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ABSTRACT

This paper presents a summary of a study performed to determine the feasibility of
constructing a retrofit containment dome meeting the requirements of the ASME Boiler and
Pressure Vessel Code for nuclear containment vessels over the existing Savannah River
105-L reactor. Using existing large dome structures as a guide, design concepts were
developed and analyses performed to evaluate the structural feasibility of containment
dome structures. Construction schedules and costs were estimated to assess financial
feasibility as well. It was concluded that such a retrofit containment dome was structurally
feasible and within the capabilities of present day construction technology.

INTRODUCTION

The 105-L reactor is one of three, heavy water
moderated, production nuclear reactors which have been
operating at the Savannah River Plant. The primary purpose
of these reactors is to produce special nuclear materials for
use in the nation's defense program.

Because of the role of the 105-L reactor, its design and
basic operating conditions are much different and much less
impactive than the more numerous commercial nuclear
power plants in the United States. The basic operating
conditions of a commercial boiling water reactor (BWR) are
1000 psi and 500*F, and those of a pressurized water reactor
(PWR) are 2000 psi and 575'F. The 105-L reactor operates
at a maximum pressure of 150 psi and a maximum
temperature of 140'C (284*F). The effects, therefore, of a
loss of coolant accident (LOCA), which is the design basis
accident (DBA) condition for containment design and is
defined as an instantaneous break in a reactor coolant line,
are much less severe.

In 1987, an investigation was performed to determine the
feasibility of constructing a containment structure over (he
existing 105-L reactor to mitigate the small probability of a
release of any radioactive material should a LOCA occur.
The containment structure was envisioned as a free standing
dome approximately 700 feet in diameter and approximately
200 feet high. The 700 foot diameter permits the
containment to completely encircle the existing 105-L
reactor structure and permit normal operations and maintcn-

7
Figure 1 - Plot Plan of 105-L Containment Dome

ancc activities. A plot plan and section of the 105-L reactor
and the placement of the 700 fool diameter containment
structure is shown in Figures 1 and 2. An isometric view of
the 105-L facility enclosed in the dome is shown in Figure 3.

The scope of the feasibility study only included
evaluation of structural design and construction feasibility

Second DOE Natu ra l P h e n o m e n a Haza rds Mitigation Conference - 1989

99



A*
•

miS===*e3W* 1|
700' 0- DIAMETER J

Figure 2 - Sectional View of 105-L Containment Dome

for an ASME containment vessel dome structure. Other
items required for a fully functional containment system,
such as the basemat, ventilation, security, lighting, and
instrumentation, as well as operational considerations such
as surveillance and maintenance, were not included as part
of the feasibility study and are not discussed herein.

DESIGN CRITERIA

BASIS
The initial task in performing the study was to define the

criteria to be used for the feasibility analysis and design.
Maximum use was made of information and methods
utilized by commercial nuclear power plants.

Title 10, Code of Federal Regulations, Part 50
(10CFR5Q), Appendix A [1], Criterion 16 governs the
design of containments for commercial nuclear reactors. It
defines the term containment or containment structure as a
specific plant feature which consists of "an essentially leak-
tight barrier against the uncontrolled release of radioactivity
to the environment...".

The U.S. Nuclear Regulatory Commission (NRC) is
charged with administering these requirements and has
developed Regulatory Guides to describe and document
acceptable methods to implement the 64 criteria contained in
10CFR50, Appendix A. In addition, the NRC has published
a series of Standard Review Plans to document how
applications to construct and operate a commercial nuclear
power plant will be reviewed. These two series of
documents form the framework for commercial nuclear
power plant design, including containment design.

In addition, the American Society of Mechanical
Engineers (ASME) has developed detailed standards for the
analysis, design, and fabrication of nuclear power plant
components. This standard, the ASME Boiler and Pressure
Vessel Code (ASME Code), Section III, "Nuclear Power
Plant Components" [2], addresses both steel and concrete
containments, and has been incorporated into the Regulatory
Guides and Standard Review Plans by reference. It is the
basic document used to analyze, design and build contain-
ments, but because of its application to commercial nuclear
power plants many of its provisions have specific references
to features unique to commercial nuclear power plants.

Figure 3 - Isometric View of 105-L Facility Enclosed in Containment Dome
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DEFINITIONS
In general, the criieria for the analysis and design of a

containment can he subdivided into three categories as
follows:

1. The effects and requirements for operating the
reactor,

2. The effects of natural phenomena, and
3. The effects an accident would have on the

containment.

The first of these categories includes live loads, dead
loads, the configurational requirements such as doors and
hatches needed to operate and service the reactor, the effects
of normal reactor operation on the containment, and testing
requirements.

Natural phenomena will effee1. all structures including
the containment. Criteria development for containments
considers the occurrence of very low probability natural
phenomena including large earthquakes, tornados, flooding,
and tidal waves.

The main purpose of a containment is to protect the
public from the consequences of an accident. The structure
should contain the energy and radioactivity inside were it to
be suddenly released from the reactor as a result of an
accident. This is referred to as the design basis accident
(DBA) and is postulated by 10CFR50 Appendix A [1] as a
sudden lack of cooling water resulting from a "double-ended
rupture of the largest pipe of the reactor coolant system."
This is referred to as a loss-of-coolant accident (LOCA). In
a LOCA, energy is released as superheated steam. The
pressure retaining capacity of the containment required to
contain this steam will depend upon the volume of the
containment. Containing the steam in a small volume will
require a containment structure capable of withstanding high
pressures, whereas containing the same amount of steam in a
very large volume will require a structure capable of
withstanding low pressures.

The containments for commercial nuclear power plants
have evolved to a balance between volume and strength on
an economic basis. The present generation of commercial
boiling water reactors (BWRs) have a containment structure
with a volume of approximately 1.8 million cubic feet. In
addition, BWR containments include a pressure suppression
system to reduce the pressure and temperature effects which
the release of the superheated steam has on this containment.
The containment is designed for a pressures and
temperatures on the order of 50 psig and 185T as a result of
a LOCA.

In a commercial nuclear power plant, the configuration
of the containment and the design of the reactor system (the
Nuclear Steam Supply System or NSSS) proceed
concurrently, and the final design is the most economic
combination of NSSS and containment designs. By contrast,

any containment design alternative for the 105-L reactor
must be retrofitted to the existing facility. Since it is
desirable to minimize changes to the existing facility, the
containment dome concept was conceived. This structure
would completely enclose the 105-L reactor and the
immediately adjacent supporting facilities. The dome would
be approximately 700 feet in diameter and 200 feet high.
While the design of a structure of this size may present
structural and economic problems, it has a benefit in having
a volume of almost 49 million cubic feet. This reduces the
design pressure and temperature requirements for the
postulated accidental energy release from a LOCA to very
small levels. These levels are much less than the design
requirements for contemporary commercial nuclear power
plant containments.

DESIGN CODES
As previously stated, Section HI of the ASME Code

includes requirements for both steel and concrete
containments. The materials which were considered in the
feasibility study for the construction of a containment
included steel and reinforced concrete. The rules applied to
the design of the containment dome for each of these
materials are discussed below.

The ASME Code, Section III, Division I, Subsection NE
specifically addresses the design of steel containments. The
foundation and other concrete structures which are not a part
of the containment boundary are to be designed to the
requirements of ACI 349 [3], which is the American
Concrete Institute's design and construction code for nuclear
safety related concrete structures. This code was selected as
being an appropriate compromise between the importance
and safety significance of these structures and the non-
pressure retaining nature of their function. The foundation
and other appurtenance structures, below the level of the
containment dome, will be similar for each construction
concept. The applicable codes and standards used for their
design will be identical for each concept studied.

The ASME Code, Section III, Division 2, Subsection CC
specifically addresses the design of reinforced concrete
containments.

DESIGN LOADS
As indicated previously, the loads for the analysis and

design of the containment come from three general
conditions and include loads with a very small probability of
occurrence. All loads that have been addressed in the
Regulatory Guides and Standard Review Plans for the
analysis and design of containments are discussed below.
Some of these loads are not applicable to the analysis and
design of this containment but are included below for
completeness.

Dead loads are the weight of the structure and any fixed
equipment. A tabulation of the weights of various building
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materials is contained in Appendix A of American National
Standard, ANSI A58,1-1982, "Minimum Design Loads for
Building and Other Structures" [4], There is no fixed
equipment that is presently anticipated to be attached to the
containment dome structure.

Live loads consist of nonpermanent loads associated
with the use or occupancy of the structure. Because of the
unique size, configuration, and use of the containment dome
structure, conventional live loads arc not applicable, A 500
1b. roof (dome) live load is assumed for any maintenance or
inspection requirements. For the purpose of load
combinations, snow loads are considered live loads. Snow
loads are in accordance with ANSI A58.1-1982 [4].

Containments as leak tight structures are normally
maintained at a negative pressure with respect to the
atmosphere in order to reduce or eliminate the possible
release of radioactive material to the environment. This
negative internal pressure is assumed as 0.25 psig. In
addition, the containment will be tested to ensure its leak
lightness at a positive intcnal pressure of 1.25 psig.

Design temperatures were obtained from ASHRAE
Handbook [5] and arc the 99th pcrccntile values for the
Savannah River Plant area.

Seismic criteria was obtained from Site Specification
No. 7096, "Structural Specification for Building Code
Requirements", Revision 3 [6], In order to adapt the
information contained in Site Specification No, 7096 to the
format of the ASME Code, some changes in terminology
were required. The ASME Code and supporting material
refer to two seismic criteria. As defined in 10CFR100
Appendix A [7], an operating basis earthquake (OBE) is that
seismic event that "could reasonably be expected to affect
the plant site during the operating life of the plant", and for
"which those features of the nuclear power plant necessary
for the continued operation without undue risk to the health
and safety of the public are designed to remain functional".
A safe shutdown earthquake (SSE) is the largest possible
acceleration that could occur at the site due to any postulated
fault activity, and for "which structures, systems and
components important to safety are designed to remain
functional".

For the purpose of this study the SSE was assumed to be
the Design Basis Earthquake (DBE) specified by the Site
Specification and the OBE was assumed to be one half that
value. This is consistent with 10CFR100 Appendix A and
the previous revision to the site specification.

Wind loads are determined by the analytical method
indicated in ANSI A58.1-1982 [4] for a maximum wind
speed of 83 mph. For the purposes of this study, separate
tornado parameters were calculated using 210 mph as the
maximum horizontal wind speed. Specific tornado data was
developed from "Natural Phenomena Hazards Modeling
Project: Extreme Wind/Tornado Hazard Models for

Department of Energy Sites" [8] which is referenced in Site
Specification No. 70%.

Tornado missile criteria was taken from Site
Specification No. 7096 without modification.

The effects of a design basis accident (DBA) or loss of
coolant accident (LOCA) were defined as an increase in
temperature of 3*F and an increase in pressure of 1.0 psig.
In commercial nuclear power plants the containment
structure is in close proximity to reactor coolant system
piping. Since this is not the case for the Savannah River
containment design, it was assumed there would be no other
accident related loads. These loads which are not
considered include jet impingement, pipe whip impact, and
missile impact.

It was assumed that there would be no post accident
flooding of the containment due to the size and volume of
the containment in comparison to the 105-L reactor.

For the design of rigid, subsurface structures it was
assumed that an equivalent fluid pressure of 30 lbs/cubic
foot would account for any lateral soil pressures. The
available site soil boring logs did not indicate any ground
water near the foundation, therefore it was assumed there
would be no hydrostatic pressure or buoyancy.

There are no piping or equipment loads because none of
the reactor operating piping or equipment is attached to the
containment structure. It is all contained within the 10S-L
reactor building. The weight of non-reactor operational
piping and equipment, if applicable, would be considered as
a dead load.

For feasibility study purposes, it was assumed that
specific hurricane loads were not applicable and that any
hurricane severe wind phenomena would be less than that
assumed for tornado loads.

As the Savannah River Plant is at least 75 miles from the
Atlantic Ocean it was assumed that no tsunami (tidal wave)
was applicable.

Aircraft impact loads are considered in commercial
nuclear power plant design if the distance from a plant site
to the end of a runway is less than 10 miles. This condition
does not exist at the 105-L reactor, so no aircraft impact load
were considered to be applicable.

Because the proposed containment dome will not be
enclosed by another structure there arc no additional
external pressure or temperature loads not considered in
previous load definitions.

LOAD COMBINATIONS AND ACCEPTANCE
CRITERIA

Load combinations were developed from Standard
Review Plan, Section 3.8. i "Concrete Containment" [9], and
Section 3.8.2, "Steel Containment" |1()|. They arc divided
into various "service limits" depending upon the probability
of occurrence of ihc load or load combinations. These
service limits are defined in the ASME Code. The Code
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also defines the allowable stress limits for each service limit.
The combination of the probability of occurrence of a load
or load combination and allowable stress is intended to
define a constant level of risk. This has been identified as
10-7 for nuclear power plants as compared to 10-3 for
conventional structures.

FEASIBILITY EVALUATION

EXISTING LARGE DOME STRUCTURES
Several large domes have been constructed recently in

the United States which are similar in size to the proposed
containment dome for the 105-L reactor. These domes were
constructed as weather protection for large sports
complexes. They include the Kingdome in Seattle,
Washington; the Astrodome in Houston, Texas; and the
Supcrdome in New Orleans, Louisiana.

Structural Feasibility of Large Dome Structures
Each of the three large dome structures listed above is

comparable in size to the containment dome being
considered for the Savannah River 105-L reactor. The fact
thai these dome structures have been completed and are
successfully fulfilling their design functions indicates that it
is indeed structurally feasible to construct a containment
dome of the size under consideration.

Of the three dome structures mentioned above, the
Kingdomc is most similar in size to the containment dome
being considered for Savannah River, and is discussed in
more detail below.

The Kingdome is a reinforced concrete dome structure
which is 670 feet in diameter and 250 feet high. The vertical
sidewalls aie 140 feet high and contain ramps for spectator
access. The dome roof is 110 feet high and consists of 40
upstanding concrete ribs approximately two feet wide by six
feet high with a 5 inch thick concrete slab in a hyperbolic
paraboloid shape between each rib. The curvature of the 5
inch slab between ribs provides stability against buckling
and allows the use of the economical thin slab.

Mr. Jack V. Christiansen of Seattle, the designer of the
Kingdome, was contacted as part of this feasibility study.
After discussions with him regarding the requirements for
the 105-L reactor dome, it is fell lhat structurally and
configurationally ihe domes were similar and thai ihe same
concepts used for the design and construction of the
Kingdome could be adapted for the successful construction
of a containment dome over ihe 105-L reactor.

Cost of Large Dome Structures
Another factor in the feasibility of constructing a large

dome structure is the cost of ihe structure. Prohibitively
high costs would make the construction of such a structure
unattractive.

Costs of the three major large dome structures
constructed in the United States are listed below. These
costs have been escalated to 1987 dollars and arc adjusted
for cost in the Savannah River area.

Structure

Astrodome
Superdome
Kingdome

Year 1987 Cost at
Location Completed Savannah River

Houston, TX 1966
New Orleans, LA 1975
Seattle, W A 1976

$ 110 million
$ 320 million
$ 94 million

The completed costs of these structures include the costs
for seating, mechanical systems, and other facilities
associated with a sports arena. The costs of the dome
structure and foundation run about 35-50% of the total cost.
However, these construction costs are for normal
commercial construction and do not account for the
additional costs associated with nuclear facilities. A factor
of 3 on commercial construction costs in estimating the cost
for a nuclear facility is not unreasonable. Therefore, for
purposes of comparison, the costs listed above are
considered fairly representative of what a nuclear
containment dome structure may cost.

DESIGN CONCEPTS

Design Approach
This section discusses the analysis methods and design

approach used in the development of a conceptual design for
the 700 foot diameter containment dome. The analytical
methods and design approach used are similar for the steel
and concrete containment dome concepts.

The geometry of a dome structure is such that it exhibits
a characteristic known as axisymmetry. The analysis of
such structures can be greatly simplified as a result. Several
structural analysis programs are available for axisymmetric
analysis. For purposes of this feasibility study, the
axisymmetric finile difference program BOSOR4 [11] was
used to perform major portions of the analysis. Other
analytical work was performed using conventional hand
analysis techniques.

Each of the applicable loadings and load combinations
was investigated for the containment dome analysis. Those
loads which were determined to be most important to ihe
design of the containment dome were identified. The effects
of these loadings were evaluated in greater detail.

Due to the large span of the containment dome structure,
the governing criteria for structural adequacy is the stability
of the dome. Stability refers to the ability of the structure to
carry loads without sudden extreme deformations or
collapse. The phenomenon of a structure transitioning from
a stable condition to an unstable condition is referred to as
buckling. In general, Ihc type of loading which is important
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when assessing structural stability is a comprcssivc load,
such as external pressure on a sphere. As a result, the loads
which proved to be most important for the design of the
dome were those which caused comprcssive stresses. Those
loads included dead load, live loads (including snow loads),
negative internal pressure loads, seismic loads, and wind
loads.

The computer program BOSOR4 was used to perform
both axisymmctric bifurcation and snap-through buckling
analyses. Snap-through buckling refers to the axisymmetric
collapse of a dome structure, while bifurcation buckling
refers to a condition in which the shell goes from a smooth
surface to a wave shape. The buckling analyses were done
by applying a uniform external pressure load to the
analytical model and then incrementing the load until the
structure buckled. A number of buckled waveforms were
investigated to determine the minimum buckling load and
the stress at which the buckling occurred.

The analytical model predicts a buckling load and stress
for a mathematically perfect model, i.e. a model with no
material or geometric imperfections. In addition, no factor
of safety is assumed in the BOSOR4 analysis. To develop
an allowable comprcssive shell stress which accounts for the
effects of material and geometric imperfections and provides
a factor of safety, knock-down factors were developed
which are applied to the analytical results. The knock-down
factor for the steel dome was developed by evaluating the
allowable external pressure for a sphere the diameter of the
containment dome in accordance with the ASME Code,
Section III, Division 1, Subsection NE. The theoretical
critical buckling pressure for the same sphere was also
calculated using classical solution techniques. The ratio
between the classical buckling pressure and the ASME Code
allowable external pressure was used as the knock-down
factor.

For the concrete containment, the knock-down factor
was developed using the criteria in ACI publication SP-67,
"Concrete Shell Buckling" [12].

The dome design must meet the requirements for
allowable stress as determined from the applicable codes
identified above. As discussed previously, the governing
factor for the design of the dome is stability. The design
approach developed a containment dome concept for which
the maximum compressive stress, caused by the loadings
defined in the design criteria document, was less than the
allowable compressive stress.

An unstiffened "clean shell" dome was used as the basic
design model for developing the conceptual design details.
Both spherical and torispherical dome geometries were
evaluated. The buckling capacity of the unstiffened dome
was less than required for the compressivc design loads, but
provided a measure of how much stiffening was required to
provide adequate compressivc load carrying capability.
Based on this initial clean shell evaluation, the torispherical

dome geometry was used as the basic design concept for the
steel dome, and spherical dome geometry was used for the
concrete dome.

The next step in the design development considered a
shell with meridional stiffening only. The meridional
stiffencrs increased the buckling capacity, however their
effectiveness was limited and further increases in the size of
the stiffeners within practical size limits had little effect on
the buckling capacity. Circumferential stiffening was then
added to the dome structure. The circumferential stiffening
provided a substantial increase in the buckling capacity of
the structure.

Various combinations of meridional and circumferential
stiffeners were evaluated to develop a balanced design
which provided the required compressive stress capacity
while minimizing the number of stiffeners required.

In accordance with the objectives of this study, designs
were developed only far enough to demonstrate structural
feasibility. Additional efforts to provide an optimized
design were not performed. As such, the design concepts
documented in the following sections do not necessarily
represent an optimum design, but are designs which meet
the functional and operating requirements for the
containment dome for the Savannah River 105-L reactor as
defined above.

Reinforced Concrete Design
The reinforced concrete containment dome design

developed in this feasibility study for the Savannah River
105-L reactor consists of a 700 foot diameter reinforced
concrete shell, meridional stiffeners (ribs), and
circumferential stiffeners (rings). A thin steel plate lines the
inside of the concrete shell for pressure retention as required
by the ASME Boiler and Pressure Vessel Code, Section III
[2], Division 2, Subsection CC.

The shell and liner are spherical in shape. The depth of
the concrete shell varies from 2 feet at the tension ring to 1
foot at the top of the dome, while the steel liner is a constant
1/4 inch thick. Thirty-six ribs nominally spaced 10* apart
stiffen the shell from the tension ring at the base of the dome
to the 20 foot diameter compression ring at the top. These
rectangular ribs vary from 6 feet deep to 3 feet deep from
bottom to top. The rectangular rings are nominally spaced
50 feet apart and have the same depth as the ribs at each
meridional location. The rings are non-continuous with
segments spanning from rib to rib around the circumference.
This design assumes 4,000 psi concrete and 60,000 psi steel
for the reinforced concrete sections and type 304L stainless
steel for the liner. Details of the reinforced concrete
containment dome arc shown in Figure 4.

As can be seen from Figure 4, the spherical shell and ribs
frame into a 8 foot deep tension ring for lateral stability.
The tension ring is supported on a 2 foot thick concrete ring
wall augmented by 6 foot deep pilasters at each stiffener
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Figure 4 - Concrete Containment Dome Detail

location. The wall and foundation design is also shown in
Figure 4.

The conceptual design described in the previous section
and analyzed as part of this study is a simple, conservative
concept chosen primarily to demonstrate feasibility.
Evaluating the design of the Seattle Kingdome [13][14], it
was detennined that the concrete dome conceptualized in
this study has many similarities with the Kingdome. For
example, stability proved to be a significant factor in both
designs. The circumferential rings provide stability against
buckling for the dome analyzed in this study, while the
hyperbolic paraboloid shape between each rib on the
Kingdome provides similar stability for that structure. This
further confirms the feasibility of a reinforced concrete
dome, and suggests potential for development of a more
economical design concept during future design phases.

Structural Steel Design
The structural steel containment dome design developed

in this feasibility study for the Savannah River 105-L reactor
consists of a 700 foot diameter steel shell reinforced with
meridional stiffeners (stringers) and circumferential
stiffeners (rings). The shell is torisphcrical in shape, and is
fabricated from 1-1/4 inch thick shell plate. T-shaped rings

constructed from 1-1/4 inch plate with a total depth of 3'-6"
are nominally spaced every 10 feel. The stringers, which arc
also 1-1/4 inch thick T-scctions, are 3'-0" deep and are
nominally spaced 8 feet apart. The steel material assumed in
this design is ASME SAS16, Grade 70 carbon steel with a
minimum yield strength of 38,000 psi and an ultimate tensile
strength of 70,000 psi. Details of the steel containment
dome are shown in Figure 5.

As can be seen from Figure 5, a torispherical dome is
vertical where it meets with the concrete ring wall. The
advantage of this configuration is that nearly all the load
being transferred from the dome to the wall is vertical,
resulting in minimal overturning and thrust loads on the wall
and simplifying the wall and foundation design.

The ring wall has been conceptualized as a 35 foot high,
2 foot thick wall with reinforcing pilasters. The wall and
foundation design concept for the steel dome is the same as
that shown for the concrete dome shown in Figure 4.
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Figure 5 - Steel Containment Dome Detail

CONSTRUCTION SCHEDULES AND COSTS
The construction schedule estimates were developed

based on standard construction equipment and techniques.
The actual construction schedule will vary based on final
design configuration, available construction equipment and
techniques, owner scheduling requirements, etc.

The construction cost estimates were made using
generally accepted estimating techniques. The actual cost to
construct the final design containment dome may vary.
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depending upon the final design configuration, scope of
work and owner needs, etc.

Reinforced Concrete
The general sequence of events for the construction of a

concrete containment dome for the Savannah River 105-L
reactor is described below. A perspective view of a concrete
containment dome under construction is shown in Figure 6.

The first steps in construction will be to establish general
on-site working areas including a precasting yard and batch
plant facilities. Construction will proceed with the
excavation of foundations, pile driving, and pouring of the
foundation. This construction includes the concrete ring
wall with a tension ring at the top with appropriate
connections for the containment dome and stiffeners, as.well
as airlocks and hatches. During this time work can begin on
precasting of the dome tee sections which consist of a rib
(meridional stiffener) and a portion of the slab, and the dome
roof planks to be- installed between the tee sections. The
dome liner plate is cast integrally into both the tee sections
and roof planks.

Once the ring wall is complete and the compression ring
is supported in position by an appropriate support structure,
placement of the precast concrete tee sections can proceed.
Once four tee sections have been placed, the central
supporting tower should be lowered to avoid transferring
large loads to the temporary support structure. The
remaining tee sections are erected to maintain a symmetrical
pattern of load on the compression and tension rings.

Once sufficient tec sections have been erected, placing
the precast circumferential beams and roof planks can begin.
The liner plate scams between adjacent panels are welded,
and the remaining slab rcbar placed. Concrete is then
pumped from the base to complete the roof and stiffening
rings. This operation must be performed in a symmetrical
pattern to assure a uniform load increase on the structure and
prevent failure due to nonsymmetrical load conditions.

On completion of concreting the temporary supports and
erection cranes are removed, and the surface of the dome
covered with an appropriate single ply roofing material for
weather protection. The liner plate is painted to provide
protection against corrosion.

The dome should then be tested for pressure and leak
tightness.

The schedule for construction of the concrete
containment dome is estimated to be 4.5 years, including
final design and preparation of construction specifications.
It is assumed in the schedule that no NRC approval cycle is
required.

The estimated cost for the concrete containment dome
concept includes the material costs of the ring wall and
foundation, the concrete dome structure, and the airlocks
and hatches. Estimated costs for establishing on site
facilities, erection equipment, painting, final engineering
design and an allowance for site manager costs have also
been included. The estimated cost for a concrete dome is
$270 million.

Figure 6 - Construction Perspective of Concrete Dome
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Figure 7 - Construction Perspective of Steel Dome

Structural Steel
The general sequence of events for the construction of a

structural steel containment dome for the Savannah River
105-L reactor is described below. A perspective view of a
partially completed steel containment dome is shown in
Figure 7.

The first steps in construction will be to establish a
subassembly fabrication facility on-site, and to proceed with
fabrication of subassemblies for later lifts. Also, a concrete
batch plant facility or arrangements for procurement of
ASME qualified concrete from an off-site supplier must be
completed for construction of the concrete foundation and
ring wall as discussed previously.

Once the ring wall including airlocks and hatches is
completed, the knuckle (toroidal) section of the dome can be
erected. While this work is in progress, the circumferential
dome subassemblies will be assembled and welded. A set of
temporary moveable interior supports are required to support
the circumferential subassemblies as they are erected and
welded. Each complete circumferential ring must be
completed prior to starting on the next ring. Subsequent
dome subassemblies will be lifted over the knuckle with a
crane and moved up the dome on a carriage. Continue to
construct dome rings until the dome is complete.

The surface of the dome can then be covered with an
appropriate single ply roofing material or painted for
weather protection.

The dome should then be tested for pressure and leak
tightness.

The schedule for construction of the steel containment
dome is estimated to be 4.7S years, including final design

and preparation of construction specifications. It is assumed
in the schedule that no NRC approval cycle is required.

The estimated cost for the structural steel containment
dome concept includes the material costs of the ring wall
and foundation, the steel dome structure, and the airlocks
and hatches. Estimated costs have also been included for
items such as establishing on-site facilities, temporary
fixtures and erection equipment, painting, fabricator design
costs, freight, final design, and an allowance for site
manager costs. The final estimated cost is $320 million.

CONCLUSIONS

The conclusion of this study is that a containment dome
meeting NRC regulations and requirements, can feasibly be
constructed over the 105-L reactor at the Savannah River
Plant. The results of the study indicate that either reinforced
concrete or structural steel could be used for the construction
of the dome, with reinforced concrete offering the greater
economy. These conclusions are supported by preliminary
structural calculations and experience with existing
comparable large dome structures. A perspective view of
the completed concrete containment dome concept is shown
in Figure 8.

It is further concluded that the dome could be erected
with minimal impact on continuing operations of the 105-L
reactor. The construction methods envisioned by this study
postulated no significant effect or modifications required on
existing 105-L reactor facilities.
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Figure 8 - Perspective of Completed Containment Dome
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