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7.1

7. DESCRIPTIONS OF SPECIFIC CONTAINMENT SYSTEMS

H. B. Piper.
7.1 TNTRODUCTION

The philosophy of containment of reactors has changed through the
years of development of the nuclear industry. The purpose of this chapter
is to briefly relate the story of this change, describe the design and
philoscphy of existing and recently constructed containers, describe some
new and different approaches to the problem of containment, and present
tabulated data on the features of existing contalnment systems. Informa-
tion for the preparation of this chapter was gained primarily from Hazards
Surmary Reports (snd amendments) for the various reactors discussed. Where
necegsary, visitg to the installations were made to obtaln more detailed
information and to become familiar with the installation. Tanformation
obtained from sources other than these is referenced.

The carly experimental reactors had no containment provisions at all.
This lack of contalnment was not necessarily the result of ignorance on
the part of the designer obut was more the realization that the potential
danger from these reactors was insignificant. These reactors were housed
in conventional buildings, which were provided primerily to shelter the
plant and ite operators. A typical example is the CRNL Graphite Reactor
(Fig. 7.1),1 a graphite-moderated, natural-uranium reactor consbructed
in 1943, Tt was the second critical reactor ever bullt and was in con-
tinuous service until it was retired on Nov. 4, 1963 after 20 years of
operation.

As the potential power level of reactors increased and, as a result,
he fission-product inventory increased, the philosophy changed from that
of sheltering the reactor to one of controlling, in some way, the disposi-
i

1
tion of the radicactive particles and gases that might be released in case
of an accident or fuel element failure. One of the Tirst methods employed
in an attempt to minimize the public hazard from a reactor accident was to
enclose the reactor in a relatively gastight envelope, 'The Knolls Atomic
Power Laboratory (KAPL) facility at West Milton, N.Y., was one of the first
(1953) and remains the largest (6,000,000 £t?) gastight shell ever to be
built to contain a reactor (Fig. 7.2). This rapidly became the most used
type of contaimment facility, mainly because it offers the most certain
capability of confining the reactor accident with least dependence upon
englineering devices that must operate in order to mitigate the effects of
the accident. This type of container has been used in both high- and low-
pressure applications. The dividing line between high and low pressure
is one of definition and is generally placed at approximately 5 psi.

The integrity of a gastight containment system is dependent upon the
penetrations (air locks, equipment doors, piping, and electrical lines)
that must seal and be relatively leak free at the design pressure of the

*0ak Ridge National Iaboratory, Oak Ridge, Tenn.
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gystem. In general, as contalner size or design pressure increases, the
problems of this method of containment also increase. In particular, with
greater plant complexity, the nurber of container penetrations increases.
As these design requirements increase, the reliability of the system de-
creases. This faet, together with the desire for improvements in reactor
safety, the understanding of reactor safelty, and the incentive provided
by the goal of economic power, has led to investigation of other, more
economical methods of containment.

The Oak Ridge Research Reactor (ORR) was constructed at ORNL about
the same time that the first gastight reactor container was built at KAPL.
The ORR is housed in a conventional building {(Fig. 7.3) that is maintained
at a slightly negative pressure. The pressure is maintained by continu-
ously discharging building air through filters to a stack, TIn the event
of accldental release of radiocactivity, the gaseocus effluent would pass
througn the filters and the stack. It is considered that this is an ecc-
nomical method of containing some reactor systems, especially those that
would not have a large energy release as part of the maximum sccident or
those for which the energy release and activity release processes would
be separated in fime.

Another type of containment system? provides for pressure suppression
(Fig. 7.4). This system is especially suitable for use with boiling- or
pressurized-water reactvors in which the maximum accident 15 one involving
the release of a great amount of energy in the form of steam from the
reactor primary system. This steam is directed from the reactor vessel
container, i.e., drywell, through ducts, the discharge ends of which are
submerged under a few feet of water. The steam, in bubbling through the
water, 1s condensed, and fission fragments may be scrubbed out. Thus

CRNL-LR-DWG 38384R4

: NORR BUILDING
250-ft EXHAUST
STAGK -~~~

S FAN
HOUSE

Fig. 7.3. ORR Negative-Pressure Containment System.
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the containment problem is greatly reduced and may be dealt with in a more
conventional manner, such as by a low-pressure gastight envelope or by a
negative-pressure system.

Pressure relief is another scheme that has received attention re-
cently., The system would allow the initial pressure surge that accom-
panied the design accident to be vented directly to the atmosphere under
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the assumption that a negligible quantity of fission fragments would e
released initially. After the pressure peak had abated (a matter of sec-
onds or minutes), the vents would be valved closed so that the fission
fragments subsequently released when (if) the fuel melted would ve con-
fined., Subseduent rises in pressure could be controlled by a spray-dousing
system or by controlling the airflow inside the secaled building. Tor this
type of confinement, the building must be constructed to more strict speci-
fications than those for an ordinary mill structure, but the requirements
are less stringent than those for the high-pressure container. The New
Production Reactor at Hanford uses such a container.?

Cavern containment is being used in some Furcpean countries where the
underlying rock formations are amenable to this application. This idea
for containment has been considered but not yet used in the United States.
Figure 7.5 shows a typlecal plan and elevation view of a cavern containment
system.4

7.1.1 General Design Considerabions

There are many problems and considerations common to practically all
containment systems. Ccomponents must meet system specifications as to
size and capability; the types of accidents that may occur must be con~
sidered; the penetrations and closures must be designed; the tests to be
used to measure containment leakage must be determined; and the maximum
credible accident (mca) must be defined and described.

The topic of size must be considered early in the design. It is a
function not only of the physical dimensions of the building that will
house the reactor plant but also of the type of containment to be employed.
For instance, with pressure suppression the ductwork is important because
of the turbulent pressure drop as a result of the escapling air and steam;
with pressure-venting containment (controlled airflow) the blowers that
provide the suction for the building are the coutrolling item; with the
pressure-relief system the vent ducts must be properly sized to quickly
relieve the pressure buildup in the bhuilding.

The electrical connections to a power reachor are an important con-
gideration both from the point of view of continuous delivery of reactor
power to the network and the availability of power at the plant for the
operation of wvital equipment during emergencies. The clectrical power
distribution system in nuclear plants is not discussed in this chapter
but is covered in Section 9.9 of Chapter 9.

7.1.1.1 High- and Low-Pressure Containers

The considerations involved in sizing high- and low-pressure contain-
ment shells may be discussed together, because they are similar in concept.
The difference is only in the convention of naming those designed to con-
tain pressure above 5 psig as high-pressure containers and those designed
for up to 5 psig as low-pressure containers.

There are three important parameters involved in selecting & steel-
shell containment vessel. These include the meca energy release (pressure),
the physical size (free volume and configurations to be contained), and
the type of steel plate to be used. As far as the shell plate is con-
cerned, the important considerations are the design stress, the resulting
thickness, and the temperature at which the required Charpy V-nobch impact
values can be obtained (see Sec. 8.5). The latter temperature establishes
the minimum operating temperature. To avoid stress-relieving the vessel
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upon completion of welding, the thickness of the welded shell Jjoints must
not exceed 1.5 in. for the usual steels. The 1.5-in. maximum is estab-
lighed in Table UCS-56 of Section VIIT of the ASME Code for steel plates

of P-1 classification, and Par. N-1211 of Section IIL permits such plates
when meeting the requirements of SA-300 and the stated impact values. Most
containment shells have utilized SA~20L grade B steel plates.

Stress-relieving a completed vessel in the field can increase the cost
considerably, although field stress-relieving of large reinforcement assenm-
blies in containment vessels has been successfully accomplished on several
occasions by the use of temporary furnaces., To keep the required plate
thickness (or butt-welded joint) from exceeding 1.5 in., the cylindrical-
shell radius can be limited, or a spherical vessel can be constructed.
Theoretically, a sphere requires half the thickness of a cylinder having
the same radius and internal pressure. The relation between diameter and
pressure for a cylindsr and a sphere of SA-201 grade B steel or equivalent
with wall thickness of 1.5 in. is shown in Fig. 7.6 (ref. 5). Any vessel
whose requirements fall below the curves of Fig. 7.6 may bhe fabricated
without stress~relieving.

Generally speaking, there are fabricatlon and erection expenses in-
volved with a sphere that are offset to a variable extent by the decreased
plate thickness (reduced material and welding costs). There is less wasted
space in the cylinder from the equipment placement point of view; there-
fore, the cylindrically shaped container is a good choice as long as the
plate thickness is within the thickness limlits and the required Charpy
V-notceh impact values can be obtained 30 degrees below the service tem-
perature.

The consideration of pressure to be contained and the firee volume in
which it is contained involves dependent as well az independent factors,
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The amount of energy that might be released as a result of a reactor ac-
cident and the minimum free volume required for servicing and maintenance
are somewhat independent, bubt energy and size combine to determine pres-
sure. There are, of course, unlimited combinations of size and pressure
that may be used as design parameters for the container. Figure 7.7 is a
plot of free volume per pound of released coolant versus final pressure

as a Tunction of the average internal energy of the coolant.” In this
case the coolant 1s water; and the process of the release is congidered

to be adiabatic, with perfect mixing of the gases and vapors in the con-
tainer., If there is any energy addition as a result of a chemical reaction
or a nuclear excursion, or loss of energy due to heat transfer or coun-
densation, such effects must be added. Tigures 7.6 and 7.7 glve, however,
a Tirst approximation to container dimensions; after this, refinements may
be made that result in a more particular solution to a design problem (see
Chap. 6).
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7.1.1.2 Pressure Suppression

The same general 1tems must be taken into account in the design of
a pressure-suppression system as those cited above for a pressure-contain-
ment shell. The main difference 1s that the high pesk pressure for which
the reactor dry well must be designed will be guickly reduced as the pres-
sure is relileved by large-diameter ducts that discharge the vapor and gas
contents of the dry well into the pool of the suppression chamber. PFur-
ther, the suppression chamber must be designed Tor minimum leakage under
the driving force of the pressure to which it will be subjected.

The dry well of the pressure-suppression system is physically small,
since it containg only the reactor pressure vessel and other primary system
components (e.g., circulation pumps) connected to the reactor wvessel with-
out intervening isolation valves. &mall pumps, primary piping (steam gen-
erator and pressurizer, if any), and certain valves are outside the dry
well but are inside the plant bullding.

The size of the dry well 1s dictated by the size of the reactor being
contained. 'The wall thickness of the dry well is determined in the same
way ag that for the high-pressure container; that is, it is usually as-
sumed that the vessel must take the pressure of the loss-of-coolant ac-
cident, with conservative credit being taken for condensation and time
dependence of the release. 'The relief ducts are desigped to offer small
resistance to flow of the steam-water mixture from the dry well to the
suppression pool to limit dry-well pressure. This is a2 stralghtforward
fluid-flow problem. Experiwents have indicated that the pressure in the
suppression chamber (above the pool) will be due, primarily, to the dry-
well air that has been displaced by the escaping steam (i.e., all the steam
iz condensed in the suppression pool).

The refueling building houses, or contains, the suppression system
and provides shielding in the event of an incident during the refueling
operations. If an emergency occurs in the fuel-handling operstions (e.g.,
a dropped fuel element), containment is effected by the pressure-venting
system (discussed below), in this case the building is maintained at a
negative pressure so that alr is leaked in. The building air is filtered
and discharged through a high stack.

7.1.1.3 Pressure Venting

The containment capability of the pressure-venbing system depends on
a directed transport of air into the building and the filtration and stack
discharge of the building air. When this technique is employed with struc-
tures that are maintained below atmospheric pressure, it is frequently
called negative-pressure conbainment. This system has been referred to as
the ORR type of containment, mainly because the ORR was the first reactor
to use this scheme in the United States. This scheme is not useful for
housing a reactor that wmay be subject to a large and sudden energy release;
it is suitable for reactors that have a smaller amount of stored energy,
such as some large gas-cooled power reactors and the production reactors
at Hanford. These reactors may, under severe conditions, release a large
guantity of fission fragments, but there would be little accompanying pres-
sure rise due to the sudden release of stored, nuclear, or chemical energy.
The purpose of this containment system i1s to control, predictably, the
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disposition of the released fission products. In order to perform this
function, the capacities of varilous components must be carefully designed
to be adequate to do the work.

The building must be sized and constructed so that its ventilation
system 1s capable of maintaining in-leakage under all prcbable atmospheric
conditions. The pressure difference must be provided by a system of fans
and ductwork that will yield a uniform negative pressure in the building
when operating at the specified volumetric flow rate. Next, the filters
in the discharged gas stream (caustic, charcoal, etc.) for removing the
halogens and particulates must be built to remove, with a specified ef-
ficiency, the maximum amount of the constituent that is expected. Finally,
a stack of sufficient height and capacity to guarantee safe dispersion of
the remaining fisslon products at the worst conceivable metecrological
conditions must be provided.

Several reactor installations use this idea in conjunction with some
other basic containment schemes. For instance, the Humboldt Bay unit uses
this for 1ts refueling system contailnment, while its primary or main con-
sideration with regard to accidents is the pressure-suppression system.
The Indian Point Reactor, which is contained by a steel sphere, uses this
confinement scheme for the alr space between the sphere and the concrete
building that surrounds it. The NS Savannah employs this principle in
the outer portion of its dual containment system.

7.1.1.4 Pressure Relief

A system that would vent the initial pressure surge which accompanied
some maximuwa accident 1s used for the New Production Reactor at Hanford.
For such a system the pressure-relief ports must be designed so that the
pressure drop in the port due to the escaping air, gas, and vapor will
not impose an intolerable pressure on the bullding. Similarly, intercon-
nections between vanlts or cells within the building must be sized to
allow rapid transport of the escaping coolant and steam to the main part
of the building.

After a given time the building must be made leaktight; this means
that the vent ports, which are designed to allow rapid escape of gases,
must be sealed and must resist leakage under the driving force of some
given pressure. (These vent ports must be physically large to accomplish
this function. Further, in order to control the long-term pressure in
the building; a spray or water-fog system that is capable of maintaining
pressure control in the building with excellent dependability must be
provided.

7.1.2 Example of Containment System Planning

In the design of the pressurized-water reactor plant (the PWR) that
was buillt at Shippingport, Pennsylvania, it was first considered desirable
to place the system underground in order to utilize the earth as shielding
from direct radiation. However, the existing water tables limited the
depth of the lower level, and this factor, together with the expense of
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excavation, ruled out an underground location. A cylindrical vessel with
its long axis parallel to the ground was then selected. It was decided
that the meximum pressure should be about 50 psig (as it turned out the
design pressurec was 52.8 psig) and that the plate thickness should be 1.25
in., (for stress relief). These considerations resulted in s diameter of
50 £t for the container. In this case the pressure, shape, and diameter
of the vessel were specified; so the length had to be determined according
to the energy to be contained. The pressure limitation would have reguired
a vessel about 300 ft long, which would have provided adequate volume for
the contained equipment. It was obvious, however, that fabrication, sup-
port, and thermal expansion problems would have been severe in such a ves-
gsel., Therefore it was decided to use several such vessels interconnected
by large-diameter ducts (see Sec. 7.2, Fig. 7.25). The several containers
had to satisfy other requirements with regard to equipment arrangement:
(1) the reactor compartment had to be below a canal to facilitate under-
water refueling, (2) the boilers had to be higher than the reactor vessel
to provide natural convection and a symmetrical arrangement was desirable,
and (3) auxiliary equipment needed to be close to the reactor. The ar-
rangement selected consists of four vessels: +1wo are cylinders 50 £ in
diameter and 97 ft long, one is a cylinder 50 ft in diameter and 147 ft
long, and the other is a 38-ft-diam sphere that contains the reactor.

7.2 HIGH-PRESSURE CONTATNMENT

Since many reactors have been housed in high-pressure containers,
more experience has accumulated with this type of containment than any
other. Available information on 18 selected reactors that have high-
pressure containment vessels is summariged in Tables 7.1 through 7.13.
These tables are followed by discussions of peculiarities of the various
systems. The reactors chosen for review include the following types:
pressurized water, boiling water, gas cooled, homogeneous, fast breeder,
and pressure tube. The containers are of various shapes.

The fact that the high-pressure containment system is designed to
withstand the entire design accident without rupturing makes this system
applicable for any type of reactor. Consequently, almost every type of
reactor has been or is being contained in a high-pressure envelope, with
the notable exceptions being the pool-type reactors for which much less
stringent containment capabilities are required. The installations at
Indian Point and the NS Savannsh are included in this discussion because
their inner contaimment vessels are of the high-pressure type. 'These
plants are, in reality, doubly contained and will be further discussed
from that aspect in Section 7.8, "Multiple Containment.” Table 7.1 lists
the installations discussed here.

High-pressure containers have been built in a variety of shapes and
sizes and with several different structural materials and techniqgues.

The size and shape of the contalner are determined usually by a compromise
between several requirements. The container should offer sufficient room
for equipment without a large amount of wasted space, and the physical
size should be such that the pressure to be contained is not excessive.



Table 7.1. High-Pressure Contalnment Vessels
Thernmal . . . Nuclear
Prime Architect- Conteinnent N
- % ati Power 7 B ¥ r
Reactor Name Locetion e Type Contractor Engineer Fabricator mqulpgent Operator
(Mw) Supplier
Big Rock Big Rock Poin® Charlevoix, 240 Boiling water, Bechtel Bechtel cB& ™ CGeneral Eiectric Consumers Power Co.
Point Plant Mich. power .
CVIR Carclinas-Virginia Parr, &.C. 63 Pressurized tube, Westinghouse Stone & Webster Westinghouse Carolinas-Virginia
Tube Reactor power Nuclear Power
Associates, Inc.
Dresden Dresden Nuclear Morris, Il1l. 626 Boiling water, General Electric  Bechtel CBR&T Genersl Electric Commonwealth Edison
Power Station power
Elk River Elx River Reactor Eik River, 72.7 Boiling water A2lis-Chalnmers Sargent & ILundy CR&T Allis-Chalmers Rural Cooperative
Minn. (58.2 + 14.5) nuclear super- Power Associates
heat, power
Errico Ernrico Fermi Atomic lagonns Beach, 2C0 Fast breeder, UR&C Commonwealth CB&T Various Power Reactor
Fermi Power Plant Mich. power Assoclates Development Corp.
EBR-IT Experimental NRTS, Idaho 62.5 Fast breeder, Argonne Nationsl  H. K. Ferguson Graver Tank and Argonne Natlonal — Argonne National
Breeder Reactor IIL Dower Laboratory Manufacturing Co. Laboratory Laboratory
BEGCR Experimental Gas- Oek Ridge, 85 Gas-cooled, ARC-0RO Kaiser Pittsburgh- Allis-Chalmers Tennessee Valley
Cooled Reactor Tenn. power Des Moines Authority and AEC
HWCTR Heavy Water Cowpo- Aiken, S.C, 61 Heavy water, test CB&I (steel AEC, Du Pont
nents Test Reactor nortion)
ERT Homogeneous Reactor  Osk Ridge, 5.2 Agueous homo- ORNL ORNL CB&I Kewport News ORNL
Test Tenn. gereous, pover Shipbuilding —
pressure vessel
and core tank
Foster-Wheeler —
hest exchangers
Westinghouse -
pumps
Indian Consolidated Edison  Indilan Point, 585 Pressurized watex, Owner Cvmer CR&T Babcock & Wilcox  Consolidated Edison
Point Thorium Reactor N.Y. power, thorium
converter *
NS Savannah Nuclear Ship {mobile} 69 Pressurized water Babcock & Wilcox  Geo. C. Sharp, New York Ship- Babcock & Wilcox  American Export—
Se.varnah Ine. & New York building Corp. Isbrandtsen ILines
Shipbuilding for the U.S.
Corp. Government
Pathfinder  Pathfinder Atomic Sicux Falls, 199.6 Boiling water Allis-Chalmers Piloneer Service Pittsburgh- Allis-Chalmers Northern States
Power Plant 8.0, (175.2 + 42.4) nucleay super- and Engineering Des Moines Power Co.
heat, power
PRTR Plutonium Recycle Earnford, 70 Heavy wster, test
Test Reactor Wash.
Saxton Saxton Nuclear Ex- Saxton, Pa. 20 Light water, Bethlehem Steel
perimental Reactor experimental
Shipping- Shippingport Atomic  Shippingport, 231 Pregsurized waler, Westinghouse Stone & Webster Pitteburgh—- Westinghouse AEC, Duguesne
port Power Station Pa. nower Des Moires Light Co.
SM-1 Stationary Medivm Fort Belvcir, 2C Pressurized water, Alco Bethlehem Steel U.8. Army
Power Va. pover
VBWR Vallecitos Bolling Pleasanton, 3C Boiling water Bechtel Bechtel Consolidated General Electric  Gereral Electric
Water Reactor Calif. Steel
Yankee Yankee Atomic
Electric Co. Rowe, Mass. 6C0 Pressurized water, Cwner Storne & Webster CB&T Westinghouse Yankee Atomic

power

Llectric Co.

aChicago Bridge and Iron.
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An economic balance must be struck between size, shape, material, and
method of construction, with the material and method of construction being
dictated in general by the design pressure. Table 7.2 gives the size,
shape, design pressure, temperature, and conventional load factors, such
as wind, snow, and seismic loading, considered for the plants listed in
Table 7.1.

The internal pressure to be withstood usually determines the thick-
ness of material to be used and the physical size of the container. The
dependence of free volume on internal pressure is strictly a pressure-
volume rate relation whose independent variable is the amount of energy
to be contained if the rate at which heat is released to, and removed
from, the system is not considered (i.e., the adiabatic case is consid-
ered). In general, large water-cooled reactors have a large amount of
stored energy and thus reguire either a large container designed for a
reasonable pressure or a reasonably sized vessel designed to contain s
high pressure.

Vessels that are required to have a very large free volume are spheri-
cal because of economics (see Table 7.2). The sphere reguires less mate-
rial to contain a glven pressure than a bullding of another type of con-
figuration. One notable exception is the EGCR containment vessel, which
has a very large contained volume but a relatively low pressure of 9 psig.
Most of the other vessels are cylinders with hemispherical tops and either
hemispherical, hemiellipsoidal, or flat bolttoms. Exceptions are discussed
individvally below.

The entries in Table 7.2, column 6, regarding design containment
temperature may be misleading. The numbers guoted are the final tempera-
tures, but the point of interest here is really the change in temperature
during the accident, which would cause expansion of structural members
that should be analyzed for excessive stresses. Usually some initisl
temperature i1s assumed in the contaimment vessel, and the temperature
difference 1s obtained by subtraction from the number guoted as the final
temperature. The absolute value of the temperature becomes significant
(as far as the contaimment structure is concerned) only if it is above
approximately 600°F, which is the temperature at which substantial changes
in material properties begin to occur. However, bemperatures below 600°F
are of interest to those who design any contained eguipment that includes
thermelly sensitive materials, such as electric motors and gaskets.

Since these vessels are constructed to prevent outleakage under the
influence of considerable positive internal pressure, the designer does
not (and should not) include the strength necessary to resist crushing
by the action of a negative internal pressure. Thus negative-pressure
protection (columm 7, Tsble 7.2) is of concern. In the event of a nega-
tive internal pressure, which might be brought about by condensation of
steam after a major accident, some relief device must be available that
would be much more reliable than the ordinary "vacuum breaker." The NS
Sevannah has the highest external pressure specification. This is a
special case, since this container could sink into the depths of the sea.
If, however, the vessel sank deeper than 100 ft, the bolis on the manway
hatches would elongate and fail. This would allow the water to rush in
and the pressure to be equalized. After pressure equalization was at-
tained, springs would close the hatch to reseal the vessel.
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Table 7.2. Design Parameters of High-Pressure Containment Vessel
il A
Free Dimensions Design Design Negative- Conventional Load Factors
Reactor Shape Volume A(ft) = Pressure® Temperature Pressure Seismic
(£+3) (psig) (°m) Protection Wind Snow °(; éy Other
x 102
Big Rock Sohere, partially below grade 922 130 27 (-1.22) 235 Yes 30 1n/£u? 40 1b/ft? 0.05
CVTR Reinforced concrete cylinder, 243 58 db 2L 220 No 84 mph i
partially below grade, with 129 n®
steel dome-top
Dresden Sphere, partially below grade 2680 190 20.5 (-1.0} 325 Yes 1.0 mph 25 1b/f4%  0.033
Elk River Vertical cylinder with hemisphericel 287 74 d 21 (-0.33) 220 Yes 30 1b/ft? 30 1p/ft2
top and hemiellipsoidal hottom, 115 h
partially below grade
Enrico Fermi Vertical cylinder with hemispherical 280 72 d 32 {-2) 460 (at Yes 60 1b/Ft2 30 1b/fe? 0.1 10 1b/f:2
top and hemiellipsoidal bottom, 120 1 building
vartially below grade wall)
EBR-LI Vertical cylinder with hemispherical 450 24 ?
top and hemiellipsoidsl bottom,
partialliy below grade
EGCR Vertical cylinder with hemispherical 1360 114 & 2 200 Yes 40 1b/$£t% (top) 10 1b/ft? .05 {hor.) 1 1L/ft?
ends, partially below grade 216 h 30 /747 (cyl.) 0,025 (ver.) ({insula-
tion)
HRT Rectengular parallelpiped 24.7 54 X 30.5 3c (-7.5) 270 No o external loads considered
EWCTR Prestressed concrete cylinder below 320 70 d 24 (-0.75) 226 Yes 100 mph C.10 (nor.)
grade, steel cylinder with dome top 125 h C.025 (ver.)
above grade
Inéian Poimt Sphere, partially below grade 18C0 16C 25 (-1.25) 220 Yes Totally enclosed
Shielding here enclosed in concrete building 165 Yes ASA 58 ABA 58 0.C5
building
NS Savannah Horizontal cylinder with spherical 32.3 354 186 (-100 360 Yes (menway will Nc external lcads considered, but loads due to
heads 50 h t of sea- fail at 100 ft ship motion are considered
water) * of sea water)
Pathfinder  Vertical cylinder with hemispherical 145 50 & 78 (-3) 320 Yes 30 1b/rs2 35 1b/£6? uBcY 7Rc?
top and hemiellipsoidal bottom, 120.5 h
partially below grade
PRTR Vertical cylinder with hnemispherical 400 8c a 15 (-C.58) 205 Yes
top and hemwiellipsoidal bottom, 122.5 1
vartizlly below grade
PWR Three cylindrical containers with 473 Multiple 52.8 (-3.0) 28D Ko No external loads considered
hemispherical ends and one containers
spherical container
Saxton Vertical cylirder with hemispherical 141.5 50 4 30 Yes 80 mph 25 lb/f’c2
top and hemiellipsoidal bhottom, 109.5 h 20 lb/ft2 on sliope
partially below grade 0=50%
M1 Vertical cylinder with hemispherical 32.8 364d 66 273 Ko 20 1o/ft?
ends, partially below grade 64 h
VEWR Vertical cylinder with hemispherical 125 48 4 45 (-2} 292 ? 100 mph G.13%
enés, partially below grade 99 h
Yankee Sphere, above grade 86C 125 34.5 249 Ne 100 mph

o
“The pumbers in parentheses represent the design limit for
negative lnternsl pressure.

“Diameter.

cHeight.

dUniformBuilding Code.

®Two boiler chambers 50 £t in diameter, 97 ft in length; one
auxiliery chember, 50 ft in diameter, 147 ft in length; one sphere,
38 £t in diameter (see sec. 7.2, Fig. 7.25).
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7.2.1 Spherical Coantainers

The Dresden (Fig. 7.8, ref. 6), Indian Point (Fig. 7.9, ref. 7), and
Big Rock Point (Fig. 7.10, ref. &) containment vessels are typical steel
spheres that have as their foundations concrete pads which surround the
lower one-fourth of the sphere. The outer portions of the steel are in
contact with the supporting concrete, except for an intervening coat of
an anticorrosion substance, such as paint, Bitumestic, or epoxy. Con-
crete foundations for the reactor and other heavy equiprent are poured
inside the shell in direct contact with it.

In general, the container is supported by the bottom foundation and
by columns that support the vessel at the horizontal girth line. The
inside hardware 1s suppcrted on foundations that are, in turn, supported
by the foundation pad.

7.2.1.1 Yankee

The Yankee containment shell 1s quite different from the typical
steel sphere, both in the manner in which the shell is supported and in
the way that the equipment foundations are supported. The bottom of the
shell is 24 £t above grade. The vapor container is supported by steel
columns atbtached at the horizontal girth line. The concrete work (foun-
dations for eguipment, shielding, etc.) i1s completely independent of the
containment shell. The inner concrete work is supported by reinforced
concrete columns that penetrate the sphere through convoluted steel ex-
pansion joints. These expansion Jolnts are welded to the shell at one
end and are integral with the concrete support columns at the other (see
Fig. 7.11, ref. 9).

7.2.1.2 Indian Point

The Indian Point reactor containment structure is peculiar in that
the conventional steel sphere is itself contained within a 5 1/2-ft-thick
concrete cylinder (Fig. 7.9) with an arched top of concrete blocks 2 3/4
Tt thick. The purpose of this is to provide shielding in the event of a
maximim accident. Prestressing wires are wound near the top of the cylin-
drical portion of the shield to give additional strength for support of the
arched concrete (prestressed) beams that carry the load of the roof blocks.

The concrete building would be further utilized in the event of an
accident to reduce the amount of fission-product activity available to be
released to the atmosphere. The annular space is maintained at a slightly
negative pressure, and the air is routed through filters and up the stacks.
This containment scheme is further discussed in Section 7.8.

7.2.1.3 Dresden

The containment design basis was required for Dresden (Fig. 7.8)
pricr to the establishment of the maximum credible accident concept. In
order to proceed with contalinment structure procurement, a design pressure
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of 29.5 psig was selected to provide for coolant-loss energy sources.

The initial concept was Lthat the difference between the contalnment design
pressure and the test pressure of 37 psig would permit the consideration
of other potential energy sources, such as chemical reactions and nuclear
excursions. Iater, when the meca concept was developed and the design
guantities of system energy were known, it was detefmlned that coolant
loss under the most energetic "ot standby condition" would produce a
pressure of about 21 psig and that the mca pressure from full-power opera-
ting conditions would be 19 psig.

7.2.2 Cylindrical Containers

Most cylindrical containers are vertical with hemispherical tops and
either hemispherical, hemiellipscoidal, or flat bottoms. This is a large
group, and it is further broken down for this discussion by shape of head
and construction technigue. TIn general, the cylindrical vessels have a
smaller contained volume thar the spheres, again with the exception of
the EGCR container. The sizes range from a small, 37,000-ft>, free volume
in the SM-1 to 450,000 f£t? for the EBR-IT and the exceptionally large,
1,360,000-f+3, EGCR containment shell. The design pressures, physical
dimensions, and other design parameters are given in Table 7.2.

2.2.1 Hemispherical Top and Hemiellipsoidal Bottom

Seven vessels comprise a subgroup having hemispherical tops and
hemiellipsoidal bottoms (EBR-IT, Fig. 7.12; Enrico Fermi, Fig. 7.13;
FGCR, ¥Fig. 7.14; Elk River, Fig. 7.15; Pathfinder, Fig, 7.16; PRIR, Iig.
7.17; and Saxton, Fig. 7.18).11727 The top is hemispherical because it
is the most economical shape, both from the standpoint of amount of steel
used and the cost of construction. However, the use of this shape for
a bottom would result in much wasted space, since large amounts of con-
crete would be needed to form the foundations and floors for equipment.
The flat bottom would be best from the standpoint of space and ecguipment
arrangement but could present scrious stress problems. A compromise be-
tween the flat and the hemispherical bottom is the hemiellipsoidal head.
This shape relieves the stress problems and less concrete is needed for
the floor.

Figure 7.19 shows three containment structures that are the same
from the bottom floor up. This figure is intended to illustrate the fact
that the hemispherical bottom is the least economical from the standpoint
of usable space. + 1s apparent that much of the space shown as concrete
in the containers with spherical and elliptical ends is usable, but even
g0, the greatest awmount of usable space is provided by the flat-bottomed
vessel and the least is provided by the spherical-bottomed vessel.

These containers are usually ereccted with foundations supporting a
concrete pad on which the bottom head rests. Concrete 1s poured inside
the building to form the various operating flocrs, partitions, and foun-
dations. In general, the concrete, both ingide and ouftside, is poured
in contact with the vapor contalner, which is protected from corrosion
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Fig. 7.19. Comparison of Containers with Variocus Bottom Shapes.

by molsture-resistant paint. Io cases where the concrete and steel will
not be isothermal at all times, provision must be made to allow for the
differences in thermal expansion of the two materials. (This is discussed
more fully in Chapter &.)

The finished grade of the Elk River reactor is approximabely at the
bend line of the lower head (Fig. 7.15). This puts the main operating
floor and the reactor above grade. The reascn for this was economic; it
was determined that the excavation would have cost more than the addi-
tional concrete used for shielding. The EGCR container is also largely
above ground, with the reactor vessel completely above finished grade,
The reason for this was that the Melton Hi1ll lake water table would have
presented serious problems for deemer excavations. The other five mem-~
bers of this group have thelr finished grades approximately even with the
main floors; thls places the bulk of the heavy concrete work and the re-
actor below grade, allowing the earth to act as shielding from direct
radiation.

In a1l cases the hydraulic and bouyancy effects of ground water must
be considered. If this presents a problem, the foundations must be
drained, as for the Enrico Ferml Reactor, or the problem eliminated ia
some other manner.

7.2.2.2 Hemlspherical Top and Bottom

The VBWR (Fig. 7.20) and the SM-1 (Fig. 7.21) containers®®s1? dirfer
from the foregoing group only in the shape of the bottom. They have hemi-
spherical bottoms that are supported in the usual manner, and the interior
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arrangements are similar to those of the other containers, with grade
level coincident with the main floor.

Difficulty was experienced in one phase of the construction of the
SM-1 vapor container. It was part of the design to pour 2 ft of concrete
on the inside and 3 ft of concrete on the outside of the steel contain-
ment shell. This concrete was to provide missile protection, as well as
shielding. The inside of the inner concrete liner was to be covered with
g steel membrane to facilitate cleanup in case of an accident that might
spread contaminants inside the container. Frection of this 1/8~in.-thick
nmenbrane was difficult, and it is thought that this would not be included
in future plants.

7.2.2.3 Hemispherical Top and Flat Bottom

1. CVIR. The CVIR container (Fig. 7.22, ref. 20) is a concrete
cylinder with a hemispherical steel top and a flat concrete bottom. The
materials and method of construction make this system unique. The con-
tainer was bullt on a 5-ft 9-in.-thick reinforced concrete foundation
pad, and the container itself is a reinforced concrete cylinder with
2-ft-thick walls. The cylindrical portion is 83 £t high and is covered
by a l/2~in,~thick steel hemispherical dome that is covered by 20 1/2 in.
of concrete. The top of the foundation mat and the inside of the vertical
cylinder wall are lined with l/4—in,~thick steel plates to form a vapor-
tight membrane. The use of this thin membrane is similar in concept to
that of the SM-1, with the main difference being the plate thickness.
Although the 1/8“ina plate was quite difficult to handle during erection
of the SM-1, it proved to be useful when the container was contaminated
by a minor activity release. In order to obtain the convenience of the
metal liner and yet employ less expensive construction techniques, the
thicker l/4~in. plate was used. Continuous metal battens (welding strips)
were cast in the concrete shell. When the concrete work was finished,
the steel plates were welded to these batlens (seec Sec. 7.2.4.3, 