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I. INTRODUCTION

A. Authorization

Sargent & Lundy was authorized on November 1, 1960, to make an
economic and technical feasibility study of various reactor
containment designs which are being utilized for several power
plants now under construction. The study was performed as a
subcontract under AEC Contract AT(l1-1)-938 with Armour Research
Foundation.

B. Purpose

At the present time most reactors are contained in steel pressure

vessels which may add from about $15/kw to $50/kw to the capital

cost of boiling water reactor plants depending on plant size and
type of reactor cycle. Other methods of containment have been
proposed and incorporated into the design of several plants now
under construction. It is believed that these designs may provide
a significant reduction in containment costs.

This report was prepared to evaluate the merits of the various

types of containment both as to the technical aspects and from

the standpoint of cost for various sizes of reactor power plants.

C. Containment Methods

The study considers four different containment concepts:

1. Standard Containment

This type of containment which consists of a vapor-tight steel
shell has been the most widely used to date. It is designed
for complete containment of accidentally released primary
coolant and fission products. The shell design is sufficient
to withstand resultant containment pressures which may range
from 15 to 60 psig.

2. Pressure Relief Containment

This scheme provides a leaktight, reduced volume structure which

can be vented by means of a burstable diaphragm or quick opening
valves to relieve the initial pressure increase from a loss of
coolant accident. After a short period of venting and subsequent
pressure drop, a gate in the vent duct may be closed to prevent

release of fission products from core meltdown. Typical of this

type of containment is the Canadian NPD-2 reactor plant design

developed by the Atomic Energy of Canada, Limited.

3. Pressure Suppression Containment

This method of containment employs a small containment vessel

or dry well housing the reactor and primary system. The dry
well is vented through large pipes to a pool of water which
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acts as a heat sink, condensing and cooling the steam released

from an accidental pipe break within the dry well. The
Humboldt Bay reactor plant is the first to utilize this design

developed by Pacific Gas & Electric Company and General Electric
Company.

4. Low Pressure Containment

This design incorporates a vaportight containment structure of

sufficient volume to enclose essentially the entire reactor

power plant and large enough to prevent containment pressure

from exceeding 5 psig in the event of a loss of coolant

accident. The BONUS reactor plant by General Nuclear Engineering
Corporation is an example of this concept.

D. Reactor Plant Cycles

The three sizes and types of reactor plant cycles which have been
considered in this study are:

1. 44 MWe natural circulation, direct cycle, boiling water
reactor plant.

2. 180 MWe dual cycle, forced circulation, boiling water
reactor plant.

3. 300 MWe dual cycle, forced circulation, boiling water

reactor plant.

-2-
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II. SUMMARY

Preliminary work for this study consisted of establishing the required

ground rules, i.e. type and size of plants to be studied, maximum

credible accident to be assumed, site conditions, method of accounting,

etc. Information was then obtained concerning the reactor plant cycles

and reference containment types selected for study. This data was

obtained both from available literature and from discussions with

engineers responsible for developing the containment concept for each

of the reference plants.

Design calculations, flow diagrams and general arrangement drawings

were prepared. The plants were normalized, keeping the arrangement

of all plants of a given size as nearly the same as practicable.

Auxiliary systems, fuel handling, accessibility to equipment, etc.,

were made equivalent except where some variation was necessary for

a given containment concept. Radiation calculations were also made

to determine the effects and cost as reflected in shielding and ex-

clusion areas.

Material take-offs were made of structural, mechanical and electrical

equipment and installations wherever there were differences in plant

designs. These take-offs were then used to prepare estimates of the

differences in costs of the plants. Standard containment was used

as the base for the cost comparison.

Table VII-2 indicates that appreciable savings can be made over the

cost of standard containment. For the plants studied, pressure

relief shows a savings of from $16/kw to $23/kw, varying with the

size of plant.

Pressure suppression is particularly adaptable to plants which require

relatively small volumes to en'JIse the reactor primary equipment.

This is illustrated in the case of the 44 MWe plant which has an indi-

cated savings of about $13/kw. The dual cycle, high steam drum designs

selected for study in the 180 and 300 MWe sizes are not of the type

suited to the pressure suppression method because of the large volume

required to house the reactor primary system.

Low pressure containment has a large volume designed to house essentially

the entire reactor power plant and to contain all of the coolant released

in the event of an accident at a low containment pressure - of the order

of 5 psig. For the specific plants selected, the coolant inventory

was relatively high which resulted in very large containment structures.

As a result, building space is not utilized efficiently and, for these

particular plants, low pressure containment is not economically feasible.
Low pressure containment can best be adapted to plants having a low

accidental energy release relative to reactor power as is the case with

some of the more advanced reactor cycles, including those having integral

nuclear superheat.

It should be noted that there are many variations to the four contain-

ment designs studied. In particular it should be noted that the low

pressure concept could be altered in the case of the plants studied to
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provide for a more compact arrangement in a smaller volume in order
to efficiently utilize building space. Such a scheme would sacrifice
the feature of low pressure for some intermediate pressure but would
retain the other advantages of the concept - principally, containment
of essentially the entire plant within one structure. This more
efficient use of building space might well provide a cost reduction
as compared to standard containment.

In regard to the technical aspects of containment, all of the methods
studied have been found to be technically feasible. Standard contain-
ment has been utilized for most reactor plants constructed to date
and has received wide public acceptance. However, the other contain-
ment schemes studied appear to be equal or better than standard con-

tainment in most respects.

Present technology is such that containment designs are based on very

conservative assumptions. Conservatism generally results in increased

costs for design fabrication and construction. More technical data

and experience are needed in order that plants may be designed to more

realistic bases. Additional technology should also lead to the develop-
ment of new concepts as well as to improvements in present containment

methods which should add to the safety of reactor plants as well as

reducing the cost of containment.

-4-
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III. DESIGN CRITERIA

A. Summary of AEC Ground Rules

1. General

This study concerns itself with the comparison of four containment

designs on the basis of cost and technical feasibility for each of
three reactor cycles. The containment design concepts and reactor

plant cycles considered are described in the following sections.

2. Study Procedure

In order to evaluate the relative costs and technical aspects of

the various containment systems, a study of available literature

was conducted and discussions were held with engineers responsible

for developing each of the reference containment designs. Design
calculations, diagrams and general arrangement drawings were then

prepared. The plants were normalized keeping all plants in a

given size on a common basis as nearly as possible. Auxiliary

systems, fuel handling, accessibility to equipment etc., were

made equivalent unless some variation was required by a particular

concept. Structural, mechanical and electrical materials take-

offs were then made for preparation of cost estimates.

Whenever the study of a particular concept in a given plant size
progressed to the point where it could clearly be shown that it

was not economically feasible, that portion of the study was

completed with the minimum number of considerations that were

required to show the impracticality of the application.

3. Site Conditions

The site conditions for all plants are normalized using the AEC

accepted site criteria as the basis. A description of the site
conditions pertinent to this study is included in Appendix A.

In accord with the site data, a specific minimum land area is
provided and varies with plant capacity. It is assumed that the

plant is located at the center of a square property area equal to

this minimum acreage, thus equalizing the radiological effects at

the boundaries of the site. All of the area located within the

site property line is considered as the exclusion area. People
found within this area are considered to be under full control of

the reactor owner.

Geological and seismological conditions are considered the same
in all cases. The cost of the containment structure reflects the

influence of these conditions by factors such as size and depth

of excavation as well as founding requirements.

-5-
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4. Meteorological Criteria

The meteorological conditions that are utilized in evaluating a
reactor site should be as complete as is available. This

information is usually recorded and tabulated by local weather
stations. For this study, the meteorological and climatic

conditions are outlined in Appendix A. This data was evaluated

and parameters were selected for the radiological calculations
such that conservative results were obtained. Where valid,

parameters remained constant for all containment concepts.

5. Maximum Credible Accident

In the postulation of an accident for hazards evaluation and
design criteria, it is necessary to select an accident which would

yield a conservative upper limit. This has been chosen as a loss

of coolant accident for each reactor resulting from the

circumferential rupture of a main coolant line to the extent that

the broken sections of the line are not aligned with one another

and flow from one section does not interfere in a major way with

the flow from the other section.(1)

It is assumed for this study that there is no metal-water reaction

or any additional internal energy other than that of the
pressurized water and steam. In the calculation of design

pressure, it is assumed that there is no heat absorption by internal

structural materials, and no credit is taken for pressure reduction

achieved where a spray system is present, except for the pressure

relief method where the dousing or spray systems are required to

reduce transient pressure following an accident.

Fission product inventory for each reactor is considered to be

that present after the equivalent of 400 days of full power
operation. Fission product release from the core is assumed as

100 percent of the noble gases, 50 percent of the iodine isotopes

and 5 percent of the solids (including strontium).

A maximum permissible emergency radiation dose to a person exposed

for a two-hour period is assumed to be 25 rem whole body radiation

or equivalent at the site boundary.

The leak rates utilized for radiological calculations were those

which have been achieved or assumed for the reference containment

concepts.

B. Containment Design Concepts

The containment designs considered in this study include the familiar

steel shell enclosure, the pressure relief method of containment, the

1 The ground rules established for this report exclude consideration of

violent excursions. If one were to consider violent excursions it

might be expected that each of the four methods of containment studied

would have a comparable response.

-6-
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pressure suppression method and the low pressure type of containment.
The latter three are relatively new concepts of containment design
which are in fact only now under design and construction.

Following is a brief summary of the plants which were used as
reference designs for this study. Additional details concerning

these plants may be found in the discussions in Appendix F and from

the literature listed in the bibliography, Appendix G.

1. Standard Containment

The standard containment method consists of a welded steel shell

enclosing the reactor and its auxiliaries. The vessel design
pressure is such that it will be equal to or greater than the

maximum pressure which will develop assuming an instantaneous

release of the reactor coolant including, where applicable, the

addition of chemical energy which may result from the accident.
The steel shell is designed in accordance with the ASME code for

unfired pressure vessels and the latest applicable code rulings.

The use of a welded steel pressure vessel has been the most widely
accepted method of containment to date. Over 20 nuclear power
plants have been constructed utilizing this method.

Standard containment clearly meets the necessary criteria for

containment, i.e., essentially all radioactive material retained

in the reactor building in the event of an accident. The large

size of the structure and numerous penetrations do not permit

perfect containment, but the method of construction and testing
is sufficient to limit the leakage from the building to
satisfactorily low levels, i.e., of the order of 0.1 percent of

the total volume per day.

2. Pressure Relief

The reference design for the pressure relief method of containment

is the Canadian NPD-2 reactor plant. NPD-2 containment is divided

into two separate systems, one for the reactor vault and another

for the boiler room or process area. The pressure relief design

of this study is based on that used for the NPD-2 boiler room.
The plant is normally closed forming a leak-tight enclosure. Two
methods are utilized to prevent high containment pressure from

developing in the event of an accident. A glass diaphragm and
relief duct to atmosphere is provided which permits air and steam
to be vented from the reactor building by shattering the glass

diaphragm at a predetermined containment pressure. In addition,

a dousing system actuated by pressure rise is used to rain water
into the reactor building to condense steam released into the

space and thus reduce overpressure. The condensation may cause

a partial vacuum to develop so that the air flow is reversed and

flows inward after the initial transient. The vent duct is left
open for 10 seconds to reduce the vacuum produced, after which a
gate is closed in the relief duct to provide complete containment.

-7-
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No attempt is made to contain the reactor coolant in the event of

a maximum credible accident. Whatever radioactivity is present
in the coolant is allowed to escape with the steam which is

exhausted to atmosphere during the venting period. However, this

activity should be relatively small under normal operating
conditions assuming no serious fuel element failure. The
subsequent closing of the relief vent gate will prevent the
release to atmosphere of fission products resulting from core

meltdown.

The containment structure can be designed for reduced containment

volume and for a low containment design pressure because of the

venting or pressure relief. The building is made leak-tight;
but, because of the low design pressure, standard construction

materials such as reinforced concrete with a suitable liner may

be employed.

3. Pressure Suppression

The reference design for pressure suppression is the Humboldt Bay

Unit 3 plant. This scheme utilizes an energy heat sink for
pressure suppression. The reactor and primary system is housed

in a steel containment vessel or dry well. The dry well is vented
by large pipes into a pool of water which serves to condense and

cool the steam released from an accidental pipe rupture. The dry

well is designed for the maximum overpressure which occurs at the

time of the accident. The suppression chamber is designed for the

maximum pressure which results primarily from compression of the

air contained in the dry well and suppression chamber. 100 percent
carry-over of primary system fluid is assumed. The resultant
pressure in the suppression chamber is relatively low

(approximately 10 psig) so that this structure is made of
reinforced concrete. A steel lining is provided to prevent

leakage from the suppression chamber.

All primary system pipes penetrating the dry well vessel are
provided with isolating valves which automatically close on loss

of primary system pressure. Thus in the event of a pipe rupture

inside the dry well all of the released coolant and fission
product activity are effectively retained. After the initial
transient, the pressure is reduced to a low value so that leakage

is minimized. Loss of coolant from a pipe rupture out side the
dry well will be limited by the automatic closing of the
isolating valves.

4. Low Pressure Containment

The BONUS reactor plant meets the criteria for low pressure
containment and has been used as the reference plant for this

study. It should be noted that General Nuclear Engineering

Corporation, who is responsible for the BONUS design, refers to
the BONUS concept as one of "total containment". That is the low
pressure feature would be sacrificed if the minimum size of the

-8-
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plant required to contain essentially the entire plant resulted
in a containment pressure above 5 psig. The scope of this study
however is restricted to the study of "low pressure" containment

which in all cases is for containment design pressures not
exceeding 5 psig.

The containment building is a large welded steel hemisphere
mounted on a heavy concrete base. The entire plant including
turbine-generator, control room, offices, machine shop, etc.,

are housed within the containment structure. In this method the

high pressure piping does not penetrate the containment structure,

and the need for isolating valves is eliminated. All of the
coolant and fission products would be contained regardless of
where a pipe rupture would occur.

C. Plant Cycles

1. General

In accordance with instructions from the Atomic Energy Commission,
this investigation has been based on boiling water reactor plants
of three different sizes, i.e., 44, 180 and 300 MWe.

The 44 MWe plant is a natural circulation, direct cycle boiling
water plant. The basis for this plant cycle is the Kaiser

Engineers' Report #KW-60-19, "Study of Nuclear Power Plants Capital
and Power Generation Costs -- 44 MWe and 12.65 MWe (Gross)."

The 180 MWe plant is a dual cycle, forced circulation, boiling
water plant based on the Dresden Nuclear Power Plant design.

The 300 MWe plant is also a dual cycle, forced circulation,
boiling water plant. This cycle is based on Ebasco-General
Electric Report #TID-8500, "Boiling Water Reactor Study - 306 MW
Power Reactor Conceptual Design".

When necessary, slight variations in design philosphy were
instigated to obtain normalized plants. These changes did not

effect the containment design considerations.

2. Cycles

a) 44 MWe Plant

The flow diagram for this plant is shown in drawing NS-1,
Appendix D. The plant is a direct cycle boiling water reactor
power plant. Steam is generated in the reactor at 965 psia,

540 F and passes directly to the turbine. The steam path is

through the high pressure turbine, a moisture separator,
reheater, return to the low pressure section of the turbine

and then to the condenser. The condensate is pumped through
a full flow demineralizer and two low pressure feed-water
heaters to a deaerator. From the deaerator, the feed water is

-9-
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pumped through one high pressure heater and then returned to
the reactor. Heating steam for the reheater is taken from the
main steam line. Condensate from the reheater is pumped into
the reactor feed water line.

The reactor auxiliary systems consist of the emergency condenser,
decay heat system, purification system, shield cooling system,
fuel element storage well cooling system and the emergency
liquid poison shut down system.

Decay heat is normally dissipated by admitting steam to the
condenser through a bypass line. However, an emergency
condenser is provided in the event that normal shutdown through

the bypass is not possible. After most of the decay heat steam
has been condensed, further cooling is accomplished by the decay
heat system.

The decay heat system contains a cooler, decay heat pump and
an electric start up heater. During reactor shut down, the
start up heater is bypassed and the decay heat cooler is used
to reduce the reactor coolant temperature. During reactor
warmup prior to operation, the decay heat cooler is bypassed
and the electric heaters in the start up heater are utilized
to preheat the reactor water.

The purification system takes water from the primary coolant

system and cools it by means of a regenerative heater and
secondary cooler to reduce the temperature to about 110 F prior
to passing through the ion exchangers. From the ion exchangers
the water is pumped through the shell side of the regenerative
cooler and returned to the feed water line to the reactor.

The shield cooling system consists of cooling tubes embedded
in the concrete biological shielding surrounding the core.
Water is circulated in a closed system through the cooling
tubes and cooled by an external heat exchanger.

The fuel element storage well cooling system functions to

maintain a temperature of about 100 F in the storage well when
it contains irradiated fuel. Water from the storage well is
circulated by a pump through a cooler and then returned to the

storage well.

A liquid poison injection system is provided in the event of a

malfunction of normal shut down facilities to admit sodium
pentaborate into the reactor in sufficient quantities to reduce

the reactor core reactivity below criticality.

A liquid waste system is also provided as indicated on the

diagram.

b) 180 MWe Plant

The flow diagram for the 180 MWe plant is shown in drawing NS-2,

-10-
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Appendix D. The plant is a dual cycle, boiling water reactor
design. Steam is generated at 1015 psia,546 F in the reactor
vessel and flows upward into the steam drum. The steam passes
through moisture separators within the drum and then directly
to the high pressure turbine. Four secondary steam generators
produce additional steam at 500 psia, 467 F generated by hot
water circulated from the steam drum and returned to the
reactor. The steam produced in the steam generators is admitted
to a lower stage of the high pressure turbine.

A portion of the steam is extracted from the turbine for feed

water heating. Condensate is pumped either into the secondary
feed water system or through full flow demineralizers into the
primary feed water system.

In the primary system the feed water is pumped through a drain
cooler and five high pressure heaters to the main steam drum.
Feed water in the secondary system flows through five high
pressure feed-water heaters to the shell side of the secondary
steam generators.

The reactor auxiliary systems consist of the emergency
condenser, decay heat system, purification system, shield

cooling system and poison injection system. An emergency

condenser is required to remove the reactor decay heat in the
event normal shutdown with the steam bypass to the main condenser

is not possible. After most of the decay heat steam has been
condensed, further cooling is accomplished by the decay heat
system.

In the decay heat system, primary coolant is circulated from
the reactor through coolers and returned to the reactor thereby
reducing the temperature of the coolant.

Ion exchangers are utilized to maintain high purity in the

primary coolant. A portion of the water is cooled by the
regenerative heat exchangers and secondary coolers to reduce

the temperature to about 110 F. The water then flows through
the ion exchangers and is pumped through the shell side of the

regenerative heat exchangers to raise the water temperature

prior to returning to the reactor.

The shield cooling system is a closed system containing coolers

and circulating pumps which circulate water through coils in

the biological shield to dissipate the heat that is generated
in this region.

The poison injection system contains sodium pentaborate which

flows by gravity from an elevated storage tank. This would be

operated if a malfunction of control rods occurs.

Other systems which are included in the plant but are not shown
on the diagram are the fuel handling system, fuel storage well
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cooling system and waste disposal systems.

c) 300 MWe Plant

The flow diagram for this plant is shown in drawing NS-3,
Appendix D. The plant is a dual cycle boiling water reactor
design. Steam is generated at 990 psia, 543 F in the reactor
and flows upward into the steam drum. The steam then passes
through separators in the drum and flows to the high pressure
turbine. Four secondary steam generators produce additional

steam at 500 psia, 467 F generated by hot water circulated
from the steam drum and returned to the reactor. Steam
produced in the steam generators flows to lower pressure stages
of the high pressure turbine. The steam leaving the
intermediate pressure turbine passes through a moisture
separator prior to entering the low pressure turbine. A
portion of the steam passing through the turbine is extracted

for feed water heating.

Condensate is pumped through full flow, mixed bed demineralizers
and through a drain cooler after which it divides and flows

through two strings of low pressure feed-water heaters to the
feed water pumps. The feed water is then pumped through two
high pressure feed-water heaters in parallel and then is
returned to the steam drum and to the shell side of the

secondary steam generators.

The reactor auxiliary systems consist of the emergency
condensers, unloading cooling system, purification system,
shield cooling system and poison injection system.

Reactor decay heat is normally removed by admitting primary
steam directly to the condenser through the bypass line. Two
emergency condensers are provided to dissipate decay heat if
normal operating procedures can not be followed.

The unloading cooling system consists of pumps and heat
exchangers which remove decay heat from the reactor coolant

during refueling or maintenance operations.

The purification system consists of circulating pumps, heat
exchangers and demineralizers. Primary system water to be

purified is passed through the regenerative heat exchanger and
secondary cooler to the demineralizers. The purified water is

then returned through the shell of the regenerative cooler to
the primary system at the main circulating pump suction.

The shield cooling system is a closed system containing coolers
and pumps which circulate water through tubing in the
biological shield to dissipate the heat generated in this region.
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The poison injection system contains a solution of sodium
pentaborate in a storage tank. The storage tank is elevated
and the poison solution flows to the primary system by gravity.
This system is utilized in the event of a malfunction of the
control rods.

Other systems which are included in the plant but are not
shown on the diagram are the fuel handling system, fuel
storage well cooling system and waste disposal systems.
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IV. TECHNICAL ASPECTS OF CONTAINMENT DESIGN

A. General

In this study each concept has been designed in accordance with

current technology and presently accepted practices. The con-

tainment design pressure determinations are summarized in the

following sections and presented in more detail in Appendix B.

Radiological effects are also summarized in a following section
and presented in greater detail in Appendix C.

Both the containment design pressures and the radiological effects
are based on the same maximum credible accident which in all

instances involves the complete break of the largest primary

system pipe. The basic function of the containment structure is to

withstand maximum pressure which develops and maintain adequate
leaktight integrity. All of the containment concepts in this

study are evaluated on these criteria.

All of the containment concepts studied except pressure suppression

incorporate some type of spray system in their design. The spray

and dousing systems of pressure relief containment are essential

to reduce transient pressure in event of an accident. For standard

and low pressure containment no reductions in peak pressure is

assured because of the spray at the time of the maximum credible

accident. During the post-accident period the spray serves to

wash out a part of the fission products within the enclosure as

well as reducing containment pressure to minimize leakage from the

structure. The spray system for these latter two designs is

therefore considered an important feature and has been included in

the plant designs of this study. Most plants which have been con-
structed to date have included a spray system; however, no credit

has been taken for reduction in design pressure.

B. Design Calculations

1. Standard Containment

The basic design parameter of the standard steel containment

enclosure is the maximum pressure following an accident which

is designated as the design pressure.

The design pressure calculations for this study are based on

the following assumptions:

a) Adiabatic expansion of primary system fluid.

b) A homogeneous saturated vapor-air mixture exists
after the accident.

c) No energy added from chemical, nuclear or mechanical
sources.

d) No energy absorption by the containment structure.
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e) A rapid increase of internal pressure.

f) The containment vessel is able to withstand the

initial pressure shock wave.

By the use of a trial and error method of solution based on the

conservation of energy principle, a containment vessel design

pressure can be determined. This method of solution is presented

in detail in Appendix B.

In order to calculate the design pressure, the general shape and

net volume of the building must be determined. From the stand-

point of economical use of material, the sphere is most suitable

because internal pressure causes "great circle" forces only, as
opposed to "hoop stress" forces in the case of a cylindrical

vessel. When a vessel has a cylindrical section, as an order of

magnitude, the hoop stress is numerically equal to twice the

longitudinal stress, which in turn equals the "great circle"

stress of the sphere. Thus, a cylindrical section must be twice

as thick for the same diameter and pressure as a spherical

section.

In spite of the material advantage of the sphere over the cylinder,

the greater ease of fabricating cylindrical segments will compen-

sate to some extent for the additional cost of material. Also,

a cylinder is better adapted to housing tall reactor structures,

supporting cranes and platforms, and providing a maximum of usable

free space.

Important items concerning the vessel design are the applicable

codes affecting design and fabrication. To date, all the steel

containment vessels built in the United States have been designed

in general accordance with the ASME Boiler and Pressure Vessel

Code, Section VIII, Unfired Pressure Vessels including the appli-

cable code rulings. The following are common present-day design

practices:.

a) Stress values used are 10% greater than specified for normal
pressure vessel design (16,500 psi for SA-201).

b) The maximum allowable wall thickness without the stress

relief is 1.5 in.

c) All vessel welds must be completely radiographed or, if
inaccessible, must be examined by magnetic particle or
fluid penetrant methods.

d) The completed vessel must be tested for integrity at an

internal pressure 1.15 times the design pressure.

e) 100% joint efficiency is utilized.

f) Design leak rates are of the order of 0.1% of the contained

volume per day.
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2. Pressure Relief

As outlined previously, the reference design for the pressure

relief concept of containment is the NPD-2 plant which has been

accepted by the Canadian authorities.

The basic design of the pressure relief system adapted for this

study is similar to that used for the boiler room of the NPD-2

plant. Each of the designs contain a glass diaphragm with

mechanical breakers, a relief duct, a sealing gate, dousing

system, and spray system.

The containment structure is designed for an internal pressure

not to exceed 5 psig for the assumed rupture of the largest

primary system pipe. The design area of the relieving duct for

each size of plant varies with the assumed rate of coolant flow

following the accident. A glass diaphragm is added to seal the

opening during normal operation, and mechanical breakers are

included to shatter the glass at a predetermined containment

pressure. A sealing gate, arranged so as not to restrict the

relieving area, is also included to contain fission products

which may be released in the event of core meltdown. This gate

is automatically closed after a short period of time which allows

air to re-enter the building to prevent the formation of a

partial vacuum resulting from the condensation of steam by the

dousing system. The dousing system capacity and flow rate are

functions of the energy contained in the primary coolant and rate

of release of the fluid from the ruptured pipe. The water

quantities for dousing are sufficient to absorb the heat of the

primary system and limit the final temperature within the structure

to saturated temperature at 5 psig. It is assumed that the dousing

water in initially at 100 F. The dousing water is released at a

rate necessary to absorb the energy being emitted by the ruptured
pipe so that the 5 psig design pressure will not be exceeded.

A spray system is also connected to the dousing water supply

tanks and would be used for smaller system breaks which result

in a lower rate of pressure rise.

The NPD-2 design was extrapolated from experimental data obtained

in model tests. These experiments indicated that design pressure

is influenced by the volume of the containment as well as the

size of pipe break and relieving area. Similar experimental in-

vestigations would be necessary to substantiate a design for actual
construction of another plant utilizing this method of containment.

3. Pressure Suppression

The reference design for the pressure suppression concept of con-

tainment is the Humboldt Bay plant. This design was also based

on experiments conducted to prove this method of containment. In

this design, the reactor is located within a small steel contain-

ment vessel or dry well. Vent pipes and a number of jet pipes
connect the dry well volume with the suppression chamber. The
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ends of the jet pipes are submerged about six feet into the sup-
pression pool water. A sufficient quantity of water is provided

to absorb the energy in the primary system with a temperature

increase of about 25 F starting with an initial pool temperature
of 90 F.

The suppression chamber is designed for the pressure rise fol-

lowing the accident resulting primarily from the compression of

air initially contained in the dry well and suppression chamber.

A steel liner is provided for the suppression cavity to preserve

leaktight integrity.

The dry well vessel is completely erected and tested before con-

crete is poured around it. Thickness of side walls are designed
for the maximum pressure which occurs for the release of coolant

accident and in accordance with the ASME Code. A 150 psig design
is used for the top and bottom portions which are not backed by

concrete in order to pro .de missile protection.

In determining the maximum dry well pressure, it is assumed that

the high pressure coolant expands at constant enthalpy in the dry
well. Steam and water released in the dry well are then forced
through the vent and jet pipes into the water suppression pool by

the pressure buildup in the dry well. 100% carryover of water is

assumed, and the water and steam are mixed homogeneously. Thus,

two phase flow exists in the vent and jet pipes, and calculation
of pipe friction is based on the homogeneous method. A complete

discussion of the procedure for determining the pressures is in-

cluded in Appendix B.

4. Low Pressure

The reference design for the low pressure containment is the BONUS

project which has been discussed in previous sections. This

structure is designed for a pressure of 5 psig. The net free

volume necessary to preclude a pressure in excess of 5 psig is

large enough to permit the entire reactor and turbine plant to

be contained within the single structure.

Calculation methods for this type of containment are similar to

those for standard containment. The design pressure of the con-

tainment vessel is determined as a function of net free contain-

ment volume and energy in the primary system.

This composite steel and concrete structure would be designed,

inspected and tested in accordance with the American Petroleum

Institute Tentative Standard No. 620. This code governs design
and fabrication of structures with design pressures less than

15 psig.

Results of the design calculations for this study are given in Table IV-1.

Details of the calculation methods are presented in Appendix B.
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TABLE IV-1

CONTAINMENT STUDY DESIGN DATA

1. Thermal Rat ing - MW

2. Reactor System Pressure - Psia

3. Reactor System Temperature - F

4. Steam Volume - Ft.3

5. Water Volume - Ft.3

6. Total Weight Of Steam & Water - Lbs.

7. Contaninment Scheme*

8. Cnt a inment Con f1igurat ion

9. Conta intent Bldg. Diam. - Ft.

10. Conta inmt Volume - Gross - Ft. 3 x 103

I . Containment Volume - Net - Ft.3 x 103

12. Containment Design Pressure - Psig

13. Containment Wall Thickness - In.

14. Containment Wal I Material

44 MWe

133

965

540

I

Cylinder R

64

386

243

40

Top-0.47
Cylinder &
Bottom-0.94

Steel

II

Rectangular

1,217

1,002

57,600

III

Cylinder

- 17

275 12.7

226 9.62

5 Cylinder-55
End Domes-150

16 Cylinder-0.35
Top-1.35
Bottom-2.00

Concrete Steel

IV

Hemisphere
Surmount ing
Cylinder

204

3, 100

2,480

5

5/16

Steel &
Concrete

I

Sphere

190

3,591

2,860

23

0.87 to
1.23

180 MWe

630

1,015

546

4,720

8,082

389, 292

II III

Rectangular Sphere

1,200

960

5

24

N 190

'V3,600

Nv 2,900

15

0.57 to
1.15

Steel Concrete Steel

IV

Hemisphere
Surmounting
Cylinder

400

20,900

16,700

5

5/16

Steel &
Concrete

300 MWe

980

990

543

5,810

9,054

443,000

I II III

Sphere Rectangular Sphere

190

3,591

2,792

28

0.94 to
1.25

1,600

1,280

5

24

iv 190

,3,600

v 2,800

15

0.57 to
1.15

IV

Hemisphere
Surmount ing
Cylinder

412

23,800

19, 000

5

5/16

Steel Concrete Steel Steel &
Concrete

* Scheme I - Standard Containment

Scheme II - Pressure Relief Containment

Scheme III - Pressure Suppression Containment

Scheme IV - Low Pressure Containment

F

S
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C. Radiological Calculations

An analysis of the radiological aspects of each of the designs studied
was necessary in order to determine the effect and cost as reflected

in shielding and exclusion area.

Meteorological parameters used in this study are the same for all
plant sizes and containment concepts. These parameters are presented

in detail in Appendix A which gives the hypothetical site conditions.
Based on present accepted practice, the maximum permissible emergency

dose has been established as 25 rem whole body or equivalent at the

boundary of the exclusion area for a two hour period following an

accident.

In the calculations made for radiation doses, the fission products

released from the core following meltdown are those present after an
equivalent of 400 days of full power operation and include 100% of

the noble gases, 50% of the iodine isotopes and 5% of the solids, in-

cluding strontium. Radiation dosage calculations were made for direct

radiation and for the radioactive plume.

Direct radiation of gamma rays results from the decay of fission

products present within the containment structure following an acci-
dent. The factors considered in calculating the direct radiation
dosage are reactor thermal power and period of operation, the air

and other attenuating media between source and point of measurement,

location of the containment structure above and below grade and

distance from the source.

Leakage of radioactive products from the containment building form
a radioactive plume which is transported by the wind. Calculations
for the activity at a given point take into account the following

factors: leakage rate, wind direction and velocity and the tempera-

ture lapse rate of the atmosphere. Specific radiation effects

calculated for the radioactive plume include the following: external
dose from the passing plume, internal dose from inhalation and

external dose from ground deposition.

The results of the radiological calculations for dosage at the ex-
clusion area boundary are presented in Tables IV-2, IV-3 and IV-4.

Details of the calculation methods are presented in Appendix C.
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RADIATION

TABLE IV-2

DOSAGE AT EXCLUSION BOUNDARY

44 MWe DESIGNS

Standard Standard
w/o shadow- with shadow Pressure Pressure Low
shielding . shielding Relief Suppression Pressure

Direct Radiation
In Rems 10.25 1.775 0.85 Negl. 15.3

Total Int. Dose
In Rems

I131 * 6.37 x 10-6 6.37 x 10- 6 1.59 x 10-5 1.20 x 10- 1 9 1.59 x 10-5

11 3 3 * 3.36 x 10-6 3.36 x 10-6 .51 x 10-6 6.32 x 10-20 8.51 x 10-6

Sr8 9  3.40 x 10-7 3.40 x 10~- .51 x 10-7 6.24 x 10-21 8.51 x 10-7

Sr9 0  1.27 x 10- 6 1.27 x 10-6 3.18 x 10-6 2.38 x 10-20 3.18 x 10-6

Fission Product

Deposition In

Rems

Dry 1.15 1.15 2.88 0.575 2.88

Wet 4.61 4.61 11.5 2.30 11.5

Whole Body
Dose From
F.P. Plume
In Rems 0.0774 0.0774 0.193 0.023 0.193

* Iodine dose can be converted to equivalent whole body radiation by

multiplying by a factor of 0.0833, since a total dose of 300 rems to the

thyroid is equivalent to 25 rem whole body radiation (Trans. of American
Nuclear Society, Vol. 3, No. 2; "Site Criteria For Power Reactors" By

C.K. Beck, AEC)

Leakage calculations for pressure relief containment do not include

activity which may be present in the coolant during the initial venting

period.
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RADIATION

TABLE IV-3

DOSAGE AT EXCLUSION BOUNDARY

180 MWe DESIGNS

* See Table IV-2 Footnotes.

-21-

Standard Pressure Pressure Low
Relief Suppression Pressure

Direct Radiation
In Rems 0.067 4.20 x 10- 0.06 0.13

Total Int. Dose
In Rems

1131 * 0.0278 0.0695 0.02 0.07

I133 * 0.01467 0.0367 0.01 0.04

Sr8 9  0.001482 0.00370 0.001 0.004

Sr90  0.00554 0.01385 0.005 0.01

Fission Product

Deposition In Rems

Dry 1.14 2.84 1.1 2.8

Wet 4.55 11.4 4.5 11.4

Whole Body Dose
From F.P. Plume 0.236 0.591 0.2 0.59
In Rems



SARGENT & LUNDY
ENGINEERS

CHICAGO

TABLE IV-4

RADIATION DOSAGE AT EXCLUSION BOUNDARY

300 MWe DESIGNS

* See Table IV-2 Footnotes.

-22-

Standard Pressure Pressure Low
Relief Suppression Pressure

Direct Radiation
In Rems 0.117 3.28 x10-7 0.11 0.19

Total Int. Dose
In Rems

1131 * 0.00985 0.0246 0.009 0.02

1133 * 0.00519 0.01298 0.005 0.01

Sr8 9  0.000526 0.00131 0.0005 0.001

Sr9 0  0.001959 0.00490 0.001 0.005

Fission Product
Deposition In Rems

Dry 1.77 4.41 1.7 4.4

Wet 7.08 17.7 7.0 17.7

Whole Body Dose
From F.P. Plume
In Rems 0.340 0.849 0.3 0.85
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V. CONTAINMENT DESIGNS

A. Standard Containment

1. General

Standard containment design designates the containment concept

utilizing a nearly airtight steel vessel to enclose the reactor and

reactor auxiliary systems. The steel vessel is designed to with-
stand the pressure build up from the maximum credible accident.

Vacuum breakers are provided to protect against excessive external

pressure. The vessels are designed in accordance with Section VIII,
ASME Boiler and Pressure Vessel Code for Unfired Pressure Vessels,
together with applicable code cases. The steel specified is A-201,
Grade B, conforming to the A-300 specification for heat treating
and Charpy testing. The vessel would be tested for 115 percent of
design pressure.

Access to the containment vessel is permissible in each of the three

sizes evaluated. Air locks are provided for personnel access,
equipment transfer and, where fuel is stored within the containment,
for the handling of the fuel cask. For each plant a smaller
emergency personnel air lock is also provided. A large bolted
freight door is utilized for movement of larger equipment when the
plant is shut down.

All piping and electrical penetrations are designed to minimize air
leakage. The completed vessel would be leak rate cc cd to assure

not more than 0.10 percent leakage for 24 hours at design pressure.

Nearly all of the containment structure is above grade. An under-

ground design would not be practical for this type of containment
because of the large containment volume.

In this design, the turbine-generator, control room, offices, etc.,

are located outside the containment vessel in a separate building

of standard construction.

2. Description of Plants

a. 44 MWe

Drawings NS-4 and NS-5, Appendix D, show plans and sections for

standard containment in the 44 MWe size. The vessel is a

right cylinder with a hemispherical head and hemiellipsoidal
bottom 66'-6" in diameter and 126'-0" in overall height. The

vessel is designed for an internal pressure of 40 psig.
Without shadow shielding the diameter would be reduced to

64'-0" for an equivalent free volume. The reactor is located
in the center of the vessel and is surrounded by the biological

shield.
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A 25-ton circular crane is provided for handling the shielding

plugs, reactor vessel head and internals, the fuel shipping
cask and other equipment in the plant.

Fuel transfer is accomplished underwater by removal of the
canal plug and flooding the cavity with water from the 30,000
gallon overhead storage tank. During operation, the water in

the overhead storage tank is reserved for the containment
vessel spray system and for core cooling in the event of an

accident.

Two 20-ton air conditioning units with heating coils are used

to heat or cool the containment vessel. One of the units

takes make-up air from outside the building. Duct work is

provided for each unit to assure air recirculation within the

vessel. An exhaust duct in the dome of the vessel exhausts the

air after it is filtered and monitored. Both the inlet and

exhaust air ducts are provided with quick closing shutoff valves
to assure containment vessel integrity in the event of high

activity or a reactor accident.

The separate building housing the turbine-generator, control

room, offices, etc., is shown in the general arrangement

drawings NS-34 and NS-35, Appendix D.

b. 180 MWe

Drawings NS-6, NS-7, NS-8 and NS-9 show plans and sections for

standard containment in the 180 MWe size. The vessel is a
sphere 190 feet in diameter. The diameter of the vessel was
determined by the height required to accommodate the equipment
arrangement. Vessel design pressure is 23 psig.

In the plan view, the reactor is located in the center of the

sphere and is surrounded by the concrete biological shield.
The four secondary steam generators and circulating pumps are

located adjacent to the reactor. Risers from the reactor
connect to the horizontal steam drum located near the top of

the sphere. Downcomers from the steam drum connect to the

suction of the circulating pumps. The risers and downcomers

are located in shielded vertical pipe spaces.

A 50-ton reactor service crane is provided to handle the

reactor cover and reactor internals as well as portions of the
reactor auxiliary equipment.

Fuel is transferred under water by flooding the fuel canal.
The fuel is carried by the fuel handling vehicle, moved along

the canal and lowered through the fuel transfer tube into the

spent fuel carriage outside the containment vessel. The spent

fuel carriage is then moved into the fuel building where the
spent fuel will be stored for partial decay prior to shipment.
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The containment vessel is provided with supply and exhaust

ventilating systems as well as air cooling units. Air cooling
units maintain the enclosure temperature below 100 F in summer

and heating coils in some units furnish heat to maintain
temperature above 70 F in work areas. Air cooling units can
provide spot cooling at about 85 F in the summer.

A 150 horsepower chilling unit is provided to furnish

chilled water for the air cooling units. A pump is provided to
recirculate the chilled water in a closed loop.

Ventilation air is exhausted through a 300 foot high stack.
Both the turbine building and containment vessel utilize this

stack. The supply and exhaust ducts each contain two quick-

closing tight sealing valves which can be closed when higher
than allowable activity is detected or after a reactor accident.

The containment vessel is provided with a spray cooling system

which is utilized following an accident to reduce the internal

pressure. This system consists of two half-capacity cooling

units. Each unit includes a pump, strainer and heat exchanger
connecting to a spray header. These units are located outside

the containment vessel and take suction from sumps located in the

lower sections of the containment vessel.

c. 300 MWe

Drawings NS-10, NS-ll, NS-12 and NS-13 show plans and sections
for standard containment in the 300 MWe size. The vessel is a
sphere 190 feet in diameter. The diameter of this vessel was

determined by the height required to accommodate the equipment
arrangement. Vessel design pressure is 28 psig.

The reactor is located near the center of the vessel in the

plan view and is surrounded by biological shielding. The
four secondary steam generators and circulating pumps are

adjacent to the reactor. The main steam drum is located in the

upper portion of the sphere and is connected to the reactor by

risers and to the suction of the circulating pumps by downcomers.
The risers and downcomers are located in shielded vertical pipe

spaces.

A 70-ton crane is provided to handle the shielding plugs, the

reactor head and the reactor internals. A 5-ton auxiliary
hook is used to handle the fuel assemblies, control rods and

miscellaneous items. Fuel transfer is accomplished under water

by removal of the canal plug and flooding the cavity with water.
The fuel is moved from the reactor by means of the crane and

placed in the fuel storage pool for partial decay prior to

shipment offsite for reprocessing.
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The containment vessel is provided with supply and exhaust

ventilating systems, as well as air cooling units, Air
cooling units maintain the enclosure temperature below 100 F

in summer and heating coils in some units furnish heat to
maintain temperatures above 70 F. In work areas, air cooling
units can provide spot cooling at about 85 F in summer. A
200 horsepower chilling unit provided to furnish chilled
water for the air cooling units. A pump is provided to
recirculate the chilled water in a closed loop.

Containment vessel ventilation air is exhausted through a 300

foot high stack. The supply and exhaust ducts contain two

quick-closing valves which can be closed when higher than
allowable activity is detected or after a reactor accident.

The containment vessel is provided with a spray cooling system

which is employed following an accident to reduce internal
pressure as well as to wash radioactive particulate from the

air.

B. Pressure Relief Containment

1. General

The pressure relief concept for containment of reactor facilities

employs a relief duct closed by a glass diaphragm together with a
dousing system to reduce pressure in the event of an accident.

The glass diaphragm closure is shattered by mechanical means, if

the internal pressure increases to 2.5 psig. The dousing system

is actuated in conjunction with the diaphragm break and continues
to operate until the water supply is exhausted. When dousing

becomes effective a partial vacuum is created. Therefore, the vent
is allowed to remain open for 10 seconds to permit air to flow back

into the building before a gate is closed to seal off the vent
opening.

For this study, the reactor auxiliary systems are included in the

containment structure for this concept as is the case for standard

containment.

Double bulkhead type doors are provided for personnel access,

equipment transfer, and, where spent fuel is stored within the

containment, for the handling of the fuel cask. A smaller emergency

personnel air lock is also provided. A large bolted bulkhead type
freight door can be utilized for movement of larger equipment
during periods of reactor shutdown.

The structure is of reinforced concrete designed for a 5 psig

internal pressure. An internal lining is provided to minimize

air leakage. All piping and electrical penetrations are designed

to minimize air leakage.
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Because of the presence of rock at the hypothetical site, the plants
are located almost entirely above grade.

For this design, the turbine-generator, control room, offices, etc.,
are located outside the containment structure in a separate building

of standard construction.

2. Description of Plants

a. 44 MWe

Drawings NS-14 and NS-15 show plans and sections of the
pressure relief containment in the 44 MWe size. The reactor
is located in a corner of the structure completely surrounded

by a concrete biological shield. The 6 x 6 ft. relief
opening with the glass diaphragm closure and sealing gate is

located in the upper levels of the structure.

A 30,000 gallon water storage tank is also located in the
upper portion of the structure. This water is utilized for

flooding the fuel transfer canal during the fuel transfer

operation. During operation, this water is in reserve as the

supply for the dousing tanks in the event of an accident.

A 25-ton bridge crane is provided to handle the shielding
plugs, reactor vessel head and internals, the fuel shipping

cask and other plant equipment.

The fuel storage pool is adjacent to the reactor vessel.

Fuel transfer is accomplished under water by removal of the
canal plug and flooding the cavity above the reactor with

water from the 30,000 gallon overhead storage tank. The fuel
handling vehicle moves on rails between the reactor and

storage pool.

A 20-ton air conditioning unit with heating coils is used
to heat or cool the containment structure. The unit has an

inlet duct for outside make-up air as well as ductwork to
lower levels to assure proper recirculation of air. An

exhaust duct in the upper level exhausts air after it has been
filtered and monitored. Both the inlet and exhaust air ducts
are provided with quick closing shutoff valves to preclude
release of radioactive material following an accident.

b. 180 MWe

The general arrangements for the 180 MWe pressure relief plant
are shown in drawings NS-16, NS-17, NS-18 and NS-19. The
reactor is located in the center of the structure and is

surrounded by the concrete biological shielding. Four secondary
steam generators and circulating pumps are located adjacent to

the reactor in concrete compartments. Risers and downcomers
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interconnect the reactor, main steam drum, circulating pumps and

the steam generators.

Two 75,000 gallon water storage tanks are located in the upper

portion of the structure. This water is utilized for flooding
the fuel transfer canal during fuel transfer. During reactor
operation, this water serves as the supply for the dousing
tanks in the event of an accident. The pressure relieving
system with a 9 x 12 ft. glass diaphragm and closure gate are
also located near the top of the building.

Fuel transfer is accomplished in the same manner as for the

180 MWe standard containment design. It is a wet fuel
transfer utilizing the fuel handling vehicle, flooded fuel

canal and transfer tube.

A 50-ton reactor service crane is provided to handle reactor

components and other auxiliary equipment in the plant.

Supply and exhaust ventilation systems as well as air cooling

units are provided for the structure. The air cooling units
maintain the enclosure temperature below 100 F in summer and

heating coils in some units furnish heat to maintain temperatures

above 70 F. In the summer spot cooling by air cooling units

maintain temperatures of 85 F. A 150 horsepower chilling
unit is provided to furnish chilled water for the air cooling

units.

Ventilation air is exhausted through a 300 foot stack which

also is used for the ventilation air from the turbine building.
The supply and exhaust ducts for the containment structure

each contain two quick-closing, tight sealing valves which
can be closed in the event of a reactor accident.

c. 300 MWe

General arrangement drawings of the 300 MWe pressure relief

plant are included as drawings NS-20, NS-21, NS-22 and NS-23.
The reactor is located in the center of the containment

structure with the four secondary steam generators and

circulating pumps adjacent to it. Risers and downcomers

interconnect the reactor, main steam drum, circulating pumps
and the steam generators.

Two 90,000 gallon water storage tanks are located in the upper

portion of the structure. This water is utilized for flooding

the fuel transfer canal during fuel transfer. During reactor
operation, this water serves as the supply for the dousing

tanks in the event of an accident. The pressure relieving

system with a 9 x 12 ft. glass diaphragm and closure gate are

also located near the top of the building.
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Fuel transfer in this plant is identical to that for the 300 MWe

standard containment design. It is a wet fuel transfer system

utilizing the 5-ton auxiliary hook on the main crane and the

flooded fuel canal. Irradiated fuel is stored temporarily in
the fuel storage well located adjacent to the reactor.

A 70-ton reactor crane is provided to handle reactor components

and other auxiliary equipment in the plant.

Supply and exhaust ventilation systems, as well as air cooling

units, are provided for the structure. Air cooling units maintain
the enclosure temperature below 100 F in summer and heating coils

in some of the units furnish heat to maintain temperatures above
70 F. Spot cooling of some areas is provided by air cooling units

to maintain temperatures of 85 F. A 200 horsepower chilling
unit is provided to furnish chilled water for the air cooling

units.

Ventilation air is exhausted through a 300 foot stack which also

is used for the ventilation air from the turbine building.
Ducts for the containment structures contain two quick-closing,

tight sealing valves which can be closed in the event of a

reactor accident.

C. Pressure Suppression Containment

1. General

The pressure suppression concept utilizes a steel containment or

dry well to enclose the primary system, i.e. the reactor and other

major equipment such as circulating pumps, steam generators, steam

separators and associated piping. The dry well is vented by a
number of pipes into water in the suppression chamber so that any
steam escaping as the result of the rupture of primary system

piping within the dry well will be quenched by the water and

pressure rise will be limited.

Steel plates are located in front of the openings of the vent

pipes in the dry well with enough space provided to allow free
passage of steam. These plates act as missile shields for any

fragments resulting from a pipe rupture.

The walls of the suppression chamber are constructed of reinforced

concrete lined with steel plate and are designed for an internal

pressure of 10 psig. Cooling coils are provided in the suppression
pool, and cooling water from the shield cooling system is circulated
to maintain the water temperature below 90 F during normal reactor

operation. A higher temperature can result from blowdown of safety

valves which are vented into the suppression pool.

The containment design has been adapted to the type of reactor,

site conditions and other ground rules for this evaluation in an

effort to establish all designs on a common basis. For example,
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the dry well in the reference design is entirely below grade.

While an underground location adds an additional safety factor,
it was felt that the rock excavation required by the specified

site conditions for an underground structure would place an

unfair penalty on the cost of this design in comparison with

other schemes.

A separate building of conventional design is provided to

house the turbine-generator, control room, offices, etc.

2. Description of Plants

a. 44 MWe

The design for the 44 MWe pressure suppression type of

containment is shown in drawings NS-24 and NS-25. The

reactor vessel is located in the center of the containment

structure within the dry well vessel. The dry well is
designed for an internal pressure of 55 psig at the sidewalls

and the top and bottom are designed for 150 psig to provide

missile protection for these areas which are not backed by

concrete.

Five 40-inch vent pipes connect the dry well to the 40-inch

header in the suppression chamber. Connecting the 40-inch

header to the suppression pool are thirty-five 14-inch jet

pipes. The ends of these pipes are submerged about 6 feet

into the water pool.

Access into the dry well and suppression chamber is only

possible during reactor shutdown. Access to the remainder of

the structure is possible at any time without the need of air

locks.

A 25-ton bridge crane is provided for handling of the
shielding plugs, dry well cover, reactor cover and internals,
as well as auxiliary equipment within the building.

The fuel transfer system is a dry type utilizing a fuel

transfer coffin. After removing the shielding plugs, dry
well cover and reactor cover, fuel is lifted into the transfer

coffin moved to a position above the storage pool and lowered

into the spent fuel storage racks.

Ventilation is provided to keep the building under a slight

vacuum. About one air change per day is provided with the
air exhausting through a stack 135 feet above grade. In the

event of higher than tolerable radioactivity in the stack, the

exhaust system would be shut down.

b. 180 MWe and 300 MWe

The pressure suppression type of containment can best be
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utilized for a reactor complex which can be housed in a
relatively small volume. The dual cycle, high steam drum,
boiling water reactor plants which are the reference designs
for the 180 and 300 MWe designs are not of a type which is

particularly adaptable to the pressure suppression type of
containment. The large volume required to enclose the

primary cycle equipment leads to a very large dry well vessel
and a large suppression chamber as well.

Consideration of these plants indicates that a spherical dry
well equivalent to the size of the standard containment vessel

is required to house the reactor primary system. A cylindrical
dry well was also considered. However, only a small reduction

in volume could be obtained while still enclosing the primary
system. It was estimated that the cost for this design would
be higher than for the sphere because of the heavier wall

required for a cylindrical design as compared to spherical
together with the somewhat higher transient pressure which would

result because of the reduced containment volume.

DrawingsNS-26 and NS-27 show plans and sections for the 180 MWe

and 300 MWe plants. because of the large volume required, it is
feasible in this case to design the plants to contain the reactor
auxiliary systems. The arrangement is similar to standard

containment and access to equipment would be obtained by means
of air locks. Design pressure would, however, be less than for

standard containment since the large volume would prevent a
rapid increase in transient pressure. It is estimated that peak
pressure would be of the order of 15 psig for a 10 psig suppres-

sion chamber pressure.

Preliminary cost estimates indicated that the pressure suppres-

sion concept for these particular plants and type of cycle is
not economically feasible. Therefore, further investigations
were discontinued without preparation of more detailed general

arrangement drawings and more accurate cost estimates.

D. Low Pressure Containment

1. General

The low pressure containment concept consists of a structure with

sufficient net free volume so that the maximum internal pressure
following an accident would not exceed 5 psig. In addition to the
low pressure containment feature, the scheme is unique in that
offices, control room, laboratories, reactor and auxiliaries, as
well as the turbine-generator, condenser, feed-water heaters, etc.,
are all located within the containment structure. The only
structures outside the containment area are the entrance building,

crib house and switchyard.
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All welds in the cylindrical portion of the steel vessel below

grade would be 100 percent radiographed and vacuum tested. The
dome would have spot radiography in accordance with code

requirements.

A deep pit or moat is located under the reactor and is filled
with about 5'-6" of water. This water serves to suppress the

pressure as well as providing protection against cracking the

base slab in the event of an accident within the biological

shield. Design pressure for the area above the pit is 25 psig.

The floor framing system is of structural steel, utilized

because of the plant's open layout and need for flexibility in
loading.

Penetrations through the containment wall are minimized. They

consist of circulating water suction and discharge, ventilation

openings, main generator bus, station service electrical leads,
control wiring to outside electrical services, and some miscella-

neous piping. Circulating water intake and discharge have

butterfly valves for shutoff in addition to the barrier against

leakage offered by the condenser.

A building spray system is provided for use following an accident.
Water for this system is available from an outside elevated tank.

A movable missile shield is located over the low pressure cylinder

of the turbine. This is designed to provide protection for the

containment vessel from missiles resulting from a possible turbine
accident.

2. Description of Plants

a. 44 MWe

The design of the 44 MWe plant with low pressure containment is

shown in drawings NS-26, NS-27, NS-28 and NS-29. The structure

consists of a concrete base surmounted by a steel cylinder
33'-0" high and a 204'-0" diameter hemispherical dome.

The reactor and fuel storage well are located in one quadrant

of the structure. Concrete biological shielding surrounds the

reactor and fuel storage well and supports the fuel handling

carriage. The procedure for fuel transfer is the same as that
for standard containment. A wet method is used with the

reactor cavity fuel canal and fuel storage well flooded to the
top to provide adequate shielding.

Two 5 x 7 ft. personnel air locks are provided. One is connected

to the entrance building and the other is used for movement of

the fuel shipping cask and smaller equipment in and out of the

building during plant operation. A large bolted freight door is
used for movement of larger equipment when the reactor is not in
operation.
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An 80-ton polar gantry crane services the entire plant.

The building is ventilated by 100,000 cfm intake and exhaust
fans. Air from outside will be brought into the structure,
filtered and distributed by means of a ring duct in the
basement and on main floor. Exhaust air will be picked up in

a ring header, passed through a filter and is then blown to
atmosphere through the stack. The supply and exhaust ducts

each have two quick-closing tight sealing valves which would be

closed in the event of an accident. The general office and

control room are air conditioned by individual units which also
contain heating coils.

b. 180 MWe and 300 MWe

An investigation of the 180 MWe low pressure plant design

indicates that a hemisphere approximately 400 feet in diameter
is required for a 5 psig design as shown in NS-32. The 300 MWe
plant requires a hemisphere about 412 feet in diameter as shown

in NS-33.

Preliminary cost estimates were made and are included for the

180 MWe and 300 MWe sizes. When costs of the steel containment,

excavation, foundation and other items are included, this
method of containment becomes considerably more than that of a

standard pressure vessel type of containment. As in the case of

pressure suppression, more detailed general arrangement drawings

and more accurate estimates were not prepared since the concept

is not economically feasible for the dual cycle plants studied.

It should be noted that the primary reason for the unfavorable

comparison of the low pressure scheme lies in the fact that
this study is based on reactor plant designs which contains a

large quantity of water in the primary system. In the case of

the 180 MWe and 300 MWe plants, the large quantity of water is

due to the large overhead steam drums which provide external

steam separation as well as to the number of steam generators

and connecting piping which are part of the dual cycle design.

If the reactor cycle were of a more advanced design containing

less water, this type of containment would undoubtedly appear

more favorable.
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VI. TECHNICAL COMPARISON OF CONTAINMENT METHODS

A. Introduction

All four methods of containment discussed herein have been found

technically feasible and acceptable to the various governmental
regulatory bodies concerned. However, each design has certain
features which have some technical advantage over the other
designs. In the following sections each of the concepts is re-
viewed and a comparison is made of the relative merits based on
present technology. It is recognized that a qualitative analysis
of the schemes such as this may be somewhat arbitrary and in fact
may require re-evaluation at a later date as more information
becomes available from experience and from future research and
development.

B. Standard Containment

The use of a steel pressure vessel has been the most widely accepted

method of containment to date. This acceptance arises from the fact
that the scheme offers essentially complete containment of the

reactor primary system. The direct cycle plant has usually been an

exception to "complete" containment in that the turbine-generator is

generally located outside the containment structure. However, in this
case isolating valves are provided to prevent complete loss of coolant

from a break outside the containment structure. The actual degree of
containment is also dependent on leakage from the building, but leak-

age has been proven to be relatively small in the tests which have

been made on vessels erected to date.

Direct radiation of gamma rays results from the accidental release of
fission products into the containment building. In the case of stand-
ard containment there is relatively little attenuation of gamma energy

due to the steel shell of the containment vessel, so that the calcu-

lated direct radiation adjacent to the plant is quite high. Shadow
shielding in the form of concrete walls may be added but these are
costly, particularly for the large reactor plants. In the smaller

plants, the shadow shielding may serve a dual purpose as support for
the reactor plant crane thereby reducing its incremental cost.

Most plants utilizing standard containment have included air locks for

access of personnel and equipment during operation. This simplifies
maintenance and operating procedures.

There are numerous penetrations through the steel vessel. In standard
containment, the control room, turbine-generator and many items of

accessory equipment such as compressors, service water pumps, heating
boiler, etc., are usually outside the containment structure. It is

necessary therefore to bring power and control cables, main steam and
feed water piping, and a number of auxiliary piping lines through the

steel plate of the reactor building. These penetrations require
considerable time and expense for design, fabrication and testing for
leak tightness.
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The possibility that a missile resulting from an accident might
penetrate the containment structure has been considered many times.
In standard containment the turbine-generator is normally outside
the reactor building. Other items of rotating equipment would

consist of small pumps and fans which are not particularly hazard-
ous. If the primary cycle includes large recirculating pumps, some
missile protection in the form of concrete biological shielding is
usually present. Primary heat exchangers, pressurizers and like

equipment which may be subjected to high pressure as part of the
primary system are likewise normally provided with concrete bio-
logical shielding.

The relatively large volume of standard containment would require

considerable effort in cleanup after a serious accident. The large
volume also makes this scheme difficult to design as an underground

structure, although standard containment designs often have the

structure at least partially buried. Neither cleanup nor under-

ground design are features which are essential for a containment

structure, but they are cited as two of the relative disadvantages

for standard containment as compared to some of the other schemes.

C. Pressure Relief Containment

Containment employing the pressure relief concept has a slightly
different meaning. No attempt is made to completely contain the

primary coolant released from an accidental pipe rupture. Rather

the air within the reactor building and flashed steam from the
rupture are purposely relieved to atmosphere to prevent an excessive

containment overpressure. Thus a portion of the activity present in

the coolant due to activated corrosion products or fission products

from a ruptured fuel element would escape to atmosphere along with
the coolant. However, the scheme does provide for closing of the

relief duct after the initial transient pressure rise so that there

is complete containment of fission products which would be released

from a core meltdown following the loss of coolant. The greater

number of pressure switches and other devices required to break the

glass diaphragm, to operate the dousing system, and to close the

vent gate makes containment for this scheme appear somewhat less

reliable than for standard containment.

This type of containment can be designed using ordinary reinforced

concrete walls. Very little is known concerning the leakage rate

of air through concrete, and the leakage following an accident (not
including the initial venting) may be somewhat higher for this scheme
than for the others. Leakage may be reduced by lining the inside of

the walls. Furthermore, the pressure within the containment struc-

ture following the initial transient will be low which will help

reduce leakage losses.

Concrete construction has an additional advantage in that it provides

shadow shielding in the event of an accident as well as providing
better missile protection than a thin steel plate.
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While the reference NPD-2 design does not provide access during
operation, this feature can be included at relatively little cost by
the addition of an air lock. For this study the plant has been made
accessible so that all schemes are as nearly comparable as possible.

In the study design the reactor auxiliaries have been included within
the containment structure. Thus, the number of penetrations for this
type of containment would be equivalent to standard containment.

The pressure relief method of containment can be easily adapted to an

underground design where soil conditions are favorable. For an under-
ground design, it might be preferable to locate the reactor auxiliary
systems outside the containment structure so as to reduce the contain-

ment volume to a minimum.

Since the design results in a reduced containment volume, cleanup
following an accident could be accomplished with less difficulty for
this scheme than for standard containment.

D. Pressure Suppression

Pressure suppression provides essentially complete containment of

released coolant and fission product activity following an accident

inside the dry well. After the initial transient pressure rise,
the containment pressure decreases to a low value. This, together
with the small containment volume and the suppression chamber water

pool which will absorb a portion of released fission products, will
reduce leakage activity to a minimum for this design.

Direct radiation will also be reduced because of the thickness of the
concrete walls surrounding the dry well and suppression chamber.

Since a minimum dry well volume is desired for this scheme, the

reactor auxiliaries would normally be placed outside the dry well.
This equipment is then readily accessible. Only the control rod
drives and some of the reactor instrumentation would be located

within the dry well and, therefore, inaccessible during operation.
This arrangement also reduces the number of containment penetrations.

Location of reactor auxiliaries inside the containment has the
obvious advantage of containing fluid in the event of a break in an
auxilariy piping system, but with isolation valves on the lines
penetrating the dry well, any rupture in a piping system external
to the dry well should not result in complete loss of coolant and

subsequent core meltdown. In such an accident any fission products

or activated corrosion products present in the coolant would, of

course, be released to atmosphere along with the coolant.

Protection against missile penetration of the dry well is provided
by the concrete biological shield backing the cylindrical wall.
Also the top and bottom of the dry well are designed for 150 psig
to give added strength for this portion. Guard plates are mounted
in front of the vent openings to prevent missiles from rupturing a
vent pipe.
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One of the attractive features of this design is the small volume of
containment which makes it adaptable to an underground design.

The small volume of the dry well together with the partial absorption
of fission products in the suppression pool would aid considerably in
cleanup in the event of an accident.

E. Low-Pressure Containment

Low pressure containment patterned after the BONUS plant incorporates

a moat or suppression pool beneath the reactor. A pipe rupture within

the biological shield would force the steam to pass through the pool
where some absorption of energy and fission products would take place
as in the case for pressure suppression. A rupture outside the
biological shield will result in low containment overpressure which,

together with the relatively few penetrations in the containment

building, will effectively retain the released coolant and fission
products within the structure. Furthermore, it should be noted that

the entire plant is within the containment so that the coolant is

contained from a rupture anywhere in the cycle without reliance on

isolating valves.

Leakage from the structure following an accident should be relatively
small - roughly comparable to standard containment. However, because

of the large size of the building, only partial radiography of welded
joints and uncertain leak rate through concrete, a somewhat more

conservative leak rate has been used in the calculations for low
pressure containment than for standard containment.

Direct radiation dosage for this scheme will be approximately equivalei
to standard containment unless the break occurs within the biological
shield. In this case much of the fission product activity would be

effectively retained or absorbed by the water in the moat. The use of
shadow shielding appears too costly to be considered for a building of
this size.

Since the entire plant is within the containment structure, there will

be essentially complete accessibility to all equipment.

Penetrations present little problem for this plant. The number of
penetrations is small, and in the case of mechanical penetrations the

fluid (service water, domestic water, etc.) is at low pressure and
temperature.

The thin wall of the structure affords little protection against

missiles. However, except for the turbine-generator, most of the

rotating equipment is located in the basement where it is not

hazardous. The containment design includes a shield over the low

pressure cylinder of the turbine for missile protection. In addition,

it should be noted that a turbine accident would most likely trip the

turbine stop valve so that a loss of coolant accident would not

necessarily result.
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Because of the large containment volume this concept is not adaptable
to an underground design.

Cleanup would probably be a more serious problem for this concept
because of the large volume of containment and location of turbine-
generator, control room, offices, etc., within the containment

structure.

F. Comparison of Containment Methods

It is difficult to make a technical evaluation of one scheme as compared
to another. As mentioned previously, all schemes are technically
feasible. Steel pressure vessels have provided a reliable and widely
accepted method of containment; therefore, we can use it as a basis for
evaluating the other schemes. Not all items compared below are neces-
sarily essential to containment but are of interest in considering the
overall value of each method. From the discussions above we might
arrive at the following conclusions:

1. Containment of Fission Products

Pressure suppression is probably the best design for containment of
fission products considering its small volume, low overpressure
following an accident and partial absorption of fission products in
the suppression pool. Low pressure encloses the entire plant at

low accidental overpressure and incorporates the moat in its design

but does present a large area subject to leakage; it should be
considered equivalent if not superior to standard containment.

The pressure relief method should be rated somewhat lower than

standard containment on the basis of the more complex system
required to actuate the hardware which is a part of the contain-

ment concept and because of the release to atmosphere of any

fission products which may be present in the coolant at the time

of an accident.

2. Direct Radiation

Both pressure relief and pressure suppression give better protectioi
against direct radiation than standard containment because of the
concrete construction which provides shadow shielding and also
considering the adaptability of the methods to underground design.

Low pressure containment would be essentially equivalent to
standard containment from the standpoint of direct radiation.

3. Containment of Coolant

Following an extended period of reactor operation the activated
corrosion products, and possibly fission products, present would

make it desirable to prevent release of coolant to atmosphere.

The low pressure concept encloses the entire plant and is, there-
fore, a better containment against release of coolant than standard
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containment in the case of a direct cycle plant. The pressure
suppression design would normally locate the reactor auxiliaries
outside the dry well which makes this method more subject to at
least partial release of coolant for a break outside the dry well.
No attempt at containment of coolant is made in the case of the
pressure relief method.

4. Containment of Auxiliary Systems

The pressure suppression design is such that auxiliary equipment,
particularly the fuel handling system, cannot readily be included
without appreciably increasing containment costs. The pressure
relief method can be made equivalent to standard containment. The
low pressure design which encompasses the entire plant may be
considered better than standard containment.

5. Accessibility to Equipment

Accessibility to equipment for the pressure relief system may be
considered equal to standard containment. In the low-pressure
scheme the operator will be located inside the containment build-

ing so that he need not pass through an air lock to get to the
equipment. Low pressure containment may, therefore, be considered

at least equivalent if not better than standard containment. Some
disadvantage must be noted for pressure suppression in that control
rod drives (and recirculating pumps where used) are not readily
accessible.

6. Reactor Building Penetrations

Low pressure has no penetrations for the high pressure primary
system and may be considered the best in this respect. Pressure

suppression has only a limited number of penetrations and is
therefore better than standard containment. Pressure relief may

be considered equivalent to standard containment.

7. Missile Protection

The reinforced concrete construction of the pressure relief system
provides the best protection against relatively small missiles.
The pressure suppression concept is also superior to standard
containment considering the concrete backup for the dry well walls
and 150 psig design of the dry well head and bottom. Because of
the presence of the turbine-generator within the structure low

pressure containment may be considered more susceptible to missile

penetration. The inclusion of a shield over the turbine helps to

minimize the danger of missiles.

8. Underground Plant Design

Both pressure relief and pressure suppression can be readily designe
for underground construction providing the reactor primary equipment
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can be housed in a relatively small volume. Low pressure containment,
because of its large volume, is not practical as an underground plant.

9. Cleanup Following an Accident

The small structural volumes which are possible for pressure relief
and pressure suppression would make cleanup following an accident
a less difficult task for these systems than for standard contain-
ment. Low pressure containment on the other hand would be more
difficult to clean up.

Again it should be stressed that not all the above are essential element
of a containment design. Each item should be weighed for a particular
plant considering safety, cost, operating procedures and reliability of
the proposed plant.

-40-



SARGENT & LUNDY
ENGINEERS

CHICAGO

VII. CONTAINMENT COST COMPARISONS

A. General

Standard containment, which is the most familiar method of contain-

ment, has been chosen as the base for cost estimating; and differences
in cost for the other concepts as compared to standard containment
have been estimated.

Items common to all schemes have not been included in the cost

estimates. For example, the turbine-generator, feed water heaters,
pumps and many other items which are common to all plants were not
included. Also such items as shielding for air ejectors and other
accessory equipment, a holdup system for off-gases, etc., were
considered equal for all schemes. On the other hand, costs which

vary from one concept to another because of plant arrangement such
as piping lengths, electrical installation, ventilation, access
doors, penetrations, etc., have been estimated and included as a
part of the difference in containment costs.

The same site criteria have been used for all plants. The ground
rules used are those established in the AEC "Nuclear Power Plants
Cost Evaluation Handbook", Section 110, Ground Rules for Evaluating
Nuclear Power Plants.

The arrangement of the study plants was made so that all schemes

would be on as nearly a common basis as practicable. Thus such
items as auxiliary systems, method of fuel handling, accessibility
to equipment, etc., were made equivalent for each scheme except

where some variation was required by the nature of a particular

concept. In some cases a deviation from the reference plant was

required. For example, in the case of pressure suppression the
Humboldt Bay reactor is below grade. As previously discussed, such
a design for this study would require rock excavation and place a

penalty on the pressure suppression method as compared to the other

schemes.

The low-pressure structure is the only one which includes facilities

for the turbine-generator, its auxiliaries, offices, etc. Conse-
quently, the cost of a turbine room and office building of convention
construction was added to the other three plant designs to provide a

true comparison.

The cost estimates have been broken down in accordance with the unifoi

system of accounts for estimating and comparing construction costs as

set forth in the AEC "Nuclear Power Plants Cost Evaluation Handbook",

Section 105, Classification of Construction Accounts Nuclear Power

Stations.

-41-



SARGENT & LUNDY
ENGINEERS

CHICAGO

B. Cost Estimates

1. General

Details of the estimates for the plants studied are given in
Appendix E. A summary of the cost differentials for the various
schemes is shown in the following table.

TABLE VII-1

SUMMARY OF CONTAINMENT COST DIFFERENTIALS

Standard Pressure Pressure Low

Containment Relief Suppression Pressure

44 MWe Base -$ 798,700 -$ 578,800 +$ 1,927,000

180 MWe Base - 4,256,500 + 1,896,400 + 9,510,70C

300 MWe Base - 4,639,000 + 2,005,700 + 10,232,30(

In the above table, pressure suppression in the larger sizes was

not economically feasible because of the particular type of
reactor cycles studied which require a very large dry well to
contain the reactor primary equipment.

Low-pressure containment was not economically feasible because

the cycles studied contain a relatively large amount of coolant

in relation to power output which results in excessively large

containment for the 5 psig containment design pressure.

Table VII-1 indicates the reduction or additional cost for each

plant as compared to standard containment. One might also

compare relative containment costs of the plants studied with

the actual cost for standard containment. Standard containment

costs may be considered to include the structural costs given in

account number 219 of Appendix E, except for building services
and miscellaneous steel and concrete for floors, walls, reactor

foundation, storage well, etc., but including also account number

221.4, the post-accident spray system. For the other containment

methods, the reductions or additions of Table VII-1 are added to

standard containment costs to obtain a true comparison of each
method relative to standard containment. This comparison is made

in Table VII-2 on a cost per kw basis.

TABLE VII-2

CONTAINMENT COST COMPARISON

Standard Pressure* Pressure* Low*

Containment Relief Suppression Pressure

$/kw $/kw $/kw $/kw

44 MWe 31.05 12.90 17.90 74.85

180 MWe 30.11 6.46 40.65 82.95

300 MWe 20.82 4.89 27.04 54.46

*Costs include.adjustments...fordifferences in piping, electrical installation,
fuel handling, etc., as well as differences in the containment structure

itself.
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2. 44 MWe Plants

From Table VII-2 it can be seen that both pressure relief and

pressure suppression give important cost reductions in this size

and type of reactor plant. The cost reduction for pressure relief
amounts to about $18/kw and for pressure suppression about $13/kw,
or a reduction of about 57% and 42%, respectively.

Low-pressure containment is not economically competitive for this
size and type of reactor plant. The primary reason for the higher
cost lies in the large volume required to contain the released

coolant at the low containment design pressure. The large volume

results in inefficient utilization of the building space. The

increase in size above that required just to house the plant
increases the cost of the superstructure, excavation, foundation,

floors and galleries, as well as some of the mechanical and elec-

trical items which are extended because of the larger building
area. It is apparent, therefore, that low-pressure containment

is not economically feasible unless the reactor plant is one for

which the energy release for a maximum credible accident is small

in comparison to reactor power as is the case for more advanced

reactor designs.

The General Nuclear Engineering concept of "total containment"
would shrink the size of the low-pressure design into a more

compact arrangement at a higher containment design pressure.

This scheme would then represent a compromise between standard

and low-pressure containment which in this case would certainly

cost less than low-pressure and probably less than standard

containment.

To determine the cost of adding shadow shielding to standard

containment for the small sized plant, an alternate estimate was
prepared for the 44 MWe plant. The shadow shielding added $220,00(
to the cost. If the boundary of the plant were located at a dis-

tance where the activity in the event of an accident was determine

to be 25 rem for a 2 hour period, the shadow shielding would reduc(

the exclusion area required about 125 acres which represents a

potential reduction in land cost of $62,500 at $500/acre. It
appears therefore that shadow shielding for standard containment

can not be economically justified where land at reasonable prices
is available to provide an adequate exclusion area.

3. 180 MWe Plants

From Table VII-2 it can be seen that for the 180 MWe plants pres-
sure relief offers a reduction of about $23/kw or 78% as compared
to standard containment. A preliminary investigation indicated

that for the chosen reactor cycle neither pressure suppression or
low-pressure containment appeared economically feasible - pressure

suppression because of the large volume required to enclose the
primary system and low-pressure because of the very large coolant
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inventory. In order to verify this conclusion, preliminary esti-
mates, which have been included in Appendix E, were made for these
two concepts.

4. 300 MWe Plants

As in the case of the 180 MWe plants, pressure relief shows a
significant saving over standard containment - in this case about
$16/kw or 76%. Again the particular plant cycle chosen was not
suited to the design of pressure suppression containment because

of the large volume required to enclose the primary system. Nor
was the cycle adaptable to low-pressure containment because of
the large water inventory.
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VIII. CONCLUSIONS

A. Technology

Section VI contains a technical comparison of the various schemes
of containment. The discussion has been summarized in Table VIII-1
where an attempt has been made to give a qualitative comparison of
the concepts. The considerations listed are of varying importance
depending on the particular type of reactor, plant site and
operating philosophy.

Standard containment has received wide public acceptance. It is
therefore interesting to note that in most respects the other three
schemes are judged equal to or better than standard containment.

TABLE VIII-1

TECHNICAL COMPARISON OF CONTAINMENT CONCEPTS

STD. PRESS. PRESS. LOW
RELIEF SUP. PRESS.

1. Containment of Fission

Products 2 3 1 2

2. Direct Radiation

Following Accident 3 2 1 3

3. Containment of

Released Coolant 2 4 3 1

4. Containment of Primary

Auxiliary Systems 2 2 3 1

5. Accessibility to

Equip. during
Operation 1 1 2 1

6. Reactor Building

Penetrations 3 3 2 1

7. Missile Protection 2 1 1 3

8. Adaptable to

Underground Design 2 1 1 3

9. Cleanup Following
Accident 2 1 1 3

Note: The numbers in the above table indicate the order of

relative merit of each concept.
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B. Containment Cost

A significant reduction in containment cost appears possible for

boiling water reactors through the use of the pressure relief method.

For the types of plant studied the estimated cost differential, as

compared to standard containment, ranged from a 57 percent reduction

for the 44 MWe direct cycle plant to over 75 percent for a 180 MWe
and 300 MWe dual cycle plants.

In the case of pressure suppression the cost reduction was of the

order of 42 percent for the 44 MWe plant. In the larger sized
plants studied, this method of containment is not economically

feasible because of the large volume required to enclose the dual
cycle, high steam drum type of plant. Pressure suppression should

be economically feasible for large reactor plants which can be

arranged in a more compact design as would be the case for example
for a reactor employing internal steam separation.

In the case of the low pressure method of containment, none of the
plants studied was found to be economically feasible. This method

may prove economically competitive to other types of containment
for a reactor cycle in which the accidental energy release is small

relative to reactor power as is the case for more advanced reactor

cycles presently under consideration.

As discussed previously in Section VII, the General Nuclear

Engineering concept of "total containment", which would sacrifice

the low design pressure of "low pressure" containment for a some
what higher intermediate pressure in order to obtain a more compact

arrangement, might well provide a cost reduction as compared to
standard containment.

C. Assumptions and Effects

The tendency toward conservatism in design is generally due to
limited knowledge or experience. In the case of nuclear plants in

particular, many of the assumptions made are very conservative

because of the lack of sufficient knowledge concerning some phase

or parameter of design. Conservatism generally results in increased

costs for design, fabrication and construction. Some of the

conservative assumptions which are generally made for containment

designs and which have been used in this study include the following:

1. Rate of release of primary coolant.

In containment design, the release of primary coolant is
generally based on complete rupture of a primary pipe to the

extent that the broken sections of the pipe are not aligned with

one another permitting uninterrupted flow from each end of the

pipe and on a theoretical two-phase flow which is known to be

conservative.
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In standard and low pressure containment an essentially

instantaneous release of the entire coolant is assumed with
containment pressure rising to a maximum from adiabatic expansion

of the released fluid. Rate of release of coolant for these
concepts becomes important only if credit is taken for pressure

reduction due to heat absorption in structural material, water
sprays or pools within the containment. The smaller the mass

flow rate from an assumed primary system break the slower the

increase in containment pressure, i.e., the more time available

for heat absorption during this transient period. Thus a flow

rate greater or less than calculated could have an appreciable

effect on peak pressure reached within the containment structure.

In the case of pressure relief and pressure suppression, the
rate of release from an accidental pipe break is used to

calculate maximum transient pressure. For a given containment

design, the effect of a mass flow greater or less than calculated
would result in a correspondingly higher or lower peak transient
pressure than calculated. As a corollary, a more accurate

method of calculating mass coolant flow from the assumed accident

would permit a more accurate determination of required vent areas

and dousing rates.

2. Heat Absorption

No credit is taken for the absorption of the released energy by

the structural material of the containment building. Where the

containment volume is small as may be the case of pressure relief

or pressure suppression, the effect is minor. But for standard

containment, and more particularly for low pressure containment,

the large surface areas exposed to the flashing steam and air

mixture should noticeably reduce either the design pressure or

the building volume required.

Containment tests (References 15 and 16, Paragraph G-2) have

indicated that peak pressure in a closed containment vessel, may

be reduced more than 10 percent due to heat absorption by

structural materials. The tests which have been made were

preliminary in nature. Heat absorption in this case is a complex

problem involving rate of release of fluid, heat transfer rates,

mixing of steam and air on release of fluid, degree of turbulence.

etc. These are some of the areas requiring additional

investigation as listed in Section VIII-D.

The amount of pressure reduction achieved would be reflected in

a cost reduction of the steel shell of the same order of

magnitude. Since the shell represents approximately 40 percent
of containment cost, for the standard or low pressure concepts,

it appears that an overall reduction in containment costs of the
order of 4 percent or more may be achieved for these schemes by

accounting for heat absorption. The actual amount of the cost
reduction would depend on the design criteria applicable to the
particular plant involved.
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3. Attenuation of Radiation

Calculations of radiation dosages following an incident may be
excessive because of conservative assumptions in regard to
build up factors, the assumption of no decay of fission product

activity, and frequently no credit is taken for the attenuation

of air as an intervening medium. More accurate calculations

would lower dosage rates and possibly permit smaller exclusion

areas.

4. Absorption of Fission Products

All the containment schemes have incorporated pools of water or

spray systems which may effectively absorb fission products in

the event of an accident. Yet, beyond general statements

indicating this is a desirable feature, only pressure suppression
has indicated some reduction in fission product activity and here

only conservatively as an added feature of the concept. Absorp-

tion, if proved very effective, could be important in consideration

of possible alternate schemes of containment. For example, one

might modify the pressure relief method by venting the containment

to atmosphere through a pool of water for designs in which the

containment volume is sufficiently large to limit the rate of

transient pressure increase to relatively low values.

5. Leakage

Little information is available regarding leakage rates through
concrete and other materials and through penetrations in the

containment structure. As a result, assumed rates have generally

been higher than necessary. Furthermore, leakage calculations

do not usually take into account reduced post-incident pressures

resulting from application of spray systems, absorption of energy
by structural materials, or other means.

6. Core Meltdown

Probably no factor in containment design has varied as much as
the estimate of core meltdown and the subsequent release of

fission products from the melted fuel elements to the containment

vessel. Such estimates are in general thought to be conservative,

and therefore lead to pessimistic predictions of the performance
of the containment design.

D. Areas Requiring Additional Investigation

As stated above, conservative assumptions are used when there is

insufficient theoretical data or experience in regard to a

particular design parameter. The following is a list of some of

the items for which there is a limited amount of data available

and which are important to the design of present containment methods
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as well as to the development of new concepts.

1. Two-phase flow from pipes and orifices.

2. Transient behavior of pressure, temperature and mixing of steam
and air upon release of coolant in a closed containment structure.

3. Heat absorption by structural materials.

4. Leakage rates of gases and minute particles through concrete
and other structural materials.

5. Leakage rates of gases and minute particles through typical
containment penetrations.

6. Condensation of steam-air bubbles by water pools.

7. Condensation of steam-air mixtures by spray and dousing systems.

8. Absorption of fission products in water pools.

9. Absorption of fission products by spray and dousing systems.

10. Rupture tests of piping and pressure vessels, including rupture
of a pipe within a pipe.

11. Blast and shock waves and their effect on structural materials.

12. Extent of fission product release into the containment structure

from core meltdown.
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SL-1868
Appendix A

AEC GROUND RULES FOR EVALUATING

NUCLEAR POWER PLANTS*

I. HYPOTHETICAL SITE CONDITIONS

A. Topography and General Characteristics

1. Location and Total Area

The site is located on the east bank of the North River, 35 miles

north of Middletown, the nearest large city. It is 25 ft. above
the minimum river level and 5 ft. above maximum river level. The

site occupies an area of grass-covered level terrain. The land

area and cost for the Hypothetical Site shall be assumed to be:

Nominal Plant Size

300 MWe

100 MWe

60-75 MWe

50 MWe

10 MWe

Land Area

1,200 acres

1,200 acres

600 acres

200 acres

200 acres

Land Cost

$300/acre

$300/acre

$400/acre

$500/acre

$500/acre

Land is generally available surrounding the site at

It is assumed that no easements are necessary.
the same cost.

2. Access

Highway access is provided to the Hypothetical Site by a 15 mile

secondary road to a state highway; this road is in good condition
and needs no additional improvements. Railroad access shall be
provided by constructing a railroad spur which intersects the B&M
Railroad. The length of the spur from the main line to the plant
site shall be assumed in accordance with the following table:

Nominal Plant Size

300 MWe

100 MWe

60-75 MWe

50 MWe

10 MWe

Length of Spur Track

5 miles

5 miles

3 miles

2 miles

1/2 mile

Total Cost

$300,000

$300,000

$180,000

$120,000

$ 30,000

*From "Nuclear Power Plant Cost Evaluation Handbook", Dec. 31, 1960
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An airfield is located 3 miles from the state highway and 15 miles
from Middletown.

The North River is navigable throughout the year for boats with up
to a 6 ft. draft. All plant shipments will be made overland except
that heavy equipment such as reactor vessel and generator stator
may be barged to the site.

3. Population

The Hypothetical Site is near a large city (Middletown, 250,000
population) but in an area of low population density. Variation in
population with distance from the site boundary is:

Miles

0.25

Population

0

0.5

1.0

60

200

5.0

10.0

20.0

2,700

8,000

40,000

The nearest
of the site

east of the

residence to the 60 - 300 MWe plants is 3/8 mile east
boundary, and to the 10 and 50 MWe plants is 1/4 mile
site boundary, on the secondary road.

4. Land Use in Surrounding Region

There are five industrial manufacturing plants within 15 miles of

the Hypothetical Site. These are small plants employing less than
100 people each. Closely populated areas are found only in the
centers of the small towns so the total land area used for housing
is small. The remaining land, including that across the river, is

used as forest or cultivated crop land, except for railroads and
highways.

5. Utilities

Utilities are available as follows:

The North River provides an
condenser cooling water for
average maximum temperature

adequate source of raw make-up and
the ultimate station capacity. The

is 75 F and the average minimum is 40 F.

Natural gas service is available four miles from the site boundary
on the same side of the river.
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Communication lines will be furnished to the project boundaries at

no cost. Cost for communication within the project boundaries will

be in accordance with standard utility company practice.

Construction power is available at the southeast corner of the

site boundary. Cost of this power is 15 mills per kilowatt hour.

An emergency power source in the plant is necessary, as the

distribution system in the area is a single source transmission.

B. Meteorology and Climatology

1. Prevailing Wind Variation

Prevailing surface winds in the region surrounding the Hypothetical

Site blow from the south through west quadrant at speeds varying

from 4 to 15 miles per hour throughout the year. There are no

large daily variations in wind speed or direction. Observations of
wind velocities at altitude indicate a gradual increase in mean

speed and a gradual shift in prevailing wind direction from south-

west near the surface to westerly aloft.

2. Frequency of Temperature Inversions

Surface-based atmospheric inversions occur frequently during summer
and early fall nights with clear skies and low wind speeds. These
inversions are destroyed quickly by solar heating. Inversions
occurring during winter or spring are more likely to extend into

the daytime. Inversions occur most frequently when the winds blow

from the south. Unstable weather conditions usually occur with
winds from the north or west. Stagnation periods with steady light

winds and a high frequency of inversions are most probable from
August to October. A persistent inversion with its base between

1,000 - 4,000 ft.; wind speeds less than 5 miles per hour below
5,000 ft.; and clear skies which permit the formation of surface-

based inversions at night are characteristic of these periods.
The annual average percentage of time with inversions is 48 percent.

A survey of United States climatology records, summarized in WASH-

740, indicates that 50 percent of total annual time with inversions
is a representative national average.

3. Frequency and Severity of Disturbances

A maximum wind velocity of 100 mph has been recorded at the site.

4. Snow Load

30 psf shall be used for snow loading.

C. Hydrology

1. Precipitation

Average annual rainfall at the site is over 27 in. per year.

A-3



SARGENT & LUNDY
ENGINEERS

CHICAGO

2. Drainage

Natural drainage of the site is provided by the land contours.
The subterranean water travels toward the river at a velocity of
300 ft. per year. The maximum temperature is 75 F with sufficient
flow available to prevent exceeding the allowable temperature rise
specified by the State.

3. Ground Water

Ground water in the region collects mostly in the weathered layer
of the shale above the bedrock. Adequate ground water for sanitary
supply and plant make-up is available within 50 ft. below grade.
Most wells in the region are drilled to the shale layer.

D. Geology and Seismology

1. Soil Profiles and Load Bearing Characteristics

Soil profiles for the site show alluvial soil and rock fill to a
depth of 8 ft.; Brassfield limestone to a depth of 30 ft.; blue
weathered shale and fossiliferous Richmond limestone to a depth of
50 ft.; and bedrock over a depth of 50 ft. Allowable soil bearing
is 6,000 psf and rock bearing characteristics are 18,000 psf and
15,000 psf for Brassfield and Richmond strata, respectively. No
underground cavities exist in the limestone.

2. Seismology

This is a Zone 1 site, as designated by the Uniform Building Code,
based on the observation of three earthquakes of seismic intensities
6-8 on the Rossi-Forel scale in the period 1870-1958, causing minor
damage to towns in the surrounding area.

E. Radioactive Waste Disposal

1. Sewage

All sewage must receive primary and secondary treatment prior to
dumping into the North River.

2. Volatile Wastes (Radioactive and Toxic Gas)

Maximum permissible concentrations or dosages shall be as

prescribed in:

a. AEC Standards for Protection Against Radiation, as published
in the Federal Register (25 F.R. 8595, September 7, 1960 and
as amended in 25 F.R. 13952, December 30, 1960).

b. National Bureau of Standards Handbook 69, Maximum Permissible
Body Burdens and Maximum Permissible Concentration of Radionuclides
in Air and in Water for Occupational Exposure.
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In the event of conflict between items "a" and "b" above, item "a"

shall govern.

3. Liquid Wastes

Maximum permissible activity of water entering the North River shall
be as prescribed in the references listed under "Volatile Wastes"
above. The activity level of the liquid effluent shall be measured
as it leaves the plant. No credit for dilution in the North River
will be assumed.

4. Solid Wastes

Storage on site for decay will be permissible but no ultimate
disposal on site will be made.

F. Labor

1. Availability of Local Labor Force

Labor availability for plant construction and operation at this
site is adequate, although the distance of 35 miles to the nearest
large center of population requires an additional transportation
allowance in the wage rates for all classes of construction labor.

2. Labor Productivity

Assume productivity will be equivalent to western Massachusetts.

3. Labor Rates

Assume craft labor rates to be in accordance with those shown by
current Statistics of United States Bureau of Labor for a western
Massachusetts site.

4. Work Week

The construction work week will be based on a 40-hour week with no
regularly scheduled overtime.

5. Other Site Information

The Hypothetical Site is located within the general distribution
area of the Central Edison System. The cost of the step-up
transformer, transmission line, and all related structures and sub-
station equipment, required to connect the power plant to the
system, will not be included in the estimates of plant construction
cost. Based on projections of load growth, the system will absorb
the entire station output as it becomes available.

Qualified machine shops are available in Middletown so that only
minimum shop facilities are necessary at the plant.
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All Hypothetical Site data not provided in these ground rules
shall be consistent with a western Massachusetts plant site,
provided that they do not conflict with other information
contained in these ground rules.

II. DESIGN DATA

The following design data are based on the Hypothetical Site conditions
described in this section. In general, they shall be applied in

evaluation studies if factual site or design data are lacking.

1. Turbine-Generators

Nuclear power plants shall generally be designed as single unit

turbine-generator-reactor plants. Turbines shall be rated at 1-1/2
in. Hg abs. Turbine-generator units in sizes up to and including

150 MWe (gross) shall be of standard ratings.

2. Condensers

The turbine condensers shall be designed to maintain a back pressure
of 1-1/2 in. Hg abs with maximum throttle flow to the turbine, based
on a 57 F circulating water temperature and normal extraction of
steam for feed water heating. Units for direct cycle boiling water
reactors shall be fitted with double tube sheets and equipped with
deaerating type hot wells. Indirect cycle reactor plants may be
optionally designed for feed water deaeration in the condenser or in
an open deaerating heater.

3. Codes and Standards

Materials and construction, style of architecture, etc., shall be
designed and estimated in accordance with AEC Manual Chapter
6300 plus ASTM, ASA, AIEE, and the National Board of Fire Under-
writers' codes and standards, where applicable.

III. PLANT OPERATING FACTOR

The annual power generation shall be based on an annual plant
operating factor of 80% of the net power rating. The fuel management
program, where used, shall be such that the total annual shutdown time,
including scheduled outages for fuel reloading, fuel reshuffling and
scheduled inspection and maintenance, will not exceed 870 hours, i.e.,
90% plant availability. For evaluation and comparison purposes, the
plant operating factor is assumed to be 80%. The economic life of
the unit is assumed to be 30 years.
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IV. MISCELLANEOUS

Construction costs shall include all equipment up to the low voltage
side of the step-up transformer. Gateway structures, switchyard, step-

up transformer and transmission lines shall not be included in the
estimate.

Sales taxes shall be assumed to be those in western Massachusetts,

included in the material cost.

V. CAPITAL COSTS

The estimate of capital costs for all AEC economic evaluation and
normalization studies shall be prepared, generally, in accordance with
the AEC Classification of Construction Accounts, Nuclear Power Plants
(Section 105).
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CONTAINMENT DESIGN CALCULATIONS

I. STANDARD CONTAINMENT

A. Introduction

The primary purpose of the containment vessel for a reactor plant is

to prevent the dispersion of radioactive fission products in case of ;
an accident. During normal operation, the reactor coolant is in a

high energy state -- high temperature and high pressure. Any sudden

expansion caused by a break in the primary system will vaporize part
of the fluid and the pressure in the containment vessel will increase.

Since the coolant is to some degree radioactive and the melting of
the core due to loss of coolant will release fission products from

the fuel elements, the containment vessel must be made airtight and
be able to withstand the increase in pressure.

Several designs exist for the containment of the radioactive products.
The standard steel shell is the most common method used at present.

It is a pressure vessel which contains sufficient volume for partial

vaporization of the liquid. Wall thickness for containment is gener-
ally limited to 1-1/2 in. maximum since stress relieving of the weld

is necessary for thicker plates, and field stress relieving is very

costly.

Standard containment may take either of two forms: spherical or

cylindrical. In general, a cylindrical shell is composed of a hemi-
spherical head; a right circular cylinder and an oblate hemiel-

lipsoidal bottom. The cylindrical design has been used for the
smaller reactors and the spherical design for the larger reactors.

The choice results from economic evaluation of space requirements,
shielding, foundation, etc.

B. Basic Design Criteria

The postulated maximum credible accident has been designated by the
Atomic Energy Commission for this study as the loss of coolant by a

circumferential rupture of a main coolant line in such a manner that

the broken sections are not aligned and the coolant flow is unimpeded.

The following assumptions are made for the analysis:

1. The sudden expansion of the pressurized coolant causes part
of the liquid to vaporize. An instantaneous pressure rise

is assumed.

2. Adiabatic expansion takes place. Heat is neither added nor

removed from the system.

3. A homogeneous saturated vapor-air mixture exists after the

accident.
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4. Sufficient time is assumed to have elapsed after the accident
so that an equilibrium condition prevails.

5. Energy is confined to the thermodynamic properties of the air
and the coolant. Chemical, nuclear, mechanical and other
energies are not considered in this study. For example, the
heat generated by metallic reaction with water is not con-

sidered.

6. The validity of the perfect gas law is accepted.

7. The containment vessel is able to withstand the initial pres-
sure shock wave. Calculation is for a thermodynamic steady

state.

8. The design of the containment vessel conforms to the ASME
Boiler and Pressure Vessel Code, Section VIII, Unfired Pres-
sure Vessels, and to the applicable case interpretations.

9. Dry air is prevalent before the accident.

C. Method of Calculation

The method of calculation was based upon the principle of conserva-
tion of energy. By assuming adiabatic expansion, no external energy
is added to the system and no energy is removed from the system.

The energy before the accident can be divided into two components:
dry air in the containment vessel and the coolant in the primary

circuit. Thus, the energy before the accident, E, is expressed by
the following equation:

El= Wai (uai+ Vai2 + Zai) + Wwi (uf 1 + _wyi2_+ Zwi)
2gj 2 gj

(1)

where, Wa = weight of air, lb.

Ww = weight of water, lb.

Va = velocity of air, fps

Vw = velocity of water, fps

ua = internal energy of air, Btu/lb.

uf = internal energy of water, Btu/lb.

g = gravitational constant, 32.2 ft/sec2

j = work equivalent to heat, 778 ft/lb/Btu

Za = potential energy of air due to position

Zw = potential energy of water due to position
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The subscript, i, indicates condition before the
accident.

Three components of energy exist after the accident: 1) dry air,
2) water vapor and 3) unvaporized coolant. Therefore, the energy
after the accident, E2 , will be:

E = Wa2 (ua2 + Va2
2 + Za2 ) + (1-X) WWi (uf2 + Vw2

2  + Zw2)
2 gj 2 gj

2
+ X Wwj (ug 2 + V xw2 + Z 2 ) (2)

2 gj

where, X = steam quality

ug = internal energy of vapor, Btu/lb.

The subscript, xw, refers to the vapor state and the
subscript, 2 , indicates condition after the accident.

By conservation of energy,

El = E2 , and (3)

Wai (uai + Va 2+ Za ) + WW1(uf1 + Vwi2+ Zw) =

2 gJ 2 gj

Wa2 (ua2 + Va22+ Za2 ) + (1-X) Ww (uf2 + Vw2 + Z 2 )

2 gj 2 gj (4)
+ X WW1 (ug 2 +_Vxw2 2 + ZXw2)

2 gj

The potential energy term can be considered negligible in comparison

to the internal energy term since 1 Btu = 778 ft-lb, or one pound of
fluid must be raised to 778 ft. to obtain one Btu. In comparison,
one pound of water raised one Fahrenheit degree is equivalent to one

Btu.

Furthermore, it will be noted that if the kinetic energy,
2

V = 1, then

2 gj

2
V = 2 gj

V = A2 gJ

V = 324 ft/sec.

Thus, to obtain one Btu of energy per pound of fluid, the air and coolant

must be flowing at 324 ft/sec. Therefore, the kinetic energies of

both air and coolant before the accident can be assumed negligible.
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Eliminating the potential and kinetic energy terms from equation (4),
and assuming no leakage occurs so that the mass of air before and
after the accident is the same,

Wai = Wa2 = Wa (5)

Wa ua1 + Ww 1ufj = Wa ua2 + (1-X) Ww1 uf2 + X Wi ug2
(6)

The final pressure can be calculated in terms of the temperatures if

the initial pressure is known. By the perfect gas law,

P1 VI = P2 V2

Ti T2  (7)

where, P = pressure, lb/ft 2

V = volume, ft3

T = absolute temperature, OR

Since V1 = V2,

P2 = P1 T2  (8)

To calculate the mass of air in terms of the coolant, assume the vapor
and air follow the perfect gas law. For air,

Pa2 V2 = Wa Ra2 T2  (9)

and for the water vapor,

Pxw2 2 = X WwiRxw2 T2  (10)

where,

ft-lb
R = gas constant, lb- R

Combining equations (9) and (10) and solving for Wa,

Wa = X W .a xw2

axw2 Ra2  (11)

Substituting this value for Wa in Equation (6) and solving for X,

X = uf -uf 2
ug 2 - uf2 + Pa 2 Rxw2 (ua2 - ual ) (12)

Ra2 Pxw2
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By definition,

ufg = ug - uf

Therefore,

x = u -f1-uf2
Pa2 Rxw 2

ufg2 + Ra2 xw2

The specific heat, c, is defined as,

3 U
c =

b T

(ua2 - uai)

Or,

u = cvT

Assuming that the specific heat of the air is constant,

uai = cv T1

ua2 = cv T 2

Substituting these values in equation (13)

x = ufi - uf2

ufg2 + Pat Rxw2 cv (T 2 - Ti)
Ra2 Pxw2

But, assuming the air and vapor are perfect gases,

Pa2 Rxw2 =

Ra2 Pxw2
a2 =a2 vxw2

SXW2

uf1 - uf2

ufg2 + a2 vxw2 cv (T2 - T1 )

Because a saturation condition occurs after the accident, the

equation can be solved by iteration and approximation. By assuming

a certain final temperature, the equation can be solved and the

pressure checked by using the equation,

P =Pi + Ps
Tl

(20)

B-5
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where, Ps = saturation pressure at T2 .

D. Graphical Solution

Several graphs were plotted to facilitate the evaluation of the con-

tainment design. The graphs minimize the number of calculations re-
quired in selection and appraisal of the design. The curves drawn

were:

1. Internal energy, Btu/lb, at various system pressures versus the

ratio of system steam volume to water volume, Vstm.

Vwtr

2. Ratio of net free containment volume to pounds of primary system
fluid at various internal energies versus containment pressure

and temperature following an accident.

3. Containment vessel design pressure versus containment vessel
diameter.

Figure B-1 illustrates the variation of internal energy as the steam-
water volume ratio is increased. This has been plotted for various

pressures. Knowing the Vstm ratio and the system pressure for any

Vwtr
boiling water reactor, the graph will give the internal energy of
the system. The values were obtained from the Keenan and Keye's
steam tables. At Vstm = 0, the quality is equivalent to saturated

Vwtr
liquid.

Figure B-2 is the ratio of net free containment volume to the pounds
of primary system fluid at various internal energies versus contain-

ment pressure and temperature following an accident. Obtaining the

internal energy from Figure B-1, the weight of the primary system
fluid from the design specifications, and the net free volume from

the general arrangement drawings, the final containment design pres-
sure in psig and final temperature can be obtained from Figure B-2.
The graph was plotted from calculations using equations (19) and
(20). The initial air temperature, T1 , was taken to be 560 R (100
F) and the initial air pressure, P1 , as 14.7 psia. By approximation

and iteration, values for T2 and P2 were established for various in-
ternal energies. A series of calculations were made for various

net free volumes.

Figure B-3 plots containment vessel diameter versus containment pres-
sure. The containment design pressure may be used in Figure B-3 as

a check of the containment vessel diameter. Curves for both spherical
and cylindrical diameter vessels are depicted with wall thickness of

1-1/2 in. A containment vessel which gives a point lying below the

curves may be fabricated without stress relieving.
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The equations used to calculate the thickness of containment shell
plates are from the ASME Code:

t= PR for spherical containment
2SE - 0.2P (21)

t = PR for cylindrical containment
SE - 0.6P (22)

where, t = thickness, in.

P = design pressure, psig

R = radius of containment, in.

S = stress, psi

E = efficiency of weld

A stress of 16,500 psi may be used for carbon steel plate SA - 201
B grade which is the most commonly used containment vessel steel.
By the "Interpretation of ASME Boiler and Pressure Vessel Code,
March 3, 1960, Case 1272N-1 (Special Ruling) Containment and Inter-
mediate Containment Vessels, Paragraph (5), Allowable Stress for
Containment Vessels and Intermediate Containment Vessels", an
increase of 10% of allowable stress value given in Table UCS-23 can
be utilized. The efficiency of the weld may be taken as 100% since
welds are completely radiographed.

II. PRESSURE RELIEF CONTAINMENT

A. Introduction

The pressure relief concept of containment is designed with the
Canadian NPD-2 plant as reference. The NPD-2 design consists of an
opening for venting the boiler room to the atmosphere in the event
of a primary system incident. The opening is sealed with a glass
diaphragm during normal operation. If an accident should occur, the

pressure within the boiler room would increase to a predetermined
level at which time the diaphragm would be shattered by mechanical
means. Following the diaphragm break the boiler room would be
vented for a period of time during which the internal pressure would
reach a peak of 5 psig. During this time a dousing system would
be operated and the internal pressure would begin to decrease fol-
lowing the peak of 5 psig. When the pressure decreases to 2.5 psig,

a steel door which is utilized to seal the exhaust duct would be
closed. The dousing system would continue functioning to introduce

cooling water to the reactor core and the boiler room.

The opening at the diaphragm is 9 x 12 ft. while the duct to the
outside is slightly larger. This area has been proven experimentally
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to be adequate for relief of pressure during a blowdown of a completely
severed 16 in. primary system circulating line.

B. Method of Calculation

In the case of the 44, 180 and 300 MWe plants considered in this study,
the diaphragm size required is based on the results of the experiments
conducted for the NPD-2 plant. The area required is determined from
the flow rate of the largest pipe break and is proportional to the
flow rate and relieving area of the NPD-2 arrangement.

In determining the size and rate of release of the dousing system,
the energy in the primary system and its rate of release was calculated.
The total energy in the primary system of any plant was found from the
amount of water in the primary system and its energy per pound.

The rate of release in this study is based on a break of the largest
diameter primary system water line. Figure B-4 indicates the flow rate

in lb/sec-in2 as a function of system pressure. These curves were
plotted from Haubenreich's theoretically derived equation for steady

state discharge of saturated liquid i.e.

2 P1 dp

G = g fp V

ln V (23)
~n - + 2 fL/D

where, G = mass flow rate, lb/sec-in2

g = gravitational constant, 32.2 ft/sec2

Pi = upstream pressure, psi

P = critical pressure corresponding to max. G, psi

V1 = upstream specific volume, in3/lb.

V = specific volume following isenthalpic expansion
to P.

2fL = flow resistance constant.

D

The following assumptions were made:

1. Orifice coefficient, c = 0.6, is correct for discharge of

flashing liquid.

2fL _-1

2. Equlibiu cd

3. Equilibrium condition during discharge.
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4. Upstream flow negligible and process is at steady state.

After determining the flow rate, the dousing system release rate can
be calculated by assuming the dousing water to be at a temperature of

100 F and the release rate to be sufficient to absorb the energy rate
of emission from the break.

Since the containment building for the plants considered have a greater

volume than for NPD-2, the maximum transient pressure will be less than
for NPD-2. A design pressure of 5 psig was taken as a reasonable in-
ternal pressure for these designs. Model tests would be required to
obtain a final design pressure for construction of the particular designs.

III. PRESSURE SUPPRESSION CONTAINMENT

A. Introduction

The Humboldt Bay reactor containment design eliminates the large pres-
sure type steel enclosure. The reactor primary system is enclosed by
a steel pressure vessel or dry well which vents into a pool of water.
The pressure suppression water pool is used to quench the steam re-
sulting from a break in the primary system in the event of an accident.

B. Basis of Calculation

Two pressure calculations are required; the maximum dry well pressure
and the suppression chamber maximum pressure. Assumptions used in

calculating these pressures are:

1. A circumferential break in which the broken sections are not

aligned so that the flow from one section does not interfere with

the flow from the other section.

2. Steam-water mixture from the break expands at constant enthalpy.

3. Low vent resistance.

4. Flow is saturated liquid at reactor pressure up to the time of
peak dry well pressure.

5. Heat transfer to the dry well is negligible.

6. Uniform pressure exists in dry well.

7. Steam-water mixture is homogeneous and in thermal equilibrium
in the dry well.

8. 100% carryover of water from dry well into the vent pipes.

9. Complete condensation of jet discharging from the vent takes place
in the suppression pool.

10. Peak dry well pressure occurs when mass flow out of the break
equals the mass flow through the vents.
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11. Air in the dry well is displaced completely into the suppression
chamber.

12. After equilibrium in the system, the reactor and the dry well are
filled only with water vapor.

C. Method of Calculation - Dry Well Pressure

Design of the dry well is based on the peak pressure resulting from a
maximum credible accident. The peak pressure occurs at one of the
following times: (1) at the instant water is forced from the vents,
or (2) when the mass flow from the ruptured pipe is equal to the mass
flow from the vents. Transient analysis of the pressure for case (1)
involves differential equations and requires the use of a computer to
solve thirteen equations containing thirteen variables. In the case
of Humboldt Bay, the calculations conducted by Pacific Gas & Electric
Company and General Electric Company show that peak dry well pressure
occurs in case (2) AND THEREFORE THIS IS THE CONDITION ON WHICH THE
CALCULATIONS OF THIS STUDY ARE BASED.

Because the mass flow from the break is dependent upon the dry well
pressure, a trial and error method of solution is required. The
break flow per vent pipe and the vent flow are plotted on the coordin-
ates of dry well pressure versus flow rate. The intersection of the
two curves yields the solution to the problem.

The break flow from one end of the primary system break is assumed
to be an orifice and is given by the equation:

W= 12 CA 2g P1 - P2
vf1  (24)

where, W = break flow rate, lb/sec.

C = discharge coefficient

A = flow area, ft. 2

g = gravitational constant, 32.2 ft/sec. 2

P 1 = upstream or reactor pressure, psia

P2 = downstream or dry well pressure, psia

vf1 = specific volume of the fluid at P1 , ft3 /lb.

Assuming a 100% water carryover from the dry well into the vent pipes,
the flow through the vent pipes will be two-phase. The pipe pressure

decreases from the inlet to the outlet of the vent pipes. The critical
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end of pipe pressure is described as the pressure which prevails at
the pipe outlet. The formula which is applicable is,

2 dP - (W/A) 2

d Q 144g (25)

The process is assumed to be an expansion at constant enthalpy, thus

resulting in a conservative design. Basic thermodynamic relationships
required for the analysis of the steam-water condition are:

x = ufi - Uf2

ufg2

v2 = vf2 + X vfg2

2 _ 1

\V2

(26)

(27)

(28)

where, X = quality of the steam

h = enthalpy of the fluid, Btu/lb

v = specific volume, ft /lb.

= density, lb/ft3

The subscripts 1 and 2 indicate the condition for states 1 and 2; f

for fluid; fg for the change in state during evaporation.

The approximate pressure drop for flashing flow in the vent pipe is
expressed by the following formula,

Pi P + i

D P2
A

288g

where, ;.K =

144
- 2 In

22

(29)

sum of all resistance coefficients for the

piping system.

f = friction factor.

L = length of the piping system, ft.

D = diameter of pipe, ft.

= density, lb/ft. 3

P = pressure, psi
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W = flow rate, lb/sec.

A = piping cross-sectional area, ft?

H = head, elevation difference, ft.

Subscripts 1 and 2 indicate upstream and downstream conditions.

Experiments conducted by Pacific Gas and Electric have shown that Humboldt
Bay design followed the homogeneous flow more closely than the Martinelli-
Nelson type flow, assuming 100% carryover in each case.

D. 44 MWe Dry Well Pressure

For the 44 MWe plant which is a natural circulation, direct cycle plant,
the 8 in. feed water line is the largest pipe size containing 100% water.
There is also a 10 in. main steam line connected to the reactor, and
this pipe is assumed to be the pipe which ruptures in the event of a
major incident. For a conservative estimate, the flow from the break is
assumed to be saturated water. Single ended flow would result from the
break.

Using the method of calculation discussed above, the solution is shown
in the graph, Figure B-5. The intersection of the curves at 65.9 psia
is the calculated dry well pressure. A value of 55 psig was taken as
the design dry well pressure.

E. 180 MWe and 300 MWe Dry Well Pressure

Since preliminary investigations indicated that the 180 and 300 MWe
plants studied were not economically feasible in the pressure suppres-

sion scheme, detailed analyses were not performed. However, the very
large volume required to house the reactor primary system would result
in a very low transient pressure, and 15 psig was assumed for the pre-
liminary study.

F. Method of Calculation - Suppression Chamber Pressure

The suppression chamber contains the pressure suppression water pool,
the free volume above the pool and the vent and jet piping which trans-
port the two-phased flow from the dry well into the suppression chamber.

It is assumed that after an accident the air in the dry well would be
completely displaced into the suppression chamber, and the steam carried
over would be completely condensed by the jet action of the steam into
the water pool. The major pressure buildup in the chamber would be due
to the compression of the air including that displaced from the dry
well into the suppression chamber. The free volume above the water pool
would be decreased due to the condensation of the steam and the water
carryover. Because of the energy transport from the dry well, the

temperature within the chamber would increase. Using the above assump-

tions, together with the system design volume and temperature, and
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utilizing the Perfect Gas Law, a first estimate of the pressure in
the suppression chamber can be obtained. The resulting vapor pres-
sure must be added to obtain the final approximate pressure.

For a more accurate solution to this problem, the conservation.of
energy principle can be utilized with mass-energy balance for the

accident and peak pressure conditions. The parameters required for
the calculation are pressure, temperature, volume, weight, thermal
capacity and energy.

G. 44 MWe Suppression Chamber Pressure.

Using the above methods of calculation, the approximate suppression

chamber pressure was calculated to be 20.5 psia. By the more accurate
method a value of 20.2 psia was obtained. The design pressure was

arbitrarily chosen as 10 psig.

H. 180 MWe and 300 MWe Suppression Chamber Pressure

As discussed above, no detailed design analysis was made for the

180 and 300 MWe pressure suppression concept studied. In the pre-
liminary investigations of these plants, the suppression chamber

volume was arbitrarily based on a design pressure of 10 psig.

IV. LOW PRESSURE CONTAINMENT

A. Introduction

The reference design for the low pressure containment is the BONUS
design. In this scheme one large low pressure enclosure contains

essentially all the equipment necessary for the power plant. This
structure has a circular concrete base surmounted by a steel cylin-
der and a hemispherical steel dome.

B. Method of Calculation

The procedure for the determination of the design pressure for the
low pressure containment scheme is the same as that which was pre-

sented in section I.

Figure B-.6 is a plot for obtaining the design pressure of the

structure as a function of net free volume and reactor primary
system energy. These curves are an extension of the curves of Figure
B-2 for the lower final containment pressures involved in this concept.

The maximum design pressure for this containment concept is established
at 5 psig (the enclosure structure surrounding the reactor vessel is
designed for 25 psig). Knowing the quantity of water and steam in the

system as well as the internal energy per pound of fluid, it is pos-

sible to find the net free volume required from Figure B-6. After
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determining the volume occupied by equipment and concrete within the
structure, the gross volume and thus the necessary dimensions of the

containment building can be determined.

This composite steel and concrete structure would be designed, in-
spected and tested in accordance with the American Petroleum Institute
Tentative Standard No. 620. The steel plate used in this type con-
tainment is assumed to be ASTM-A201.
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Appendix C

RADIOLOGICAL CALCULATIONS

I. INTRODUCTION

Nuclear radiation may seriously affect living things through direct external
radiation or through internal exposure by inhalation or ingestion. Internal
exposure is primarily from isotopes with relatively long half-lives which

irradiate the internal organs while decaying. The most dangerous of the
isotopes are Sr69, Sr9 0 (bone seekers), Il51 and I133 (thyroid seekers).

II. BASIS OF CALCULATIONS

The maximum credible accident for the three reactor plants considered is

assumed to be the circumferential rupture of a main coolant line followed
eventually by core meltdown. The fission product inventory for each reactor,
as stipulated in the scope for this study, is that present after an equivalent

of 400 days of full power operation and the fission products released from
the core is 100% of the noble gases, 50% of the iodine isotopes and 5% of the

solids.

Meteorological parameters are those specified for the hypothetical site.

(See Appendix A).

The maximum permissible emergency radiation dose for two hours is assumed to

be 25 rem whole body radiation or equivalent at the exclusion area boundary.

III. DOSAGES TO BE CALCULATED

A. Direct Radiation

In the event of an accident within the reactor plant, the hazard from
direct radiation results from the fission products released as a result

of the accident and restricted within the containment provided. The gamma
radiation emitted is partially attenuated by the material used for the
containment structure such as the plates of the containment vessel, shadow

shielding (if provided) and air.

B. Radioactive Cloud

The second source of radiation is from the radioactive plume which results

from the leakage of the containment vessel and the transport by the wind.
The amount of radioactivity released is dependent upon the leakage rate
of the containment vessel. Primary factors influencing the radiation from
the radioactive cloud are the meteorological conditions near the site and
the amount and point of leakage of the plume.

The radiation resulting from the radioactive plume are:

1. The external gamma radiation from the passage of the radioactive plume.
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2. The internal dose from inhalation of the fission products.

3. External gamma radiation from the deposition resulting from fallout
or washout of radioactive material from the plume.

IV. METHOD OF CALCULATION - DIRECT RADIATION

A. Radioactive Source

Direct radiation is the gamma radiation resulting from radioactive decay

of fission products released within the containment structure. Thus,
the factors influencing the direct radiation dosage are:

1. Thermal power of the reactor.

2. Length of time reactor has been operating.

3. Amount of fission product released.

4. Attenuating media.

5. Reactor location above or below ground.

6. The distance from the source.

The Way-Wigner formula gives the gamma source strength of the reactor
core in million electron volts (Mev) per second beginning 10 seconds

after shutdown.

QG = 2.3 x 1014 P [t-021 - (to + t)-21 J (1)

where, QG = source strength, Mev/sec.

P = operating power, KWt

t = time after shutdown in seconds, greater than 10 sec.

to = duration of steady operation, seconds

Since the duration of steady operation is 400 days or 3.46 x 107 seconds,

(to+t) -0,'1 will be very small and can be neglected so that the above
equation can be simplified to:

QG = 2.3 X 1014 Pt 0:21 (2)

To establish the energy released by the core for two hours, equation (2)
is integrated:

= 7200 sec.

SG = 2.3 x 10 4 P t_0.21 dt

Jt = 10 sec.

= 3.23 x 101 P (3)
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where, 5SG= total energy release by fission products in core, Mev

The source strength used for calculation of direct radiation depends

upon the amount of fission products which escape from the core, i.e.,

S = SG x f

S = 3.23x1017 Pxf (4)

where, S = total energy release of fission products which escape
from core into containment structure, Mev

f = fraction of fission products escaping from core.

The percentage was obtained from Figure 1.6 in "Meteorology and Atomic
Energy" with the given data up to two hours. The approximate values
obtained were Xe, 6%; Kr, 5%; 1, 4% (50% of iodine isotopes); solids,
4% (5% of 8070). Since the volatile consists of 20%, the solids are
assumed to be 80%. The sum of the above is 19%. Including the Bromine
percentage, the value of 20% release is obtained and used as the basis
of calculation.

B. Containment Above Grade - Point Source

Calculations for direct radiation in which the entire containment is
located above grade are made using a point source.

The calculation of the direct radiation dose from a point
determined from the following equation,

TID = B S x e-b
4 i a2k

where, TID = total integrated dose, rem
B = symbolic buildup factor
S = source strength, Mev (Equa. 4)
a = distance from the source to objec

k = 1.8 x 109 Mev/cm 2 /rem @ 0.7 Mev
b = t, -'here

p = attenuation coefficient, cm-1
t = thickness of the material, cm

e = Naperian base, 2.718

source is

(5)

t, cm

C. Containment Partially Below Grade - Line Source

For containment vessels partially below grade, a line source is assumed,
except in the case of low pressure containment to be discussed below.

The value of SL is obtained in the following manner:

SL = x y
h

(6)
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where, SL = line source strength, Mev/cm
S = source strength, Mev (Equa. 4)
h = total height of containment, cm.

y = fraction of containment height above grade.

The calculation of the direct radiation dose for the case above at
various distances is determined from the equation:

B SL
TID = F (9, b) (7)

4 7tak

where the terms are the same as in Equation (5), except

SL = line source strength, Mev/cm (Equa. 6)

F (9,b) = e-b sec. 9 dO (8)

9 = tan -1 height of containment above ground
distance from source

For simplicity, the values for the function can be obtained directly
from the graph in the Reactor Shielding Design Manual, Pages 385 to 390.

D. Containment Partially Below Grade - Hemispherical Source

The low pressure containment concept presents a very large hemispherical
dome above grade. Fission products released after an accident are assumed
to plate out on the inside surfaces of the containment structure. The

source strength then becomes

Ss = S xw (9)

where, S = source strength (Equa. 4)

w = amount surface above grade
total inside surface

The hemisphere is assumed to be the surface above grade, and the basement

floor, walls and hemisphere make up the total inside surface.

Calculation of direct radiation from the spherical source is determined

from:

TID = 21tSsB r ro +r G(R) RdR (10)
k ro

j r0 -r

TID = dosage, rems

Ss = source strength, Mev (Equa. 9)

B = symbolic buildup factor
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r = radius of sphere, cm

ro = distance from the center of the hemisphere to the point

at which dosage is measured, cm

k = conversion factor, Mev/cm2 /rem

R = distance from the surface of the hemisphere to the point

at which dosage is measured, cm

e-R/>,
G(R) = 4en R2

X = relaxation length of the intervening medium, cm

The equation above is for a spherical source (See Glasstone's "Principles

of Nuclear Reactor Engineering", Page 592). This equation is also
applicable for a hemisphere where the source, Ss, is considered to be

plated out on the hemisphere rather than the entire sphere.

E. Attenuation of Radiation

The above equations include attenuation of radiation due to intervening

media. The attenuation coefficients expressed as p/9 , where 9 is the

density, are given in Table 1, Section 7.3, in the "Nuclear Engineering
Handbook". The following values were selected to obtain the attenuation

coefficient:

E gm/cm3  p/Q , cm2/gm

Pb 11.1 .0988
Fe 7.85 .0713
Conc. 2.4 .0755
Water 1.0 .0831
Air 0.0012 .0755

The symbolic buildup factor, B, is a function of the material, the

thickness of the material and the gamma energy. The buildup factor
corrects for the effect of radiation scattered back to the point of
measurement. The buildup factor is always greater than unity but

approximates unity for thin shields. The values of B can be obtained
from Table 4, Section 7.3, "Nuclear Engineering Handbook". For several
slabs of different materials, several methods for calculating the overall
buildup factor are found in the "Reactor Shielding Design Manual", Page 9.
For this study, the overall buildup factor was considered to be the pro-
duct of the individual buildup factors. The buildup factor for air was

corrected by a factor of 1/2 as there will be no scattering from the earth

at the point of measurement.

F. Application of Direct Radiation Equations

Equation (5) was used to calculate direct radiation for 180 and 300 MWe
standard containment, for 44 MWe pressure suppression, for all three sizes
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of pressure relief and as an estimate for the 180 and 300 MWe pressure

suppression design.

Equation (7) was utilized for the direct radioaction calculation for

44 MWe standard containment.

Equation (8) was used to calculate direct radiation for the low pressure

type of containment.

V. METHOD OF CALCULATION - RADIOACTIVE PLUME

A. Inhalation Dosage

The inhalation dosages for each isotope considered were calculated at

the exclusion area boundary. The formula used to compute these dosages is:

X
TID =- Qi BRTi Z (11)

where, TID = total integrated dose, rem

X - concentration factor, sec/m3
Q

Qi = activity leakage rate for the ih time
period, uc/sec.

BR = breathing rate, m3 /hr

Ti = duration of ilt time period

Z = TID per microcurie inhaled, rem/pc

The total integrated dose is the total lifetime dose acquired by inhalation

of the isotope. In considering the lifetime dose, two factors are involved
in diminishing the amount of the isotope present in the body,; 1) radioactive

decay, and 2) biological emanation process. If the radioactive isotope

is not effected by biological emanation process then the isotope will

remain in the body and continue to decay.

X
The concentration factor, -, was calculated from the Sutton's isotropic

case equation,

2 2

X = 2 _ y + h (12)
Q xc 2-n exp - c2 x 2-n

where, it = a constant, 3.14

c = generalized diffusion coefficient for isotropic turbulence

u = mean wind speed, m/sec.

x = downwind distance from source, meter
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n = parameter associated with stability

y = crosswind distance from source, meter

h = source height, meter

Since temperature gradient was not stipulated in the study, strong inversion

was tacitly assumed from the meteorological conditions given, and the
value of n = 0.50 was assumed as obtained from "Meteorology and Atomic
Energy", Page 45.

The average wind speed, u, was assumed to be 3 mi/hr or 1.3 m/sec at the
elevation of the effluent. Wind direction was not a factor for this
study since the plant is assumed to be in the center of the site. Cross
wind effects were neglected and cross wind coordinate, y, was assumed to
be zero, thus yielding conservative results.

The leakage of the radioactive plume was assumed to be situated at the
midpoint of the containment vessel above grade.

The generalized diffusion coefficient, c, is a function of the source
height, atmospheric stability, and the wind speed. Using the improved
coefficients found by Barad and Hilst in the "Workbook, in Atmospheric

Diffusion Calculations", and assuming the height of the plume to be the
same as the source height, the diffusion coefficients were obtained by
extrapolating the values in Table VII.

The activity leakage rates for the four isotopes considered, I13 1, I33,
Sr8 9 and Sr9 0 , were calculated in the following manner:

Qi = cZPt j m q (13)

where, Qi = activity leakage rate, curie/sec

c> = curies per kw steady power, curies/kw

Pt = thermal power, kw

j = percent leakage rate per day

m = number of seconds per day

q = percent of fission product release

Thevalue ofO was obtained from Table II, T. J. Burnett's "Reactors, Hazard
vs. Power Level, Nuclear Science and Engineering", Volume 2, Number 3,
Page 386. The value of curies per kw steady power at 400 days of full

power operation for various isotopes are listed. The values are:

Sr 8 9 , 43.4 curies/kw

Sr 90, 1.45 curies/kw
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I131, 26.3 curies/kw

I133, 59.0 curies/kw

The thermal powers for the 44 MWe, 180 MWe and 300 MWe reactors: are

133 MWt, 630 MWt and 980 MWt respectively. The percent of fission
product released is stipulated as 50% iodine and 5% solids, including
strontium.

Leakage from the containment structure varies for each design considered.
For standard containment, the leakage was taken as 0.1% of the contained
volume for a 24-hour period. For pressure relief and low pressure, a
value of 0.25% was assumed. For the 44 MWe pressure suppression, a value
of 0.05% per day was utilized; while the 180 and 300 MWe pressure
suppression designs were considered equivalent to standard containment
and a value of 0.1% was used.

The breathing rate, BR, of 30 liters/min. or 1.8 m3/hr was obtained from
"Reactors, Hazard vs. Power Levels", T. J. Burnett, page 383.

The time interval was assumed to be two hours for simplification in cal-
culation, although, the time interval would vary with distance since the
plume was assumed to be traveling at 1.3 m/sec. The plume travel time
varies from 5 minutes for 400 meters to 13 minutes for 1000 meters. Thus,
based on the first two hours after the accident the dosage at 400 meters
could more accurately be calculated using 1 hr., 55 minutes, and the
dosage at 1000 meters using 1 hr., 47 minutes.

The value of total integrated dose per microcurie inhaled, Z, in mrem
c was obtained from Burnett's "Reactors, Hazard vs. Power Level", Page

384. The values of Z are: Sr8 9, 312 mrem/pc; Sr9O, 34,800 mrem/ c;
I131, 963 mrem/ c; I ,3 227 mrem/pc.

From C. K. Beck's "Site Criteria for Power Reactors, Transaction of the
American Nuclear Society", a total dose of 300 rem to the thyroid due
to the radioactive iodine is assumed to be equivalent to 25 rem whole

body radiation.

B. External Whole Body Dose from Fission Product Cloud

The external whole body dose resulting from the fission product cloud
was obtained from the nomogram of cloud gamma dosage for steady power

products in "Meteorology and Atomic Energy, AECU-3066", Figure 8.3,
Page 108. The problem under consideration was assumed to be the case
discussed under Paragraph (d) "Continuous Release of Fission Products".
The parameters required for the nomogram are 1) the downwind distance, x;
2) the stability parameter, n; 3) the generalized diffusion coefficient, c,
4) the cloud height (assumed equal to source height), h. The extracted
value from the nomogram in the form D/Q was then multiplied by Q to obtain
the dosage. In the calculations, Q was determined as follows

Q S x r Mev Disintegration 1 Kilocurie-Sec
Sec 0.7 Mev 3.7 x 1013 Disintegration

S x r Kc (14)

2.59 x 1013
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where S = source strength, Mev (Equa. 4)

r = leakage rate per second

C. Ground Deposition

Ground deposition can result from two methods: wet deposition and dry
deposition. Radiation from ground deposition is of importance due to its
permanence as compared to the relatively temporary influence of the

radioactive plume.

The wet deposition is caused by precipitation of the radioactive particles

by the scrubbing effect of precipitating weather conditions such as rain,

snow, etc. The dry deposition is the precipitation of the radioactive

particles by gravitational settling, collision with surfaces, etc.

The wet deposition rate is given by:

w rain-max - Q 2-n (15)e i Cy x 2/

And, the dry deposition rate is given by:

n (16)
wdry-max = 2 ei Cyx 2-n/2

Were,w= deposition rate, curies/m/sec

Q = activity leakage rate, curies/sec

Cy = diffusion coefficient in y plane

x = downwind coordinate, meters

n = stability parameter

The diffusion coefficient in the y plane, Cy, is equal to C since, in
the isotropic case considered here, C = Cx = Cy = C-

The stability parameter, N, is the same value given in Equation (12).

The deposition rate would largely depend upon the weather conditions. In
an area of heavy precipitation, deposition rate would be higher than in

an area of low precipitation since,

o dry-max = n-w rain-max (17)
2

However, in a dry climate, dry deposition would be predominant, as shown

in "Workbook in Atmospheric Diffusion Calculations", G. A. De Manois,
Page 27.

The wet deposition rate per activity leakage rate, w rain-max/Q, can be
found for various distances from the nomogram on Page 120 of Meteorology

C-9



SARGENT & LUNDY
ENGINEERS

CHICAGO

and Atomic Energy. AECU-3066. The parameters required are: the downwind
coordinate, x; the stability parameter., n; and the diffusion coefficient
in the y plane, Cy.

Total maximum wet deposition for a two-hour period is given by,

wt rain-max =(f rain-max x Q x 10 cur ies/m (18)

where, Q is taken from Equation (14).

The average deposition for the 2-hour period is 1/2 wt rain-max.

The external gamma dosage due to these surface depositions of the fission
products were obtained by assuming that approximately 10 r/hr dose rate
is equivalent to gamma radiation dosage at a point one meter above an
infinite, horizontally uniform deposit of 1 curie/m2 "Meteorology and
Atomic Energy", Page 109. Therefore the average dose rate for maximum
rainout during the 2-hour period is,

Dwet = 1 rain-max x 10 r/hr (19)S t

The total integrated dose from maximum wet deposition for the 2-hour
period becomes,

TIDrain-max = 2 Dwet r (20)

= 10 wt rain-max r

The dry deposition rate was obtained by taking the n value for the wet
deposition rate, i.e., 2

n TID
TI -ymax =2xTIr ain-max
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Appendix D

FLOW DIAGRAMS

NS-1 - 44 MWe - Direct Cycle - Boiling Water Plant
NS-2 - 180 MWe - Dual Cycle - Boiling Water Plant

NS-3 - 300 MWe - Dual Cycle - Boiling Water Plant

GENERAL ARRANGEMENT DRAWINGS

Standard Containment

NS-4 - Plans - 44 MWe

NS-5 - Sections - 44 MWe
NS-6 - Plan "A-A" - 180 MWe

NS-7 - Plan "B-B" - 180 MWe

NS-8 - Section "C-C" - 180 MWe

NS-9 - Section "D-D" - 180 MWe

NS-10 - Plan "A-A" - 300 MWe
NS-ll - Plan "B-B" - 300 MWe

NS-12 - Section "C-C" - 300 MWe

NS-13 - Section "D-D" - 300 MWe

Pressure Relief Containment

NS-14 - Plans - 44 MWe

NS-15 - Sections - 44 MWe
NS-16 - Plans - 180 MWe

NS-17 - Plans - 180 MWe

NS-18 - Sections - 180 MWe

NS-19 - Sections - 180 MWe

NS-20 - Plans - 300 MWe
NS-21 - Plans - 300 MWe

NS-22 - Sections - 300 MWe

NS-23 - Sections - 300 MWe

Pressure Suppression Containment

NS-24 - Plans - 44 MWe

NS-25 - Sections - 44 MWe
NS-26 - Plan & Section - 180 MWe

NS-27 - Plan & Section - 300 MWe

Low Pressure Containment

NS-28 - Plan "A-A" - 44 MWe
NS-29 - Plan "B-B" - 44 MWe
NS-30 - Section "C-C" - 44 MWe

NS-31 - Section "D-D" - 44 MWe

NS-32 - Plan & Section - 180 MWe
NS-33 - Plan & Section - 300 MWe

Turbine Building

NS-34 - Plans - 44 MWe
NS-35 - Sections - 44 MWe
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Summary of

Estimated Containment Cost Differential for 44 MWe
Direct Cycle Boiling Water Reactor Power Plants

Standard Containment

Standard Containment with Shadow
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

Shielding (Alternate)

Schemes
Acct.
No.
21 Structures and Improvements

212 Buildings

219 Reactor Structures
TOTAL (21)

22 Reactor Plant Equipment
221 Reactor Equipment
223 Fuel Handling and Storage Facilities
228 Steam, Cond., and Feedwater Piping

TOTAL (22)

23 Turbo-Generator Units
231 Turbo-Generator

232 Circulating Water Systems
TOTAL (23)

24 Accessory Electric Equipment
242 Switchboards and Auxiliary Switchgear
243 Protective Equipment
244 Electrical Structures
245 Conduit Work
246 Power and Control Wiring

TOTAL (24)

I

468,800

I-A

468,800

1,123,100 1,265,500
$1,591:900 $1,734,300

18,300
Base

17,900
$36,200

Base
Base

1,000
37,000
45,000
54,500

264,000
$401,500

18,300
Base
17,900

$36,200

Base
Base

1,000
37,000
46,000
54,500

264,000
$402,5 00

II

468,800

617,900
$1,086,700

40,100
Base

17,900
$58,000

Base
Base

Base
37,000
44,000
50,500

242,000
$373,500

III

468,800

704,800
$1,173,600

49,000
22,000
22.500

$93,500

Base
Base

Base
37,000
44,500

54,000
258,000

$393,500

IV

mnc.in
Acct.219
2,724,500

$2,724,500

83,000
Base

Base

$83,000

27,500

13,500
$41,000

1,000
37,000
53,000
60,500

305,000
$456,500

Scheme

Scheme

Scheme
Scheme
Scheme

I
I-A
II
III
IV

aD

00
3



Schemes

Acct.
No.
25 Miscellaneous Power Plant Equipment

251 Cranes and Hoisting Equipment
TOTAL (25)

TOTAL COST OF ESTIMATED ITEMS

TOTAL DIFFERENTIAL COST USING SCHEME NO. I
AS BASE

Contractor's Overhead and Profit

981 Engineering Design and Inspection 16.0%

SUB-TOTAL

982 General and Administractive Expenses 14.0%

SUB-TOTAL

Contingencies - 10%

SUB-TOTAL

985 Interest (6% Ann. Rate) 5.4%

TOTAL DIFFERENTIAL CAPITAL COST

II III IV

128,500
$128,500

$2,158,100

Base

Base

Base

Base

Base

Base

Base

Base

Base

128, 500
$128,500

$2,301,500

143,400

Included

23,000

$166,400

23,300

$189,700

19,000

$208,700

11,300

$220, 000

$119,000

$1,637,200

120. 000
$120,000

$1,780,600

- 520,900 - 377,500

in Accounts

- 83,400

-$604,300

- 84,600

-$688,900

- 68,900

-$757,800

- 40,900

-$798,700

Above

- 60,400

-$437,900

- 61,300

-$499,200

- 49,900

-$549,100

- 29,700

-$578,800

110,000
$110,000

$3,415,000

1,256,900

201,100

$1,458,000

204,100

$1,662,100

166,200

$1,828,300

98,700

$1,927,000

1~

ax
00 i+

I I-A



Details of

Estimated Containment Cost Differential for 44 MWe
Direct Cycle Boiling WaterReactor Power Plants

Scheme
Scheme
Scheme
Scheme
Scheme

I
I-A
II
III
IV

Standard Containment
Standard Containment with Shadow
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

Schemes
Acct.
No.

21-STRUCTURES AND IMPROVEMENTS
212 Buildings

Turbine Room Building Including Control
Room, Offices, Machine Shop, Etc.
.1 Excavation, Backfill, and Disposal

Inc . Dewatering, Sheeting, Etc. As Required
.3 Substructure Concrete - Including

Concrete, Reinforcing Steel, Form Work,
Water Proofing, Miscellaneous Anchor Bolts,
Bolts, Sleeves, Etc., Embedded in Concrete

.4 Superstructure

.41 Concrete, Reinforcing, Forms

.42 Structural Steel and Miscellaneous Metal
.421 Structural and Girts
.423 Stairs, Ladders, Railings,

Walkway, Grating, Etc.
.43 Insulated Metal Panel Siding
.44 Roof Slabs, Insulation, Roofing,

Flashing, Etc.
.46 Doors and Windows

.461 Windows

.462 Doors
.49 Painting

.5 Stacks

.51 One (1) 20" Dia.)

.52 One (1) 20" Dia.)

I

7,500

100,000

35,500

140,000

6,000
62,500

20,000

25,000
135500
20,000

5,500

Shielding (Alternate)

I-A

7,500

100,000

35,500

140,000

6,000
62,500

20,000

25,000
13,500
20,000

5,500

II

7,500

100,000

35,500

140,000

6,000
62,500

20,000

25,000
13,500
20,000

5,500

III

7,500 )
)
)
)

100,000 )
)

35,500 )
)

140,000 )
)

6,000 )
62,500 )

)
20,000 )

25,000
13,500
20,000

)
5,500 )

Incl.in
Acct.219

)
)
)
)

00 f+

212A

IV



Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS (CONT' D)

212A Turbine Room Building Including Control
Room, Offices, Machine Shop, Etc. (Cont'd)
.6 Building Services

.62 Heating )

.63 Ventilation System )

.64 Air Conditioning System )

.66 Lighting and Service Wiring
TOTAL ACCT. 212A

P
TOTAL ACCT. 212

219 Reactor Container Structures
.1 Excavation and Backfill

.11 Excavation
.111 Earth
.112 Rock

.12 Backfill
.121 Earth

.13 Disposal

.15 Dewatering
.151 Pumping

.3 Substructure Concrete
.31 Exterior Temporary Column Footings
.32 Exterior Mass Base Concrete

.4 Superstructure
.41 Structural Steel and Miscellaneous Steel

.411 Columns

.412 Floor Framing

.413 Crane Girder and Brackets

.414 Gallery, Framing and Supports

I I-A

12,400

20,900
$468,800

12,400

20,900
$468,800

II III IV

12,400

20,900
$468,800

)
)

12,400 )

20,900
$468,800

)
)

$468,800 $468,800 $468,800 $468,800

2,300
23,300

2,300
1,500

17,000

1,400
27,900

8,000
42,000

4.100
11,200

2,500
26,000

2,400
1,700

17,000

1,400
31,600

2,000

13,600

800

500
100

1,500

21,200

12,800
800

12,000

1,000

700
100

1,500

26,100

19,800
40,500

8,800

1,500

Incl.in
Acct.219

Incl.in
Acct .219

19,500
42,200

21,000
2,000

30,000

330,000

cn ,
57,500 "o

158,000 '
50,500 W

060x
6 ,000 O



Acct.
No.

II III IV

21-STRUCTURES AND IMPROVEMENTS (CONT'D)
219 Reactor Container Structures (Cont'd)

.4 Superstructure (Cont'd)
.41 Structural Steel and Miscellaneous

Steel (Cont'd)
.415 Girts
.416 Miscellaneous Steel
.4161 Stairs, Stringer, Treads, Posts, Etc.
.4162 Ladders
.4163 Railings and Posts
.4164 Grating
.4165 Miscellaneous Gallery Steel
.4166 Miscellaneous Steel Anchor to Concrete
.4167 Suppression Pool C.S. Plate Liner
.4168 Instrument Control Sleeves

.42 Container or Shell
.421 Containment Shell Steel
.422 Water Storage Tank Intergal with

Containment Shell Dome
.423 Temporary Columns
.424 Air Lock and Access Doors
.425 Testing
.426 Galbestos Insulated Siding

.43 Exterior Insulation
.431 Insulation of Shell Above Grade
.432 Coating Below Grade

.44 Floors, Barriers and Roof
.441 Concrete Bottom Mass
.442 Exterior Walls
.443 Exterior Reactor Foundation
.444 Exterior Storage Wells
.445 Concrete Partitions

6,100
100

3,800
4,300

2,000

4,200

520,000

8,900
12,000

122,000
Acct.421

61,000
1,100

30,400

93,500
21,400
5,300

6,100
100

3,800
4,300

6,000

4,200

580,000

8,900
12,000

122,000
Acct.421

64,600
1,200

31,600
81,000
93,500
21,400
5,300

4,500
600

2,000
7,500

6,000

4,000

11,900

4,500
100

1,000
600

1,000
8,000

61,000
3,000

7,000

3,200
9,200
1,000

20,000

4,200

125,000 1,000,000

108,000
10,000

100

127,500
138,000
29,200

1,000
10,000
58,000

140,000
77,000
26,900
2,200

117,000
Acct.421

203,000
4,000

200,000
77,500
25,800

1,700

t-n

a
00

Schemes I I-A



Schemes
Acct.
No.

21-STRUCTURES AND IMPROVEMENTS (CONT'D
219 Reactor Container Structures (Cont'd)

.4 Superstructure (Cont'd)
.44 Floors, Barriers and Roof (Cont'd)

.446 Concrete Floors

.447 Crane Brackets

.448 Gunite Top Dome of Shell

.449 Flexcell Liners

.4411 Pre Cast Roof Deck

.4412 Built-Up Roofing and Flashing
.45 Interior and Exterior Finishes

.451 Painting Concrete Walls

.452 Painting Structural Steel

.453 Painting Miscellaneous Steel

.454 Heavy Duty Coating

.455 Exterior Shell Above Grade

.456 Interior Steel Shell

.457 P.V.C. Liner
.5 Interior Structure Partitions, Roofs,

Doors, Windows
.51 Interior Roofs

.511 Pre Cast Roof Slab
.52 Emergency Glass Diaphragm Hatch

.6 Building Services
.61 Service Water
.62 Heating
.63 Ventilating System )
.64 Air Conditioning System )
.66 Lighting and Service Wiring

.661 Control Panels and Cabinets

.662 Conduit

.663 Wiring

.664 Fixtures, Switches & Receptacles

I I-A

23,900

600

2,500
3,900
1,500
6,700
4,100
4,000

3,000
4,000

24,700

)
)
)
)

7,100

31,000
4,300

14,600
8,900

10,300
900

1,500
6,700
4,300

3,000
4,000
24,700

7,100

II III IV

12,000
2,000

3,200

9,200
1,100
1,400
7,200

62,000

2,000

3,000
4,000
16,100

7,600

20,400

13,000
3,600

11,200
4,500

600
4,000

3,000
4,000
2,200

7,100

60,800

6,900

5,000
12,500
2,000

10,500
13,500
17,500

11,300

Base
7,600

99,600

cox44: 500

S%



Schemes

Acct.
No.

21-STRUCTURES AND IMPROVEMENTS (CONT'D)
219 Reactor Container Structures (Cont'd)

.7 Stacks @ Grade
.71 One (1) 5'-O" Dia. )
.72 One (1) 2'-O" Dia. )
.73 Combined Foundation for Stacks )

TOTAL ACCT. 219

TOTAL ACCT. 21

22-REACTOR PLANT EQUIPMENT
221 Reactor Equipment

.4 Reactor Auxiliary Cooling and

Heating System
.46 Post-Accident Cooling System

.461 One (1) 30,000 Gal. Water )
Storage Tank on Roof )

.462 Dousing Tanks )

.463 One (1) 50,000 Gal. Tower Water )
Storage Tank (150' Above Grade) )

.464 Foundation for Tower Water )
Storage Tank )

.465 Water Line Between Containment
Building and Tower Storage Tank

.466 Water Storage Tank Intergal with
Containment Shell

.467 Spray Piping, Valves, Nozzles,
Fittings

.47 Vapor Suppression System

.471 Vent Pipes and Fittings from
Reactor Vessel Core to Water Pool
(Moat)
TOTAL ACCT. 221

I I-A II III IV

42,500

$1, 123,100

$1,591,900

$1,265,500

$1,734,300

$617,900 $704,800 $2,724,500

$1,086,700 $1,173,600 $2,724,500

29,000

35,000

4,500

Acct .21

18,300

$18,300

Acct .21

18,300

$18,300

11,100 - 43,500 c:

0 -

49,000 -

$40,100 $49,000 $83,000



Schemes
Acct.
No.

22-REACTOR PLANT EQUIPMENT (CONT'D)
223 Fuel Handling and Storage Facilities

.1 Fuel Handling Devices
TOTAL ACCT. 223

228 Steam Condensate, and Feed Water Piping
.1 Main Steam

.11 Main Steam,Boiler Feed Piping,
Valves and Fittings

.12 Penetration Sleeves and Bellows

.13 Piping Insulation
TOTAL ACCT. 228

TOTAL ACCT. 22

23-TURBINE GENERATOR UNITS
231 Turbine Generator

.4 Removable Missile Protection Shield
Over Turbine Generator
TOTAL ACCT. 231

I I-A

Base
Base

)
)
)
)

17,900

$17,900

$36,200

Base
Base

17,900

$17,900

$36,200

II III IV

Base
Base

17,900

$17,900

$58,000

22, 000
$22,000

22,500

$22,500

$93, 500

Base
Base

Base

Base

$83,000

27,500
$27,500

232 Circulating Water System
.2 Circulating Lines

.21 Supply )
.211 Overhead Circulating Water )

Pipe, Valves, Fittings )
.212 Additional Steel Plate )

Reinforcing About Pipe Openings )
.22 Discharge )

.221 Overhead Circulating Water Pipe,)
Valves, Fittings )

Base Base Base Base 13,500 c~:p

leD

00

coH

00



Acct.
No.

23-TURBINE GENERATOR UNITS (CONT'D)
232 Circulating Water System (Cont'd)

.2 Circulating Lines (Cont'd)
.22 Discharge (Cont'd) )

.222 Additional Steel Plate )
Reinforcing About Pipe Openings )
TOTAL ACCT. 232 Base Base Base Base $

TOTAL ACCT. 23 Base Base Base Base $
rxl

24-ACCESSORY ELECTRIC EQUIPMENT
242 Switchboards and Auxiliary Switchgear

.1 Main Control Board - - - -

.2 Auxiliary Power, Battery and Signal Boards 1,000 1,000 Base Base
TOTAL ACCT. 242 $1,000 $1,000 Base Base

243 Protective Equipment
.1 General Station Grounding System 37,000 37,000 37,000 37,000
.2 Fire Protection Systems - - - -

TOTAL ACCT. 243 $37,000 $37,000 $37,000 $37,000 $

244 Electrical Structures
.1 Concrete Cable Ducts Base Base Base Base
.2 Cable Trays and Supports 45,000 46,000 44,000 44,500
.3 Pipe and Steel Frames and Supports - - - -

TOTAL ACCT. 244 $45,000 $46,000 $44,000 $44,500 $

245 Conduit Work
.1 Conduit 54,500 54,500 50,500 54,000
.2 Concrete Envelopes - - - -

.3 Manholes and Covers - - - -

TOTAL ACCT. 245 $54,500 $54,500 $50,500 $54,000 $

13,500

41,000

1,000
$1,000

37,000

37,000

1,000
52,000

53,000

60,500

-- J

60,500 O
co

Schemes I I-A II III IV



Schemes
Acct.

No.
24-ACCESSORY ELECTRIC EQUIPMENT (CONT'D)

246 Power and Control Wiring
.1 Main Power Cables
.2 Control, Auxiliary Power and Excitation Wiring

TOTAL ACCT. 246

I I-A

Base
264,000

$264,000

Base
264,000

$264,000

II III IV

Base
242,000

$242,000

Base
258,000

$258,000

2,000
303,000

$305,000

TOTAL ACCT . 24 $401,500 $402,500 $373,500 $393,500 $456,500

25-MISCELLANEOUS POWER PLANT EQUIPMENT
Cranes and Hoisting Equipment
.1 Turbine Room Crane 80 Ton, 4 Motor,

10 Ton Auxiliary Hoist
.2 Reactor Building Crane

.21 Circular Crane 25 Ton, 4 Motor,
5 Ton Auxiliary Hoist

.22 Lift Crane 25 Ton, 4 Motor, 5 Ton
Auxiliary Hoist

.23 Polar Gantry Crane 80 Ton, 4 Motor,
5 Ton Auxiliary Hoist
TOTAL ACCT, 251

TOTAL ACCT. 25 $128,500 $128,500 $119,000 $120,000 $110,000

TOTAL COST OF ESTIMATED ITEMS $2,158,100

TOTAL DIFFERENTIAL COST USING
SCHEME NO. I AS BASE Base

Contractor's Overhead and Profit

981 Engineering Design and Inspection . 16.0%

SUB-TOTAL

Base

Base

$2,301,500 $1,637,200

$143,400 -$520,900

$1,780,600

-$377,500

Included in Accounts Above

23,000 - 83,400 - 60,400

$166,400 -$604,300 -$437,900

$3,415,000

$1,256,900

201,100
00

$1,458)000 000

* 251
0

77,000

51,500

77,00077,000

51,500

77,000

43,000

$128,500

42,000

$128,500 $119,000 $120,000
110,000

$110,000



II III IV

General and Administrative Expenses 14.0%

SUB -TOTAL

Contingencies - 10%

SUB-TOTAL

Interest (6% Ann. Rate) 5.4%

TOTAL DIFFERENTIAL CAPITAL COST

Base 23,300

Base $189,700

Base 19,000

Base $208,700

Base 11,300

Base $220,000

- 84,600

-$688, 900

- 68,900

-$757,800

- 40,900

-$798,700

- 61,300

-$499,200

- 49,900

-$549,100

- 29,700

-$578,800

204,100

$1,662,100

166, 200

$1,828,300

98,700

$1,927,000

Acct.
No.

982

985

s(D

00

Schemes I I-A



Summary of

Estimated Containment Cost Differential for 180 MWe
Dual Cycle Boiling Water Reactor Power Plants

Scheme I
Scheme II
Scheme III
Scheme IV

Standard Containment
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

Acct.
INo.
21 Structures and Improvements

212 Buildings

219 Reactor Structures
TOTAL (21)

22 Reactor Plant Equipment
221 Reactor Equipment
228 SteamsCond., and Feedwater Piping

TOTAL (22)

23 Turbo-Generator Units
231 Turbo-Generator
232 Circ. Water Systems

TOTAL (23)

24 Accessory Electric Equipment
242 Switchboards and Aux. Switchgear
243 Protective Equipment
244 Electrical Structures
245 Conduit Work
246 Power and Control Wiring

TOTAL (24)

941,100

4,562,700
45, 503,8W0

115,900
26,400

$L42,300

Base
Base

9,000
48,000
46, 500
90,000

368,000
$561, 500

941,100

1 882,800

$2, 823, 900

116,800
Base

$116,800

Base
Base

Base
48,000
42, 500
80,000

320 000

1490, 500

941,100

5,755,600
$6,696,700

160,000
26,4 0

$186,400

Base
Base

9,000
48, 000
46, 500
90,000

368,000
$561, 500

Incl. in
Acct. 219

11, 586,400
311, 586,400

222,000
-110,000

4 112,000

60,000
2 7, 000
487,000

9,000
48,000
54,000

100,000
423 000

.634,000

Schemes II III IV

tzl



Acct.
No.
25

III IV

Miscellaneous Power Plant Equipment
251 Cranes and Hoisting Equipment
TOTAL (25)

TOTAL COST OF ESTIMATED ITEMS

TOTAL DIFFERENTIAL COST USING SCHEME NO. I
AS BASE

Contractor's Overhead and Profit

981 Engineering Design and Inspection

SUB-TOTAL

982 General and Administrative Expenses

SUB-TOTAL

Contingencies - 10%

SUB-TOTAL

985 Interest (6% Ann. Rate) 8.1%

TOTAL DIFFERENTIAL CAPITAL COST

Base
Base

$6,207,600

Base

14.6%

12.5%

Base

Base

Base

Base

Base

Base

Base

Base

Base
Base

-$3, 431,200

-2,776,400

Included in

405,400

-3,181,800

- 397,700

-$3,579,500

- 358,000

-03,937,500

- 319,000

-$4,256,500

Base
Base

47, 444,600

1,237,000

Accounts Above

180,600

$1,417, 600

177,200

$1,594,800

159, 500

$1,754,300

142,100

41,896,400

-6,y000

-Q8, 000

412,411,400

6,203,800

905,800

$7, 109,600

888,700

57, 998,300

799,800

08, 798,100

712,600

9,510,700

rx,
til

I IISchemes



Details of

Estimated Containment Cost Differential for 180 )Be
Dual Cycle Boiling Water Reactor Power Plants

Scheme I
Scheme II
Scheme III
Scheme IV

Standard Containment
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

ISchemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS

212 Buildings

Turbine Room Building Including Control
Room, Offices, Machine Shop, Etc.
.1 Excavation, Backfill, and Disposal

Incl. Dewatering, Sheeting, Etc. As Required
.3 Substructure Concrete - Including

Concrete, Reinforcing Steel, Form Work,
Water Proofing, Miscellaneous Anchor Bolts,
Bolts, Sleeves, Etc., Embedded in Concrete

.4 Superstructure
.41 Concrete, Reinforcing, Forms
.42 Structural Steel and Miscellaneous Metal

.421 Structural and Girts

.423 Stairs, Ladders, Railings,
Walkway, Grating, Etc.

.43 Insulated Metal Panel Siding

.44 Roof Slabs, Insulation, Roofing,
Flashing, Etc.

.46 Doors and Windows
.461 Windows

.49 Painting
.5 Stacks

.51 One (1) )

.52 One (1) )

11,000

255,000

76,800

280,000

30,000
100,000

43,300

40,000
32,000

8,500

11,000

255,000

76,800

280,000

30,000
100,000

43,300

40,000
32,000

8,500

11,000

255,000 )

76,800 )
)

280,000 )

30,000 )
100,000 )

43,300 )

40,000 )
32,000 )

8,500 )

Incl. in
Acct. 219

rox00

-0

2 12A

II III IV



Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS (CONT'D)

212A Turbine Room Building Including Control
Room, Offices, Machine Shop, Etc. (Cont 'd)
.6 Building Services

.62 Heating )

.63 Ventilation System )

.64 Air Conditioning Systemn )

.66 Lighting and Service Wiring
TOTAL ACCT. 212A

TOTAL ACCT. 212

219 Reactor Container Structures
.1 Excavation and Backfill

.11 Excavation
.111 Earth
,.112 Rock

.12 Backfill
.121 Earth
.122 Rock
.123 Sand

.13 Disposal

.15 Dewatering
.151 Pumping

.3 Structure Concrete Including Concrete
Reinforcing, Forms, and Anch. Steel
.31 Exterior Temporary Column Footings)
.32 Exterior Mass Base Concrete )

I II

19,000

41,500
#911,100

$941,100

13,400
58,000

7,200
2,200
1,9 g
4,000

32,000

154,000

19,000

$941,100

3,400
56,500

5,600

3,300

15,000

44,300

III IV

)
)

19,000 )
)

41,100
$941,100

$941,100

37,700
425,000

12,600

9,200

42,000

676,000

Incl. in
Acct. 219

Incl. in
Acct. 219

75,000
162,000

81,000

7,600

47,000

1,356,000
Co



Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS (CoNT'D)

219 Reactor Container Structures (Cont'd)
.4 Superstructure

.41 Structural Steel and Miscellaneous Steel
.411 Columns )
.412 Floor Framing )
.413 Crane Girder and Rails
.414 Gallery, Framing and Supports
.415 Miscellaneous Steel
.4151 Stairs, Stringer, Treads, Posts, Etc.
.4152 Ladders
.4153 Railings and Posts
.4154 Grating
.4155 Miscellaneous Gallery Steel
.4156 Miscellaneous Steel Anchor to Concrete
.4157 Suppression C.S. Plate Liner

.42 Container or Shell
.421 Containment Shell Steel 2
.422 Water Tank Steel
.423 Temporary Columns
.424 Air Lock and Access Doors
.425 Testing

.43 Exterior Insulation
.431 Insulation of Shell Above Grade
.432 Coating Below Grade

.44 Floors, Barriers and Roof Including
Concrete Reinforcing, Forms, Etc.
.441 Concrete Bottom Mass
.442 Exterior Walls
.443 Concrete Reactor Foundation

I II

126,000

9,600
900

8,800
7,300
4,000

Base

,000,000

64,000
109,000

Acct.421

288,000
3,400

294,000

75,000

52,000

10,500

5, 900
10,600
2,500

Base

1)3,000
13,000

Acct.3
67,200

III IV

119,000

9,600
2,000
8,800
7,300
2,400

10,000
375,000

1,864,000

64,000
108,000
10,000

288,000
3,400

294,000

75,000

208,000
568,000
100,000
22, 500

8,800

6,200
35,500
2,000

39,000

6,700,000

200,000
Acct .421

762,000
7,600

404,000
62,200

2

oDI-"
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Schemes
Acct.
No.

21-STRUCTULES AND IMPROVEMENTS (CONTID)
219 Reactor Container Structures (Cont'd)

.4 Superstructure (Cont'd)
.44 Floors, Barriers and Roof Including

Concrete Reinforcing, Forms, Etc. (Cont'd)
.444 Concrete Storage Well)
.445 Concrete Partitions )
.446 Concrete Floors )
.447 Crane Brackets )
.448 Poured Concrete Roof
.449 Flexcell Liner
.450 Roofing, Flashing and Membrane

.45 Interior and Exterior Finishes
.451 Painting Concrete Walls )
.452 Painting Structural Steel )
.453 Painting Miscellaneous Steel)
.454 Heavy Duty Coating )
.455 Exterior Shell Above Grade )
.456 Interior Steel Shell )
.457 P.V.C. Liner

.5 Interior Structure Partition, Roof, Etc.
.51 Interior Roof

.511 Pre Cast Roof Slab
.52 Emergency Glass Diaphragm Hatch

.6 Building Services
.61 Service Water )
.62 Heating
.63 Ventilating System
.64 Air Conditioning System )
.66 Lighting and Service Wiring )

.661 Control Panels and Cabinets )

.662 Conduit )

.663 Wiring

.664 Fixtures, Switches & Receptacles)

I II

791,000

348,000

1,080,000

157,000

Acct.446

7,000

80,000 33,000

152,000

5,000

29,500

16,500

48,500

32,000

III IV

791, 500

348,000

80,000

48,500

32,000

3,700

233,600

13,300

225,000

24,400

94,000

138,000 co.

as x
co



Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS (CONT'D)

219 Reactor Container Structures (Cont'd)
TOTAL ACCT. 219

TOTAL ACCT. 21

I II

$4, 562,700

$5,503,800

$1,882,800

$2,823, 900

III IV

$5,755,600

$6,696, 700

411, 586,400

$11,586,400

22-REACTOR PLANT E UIPEN T
221 Reactor Equi pr.ent

.4 Reactor Auxiliary Cooling and
Heating System
.46 Post-Accident Cooling System

.461 Two (2) 75,000 Gal. Water )
Storage Tanks on Roof )

.462 Dousing Tanks )

.463 One (1) Tower Water Storage )
Tank (150' Above Grade) )

.464 Foundation for Tower Water )
Storage Tank )

.465 Water Line Between Containment
Building and Tower Storage Tank

.466 Spray System Coolant Pumps

.467 Strainers

.468 Heat Exchangers

.469 Spray Piping, Valves, Nozsles,
Fittings, Etc.

.47 Vent Pipes and Fittings from Reactor
Core to Water Pool

TOTAL ACCT. 221

IT
Hfwz

68,500

4,000
1,800
4,600

50,000

6,000

105,500

$115,900

48,300 166,000

160,000_
$160,000

-- 2,.

WC

$116,j 800



Schemes
Acct.
1o.

22-RACTOR PLANT EQUIFiENT (CoNT'D)
228 Steam Condensate, and Feed Water Piping

.1 Main steam
.11 Main Steam, Boiler Feed Piping,

Valves and Fittings
.12 Piping Insulation

TOTAL ACCT- 22

TOTAL ACCT. 22

23-TURBINE GENERATOR UNITS
231 Turbine Generator

.4 Removable Missile Protection Shield
Over Turbine Generator
TOTAL ACCT. 231

232 Circulating Water System
.2 Circulating Lines

.21 Supply
.211 Overhead Circulating Water

Pipe, Valves, Fittings
.212 Additional Steel Plate

Reinforcing About Pipe Openings
.22 Discharge

.221 Overhead Circulating Water Pipe,
Valves, Fittings

.222 Additional Steel Plate
Reinforcing About Pipe Openings
TOTAL ACCT. 232

TOTAL ACCT. 23

III IV

)
)
)

26,400 Base

Base

X11+2,300

)
)

)
)
)

)

Base

Base

116,800

Base

Base

26,400

426, 400

0186,400

Base

-110,000

0-110,000

$ 112,000

027,000

487,000Base

1

60,000
S60, 000

27,000

r- (b

00 H

00
Mr

I II



Schemes
Acct.
No.

24-ACCESSORY ELECTRIC EQUIPMENT
242 Switchboards and Auxiliary Switchgear

.1 Main Control Board

.2 Auxiliary Power, Battery and Signal Boards
TOTAL ACCT. 242

243 Protective Equipment
.1 General Station Grounding System
.2 Fire Protection Systems

TOTAL ACCT. 243

244 Electrical Structures
. + Concrete Cable Ducts
.2 Cable Trays and Supports
.3 Pipe and Steel Frames and Supports

TOTAL ACCT. 244

245 Conduit Work
.1 Conduit
.2 Concrete Envelopes
.3 Pipe and Steel Frames and Supports

TOTAL ACCT. 245

246 Power and Control Wiring
.1 Main Power Cables
.2 Control, Auxiliary Power and Excitation Wiring

TOTAL ACCT. 246

TOTAL ACCT. 24

I II

Base
Base

48,000

y48, 000

46,500

$46,9500

90,000

$90,000

168 000
4368, 000

$561,500

48,000

$48,000

42,500

$42,500

80,000

$80,000

320,000

$490,500

III IV

-m

$9,000

48,000

$48,000

46, 500

46,500

90,000

$90, 000

368,000
X368,000

4561, 500

9,000
$9,000

48,000

$48,000

54,000

$54,000

100,000

6100,000

423,000
$423 ,000

$634,000 U

a x



Schemes
Acct.

No.
25-MISCELLANEOUS POER PLANT EQUIPMENT

25i Cranes and Hoisting Eqruip ent
.1 Turbine Room Crane and Auxiliary Hoist
.2 Reactor Building Crane

.21 One (1) Lift Crane and Auxiliary Hoist

.22 Polar Gantry Crane and Auxiliary Hoist
TOTAL ACCT. 251

TOTAL ACCT. 25

TOTAL COST OF ESTI SATED ITEMS

TOTAL DIFFERENTIAL COST USING
SCHE1M NO. I AS BASE

Contractor's Overhead and Profit

981 Engineering Design and Inspection 14.6%

SUB-TOTAL

982 General and Administrative Expenses 12.5%

SUB-TOTAL

Contingencies - 10%

SUB-TOTAL

985 Interest (6% Ann. Rate) 8.1%

TOTAL DIFFERENTIAL CAPITAL COST

III IV

Base

Base

Base

Base

$6,207,600

Base

Base

Base

Base

$3,431,200

Base -32,776,400

Included in

Base - 405,400

Base 43,181,800

Base - 397,700

Base 43, 579,500

Base - 358,00

Base -$3, 937,500

Base - 319,000

Base -$4,256,500

Base

Base

Base

Base

$7,444, 600

)
)
)
)

$1,237,000

Accounts Above

180,600

$1, 417,600

L77,200

$1,594,800

159,500

$1,754,300

142,100

$1,896,400

-8,000

,3, 000

-8,000

X12,4U,400

$6,203,800

905,800

o7,109,600

888,700

p7, 998,300

799,800

$8,798,100 &

712,600 - .

00 *$9, 510, 700 0

I II



Summary of

Estimated Containment Cost Differential for 300 MWe
Dual Cycle Boiling Water Reactor Power Plants

Scheme
Scheme
Schenm
Scheme

I
II
III
IV

Standard Containment
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

Schemes
Acct.

No.
21 Structures and Improvements

212 Buildings

219 Reactor Structures
TOTAL (21)

22 Reactor Plant Equipment
221 Reactor Equipment
228 Steam, Cond., and Feedwater Piping

TOTAL (22)

23 Turbo-Generator Units
231 Turbo-Generator
232 Circulating Water Systems

TOTAL (23)

24 Accessory Electric Equipment
242 Switchboards and Auxiliary Switchgear
243 Protective Equipment
244 Electrical Structures
245 Conduit Work
246 Power and Control Wiring

TOTAL (24)

25 Miscellaneous Power Plant Equipment
251 Cranes and Hoisting Equipment

TOTAL (25)

I

1,181,100

5128,200
$6,%9,300

159,200
28,800

$188,000

Base
Base

9,000
55,000
55,000

107,000
440,000

$666,000

Base
Base

II

1,181,100

2,90 3,700
$3,264,800

149,500
Base

$149, 500

Base
Base

Base
55,000
50,000
95,000

383.9000
$583,000

Base
Base

III

1,181,000

6 ,185,800
$7,366, 800

270,000
28,800

$298,800

Base
Base

9,000
55,000
55,000

107,000
440,000

$666,000

Base
Base

Iv

Incl, in
Acct. 219

12,699,900
412, 99,900

235,000
-125,000
$110,000

110,000
35,000

$145,000

9,000
55,000
63,000

120,000
505,000

$752,000

-92000
-9,000



Acct.
No.

III IV

TOTAL COST OF ESTIMATED ITEMS

TOTAL DIFFERENTIAL COST USING SCHEME NO. I
AS BASE

Contractor's Overhead and Profit

81 Engineering Design and Inspection 14.6%

SUB-TOTAL

982 General and Administrative Expenses 12.5%

SUB-TOTAL

Contingencies - 10%

SUB-TOTAL

985 Interest (6% Ann. Rate) 8.1%

TOTAL DIFFERE\NTIAL CAPITAL COST

$7,163,300

Base

Base

Base

Base

Base

Base

Base

Base

Base

$3,997,300

-3,166,000

Included in

-581,800

-3,607,800

-573,500

$-4, 041,300

-530,100

$-4,431,400

-487,600

$-4, 779,000

$8,331,600

1,168,300

Accounts Above

51,000

$1,359,300

47,400

$1,546,700

28,700

$1,715,400

10,300

$1,865,700

$13,697,900

6,534,600

834,500

$7,509,100

816,100

$8,465,200

720,500

$9,325,700

626,600

$10,092,300

IC

00

Schemes I II



Details of

Estimated Containment Cost Differential for 300 MWe
Dual Cycle Boiling Water Reactor Power Plants

Scheme I
Scheme II
Scheme III
Scheme IV

Standard Containment
Pressure Relief Containment
Pressure Suppression Containment
Low Pressure Containment

Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS

212 Buildings

212A Turbine Room Building Including Control
Room, Offices, Machine Shop, Etc.
.1 Excavation, Backfill, and Disposal

Incl. Dewatering, Sheeting, Etc. As Required
.3 Substructure Concrete - Including

Concrete, Reinforcing Steel, Form Work,
Water Proofing, Miscellaneous Anchor Bolts,
Bolts, Sleeves, Etc., Embedded in Concrete

.4 Superstructure
.41 Concrete, Reinforcing, Forms
.42 Structural Steel and Miscellaneous Metal

.421 Structural and Girts

.423 Stairs, Ladders, Railings,
Walkway, Grating, Etc.

.43 Insulated Metal Panel Siding

.44 Roof Slabs, Insulation, Roofing,
Flashing, Etc.

.46 Doors and Windows
.461 Windows

.49 Painting
.5 Stack

.51

.52

s
One (1) 20" Dia.)
One (1) 20" Dia.)

15,000

310,000

99,000

360,000

35,000
125,000

55,500

51,000
40,000

10,000

15,000

310,000

99,000

360,000

35,000
125,000

55,500

51,000
40,000

10,000

15,000 )

310,000 )

99,000 )

360,000 )

35,000
125,000

)
)

Incl. in
Acct. 219

55,500 )

51,000 )
40,000 )

10,000 )
)

I II III IV

IJ)m

tol

1

N



Schemes
Acct.
No.

21-STRUCTURES AND IMPR OVEMENTS (coNT'D)
212A Turbine Room Building Including Control

Room, Offices, Machine Shop, Etc. (Cont'd)
.6 Building Services

.62 Heating )

.63 Ventilation System )

.64 Air Conditioning System )

.66 Lighting and Service Wiring
TOTAL ACCT. 212A

U
TOTAL ACCT. 212

I II

22,600

58,000
$1,181,100

$1,181,100

22,600

58,000
$1,181,100

$1,181,100

III IV

22,600 )

58,000
$1,181,100

$1,181,100

)
Inci. in

Acct. 219

Ac. in
Acct. 219

219 Reactor Container Structures
.1 Excavation and Backfill

,11 Excavation
.111 Earth
.112 Rock

.12 Backfill
.121 Earth

.13 Disposal

.15 Dewatering
.151 Pumping

.3 Substructure Concrete
Inci. Concrete, Reinforcing, Forms
Anchored Steel
.31 Exterior Temporary Column Footings )
.32 Exterior Mass Base Concrete )

.4 Superstructure
.41 Structural Steel and Miscellaneous Steel

.411 Columns )

.412 Floor Framing )

.413 Crane Girder and Rails )

.414 Gallery, Framing and Supports )

13,400
58,000

6,600
4,200

32,000

154,000

97,000

5,100
38,000

5,500
2,900

17,000

295,500

41,500

39,000
434,000

26,000
9,500

45,000

715,000

146,200

80,300
173,000

86,600
8,100

48,000

1,266,000

999,200

I

2



Schemes
Acct.
No.

21-STRUCTURES AND IMPROVEMENTS (C0NT'D)
219 Reactor Container Structures (Cont'd)

.4 Superstructure (Cont'd)
.41 Structural Steel and Miscellaneous

Steel (Cont'd)
.415 Miscellaneous Steel
.4151 Stairs, Incl. Treads, Stringers, Posts

.4152 Ladders

.4153 Railing and Posts

.4154 Grating

.4155 Miscellaneous Gallery Steel

.4156 Miscellaneous Steel Anchor to Concrete

.4157 Suppression Pool C.S. Plate Liner
.42 Container or Shell

.421 Containment Shell S1 eel 2

.422 Water Storage Tank Integral with
Containment Shell Dome

.423 Temporary Columns

.424 Air Lock and Access Doors

.425 Testing
.43 Exterior Insulation

.431 Insulation of Shell Above Grade

.432 Coating Below Grade
.44 Floors, Barriers and Roof, Incl. Concrete,

Reinfar cing, Forms, Etc.
.441 Concrete Bottom Mass
.442 Exterior Walls
.443 Concrete Reactor Foundation
.444 Concrete Storage Well )
.445 Concrete Partitions )
.446 Concrete Floors )
.447 Crane Bracket )

I II

20,000
300

7,500
4,400
4,000
Base

,240,000

64,000
130, 000
Acct .421

288,000
3,400

380,000

63,000

940,000

465,000

10,200

3,500
1,100
3,000
Base

115,000
13,000

Acct.3
Acct.445
133,000

890,000

175,000

III IV

20,000
900

7.500
4,400
2,400

10,000
381,000

1,864,000

64,000
108,000
10,000

288,000
3,400

380,000

63,000

Acct.445
940,000

465,000

10,800

6,500
38,000
2,100

32,000

7,362,000

200,000
Acct .421

810,000
11,400

605,000
52,500

51,800
4,800

250,400

En b

lCD

HN.
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Schemes
Acct.

No.
21-STRUCTURES AND IMPROVEMENTS (CONT'D)

219 Reactor Container Structures (Cont'd)
.4 Superstructure (Cont' d)

.44 Floors, Barriers and Roof (Cont'd)
.448 Poured Concrete Roof
.449 Flexcell Liners
.450 Roofing, Flashing and Membrane

.45 Interior and Exterior Finishes
.451 Painting Floors, Structural and

Gallery Steel and Containment Shell
.452 Heavy Duty Coating
.453 P.V.C. Liner

.5 Interior Structure Partitions, Roofs,
Doors and Windows
.51 Interior Roofs

.511 Pre-cast Roof Slabs
.52 Emergency Glass Diaphragm Hatch

.6 Building Services
.61 Service Water )
.62 Heating )
.63 Ventilating System )
.64 Air Conditioning System )
.66 Lighting and Service Wiring

.661 Control Panels and Cabinets )

.662 Conduits )
.663 Wiring )
.664 Fixtures, Switches and Receptables)

.7 Stacks @ Grade
TOTAL ACCT. 219

I

)
)
)

75,000

II III IV

43,000

7,000

35,000

182,000

20,000

210,00075,000

5,000

48,500

28,000

$5,128,200

29,500

23,000

$2,083,700

31,400

97,00048,500

36,000

$6,185,800

148,000

95,000
$12,699,900

$6,309,300 $3,264,800 $71,366,800 $12,699,900TOT AL ACCT., .21



Schemes
Acct.

No.
22-REACT PLANT EQUIPMENT

221 Reactor Equipment
.4 Reactor Auxiliary Cooling and Heating

System
.46 Post-Accident Cooling System

.461 Two (2) 100,000 Gal. Water )
Storage Tanks on Roof )

.462 Dousing Tanks )

.463 One (1) Tower Water Storage Tank
(150' Above Grade)

.464 Foundation for Tower Water
Storage Tank

.465 Water Line Between Containment
Building and Tower Storage Tank

.466 Spray Systen Coolant Pumps

.467 Strainers

.468 Heat Exchangers

.469 Spray Piping Valves, Nozzles,
Fittings

.47 Vapor Suppression System
.471 Vent Pipes and Fittings from

Reactor Vessel Core to Water
Pool
TOTAL ACCT. 221

228 Steam Condensate, and Feed-Water Piping
.1 Main Steam

.11 Main Steam, Boiler Feed Piping, )
Valves and Fittings )

.12 Piping Insulation )
TOTAL ACCT. 228

III Iv

95,000

)
)
)
)

50,000

6,000
6,000
2,200
6,500

144,500

$159,200

28,800

$28,800

54, 500

$149,500

Base

Base

2'70,000
$270,000

28,800

$28,800

179,000

$235,000

-125,000

-$125,000

r

00

T1
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Acct.
No.

22-REACTOR PLANT EQUIPMENT (CONT'D)
228 Steam Condensate, and Feed Water Piping (Cont'd)

TOTAL ACCT. 22 $188,000 $149,500 $298,800 $110,

23-TURBINE GENERATOR UNITS
231 Turbine Generator

.4 Removable Missile Protection Shield
Over Turbine Generator - - - 110
TOTAL ACCT. 231 - - - 110,

J232 Circulating Water System
.2 Circulating Lines

.21 Supply )
.211 Overhead Circulating Water )

Pipe, Valves, Fittings )
.212 Additional Steel Plate )

Reinforcing About Pipe Openings) Base Base Base 35,
.22 Discharge )

.221 Overhead Circulating Water )
Pipe, Valves, Fittings )

.222 Additional Steel Plate )
Reinforcing About Pipe Openings)
TOTAL ACCT. 232 Base Base Base $35,

TOTAL ACCT. 23 Base Base Base $145,

24-ACCESSORY ELECTRIC EQUIPMENT
242 Switchboards and Auxiliary Swit chgear

.1 Main Control Board - - -

.2 Auxiliary Power Battery and Signal Boards 9,000 Base 9,000_29,
TOTAL ACCT. 242 $9,000 Base $9,000 $9,

000

000

000

000

000

000
000

Scheme s I II III IV



Schemes
Acct.
No.

24" ACCESSORY ELECTRIC EQUIPENT (CONT'D)
243 Protective Equipment

A1 General Station Grounding System

.2 Fire Protection Systems
TOTAL ACCT 4 243

244 Electrical Structures
.1 Concrete Cable Ducts
.2 Cable Trays and Supports
,3 Pipe and Steel Frames and Supports

TOTAL ACCT. 244

245 Conduit Work
.1 Conduit
.2 Concrete Envelopes
.3 Manholes and Covers

TOTAL ACCT. 245

I II

55,000

$55,000

55,000
-m

$55,000

107,000

$107,000

55,000

$55,000

55,000

$55,000

95,000

$95,000

III IV

55,000

$55,000

55,000

455,000

107,000

$1071,000

55,000

$55,000

63,000

$63,000

120,000

$120,000

246 Power and Control Wiring
.1. Main Power Cables
.2 Control, Auxiliary Power and

Excitation Wiring
TOTAL ACCT. 246

TOTAL ACCT, 24

25-MISCELLANEOUS POWER PLANT EQUIPMENT
251 Cranes and Hoisting Equipment

.1 Turbine Room Crane and Auxiliary Hoist

.2 Reactor Building Crane
.21 One (1) Lift Crane and

Auxiliary Hoist

440,000
$440,000

$666,000

Base

Base

$383,000

$583,000

Base

Base

440,000
$440,000

$666,000

Base )
)

)
Base )

5052000
$50.5,000

$752,000

9,000



Schemes
Acct.
No.

25-MISCELLANEDUS POWER PLANT EQUIPMENT (CoNTID)

251 Cranes and Hoisting Equipment (Cont'd)
.2 Reactor Building Crane (Cont'd)

.22 Polar Gantry Crane and
Auxiliary Hoist
TOTAL ACCT. 251

TOTAL ACCT. 25

Hd TOTAL ESTIMATED COST

TOTAL DIFFERENTIAL COST USING
SCHEME NO. I AS BASE

Contractor' s Overhead and Profit

981 Engineering Design and Inspection 14.6%

SUB-TOTAL

982 General and Administrative Expenses 12.5%

SUB-TOTAL

Contingencies - 10%

SUB-TOTAL

985 Interest (6% Ann. Rate) 8.1%

TOTAL DIFFEREITIAL CAPITAL COST

I II

Base

Base

$7,163,300

Base

Base

Base

Base

Base

Base

Base

Base

Base

Base

Base

$3,997,300

-$3,166,000

Included in

-581,800

-$3,607,800

-573,500

-$4,041,300

-530,100

-$4,431,400

-487,600

44,779,000

III IV

- )
Base

Base

$8,331,600

$1,168,300

Accounts Above

51,000

$1,359,300

47,400

$1,546,700

28,700

$1,715,400

10,300

$1,865,700

-$9,000

-$9,000

$13,697,900

$6,534,600

834,500

$7,509,100

816,100

$8,465,200

720,500

$9,325,700

626,600

$10,092,300

~0
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SARGENT & LUNDY
ENGINEERS

CHICAGO SL- 1868

Appendix F

CONFERENCES CONCERNING REFERENCE DESIGNS

I. CANADIAN NPD-2 CONTAINMENT

A meeting was held at AECL, Ontario Hydro, Toronto, Canada on November 29,

1960 to discuss the NPD-2 containment design.

Those Present:

Messrs: R. I. Hawes ) AECL - Toronto

R. I. Hodge ) AECL - Chalk River

R. C. Johnston ) Canadian G. E. Co., Ltd.
L. J. Bissell )

A. G. Lane ) AEC-COO

R. A. Johnson ) Sargent & Lundy

Containment considerations for NPD-2 are divided into two separate areas -
the reactor vault and the boiler room or process area. Figure F-1 shows
the principal features of the containment design for these areas.

The vault has about 20,000 cubic feet free volume. It is of concrete
construction lined with a double thickness of 1/8 in. steel plates. The

plates are included because the coolant is D20 and the room is normally
at a slightly negative pressure. The plates thus prevent contamination

of the air from H2 0 vapor inleakage as well as minimizing contamination

of D2 0 in the event of leakage from the primary system. If the reactor
were cooled with light water, these plates would not be included.

The vault is penetrated by 264 feeder pipes to and from the calandria,
together with piping for a dump tank, dousing system and helium balance

lines. Each piping penetration has a bellows seal. An inflatable seal
is provided around the fueling mechanism gate. No electrical penetrations

are made through the vault. Flow and temperature measurements are taken
on the feeders outside the vault in the process area. Ion chamber ducts

are carried through the vault wall opposite the boiler room.

The primary system contains about 28,000 lbs of D20 at about 1000 psig,
485 F inlet temperature and 530 F outlet temperature. The moderator is
40,000 - 50,000 lbs. of D2 0 normally at 120 F and at a maximum of 180 F.
The reactor is controlled by regulation of moderator level. Maximum
credible incident within the reactor vault is considered to be the complete
rupture of a single 1-1/2 in. feeder pipe. In this event, the D20 moderator

would be dumped to a storage tank. It is assumed that no reactor transient
occurs.
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The vault is designed for 10 psig. This maximum pressure is limited by

structural design considerations. Actual maximum pressure, in the event
of an accident, has been calculated to be about 7 psig. A dousing system
is provided to limit the amount of pressure rise in the event of the

accident. In the event of a small rupture, a D2 0 spray system using fog
nozzles is actuated by a pressure switch when the vault pressure reaches

0.5 psig. Should the pressure continue to rise, a larger H2 0 dousing
system is actuated at 1.5 psig. This system rains water through holes
in a perforated plate in the bottom of tanks located under the ceiling
of the vault. The water is supplied by static pressure from an outside
elevated tank. No exhaust duct is required for this area as described
below for the boiler room area.

The reactor vault is normally maintained at a slightly negative pressure

of about 1/8 in. H2 0. The room is ventilated by a closed system recirculating
20,000 cfm of air. A D20 scrubber is included in the system. Two fans
are included, one of which is a spare. The system can operate exhausting
to atmosphere when the reactor is shut down. The target design inleakage

for the vault is a maximum of no more than 1 cfm.

The reactor is a calandria type and will be refueled during operation.

Fueling is performed from a separate room above the reactor vault. Personnel
are prohibited from entering the room during the refueling period because

of the high level of activity. However, it is possible to close the fueling
gate and ventilate the room to atmosphere so that it can be entered for

maintenance during operation. Entrance is through a laminated steel and
masonite door which is approximately 8 in. thick and is provided with a

rubber gasket seal.

The process area has about 80,000 cubic feet free volume. The equipment
contained in this area is primarily the boiler and three 50% capacity feed

pumps.

Floor and wall construction is concrete, and the entire process room is
below grade. Walls are coated on the inside with fiberglass reinforced

epoxy to the highest possible level of flooding. The floors and walls

above the flooding level will have an epoxy coating without the fiberglass.
Most of the ceiling is hatch area. The hatch covers are made of heavy
concrete and held down only by dead weight. The crack between hatch and
cover is designed for 1/8 in. (1/4 in. maximum) and is sealed with Lesto-
Merick Tremco applied with a caulking gun. The underside of the hatch

will probably be covered with a vinyl paint.

Entrance to the process room is not permitted during operation because of

high radiation levels. The reactor must be shut down if entrance is

required for maintenance or other purposes.

All piping penetrations through the boiler room wall will have bellows

seals. Electrical penetrations are also sealed.

The maximum credible accident in the process area is considered to be the

complete rupture of the largest pipe in the primary system - a 16 in.

Schedule 80, A-106, Grade B, carbon steel pipe.
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Maximum pressure design of the process area is 5.1 psig. This maximum

is set by the hatch design. The pressure rise from an instantaneous
release of all of the primary fluid would far exceed the design maximum.
Therefore two systems have been incorporated in the design to limit the
maximum pressure rise - a dousing system and an exhaust duct. The
dousing system again has two parts. At 0.5 psig an H2 0 spray system is
actuated by a pressure switch to serve in the event of a minor leak.
Should the pressure reach 1.0 psig, water will rain down from perforated

plates in the bottom of dousing tanks under the ceiling. The tanks cover
about 1/3 the area of the ceiling, being located above the process piping.
Holes in the plates are 1/16 in. diameter on 1/8 in. pitch. Water is
supplied from a 250,000 gallon storage tank. About one-half of this is
used for dousing and the other half for emergency reactor cooling. The
tank provides a static head of 54 feet. Control of water flow is by means
of pneumatically operated butterfly valves. About two seconds are required
before the dousing system becomes fully effective. Flow then continues

for about two minutes.

The exhaust duct provides a means of releasing the first surge of vapor
released by an assumed 16 in. pipe rupture. The duct is of concrete.

There is a 9 x 12 ft. opening at the wall of the process room, and the
duct extends underground for about 50 feet before turning 900 to exhaust
upward into the atmosphere. The height of duct increases at a 7 angle
leaving the wall of the boiler room. Electric heating cable is provided
in the floor of the duct for snow melting in that portion exposed to

weather.

The duct is normally closed off at the boiler room wall by a 1-1/4 in.
thick tempered glass diaphragm 9 ft. wide by 12 ft. high. The diaphragm
is arranged to break at 1.5 psig. Four ramset guns are installed (one in
each corner). They are actuated by a pressure switch, and any one of them

will completely shatter the glass. Ten seconds are allowed for escape of
air and flashed vapor, and then a gate in the duct is tripped closed. The
gate is reinforced steel. A 3/8 in. rubber gasket is provided for a seal.

With the release of the air and vapor, it is assumed that the only activity
to escape is tritium, activated corrosion products and any fission products
which might be present in the coolant. Calculations have indicated that
the amount of tritium would be about twice normal tolerance at the duct
discharge. No meltdown is assumed to occur until after the gate has been

tripped shut.

In the calculation of pressure rise, no credit was taken for heat absorption
by structural materials. It was further assumed that no leakage takes
place through the walls, hatch seals or seals for the gate. Tests have
been made of the gate indicating that it does not deform on dropping and
that it seals properly. Final leak tests will be made of the containment

structure after construction is complete.

Calculations for the rate of pressure rise have been based on experimental
data for the rate of fluid release from a pipe rupture. The experimental
work was done at Chalk River. A single 0.63 in. diameter pipe containing
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water was heated electrically to 500-530 F and pressurized to 1000 psia.
Then a piston in the end of the pipe was released and the rate of flow

measured. Three methods were employed to check flow measurement.

1. Strain gauges to measure the thrust on the pipe.

2. Measurement of differential static pressure.

3. Timing the passage of markers in the fluid at quarter points

along the pipe.

Results of the test indicated that for water at 510 F, the flow rate is

23-24 lb/sec-in2 . Other tests at 420 F have given flow rates of about

10 lb/sec-in 2 . About 70% of the volume of water discharged at nearly
a constant rate, after which the rate began to decrease. During the

initial 70% flow, the effect of friction appears to be insignificant.

Because of the transients which occur on release of fluid into the boiler

room, it was considered necessary to perform model tests. The scale used

was 1/20. Tests have indicated that maximum pressure is reached in 300-400

milliseconds.

The most important aspects in design of the relief duct are rate of release

of fluid from the primary system and the volume of containment. The rate

of release, which is primarily a function of size of pipe break and
temperature of the water, has been determined experimentally for the NPD-2

plant as mentioned above.

Because of the rapid pressure rise on pipe rupture, it is necessary that
the glass diaphragm be broken in a very short period of time and that the

glass be completely shattered so as not to block the duct entrance. Tests

have therefore been made which show that only 20 milliseconds are required
to break the diaphragm. Additional tests are now under way with 1/4

scale models to verify complete shattering of glass on breakage.

II. HUMBOLDT BAY UNIT 3 CONTAINMENT

A meeting was held at General Electric Company, San Jose, California on

January 12 and 13, 1961 to discuss the Humboldt Bay containment design.

Those Present:

Messrs: C. C. Whelchel )
C wPacific Gas & Electric Co.

C. Ashworth)

C. H. Robbins )
H. W. Huntley )
C. R. Jones ) General Electric Company

J. E. Love )
G. Sege )
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A. G. Lane ) AEC-C00

R. A. Johnson ) Sargent & Lundy

The Humboldt Bay type of containment is shown in Figure F-2. The reactor

is contained within a pressure vessel or "dry well". The dry well is

vented by a number of pipes into a water pool so that any steam escaping
as the result of the rupture of primary system piping within the dry well

will be quenched by the water and limit the pressure rise.

The containment structure is entirely below grade as it was felt that such
a design would more readily receive public acceptance. Furthermore, the
below ground design will lower the radiation level in the event of an

accident and permit continued operation of the adjacent Humboldt Units 1

and 2.

The plant is designed so that refueling is performed from a room above the
containment structure. The refueling building is of conventional concrete

construction. Ventilation is provided to keep the building under a slight

vacuum. About one air change per day is provided with the air exhausting
through a stack 250 ft. high. The ventilation system contains a bypass

with scrubber. Refueling is performed utilizing a coffin to transfer
elements to a fuel storage pool.

The maximum credible accident considered is the rupture of the main steam

line, considering the fluid to be saturated water released in unrestrictive

flow from one end of the break. No heat absorption by containment structural

materials is considered in the analysis.

A fuel handling accident has also been considered. Such an accident could

release fission products into the fuel handling building. Two types of

accident are being considered - one in which a single bundle of fuel
elements suffered loss of coolant and released fission products, and a

second in which a fuel bundle was accidently dropped into the reactor so

that the damage released 5% of the noble gases only. The scrubber provided

as part of the ventilating system would be used to remove radioactivity

from the air in the event of either of these fuel handling accidents.

The dry well vessel will be completely erected and tested before concrete

is poured around it. Thickness of side walls is in accordance with the

ASME Code for the calculated design pressure. A 150 psig design is used
for the.top and bottom portions which are not backed by concrete in order
to provide missile protection.

Access to control rod drives is through a bolted manhole in the bottom of the

dry well vessel. No access is permitted, however, except during shutdown.

The activity level at the control rod drives below the reactor when shutdown
is designed for 50 mr/hr.

The reactor is insulated with magnesium oxide and aluminum. A circulating
fan and cooler are provided to maintain an ambient temperature of 130-150 F
inside the dry well.
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The dry well has penetrations for the hydraulic control piping, feed water
and steam piping, and electrical wiring (primarily for control and
instrumentation).

Ion chambers are located in vertical tubes along the side of the reactor.
They are positioned by means of a pulley system operated from the control

rod drive area.

The suppression chamber is concrete lined with steel so that no leakage
should occur. The amount of water required for the pool should be
sufficient to limit the final temperature of the water to 150 F. A
temperature rise of 50 F would seem to be a reasonable figure for pool
design. The Humboldt Bay design has 48 - 14 in. pipes venting into the
pool, although the tests indicate that the pipe size might reasonably
be increased at 24 in. if desired. Vent pipes extend 6 feet below pool

water level, although it is felt that 4 feet would prove adequate. Primary
system safety valves relieve to the pool. Cooling coils are provided in

the pool to remove the heat after popping of safety valves.

In considering the amount of biological shielding required for the reactor,
the concrete in the suppression chamber should be included. For the top

shield, 5 feet of ordinary concrete is required, including 1 foot of
concrete inside the dry well cover.

Maximum pressure developed in the dry well will be approximately equal to
the pressure in the suppression chamber air space plus the flow resistance

through the vent pipes. Pressure in the air space may be determined by

assuming that all the air in the dry well is forced into the suppression
chamber. Minor corrections to this pressure can be made by considering
the change in water level from condensing steam and the increased vapor
pressure from heating of the water pool. For Humboldt Bay, the calculated

pressure in the suppression chamber is about 10 psig although the structure

will withstand about 20 psig. Friction drop through the vent was calculated

using a homogeneous fluid flow.

In the case of Humboldt Bay, the maximum dry well pressure was calculated
to be about 72 psig with 45 sq. ft. vent area, considering flow from one
end of a 0.703 sq. ft. break and using an orifice coefficient of 0.61.
This pipe size corresponds to the size of a ruptured steam line; however,
it was assumed that the fluid was saturated water. The design pressure is

about twice that obtained in tests performed, due principally to the
conservative assumptions made.

In the tests performed, a flow of about 100 lb/sec. was obtained through
a 1.64 in. diameter orifice with saturated water at 574 F.

Tests performed have shown a reduction in the amount of halogens due to
absorption in water of the order of 10-6 or 10-7. However, a conservative

figure of 10~4 was assumed.

The following are the advantages of the Humboldt Bay method of containment
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as noted in the hazards report:

1. In the event of a maximum credible operating accident, fission
products would largely remain in the small volume of the dry well.
This would greatly limit the spread of radioactive material,
permit direct radiation shielding to be localized and highly
effective, and permit subsequent plant clean-up with a minimum
risk of accidental release or exposure to personnel.

2. A major portion of accident energy which could cause leakage
of fission products would be rapidly absorbed in the pressure
suppression system. The Moss Landing tests show that the dry

well pressure falls from a maximum of 33 psig to 8 psig in
about 30 seconds.

3. The small physical size of the dry well and the concrete back-up
result in an enclosure with fewer welds, lower probability of
imperfections and less chance of the fission products escaping
if they should leak from the steel vessel into the concrete

enveloping it.

4. The small physical size of the pressure suppression system makes
it economically feasible to locate the reactor operating containment
below ground. The ground affords added support for the containment
structure and serves as a radiation shield in all directions
except overhead.

5. If leakage from the pressure suppression system should occur, the

lower resistance path would cause most of it to flow into the
closed refueling building rather than through the ground to
atmosphere. This building is vented through clean-up equipment
and out a high stack.

6. Although the MCOA analysis indicates that most fission product
release would occur sometime after the steam release, halogen or
solid fission products that might accompany the steam would be
retained in the water pool and thus be unavailable for leakage
into the atmosphere.

As a result of the advantages listed above, post-accident radiation levels
outside the containment system would be lower than with conventional dry

containment.

III. BONUS CONTAINMENT

A meeting was held at General Nuclear Engineering Corporation, Dunedin,

Florida on January 6, 1961 to discuss the BONUS containment design.

Those Present:

Messrs: J. W. West ) General Nuclear Engineering
A. S. Jameson ) Corporation

R. A. Johnson ) Sargent & Lundy
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The BONUS containment scheme consists of a large steel cylinder topped by
a hemispherical dome with a concrete base slab enclosing essentially the
entire power plant. A cross section of the plant is shown in Figure F-3.
The size of the enclosure permits a low pressure design for the structure.
The dome is 165 ft. in diameter and 5/16 in. thick, and the cylindrical
portion below grade is 0.4 in. thick. Containment free volume is 1.7 x 106

cubic feet.

A 60-ton polar gantry crane services the entire plant. Offices, control

room, laboratories, etc., are all within the containment structure. Two

5 ft. x 7 ft. air locks are provided as well as a 12 ft. x 14 ft. bolted
freight door. During construction, a 14 ft. x 17 ft. opening will be cut

at grade for bringing in materials and equipment.

The base slab is 182 ft. in diameter by 3.5 ft. thick. The steel shell
is anchored to the slab with bars spaced at 1 foot intervals as shown in
the detail of Figure F-3. The slab requires 15 pours. Each pour is sealed
to the adjacent concrete by a plastic water stop and mastic. An 18 in.

sand fill containing drain piping, conduit, etc. is placed on top of the
slab and a 6 in. concrete finish poured over the sand. A concrete retaining
wall is poured around the cylindrical portion of the steel containment up
to grade. A space filled with fiberboard is left between the vessel and
concrete wall to allow for expansion. About 14 feet of excavated earth
is filled in around the outside of the concrete wall. The weight of the

wall and earth resting on the concrete base slab minimizes bending stresses
in the slab in the event of an accident.

A 31 ft. diameter by 11 ft. deep pit is located under the reactor. This

pit or moat is filled with 5 ft. - 6 in. of water and serves to suppress the

pressure as well as providing protection against cracking the base slab
in the event of an accidental pipe rupture within the reactor biological

shield. Design pressure for the pit is 25 psig.

The steel shell has angle stiffeners on the lower cylindrical portion,

while the top hemisphere has T-bar stiffeners on about 25-foot centers.
The dome is made up in 53 sections for field welding. The structure is
designed for 150 mph hurricane winds as well as for earthquake conditions.
Two vacuum breakers set at 0.25 psig are supplied.

All welds in the cylindrical portion of the steel shell below grade will
be 100% radiographed and vacuum tested. The dome will have spot radiography
in accordance with the code. After erection of the shell and before the
sand fill is spread on the base slab or equipment is brought in, the
enclosure will be pressure tested at 6.25 psig and then given a leak test.
If the leak rate should prove excessive, the floor may be flooded and the
structure retested to determine whether leakage is through the steel dome
or through the base slab. Should leakage through the slab prove excessive,
it will be covered with a membrane before the sand fill is added. The
membrane would be simply tar or tar and paper similar to ordinary roofing.

The blowers used for testing the building will be installed permanently so
that retesting can be performed whenever desired.
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Penetrations through the containment are minimized. They consist of
circulating water suction and discharge, ventilation openings, generator

leads, station service electrical leads, control wiring to outside
electrical services, and some miscellaneous piping. Circulating water
intake and discharge lines have butterfly valves for shutoff in addition

to the barrier against leakage offered by the condensers. Three Lapp
No. 21227 bushings are mounted on a steel plate welded to the dome to
provide penetration of main generator and similarly for main electrical

service leads. Penetration for the smaller electrical leads are similar

to the Elk River design. In general, all piping penetrations, which

include service water, city water, sanitary sewer, fire and spray water,
etc. are provided with shutoff valves and bellows seals. There are a

total of 36 mechanical penetrations, including spares, and 18 electrical

penetrations.

Because of the mild climate (temperature range from 55 to 95 F), no
insulation is applied to the steel dome. Aluminum paint is used for

covering the outside of the dome.

The building is ventilated using 50,000 cfm of outside air. Air is
supplied through a 5 foot diameter duct with two butterfly valves for
shutoff. Air is distributed with a ring duct in the basement and main

floor. Exhaust air is picked up in ring ducts, passed through a dry type
replaceable filter and is then blown to atmosphere by the exhaust blower
through a 5 foot diameter stack extending 25 feet above the dome. The
exhaust duct also has two butterfly valves. Offices, control room and

canteen are air conditioned by means of two 20-ton air conditioning units.

The facility is designed to limit radiation levels to 1 mr/hr in the
basement, 0.5 mr/hr on main floor and 0.25 mr/hr where there is 8 hour
occupancy, such as offices and control room. The main floor is concrete
to provide both shielding and lay down areas for maintenance work.

Off-gases are exhausted through the stack. However, a holdup tank and
charcoal traps are provided. Three 4000 gallon retention tanks are provided
for collection of liquid wastes. These tanks will discharge to the sea
if radiation levels are low enough. An evaporator rated at 50 lb/hr is
provided to concentrate liquids having a high level of activity. Dry

wastes are stored in a pit inside the containment vessel until such time

as they can be removed for off-site burial.

Missile protection is provided by a removable cover which rolls over the

turbine. The cover will probably be of laminated wood and steel.

The maximum credible accident for the BONUS reactor is considered to be a
rupture of the largest primary coolant line with unrestricted flow from
both ends of the break. The BONUS primary system contains 25,200 lbs. of

water at 950 psig, 540 F. The blowdown period was calculated assuming
two phase flow. Heat added to the primary fluid from core internals and

pressure vessel during the blowdown period was added to the energy release
from the primary fluid.

F-12



SARGENT & LUNDY
ENGINEERS

CHICAGO

Following the maximum credible accident, a building spray system would
be actuated to reduce the containment pressure from about 5 psig to 2.5
psig within 30 minutes. Approximately 50,000 gallons are provided for
spray systems including 12,500 gallons for 8 hours of core spray. Core
spray is actuated within 30 seconds. In addition, 40,000 gallons of water
have been provided for fire fighting purposes. Controls for the spray

systems are located outside the containment.

In calculating the maximum pressure in the containment no credit is taken
for heat absorbed in the building structure. However, following the
initial pressure buildup, some heat transfer is assumed to the concrete

base slab.

Radiation calculations were based on an assumed complete core meltdown

with release of 100% of the volatiles and 30% of the fission products.
For direct radiation, it is assumed that the activity is uniformly
distributed over the inside surface of the containment structure. A
0.25% leakage of volatiles per day is assumed. An exclusion area 0.3 mile
in radius has been provided for BONUS.

Some of the advantages pointed out for the BONUS containment schemes are:

greater plant safety because of low pressure in event of an accident,
greater operating convenience, elimination of a large number of penetrations,

avoids duplication of cranes, shortens piping and eliminates isolation

valves.

General Nuclear has performed some tests of leakage through concrete.
Tests were made on a 3.5 foot thick section of 3500 lb. concrete. Leakage

rates were less than 0.1 cu. in./sq. ft. - hr. In the preliminary design

a figure of 10 cu. in./sq. ft.-hr. had been assumed which therefore
appears to be very conservative.

General Nuclear has done some preliminary investigation of the BONUS
containment scheme in a 300 MWe size. The plant considered was a boiling

water reactor with nuclear superheat. The primary system has about
189,000 lb. H20 at 601 F, 1565 psia. The steel shell is a hemisphere
320 feet in diameter on top of a 30-foot high cylinder. The estimated
cost of the shell is $3,800,000, furnished, delivered, erected, tested
and complete with air locks, truck entrance lock and spray systems.
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