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FOREWORD

This report contains information originating in four studies initiated in 1958 by the Division
of Reactor Development, U. S. Atomic Energy Commission, to assess the feasibility of power
generation through the use of certain types of nuclear reactors. On the back of this page are
listed the original reports of these studies, which were published in July 1959; the list below
includes additional studies and supplements to the original study reports. All the reports are
available from the Office of Technical Services, Department of Commerce, Washington 25,
D. C., at the prices indicated.

TID-8500 BOILING WATER REACTOR STUDY, Ebasco Services Incorporated and General
Electric Company.

Part 1 (Supplement)-Refinements of 306 MW Power Reactor Conceptual Design
(previously available as IDO-24030, Appendix 1), price $0.50.

Part 2 (Supplement)-Separate Studies (previously available as IDO-24030 Sepa-
rate Studies 1R through 6R), price $1.00.

Part 4- 100 MW Boiling Water Reactor Conceptual Design (pre-
viously available as IDO-24032), price $1.00.

TID-8501 ORGANIC COOLED REACTOR STUDY, Bechtel Corporation and Atomics Interna-
tional.

Part 2 (Supplement)-300 MW Power Plant Conceptual Design, Supplementary
Studies (previously available as BCPI-1 Phase I Report,
Supplement No. 2), price $2.75.

TID-8502 ADVANCED PRESSURIZED WATER REACTOR STUDY, Stone and Webster
Engineering Corporation and Combustion Engineering, Inc.

Part 1 (Supplement)-Phase fl-A Report (previously available as SW-1, Phase
fl-A Report, and SW-1, Phase fl-A Report, Addendum 1),
price $2.50.

TID-8503 HEAVY WATER MODERATED POWER REACTOR PLANT, Sargent & Lundy,
Engineers, and Nuclear Development Corporation of America.

Part 3- Design Study (previously available as SL-1653, Part 3),
price $4.50.

Part 4- Design Study (previously available as SL-1661, Summary,
Parts 1-3), price $1.00.



REACTOR DESIGN STUDY REPORTS

TID-8500 BOILING WATER REACTOR STUDY (Parts 1-3), Ebasco Services Incorporated
and General Electric Company, April 1959, price $5.25

Part 1-306 MW Power Reactor Conceptual Design (previously available as
IDO-24030, Vols. 1 and 2).

Part 2-Separate Studies (previously available as IDO-24030, Separate Studies 1
through 10).

Part 3-306 MW Coal-fired Installation (previously available as IDO-24031).

TID-8501 ORGANIC COOLED REACTOR STUDY (Parts 1-5), Bechtel Corporation and Atom-
ics International, April 1959, price $15.00

Part 1 -Summary of Study (previously available as BCPI-1, Vol. 1).
Part 2-300 MW Power Plant Conceptual Design (previously available as BCPI-1,

Vol. 2).
Part 3-Reactor Concept Evaluation (previously available as BCPI-1, Vol. 3).
Part 4-75 MW Power Plant Conceptual Design (previously available as BCPI-1,

Vol. 4).
Part 5-300 MW Coal-fired Power Plant Comparison Study (previously available

as BCPI-1).

TID-8502 ADVANCED PRESSURIZED WATER REACTOR STUDY (Parts 1-3), Stone and
Webster Engineering Corporation and Combustion Engineering, Inc., April 1959,
price $10.75

Part 1-Phase I Report (previously available as SW-1, Vol. 1).
Part 2-Appendixes to Phase I Report (previously available as SW-1, Vol. 2).
Part 3-235 MW Coal-fired Generating Plant (previously available as SW-1).

TID-8503 HEAVY WATER MODERATED POWER REACTOR PLANT (Parts 1 and 2), Sar-
gent & Lundy, Engineers, and Nuclear Development Corporation of America,
January 1959, price $11.25

Part 1-Design Study (previously available as SL-1565, Vols. 1-3 and Addendum 1).
Part 2-Preliminary Design of the Prototype Plant (previously available as SL-

1581, Vols. 1-3).

TID-8504 AEC SUMMARY AND EVALUATION REPORT OF FOUR POWER REACTOR DE-
SIGN STUDIES, Division of Reactor Development, U. S. Atomic Energy Commission,
May 1959, price $0.60 cents
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I - INTRODUCTION

A - AUTHORIZATION

This report sets forth the results of a study of a 100-mw dual cycle,

boiling water reactor, nuclear power plant in accordance with contract

AT(10-1)-1010 dated December 8, 1958 and Modification No. 1 effective

March 12, 1959 between the United States Atomic Energy Commission and

Ebasco Services Incorporated of New York. The Atomic Power Equip-

ment Department of General Electric Company, San Jose, California,

participated in this boiling water reactor study under a subcontract with

Ebasco Services Incorporated.

B - OBJECTIVE

The objective of this study is to determine the capital and energy costs

of a 100-mw dual cycle, boiling water reactor and associated complete

electrical generating plant consistent with a schedule calling for start of

construction in July 1960.

C - CONDITIONS

The following are the principal conditions prescribed by the United

States Atomic Energy Commission which established the ground rules

for the study:

1) A hypothetical site is provided in Massachusetts, located on

a navigable river which can be used as a source of condensing

water and for water-borne delivery of equipment.

2) The plant is to be operated as a base load plant with an

assumed annual load factor of 80 per cent.

3) A plant life of 30 years is assumed for design purposes.

4) Fixed soil, meteorological and terrain conditions are speci-

fied as a basis for engineering design and safeguards con-

siderations.

5) Established AEC prices and charges are used for uranium,

plutonium credit and chemical processing.
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6) Fixed assumptions regarding the basis of calculating the

plant economics are specified. They include annual fixed

charge rate, interest on construction, escalation, and the

basis for the computation of indirect costs, working capital

and start-up costs.

The results reported herein are predicated on the ground rules used,

and are based on current technology. Any change in these ground rules

or technology could alter the conclusions of this study.

D - SCOPE

This report includes a presentation of:

1) Conceptual design criteria.

2) Capital cost estimates.

3) Energy cost estimates including fuel cycle cost estimates.

4) Time schedule and cost estimates for completion of design

and construction.

5) Variations in cost as a function of unit size for the dual cycle

boiling water reactor type of power plant.

6) Operating characteristics and safety aspects of the plant.
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II - CONCLUSIONS

It is concluded that, within the limitation of the conditions set forth

as the basis for the study, the 100 mw BWR power plant has the following

characteristics and estimated performance.

A - SIZE

The 100 mw BWR unit has an estimated maximum gross capability

of 105 mw and a net capability of 100 mw.

B - A DUAL-CYCLE PLANT

The unit is a dual-cycle, forced-circulation boiling water reactor,

utilizing a single reactor and a single, tandem-compound, two-flow, tur-

bine generator.

C - CAPITAL COSTS

Total capital costs (including engineering and construction, interest

during construction, start-up costs and working capital) are estimated to

be $42,001,000 at 1959 cost levels or $420 per net kw. Escalated to com-

pletion of construction in 1963, the total capital costs are estimated to be

$ 45,931,000 or $ 459 per net kw.

D - ENERGY COSTS

At 1959 cost levels, the plant is estimated to produce electrical

energy at a total cost of 12.47 mills per net kwh including fixed charges,

operation and maintenance costs and nuclear fuel costs. Escalated to date

of completing construction in 1963, the plant is estimated to produce energy

at a total cost of 13.38 mills per net kwh. These energy costs are based on

an 80 per cent annual load factor and equilibrium fuel costs which are ex-

pected seven (7) years after initial operation.

E - ANNUAL FIXED CHARGES

Based on the total capital cost at 1959 cost levels, as shown in para-

graph C above, the 14 per cent annual fixed charge rate, the capital con-

tribution to energy cost amounts to 8.41 mills per net kwh. Escalated to

date of completing construction in 1963 the capital contribution to energy

cost amounts to 9.18 mills per net kwh.



11-2

F - OPERATING AND MAINTENANCE COSTS

Annual operating and maintenance costs for the plant at 1959 cost

levels are estimated to be $ 1,129,000 or 1,61 mills per net kwh. Esca-

lated to date of completion of construction in 1963, annual operating and

maintenance costs are estimated at $ 1,158,000 or 1.66 mills per net kwh.

G - FUEL CYCLE COSTS

At 1959 cost levels, the annual net fuel cycle costs for the plant are

expected to be $ 1,717,000 or 2.45 mills per net kwh after the equilibrium

fuel cycle has been established, which is estimated to be approximately

seven (7) years after start-up. Escalated to date of completing construc-

tion in 1963, these costs are expected to be $ 1,780,000 or 2.54 mills per

net kwh. At the time of start-up, the net fuel cycle costs, at 1959 price

levels, are estimated to be 3.26 mills per net kwh.

H - DESIGN-CONSTRUCTION SCHEDULE

For start of construction in July 1960, Title I engineering design and

research and development must be initiated by October 1959. On this

schedule, it is estimated that initial criticality will be reached by June

1963 and that full power operation will be achieved from six (6) months

to two (2) years later. The schedule for design and construction is shown

in Section IV, Figures IV-1 and IV-2.

I - RESEARCH AND DEVELOPMENT

A research and development program, considered essential to achieve-

ment of expected performance, is recommended to be undertaken during

the course of design engineering and construction,
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III - DESCRIPTION OF INSTALLATION

A - SITE ARRANGEMENT AND STRUCTURES

1 - Site Arrangement

The orientation of the 100-mw BWR plant and facilities on the refer-

ence site is shown on Drawing No. 101-U-101. Plant elevation is somewhat

above the high-water level. The plant is located close to the river to re-

duce length of circulating water conduits to a minimum.

2 - Buildings and Structures

The architectural treatment used throughout the plant stresses func-

tional design for lowest cost compatible with sound construction methods.

Plans and general arrangements provide a simple compact arrangement

of equipment; space has been carefully analyzed for maximum utilization.

The reactor enclosure consists of a carbon steel sphere, 160 feet in

diameter, which houses the reactor and auxiliary equipment, the second-

ary steam generators, and the fuel handling and fuel storage facilities.

Since the principal purpose of the reactor enclosure is to assure the con-

finement of any significant quantity of radioactive vapor that might be re-

leased to the enclosure in the event of a serious accident, it is designed

and tested to assure that the leakage rate does not exceed acceptable

values. The sphere is insulated externally to minimize heat transfer and to

avoid moisture condensation on the steel shell.

Structural supports for the reactor, its associated circulating water

system and most of the other structures within the carbon steel spherical

enclosure are of concrete.

Two bridge cranes are provided in the reactor enclosure. One, of 40

tons, is used principally for handling the top shield plug and reactor ves-

sel cover, the fuel shipping casks, and the other heavy lifts. The other,

of 5 tons, is used principally for handling fuel and control rods.

Appropriate isolation provisions are provided for all access doors

or lines penetrating the enclosure. A post-incident cooling system is pro-

vided to assure the prompt reduction of enclosure pressure following a

reactor incident and to assure that the enclosure pressure does not rise

significantly due to subsequent radioactive decay heat.
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The radioactive waste disposal building is located primarily below

grade, at the east side of the turbine -generator building, adjacent to the

reactor enclosure. It houses the radioactive waste collection, neutraliz-

ing, and concentrating equipment. Necessary waste holdup and storage

tanks are located directly east of the waste building, adjacent to a 275-foot

high gaseous waste stack.

The turbine building contains the turbine-generator, main condenser,

reactor feed pumps, feedwater heaters, related main power loop equip-

ment and most of the auxiliary station equipment. Walls are of standard

conventional reinforced concrete with thickness as required for biological

shielding or loading conditions. The mezzanine floor is of reinforced

concrete, where required for shielding, or of grating floors on steel frame-

work.

The weatherproofed turbine -generator unit is mounted on a pedestal

at the roof level of the turbine building. The operating deck areas con-

sidered essential for equipment handling and turbine-generator mainte-

nance consist of a reinforced structural slab. Other deck areas are treated

as normal building roof areas.

Equipment hatches in the turbine building and machine shop roofs fa-

cilitate the use of the 40-ton gantry crane which spans the turbine-gen-

erator unit.

The machine shop building includes a regulated machine shop for work

on equipment which may need decontamination and an unregulated machine

shop. The ground floor area also houses the diesel generator, heating

boiler and air compressors.

In addition to the control room and general offices, the administration

building contains the necessary locker and change rooms, lunchroom,

laboratories, instrument shop, record storage, service and equipment

rooms. The control room is located under the generator end of the turbine-

generator operating and maintenance deck which provides necessary shield-

ing to the control room against radioactivity from the turbine.

The circulating water intake and discharge structures, guardhouse,

warehouse, hydrogen and CO2 building are of conventional construction.
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B - PLANT PERFORMANCE

The performance of this 100-mw dual cycle reactor plant is predicated

on the basis of starting of construction by July 1960. It is assumed that

a limited amount of research and development is required in order to

achieve the predicted plant performances as given in this section of the

report.

Figure III-1 shows preliminary heat balance for the 100-mw BWR unit.

The balance indicates thermal performance on both a gross and net basis.

The following list represents probable values of plant performance and

design data for the maximum capability operating condition:

1 - Rated Conditions

Reactor thermal power mwt 340

Electrical capability:

Gross mw 105

Net mw 100

Primary steam (at turbine)

Flow million lb/hr 0.978

Pressure psia 965

Temperature F 540

Secondary steam (at turbine)

Flow million lb/hr 0.312

Pressure psia 457

Temperature F 458

Core coolant flow million lb/hr 12.2

Reactor internal pressure psia 1015

Reactor outlet steam (saturated)

Pressure psia 990

Temperature F 543.4

Feedwater return temperature F 325.5

Core inlet subcooling Btu/lb 45.9

2 - Reactor Performance and Design Data

a - Fuel and Core Assembly

Fuel material UO2

Clad material Zircaloy-2
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a - Fuel and Core Assembly (Cont'd)

Initial enrichment

Weight of UO2 in core

Moderator to fuel volume
ratio (nominal with
moderator volume dis -
placers)

Clad outside diameter
(nominal)

Clad thickness

Number of segments per
fuel rod (initial load)

Type of assembly tie plates
and spacers

Fuel rod pitch (square array)

Number of fuel rod positions
per assembly

Number of fuel assemblies

Fuel rods removed for:

Rupture detectors (one
per selected fuel
assembly

In-core flux monitors

(selectively)

Start-up source

Total number of fuel rods

Weight of fuel assembly

Active zone length

Active fuel length

Over-all length of fuel
assembly

Circumscribed core
diameter

Equivalent core diameter

Equivalent reflector
thickne s s

Thermal shield thickness

Fuel assembly channels:

Material (initial loading)

Material (after initial

fuel cycle)

Number

Inside width (square)

% U-235

lb

2.13

49,400

2.5

in.

in.

0.45

0.024

4

in.

Rectangular grid

0.645

196

57

49

32

1

11,090

1,200

101

96

lb

in.

in.

in.

in.

in.

in.

in.

118

95

85

7

3

Stainless Steel

Zircaloy-2

57

9.07in.
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a - Fuel and Core Assembly (Cont'd)

Control elements:

Material (initially)

Number

Pitch (square array)

Shape

Width

Thickness

Active length

Stroke length

Time for scram
(elements fully in-
serted and locked)

Control rod followers (vol-
ume displacers):

Material

Number

Shape

Width

Thickness

Length (from active
control element
material)

Internal flux monitors:

Number

Number per channel

Number of channels

Boron-
Stainless Steel

40

10

Cross

8.0

0.375

93

96

in.

in.

in.

in.

in.

sec 3

Zircaloy-2

24

Cross

8.0

0.375

in.

in.

in. 66

32

4

8

b - Reactor Vessel

Inside diameter ft -in.

Inside length (approximate) ft

Thickness in.

Shipping weight tons

c - Alternate Shutdown System

Poison material

Minimum boron concentration
in active core (when
diffused)

9-1

38

4.25

103

Sodium Pentaborate

atoms/cc 5 x 1019
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d - Heat Transfer

Fraction of reactor power
generated in fuel

Minimum effective heat
transfer area(initial load)

Average core power
density (active zone
volume)

Heat flux - average

Design transient values:

Minimum burnout factor

Maximum fuel tempera-
ture '

Maximum fuel-clad tem-
pe rature

Inside

Outside

Average clad temperature

Average fuel temperature

0.96

sq ft

kw/liter

Btu/hr-sq ft

F

F

F

F

F

10,300

36

108,400

1.5

4,950

700

590

570

1, 130

e - Coolant Flow Data

Core inlet velocity (average)

Core exit velocity (max)

Exit steam weight fraction:

Average (rated con-
ditions)

Average exit steam volume
fraction

Average steam volume frac-
tion (total moderator)

Net core pressure drop

Fuel assembly flow area

(each)

Hydraulic diameter

Ratio of flow volume to total
moderator volume

ft / sec

ft/ sec

psi

sq in.

in.

3.5

14

0.08

0.53

0.18

4.0

51.5

0.661

0.85

* Defined as the minimum quotient of burnout heat flux divided by actual
heat flux under the worst combination of design conditions. Includes
allowances for the effects of: maldistribution of flow in the fuel as-
sembly; power density peaking; and transient overpower.

Based on UO2 thermal conductivity of 1.0 Btu/hr-ft-F.



f - Physics

Fuel irradiation level at dis -
charge (average for batch
equilibrium fuel cycle)

Enrichment

Initial

Discharge

Discharge Pu concentration

Control strength (initial
start-up):

K eff ( cold, clean, 2.13
a/o U-235 enrichment)

Shutdown margin

Required control
capacity

Control elements (Boron-
Stainless Steel)

Temporary poison

Available control
capacity

Control strength of alternate
shutdown system:

Minimum (when diffused)

3 - Power Plant Performance

MWD/T -U

a/o

a/o

a/o

U-235

U-235

Pu

Ak

Lk

Ak

Lk

Ak

Ak

and Design Data

a - Primary Steam Drum

Pressure psia

b - Secondary Steam Generators

Numbe r

Type

Secondary steam pressure

2

"U" vertical tube
single shell

500psia

c - Turbine

Type

Speed

Gross capability (at 1.50 in.
Hg absolute with 0.5 per
cent make-up)

Auxiliary power

Net plant capability

single -shaft, tandem-compound
two-flow, dual admission

rpm 3,600

kw

kw

kw

10 5, 000

5,000

100,000

IiI-7

15,000

2.13

0.83

0.61

0.28

0.03

0.31

0.24

0.07

0.31

0.31

990
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d - Generator

Type

Speed

Rated capacity (at 0.85 power
factor 0.64 short circuit
ratio and at 30-psig H2 )

conventional hydrogen cooled

rpm 3,600

kva 124,000

e - Condenser

Type

Total condensing surface

Design pressure

Design steam flow

Cooling water temperature
(average)

Tube cleanliness factor

Circulating water flow

Horizontal, two

sq ft

in. Hg abs

lb/hr

F

per cent

gal/min

pass

75,000

1.5

822,000

57

85

66,200

* At 100% unit capability and average river water temperature of 57 F.

C - REACTOR AND AUXILIARIES

1 - Summary Description

The reactor system for the 100-mw BWR is a forced circulation dual

cycle, light water cooled and moderated type. Energy is removed from

the reactor core directly by steam which flows to the primary turbine

control valves, and indirectly by extracting heat through a steam gen-

erator from the recirculating reactor water. The pressure in the re-

actor is held constant by the primary turbine control valves. The frac-

tion of the total energy removed through the secondary or low-pressure

system controls the temperature of the water returning to the reactor,

which in turn, determines the reactor output.

The reactor core is contained within a single reactor vessel. The

fuel consists of slightly enriched uranium oxide pellets arranged in rods

which are encased in Zircaloy tubing. The individual fuel rods are grouped

into fuel assemblies. Control rods enter the bottom of the reactor core

and are operated by a hydraulic system located below the reactor vessel.
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High purity water in the reactor system is provided by a condensate

demineralizer through which all feedwater flows, and by a continuous clean-

up demineralizer in the reactor system.

The reactor design includes reliable safeguards to prevent hazardous

incidents, and in the remote event of an incident, to minimize hazard to

plant personnel and to the surrounding area.

2 - Reactor Design Criteria

a - General

The reactor is rated for a thermal power output of 339.7 mwt at a re-

actor pressure of 1015 psia (corresponding to a turbine throttle pressure

of 965 psia), core coolant flow rate of 12.2 x 106 lb/hr and an enthalpy of

subcooling at the core inlet of approximately 46 Btu/lb. The dual cycle

system for which the reactor is designed produces a corresponding net

electrical power of approximately 100 mw.

b - Fuel and Core Materials and Geometry

On the basis of known technology, economy and proven feasibility,

uranium dioxide is used for the fuel material; all structural components

in the active core zone are made of Zircaloy-2 and fuel assembly com-

ponents located outside the active core zone are of stainless steel.

The solid cylinder is used for the basic fuel element geometry be-

cause of its indicated technical and economic superiority and the availa-

bility of developed general designs incorporating it. The fuel rod diameter,

the number of fuel rods and their active length and the moderator to fuel

volume ratio are selected on the basis of economics to give a nearly opti-

mum balance between reactor capital costs and fuel costs. The control

element pitch and fuel assembly size are determined by requirements

for reasonable fineness of control element distribution and considerations

of fuel handling convenience and costs.

c - Fuel Temperature

The core design and size are such that there is reasonable assurance

that the fuel will not melt when operation is at rated conditions (including

appropriate allowances for the effects of maneuvering, power level and

flux distribution, indication errors, and operational transients).
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As the initial fuel loading changes due to fuel consumption and re-

loading, the power density peaking in the core will become less, and as-

surance that melting will not occur at rated conditions will become cor-

respondingly greater.

d - Steam Quality

The design steam quality and void fraction are selected so that the

reactor operates within the limits of: (1) boiling burnout due to excessive

steam formation rates at the fuel element surfaces, and (2) nuclear and

hydraulic stability.

At rated conditions, the average exit steam quality is approximately

8 per cent by weight. The average steam volume fraction in the moderator

is approximately 18 per cent.

The minimum burnout factor is estimated to be no less than 1.5 on

the basis of established boiling burnout design data. (The minimum burn-

out factor is defined as the minimum ratio of heat flux to cause burnout

divided by actual heat flux under the worst combination of operating con-

ditions.) This magnitude is considered to be feasible.

Experimental results, accumulated reactor operating experience and

analytical studies performed for reactors of this type, indicate a high

assurance of stable operation at rated conditions.

e - Heat Flux and Temperature Peaking

The thermal design of the core is based, in part, on a series of de-

sign ''hot spot" or heat flux and temperature difference peaking factors

which express the effects of the power density distribution and the design

allowances for maneuvering, power level and power density indication

errors, and operational transients in numerical form. Similarly, the

thermal hydraulic design parameters are based, in part, on a series of

"hot channel" or fuel assembly power peaking factors which express in

numerical form the effects on flow conditions of power density peaking

and the allowances for transients, maneuvering, and indication errors.

The uncertainties of operational control and knowledge of the power

density distributions, reactor power level, and the thermal effects of

operational transients are held within practical and economic limits by

adequate instrumentation and control equipment together with proper re-

actor operating procedure.
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f - Fuel Cycle Operation and Control Characteristics

The design discharge fuel exposure level is 12,000-MWD/T -U average

for the initial core load and 15,000 MWD/T -U for the equilibrium fuel cycle,

The corresponding initial enrichment to provide these exposure levels is

estimated to be approximately 2.13 atom per cent U-235 for both the initial

load and all replacement fuel.

According to physics calculations the first batch of the initial fuel cycle

is to be discharged at an average exposure level of approximately 10,000

MWD/T -U after about 1-1/2 years of operation. Thereafter, fuel will be

discharged and replaced with fresh fuel at intervals of approximately six

(6) to eight (8) months until the entire first core load has been replaced

at an average discharge fuel exposure of 12,000 MWD/T -U (approximately

four (4) years after start-up).

Nearly complete transition to the equilibrium fuel cycle is estimated

to occur after about seven (7) years of plant operation at rated conditions.

Thereafter, for a discharge fuel exposure of 15,000 MWD/T -U, refueling

will be done at approximately eight (8) month intervals. The size of batch

discharged and replaced each time will be approximately 20 per cent of

the core load (11 fuel assemblies). At each refueling the fuel remaining

in the core will be rearranged to new locations in order to improve the

fuel cycle performance and to aid in the control of flux peaking.

At initial start-up and during operation with the first core load, shut-

down control is provided by the control rods plus a suitable temporary

poison.

The scheme presently considered to supply this temporary poison is

to use stainless steel fuel channels for the first core loading. These

channels would be replaced stepwise with Zircaloy-2 channels at about

six (6) to eight (8) month inte-vals during approximately the first three

(3) years of operation. Thereafter, no further use of temporary poisons

should be required.

3 - Reactor Description

a - Reactor Vessel

The reactor vessel is a cylindrical ASME Boiler Code Vessel de-

signed to contain and support the coolant and major reactor components.
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It is designed to withstand corrosion, erosion, material fatigue and changes

due to radiation during the life of the plant. The top and bottom heads are

spherical with the top head flanged to permit removal for refueling and

the bottom head designed to incorporate the necessary control rod openings.

All nozzles are forged, machined to profile and welded to the vessel.

The flow of primary coolant water and water-steam mixture is directed

along the following path through the reactor vessel and fuel assemblies:

The water entering the vessel through the nozzles in the bottom head passes

into the annular space between the vessel wall and the diffuser basket. It

then flows around the control rod guide tubes and into each fuel assembly

through the orifices in the bottom of the channels. The water passes along

the fuel rods where bulk boiling produces steam. The steam-water mix-

ture leaves the fuel assembly and passes up through the channel extension

to the upper plenum. The turning vane directs the flow into the vessel out-

let nozzles. The water in the space between the fuel assemblies and the

thermal shield is a reflector for the reactor core. A small amount of

water flows into the space between the thermal shield and the vessel wall

for cooling purposes.

b - Reactor Internals

The core, core support plate, upper core grid, core grid support ring,

thermal shield, core support ring and diffuser basket are supported by a

system of stilts. The stilts are welded to the core support ring and thermal

shield and to brackets which in turn are welded to the bottom head of the

vessel.

The thermal shield surrounds the core and has two functions: first,

it supports and locates the core grid and core grid support ring; second,

it attenuates radiation from the core thus reducing the fast neutron dam-

age to the pressure vessel.

Above the core and level with the top of the opening in the outlet noz-

zles is the turning vane which is provided to homogenize the flow of the

steam-water mixture entering the risers.

An internal water seal at the bottom of the thermal shield extension

is held by brackets fastened to the vessel wall.
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c - Core and Fuel Assemblies

The primary requirements which must be satisfied by the design and

configuration are: to provide the necessary cladding and structural sup-

port to the fuel material; to insure proper operation of the control rods

in the core, and to provide for remote refueling and maintenance.

The fuel assemblies fit inside individual fuel channels which are semi-

fixed parts of the core structure. The channels are not removed during re-

fueling but can be removed to gain access to the control rods.

The fuel segments are designed to allow for manufacturing variations

and differential thermal expansion. The fuel rods are spaced from the

channel at eight points at every spacer level by Zircaloy lobes.

The UO2 fuel pellets are produced by pressing and sintering. There

will be some manufacturing development required in. certain areas (chan-

nel fabrication, control rod fabrication).

d - Reactor Control Rods and Drive System

Boron stainless steel is used as the poison material in the control

rods. This material has the required mechanical properties, corrosion

resistance, and resistance to irradiation damage.

The selected control rod drive system is designed using a fail-safe

philosophy such that loss of power or malfunction initiates reactor shut-

down. An individual control rod drive mechanism is used to position each

of the control rods. The drive mechanism is hydraulically driven for both

normal and scram operation. The control rods enter the bottom of the

core.

Scram or fast reactor shutdown is accomplished by driving all of the

control rods into the core and is initiated automatically by a signal from

the safety system or manually by the operator.

After scram and full rod insertion, high pressure on the bottom of

the piston holds the control rod and drive in the full-in position. Latches

also engage to provide a mechanical lock securing the rods in this posi-

tion. Interlocks in the control circuit prevent withdrawal of the rods until

conditions, which produced the scram, have returned to normal.
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4 - Primary Loop and Steam Generating Units

a - General

The dual cycle boiling water reactor produces primary steam directly

in the reactor vessel and secondary steam in steam generators. The

primary steam is carried in a steam-water mixture from the reactor to

the primary steam drum where the steam is separated from the water for

use in the turbine.

The reactor recirculating water flows from the primary steam drum

through the recirculating pumps to the tube side of the secondary steam

generators and returns to the reactor. Secondary steam is produced at

a pressure lower than that of the primary steam for supply to the second-

ary admission of the turbine.

The primary loop piping and steam drum and secondary steam gen-

erators are designed in accordance with applicable ASME Boiler and

Pressure Vessel Code for 1250-psig pressure and 575 F temperature.

b - Primary Steam Drum

A single primary steam drum is provided to separate the steam gen-

erated in the reactor from the steam-water mixture and provides adequate

water storage at the proper elevation to assure a positive supply to the

recirculating pumps.

c - Secondary Steam Generators

There are two secondary steam generators, each consisting of a heat

exchanger section and a steam separating section. Reactor water is

pumped through the tube side of the heat exchanger section to convert

secondary feedwater to steam. After passing through moisture separators

and driers in the steam separating section, the secondary steam is ad-

mitted to the turbine.

d - Reactor Recirculating Pumps

Two reactor recirculating pumps each rated 16,500 gpm at 115 ft

TDH pump the required reactor recirculating water flow. Each pump and

associated secondary steam generator unit forms an independent loop from

the primary drum to the reactor vessel.
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To maintain relatively pure water in the recirculating loop, a reactor

cleanup system removes part of the recirculated water and returns the

cleaned water to the primary system.

e - Primary Loop

To distribute the steam-water mixture properly to the separators in

the drum, the reactor outlet piping consists of six (6) - 16-in, risers.

Each riser discharges to its own separator and consequently riser size

is limited by separator capacity.

The downcomers which return water from the drum to the pump suc-

tions consist of two (2) - 22-in, lines, each feeding directly a separate

pump without benefit of a suction header. To permit equalization of

thermal expansion in an idle pump loop a crosstie is provided between

pump suction lines.

Steam generator discharge valves are back-seated to prevent leakage

into the gland chamber when fully open.

f - Primary Bypass System

A primary steam bypass system is provided from the turbine steam

piping to the condenser to avoid scramming the reactor in event of a

turbine-generator trip-out and to permit testing the reactor without

operating the turbine-generator unit.

5 - Auxiliary Systems

a - Emergency Heat Exchanger System

The reactor emergency cooling system, consisting of the emergency

condenser with piping and valves connecting it to the primary steam drum,

dissipates the stored energy in the primary system after reactor scram

in case of condenser circulating water pump failure.

b - Reactor Unloading Cooling System

The reactor unloading cooling system consists of two pumps, two heat

exchangers, and piping and valves connecting the system to the primary loop.

The system cools the reactor and removes decay heat during refueling or

maintenance operations.
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The unloading cooling system is capable of absorbing the reactor decay

heat output approximately 2 hours after reactor shutdown; it can drop pri-

mary loop temperature below 212 F; 8 hours after shutdown so that vessel

head removal may start; and it can drop primary loop temperature down

to 125 F, 16 hours after shutdown so that refueling may start.

c - Reactor Shield Cooling System

The concrete shield around the reactor vessel absorbs the major por-

tion of radiation and neutron flux emanating from the vessel. To prevent

this heat from causing overheating and damage, a cooling system is in-

stalled in the shield.

The system consists of alloy steel cooling coils imbedded in the con-

crete shield immediately under the inside face. Several coils are used

with provisions for isolating defective coils. The coolant flow is pro-

vided from the demineralized water cooling system.

d - Post-Incident Cooling (Spray) System

The post-incident cooling system provides means for removing heat

from the reactor enclosure in case of the "maximum credible accident."

Sufficient cooling is provided in this system to reduce peak pressure in-

side the reactor enclosure to acceptable limits in a reasonable length

of time and maintain a low pressure. The system consists of two inde-

pendent systems each consisting of a pump, suction strainers, a heat

exchanger and a spray header. The two systems are arranged to operate

independently.

e - Core Spray System

In the event of an incident resulting in a bottom break in the reactor,

followed by loss of reactor water, a core spraying system is provided to

prevent burnout of the fuel elements.

The system consists of two 200-gpm, 530-foot (developed head) pumps

capable of maintaining 200 psig in a spray ring located in the upper part

of the reactor above Vhe core. One of the pumps is a spare, controlled so

that it cuts in automatically upon failure of the other pump.
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f - Cooling Water Supply System

The reactor enclosure cooling system is of the indirect type to provide

additional safety in case of leakage in any of the coolers within the reactor

enclosure. It consists of three half-capacity pumps, each 1100 gpm at 150

feet TDH, and three half-capacity reactor cooling water heat exchangers

(one of each being a spare). The pumps recirculate demineralized water

through the shell while the tubes are supplied with river water to carry

away the heat. The river water is pumped to the reactor enclosure and

back to the river by three half-capacity service water pumps, each 1100

gpm at 190 feet TDH. The service water pumps also supply the cooling

water for:

Post-incident heat exchangers
Waste vapor condenser
Waste neutralizer cooling coils

The following equipment is supplied by the reactor enclosure cooling

water system:

Unloading heat exchangers
Fuel storage heat exchanger
Reactor recirculating pump coolers

Unloading pump coolers
Reactor shield cooling coils
Cleanup demineralizer cooling
Reactor enclosure drain tank cooling coil

g - Fuel Storage Pool Fill and Drain Pumps

The fuel storage pool and fuel handling canal require 111,800 and

200,000 gallons respectively to fill to normal working level. The cold

condensate and demineralized water storage tanks provide the water

source. For filling these spaces, one (1) pump is provided having a

capacity of 500 gpm at 100 feet TDH. A fuel canal and pool drain pump

which has a capacity of 500 gpm at 30 feet TDH discharges to the liquid

waste storage tank.

h - Reactor Alternate Shutdown System

This system is provided to enable the operator to poison the core in

the event that a serious plant catastrophe has rendered motion of the con-

trol rods inadequate. It operates by injecting into the reactor water a

soluble boron compound which renders the core subcritical. Since it is

quite difficult to remove the boron after it has been injected, the system

should only be operated in an extreme emergency.
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The poison solution of sodium pentaborate saturated at 160 F is stored

in an insulated tank with external electrical heaters. The tank contains

425 gallons of heated solution at reactor pressure and is located about 30

feet above the reactor for gravity feed. It is connected to the separating

drum by a steam equalizing line. Double valves are used to prevent leak-

age of the poison solution into the reactor.

D - TURBINE-GENERATOR AND STEAM CYCLE

1 - Turbine-Generator

The weather protected turbine -generator is a single-shaft, tandem-

compound, two-flow (TC 2F), 3600-rpm, dual admission turbine connected

to a conventional gas cooled generator with a gear-driven exciter. The

unit has a maximum calculated capability of 105,000 gross kw with a pri-

mary throttle steam flow of 978,000 lb/hr at 950 psig/540 F (saturated

steam) and with a secondary flow of 312,000 lb/hr at 442 psig/458 F

(saturated steam) with operation at 1.5 in. Hg absolute and 0.5 per cent

demineralized make -up.

The generator is rated at 124,000 kva with 0.85 power factor and 0.64

short circuit ratio, One gear-driven exciter rated at 300 kw, 1191 rpm

and 375 volts is direct connected to the generator shaft.

All special equipment and accessories are included.

2 - Main Condenser and Auxiliaries

a - Condenser

The condenser is a single-shell, horizontal, two-pass, divided water

box type with deaerating storage -type hot well and contains 75,000 square

feet of surface with one (1) in. OD, 32-foot over-all length tubes, designed

to operate at 1.5 in. Hg absolute with maximum primary and secondary steam

flows and an. inlet circulating water temperature of 57 F. Condenser is

capable of accepting the full 125 per cent primary bypass steam flow.

b - Main Condenser Auxiliaries

Condenser auxiliaries comprise the following:

Two (2) vertical, motor-driven circulating water pumps,
each having a capacity of 33, 100 gpm at a total head of
34.4 feet.
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Two (2) vertical, motor-driven condensate pumps, each
having a capacity of 1500 gpm at a total head of 385 feet.

One (1) twin element, two-stage steam air ejector, each
element having a rated capacity of 278 lb/hr of saturated
mixture at 1 in. Hg absolute suction pressure and 71.5 F.

One (1) reciprocating, two-stage, motor-driven mechanical
vacuum pump having a rated capacity of 1200 cfm when
operating at suction pressure of 29 to 15 in. Hg absolute
and discharge pressure of 14.7 psi absolute.

3 - Reactor Feed Pumps

Two (2) main reactor feedwater pumps, motor-driven, horizontal,

barrel type are provided, each having a capacity of 1430 gpm at a total

head of 3,000 feet.

One (1) emergency feedwater pump, motor-driven, vertical type is

provided, having a capacity of 100 gpm at a total head of 3,000 feet is pro-

vided.

Two (2) control rod feed pumps each rated at 25 gpm and 3,000 feet

TDH are provided.

4 - Feedwater Heaters

The feedwater is heated in four steps between the condensate pump

discharge and the reactor feed pump discharge. The three (3) low-pres-

sure heaters are full capacity - the fourth (4th) step has two (2) half-

capacity heaters.

5 - Feedwater Heater Drain Pumps

Two (2) feedwater heater drain pumps, motor-driven, vertical type

are provided, each having a capacity of 500 gpm at a total head of 35 feet.

6 - Chlorinator

A circulating water chlorinator, vacuum type, solution-feed machine

having a capacity of 10,000 pounds per day is provided.

7 - Condensate Recovery System

All -drips and drains from the steam, condensate and feedwater sys-

tems, which are only slightly radioactive, are discharged to a condensate

drip tank. When this tank fills, a high level float switch on the tank starts

a motor-driven condensate drip pump (100-gpm capacity at a total head of

60 feet) to return the collected drains to the condenser.
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8 - Equipment Cooling System

The cooling system is of the direct type and serves the following

equipment:

Generator hydrogen coolers
Turbine lube oil coolers
Feedwater pump oil coolers
Station air compressor jacket and aftercooler
Instrument air compressor jackets and aftercooler
Emergency generator diesel cooler
Mechanical vacuum pump cooler
Miscellaneous sampling coils

Two (2) full-capacity, motor-driven, horizontal type cooling water

pumps are provided, each having a capacity of 1650 gpm at a total head

of 80 feet.

9 - Chemical Feed System

The discharge feedwater from the reactor feed pumps is treated

with morpholine before entering the shell side of the secondary steam

generators to minimize corrosion.

E - PLANT INSTRUMENTATION AND CONTROLS

The entire premise of the instrumentation and control system is to

provide a system that entails a minimum of cost and space consistent

with the prerequisites of safety, reliability and maximum utilization of

operating personnel.

Only those functions related to load-carrying or required for basic

safety are accomplished in the central control room. Load-carrying

controls are concentrated on one bench type reactor -turbine-generator

(RTG) control board. A system of manual load-carrying control of nuclear

reactor, as well as one of automatic shutdown and a full complement of

thermal and nuclear instrumentation is provided. Local turbine -generator

auxiliary panels are provided outside of the central control room. Other

local panels are provided within the plant for plant auxiliary functions.

The more important aspects of the plant instrumentation and control

are the following:
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1 - Inherent Self-Regulation

An important feature of the dual cycle reactor system is the self-

regulating tendency of the reactor power level to respond to changes in

secondary steam flow. For example, a decrease in secondary steam flow

to meet a decrease in turbine load demand is reflected in an increase in

temperature of the reactor inlet water which tends to increase the void

fraction and hence to decrease the reactor power. To take advantage of

this characteristic, the primary steam flow is regulated to hold con-

stant pressure and the secondary steam flow is varied to meet fluctua-

tions in turbine load demand.

2 - Manual Reactor Control

The reactor has 40 hydraulically driven control rods, any one of which

can be selected and controlled manually from the control board to change

the range of power controlled by the secondary steam control valve and to

adjust the power distribution throughout the reactor.

3 - Manual and Automatic Shutdown of Reactor

Automatic rapid insertion of the co. rcl rods is accomplished with the

dual fail-safe features of the "Safety System," by the off-normal condition

of the various primary elements contained within the circuit. A manual

control for rapid insertion of control rods is also provided in the con-

trol room to be used at the discretion of the reactor operator.

4 - Automatic Data-Collecting System

An automatic data-collecting (ADC) system is provided. The usefulness

of this system, as a unit operating tool, lies in its ability to scan at high

speed many diverse quantities. It can check these against limits and sound

warning alarms when limits are exceeded. These limits can be made to vary

with certain key operations of the process, thereby eliminating the com-

promise which must be made in cases where proper limits for one phase

of the process are not proper for another phase. All "off-limit" warnings

actuate an appropriate window of the annunciator to indicate the general

class of trouble and print out the specific identification and the time of oc-

currence.

The system also prints out, at regular time intervals, the value of any

number of variables selected from those scanned. This relieves the operator
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of the time -consuming job of hand-logging, gives readings that are much

nearer to simultaneous, and provides historic data without the use of the

many process recorders which otherwise would be required.

The ADC system is capable of computing certain plant performance

data. The system incorporates a digital computer with a magnetic core

type memory operating by means of solid-state (transistor) electronic

amplifiers.

In addition to providing an alarm and automatic print-out of quantities

which exceed preset limits, the ADC can on request at any time provide

the operator with the current value of any quantity scanned.

A desk in the control room accommodates one or more electric type-

writers for logging of data for permanent record, the computer input key-

board and an electronic program display board. A luminous window an-

nunciator indicates all ADC "off-limit" alarms as well as all other control

room annunciations.

5 - Local Control Panel

The control of auxiliary equipment, except as part of the central re-

actor -turbine -generator control, is accomplished at local panels.

An auxiliary panel is provided for instrumentation and control of those

functions of little significance except at the time of starting and stopping

the turbine.

The water treatment and demineralizer systems are controlled at

local panels and annunciated in the control room where selected quantities

are indicated or recorded.

6 - Area and Process Radiation Monitoring

Monitors are provided to indicate radiation levels at various pieces

of equipment and in various areas throughout the plant to assure proper

functioning of the plant and protection of operating personnel. The monitor-

ing systems are tied into the automatic data-collecting (ADC) system to

provide alarm on excessive radiation levels and a record of significant

information.

Of particular importance, are neutron monitors required for safe start-

up of the reactor and radiation monitors on the off-gas system to warn of

a fuel element defect.
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F - ELECTRICAL SYSTEM

1 - Main Electrical Equipment

a - Generator Main Leads and Instrument Transformers

The generator main leads consist of aluminum tubing conductor mounted

on porcelain post-type insulator supports. The indoor section between the

generator terminals and building wall is segregated phase construction using

transite sheets for barriers and enclosures. The outdoor section between

the building wall and the main power transformer terminals is not enclosed.

An indoor tap from the generator main leads is made to two sets of two

potential transformers, connected in open delta.

The neutral bushings of the machine are connected together by flexi-

ble connectors and then are grounded through a distribution transformer.

This transformer is loaded with a grounding resistor across which is con-

nected an overvoltage relay for generator ground protection.

b - Main Power Transformer

One (1) outdoor-type, oil-immersed, three-phase, 60-cycle power trans-

former, rated 120,000 kva, FOA 14.4 - 230 kv, 825 BIL, with four (4), 2-1/2

per cent full-capacity taps, two above and two below high voltage rating.

c - Generator Oil Circuit Breaker

A three-pole, single-throw oil circuit breaker is provided for gener-

ator control. This OCB is rated 230 kv, 900 kv BIL, 1200 amperes,

5,000,000-kva interrupting capacity, 3-cycle interrupting time, 20-cycle

reclosing time, with electropneumatic operating mechanism.

d - Switchyard and Transmission Line Facilities

The switchyard facilities of the initial installation provide for (but do

not include) the installation of one outgoing 230-kv transmission line com-

plete with carrier current relaying, installation of the generator OCB de-

scribed above, a tap connection for the feed-in to the station auxiliary

starting transformer, generator bay bus connections, including 1200-ampere,

3-pst, 230-kv disconnect and air break switches as required, one 230-kv

main bus and the necessary potential devices for metering and synchronizing.

For the initial installation, the generator OCB also serves as the line OCB

since there is but one outgoing transmission line. The switchyard arrangement,
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however, has been designed so that if a future transmission line is required,

a generator OCB could readily be installed in the generator bay (No. 1).

Also space allocation has been maintained to enable the possible future in-

stallation of an inspection bus and additional OCB's as desired. In other

words, the switchyard design does not preclude any degree of flexibility

that may be desired for the initial or future units.

2 - Plant Auxiliary A-C Power

Power for the auxiliary loads is supplied from one of three separate

power sources depending upon the particular operating conditions. These

three sources of supply are described below:

a - Normal, Starting and Partial Load Power Supply

i - Unit Auxiliary Power Transformer

One unit auxiliary power transformer, outdoor-type, oil-immersed,

3-phase, 60 cycle, 7000-kva, OA, 13.8 - 4.16-kv delta-delta connected, is

supplied. It is capable of carrying the entire auxiliary load and under nor-

mal plant operation, it is the only source of auxiliary power required.

ii - Starting Auxiliary Transformer

To supply starting power requirements, a starting auxiliary trans-

former is provided. This transformer is of the outdoor-type, oil-immersed,

3-phase, 60 cycle, 7000-kva, OA, 230 - 4.16-ky, wye-delta connected.

b - Emergency Power Supply

A diesel-engine-driven generator, rated 750 kw (0.8 power factor),

is automatically started to supply station emergency auxiliary power. The

engine generator supplies emergency load within 60 seconds upon closing

of starting circuit due to the following event:

Failure of normal 480-volt a-c supply to both
480-volt station service supply busses.

Once started, the engine is subject only to manual shutdown and is im-

mediately available for automatic restarting. The automatic features of

this generator set do not preclude manual starting. The engine is started

by an electric starting motor with power supplied by the station storage

battery.
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The load on the a-c generator consists of motors for certain essential

equipment such as pumps, valves, recorders, battery MG set, emergency

lighting and communication system.

3 - Failure Safe Power (Station Storage Battery)

A station storage battery system for normal and emergency control

and indication, emergency lighting, diesel starting and miscellaneous d-c

power is installed. This system includes battery and battery charging set

with panel.

The storage battery is float charged from the 440volt a-c bus by the

charger continuously during normal operation, thus providing a reliable

source of failure-safe power.

When used as an inverter upon loss of a-c supply, the synchronous

motor automatically becomes an a-c generator driven by the d-c generator

acting as a motor being fed from the station battery bus. This provides a

positive source of noninterrupted a-c supply for communications and chart

drives.

4 - Plant Auxiliary Power Distribution System

The plant auxiliary power distribution system is dual in nature, i.e.,

double busses are used for all the motor and feeder loads which are of

vital importance to plant operation. This includes the 4-kv system, the

480-volt power center system and in general the 480-volt motor control

center systems. Such an arrangement provides flexibility of operation

and enables plant operation at reduced capacity in the event of bus section

faults or loss of partial transformer capacity.

In the event of loss of both normal and starting transformer supplies,

or in the event of loss of both station service transformers, the emergency

diesel generator will automatically start and will be used to supply the

auxiliary power required under such emergency conditions.

a - 4160-Volt Auxiliary Switchgear

The 4160-volt auxiliary switchgear consists of two separate 5-kv in-

door metal-clad sections. The two sections are physically located so as

to provide a common drawout aisle space for breaker removal.
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b - 480-Volt Auxiliary Switchgear

Two unit power centers are installed. Power center lB consists of

an indoor-dry-type 1000-kva air-cooled transformer throat-connected

to the 480-volt switchgear Section 1B. Power center IA consists of a

similar transformer throat-connected to the 480-volt switchgear lA

which also houses the 480-volt common bus section. Both switchgear

sections are rated 600 volts and house air circuit breakers of the draw-

out type with electrical closing and tripping.

c - 480-Volt Auxiliary Motor Control Centers

Ten (10) indoor- and one (1) outdoor-type, metal-clad motor con-

trol centers are installed in appropriate locations throughout the plant

area for supplying smaller auxiliary plant loads. Each motor control

center is rated 600 volts a-c, 3-phase and has units containing either

molded-case air circuit breakers or ACB combination line starters.

5 - Station Auxiliary Motors

Motors used throughout the plant, except the four reactor recirculating

pumps which are the "canned" type, are of the weather-protected, drip-

proof or totally enclosed fan-cooled types depending upon their physical

location, size and economics.

Motors, 300-hp and larger, are squirrel-cage induction-type rated

3-phase, 60 cycles, 4000 volts. Motors, 5- to250-hp, are squirrel-cage

induction-type, rated 3-phase, 60 cycles, 440 volts. Motors smaller than

5 hp are single- or 3-phase, 120, 208 or 440 volts, depending upon size

and reliability of performance that is required.

G - UTILITY SERVICES

1 - Fire System

Water for fire protection service is provided by two vertical type

pumps, each 1000 gpm, at approximately 100-psig discharge pressure,

located at the river intake structure. One pump is driven by electric

motor with automatic starting controls and the other is engine driven

with manual starting. Power to the electrically driven pump is supplied

from two sources.
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No fire outlet is provided in the reactor sphere. Fires in this en-

closure are extinguished with chemical extinguishers of CO2 and dry

chemical types. The post-incident cooling system could also be used

for fire fighting, if necessary.

2 - Communication Systems

Plant communication systems consist of the intraplant telephone

system, a multi-channel paging system and a local utility telephone

service.

a - The Intraplant Telephone System

The intraplant telephone system consists of an automatic dial tele-

phone switchboard with its own batteries and charger. It is to be used

where frequent conversations are indicated and a public address system

is not desirable.

b - Multi-Channel Duplex Paging System

The multi-channel duplex paging system is the transistorized-

amplifier type with small amplifier at each handset and loudspeaker

location powered by transistors. A dual channel duplex paging system

is used.

c - Utility Telephone Service

The local telephone company lines are brought into designated loca-

tions where communication with the outside is desirable.

3 - Compressed Air Systems

Compressed air for general service is supplied from a 500-cfm,

100-psig station air compressor. Air leaving the compressor passes

through an aftercooler and moisture separator before entering the sta-

tion air receiver. The compressor is provided with dual control.

Two 75-cfm instrument air compressors are provided, each capable

of handling all requirements for controls and instruments. Each com-

pressor discharges through an aftercooler and into a receiver. One com-

pressor is operated continuously on inlet-valve unloading control (90-100

psig) while the other is set to start in the event the pressure drops to 80

psig. Both compressors are provided with dual control.

Two emergency tie lines permit backup of the instrument air sys-

tem from the station air system.
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4 - Heating and Ventilation

The control room is the only area furnished with an air-conditioning

system to provide filtered air and maintain the room at 78 F dry bulb

and 45 per cent relative humidity in the summer and at 70 F in the winter.

Various areas of the plant are provided with supply and exhaust ven-

tilating systems as well as air-cooling units using chilled water in the

summer and steam coils to heat in the winter as follows:

Air Cooling Steam Coils
Ventilation ToMaintain ToMaintain

Supply Exhaust Ambient Ambient
Area Fans Fans in Summer in Winter

Reactor enclosure

General X X below 100 F above 70 F
Accessible areas X X approx 8.5 F above 70 F

Waste building

Operating floor X X - above 50 F

Pump room X X - above 50 F

Turbine building X X below 105 F above 50 F

Machine shop X X - above 60 F

Administration building

General X X - above 70 F
Battery room X X - above 50 F

5 - Lighting System

Lighting, in general, for the entire station is supplied from a 3-phase,

4-wire 120/208-volt distribution system using a bare neutral. Lighting

panels are supplied from feeders from the nearest 480-volt distribution

panel and appropriately sized 480-120/208-volt dry-type transformers.

Emergency lighting operates normally on a-c except in the control

room. Failure of the normal source transfers the normal/emergency

load automatically to the emergency source.

6 - Sanitary Facilities

Station sewage flows to a septic tank with sufficient initial capacity

for 75 persons. Secondary treatment of septic tank effluent is handled

by a circular high-rate trickling filter with rotary-type distributor,

draining to a tile disposal field.
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7 - Laboratory Instruments

Only a minimum of necessary laboratory instruments are provided,

including none of the portable type except those for radiological work.

8 - Domestic Water Supply

Two deep well pumps, each of 100-gpm capacity, a 3500-gallon water

pressure tank and necessary pressure filters are all provided. A hypo-

chlorinator is provided for water treatment.

9 - Alarm Systems

Alarm systems for plant fire and evacuation are provided.

H - FUEL AND CONTROL ROD HANDLING SYSTEM

The function of the fuel and control rod handling system is to provide

access to reactor internals and to permit loading, unloading and rearrang-

ing of fuel assemblies and control rods as well as fuel handling in the fuel

storage pool. A wet fuel handling system is used for the 100-mw BWR unit.

After reactor shutdown and initial cooling, the operators remove the

concrete plug, head insulation and head bolts. The fuel canal is filled with

demineralized water. The vessel head and turning vane assembly is re-

moved to provide access to the core and placed in storage in the fuel canal

by the main crane.

The balance of the fuel handling operations are performed with a special

5-ton bridge crane equipped with an underslung cab which rides just above

the refueling pool surface. Fuel assemblies and control rods are removed

by use of the crane. The grapple attached to the crane hook is guided and

latched to the fuel assembly bail by poles and other manual tools. Radio-

active elements are moved, one at a time, in a vertical position through

the canal to racks in the storage pool. Special equipment is employed to

handle and store ruptured fuel elements. Decay heat from the irradiated

fuel is removed by the fuel storage pit heat exchanger.

Shifting of fuel assemblies within the core and insertion of new fuel

assemblies are also accomplished with the 5-ton fuel handling crane. Re-

assembly operations are the reverse of disassembly. After the vessel head

is replaced, the shielding water is drained from the refueling canal, per-

mitting the operators to be in manual contact with the vessel head while

installing studs and insulation.
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Spent fuel elements, after temporary storage in the pool, are placed

in lead-lined shipping casks for transfer to a spent fuel reprocessing plant.

These heavy casks are moved through the equipment lock on a transfer

dolly to an exterior bridge crane which lowers them to the level of rail-

road cars. Irradiated control rods are disposed of in a similar manner.

It is assumed that the casks will be rented from a commercial firm which

specializes in transfer of radioactive materials.

I - DEMINERALIZERS

Three demineralizing systems are required to maintain purity of water

in the primary and secondary loops, as discussed in the following.

1 - Condensate Demineralizer System

This is a three (3) unit high flow rate mixed bed demineralizer sys-

tem rated at 3000 gpm with remote manual controls. Its function is to re-

move dissolved solids picked up in piping, turbine and condenser by ion-

exchange and to remove suspended solids by the filtering action of the resin

bed.

Resins are sluiced from the exhausted unit to the outside regeneration

system.

Normal influent will contain around 50-100 ppb of iron, copper and

cobalt picked up from metal surfaces. In addition, there may be alkali

salts picked up in the condenser.

Effluent will contain approximately 8 ppb total dissolved solids and

will have a conductance of the order of 0.05- 0.10 microhms.

All approachable valves are located outside of shielded areas for

maintenance.

2 - Make -Up Demineralizer System

This system, the ultimate source of all make-up to the power station,

is a conventional low flow rate single train 3-bed demineralizer with

upstream filters.

Backwashing of filters and complete regeneration of ion-exchange

units is performed automatically.
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Make-up demineralizer effluent will contain 125-250 ppb total dis-

solved solids of which total silica (as SiO2 ) will be less than 10 ppb.

This system has a maximum output of 83,500 gpd, and is capable

of refilling the refueling canal and fuel storage basin in two days.

3 - Reactor Cleanup Demineralizer System

This system maintains reactor coolant at requisite purity, and con-

sists of one (1) low flow rate mixed bed unit, 100-gpm capacity, with high-

pressure shell and high-pressure pipe, valves and fittings.

The mixed bed demineralizer shell is of type 304 stainless clad carbon

steel but is without the conventional internals normally required to per-

mit regeneration in place. As the resins become exhausted they are sluiced

to spent resin storage and replaced with freshly regenerated charges from

the central resin system.

J - WASTE DISPOSAL SYSTEM

1 - General

The waste disposal system handles all water-borne and solid wastes

except make-up demineralizer rinses and sanitary effluents.

The methods of treatment employed are:

a) Holdup (to permit short-lived radioactive decay).

b) Demineralization and return to condensate system.

c) Neutralization.

d) Concentration.

e) Permanent storage (which does not preclude sub-

sequent removal).

All waste treatment processes are remotely controlled due to possible

hazards. A single panel in the waste treatment building mounts all con-

trol switches and all monitoring indicators.

2 - Liquid Wastes

The treatment methods employed are briefly described in the following:

a - Holdup

Two aluminum tanks receive low activity flows, storing such flows until

decay permits reclaiming to condensate storage or to river discharge.
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Pumps are provided to recirculate stored liquids or to convey them

to any other waste treatment facility.

b - Waste Demineralizer System

This facility consists of a single plastic coated mixed bed demineralizer

of low flow rate at low pressure to treat low solids waste.

The waste demineralizer system treats lightly mineralized liquid

wastes only, higher solids waste being given other treatment.

Controls consist of motor-operated valves mounted on the control pan-

el in the waste building.

c - Neutralization

This method of treatment is carried out with a rubber-lined tank equip-

ped with recirculating devices and instrumentation to measure pH. Pro-

vision is made to add controlled amounts of sulfuric acid or sodium hydrox-

ide solution, whichever is needed to adjust the hydrogen ion concentration.

Pumps send the neutralized waste to the waste concentrator or to the

waste demineralizer, depending on the nature of the liquid itself.

d - Concentration

This process is restricted to liquid wastes with a high dissolved min-

eral content and such high radioactivity that recovery is uneconomical.

The concentrate will be pumped to liquid waste storage and held there-

in until removal is convenient.

e - Permanent Storage

This facility has two sets of leakproof containers, one for liquid

wastes and one for spent resin storage.

Liquid waste is stored in carbon steel tank within concrete vault or

equivalent to provide secondary containment of these concentrated radio-

active wastes.

Spent resin storage consists of two stainless steel tanks into which

all highly radioactive ion-exchange resins are sluiced.
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3 - Solid Wastes

The only truly solid wastes to require attention consist of radioactive

clothing and "hot " tools.

These articles will be deposited in suitably shielded containers for

off-site disposal.

4 - Gaseous Wastes

All of the exhaust fan systems handling contaminated air are grouped

in the same area so that a common discharge duct may be used to convey

exhaust air to the ventilation stack for discharge to atmosphere. Radiation

monitors are used to warn excessive activity levels in the discharge.

K - SYSTEMS MATERIAL SELECTION

1 - General

The usual standard materials which meet established codes and service

requirements for power plants are used with the exception of the nuclear

steam supply system. Materials for the nuclear steam supply system are

chosen primarily on the basis of low corrosion rates in order to minimize

long-lived radioactive contamination throughout the system and the fouling

of heat transfer surfaces and moving parts.

2 - Nuclear Steam Supply System

Listed below are the materials specified for major components of the

system:

a) Primary Coolant Loop Components

These include the reactor vessel, steam drum
and the primary side of the secondary steam
generators.

In general, stainless steel (type 304) clad is
used for all surfaces in contact with reactor
water.

b) Primary Coolant Loop Piping

This includes risers, downcomers, headers,
pump and valve liners.

Solid stainless steel is chosen for its cor-
rosion resistant properties.
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c) Main Steam Piping

A 2-1/4 per cent chromium - 1 per cent
molybdenum steel is chosen instead of carbon
steel because of the possibility of hydrogen
embrittlement.

d) Reactor Cleanup Demineralizer System

Stainless steel is specified for all equipment
in this loop including the regenerative heat
exchanger, the demineralizer tank and the tube
side of the nonregenerative heat exchanger be-
cause it handles primary reactor coolant. The
associated resin tank uses conventional material.

e) Emergency Condenser

Stainless steel is specified for the tube bundles,
headers and piping because they handle primary
steam and water. Conventional materials are
used for the shell because it handles cooling
water only.

f) Shutdown Heat Exchanger and Piping

Carbon steel is chosen because it is used only
during shutdown under low temperature con-
ditions.

L - RADIATION CONSIDERATIONS

1 - General

Present AEC regulations require that the maximum permissible

radiation exposure of personnel be limited to less than 3.0 rem per 13-

week quarter. The plant is arranged and sufficiently shielded to limit

exposure during normal operation to a small fraction of the above doses.

The arrangement of the shielding materials is shown on the plant layout

drawings presented in Section VII.

2 - Access Control

The plant is logically divided into four areas:

a) The Reactor Enclosure (sphere)

b) The Turbine-Generator Plant

c) The Waste Treatment Plant

d) The Administration and Control Area

Portions of each one of these areas may contain radioactive materials

that will tend to limit the access of personnel. Entry to the areas of the

plant where significant radiation levels may be encountered is strictly
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controlled. A central access control point is provided in the administra-

tion building. The routine survey of personnel, clothing and equipment at

the exit to the limited access area greatly minimizes the possibility of

contamination spread to uncontrolled areas.

The operating radiation level of each area in the reactor building, the

turbine-generator plant and the waste disposal building is indicated by a

coloring pigment contained in the sealing compound applied to the floor.

3 - Access After Shutdown

The controlling radiation during operation is the N-16 gamma ray.

Within a few minutes after shutdown, this activity essentially completely

decays. The residual activities are due to activated corrosion products

or released fission products. These residual activities are restricted to

the water phase in the steam drum due to the high de-entrainment factor

of the steam drum. This limits the quantity of radioactive material that

reaches the turbine. The normal residual activity is low enough to permit

most maintenance operations. If significant quantities of fission products

are present in the coolant, no increase in radiation level outside the shield

is anticipated, since the shielding material, which attenuates the high energy

N-16 gamma ray, is more than adequate to attenuate the low energy fission

product gamma rays. However, the fission products do not decay as rapidly

as the N-16 activity. Therefore, the release of fission products may re-

quire decontamination of some equipment prior to maintenance. Portable

decontamination equipment will be provided to areas requiring maintenance.

4 - The Reactor Shield

The minimum concrete shield thickness required to attenuate the radia-

tions emanating from the reactor vessel to 6 mrem/hr were established as

11 feet for the operating case and 6 feet for the shutdown case. The amount

of shielding required to attenuate the N -16 gamma rays from the coolant

piping to 6 mrem/hr is 5 feet. Accordingly, the reactor shield is divided

into two concentric portions. The inner, specified as a minimum of 6 feet,

permits access to the piping during shutdown. The additional 5 feet of con-

crete surrounding the primary loop attenuates the N-16 radiation from the

piping and completes the full 11-foot shield requirement for the operating

reactor.



III-36

5 - Activation of the Coolant

The controlling radiation in the primary coolant during operation is

the 6.12-mev gamma ray from N-16, which results from an n-p reaction

on the 0-16 present in the water. Design data used to predict the dis.-

tribution of N-16 throughout the system is based on the operating ex-

perience of small natural circulation reactors.

6 - Heat Generation in the Primary Biological Shield

The inner shield surrounding the reactor vessel absorbs the major

portion of the gamma radiation and neutron flux leaving the reactor core.

At rated power the amount of energy absorbed in this shield is estimated

to be 100,000 Btu/hr. To prevent this heat from causing excessive tem-

perature gradients and dehydration of the concrete a cooling system is

provided in the concrete shield.

7 - Radiation Monitoring

Monitoring of radiation levels in the plant serves two functions:

(1) to indicate abnormal equipment operation and (2) to warn personnel

of potential radiation hazards. A total of 25 process equipment monitors

are scanned by the data-logging system. Abnormal radiation levels,

indicative of malfunction, cause an alarm to ring in the control room and

at other locations where local alarms could be beneficial. Radiation level

indications are also presented to the control room operator on a fast print-

out typewriter.

An area monitoring system measures radiation levels at 20 selected

locations throughout the plant and its environs. The monitor system pro-

vides the reactor operator with an alarm and print-out indication when any

of the monitors exceeds its individual present level.

M - SAFEGUARD CONSIDERATIONS

1 - Introduction

The fundamental purpose of safeguard work during the conceptual

stages of the design is to show that the plant can be designed to be safe.

That is, it remains for the safeguard evaluation work during the detailed

design stages to demonstrate that the plant has been safely designed. This
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report presents the salient safeguard criteria and considerations which

have guided development of the conceptual plant design. Detailed plant

design requires much extensive safeguard work.

2 - Safeguard Design Objectives

The design of equipment and features affecting the safety of the plant

have been guided by two principal safeguard objectives; these are:

a) Normal operation of the plant must not result
in the exposure of any persons on or off the
plant premises to radiation in excess of the
established permissible limits.

b) Safety against a nuclear accident that might
release dangerous amounts of radioactive
materials must be preserved even in the
event of equipment malfunction, operator
errors, or other reasonable contingencies.

3 - Safeguard Design Features

a - Normal Operation

The approach toward meeting the normal operational objective is to:

1) Develop a system design in which there is
very little radioactive material to be routinely
released to unrestricted areas and to assure
control within permissible limits of that which
is discharged. Actually, the design provides
for contamination limits several times below
the permissible levels for the environment of
the plant, on the basis that no single nuclear
installation should use up the entire permissible
contamination reserve.

2) Locate or shield sources of radiation inherent in
the system to the extent necessary to minimize
personnel exposure during the performance of
normal operating tasks in the plant. Shielding
recommendations have been made on the basis
of preserving a maximum of exposure time for
those types of work where direct exposure to
radiation or radioactive materials may be neces-
sary, as during certain types of maintenance or
decontamination work.

b - Prevention of Nuclear Accidents

Design features important to achieving the second objective, that of

preventing serious nuclear accidents, are described below. These design

features, which include housing of the reactor and its principal auxiliaries
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within a vapor-tight enclosure, together with the availability of strong

procedural control, assure protection of the health and safety of the public.

1) Reactivity Coefficients

a) The void coefficient averaged over the interior of a
fuel channel (the steam generating area) must always
be negative when the core is critical.

b) The moderator temperature coefficient must be
negative at operating temperatures and should be as
negative as possible at lower temperatures consistent
with good over-all design. In any event, the numerical
value of any positive moderator temperature coefficient
must be limited so as not to introduce any significant
possibility of a destructive nuclear excursion.

c) The fuel temperature coefficient must be negative.

d) The numerical value of these negative coefficients
should be as large as compatible with other require-
ments.

2) Reactor Shutdown Systems

The primary reactor shutdown and control system is designed to:

a) assure fast automatic shutdown of the reactor from
any one of any reasonably potentially unsafe operating
conditions;

b) include the use of a reasonably large number of con-
trol rods to minimize the reactivity worth per rod;

c) provide a shutdown margin of at least 0.01 A k in the
cold clean condition with at least one control rod wholly
out of the core and completely unavailable;

d) permit the removal of only one control rod at a time
(however, controlled group removal of rods may be
permitted if the removal pattern will not introduce a
reactivity or instability condition more severe than
analyses to date have indicated may be acceptable for
a single rod removal system);

e) prevent the withdrawal (in the normal direction) of a
control rod from the core except by use of the normal
positioning device;

f) insure that no significant danger would result from any
reasonably conceivable failure of a rod;

g) limit the rate of control rod removal to a value that
would not result in a credible "start-up accident" in-
volving fuel rod destruction even if the period scram
circuitry were to fail coincident with the incident;

h) indicate which rod is being moved and its axial position;
and
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i) prevent control rod withdrawal on start-up unless
the reactor safety system circuits, including the
short reactor period scram circuitry, are in an
operable status.

The secondary reactor shutdown system involves a liquid poison

system to serve as a manually controlled backup source of nega-

tive reactivity. The system is designed to be operable with the

reactor operating or shut down, and with or without the reactor

head on.

3) Emergency Reactor Cooling

The primary full power cooling system will be the turbine and

its main condenser. Alternate systems for emergency removal

of the reactor heat following scram include: an emergency con-

denser located within the enclosure, a core spray system, and

a core flooding arrangement; these are discussed under Section

III-c, Reactor and Auxiliaries.

4) Reactor Safety System

The safeguard objective of the reactor safety system is to scram

the reactor in the event of an unsafe operating condition. This

system includes sensing devices for all reasonably conceivable

unsafe operating conditions that might arise from operator errors

or equipment malfunction.

5) Enclosure

The principal purpose of the reactor enclosure is to assure the

confinement of any significant quantity of radioactive vapors

that might be released to the enclosure in the event of a serious

reactor accident. Thus, the enclosure must be designed to with-

stand the effects of the "maximum credible accident" - the

worst hypothetical reactor accident that can be credibly postulated,

regardless of how improbable such an accident may be. An analysis

of the cause and effects of this accident is required prior to actual

design of the enclosure.
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6) Detail Design

Detailed design features of all these systems and their equip-

ment requires that specific consideration be given to all safe-

guard features affecting their design. This is particularly true

of paragraphs c, d, and e above where design features are not

set forth in any detail.

N - START-UP, OPERATING AND MAINTENANCE
CONSIDERATIONS

1 - Start-Up and Operation

It is estimated that start-up from a cold condition will require approxi-

mately six hours. The turbine-generator can be brought up to synchronous

speed and temperature in about thirty (30) minutes from a cold start-up and

to full load in approximately twenty (20) additional minutes. However, the

over-all starting rate from a cold condition is limited by the permissible

reactor heating rate estimated as 100 F per hour.

A normal reactor shutdown of short duration can be tolerated while

maintaining primary system operating pressure. Reactor decay heat under

such conditions is dissipated to the condenser through the turbine bypass

system. The turbine can be taken off the line in any manner desired by the

control operator and the reactor steaming rate reduced by manipulation of

the reactor control rods. The turbine may be tripped and the reactor

scrammed at all times in complete safety for a practically instantaneous

shutdown. After shutdown, the reactor vessel cooling rate should be limited

to 100 F per hour to avoid excessive thermal stresses.

2 - Plant Personnel

Figure 111-2 shows the operating and maintenance staff estimated to be

required for normal plant operation after the initial period of start-up and

testing has been completed. Total station labor requirements are estimated

to be 69 men, including 59 men for operation and 10 men for maintenance.

3 - Maintenance

Routine maintenance will be conducted in a manner similar to conventional

power plant practice.

Nonroutine maintenance will be scheduled for periodic shutdowns of the

plant. Such shutdowns are scheduled on the basis of system requirements,

the safety of continued operation, and availability of maintenance manpower.
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IV - DESIGN AND CONSTRUCTION SCHEDULES

A - SUMMARY SCHEDULE

It has been estimated that a total period of forty-four (44) months will

be required for the 100-mw BWR from the beginning of Title I to comple-

tion of construction.

Six (6) months is estimated to be required for Title I or Preliminary

Design Services.

Title II, or Detailed Design Services, should precede start of con-

struction by at least three (3) months to allow for the preparation of de-

tailed specifications and placement of orders for the reactor vessel and

turbine generator which have the longest delivery. It is estimated that a

period of twenty-one (21) months will be required for Title II Design

Services. In addition, Title II will include construction-related engineer-

ing services during the construction period.

Title III, or inspection of construction, should be initiated approxi-

mately two (2) months after official start of construction. On this basis,

the total time period for Title III will be thirty-three (33) months. The

first two (2) months of this period will consist primarily of factory in-

spection services - the balance of the period will include both factory

and construction inspection. The organization of the field inspection

forces should be initiated about four (4) months after official start of

construction - these forces operate throughout the entire construction

period. The initial four (4) months of the construction period will be for

the procurement of some of the major equipment.

By definition, the start of construction is specified as the date the

first procurement order is placed. It is estimated that a thirty-five (35)

months' construction period will be required. This includes four (4)

months for procurement of some major equipment followed by twenty-nine

(29) months of field construction to date of beneficial occupation and a

two (2) months' reactor loading and critical test period.

Figure IV-1 shows the estimated time periods required for the design

and construction of the 100-mw BWR plant.
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B - CONSTRUCTION SCHEDULE

Figure IV-2 is included to show a breakdown of the construction

period for major components. This figure also indicates the dates

when critical items should be procured, either for delivery or design

reasons, in order to meet the construction schedule.
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V - COSTS

A - SUMMARY

Specific ground rules and assumptions for preparations of all esti-

mates were provided by the AEC. Capital costs include: (1) construction

and engineering costs (escalated and including contingency and indirect

costs), (2) interest during construction, (3) start-up costs, and (4) working

capital. Operation and maintenance costs are defined to include general

and administrative costs, and third-party liability insurance. Estimates

of capital and energy costs for the 100-mw BWR dual-cycle forced circula-

tion unit are indicated in the following tabulation:

SUMMARY OF ESTIMATED INSTALLED COSTS
(Excluding Transmission Plant)

Excluding Including
Escalation Escalation

$ Per $ Per
$1000 Net Kw $1000 Net Kw

CAPITAL COSTS

Engineering and Con-
struction 37,409 374 41,033 410

Interest During Con-
struction 2,605 26 2,850 28

Start-Up Costs 564 6 579 6
Working Capital 1,423 14 1,469 15

Total 42,001 420 45,931 459

Excluding Including
Escalation Escalation

Mills Per Mills Per
$ 1000 Net Kwh $ 1000 Net Kwh

ANNUAL ENERGY COSTS
AT 80% LOAD FACTOR

Fixed Charges 5,880 8.41 6,431 9.18
Operation and Maintenance 1,129 1.61 1,158 1.66
Nuclear Fuel 1,717 2.45 1,780 2.54

Total Energy Costs 8,726 12.47 9,369 13.38
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Capital and energy costs are shown on Figures V- 1 and V-2, exclusive

of transmission plant costs. Components of costs are indicated on eight (8)

tabulations as follows:

Table V-1 - Summary of Engineering and Construction Costs

Table V-2 - Estimated Engineering and Construction Costs
(Including Material, Labor, Escalation and
Indirect Costs)

Table V-3 - Detailed Breakdown of Figures Shown on Table V-2

Table V-4 - Operation and Maintenance Costs

Table V-5 - Estimated Fuel Costs

Table V-5A - Estimated Electric Generating Costs

Table V-6 - Estimates of Capital and Energy Costs

Table V-7 - Cost Breakdown - Design Studies

B - CAPITAL COSTS

Capital costs consist of costs for engineering, construction, contin-

gency, interest during construction, start-up and working capital as dis-

cussed in the following paragraphs.

1 - Engineering and Construction Costs - ($ 41,033,000
Excluding Transmission Plant)

Engineering includes all costs associated with Titles I, II, and III

design, including escalation.

Construction costs cover land, site work, buildings, reactor, power-

generation equipment, accessory electrical equipment, miscellaneous

power plant equipment and all associated escalation (where applicable),

contingency and indirect costs.

Estimates of direct components of construction cost are prepared in

accordance with the accounts established under the uniform system of

accounts of the Federal Power Commission.

Escalation is based on present-day costs for equipment, materials

and construction labor with all of these costs increased at the specified

rate of four (4) per cent per year. Escalation for equipment and material

is assumed to be from present-day costs to a point midway between date

of equipment order and delivery of equipment to plant site. Escalation for

construction labor is estimated from present-day levels to a point midway

between equipment delivery to the site and completion of equipment erection.
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Indirect construction costs are defined as costs which do not have a

definitive relationship to construction, erection and installation of perma-

nent plant equipment, material or apparatus, as outlined in AEC Manual,

Chapter 1140.

Indirect costs are divided into two major groups as follows:

a) General and Administrative - subdivided into:

Contractors' General and Administrative - Field

Administration of construction activity at the site
providing: Managers, Superintendents, Engineers,
Accountants, Material Buyers, Labor Agent and
Watchman-Guard Service who are responsible for
expeditious and efficient execution of the work,

Contractors' General and Administrative -
Home Office

Coordination of construction with respect to ma-
terial requirements, deliveries to site, construction
accounting and cost control engineering, material take-
off requisitioning, and liaison with Architect-Engineer.

Purchasing major apparatus in accordance with speci-
fications of the Architect-Engineer.

b) Other Indirects

All other field expense not distributable on a day-to-
day or specific-use basis including: Payroll Taxes,
Workmen's Compensation, Construction Casualty -
Fire and General Liability Insurance, Federal Old Age
Benefit, Safety Program and Inspection. Contractors'
General Construction Plant costs, Utility Service, Ex-
pendable Supplies and Tools, Autos and General Con-
struction Service Equipment, Work Areas and Temporary
Buildings Contractors' Fee and necessary cost of Main-
tenance Labor for the above items are also included in
Other Indirect Costs.

Contingency costs are included to cover: accuracy of estimate, any

items which may be omitted, any minor design changes in Titles I, II and

III engineering, design changes during construction and necessary addi-

tions during construction.

2 - Interest During Construction ($2,850,000)

Interest during construction represents the interest on funds bor-

rowed on engineering and construction funds - assumed to be at an annual

rate of 6 per cent interest.
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3 - Start-Up Costs ($579,000)

Start-up costs include one-half of one (1) year's operation and main-

tenance costs.

4 - Working Capital ($ 1,469, 000)

Working capital includes one-half of the sum of one (1) year's cost

for operation and maintenance plus one (1) year's nuclear fuel cost.

5 - Total Capital Costs ($45,931,000)

Total capital costs are the total of engineering and construction (in-

cluding contingency) costs plus land (excluding transmission plant costs),

interest during construction, start-up costs and working capital costs. As

shown on Table V-6, total capital costs are estimated to be ($ 45,931,000),

equivalent to $459 per net kilowatt (based on a net capability of 100,000 kw).

Breakdown of these capital costs are shown on Table V-7.

The total estimated capital costs would be reduced by $ 3,930,000 at

present-day cost levels which is equivalent to a difference of $39 per net

kilowatt of installed capability.

C - ANNUAL ENERGY COSTS

1 - Fixed Charges ($6,431,000)

Annual fixed charges are equal to fourteen (14) per cent of total capital

costs, excluding transmission plant.

2 - Operation and Maintenance Costs ($ 1,158,000)

a - Operating and Maintenance Labor

($545,691 Per Year)

Table V-4 includes the estimate of operating and maintenance labor

manpower requirements.

Annual labor costs are based on wage rates specified by the AEC,

with the exception of supervisory manpower for which rates have been

estimated by Ebasco and General Electric. A premium of $334 per year

is included for each shift position on the basis of paying a premium of

five (5) cents per hour for all labor other than that required from 8:00 a.m.

to 4:00 p.m. on Mondays through Fridays inclusive.
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In addition to the direct wage rates and salaries, 14 per cent has

been added to the total for payroll taxes, benefits, etc. No escalation has

been added to the operating and maintenance labor costs.

b - Maintenance Materials and Miscellaneous
Expense ($204,779 Per Year)

Maintenance materials and miscellaneous expense, as indicated on

Table V-4, include miscellaneous operating supplies, maintenance sup-

plies, cost of chemicals, cost of disposal of solid and liquid radioactive

wastes, maintenance replacement equipment costs, and necessary con-

tract maintenance over and above the routine maintenance complement

stationed continually at the plant to take care of major overhauls. Miscel-

laneous costs also include electrical power demand and energy use required

at the plant from the transmission system when the plant is shut down.

Based on cost data for conventional power plants as is available (from

Federal Power Commission records, records of Ebasco client company

plants and maintenance costs available to Ebasco from a number of electric

utilities), it is indicated that total cost for maintenance labor and material

plus miscellaneous expense is equivalent to about 0.7 per cent per year of

total plant investment with the unit operating at 80 per cent load factor.

This value takes into account the larger number and costs for fixed struc-

tures such as the reactor sphere, reactor supporting and shielding concrete,

etc., which require only a nominal amount of maintenance. This results in

a total maintenance cost on a mills-per-net-kilowatt-hour basis that is about

50 per cent in excess of that for a conventional coal-fired generating plant.

This basis of estimating maintenance cost is utilized in this study because

of the pronounced lack of extensive operating experience with nuclear power

plants and it is believed to represent a realistic value. It does not appear

practical, therefore, at this stage to make a detailed estimate of the several

components of maintenance cost. Use of this basis, in effect, provides an

escalation on maintenance cost,

c - Nuclear Indemnity Insurance
($264,966 Per Year)

Insurance coverage is required not only for conventional liability (in-

cluded under fixed charges), but also for nuclear indemnity to protect the

operating company from third-party liability. AEC Temporary Regulation

10 CFR, Part 140, requires private nuclear liability insurance coverage
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for each reactor in the amount of $ 150,000 per mw of thermal power, up

to a maximum of sixty million dollars; the annual premium is estimated

to be fifty (50) cents per one hundred dollars of required coverage. The

Anderson-Price Indemnity Legislation provides liability insurance up to

five hundred million dollars when the private insurance is obtained; an

annual premium of thirty (30) dollars per thermal mw is charged for the

Government-sponsored insurance.

Total insurance is estimated as $ 254,775 for nuclear plus $ 10,191

for Government or a total of $264,966 per year over and above the insur-

ance which is included in the 14 per cent annual fixed charge rate.

d - General and Administrative
($ 142,165 Per Year)

General and administrative costs are estimated at 14 per cent of the

total of operation and maintenance plus nuclear indemnity insurance.

3 - Nuclear Fuel Costs ($ 1,780,000 Per Year)

Table V-5 summarizes fuel costs for the 100 mw BWR after the

equilibrium fuel cycle has been reached. Table V-5A shows breakdown

of fuel costs. These fuel costs reflect the results of the combination of

over-all plant and core design to attain the objective of minimum energy

costs. They also reflect the specified cost of uranium, use charge, proc-

essing costs and plutonium credit.

The equilibrium fuel cycle is reached after about seven (7) years of

operation. During the seven (7) year transition period following start-up,

fuel costs based on 1959 cost levels decrease from about 3.26 mills per

kilowatt-hour down to 2.45 mills per kilowatt-hour. The lower costs are

achieved as fuel is discharged at higher irradiation levels as the equi-

librium fuel cycle is approached and as replacement fuel is introduced

at a lower fabrication price reflecting a design change from segmented

to nonsegmented fuel rods and lower material and assembly costs. Figure

V-3 shows the variation of fuel costs with time.

4 - Total Annual Energy Costs
($9,369,000 Per Year)

Table V-6 shows total estimated energy costs to be equal to 13.38

mills per net kilowatt-hour. These costs are based on 80 per cent load

factor and include escalation of engineering, construction costs and
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maintenance materials costs from present-day levels to those estimated

to obtain at time of trial operation in 1963.

Costs excluding escalation are equivalent to 12.47 mills per net

kilowatt-hour.

D - COST VARIATIONS WITH SIZE OF UNIT

For dual-cycle, forced-circulation type reactor power plants, com-

parisons have been made to show the unit capital and energy cost variations

with size of power generating unit. Figures V-4 and V-5 show these varia-

tions for capital and energy costs respectively.



ESTIMATED CAPITAL COSTS - DOLLARS PER NET KW
FOR 100 MW BWR

INSTALLED COST LEVELS INCLUDING ESCALATION

INTEREST DURING START-UP

CONSTRUCTION $6/KW
$26/KW 1%

CONTINGENCY WORKING CAPITAL
$22/KW $I4/KW

5% 6% 3%

I ly 8q

ENGINEERING ESCALATION
$50/KW $39/KW

CONSTRUCTION
$302/KW

66%

1
TOTAL COST $)45,931,000

NOTE: TRANSMISSION PLANT $459 PER NET KW
m IS NOT INCLUDED



ESTIMATED ENERGY COSTS - MILLS PER NET KWH
FOR 100 MW BWR

INSTALLED OPERATING COST LEVELS INCLUDING ESCALATION

OPERATION AND MAINTENANCE NUCL2ARFUEL 9ESCALAT ION

1.61 0.91

CAPITAL
FIXED CHARGES

8.41

~T1
TOTAL 13.38 MILLS PER NET KWH

AT 80% LOAD FACTOR

I
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ESTIMATED CAPITAL COST VS SIZE
DUAL CYCLE FORCED CIRCULATION BWR
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ESTIMATED ENERGY COST VS SIZE
DUAL CYCLE FORCED CIRCULATION BWR
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TABLE V-1

SUMMARY OF ESTIMATED ENGINEERING & CONSTRUCTION COSTS
FOR THE 100-MW BWR

INSTALLED COSTS - $

PRODUCTION PLANT

Engineering (Titles I, II & III)

Construction

Land
Site Work
Buildings
Reactor
Power Generation Equipment
Accessory Electrical Equipment
Misc. Power Plant Equipment

Contingency

Subtotal Engineering & Construction -
Production Plant

Without
Escalation

5,028,000

360,000
993,200

4,639,000
14,794,500
7,250,900
1,697,500

495,900

30,231,000

2,150,000

37,409,000

With
Escalation

5,446,000

360,000
1,057,800
5,146,200

16,459,600
7,999,400
1,861,000

553,000

33,437,000

2,150,000

41,033,000

TRANSMISSION PLANT

Engineering (Titles I, II & III)

Construction

Contingency

Subtotal Engineering & Construction -
Transmission Plant

Grand Total - Production Plant &
Transmission Plant

103,700

754,000

50,000

907,700

38, 316,700

113,000

825,000

50,000

988,000

42,021,000
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TABLE V-2

ESTIMATED ENGINEERING AND CONSTRUCTION COSTS
FOR THE 100-MW BWR

Labor

Material
and

Other Total

PRODUCTION PLANT

Engineering

Title I
Title II
Title III
Escalation

Subtotal - Engineering

Construction

Direct Costs

Land
Site Work
Building s
Reactor
Power Generation

Equipment
Accessory Electrical

Equipment
Miscellaneous Power

Plant Equipment

Escalation (Construction)

Subtotal - Direct Costs

Indirect Costs

Subtotal - Construction

$ 728,000
3,000,000
1,300,000

418,000

$ 5,446,000

$ 314,000
1,502,000
1,367,000

$ 360,000
513,600

2,345,000
10,845,000

359,700 5,659,200

296,500 1,111,600

66,800 330,600

Contingency

Subtotal - Production Plant
Including Escalation

Subtotal - Production Plant
Excluding Escalation

$ 360,000
827,600

3,847,000
12,212,000

6,018,900

1,408,100

397,400

2,616,000

$27,687,000

5,750,000*

$ 33,437,000

2,150,000

$41,033,000

$ 37,409,000

* Includes $590,000 Escalation
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TABLE V-2

ESTIMATED ENGINEERING AND CONSTRUCTION COSTS
FOR THE 100-MW BWR

Labor

Mate rial
and

Other Total

TRANSMISSION PLANT

Engineering

Title I
Title II
Title III
Escalation

$ 9,000
69,000
26,000
9,000

$ 113,000Subtotal - Engineering

Construction

Direct Costs

Escalation (Construction)

Subtotal - Direct Costs

Indirect Costs

Subtotal - Construction

$73,000 $591,000

8,000 53,000

Contingency

Subtotal - Transmission Plant
Including Escalation

Subtotal - Transmission Plant
Excluding Escalation

TOTAL PRODUCTION &
TRANSMISSION PLAN T

Grand Total - Production Plant
& Transmission Plant Includ-
ing Escalation

Grand Total - Production Plant
& Transmission Plant Exclud-
ing Escalation

$ 664,000

61,000

$ 725,000

100,000

$ 825,000

50,000

$ 988,000

$ 907,700

$42,021,000

$ 38, 316,700

Includes $ 10,000 Escalation
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BREAKDOWN OF CONSTRUCTION COST
FOR THE 100-MW BWR

Labor

Material
and

Other Total

PRODUCTION PLANT

Land

Site Work
Improvements to Site
Intake and Discharge Structures

Buildings
Turbine Building
Reactor Enclosure
Other Buildings

Reactor
Reactor
Piping
Instruments and Controls
Auxiliary Systems
Service Systems
Miscellaneous

Power Generation
Turbine -Generator
Turbine-Generator Auxiliaries
Condenser and Auxiliaries
Circulating Water System
Pedestal

Accessory Electrical Equipment
Panel Boards - Main Control
Room

Main Power Control Equipment
Station Service Control Equip-
ment

Direct Current Equipment
Connections and Supports
Diesel Generator

Misc. Power Plant Equipment
Station Cranes
Station Air System
Intra-Site Communications
Miscellaneous Equipment
Fire Protection Equipment
Miscellaneous

Total Direct Cost

TRANSMISSION PLANT

Main Power Transformers

Main Power Control Equipment
Low Voltage Control Equipment

Connections and Supports

Total Direct Cost

$ 314,000
245,800

68,200

1,502,000
234,200

1,130,900
136,900

1,367,000
233,000
493,000
357,000
80,500

109,500
94,000

359,700
166,000

7,000
61,700
97,000
28,000

$ 360,000

513,600
435,000

78,600

2,345,000
348,100

1,773,000
223,900

10,845,000
7,067,200
1,134,000
1,335,000

433,500
723,500
151,800

5,659,200
4,743,200

22,500
651,000
198,500
44,000

$ 360,000

827,600
680,800

146,800

3,847,000
582,300

2,903,900
360,800

12,212,000
7,300,200
1,627,000
1,692,000

514,000
833,000
245,800

6,018,900
4,909,200

29,500
712,700
295,500
72,000

296,500 1,111,600 1,408,100

8,000
33,000

36,000
8,000

181,000
30,500

66,800
16,000
13,600
8,000
16,400

700
12, 100

$ 3,906,000

15,000
32,000
1,000

25,000

$ 73,000

331,000
33,000

436,000
24,000

189,000
98,600

330,600
132,000

32, 100
13,000

134,200
3,950

15,350

$21,165,000

399,000
163,000

1,000
28,000

$ 591,000

339,000
66,000

472,000
32,000

370,000
129,100

397,400
148,000
45,700
21,000

150,600
4,650

27,450

$25,071,000

414,000
195,000

2,000
53,000

$ 664,000
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TABLE V-4

ESTIMATED OPERATING AND MAINTENANCE COSTS
FOR THE 100-MW BWR

(Including Escalation)

Number

of Men Annual Costs - $

Operation Supervision and Engineering

Total Salary 112,129
Shift Premium 334

Subtotal 112,463

Total Including 14% for Payroll
Taxes, Benefits, Etc. 14 128,208

Plant Operating Labor

Total Salary 290,884
Shift Premium 3,003

Subtotal 293,837

Total Including 14% for Payroll
Taxes, Benefits, Etc. 45 335,031

Total Supervision and Operating
Labor 59 463,239

Maintenance Supervision and Labor

Total Salary 72,414
Shift Premium -

Subtotal 72,414

Total Including 14% for Payroll
Taxes, Benefits, Etc. 10 82,452

Total Plant Supervision, Operat-

ing and Maintenance Labor 545,691

Maintenance Materials and Miscellaneous

Expense 204,779

Nuclear Indemnity Insurance 264,966

General & Administrative Costs 142,165

Total Annual Operating & Maintenance

Costs 1,157,601
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TABLE V-5

ESTIMATED FUEL COSTS
FOR THE 100-MW BWR

Annual Cost Energy Cost
$ 1000 Mills/Net Kwh

Use Charge 237.6 0.339

Fabrication Cost

1970 Price - 1959 Cost Levels 482 0.688
1970 Price - 1963 Cost Levels 545.3 0.778

Uranium Depletion

Initial Value 1441.6 2.057
Final Value 320.8 0.458

Net 1120.8 1.599

Recovery Costs

Irradiated Fuel Shipping 39.7 0.057
Processing Spent Fuel 183.7 0.262
Conversion U Nitrates to UF6  33.6 0.048
Conversion Pu Nitrates to Metal 54.3 0.077

Total 311.3 0.444

Plutonium Credit 434.7 0.620

Total Fuel Cost

1959 Cost Levels 1717.0 2.450

Fabrication Escalated to
1963 Cost Levels 1780.4 2.540
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TABLE V - 5A

ESTIMATED ELECTRIC GENERATING COSTS

Thousands of Mills Per Net
$ Per Year Kilowatt Hour

Capital

Plant Cost, Millions * 45.931

Net Output, MWE 100.

Net Generation - Kmwh 700.

Unit Cost, $ /KWE (net) 459

Capital Costs aJ _______9.18

Fuel $/Kg U

Fuel Preparation and Fabrication

UF6 to UO2 18.52 111.10

Fabrication and Assembly 55.50 332.49

Material Losses 9.05 54.22

Subtotal 497.81 0.710

Fuel Burnup

Value of Fuel Charged 240.35 1441.6

Value of Spent Fuel 54.02 324.0

Burnup Cost 1117.6

Pu Credit b./1 (0.01537 g/MWD) 384.7

Net Burnup Cost 732.9 1.046

Spent Fuel Processing

Transportation of Fuel 6.62 39.7

Processing to Nitrate 20.74 183.7

Conversion of UNH to UF6  5.60 33.6

Material Losses 1.26 7-59

Subtotal 264.59 0.377

* Including engineering and construction, interest during

construction, start-up costs and working capital costs.



V-20
Sheet 2 of 2

TABLE V - 5A

Total Core
Avg Kg/ Yr Days Kg U

Thousands of
$ Per Year

Mills Per Net
Kilowatt Hour

Fuel Use Charge cLi
Fabrication

Spare s

Reactor

Cooling and
Shipping

Reprocessing

Subtotal

Total Fuel Cost

Operation and Maintenance

Supervision and Engineering

Station Labor (including maint.
labor)

Materials and Supplies

Nuclear Indemnity Insurance

General and Administrative

Total

Total Station Cost

Number of
Employees

14

55

aJ Based on 14%/year financing charges; 80% plant factor.

bJ Based on $ 12/g Pu as metal; $ 1.50/g Pu for processing
Pu nitrate to metal.

c/ Steady state condition.

4939

1974

19740

2936

65

29654

300.5

365

365

179

3.95

47.48

18.98

189.79

19740

1974

19740

3948

3948

28.23

0.62

285.10

1780.40

0.407

2.54

128

418

205

265

142

1158

9369

1.66

13.38
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TABLE V-6

ESTIMATED CAPITAL AND ENERGY COSTS
FOR THE 100-MW BWR

(Dual Cycle Forced Circulation)

Installed Installed
Costs Costs

Without With
Escalation Escalation

BASIC DATA

Gross Capability - Mw
Net Capability - Mw
Annual Net Generation - Kmwh

CAPITAL COSTS

Engineering
Construction
Contingency
Interest During Construction
Start -Up
Working Capital

Total Capital Costs
Total Capital Costs

ANNUAL ENERGY COSTS

Capital Fixed Charges
Operation and Maintenance
Nuclear Fuel

Total Energy Costs
Total Energy Costs

105 - - -

100 - - -

700 - - -

$1000
$1000
$1000
$1000
$1000
$1000

$1000
$ /Net Kw

$1000
$1000
$1000

$1000
Mills/Net Kwh

5,028
30,231

2,150
2,605

564
1,423

42,001
420

5,880
1,129
1,717

8,726
12.47

5,446
33,437
2,150
2,850

579
1, 469

45,931
459

6,431
1,158
1,780

9,369
13.38
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TABLE V-7

COST BREAKDOWN - DESIGN STUDIES

Ebasco

I, Land and Land Rights $ 360,000

General
Electric

0

Total

$ 360,000

II. Structures and Improvements

A. Site Preparation & Improve -
ments

B. Reactor Containment Structure
& Services

1. Excavation & Substructure
2. Biological Shielding
3. Superstructure

a. Containment Shell
b. Other

4. Services

C. Buildings and Services (List
major buildings separately)

1. Excavation & Substructure
2. Superstructure
3. Services

III. Reactor Plant Equipment

$ 611,000

132,400
586,000

1,320,000
745,500

121,000

274,000
464,000
232,500

0 $ 611,000

0
0

0
0

0

0
0
0

132,400
586,000

1,320,000
745,500

121,000

274,000
464,000
232,500

A. Reactor

1. Vessel and Supports
a. Vessel
b. Vessel Supports
c. Core Supports

2. Thermal Shielding
3. Reactivity Control

$ 93,000

25,000

$1,834,000 $1,927,000
Included in Vessel

873,600 898,600
Included in Vessel

a.
b.
c.
d.

Control Rods
Housing and Shrouds
Mechanisms
Other (Boron injection, etc.)

4. Other

B. Auxiliary Heating & Cooling

C. Moderator System (if other than
collant)

51,100
0
0

26,600

40,000

365,400

459,000
147,000
353,100
112,700

205,100

0

510,100
147,000
353,100
139,300

245,100

365,400

None
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TABLE V-7

Ebasco
General
Electric Total

D. Fuel Handling & Storage

E. Radioactive Waste Treat-.
ment and Disposal

F. Instrumentation and Control

1. Reactor Safety System
2. Waste System
3. Radiation Monitoring

System

I V. Heat Transfer System

$ 20),o00 $ 265,000

372,900 0

$ 300,000 $ 1,096,500
23,000 0

23,000 0

$ 474,000

372,900

$ 1,396,500
23,000

23,000

A. Reactor Coolant System

Main Pumps
Piping
Valves

$ 3,200
550,000

50,000

$ 800,000
0
0

B. Coolant Supply & Treatment

Charge & Discharge
Purification
Sampling

50,000
131,700

0
0

4. Pressurizer

$ 803,200
550,000

50,000

50,000
131,700

Included in Pu:
fication

None

C. Steam Generating System

1. Pumps
2. Piping
3. Valves
4. Steam Generators

D. Feedwater Supply & Treat-
ment

E. Instrumentation

1. Primary Plant Control
2. Heat Transfer System
3. Steam Generator System
4. Other

V. Turbo Generator System

A. Turbo Generator & Auxili-
aries

B. Condensers and Water
System

C. Instrumentation & Control

220,000
55,000
14,800

1,535,400

160,000
15,000
27,000
27,000

5,010,800

1,135,000

0
28,800

1,767,200

0

0
0
0
0

0

0

None
220,000
83,800

1,782,000

1,535,400

160,000
15,000
27,000
27,000

5,010,800

1,135,000

0 15,000

1.
2.
3.

1.
2.
3.

15, 000
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TABLE V-7

Ebasco

VI. Accessory Electrical Equipment $ 1,408,400

VII. Miscellaneous Power Plant
Equipment $ 344,600

TOTAL DIRECT CONSTRUC-
TION COST $17,129,000

Escalation 1,771,000

V I I I. Indirect Construction Cost

A. Engineering, Design and
Inspection $ 4,839,000

B. General & Administrative 5,750,000

C. Start-Up Costs - Equal to
One-Half Year of Opera-
tion Maintenance and G & A
Costs 450,801

IX. Interest During Construction $ 2,140,000

TOTAL DIRECT AND
INDIRECT COSTS

Contingency 2,132,000
Working Capital 1,468,801

$ 35,680,602

General

Electric

0

0

$ 7,942,000

845,000

$ 607,000

128,000

$ 710,000

18,000
0

$ 10,250,000

Total

$ 1,408,400

$ 344,600

$ 25,071,000

2,616,000

$ 5,446,000

5,750,000

578,801

$ 2,850,000

2,150,000
1,468,801

$45,930,602
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V I - GLOSSARY OF ABBREVIATIONS

abs absolute
ACB air circuit breaker
a-c alternating current
ADC automatic data collecting
AEC Atomic Energy Commission

amp amperes
a/o atoms per cent
ASME American Society of Mechanical Engineers
ASTM American Society for Testing Materials
avg average

Be Beryllium
BIL basic impulse level
bhp brake horsepower
Btu British thermal units
mB British thermal units millions

Btu/lb British thermal units per pound
Bwg Birmingham wire gage
BWR boiling water reactor
C degrees centigrade
CAA Civil Aeronautic Administration

cc cubic centimeter
cfm cubic feet per minute
CFR Central Files Report of AEC
cfs cubic feet per second
C12 Chlorine

cm centimeters
CO2 Carbon dioxide
Co Cobalt
Co 58, 60 Isotopes of Cobalt
Cr Chromium

cu cm cubic centimeters
cu ft cubic feet
d-b dry bulb
d-c direct current
Dia diameter

F degrees Fahrenheit
FOA forced oil, air cooled
fob free on board
ft feet
fpm feet per minute

fps feet per second
gal gallons
gpd gallons per day
gph gallons per hour
gpm gallons per minute
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V I - GLOSSARY OF ABBREVIATIONS (CONT'D)

Gr grade
HEI Heat Exchange Institute
H2 Hydrogen
Hg Mercury
hp horsepower

hr hour
ID inside diameter
IDO Idaho Operations Office, AEC
in. inch
K neutron multiplication factor

Keff effective neutron multiplication factor
OK change in neutron multiplication factor
kv kilovolts
kva kilovolt - amperes
kw kilowatts - electrical

kwh kilowatt-hour
kmwh kilo -megawatt-hour (million kwh)
lb pounds
lb/hr pounds per hour
log logarithm (base 10)

Log N logarithm of neutron flux
M thousands
m millions
mB British thermal units - millions
mev million electron volts

MG Motor -Generator
min minute
Mn Manganese
Mn-56 Isotope of manganese
mph miles per hour

Mr
mr em
mw
mwt
MWD/T-U

N-16
n/cm 2 /sec
No.
n-p

OA

OCB
OD
0-16
0/0
pf

milli Roentgen
milli Roentgen equivalent, man
megawatt - electrical
megawatt - thermal
thermal megawatt days per short ton of uranium

Nitrogen of mass number 16
neutrons per square centimeter per second
Number
neutron-proton reaction
oil air cooled

oil circuit breaker
outside diameter
common isotope of Oxygen
percent
power factor
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V I - GLOSSARY OF ABBREVIATIONS (CONT'D)

logarithmic expression of hydrogen ion
concentration

parts per billion
parts per million
pounds per square inch
pounds per square inch absolute

pH

ppb
ppm
psi
psia

psig
pst
Pu
Rem
rpm

R TG
sb
sec
SiO2
sp gr

sq cm
sq ft
sq in.
sq mi
TC

TDH
TVA
U
UF 6
U0 2

pounds per square inch gage
pole single throw
Plutonium
Roentgen equivalent, man
revolutions per minute

reactor -turbine -generator
Antimony
seconds
Silicon dioxide
specific gravity

square centimeters
square feet
square inches
square miles
temperature controller

total dynamic head
Tennessee Valley Authority
Uranium
Uranium hexafluor ide
Uranium oxide

volts
wet bulb

v
w -b
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VII - DRAWINGS

The following drawings of the 100-mw BWR are included in this sec-
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8599-BWR
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MECHANICAL
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601-M- 106

601-M-107

602-M- 101

602-M- 102

o02-M- 103

602-M- 104

202-P-101

General Arrangement
Reactor Area - Plans 1 and 2

General Arrangement
Reactor Area - Plans 3 and 4

General Arrangement
Reactor Area - Section A-A.

General Arrangement
Reactor Area - Section B-B

Reactor Arrangement

Reactor Core Plan

Fuel Assembly

General Arrangement - Turbine Area
Ground Floor Plan

General Arrangement - Turbine Area
Mezzanine Floor Plan

General Arrangement - Turbine Area
Turbine-Generator Level Plan

General Arrangement - Turbine Area
Sections

FLOW DIAGRAMS

Simplified Flow Diagram

STRUCTURAL

Reactor Enclosure and Foundation
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4 SEGMENTS WITH i -9 OF
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SEGMENT
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f, 8 (TT UL BUNDLE HEI.HT 5-

TYP ORIFICE FOR
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SECTION C-C

-4 - --- TUBE FOR FLUX -MONITORS
REQD IN B CHANNELS

LOWER SUPPORT PLATE 4G

FUEL ELEMENT

0000
00®0
00
0000

TUBE MAREDX',
WITHOUT FUEL USED
FOR RUPTURE DETEC-
TION IN 43 CHANNELS

TYR. ASM OF SEGaMENT JOINTS
ENLARGED SECT. -B WITH SPACER BETWEEN

SHOWING SPACER CORNER SEGMENTS
SUPPORTS(TTP 3 SPACERS)

I -

w 0

SECTION A-A
SHOWING TUBE IN CENTER FOR

FLUX-MO HI TORS TUBE IN ; CHANNELS

NOTE'
CHANNEL TO BE FIRED IN CORE, FUEL

BETECTIRN HEHDIN

0

100 MW BWR

FUEL ASSEMBLY

LOWER FUEL TIE PLATE

--

BUNDLES WILL BE HADEEAAEY.

RID



N8
~PPE TIUMEL WASTE BLDN4

P SUMP puEp

AS WASTE

ATBAK TO WASTE COLLECTOR

t , TANOP PUMP

FLOO L.

0 SUMPe
o V U MP

PIPsTUMULM MP
TO REACTOR 4 g pAml !
ENCLOSURE i

WASTE 
U I tTW C

AS'TC@W 'te TN

iATIE O ThiD - PLA4 ELOW a ADI

A z
60DWAWMTR

RIQULATBD
WOAYo SNOP

MACHIN DRA

NAM

.0RBCON'TAMINA'TION RADIAL DRILLTA -

--

- 1-UIPMINT

DECO TAEiANIIE
ROOM MACi

UNLOA11Nd,7bAY 15

DID

o C
JI

0

I

PIPO TUNPUIL

K WPRIMARV OTSAM

AIL SECONDARY VEAM

S 10 FEEDWATER

.I II ii

c oTst6
CUANSI4

NTOUR Room
SAND SAWN CUMP

N A 'O

PCo SW OU

-MI- ---

40 TON--

AUTMQI.DI

N1ISA l DR- 1
illi

"on L E Y0OOL ROOM>- DO ND D RILLL OLTThhEAOINt ILATHS
LNO MA MACINt tTOOLI

- NON-RUSULATRO MACI INB SNOT F \ ROOM

TRERIAT iiS

- NRA'TNG4 ILECTRICAL
- - ESt SI ARE

-. ce IRLR Ap- %

**

-f

0

SCUEMICAL iITO A4I
3INK

TU 

ONRO. O

COOuJN4A wTRR PUMP emelmrNCY EXIT

rE'F-O __ LL-O e-O

HATCH

RADIOACTIVE WASTI UILDI4C
4

PLAN AbOVE GRADE -

FLOOR EL 984.0O

SAMPLING
RooM

CMtMICAL
IIN TANK :O.PANRTROt

MATC-Z >
N RUT BALI! K BL.I]

MIUUUQ PUMP
MOTR

TRAMSPI UPS MOTR
TNASTIHOARUP CONTROLCRNTRS

NATCN

4t

C ONI SN A ' E A U M 6 . ,' CD

LDADI - - -

CON aN ATi PUMfs

LTRANVS{ PUMP
6.0 PUaR Y ./ DRAIN PU MP

DIURING4 OMLRATION

TURSINE OILNo0
OTORE- TANK

ZNLROO TOR Co ie{

p C0

COONNT AIT

CONOONSA'TR B MAID-UP .PEED WATBI PU S!CONTROL PANEL S :'i./

at RESINAII 'A T~~IISLUICISUS[jj r UMPS

R E =|_ / CONTEC
AFTERCOOLIRS (ABOVE)

AIR IEC&dIt

21'""0 ti-o

- SEE-DW . 101-L-101

-

UNLOADINCA bD( ThA oP-M

AVI UAOMS

\ TRNIVORMRAT0

T6D NMAKUNrS

'TENANCR CORRIDOR
RD Access

EN. TANKS g

CORRIDOR

EMSR*RNCY BOIN

2D'-o

LIMP

RESIN PE

IOLLID ACCESS

&

t4-o

IO--10 4

* STAt lN~i

TRAM WOO

I z'.

VERTICAL R1IE VRTICAL ISER
PROM WAstE PtOM Ro rV
DISPOSAL EAILD4N VI'TCINYAE V SIl ftm3-

-:. i - - ,'

0

0
N

o.a

0

ONCE 4 II COLD
ROOM LASOIAOARY

M- ENO INIR

IICt MAL "

N T M RESULTS

4 CLERK ) SUP T

I NITfADIM5A1

/l
/,

"u-aoY1 .\/J -.

A

cI -601-M-104

9 LLr-fA_

0

REFERENCE DRAWINGS
RIRRAL ARRAJN4RMRWT - 'TURSINS AREA

MRZZANIN LEL PLAN Ot-m Iot
TIURR SERRATEt LELI RAEP SR-M-IOS

ORCTIOMS SOB-M-l0

couwowna

' cow f M. !MEN

Q I JANVCLEAN

o;. II LAUFUOiy

LAINDIY ToILET A -A -

RLOOMWOMB

- K .RILOLI(
DOOR

FIRSTAO EaC3PTON I RADIATION ASSISTANT

ROOM ROOM IIENUIINCo II PLANTl iNALTNWY SP'T.

29o M9

8 90 _________

100 MW BWR

GENERAL ARRANGEMENT
TURBINE AREA - GROUND LEVEL PLANBI

(0(0001.-104ON)

PLAN AT EL. 986.00'

o 5 10 ZO 50

QRAPMIC SCALE IN FEET

VII-11

A

L

4 44.VOLT AUXILIARY 0. 0'CAL1ll\ 9
- lW PAAEL .. ~C AA SIE

SINVE I-TaR D vlRIM
LOO CONTROL ROON

TURN! lIRAOR MOTOR CONTROL MIIS

CAN RRATOR ___

uTUIa NOV CONTROL ROOS
M TOR CONTROL CENTERSI

SWITCHA&. '4 ' - -L }t.4- mF1e-n. m

., " D: . o" ERTICAU RISBI PROM

- -

1DRY-N4 31b OWUtS BC OS

-- INUTBUMNT PROCESS
SHOP LASORATOB I

, 1. ..?4 .i...!t i

- -"------ -: II I i

t
E
1 40

4!

I_I

-. . - 'I nntt 1 T

F

__j

tt'-o 22'.0

-

IN
'

r rT 
1

1

I

i z 7-

Iii/ 1tl I I l ( u, =Mll 1=-

4

1



V II-12

N -

REACTOR INCLOSUR
SUPPLY RANS I

.UEINI INCLOSURE
SUPPLY IAN

UNLOADING

BAY

W

N

U
v

hI

itSECOWDASY S

4 PRIMARY STIA

Ii--
CONGBETS P

1
t0R

EL IS * ID 0I

LIMITED ACGSS'A A

FDIIT ATINS

MOOR CONTROL CENT

ENOP I
SUPPLYj AN

E MRSINCY

EuAco rub

-- _________

221-0

I

~~?NGT4~
PA N LI .

EL MAI0

-EME IRGNON
[x IT

MACNINI SHOP ROOF
EL.1001.00' I

I
M

RSENCYExlT

!!1-O 22'- 0

WALKEL I

\ 2 4ATC M V)

CONDENSATE

PUMP REMOVAL
ATC C AlOVI)

TVERSIWN a ERATOE
LUM OIL RS 0\0 -

i- i

CONCRUTI PLOOR
L. 100100'I'

MOAM

NM
CONDENSER

TURBINE EXHAUST

EL. 1001.00p

ATOP VALVES

10 1

_-- e

s- --

!L, roO.0O

TURBINE GLAND STEAM JET
XMAU TER L AIR EJECTO0 & CONDESER

POGET LOk

NOT AC.CG1 a0 DUR NC

O IAAT-

I-__ ____ I ',

CONTROLLED

21'- O

CORRIDOR ROOF

24'-0

au,

0

20'-0

T ENERATOR '

LLADL

-'"'- olLET D. .

ANNINLAET

AC E61566 ALS

ADTMNITNA
AIR INTAKE SIIILDINI

- IUPPLY P.

I

LI \ P L O
LC

CONTROL ROOM

DAAHANDLING

ON
i6

ADMINISTRATION BUILDING ROOF
EL. 1001.00'

25'- 0 I I25'-0

PLALOM
sk EL OtCIOG

II I ceANS COLUMN i

UNTOADIU BAY

- -N

H I PUCAEOLUM& I
22'"0 o -O 2"O

121

2271-

100 MW BWR

GENERAL ARRANGEMENT
TURBINE AREA

MEZZANINE LEVEL PLAN

(WAE. 0 0.-004)

P LA N A T EL. 1001.00'
0 5 10 20 30

4RAPMIC SCALE IN FEET

r4
0

A'

nl

.C

0

i

I

p-t

0

N

NI

(

T

-T y. e

6-

F I If-

T & re a+ GKAN% GOLVMA9 4, +

P I' [===4 -III 1 T _ I

111
HI______ I 4

LLi -- . vnuuum rumr-v- -- --TTYf i i i il-

n

f I(S)-

i 11

AY

3

E'-

, lr"a

a 
e

z



V II-13

HAND RAIL

STEEL PLATE SNIELD TUR INE EXHAUST GENERATOR r

tlA - 1COWCOETR EL. IOw.OO'

NOT ACCE bI LE DURING
OPERATI ON

EQUIPMENT
UNLOADI4 HATCH

VALVE

X ONDS&IAd
WUIOVAI

PENT.HOUSLLB ILCOE

E EMO L MATM

'-4

L WAT-CH

007||

71OF

zt'-o J 21-0 T1 20'-0

- 7 :- - E CRANE EAkL.-
4-0 THICK CONCE TE
ovER CONTROL ROOM-

TRAINE -GENERATOR
ULMITED ACCESS

AREA

EL
_----_ -- - - - - 10 l 00

PENThOUSE

CANE RAL- j

HAND RAIL

0

0

-I-

JLOADIFtA AY

22- o 22'-0

PLAN AT EL. 1016.00'

100 MW BWR

GENERAL ARRANGEMENT
TURBINEAREA

TURBINE GENERATOR LEVEL PLAN

o to 20 30

GRAPHIC CALG IN FEET

C5

00I

- 1

zz'- O 22-o

0

- I- .-.. . ..
-=

i

- - --_ GL V 1

may. GOt-M-104)

I

I

i

(DWCy 602-M- \

Z!'- O

UN

>



E 1052.00'

DURI WNEL-W45OR. _ _.

ALOOI*IL. 1010

tLJKBIR

UNIT

BUPPI

FLOOR L.OOoCc
NON-RE

MO EM N

FAO 4
LOO[ GL. 00

TURBINE
P2aC EL I

LOO[.

MLZZAIRJL LEVEL

COTELW - 0
AmCESSCORRIDOR

4 PEEDWATER P AMPI .-

FLOO rL i4A

YFANS V FA.N TIJRBIL)
lOOP M O TJRP~

.Tr f. NCL. I
LY AIN3

LQULAT7D MACHINE SHOPDILL PRES
JLLV LO flDPEDEST

.LI IIWy/ III

i

BOLT THI2,AIMOMACHINE

+ HTRL HTR

- p-

- I-. -
A .'ElJI II

FANS - r~

PENTHOUSE

I4
TVRIWE CVENERATOR

LUfT OIL
RESERUOIA 

I

K

TURBNE GENERATOR

:11 TURBINE- cIUAUe.Tot PEITI4OVIJ

_ _ _ _ _ _MOITOR__ _ __PANEL- UNIT I -L
| TOP

STEAM JET

IR EJECTORlc

TIJRIlURGLAIJ.D

H ~AU 1 '-R

I .... 4.1- M.

G N I
1
LSJ, COI rEOL 2OOM I CONSUOLE

RICITAIOM TYPE I.ITE E LI1
U-44 CURI.1 .l.IIuIEI'TO I

'CTEIrIAL A ClDESK
TRANSFORER ECUd _iI
CUBICLE

\. _ - - -- 7- ]TTERY DAA K DmLI ROOM CA8IIJET TIE R

7 lOLROA II TURBI OIL ALVL -80IVOL480,/ COIJTROL Ah

LATHE -IvAF CUETY MCASETS

L.PILTfRa I LO,. 1 BATTERY RACI CARRIE, CWP.EIT

L.0PILTER PUMP - 1 WCICT
TOP OF MA ELE/A.TION 978.00

412 SECOND S TEAMP.H ,U

t4. VPrIMARY STEAM
CONDENSATE

4 5 - oPUMP G7 9

DAol PUMP

)r MAT

50 TON C A _

10 TOW
AUXILIARY HOOK

e-

- I o

:1

-

CoNTQOL CAB

-L -

8 I

Dl OR P

.Q.

E)RSATE PUMPS

ELEVATION .O

OF RAJL ELEVATION 101.00;

UNLOADING~c
BAY

ACTION A-A

STEEL PLATES HI4LD

TURbIIIA - NUGAITO

TANK cMT~oA

WSEHOLD-UP 5AMPLIMN.

I I "*gWRT- .

MoT~I EAP4 C SAALEIIN PUMT

ENTTEtO ASTE Z IA bL MMLALI4

ONRL SUMP UP

d -'

- - - - -1 . .O. s
fiouto QRAPAic SCAPE IN PEE

; .( WASwTR DE.M p;...A W.ET

100 MW UWR

GENERAL ARRANGEMENT
TURBINE AREA - SECTIONS

VII-14

1

R I tMATIo MIII P I

T Jt BEDUNITS

G~(t 0 }CO4JO

I I
- r-rIT

,Ii . ea-16i=i' 9. ' { ' 1 1 ion

A..

- - - -- - I- -
TI

1r

9

,*O d

6I

, ;

5T[AM JR
R LJKTok

I i



EPAERMMY C6OENM

PRIMAAY STEAM DRUM

TANK

E~TP I

s I

SSE L.

(2) lIL1' 2

POR (I 1

0 N

L.P TUR6IA E

N-

(2) ~ ~ 14"SEEA

COLE _ 

STESEA E

1 

EATE 
WONDER l

T I ~ * HAE

IETEA R

WAST FPQ TURINEAREA

TANK](E) TO RIVER VIA DISCNARt VJANAL

R ~~~~~~~FROM CONDENSER MITWELL CNE~l OLN AE

1,O T 
E OVDA -

uiArLNCLOSURE DPN AJN

gyiF COLLEETO TALs PUMPS (2)
c R- . PUEMM.Aie

R I( V WSTE VAPOR

WR PST

NO t~NFUEL CAIJAL 

F5p D

MtATN4C EMAN{0. E.R MUAL2E P UTMPNC+AAp
STAKDAN 

yl4
100wST 

MN . WAS T9"S C
SOLPIDIE WASTE WASEARAX[ A1M

W...S.- PRIMAA ( SECKALARY TEAP

TRANSF- N ~ pCNENTRAT wTAJM

FEEDATER 4CCOOEN5ATE

-OFF yAA

AIA EVACUATION

SECONDARY FLDW
IJ

K1



N-

00 mw SwR

ACTOR ENCLOSURE AND FOUNDATIONRE

toWtPIENT L~OCK
TN ". Ron APPERS

& \

r' \

l- I

PLPHRI ANOFRACTN NE cuR

EQUATOR EL 10-O30O

Tt ROD--

PIPE COLUMN

~EQ L lS.0

Il

IP T _NNE

I -

FERENCE DRAWINGS SEE
!!-swt-R.O-M-105

A cT * C A.

-- G'

SECTION A-A

O 10 TO O AC O AO fEly

GRAPHIC SCALE J
1
C. 

1
' 

0

C 6 20 lo so PE6T

SRAPIC SCALE f.*=O

0 3 10 DO

GRAPHIC 6CALE .>I

ELqD.0OO

SECTION B-B
S..'6 .'10

FOR RE
DWG S

[tM4 lo

SECTION D-D
CALE l.I'-O

EL 8q1D0'

EL 4 DOO

I L

E

EL 101 w 00'

i

1

1

1

I L

EL IOE"I E0'

EL q8 3.00'

.
H

n

aRLams WMMdPFWW4PPWWftvA

1 1 1 I ' I I

I I I I ' I I

-

!I

%0429**

SECTION E-E*

SCA'E - -

SECTION C-C
SCAL +' g. I'O

co~c nooCRe L.

'AND
- D41Mn






