloy N. The tubes and tube sheets of the mercury boilers are of .
duplex construction, with INOR-8 clad on a 5% Cr-0.5% Mo-1.5% Si low carbon
alloy steel. The latter is used in all components and piping in contact

‘with mercury. A detailed description of the fuel salt system and its

components as developed by ORNL is presented in Appendix A.

In order to drain the fuel salt, a shielded tank of noncritical geometry,
and provisions for both removing decay heat and providing heat if required
for melting the fuel, is necessary. To accommodate the estimated 2025 £t3
of fuel salt in the system, 90 cylindrical tanke, of about 2 feet inside
diameter and 11 feet high are required. By locating these tanks in &

. trench below the reactor building grade floor and within the primary shield,

gravity drain is possible, and the shielding requirements are simplified.
The trench is shown in Exhibits 4 and 5.

The fuel salt inventory is estimated to be made up of 1265 ft3 in the
reactor, 584 ft3 in the eight boilers, and 176 ft3 in the piping system.
This does not include any fuel in the reactor auxiliary systems.

The biological shield consists of a total thickness of 10 feet of ordinary
concrete, subdivided into a sealed primary shield 6 feet thick surrounding
the reactor and the mercury boilers, and a secondary shield 4 feet thick
which forms the wall of the reactor building and encloses the mercury
systems, The top of the primary shield is formed of 2 foot thick slabs

of concrete, sectionalized to allow access to individual components within
the shield, and overlapped to prevent streaming - The top shield has a
total thickness of 6 feet and is supported by steel beams and columns.

The traveling crane is used to remove the slabs as desired, and can handle
all components within the shield, All reactor auxiliaries are intended to
be located in the reactor building. The conceptual design of the systems
was not included in the scope of the project, but they would include
auxiliaries for processing the fuel salt to remove uranium and fission -
products, adding new fuel into the carrier salt, melting and charging the
salt into the system, maintaining, storing and disposing of radioactive
components, removal and disposal of liquid and gaseous radioactive wastes,
removing decay heat on shutdown, and processing the fuel cover gas.

-10~
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Because of the high liquidus temperature of the salt (887 F), a heat source
is necessary to melt the salt and preheat the salt-bearing components and
piping before adding it. to the system. The heat source will also be ener-
gized upon shutting down in order to maintain the salt in a molten
condition. The fuel-bearing salt would remain in a molten condition for
some time after shutdown through the release of decay heat, but a prolonged
shutdown could conceivably require the application of heat to prevent
solidiftcation in the reactor and other components of the primary system.

Several methods of removing decay heat are conceivable, all of which must
remove the heat. at temperatures of approximately 1000 F. The present
study did not include the design of such a system.

The salt melting and heating system is designed on the basis of melting
the salt in a small stream, charging it into the preheated primary system,
and holding it at a temperature of approximately 1100 F until operation is
initiated. Upon shutdown, the preheating system will be used to maintain
the salt at a temperature of approximately 1100 F after the post-fission
heat has decayed. All fuel drain lines, the storage tanks, and the fuel
processing system will also require heat during certain periods of opera-
tion. '

Electrically powered strip heaters, placed on the surface of all components
which contain salt, provide the means of preheating the primary system and
maintaining its temperature after shutdown. The heaters for the reactor
vessel are designed to preheat the reactor vessel and the graphite core

in & reasonable time, while those on all other components are designed to
hold a temperature of 1100 F, with 100 F still air and approximately . '
6 inches of insulation. On this basis, the reactor requires about 500 kw
of heat during preheating, and 100 kw to hold a temperature of 1100 F. A
150 kw electric furnace provides heat for melting the salt on initial
charge. A maximum coincidental power of 1100 kw is estimated to be re-
quired when preheating and charging the salt into the system.

The cost estimate includes the electrical auxiliaries and cable to supply
the necessary power, and the strip heaters on the mercury boilers, but
does not include the salt melting furnace, or the heaters for the primary
system, fuel purification system, salt charge piping and pumps, or the
fuel drain tank system.

Mercury Vapor System

The heat of the fuel salt is transferred to mercury in eight mercury
boilers. The mercury vapor is distributed from the boilers to a pair of
mercury turbines and four shell-and-tube superheaters as shown on the
composite flow diagram. The condensate from the turbines and superheaters
is pumped back to the mercury boilers. Table II lists the design condi-

-tions of the mercury vapor cycle. All materials exposed to the mercury,

in either liquid or vapor form, are of & low carbon steel alloy consisting
of 5% Cr-1/2% Mo-1-1/2% Si, (ASTM A335, Grade P5b).

=-11-
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Each mercury turbine consists of a high pressure cylinder and two low
pressure cylinders connected in tandem to a 224,000 kva 13.8 kv generator.
Each low pressure casing exhausts to a condenser where the heat of vapor-
ization of the mercury is used to generate steam from the steam turbine
feed water. The steam is superheated in the four superheaters, two of
which receive mercury vapor from an extraction point on the mercury
turbines, and the remaining two receive high temperature mercury vapor.

The condensate from the mercury turbines and the four superheaters is
pumped back to the mercury boilers. Each mercury condenser has one full
capacity horizontal centrifugal mercury pump, capable of pumping

10.65 x 106 1b/hr. of mercury at 14.7 psia and 675 F, with a 400 horse-
power motor drive. The superheaters each have two half-capacity
horizontal mercury pumps.

The pumps for the low temperature superheaters are each designed to pump
3.6 x 106 1b/hr. of mercury at a discharge pressure of 250 psia and a
temperature of 860 F. The pump motors are rated at 125 horsepower. Two
half-capacity mercury pumps are provided for each of the high temperature
superheaters. These pumps are designed for a flow of 18 x 106 1b/hr. at
discharge conditions of 230 psia and 1031 F with a motor rated at

25 horsepower.

TABIE II
Performance Characterisgtics of Mercury Vapor Cycle

Total Hg flow from boilers, 106 1b/hr. 64
Hg vapor conditions, psia/F , | 240/1050
Hg flow to turbines, total, 106 1b/hr. 56.76
Power output of Hg turbines, kwe 356,000
Hg flow to high temperature superheaters, total, 106 1b/hr. 7.24
Hg flow to low temperature superheaters, total, 106 1b/nr. 14.26
Hg vapor to low teﬂperature suﬁerheater, psia/F 72/860

The mercury condensers are shell .and U-tube heat exchangers, with mercury
on the shell side and boiling water on the tube side. The tube headers
consist of a pair of 2.5 feet 0.D. drums approximately 12 feet in length,
with 2040 tubes averaging 66 feet in length penetrating each drum. A
total of 30,600 ft2 of heat exchange surface is provided by this arrange-
ment. ' R :

The wetting properties of the mercury are increased by diverting a
sidestream from the turbine condensate pumps to a system containing tanks
of titanium hydride powder and pieces of small diameter magnesium rod. A
flow of about 1% of the total mercury system flow (0.64 x 106 1b/hr.) is
estimated to be sufficient to assure proper wetting. Sludge is formed by
impurities which the mercury picks up from the system; this is settled out

-12-
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in a sludge removal drum by decreasing the mercury flow to about 2 fps
through the drum. The developed head of the condensate pumps is estimated
to be sufficient to circulate the mercury through the additive and sludge
removal system,

Croloy (A335, Grade P5b) is used for piping throughout the mercury system
with the sizes being selected on the basis of the number of units served
and a mercury velocity of 7 fps (liquid) and 200 fps (vapor). The pipe
wall thickness is selected to agree with the ASME code for power piping.

The mercury inventory required for the heat transfer system during normal
operation is estimated to be 5 x 106 1bs. made up as follows:

Mercury boilers 2,480,000 1bs.
Mercury condensers 1,420,000 lbs.
Superheaters #l 476,000 1bs.
Superheaters #2 242,000 1bs.
Piping system 383,000 1bs.

A mercury storage system is provided to allow 25% of the system to be
drained upon shutdown. A total of two tanks, each of 12,000 gallon
capacity, are provided for this purpose, Drainage is accomplished by
pumping, using two 50 gpm pumps and appropriate valving to provide filling
and draining functions,

The mercury turbines, superheaters and pumps are located in an area of the
building between the reactor system and the steam system, as shown in
Exhibit 4., The mercury components are arranged to minimize the length of
mercury piping while providing convenient access by the high pressure steam
and feed-water piping for the steam turbine. The entire mercury system is
located within a concrete shield wall, 4 feet thick, which provides bio-
logical protection from the mercury activation products. By locating the
mercury turbines, superheaters, etc., below the main floor, the upper
shield becomes a part of the main floor. The turbine and condensers are
supported on concrete foundations, as shown in Exhibit 5. Removable
sections are provided in the main floor to allow access to the mercury
system components from above. Horizontal access is provided through the
vertical shield wall for the railroad track.

Steam System

The steam turbine-generators, main condensers, feed-water heaters, circu-
lating water system, and associated buildings and structures comprise the
steam system, The steam, feed-water and circulating watercconditions and
piping sizes are shown on Exhibit 1, and the arrangement of the components
and buildings is indicated in Exhibits 3, 4 and 5.

Saturated steam is generated in the mercury condensers at 2000 psia, and
flows to the superheaters, where it is heated to provide superheated steam
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at 1800 psia and 1000 F at the turbine throttle. The steam flow rate is
7.88 x 106 1b/hr. at a turbine output of 885 Mwe. The condensate passes
through 7 stages of feed-water heating to provide feed-water to the
mercury condensers at 2250 psia, 537 F.

The steam turbine consisting of a cross-compound, six-flow nonreheat unit,
with 40 inch exhaust blades, a 3600 rpm high pressure unit and 1800 rpm
low pressure unit. At a throttle steam flow of 7.88 x 106 1b/hr., and a
condenser pressure of 1.5" Hg, the turbine output is 885 Mwe.

A separate condenser is provided for each low pressure casing. The

overall surface area is 665,950 ft2, with a tube length of 40 feet.
Admiralty metal is used for the 1" x 18" BWG tubes. Condensate flows at

a rate of 4,628,000 1lb/hr. to six 1/6 capacity horizontal condensate pumps,
each equipped with a 450 horsepower motor, and is discharged at 297 psia to
the feed-water heaters. Flow control is performed by valves. Three
parallel strings of heaters are required. The six low pressure units (A and
B) are located in the condenser neck. Heater drains are pumped from heaters
A and C. The two deaerating heaters are located on the roof of the turbine
building.

The feed water is pumped by four horizontal centrifugal motor-driven pumps,
each capable of handling 25% of the total flow, and equipped with hydraulic
couplings for flow control. Each motor is rated at 8,000 horsepower.

- The condensate and feed water piping‘is fabricated from seamless carbon

steel pipe, ASTM A106, Grade B, in accordance with the ASA Code for
Pressure Piping B31.1, Section 1, using water velocities ranging from 3 fps
to 10 fps. The main steam piping consists of a pair of 24 inch 0.D. x
3.05 inch wall hollow forged pipe, designed for 1890 psia and 1000 F at a
steam velocity of 15,000 fpm. The pipe material is ASTM A335, Grade Pll.

Valves are provided in accordance with normal steam power plant practice.

Feed-water storage is provided by two 100,000 gallon tanks, located to the
northwest of the main building. '

Cooling water for the condensers is pumped from the crib house by six 1/6
capacity vertical circulating water pumps, each of which has a capacity
of 149,000 gpm and a 1750 horsepower motor drive. The water flows to the

‘condensers through six 84 inch steel pipes and, after leaving the con-

denser, is discharged through a concrete tunnel to a seal well, from where
it flows to the river through a discharge flume. The total circulating
water flow is 894,000 gpm, requiring eight 10 foot traveling screens and a
stop log and bar grille system at the crib house.

The crib house is an outdoor structure built to accommodate the circu-
lating water pumps and screens, the service water pumps, fire pump, screen

- wash pumps, and chlorination equipment.

Electrical Systems

Electrical power is supplied by the two mercury turbine-generators and the
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two generators of the cross-compound. steam turbine. Each of the mercury
turbines produces 178 Mwe gross, at 13.8 kv. The steam turbine output
is 885 Mwe at 24 kv. This power is assumed to be generated on a 60/40
basis by the low pressure and high pressure units respectively. The
plant auxiliaries are supplied by a pair of auxiliary power transformers
from the low pressure turbine-generator.

Excitation for the generators is provided by motor-driven exciters, a
separate exciter being provided for each generator. One motor-driven
reserve exciter, equal in capacity to each of the exciters for the mercury
turbine-generators, serves as a stand-by for the mercury turbine-generator
exciters. A second motor-driven reserve exciter is provided for the steam
turbine-generator. This exciter is equal in capacity to the exciter for
the low pressure turbine-generator, and as such, is capable of serving the
high pressure turbine-generator as well.

Isolated phase bus connects the generators to individual transformers; the
bus for the two mercury turbines is rated at 10,000 amperes, 15 kv, while
the high and low pressure turbine-generator outputs are carried through
10,000 ampere and 14,000 ampere bus duct rated at 24 kv. The taps to the
two auxiliary power transformers are 1200 ampere, 24 kv isolated phase bus.

The mercury turbine-generators each feed a 190 mva three-phase type FOA
transformer with winding voltages of 13.8 and 345 kv. The low pressure
and high pressure steam turbine-generators are connected to type FOA

transformers rated at 485 and 390 mva respectively at a voltage ratio of

23-345 kv.

The plant auxiliaries require a coincidental power input of about 60 Mwe
at a power factor of 0.8. Because of the size of the load, and the number
of large motors in the plant, a part of the auxiliary power (about 40 Mva)
is supplied at 13.8 kv and the rest (30 Mva) at 4160 volts.

"The auxiliary power is normally supplied from two 3-winding auxiliary power

transformers, each of which is rated at a maximum fan cooled rating of
37.5 Mva, and voltage ratios of 24-13.8 - 4.16 kv. A reserve auxiliary
transformer is fed from the station switchyard bus, and serves as a stand-
by in the event of loss of either of the two unit auxiliary transformers.

The 13.8 kv switchgear has a fault interrupting capacity of 500 Mva. Two
separate buses are provided, each of which is connected to one of the unit
auxiliary transformers and the reserve auxiliary transformer. The switch-
gear is metal-enclosed, for indoor service, and supplies the feed-water
pumps and the exciters for the steam turbine-generators.

Two sections of 4160 volt metal-enclosed indoor switchgear provide power
for the remaining plant auxiliaries from the 4160 volt windings of the
unit auxiliary transformers. The switchgear uses 2000 ampere main circuit
breakers and 1200 ampere feeder circuit breakers, all with an interrupting
capacity of 350 Mva. The loads fed at 4160 volts consist of motors rated
at more than 125 horsepower and the auxiliary power transformers required
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for station lighting, 480 volt auxiliaries, and the fuel melting and pre-
heating system. The 480 volt auxiliaries are supplied from four 750 kva
4160-480 volt dry type transformers, throat-corfected to the switchgear
through 1600 ampere air circuit breakers. Two sections of switchgear are
furnished. Each section is divided into two buses, with normally open tie
breaker between bus sections.

Two 750 kva 4160-480 volt transformers are also provided for the fuel
preheating and melting systems, which are fed at 480 volts from two bus
sections, in one set of 480 volt switchgear.

All auxiliary feeder cables consist of ozone resistant rubber insulated
cable,

Smaller auxiliaries, of 30 horsepower or less, and those whose continuous
operation is not considered vital to station operation, are fed from motor
control centers in the vicinity of the load. Two 15 kva 480-120 volt
transformers supply a 115 volt a-c control and instrumentation bus for
each unit. An emergency supply to this bus is provided from a 15 kva
inverter motor-generator set which is driven by the 250 volt battery.

One 250 volt battery and distribution center are provided. The 250 volt

- bus supplies the emergency equipment, emergency lighting, and the various

d-c control devices.

A 277 volt fluorescent lighting system is used for general lighting in the
plant buildings. Mercury vapor lights are used at the turbine room main
floor. A 10 kva 480-120 volt transformer in the lighting distribution
cubicle supplies convenience outlets, door lights and other 120 volt light-
ing systems. The emergency lighting system uses 125 volt d-c incandescent
lamps to provide minimum illumination levels in strategic areas in the
event of failure of the normal lighting system.

Plant AuxiliaryASystems

The plant auxiliaries include the following:

a) Service Water System 7

b) Shield Cooling System

¢) Control and Station Air Systems
d) Cranes and Hoists‘ |

e) Instrumentation and Control

£f) Plant Utilities

Aﬁdummary'of the charécteristics of these systems is presented below.
Service Water System

The service water system supplies river water for cooling purposes through-
out the plant, including the reactor auxiliaries and the turbine plant
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components. Information necessary to determine the requirements of the
reactor plant was not developed in this investigation, and the estimate
of the service water system was based on that provided for the aqueous
homogeneous power reactor plant as reported in SL-1875.

The service water is supplied by three 15,000 gpm, half-capacity, vertical
centrifugal pumps. Each pump is driven by a 1250 horsepower motor, and is
located in the circulating water intake structure. During normal operation,
two pumps supply the system with water at 100 psig, with the third pump
employed as a stand-by. The main piping delivering service water to the
plant is a 36 inch plate pipe with a 1/2 inch wall.

The service water pumps discharge into two twin basket backwashing type
strainers. Conventional materials are used throughout the system on all
pumps, piping, and strainers. Prior to use in the plant, the service water
is chlorinated.

Shield Cooling System

The design of the shield cooling system is based on removing 1.5% of the
reactor thermal power from the primary shield, using water cooled coils
embedded in the shield. Demineralized water is pumped through the coils
and the tube side of a shell and tube heat exchanger, where the heat
picked up in the shield is transferred to service water.

Assuming a temperature rise in the coils of 55 F above a 125 F minimum,

a flow of 4650 gpm is required to remove 37.5 Mw of heat. A 3,000 gallon
demineralized water storage tank is provided, and three half-capacity pumps,
each rated at 2500 gpm at a developed head of 100 feet. The pumps are
driven by 75 horsepower motors.

To cool the demineralized water, it is passed through the tubes of a two-
pass heat exchanger, where the heat is ‘transfered to service water. The
heat exchanger has a heat transfer area of 7760 ft2, made up of 563 tubes
per pass, at a tube length of 35 feet.

- Control and Station Air Systems

The compressed air system for the plant consists of separate, interconnected
air supplies for the station and for control purposes. The station air
system consists of a system of supply to hose valves for operating and
maintenance requirements throughout the station. Control air is used
primarily for instrument transmitters and air operated valves. The two

air systems are cross connected so that compressed air may be supplied

to the control air system in event of a compressor failure.

The control air system of the plant supplies air operated control devices

at a header pressure of 115 psia and is reduced to 55 psia and 45 psia
for supply to various drive units and instrument transmitters.

Control air is supplied by two single stage compressors rated at 250 cfm each
at 115 psia which discharge through aftercoolers into two 34 ft.3 air
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receiveré. Air from the receivers passes through a dryer and a bank of

"filters insuring a clean, dry, air supply to instrument transmitters and

control devices.

The station air system supplies 165 psia air for distribution throughout
the plant, terminating at hose connections. Station air is supplied by
two single stage compressors rated at 200 cfm each and 165 psia, dis-
charging through an aftercooler into two 34 ft.3 air receivers. The use
of two separate compressors and receivers for both the station air and
control air systems is intended to allow for a more independent operation
and flexibility in-a plant of this size.

A detailed analysis of the control air and station air requirements has
not been performed for this study. The systems and equipment described
herein form an adequate basis for cost estimating purposes.

Cranes and Hoists

A single traveling bridge crane serves the reactor, mercury and steam
turbine buildings. Its lifting capacity is based on handling the rotor

of the low pressure steam turbine-generator, which requires about 150 tons.
The bridge span is 130 feet, and the crane lift is sufficient to reach the
lowest portion of the building. All heavy equipment coming into the build-

-ing by rail may be handled by the crane. Its capacity is sufficient to

allow removal of all components within the reactor primary shield except
the reactor.

Instrumentation and Control

The requirements for instrumentation and control of the turbine systems

are similar to those which would exist for turbine systems of a convention-
ally fueled power plant. Sensing devices, transmitters, controllers and
actuators are necessary to control the levels, flow rates, pressures and
temperatures of the steam and feed water systems and to provide safe,
continuous operation of these systems at a rate which is required to meet
the load demand during normal operation. In addition, controls, instru-
mentation and alarm systems are required for startup, shutdown and

unusual operating conditions.

Instrumentation for the reactor system functions to monitor the reactor
neutron flux and primary system pressure, temperature, level and flow
rates, and to provide control and alarm signals to actuate the °
appropriate device or call for operator action when changes occur in
the measured quantities, through either changes in load or malfunction
of system components. :

Control and instrumentation panels are located in the control room, for
convenience of reading, recording and operating the most important
quantities and components. Other auxiliary control panels or isolated
instruments may be located at appropriate places in the plant: : area
radiation monitors, alarm or warning signals, hydrogen and seal oil
controls for the generators, etc.
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Information of a detailed nature, sufficient to form an accurate basis on

which to estimate the cost of instrumentation and control systems for the

plant, has not been developed in the present study. The cost estimate

for these systems is derived from estimates of instrumentation and control
costs for other plants with similar requirements.

Plant Utilities

The plant utilities include those systems that are provided for monitoring
plant equipment, disposing of nonradioactive wastes, safety of personnel,
protection of equipment, and for heating, ventilating and air conditioning
the plant buildings. These systems do not differ appreciably from those
provided for conventional plants, and are therefore not developed in
detail.

Buildings and Site

Plans and sections of the plant buildings are shown on the general arrange-
ment drawings, Exhibits 3, 4 and 5, and the property plat, Exhibit 2.

The reactor building and turbine building are adjacent to each other, the
secondary shield wall forming a separation between the two from the
grade floor to the main floor. The buildings are two-level structures
with the grade floor of the turbine and reactor buildings at an elevation
of one foot above grade, and the main floor at thirty-six feet above
grade. The secondary shield wall extends to the height of the main floor
and forms the walls of the lower part of the reactor and auxiliary
building.

The steam turbine building and the upper level of the reactor and auxiliary

- buildings is a steel frame structure, with insulated metel panel siding.

The arrangement of the equipment within the buildings is indicated on the
general arrangement drawings.

A three level steel frame and insulated metal panel structure adjoining
the turbine building houses the administrative offices, control room,
switchgear, batteries, plant heating boiler and makeup water demineral-
ization plant. Lockers, showers and toilets for plant personnel are
also located in this building. S

A 200 foot waste gés stack is provided for dispersal of plant ventilating

‘air and waste gases from the various reactor equipment rooms.

The site conditions assumed for this plant design are those specified in
recent Atomic Energy Commission design studies. The 1200 acre grass-
covered site has level terrain and is located on the bank of a river,
Grade level of the site is 40 feet above the river low water level and -
20 feet above the high water level. An adequate source of raw water
flow for the ultimate station capacity is assumed to be provided by the
river with an average maximum temperature of 75 F and an average minimum
temperature of 40 F.
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Soil profiles for the site assume alluvial soil and rock fill to a depth
of 8 feet, Brassfield limestone to a depth of 30 feet, blue weathered
shale and fossiliferous Richmond limestone to a depth of 50 feet, and
bedrock over a depth of 50 feet. Allowable soil bearing is assumed to be
6000 psf and rock bearing characteristics are assumed to be 18,000 psf and
15,000 psf for the Brassfield and Richmond strata, respectively.

Access is provided to the site by secondary roads and the river is
navigable throughout the year for boats with drafts of up to six feet.
A main line railroad is 5 miles distant from the plant and a spur track
interconnection with this rail line is incorporated in the design.

Direct Power Cycle

Exhibit 6 is a composite flow diagram of the direct power cycle, showing
fluid conditions for the design power output of 1000 Mwe gross. The
concept is referred to as a direct power cycle because no intermediate
circulating heat transfer fluid is used between the fuel salt and the
boiling water of the steam cycle. A layer of inert salt is interposed
between the feed water or steam on the tube side of the heat exchangers
and the fuel salt on the shell side. This layer constitutes a buffer

zone across which a significant temperature drop appears, reducing thermal
stresses in the tubes. These stresses would result from the temperature
difference between the fuel salt and the feed water or steam.

The fuel salt transfers its heat to boiling water and steam in a system of
shell-and-tube heat exchangers, producing superheated steam at the turbine
throttle at 2400 psia, 1000 F, The turbine-generator gross output is

1000 Mwe. Eight stages of feed water heating are provided in the feed
water cycle.

Reactor Fuel System

The general arrangement of the reactor fuel system, consisting of the

reactor and eight fuel loops, is indicated in Exhibits 8 and 9. Each fuel
loop consists of a boiler, superheater, reheater and a vertical centrifugal
pump, which provides the head necessary to circulate the fuel through the:
heat exchangers and the reactor. Fuel salt volume is conserved by mounting
the pump casings on the reactor vessel and by minimizing the spacing
between all components. The entire primary heat transfer system is located
within a primary biological shield, which consists of a cylinder of

~ ordinary concrete 6 feet thick, capped by a series of removable slabs

amountingto a total thickness of 6 feet.

The heat exchangers are of a thimble tube vertical design, developed by
ORNL, with steam or feed water flowing downward through the center tube
of a bayonet tube complex, flowing upward through the thimble and leaving
through nozzles in an intermediate steam chest. Each of the bayonet tube
assemblies is centered in a second thimble containing inert salt, and

fuel salt flows around the outside of the latter thimble. All materials
in contact with salt are fabricated from INOR-8; those surfaces in contact
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with steam or feed water are made of Inconel or INOR-8. Approximately
225 £t3 of salt is held in the piping system, A detailed description
of the heat exchangers 1s presented in Appendix A.

In order to drain the fuel salt, a shielded tank of noncritical geometry,
and provisions for both removing decay heat and providing heat if required
for melting the fuel, is necessary. To accommodate the fuel salt in the

system, 90 cylindrical tanks, of about 2 feet inside diameter and 11 feet

high are required. By locating these tanks in a trench below the reactor
building grade floor and within the primary shield, gravity drain is
possible, and the shielding requirements are simplified. The trench is
shown in Exhibits 8 and 9.

The biological shield consists of a total thickness of 10 feet of ordinary
concrete, subdivided into a primary shield 6 feet thick surrounding the
reactor and the heat. exchangers, and a secondary shield 4 feet thick which
forms the wall of the reactor building and encloses the reactor auxiliary
systems. -The top of the primary shield is formed of 2 foot thick slabs of
concrete, sectionalized to allow access to individual components within
the shield, and overlapped to prevent streaming. The top shield has a
total thickness of 6 feet and is supported by steel beams and columns.

The reactor cavity is sealed by a welded liner of 1/4 inch steel plates.
The traveling crane is used to remove the slabs as desired, and can handle
all components within the shield. All reactor auxiliaries are intended to
be located in the reactor building. The conceptual design of the systems
was not included in the scope of the project, but they would include
auxiliaries for processing the fuel salt to remove uranium and fission
products, adding new fuel into the carrier salt, melting and charging the
salt into the system, maintaining, storing and disposing of radioactive
components, removal and disposal of liquid and gaseous radioactive wastes,
removing decay heat on shutdown, and purifying the helium cover gas.

Because of the high liquidus temperature of the salt (887 F), a heat source
is necessary to melt the salt and preheat the salt-bearing components and
piping before adding it to the system. The heat source will also be
energized upon shutting down in order to maintain the salt in a molten
condition. The fuel-bearing salt would remain in a molten condition for
some time after shutdown through the release of decay heat, but a prolonged
shutdown could conceivably require the application of heat to prevent solid-
ification in the reactor and other components of the primary system.

Several methods of removihg decay heat are conceivable, all of which must
remove the heat at temperatures of approximately 1000 F. The present
study did not include the design of such a system,

The salt melting and heating system is designed on the basis of melting

the salt in a small stream, charging it into the preheated primary system,
and holding it at a temperature of approximately 1100 F until operation is
initiated. Upon shutdown, the preheating system will be used to maintain
the salt at a temperature of approximately 1100 F after the post-fission
heat has decayed. All fuel drain lines, the storage tanks, and the fuel
processing system will also require heat during certain periods of operation.
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Electrically powered strip heaters, placed on the surface of all components
which contain salt, provide the means of preheating the primary system and
maintaining its temperature after shutdown. The heaters for the reactor
vessel are designed to preheat the reactor vessel and the graphite core in
a reasonable time, while those on all other components are designed to hold
a temperature of 1100 F, with 100 F still air and approximately 6 inches of
insulation. On this basis, the reactor requires about 500 kw of heat
during preheating, and 100 kw to hold a temperature of 1100 F. A 150 kw
electric furnace provides heat for melting the salt on initial charge. A
maximum coincidental power of 2000 kw is estimated to be required when
preheating and charging the salt into the system.

The cost estimate includes the electrical auxiliaries and cable to supply
the necessary power, and the strip heaters on the heat exchangers, but
does not include the salt melting furnace, or the heaters for the primary
system, fuel purification system, salt charge piping and pumps, or the
fuel drain tank system.

Steam System

The steam turbine-generators, main condensers, feed-water heaters, circu-
lating water system, and associated buildings and structures comprise the
steam system. The steam, feed water and circulating water conditions and
piping sizes are shown on Exhibit 6, and the arrangement of the components
and buildings is indicated in Exhibits 8 and 9.

Saturated steam is generated in the eight boilers at 2500 psia, and flows
to the superheaters, where it is heated to provide superheated steam at
2400 psia and 1000 F at the turbine throttle. The steam flow rate is
6.882 x 106 1b/hr. at a gross turbine output of 1000 Mwe. The condensate
passes through eight stages of feed water heating to provide feed water to
the boilers at 2500 psia, 545 F.

The steam turbine consists of a cross-compound, six-flow reheat unit, with
40 inch exhaust blades, a 3600 rpm high pressure unit and 1800 rpm low
pressure unit. At a throttle steam flow of 6.882 x 106 1b/hr., and a
condenser pressure of 1.5" Hg, the turbine output is 1000 Mwe.

A separate condenser is provided for each low pressure casing. The over-
all surface area is 670,530 ft2, with a tube length of 50 feet. Admiralty
metal is used for the 1" x 18 BWG tubes. Condensate flows at a rate of
4.253 x 106 1b/hr. to six 1/6 capacity horizontal condensate pumps, each
equipped with a 400 horsepower motor, and is discharged at 297 psia to

the feed-water heaters. Flow control is performed by valves. Three
parallel strings of heaters are required. The six low pressure units

(A and B) are located in the condenser neck. Heater drains are pumped
from heaters A and C. The two deaerating heaters are located on the roof
of the turbine building.

The feed water is pumped by three horizontal centrifugal turbine-driven
pumps, each capable of handling 1/3 of the total flow. Each turbine,
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delivers 10,000 horsepower at rated flow and pressure. A motor-driven
pump is provided for startup. This pump is designed to deliver normal
flow at 1/3 normal discharge pressure, and is driven by a 3500 horse-
power motor. The condensate and feed water piping is fabricated from
seamless carbon steel pipe, ASTM A106, Grade B, in accordance with the
ASA Code for Pressure Piping B31.1, Section lusing water velocities
ranging from 3 fps to 10fps. The main steam piping consists of a pair
of 21% inch 0.D. x 3.12 inch wall hollow forged pipe, designed for

2520 psia and 1000 F at a steam velocity of 15,000 fpm. The pipe
material is ASTM A355, Grade Pl1.

Valves are provided in accordance with normal steam power plant practice.

Feed water storage is provided by two 100,000 gallon tanks, located to
the northwest of the main building.

Cooling water for the condensers is pumped from the crib house by six
1/6 capacity vertical circulating water pumps, each of which has a
capacity of 119,300 gpm and a 1250 horsepower motor drive. The water
flows to the condensers through six 78 inch steel pipes and, after
leaving the condenser, is discharged through a concrete tunnel to a seal
well, from where it flows to the river through a discharge flume. The
total circulating water flow is 715,800 gpm, requiring seven 10 foot
traveling screens and a stop log and bar grille system at the crib house.

The crib house is an outdoor structure built to accommodate the circulating
water pumps and screens, the service water pumps, fire pump, screen wash
pumps, and chlorination equipment.

Electrical Systems

At design steam flow and a condenser pressure of 1.5 inch HgA, the turbine-
generator produces a gross power output of 1000 Mwe. The power output is
assumed to be generated on a 55-45 basis by the high pressure and low pres-
sure turbines, respectively, each of which drives a 24 kv generator with a
1liquid cooled stator and gas cooled rotor. The plant auxiliaries are
supplied by a pair of auxiliary power transformers which are connected to
the high pressure turbine-generator leads.

Excitation for the generators is provided by a'pair of motor-driven

exciters, a separate exciter being supplied for each generator. A motor-
driven reserve exciter, equal in capacity to the larger of the two normal
exciters, serves as a stand-by unit to provide excitation if either of the
normal excitation systems fails. Isolated phase bus duct, of a 24 kv
design and forced air cooled, connects each of the two generators to
individual power transformers, where the generator voltage is stepped up
to 345 kv for transmission through the station switchyard. The bus for
the high pressure turbine is capable of carrying 15,000 amperes, while
that for the low presgure turbine is rated at 13,000 amperes. The taps
to the two auxiliary power transformers consist of 1200 ampere, 24 kv
isolated phase bus. The two main power transformers are type FOA, with a
voltage ratio of 24-345 kv, and power ratings of 476 and 560 Mva.
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The plant auxiliaries have a maximum coincidental loading of 25,000 kw;
this power combined with ‘the losses in the station transformers results
in a net station output of 971 Mwe.

Auxiliary power is normally supplied at 4160 volts by a pair of auxiliary
power transformers, each of which is a type OA/FA, 24-4.16 kv unit with a
maximum fan-cooled rating of 16 Mva. A reserve auxiliary transformer,
equal in capacity to one of the two unit auxiliary transformers, and fed
from the switchyard bus, serves as a standby unit in the event of failure
of either of the two unit auxiliary transformers.

Each auxiliary transformer feeds one section of 4160 volt metal enclosed
indoor type switchgear, with 3,000 ampere main air circuit breakers and
1200 ampere feeder air circuit breakers, all of which have a fault inter-
rupting capability of 250 Mva. The loads fed at 4160 volts include all
motors rated at 150 hp or more, and the auxiliary power transformers
~required for station lighting, 480 volt auxiliaries, and the fuel melting
and preheating system,

The 480 volt auxiliaries are fed from two double ended sections of switch-
gear, with each section split into two buses. A tie circuit breaker auto-
matically closes to pick up selected auxiliaries on either bus should its
power supply fail. One set of switchgear feeds the reactor plant auxil-
iaries, and is supplied from two 500 kva dry type transformers. The
second set handles the turbine plant auxiliary load through a pair of

1250 kva transformers. - All transformers are throat connected to the
switchgear and are located indoors.

Two 1250 kva transformers are also provided for the fuel preheating and
melting systems, whose maximum power demand is approximately 2000 kw.
These systems are supplied from a sectionalized 480 volt bus, with a tie
circuit breaker between sections.

All auxiliary feeder cables consist of ozone resistant rubber insulated
cable.

Smaller auxiliaries, of 30 horsepower or less, and those whose continuous
operation is not considered vital to station operation, are fed from motor
control centers in the vicinity of the load. Two 15 kva 480-120 volt
transformers supply a 115 volt a-c control and instrumentation bus for each
unit. An emergency supply to this bus is provided from a 15 kva inverter
motor=-generator set which is driven by the 250 volt battery.

One 250 volt battery and distribution center is. provided. The 250 volt
bus supplies the emergency equipment, emergency lighting, and the wvarious
d-c control devices.

A 277 volt fluorescent lighting system is used for general lighting in the
plant buildings. Mercury vapor lights are used at the turbine room main
floor, A 10 kva 480-120 volt transformer in the lighting distribution
cubicle supplies convenience outlets, door lights and other 120 volt lighting
systems. The emergency lighting system uses 125 volt d-c incandescent lamps
to provide minimum illumination levels in strategic areas in the event of
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failure of the normal lighting system.

Plant.Auxiliary Systems

The plant auxiliaries include the following:
a) Service Water System
b) Shield Cooling System
c) Control and Station Air Systems
d) Cranes and Hoists
e) Instrumentation and Control
£f) Plant Utilities

A summary of the characteristics of these systems is presented below.
Service Water System

The service water system supplies river water for cooling purposes through-
out the plant, including the reactor auxiliaries and the turbine plant
components. Information necessary to determine the requirements of the
reactor plant was not developed in this investigation, and the estimate of
the service water system was based on that provided for the aqueous homo-
geneous power reactor plant as reported in SL-1875.

The service water is supplied by three 15,000 gpm, half-capacity, vertical
centrifugal pumps. Each pump is driven by a 1250 horsepower motor, and is
located in the circulating water intake structure. During normal operation,
two pumps supply the system with water at 100 psig, with the third pump
employed as a stand-by. The main piping delivering service water to the
plant is a 36 in. plate pipe with a 1/2 inch wall.

The service water pumps discharge into two twin basket backwashing type
strainers. Conventional materials are used throughout the system on all
pumps, piping, and strainers. Prior to use in the plant, the service water
is chlorinated.

Shield Cooling System

The design of the shield cooling system is based on removing 1.5% of the
reactor thermal power from the primary shield, using water cooled coils
imbedded in the shield. Demineralized water is pumped through the coils
and the tube side of a shell and tube heat exchanger, where the heat
picked up in the shield is transferred to service water.

Assuming a temperature rise in the coils of 55 F above a 125 F minimum, a
flow of 4650 gpm is required to remove 37.5 Mw of heat. A 3,000 gallon
demineralized water storage tank is provided, and three half-capacity pumps,

_each rated at 2500 gpm at a developed head of 100 feet. The pumps are

driven by 75 horsepower motors.
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To cool the demineralized water, it is passed through the tubes of a two-
pass heat exchanger, where the heat is transferred to service water. The
heat exchanger has a heat transfer area of 7760 ~ftZ , made up of 563
tubes per pass, at a tube length of 35 feet.

Control and Station Air Systems

The compressed air system for the plant consists of separate, intercon-
nected air supplies for the station and for control purposes. The. station
air system consists of a system of supply to hose valves for operating and
maintenance requirements throughout the station. Control air is used
primarily for instrument transmitters and air operated valves. The two
air systems are cross connected so that compressed air may be supplied to
the control air system in event of a compressor failure.

The control air system of the plant supplies air operated control devices
at a header pressure of 115 psia and is reduced to 55 psia and 45 psia for
supply to various drive units and instrument transmitters.

Control air is supplied by two single stage compressors rated at 250 cfm
each at 115 psia which discharge through aftercoolers into two 34 £t3 air
receivers. Air from the receivers passes through a dryer and a bank of
filters insuring a clean, dry, air supply to instrument transmitters and
control devices.

The station air system supplies 165 psia air for distribution throughout
the plant, terminating at hose connections. Station air is supplied by
two single stage compressors rated at 200 cfm each and 165 psia, discharg-
ing through an aftercooler into two 34 ft3 air receivers. The use of two
separate compressors and receivers for both the station air and control
air systems is intended to allow for a more independent operation and
flexibility in a plant of this size.

A detailed analysis of the control air and station air requirements has
not been performed for this study. The systems and equipment described
herein form an adequate basis for cost estimating purposes. ‘

Cranes and Hoists

A single traveling bridge crane serves the reactor, mercury and steam tur-
bine buildings. Its lifting capacity is based on handling the rotor of the
low pressure steam turbine generator, which requires about 150 tons. The
bridge span is 130 feet, and the crane lift is sufficient to reach the
lowest portion of the building. All heavy equipment coming into the
building by rail may be handled by the crane. 1Its capacity is sufficient
to allow removal of all components within the reactor primary shield

except the reactor,

Instrumentation and Control

The reqﬁirements for instrumentation and control of the turbine systems are
similar to those which would exist for turbine systems of a conventionally
fueled power plant. Sensing devices, transmitters, controllers and
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actuators are necessary to control the levels, flow rates, pressures and
temperatures of the steam and feed water systems and to provide safe,
continuous operation of these systems at a rate which is required to meet
the load demand during normal operation. 1In addition, controls, instru-
mentation and alarm systems are required for startup, shutdown and
unusual operating conditions.

Instrumentation for the reactor system functions to monitor the reactor
neutron flux and primary system pressure, temperature, level and flow
rates, and to provide control and alarm signals to actuate the appropriate
device or call for operator action when changes occur in the measured
quantities, through either changes in load or malfunction of system
components,

Control and instrumentation panels are located in the control room, for
convenience of reading, recording and operating the most important quan-
tities and components. Other auxiliary control panels or isolated instru-
ments may be located at appropriate places in the plant: area radiation
monitors, alarm or warning signals, hydrogen and seal oil controls for the
generators, etc.

‘Information of a detailed nature, sufficient to form an accurate basis for

estimating the cost of instrumentation and control systems for the plant,
has not been developed in the present study. The cost estimate for these
systems is derived from estimates of instrumentation and control costs
for other plants with similar requirements.

Plant Utilities

The plant utilities include those systems that are provided for monitoring
plant equipment, disposing of nonradioactive wastes, safety of personnel,
protection of equipment and for heating, ventilating and air conditioning
the plant buildings. These systems do not differ appreciably from those
provided for conventional plants, and are therefore not developed in detail.

Buildings and Site

Plans and sections of the plant buildings are shown on the general arrange-

ment drawings, Exhibits 8 and 9, and the property plat, Exhibit 7.

The reactor building,and turbine building are adjacent to each other, the

. secondary shield wall forming a separation between the two from the grade

floor to the main floor. The buildings are two-level structures with the

- grade floor of the turbine and reactor buildings at an elevation of one

foot above grade, and the main floor at 36 feet above grade. The secondary
shield wall extends to the height of the main floor and forms the walls of
the lower part of the reactor and auxiliary building.

The steam turbine building and the‘upper level of the reactor and auxil-
iary buildings is a steel frame structure, with insulated metal panel
siding, The arrangement of the equipment within the buildings is indicated
on the general arrangement drawings.
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A three-level steel frame and insulated metal panel structure adjoining
the turbine building houses the administrative offices, control room,
switchgear, batteries, plant heating boiler and makeup water demineral-
ization plant. Lockers, showers and toilets for plant personnel are also
located in this building.

A 200 foot waste gas stack is provided for dispersal of plant ventilating
alr and waste gases from the various reactor and reactor equipment rooms.

The site conditions assumed for this plant design are those specified in
recent Atomic Energy Commission design studies. The 1200 acre grass-
covered site has level terrain and is located on the bank of a river.
Grade level of the site is 40 feet above the river low water level and

20 feet above the high water level. An adequate source of raw water flow
for the ultimate station capacity is assumed to be provided by the river
with an average maximum temperature of 75 F and an average minimum temper-
ature of 40 F.

Soil profiles for the site assume alluvial soil and rock £fill to a depth
of 8 feet, Brassfield limestone to a depth of 30 feet, blue weathered
shale and fossiliferous Richmond limestone to a depth of 50 feet, and bed-
rock over a depth of 50 feet. Allowable soil bearing is assumed to be
6000 psf and rock bearing characteristics are assumed to be 18,000 psf and
15,000 psf for the Brassfield and Richmond strata, respectively.

Access is provided to the site by secondary roads and the river is navi-
gable throughout the year for boats with drafts of up to 6 feet. A main
line railroad is 5 miles distant from the plant and .a spur track inter-
connection with this rail line is incorporated in the design.

Indirect Power Cycle

Heat released in the reactor of the indirect power cycle is transferred
from the reactor fuel salt to an intermediate mnonfuel. bearing (inert)
salt in eight shell-and~tube primary heat exchangers, as shown on the flow
diagram, Exhibit 10. The inert salt is pumped through the shell side of
sixteen steam superheaters and eight reheaters. This cycle was conceived

by Oak Ridge National Laboratory.

About 33% of the superheated steam flows to the throttle of the turbine
generator; the remainder is used in four Loeffler boilers, where it

generates saturated steam by direct contact with the turbine feed water.
The saturated steam flows to the superheaters and the cycle is repeated.

The steam turbine generator uses 2400 psia 1000 F steam in a reheat cycle
with eight stages of feed water heating to produce a gross power output of

approximately 1000 Mwe.

Reactpr'Fuel System

The flow diagram and general arrangements of the primary system are shown
on Exhibits 10, 12, 13 and 14. Each fuel loop consists of a primary heat
exchanger, pump and associated piping. The heat exchangers are vertical
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shell-and-tube units and the pumps are of a vertical centrifugal type
driven by motors., Fuel salt is pumped from the reactor through the shell
side of the eight heat exchangers at a total flow rate of 162 £t3 per. -
second. The fuel salt temperature is reduced from 1300 F to 1100 F in
transferring heat to the inert salt on the tube side of the heat exchangers,
and the inert salt is pumped to a system of U-tube, U-shell superheaters
and reheaters at a total flow rate of 248 ft3 per second. The operating
conditions of the fuel and inert salt systems are summarized in Table III.

TABLE III

Fuel and Inert Salt System Operating Conditions

Fuel Salt
Flow Rate, total ft3/sec. 162
Max/Min Temperature, F 1300/1100
Reactor Inlet/Outlet Pressure, psia 100/30
Thermal Power, Mw ' 2500
System Materials INOR-8
No. Primary Heat Exchangers 8
Pumping Power, total BHP 11,200
Inert Salt
Flow Rate, total £t3 per sec. 248
Max/Min Temperature, F 1100/950
Heat Exchanger Inlet Pressure, psia 350
System Materials INOR~8
No. Superheaters/Reheaters 16/8
Superheater Outlet Steam Pressure/Temperature, psia/F 2465/1000
Superheater Steam Flow Rate, total 1b/hr , 21.08 x 106
Superheater Salt Flow Rate, total ft3 per sec. 217.3
Reheater Outlet Steam Pressure/Temperature, psia/F 430/100
Reheater Steam Flow Rate, total lb/hr 5.132 x 102
Reheater Salt Flow Rate, total ft3/sec. 30.72

Maximum Salt Velocity in Piping, ft. per sec. : 40

Oak Ridge National Laboratory developed the conceptual design of the pri-
mary system components, the superheaters and the reheaters.

The primary heat exchangers are vertical U-tube units, with fuel salt on
the shell side and inert salt on the tube sgide. Salt volume is minimized
on both the shell and tube sides by désigning the inert salt headers for
minimum volume and by providing filler pieces between the tubes on the
shell side of the heat exchanger. All materials in the primary system

. are fabricated of INOR~8. A detailed description of the primary system

components is presented in Appendix A.
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The primary system, including the reactor, fuel pumps, primary heat
exchangers, piping and fuel drain tanks, are located within a sealed pri-
mary shield structure which consists of a capped cylinder of ordinary
concrete 6 feet thick. The cap consists of segments of concrete, supported
on ‘steel beams and columns and designed to be removed by the overhead
traveling crane when access to the interior of the shield is desired.

A breakdown of the estimated fuel salt volume of the primary system is as
follows:

Reactor .. . . 1265 ft3
Primary Heat Exchangers 496 ft3
Piping 260 ft3

Total 2021 £t3

In order to drain the fuel salt, a shielded tank of noncritical geometry
and provisions for both removing decay heat and providing heat if required
for melting the fuel,is necessary. To accommodate the fuel salt in the
system, 90 cylindrical tanks of about 2 feet inside diameter and 11 feet
high are required. By locating these tanks in a trench below the reactor
building grade floor and within the primary shield, gravity drain is
possible, and the shielding requirements are simplified. The trench is
shown in Exhibits 13 and 14.

The biological shield consists of a total thickness of 10 feet or ordinary
concrete, subdivided into a sealed primary shield 6 feet thick surrounding
the reactor and the primary heat exchangers, and a secondary shield 4 feet
thick which forms the wall of the reactor building and encloses the
reactor auxiliary systems and the superheaters and reheaters. All reactor
auxiliaries are intended to be located in the reactor building. The con-
ceptual design of the systems was not included in the scope of the project,
but they would include auxiliaries for processing the fuel salt to remove
uraniun and fissién = products, adding new fuel into the carrier salt,
melting and charging the salt into the system, maintaining, storing and
disposing of radioactive components, removingand disposingof liquid and
gaseous radioactive wastes, removing decay heat on shutdown and purifying
the helium cover gas

Because of the high liquidus temperature of the salt (887 F), a heat source
is necessary to melt the salt and preheat the salt-bearing components and-
piping of both the primary and intermediate salt systems before adding it
to the systems. The heat source will also be energized upon shutting down
in order to maintain the salt in a molten condition. The fuel-bearing

salt would remain in a molten condition for some time after shutdown
through the release of decay heat, but a prolonged shutdown could con-
ceivably require the application of heat to prevent solidification in the
reactor and other components of the primary system.

Several methods of removing decay heat are conceivable, all of which must

remove the heat at temperatures of approximately 1000 F. The present
study did not include the design of such a system.
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The salt melting and heating system is designed on the basis of melting
either the fuel or inert salt in a small stream, charging it into the pre-
heated system and holding it at a temperature of approximately 1100 F

until operation is initiated. Upon shutdown, the preheating system will

be used to maintain the salt at a temperature of approximately 1100 F

after the post-fission heat has decayed. All salt drain lines, the storage
tanks, and the salt processing systems will also require heat during
certain periods of operatiom.

Electrically powered strip heaters, placed on the surface of all components
which contain salt, provide the means of preheating the primary and inter-
mediate systems and maintaining the proper temperature after shutdown.

The heaters for the reactor vessel are designed to preheat the reactor
vessel and the graphite core in a reasonable time, while those on all

other components are designed to hold a temperature of 1100 F, with 100 F
still air and approximately 6 inches of insulation.  On this basis, the
reactor requires about 500 kw of heat during preheating, and 100 kw to hold
a temperature of 1100 F, A 150 kw electric furnace provides heat for
melting the salt on initial charge. A maximum coincidental power of 2000
kw is estimated to be required when preheating and charging the salt into
the system.

The cost estimate includes the electrical auxiliaries and cable to supply
the necessary power, and the strip heaters on the heat exchangers, but does
not include the salt melting furnace, or the heaters for the primary
system, salt purification systems, salt charge piping and pumps, Or the
salt drain tank systems.

Intermediate Coolant System

The heat of the fuel salt is transferred to the inert salt in the primary
heat exchangers, as shown on Exhibit 10. The operating conditions of the
inert salt system are indicated in Table III, Sixteen shell-and~tube
vertical heat exchangers serve as superheaters for the main steam to the
Loeffler boilers, deriving their heat from the inert salt, which flows on
the shell side. Eight heat exchangers, of a design similar to the super-

- heaters, also receive inert salt on their shell sides and transfer the heat

to the turbine cold reheat steam. The eight vertical centrifugal pumps
circulate the inert salt between the primary heat exchangers and the :super-
heaters and reheaters at a total flow rate of 248 ft3 per second, and
between temperature limits of 1100 F and 950 F., All surfaces in contact
with the inert salt are fabricated of INOR-8. A detailed description of
the components in the inert salt system as developed by Oak Ridge National
Laboratory is included in the Appendix.

The activation products of the inert salt are biologically harmful, requir-
ing a shield to attenuate radiation from the salt systems during operation.
The superheaters, reheaters, pumps and piping are therefore enclosed in a
shielded area with a wall of ordinary concrete 4 feet thick. This wall
also forms a secondary shield around the reactor building, as shown on the
general arrangement drawings. The inert salt system is located below the:
main floor of the building in order to allow the use of the main floor as
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.a top shield. Removable sections of concrete are provided in the main

floor to allow access to the reheaters, superheaters and other components
when required for maintenance, inspection or repair.

Electrical strip heaters are located beneath the insulation of all salt-
bearing components and piping, as described in the previous section.

Drain tanks, with sufficient capacity for two inert salt loops, are located
within the secondary shield. The drain system consists of two INOR-8
tanks, with electrical strip heaters to maintain the salt in a molten con-
dition, and a total capacity of 1400 ft3. The necessary piping and valves
are provided for pumping the salt to or from the drain tanks under pressure
from helium gas, as described in Appendix A. Since it is not anticipated
that emergency drainage will be required, the tanks need not be located

for gravity drainage, and need not be kept in a preheated condition.

The design of the salt processing and purification system was not included
in the present study.

Steam System

The source of steam in the indirect power cycle is the Loeffler boiler,
four of which are provided as shown on the flow diagram, Exhibit 10, These
boilers generate steam by direct contact between the steam from the super-
heateérs and the feed water from the turbine cycle. Four steam compressors
circulate the saturated steam from the boilers through the superheaters of
the inert salt system, providing steam at 2400 psia, 1000 F at the turbine
throttle and at the superheated steam inlet of the Loeffler boilers.

For purposes of categorization, the Loeffler boilers, steam circulators,
main turbine, main condensers, feed-water heaters, circulating water system
and associated piping and pumps are considered to comprise the steam system.
The steam feed water and circulating water conditions and piping sizes are
shown on Exhibit 10. A summary of the operating characteristics of the
steam system appears in Table IV.

The Loeffler boilers consist of four cylindrical drums with an inside dia-
meter of about 72 inches, with distribution pipes for superheated steam
and feed water located on the vertical centerline and below the horizontal
centerline of each drum. Conventional cyclone steam separators, located
somewhat above the horizontal center line and arranged in four parallel

_rows'along the inside of the drum, separate the steam from the boiling

water. A system of scrubber type steam driers occupies the upper part of

‘the drum. In operation, superheated steam and feed water are mixed as they

leave the two distribution pipes and boiling occurs. The boiling water is
guided by internal baffles through the cyclone separators where the water
is removed by centrifugal force, Steam and a small amount of moisture flow

- through the scrubbers, where the steam is dried to approximately 99.7%

quality. The drums are fabricated of carbon steel and are designed for a
pressure of 2625 psia. A wall thickness of 7 inches is required for an
inside diameter of 72 inches and a temperature of 650 F, Each drum is about
100 feet in length and has hemiellipsoidal heads.
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The steam circulators are single-stage axial compressors suitable for a
steam flow of 5.27 x 105 1b/hr at a discharge pressure of 2480 psia. The
circulators are driven by steam turbines, using steam from the cold reheat
lines of the main turbine-generator. At design conditions, each circu-
lator requires a power input of 4750 BHP. Steam from the turbines is
returned to the cycle through the feed-water heaters. One circulator has
a motor drive suitable for full flow at design pressure to be used during
start-up and shutdown. An oil-fired package boiler, designed for a satur-
ated steam flow of 50,000 1b/hr at 300 psia, is provided for startup
purposes,

The system is designed to operate as four 1/4 capacity units; each unit
consists of one Loeffler boiler, one steam circulator and four superheaters.
Valves are located according to this philospphy. Interconnections between
various units are not provided except at the inlet to the boilers and the
discharge from the superheaters.

. TABLE IV
Characteristics Of Loeffler Boileér Steam System

Gross Power Output, Mwe 1,000
Throttle Steam Pressure/Temperature, psia/F 2,400/1,000
Throttle Steam Flow, 1 106 1b/br < 6.884
Number of Loeffler Boilers ' 4
Conditions for Loeffler Boilers, total .

Superheated Steam Press./Temp., psia/F 2,400/1,000

Inlet Superheated Steam Flow, 106 1b/hr 14,20

Outlet Saturated Steam Press./Temp., psia/F 2,400/636

Saturated Steam Flow Rate, 108 1b/hr 21.08

Feed Water Press./Temp., psia/F 2,450/545

Feed Water Flow Rate, 106 lb/hr 6.884
No. Steam Circulators V 4
Power Required by Circulators, total BHP 19,000

The condensate passes through 8 stages of feed-water heating to provide
feed water to the boilers at 2500 psia, 545 F.

The steam turbine consists of a..cross compound,_six-flow reheat unit,

with 40 inch exhaust blades, a 3600 rpm high pressure unit _and 1800 rpm

low pressure unit., At a throttle steam flow of 6.882 x 10° 1b/hr, and a
condenser pressure of 1 5"‘Hg., the turbine'output is 1000 Mwe.

A separate condenser is provided for each low pressure casing. The overall
surface area is 670,530 ft2 , with a tube length of 50 feet. Admiralty metal
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is used for the 1" x 18 BWG tubes. Condensate flows at a rate of 4.253 x
106 1b/hr to six 1/6 capacity horizontal condensate pumps, each equipped
with a 400 horsepower motor, and is discharged at 297 psia to the feed-
water heaters. Flow control is performed by valves, Three parallel
strings of heaters are required. The six low pressure units (A and B)

are located in the condenser neck. Heater drains are pumped from heaters
A and C. The two deaerating heaters are located on the roof of the turbine
building.

The feed water is pumped by three horizontal centrifugal turbine driven
pumps, each capable of handling 1/3 of the total flow. Each turbine delivers
10,000 horsepower at rated flow and pressure. A motor-driven pump is pro-
vided for startup,. This pump is designed to deliver normal flow at 1/3
normal discharge pressure, and is driven by a 3500 horsepower motor. The
condensate and feed-water piping is fabricated from seamless carbon steel
pipe, ASTM Al106, Grade B, in accordance with the ASA Code for Pressure
Piping B31l.1, Section 1, using water velocities ranging from 3 fps to

10 fps. The main steam piping consists of a pair of 21-1/2 inch 0.D. x
3.12 inch wall hollow forged pipe, designed for 2520 psia and 1000 F at a
steam velocity of 15,000 fpm, The pipe material is ASTM A335, Grade Pll.

Valves are provided in accordance with normal steam power plant practice,.

Feed-water storage is provided by two 100,000 gallon tanks, located to the
northwest of the building.

Cooling water for the condensers is pumped from the crib house by six 1/6
capacity vertical circulating water pumps, each of which has a capacity of
119,300 gpm and a 1250 horsepower motor drive. The water flows to the con=-
densers through six 78 inch steel pipes and, after leaving the condenser,
is discharged through a concrete tunnel to a seal well, from where it flows
to the river through a discharge flume. The total circulating water flow
is 715,800 gpm, requiring seven 10 foot traveling screens and a stop log
and bar grille system at the crib house.

The crib house is an outdoor structure built to accommodate the circulating
water pumps and screens, the ‘service water pumps, fire pump, screen wash
pumps and chlorination equipment.

Electrical Systems

At design steam flow and a condenser pressure of 1.5 inches HgA, the tur-
bine generator produces a gross power output of 1000 Mwe.. The power output
is assumed to be generated on a 55-45 basis by the high pressure and low -
pressure turbines, respectively, each of which drives a 24 kv generator
with a liquid cooled stator and gas cooled rotor. The plant auxiliaries
are supplied by a pair of auxiliary power transformers which are connected
to the high pressure turbine-generator leads. :

Excitation for the generators is provided by a pair of motor-driven exciters,
a separate exciter being supplied for each generator. A motor-driven reserve
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exciter, equal in capacity to the larger of the two normal exciters, serves
as a standby unit to provide excitation if either of the normal excitation
systems fails. Isolated phase bus duct, of a 24 kv design and forced air
cooled, connects each of the two generators to individual power transfor-
mers, where the generator voltage is stepped up to 345 kv for transmission
through the station switchyard. The bus for the high pressure turbine is
capable of carrying 15,000 amperes, while that for the low pressure turbine
is rated at 13,000 amperes. The taps to the two auxiliary power transfor-
mers consist of 1200 ampere, 24 kv isolated phase bus. The two main power
transformers are type FOA, with a voltage ratio of 24-345 kv, and power
ratings of 476 and 532 Mva.

The plant auxiliaries have a maximum coincidental loading of 41,000 kw;
this power combined with the losses in the station transformers results in
a net station output of 955 Mwe.

Auxiliary power is normally supplied at 4160 volts by a pair of auxiliary
power transformers, each of which is a type OA/FA, 24-4.16 kv unit with a
maximum fan-cooled rating of 25 Mva. A reserve auxiliary transformer,
equal in capacity to one of the two unit auxiliary transformers, and fed
from the switchyard bus, serves as a standby unit in the event of failure
of either of the two unit auxiliary transformers.

Each auxiliary transformer feeds two sections of 4160 volt metal enclosed
indoor type switchgear, with 2,000 ampere main air circuit breakers and
1200 ampere feeder air circuit breakers, all of which have a fault inter-
rupting capability of 350 Mva., The loads fed at 4160 volts include all
motors rated at 150 horsepower or more, and the auxiliary power transform-
ers required for station lighting, 480 volt auxiliaries, and the fuel
melting and preheating system.

The 480 volt auxiliaries are fed from two double ended sections of switch-
gear, with each section split into two buses. A tie circuit breaker auto-
matically closes to pick up selected auxiliaries on either bus should its
power supply fail. One set of switchgear feeds the reactor plant auxil-
iaries, and is supplied from two 500 kva dry type transformers. The second
set handles the turbine plant auxiliary load through a pair of 1250 kva
transformers. All transformers are throat connected to the switchgear and
are located indoors. '

Two 1250 kva transformers are also provided for the fuel preheating and
melting systems, whose maximum power demand is approximately 2000 kw.
These systems are supplied from a sectionalized 480 volt bus, with a tie
circuit breaker between sections,-

All auxiliary feeder cables consist of ozone resistént rubber insulated
cable,

Smaller auxiliaries, of 30 horsepower or less, and those whose continuous
operation is not considered vital to station operation, are fed from motor
control centers in the vicinity of the load. Two 15 kva 480~120 volt trans~
formers supply a 115 volt a-c control and instrumentation bus for each unit.
An emergency supply to this bus is provided from a 15 kva inverter motor-
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generator set which is driven by the unit 250 volt battery.

One 250 volt battery and distribution center is provided. The 250 volt
bus supplies the emergency equipment, emergency lighting and the various
d-c control devices.

A 277 volt fluorescent lighting system is used for general lighting in the
plant buildings. Mercury vapor lights are used at the turbine room main
floor. A 10 kva 480-120 volt transformer in the lighting distribution
cubicle supplies convenience outlets, door lights and other 120 volt
lighting systems. The emergency lighting system uses 125 volt d-c incan-
descent lamps to provide minimum illumination levels in strategic areas in
the event of failure of the normal lighting system,

Plant Auxiliary Systems

The plant auxiliaries include the following:

a) Service Water System

b) Shield Cooling System

c) Control and Station Air Systems
d) Cranes and Hoists

e) Instrumentation and Control

f) Plant Utilities

A summary of the characteristics of these systems is presented below.
Service Water System

The service water system supplies river water for cooling purposes through-
out the plant, including the reactor auxiliaries and the turbine plant
components. Information necessary to determine the requirements of the
reactor plant was not developed in this investigation, and the estimate of
the service water system was based on that provided for the aqueous homo-
geneous power reactor plant as reported in SL-~1875.

The service water is supplied by three 15,000 gpm, half-capacity, vertical
centrifugal pumps. Each pump is driven by a 1250 horsepower motor, and is
located in the circulating water intake structure. During normal operation
two pumps supply the system with water at 100 psig, with the third pump
employed as a standby. The main piping delivering service water to the
plant is a 36 inch plate pipe with a 1/2 inch wall.

The service water pumps discharge into two twin basket backwashing type
strainers. Conventional materials are used throughout the system on all
pumps, plping and strainers. Prior to use in the plant, the service water
is chlorinated.
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Shield Cooling System

The design of the shield cooling system is based on removing 1.5% of the
reactor thermal power from the primary shield, using water cooled coils
imbedded in the shield. Demineralized water is pumped through the coils
and the tube side of a shell and tube heat exchanger, where the heat
Picked up in the shield is transferred to service water.

Assuming a temperature rise in the coils of 55 F above a 125 F minimum, a
flow of 4650 gpm is required to remove 37.5 Mw of heat. A 3,000 gallon
demineralized water storage tank is provided, and three half~capacity pumps,
each rated at 2500 gpm at a developed head of 100 feet. The pumps are driven
by 75 horsepower motors.

To cool the demineralized water, it is passed through the tubes of a two-
pass heat exchanger, where the heat is transferred to service water. The
heat exchanger has a heat transfer area of 7760 ft2, made up of 563 tubes
per pass, at a tube length of 35 feet.

Control and Station Air Systems

The compressed air system for the plant consists of separate, interconnected
air supplies for the station and for control purposes. The station air
system consists of a system of supply to hose valves for operating and main-
tenance requirements throughout the station. Control air is used primarily
for instrument transmitters and air operated valves. The two air systems
are cross connected so that compressed air may be supplied to the control
air system in event of a compressor failure.

" The control air system of the plant supplies air operated control devices
at a header pressure of 115 psia and is reduced to 55 psia and 45 psia for
supply to various drive units and instrument transmitters.

Control air is supplied by two single stage compressors rated at 250 cfm
each at 115 psia which discharge through aftercoolers into two 34 ft3 air
receivers. Air from the receivers passes through a dryer and a bank of
filters insuring a clean, dry air supply to instrument transmitters and con-
trol devices.

The station air system supplies 165 psia air for distribution throughout

the plant, terminating at hose connections, Station air is supplied by two

single stage compressors rated at 200 cfm each and 165 psia, discharging

through an aftercooler into two 34 ft3,air receivers. The use of two

~ separate compressors and receivers for both the station air and control air
systems 1s intended to allow for a more independent operation and flexi-

bility in a plant of this size.

‘A detailed analysis of the control air and station air requirements has
not been performed for this study. The systems and equipment described
herein form an adequate basis for cost estimating purposes.
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Cranes and Hoists

A single traveling bridge crane serves the reactor, mercury and steam
turbine buildings. Its lifting capacity is based on handling the rotor

of the low pressure steam turbine-generator, which requires about 150 toms.
The bridge span is 130 feet, and the crane lift is sufficient to reach

. the lowest portion of the building. All heavy equipment coming into the

building by rail may be handled by the crame., Its capacity is sufficient
to allow removal of all components within the reactor primary shield except
the reactor.

Instrumentation and Control

The requirements for instrumentation and control of the turbine systems
are similar to those which would exist for turbine systems of a convention-
ally fueled power plant. Sensing devices, transmitters, controllers and
actuators are necessary to control the levels, flow rates, pressures and
temperatures of the steam and feed water systems and to provide safe, con-
tinuous operation of these systems at a rate which is required to meet the
load demand during normal operation. In addition, controls, instrumenta-
tion and alarm systems are required for startup, shutdown and unusual
operating conditions.

Instrumentation for the reactor system functions to monitor the reactor
neutron flux and primary system pressure, temperature, level and flow rates,
and to provide control and alarm signals to actuate the appropriate device
or call for operator action when changes occur in the measured quantities,
through either changes in load or malfunction of system components.

Control and instrumentation panels are located in the control room, for con-
venience of reading, recording and operating the most important quantities
and components. Other auxiliary control panels or isolated instruments

may be located at appropriate places in the plant; area radiation monitors,
alarm or warning signals, hydrogen and seal oil controls for the generators,
etc, '

Information of a detailed nature, sufficient to estimate the cost of instru-~
mentation and control systems for the plant, has not been developed in the
present study. The cost estimate for these systems is derived from esti-
mates 'of instrumentation and control costs for other plants with similar
requirements.,

Plant Utilities

"The plant utilities include those systems that are provided for monitoring
“plant equipment, disposing of nonradioactive wastes, safety of personnel,

protection of equipment and for heating, ventilating and air conditioning
the plant buildings. These systems do not differ appreciably from those
provided for conventional plants, and are therefore not developed in detail.
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Buildings and Site

Plans and sections of the plant buildings are shown on the general arrange-
ment drawings, Exhibits 12, 13 and 14, and the property plat, Exhibit 11.

The reactor building and turbine building are adjacent to each other, the
secondary shield wall forming a separation between the two from the grade
floor to the main floor. The buildings are two-level structures with the
grade floor of the turbine and reactor buildings at an elevation of one
foot above grade, and the main floor at 36 feet above grade. The secondary
shield wall extends to the height of the main floor and forms the walls of
the lower part of the reactor and auxiliary building.

The steam turbine building and the upper level of the reactor and auxiliary
buildings is a steel frame structure, with insulated metal panel siding.
The arrangement of the equipment within the buildings is indicated on the
general arrangement drawings.

A three-level steel frame and insulated metal panel structure adjoining
the turbine building houses the administrative offices, control room,
switchgear, batteries, plant heating boiler and makeup water demineraliza-
tion plant. Lockers, showers and toilets for plant personnel are also .
located in thig building.

A 200 foot waste gas stack is provided for dispersal of plant ventilating
air and waste gases from the various reactor and reactor equipment rooms.

The site conditions assumed for this plant design are those specified in
recent Atomié: Energy Commission design studies. The 1200 acre grass-
covered site has level terrain and is located on the bank of a river.
Grade level of the site is 40 feet above the river low water level and

20 feet above the high water level. An adequate source of raw water flow
for the ultimate station capacity is assumed to be provided by the river
with an average maximum temperature of 75 F and an average minimum temper-
ature of 40 F,

Soil profiles for the site assume alluvial soil and rock fill to a depth of

8 feet, Brassfield limestone to a depth of 30 feet, blue weathered shale

and fossiliferous Richmond limestone to a depth of 50 feet and bedrock over }
a depth of 50 feet. Allowable soil bearing is assumed to. be 6000 psf and -

i'rock'bearing characteristics are assumed to be 18,000 psf and 15,000 psf

for the Brassfield and Richmond strata, respectively,

throughout the year for boats with drafts of up to six feet. A main line
railroad is 5 miles distant from the plant and a spur track interconnection
with this rail line is incorporated in the design.
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IV. CAPITAL COST ESTIMATE

The capital investment required for the three concepts which are considered
in this report has been estimated on the basis of preliminary designs and
material quantities prepared by Oak Ridge National Laboratory and Sargent
& Lundy. The heat cycles and estimating data for the primary and inter-
mediate system components were prepared by Oak Ridge National Laboratory,
and are described in Appendix A. Sargent & Lundy prepared the design of
the turbine plant and the cost estimate, using accounting procedures
specified by the U. S. Atomic Energy Commission in the Nuclear Power Plant
Cost Evaluation Handbook.

The estimate does: not include the reactor, primary system pumps nor any’
of the reactor auxiliaries, but does include all systems necessary to con-
vert the reactor heat into electrical power. The indirect costs, which
are derived as a percentage of total direct cost when using the procedures
prescribed by the Cost Evaluation Handbook are omitted in this study, since
the total direct cost of the plant is not known. Therefore, the estimated
investment, which is summarized in Exhibit 15, includes only the direct
cost of material and labor to erect the power generating system and the
associated buildings and structures.

" The details of the cost estimate for each concept are presented in Exhibits

16, 17 and 18.
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