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4 SURVEILLANCE STANDARDS

Specified intervals may be adjusted plus or minus 25% to accommodate normal
test schedules.

4.1 OPERATIONAL SAFETY REVIEW

Applicability

Applies to items directly related to safety limits and limiting conditions
for operation.

Objective

To specify the minimum frequency and type of surveillance to be applied to
unit equipment and conditions.

'Specificaﬁion

4,1.1 The minimum frequency and type of surveillance required for reactor
protective system and engineered safety feature protective system
instrumentation when the reactor is critical shall be as stated in
Table 4.1-1.

4.,1.2 Equipment and sampling test shall be performed as detailed in Tables
4-1-2 and 4- 1-30

4.1.3 Using the incore instrumentation detector system, a power map shall
be made to verify expected power distribution at periodic intervals
not to exceed ten (10) effective full power days.

Bases
Check

Failures such as blown instrument fuses, defective indicators, faulted
amplifiers which result in "upscale" or "downscale" indication can be easily
recognized by simple observation of the functioning of an instrument or
system. Furthermore, such failures are, in many cases, revealed by alarm

or annunciator action. Comparison of output and/or state of independent
channels measuring the same variable supplements this type of built-in
surveillance. Based on experience in operation of both conventional and
nuclear systems, when the unit is in operation, the minimum checking fre-
quency stated is deemed adequate for reactor system instrumentation.

Calibration

Calibration shall be performed to assure the presentation and acquisition of
accurate information. The nuclear flux (power range) channels amplifiers shall
be calibrated (during steady state operating conditions) when indicated neutron
power and core thermal power differ by more than 2 percent. During non-steady
state operation, the nuclear flux channels amplifiers shall be calibrated

daily to compensate for instrumentation drift and changing rod patterns

and core physics parameters.

4.1-1 Rev. 30. 9/4/73



Channels subject only to "drift" errors induced within the instrumentation
itself can tolerate longer intervals between calibrations. Process system
instrumentation errors induced by drift can be expected to remain within
acceptable tolerances if recalibration is performed at the intervals of each
refueling period.

Substantial calibration shifts within a channel (essentially a channel
failure) will be revealed during routine checking and testing procedures.

Thus, minimum calibration frequencies set forth are considered acceptable.

Testing

On-line testing of reactor protective channels is required once every four
weeks on a rotational or perfectly staggered basis. The rotation scheme is
designed to reduce the probability of an undetected failure existing within
the system and to minimize the likelihood of the same systematic test errors
being introduced into each redundant channel.

The rotation schedule for the reactor protective channels is as follows:

Channels A, B, C & D Before startup if the reactor has been
shutdown for greater than seven days

Channel A One Week After Startup

Channel B Two Weeks After Startup

Channel C Three Weeks After Startup

Channel D Four Weeks After Startup

The reactor protective system instrumentation test cycle is continued with one
channel'’s instrumentation tested each week. Upon detection of a failure that
prevents trip action, all instrumentation associated with the protective
channels will be tested after which the rotational test cycle is started again.
If actuation of a safety channel occurs, assurance will be required that
actuation was within the limiting safety system setting.

The protective channels coincidence logic and control rod drive trip breakers
are trip tested every four weeks. The trip test checks all logic combinations
and is to be performed on a rotational basis. Discovery of an unsafe failure
requires the testing of all channel logic and breakers, after which the trip
test cycle is started again.

The equipment testing and system sampling frequencies specified in Table 4.1-2
and Table 4.1-3 are considered adequate to maintain the equipment and systems

in a safe operational status.

Power Distribution Mapping

The incore instrumentation detector system will provide a means of assuring that
axial and radial power peaks and the peak locations are being controlled by the
provisions of the Technical Specifications within the limits employed in the
safety analysis.

REFERENCE

FSAR, Section 7.1.2.3.4
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designed to maintain their functional integrity during earthquake., Design i
in accordance with the seismic design bases shown below. The loading combi-
nations and corresponding design stress criteria for internals and pressure
boundaries of vessels and piping are given in the section. A discussion of
each of the cases of loading combinations follows:

4,1,2.5.1 Seismic Loads

Case I - Design Loads Plus Design Earthquake Loads - For this combination, t

s

he

reactor must be capable of continued operation; therefore, all components ex- (1)

cluding piping are designed to Section III of the ASME Code for Reactor Vess

els.

The primary piping is designed according to the requirements of USAS B31l.1 and

B31.7. The Sy values for all components, excluding bolting; are those speci
in Table N-421 of the ASME code. The S, value for bolts are those specified
Table N-422 of the ASME Code.

Case II - Design Loads Plus Maximum Hypothetical Earthquake Loads - In estab
lishing stress levels for this case, a '"no-loss-of-function' criterion appli

fied
in

es,

and higher stress values than in Case I can be allowed. The multiplying factor

of (1.2) has been selected in order to increase the code-based stress limits

and still insure that for the primary structural materials, i.e., 304 SST, 316

SST, SA302B, SA2102B, and SA106C, an acceptable margin of safety will always

exist., A more detailed discussion of the adequacy of these margins of safety

is given in B&W Topical Report BAW-10008, Part 1, "Reactor Internals Stress

&

Deflection Due to LOCA and Maximum Hypothetical Earthquake'". The S, value for

all components are those specified in Table N-421 of the ASME Code.

4,1.2.5.2 Loss-of-Coolant Loads

A loss-of-coolant accident coincident with a seismic disturbance has been ana-
lyzed to assure that no loss of function occurs. In this case, priamry atten-
tion is focused on the ability to initiate and maintain reactor shutdown and

emergency core cooling., Two additional cases are considered as follows:

Case IIT - Design Loads Plus Pipe Rupture Loads - For this combination of loads,
the stress limits for Case II are imposed for those components, systems, and

equipment necessary for reactor shutdown and emergency core cooling.

Case IV - Design Loads Plus Maximum Hypothetical Earthquake Loads Plus Pipe

Rupture Loads - Two thirds of the ultimate strength has been selected as the

stress limit for the simultaneous occurrence of maximum hypothetical earth-

quake and reactor coolant pipe rupture. As in Case III, the primary concern

is to maintain the ability to shut the reactor down and to cool the reactor

core. This limit assures that a materials strength margin fo safety of 50 per

cent will always exist.

The design allowable stress of Case IV loads is given in B&W Topical Report

BAW-10008 for 304 stainless steel. This curve is used for all reactor vessel
internals including bolts. It is based on adjusting the ultimate strength curves
published by U.S. Steel to minimum ultimate strength values by using the ratio

of ultimate strength given by Table N-421 of Section III of the ASME code at

room temperature to the room temperature strength given by U.S. Steel.

In Cases II, III, and IV, secondary stresses were neglected, since they are
Rev. 1. 9/5/69
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self-limiting. Design stress limits in most cases are in the plastic region,
and local yielding would occur. Thus, the conditions that caused the stresses
are assumed to have been satisfied. See B&W Topical Report BAW-10008, Part 1,
for a more extensive discussion of the margin of safetv, the effects of using
elastic equations, and the use of limit design curves for reactor internals.

4~3a Rev. 5. 5/25/70
(Carry Over)
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Stress Limits for-
Seismic, Pipe Rupture and Combined Loads

Case Loading Combination Stress Limits

I Design loads + design earthquake loads Pm-i 1.0 Sm
PL + Pb < 1.5 Sm
I1 Design loads + maximum hypothetical earth- P <1.28§
quake loads m m
=1.8S
Pp + P < 1.2 (1.58 ) =185,
III Design Loads + pipe rupture loads Pm < 1.2 Sm
Yo . :l\_ S
Pl + Py < 1.2 (L58) € Sa
v Design loads + maximum hypothetical earth- P_<2/3s
. m — u
quake loads + pipe rupture loads
A e d 7 Pty = 2/3 5,

!

*where PL = Primary local membrane stress intensity
Pm = Primary general membrane stress intensity
Pb = Primary bending stress intensity
Sm = Allowable membrane stress intensity
Su = Ultimaté stress for unirradiated material at
operating temperature
*

(1) All symbols have the same definition or connotation as those in ASME
B&PV Code Section III, Nuclear Vessels.

(2) All components will be designed to insure against structural instabil-
ities regardless of stress levels.

4-4



4.1.2.6 Service Lifetime

The design service lifetime for the major reactor coolant system components is
40 years. The number of cyclic system temperature and pressure changes (Table
4-8), is based on operation for this design lifetime.

4.1.2.7 Water Chemistry

The water chemistry is selected to provide the necessary boron content for re-
activity control and to minimize corrosion of the reactor coolant system sur-
faces. The design water quality is listed in Table 4-10. The reactor coolant
chemistry is discussed in further detail in Section 9.2.

4.1.2.8 Vessel Radiation Exposure

The reactor vessel is the only reactor coolant system component exposed to a
significant level of neutron irradiation and is therefore the only component
subject to material radiation damage. The maximum exposure from fast neutrons
(E > 1.0 MeV) has been computed to be less than 3.0 x 1019_neut/cm2 over a 40-
year life with an 80 per cent load factor. Reactor vessel irradiation calcu-
lations are described in 4.3.3.

4.1.3 CODES AND CLASSIFICATIONS

The codes listed in this section include the code addenda and case interpreta-
tions issued through Summer 1967 (June 30, 1967) unless noted otherwise.
Quality control and quality assurance programs relating to the fabrication and
erection of system components are summarized in 4.3.11.

4.1.3.1 Vessels

The design, fabrication, inspection and testing of the reactor vessel and clo-
sure head, steam generator (both reactor coolant side and secondary side) and
pressurizer is in accordance with the ASME Boiler and Pressure Vessel Code,
Section III, for Class A vessels.

4,1.3.2 Piping

The design, fabrication, inspection and testing of the reactor coolant piping
including the pressurizer surge line and spray line is in accordance with USAS
B31.7, Code for Pressure Piping, Nuclear Power Piping, dated February, 1968,
and as corrected for Errata under date of June, 1968. The feedwater header
and the auxiliary feedwater header for the steam generator meet the require-
ments of the Code for Pressure Piping, Power Piping USAS B31.1.0 - 1967.

4.1.3.3 Reactor Coolant Pumps (Reference Supplement 6 Revisions for Oconee

The reactor coolant pump casings are designed, fabricated, inspected and tested
to meet the intent of the ASME Boiler and Pressure Vessel Code, Section III,
for Class A vessels, but are not code stamped.

4-5 Rev. 16. 7/30/71
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shape to a simple pressure vessel. Internal to the casing is a separate
diffuser section which provides the correct flow passages to develop the
hydraulic characteristics of the pump. This design will permit the initia-
tion of the analysis by separating the vessel into shell elements of simple
geometry (such as rings, cylinders, etc.) of which the structural behavior

is known, The pressure, mechanical and thermal loads acting on the structure
are applied to the shell elements with a system of forces required to main-
tain the static equilibrium of each element.

The pump is designed such that the pressure boundary casing is similar in .

The following computer programs have been utilized by Mechanics Research
Institute in performing the code calculations on this casing for the pump
vendor:

a. SEAL SHELL 2

SEAL SHELL 2 is a digital computer program prepared by Westinghouse
Electric Corporation for the U.S. Atomic Energy Commission., The
program determines the stresses, loads, and deformations for a
shell of revolution with applied axisymmetric end loads (axial,
radial, and moment), pressure (internal or external), and thermal
gradients,

b. MAX STRESS

MAX STRESS is a digital computer program prepared by Mechanics
Research Institute to maximize the stresses in the nozzle due to
pressure, external bending and axial loads. The first phase of
the program calculates the torsional moment, bending moment,
bending moment angle, axial load, normal shear load, and normal
shear angle for each possible combination of loads.

Phase 2 of the program calculates the maximum principal stress and
twice the maximum shear stress at the inside fiber, midwall fiber,
and outside fiber for each of the possible combinations of loadings.
The maximums are then printed along with the maximum axial stress,
maximum hoop stress (VQ/It), and maximum midwall axial stress.

The program also has the option of maximizing the stress at any
section around the circumference of the nozzle. The stress was
generally maximized within + 10° of the section analyzed.

c. THAN

THAN or THERMAL ANALYZER solves three-dimensional transient heat
flow problems, producing the temperature history of a physical
system of any arbitrary geometry. This is accomplished through the
concept of lumped parameters, and the problem is expressed as an
electrical analog of the heat transfer problem. The program
utilizes finite difference techniques for problem solution, Steady-
state problems are also solved by the program and depend only on

Rev. 5. 5/25/70
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the boundary conditions and lumped parameter characteristics. From
these data supplied by the THAN program, temperature time histories
(in the case of the bowl) are determined.

An analysis in accordance with paragraph N-415.1 of the ASME Code was per-
formed to determine if the pump casing required a fatigue analysis for the
number of design cycles specified. This analysis showed that the pump casing
bowl met all the requirements of paragraph N-415.,1, Thus a fatigue analysis
was not required. However, a fatigue analysis was performed on the pump
casing cover in which the worst possible stress combination was considered

at the two most critical points in the cover. It was found from this analysis,
with this very conservative approach, that the maximum cumulative usage

factor is only 0.125 for the design cycles specified for this plant.

A summary of the code allowables is listed in Table 4-20 and shown pictorally
on Figures 4-7a and 4-7b, The reinforcement area is as defined in paragraph
N-454 of the ASME Code Section III. The stress analysis performed on the

bowl and the attached nozzles showed that the stresses are within the
allowable limits. Note that a factor of two was applied to the nozzle loading
due to seismic reactions and when these were combined with the dead weight

and thermal expansion reactions, the stress levels fell within a realistic
allowable of the stress intensities shown in Table 4-20, A summary of maxi-
mum calculated stresses is given in Table 4-21,

The casing cover analysis indicates that the thermal stresses and pressure
stresses on the cover are within the Section III code allowables.

There are no deviations from the applicable ASME Code requirements in the
design and fabrication of the pump casings other than code stamping.

Rev. 5. 5/25/70
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4.1.3.4 Relief Valves

The pressurizer code safety valves and the electromatic relief valve comply .
with Article 9, Section III, of the ASME Boiler and Pressure Vessel Code.

4.1.3.5 Attachments to Loop

Nozzles on the reactor coolant piping comply with Paragraph 4.1.3.2 above, and
nozzles on the vessels comply with Paragraph 4.1.3.1 above.

4.1.3.6 Welding

Welding qualifications are in accordance with the ASME Boiler and Pressure
Vessel Code, Section IIT and Section IX, as applicable.

4.2 SYSTEM DESCRIPTION AND OPERATION
4.2.1 GENERAL
4.2.1.1 System

The reactor coolant system consists of the reactor vessel, two vertical once-
through steam generators, four shaft-sealed reactor coolant pumps, an electri-
cally heated pressurizer and interconnecting piping. The system is arranged

in two heat transport loops, each with two reactor coolant pumps and one steam
generator. The reactor coolant is transported through piping connecting the
reactor vessel to the steam generators and flows downward through the steam
generator tubes transferring heat to the steam and water on the shell side of
the steam generator. In each loop, the reactor coolant is returned to the re-
actor through two lines, each containing a reactor coolant pump, to the reactor
vessel. 1In addition to serving as a heat transport medium, the coolant also
serves as a neutron moderator and reflector, and a solvent for the soluble
poison (boron in the form of boric acid). The reactor coolant system schematic
is shown in Figure 4-1.

4.2.1.2 System Protection

a. Missiles

Engineered safety features and associated systems are protected
from missiles which might result from a loss of coolant accident.
Protection is provided by concrete shielding and/or segregation of
redundant components.

The reactor vessel is surrounded by a concrete primary shield wall

and the heat transport loops are surrounded by a concrete secondary
shield wall. These shielding walls provide missile protection for

the reactor building liner plate and equipment located outside the

secondary shielding.

Removable concrete slabs over the reactor vessel area and the con-
crete deck over the area outside of the secondary shield wall also
provide shielding and missile protection.
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b. Seismic
The reactor coolant system is analyzed for maximum hypothetical earth-
quake to determine that resultant stresses do not jeopardize the safe
shutdown of the reactor coolant system and removal of decay heat.

4.2.1.3 System Arrangement

The arrangement of the reactor coolant system is shown in Figures 4-2 and 4-3,
Figures in Section 1 depict the system arrangement in relation to shielding
walls, the reactor building and other equipment in the building,

4.2,2 MAJOR COMPONENTS

4.2.2.1 Reactor Vessel

The reactor vessel consists of a cylindrical shell, a cylindrical support skirt,
a spherically dished bottom head, and a ring flange to which a removable reactor
closure head is bolted. The reactor closure head is a spherically dished head
welded to a matching ring flange. The reactor vessel general arrangement is
shown in Figure 4-4. The general arrangement of the reactor vessel with in-
ternals is shown in Figures 3-46 and 3-47. Reactor vessel design data is listed
in Table 4-3,

The number and size of reactor vessel nozzles are also shown in Table 4-3. All
coolant inlet, coolant outlet, core flooding, and control rod drive nozzles are
located above the level of the top of the core. The reactor vessel is vented
through the control rod drives.

All major reactor vessel nozzles are installed with full penetration welds.

All control rod drive and incore instrument nozzles are installed with partial
penetration welds. The gasket leakage tap is installed in each reactor wvessel
flange with a partial penetration weld. In addition, the Oconee #l1 closure head
contains eight (8) instrumentation nozzles installed by partial penetration welds

- outside of the region of the control rod drive nozzles.

The reactor closure head flange and the reactor vessel flange are joined by
sixty 6~1/2 in. diameter studs. Two metallic O-rings seal the reactor vessel
when the reactor closure head is bolted in place. Test taps are provided in
the annulus between the two O-rings to afford a means to leak test the vessel
closure seal after refueling. To insure uniform loading of the closure seal,
the studs are hydraulically tensioned.

The reactor vessels and closure heads are constructed of a combination of formed
plates and forgings. The rin forging in the reactor vessel shells, other than
closure flanges, for Unit #1, #2, and #3 are identified in Figures 4-4 (Oconee I),
4-4a (Oconee II) and 4~4b (Oconee III).
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The reactor vessel contains the core support assembly, upper plenum assembly,
fuel assemblies, control rod assemblies, axial power shaping rod assemblies,
surveillance specimens and holder tubes, and incore instrumentation. Guide
lugs welded to the inside of the reactor vessel wall limit reactor internals
and core to a vertical drop of one-half in. or less, and prevent rotation of
the core and internals about the vertical axis in the unlikely event of a
major core barrel or core support shielf failure. The reactor vessel inter-
nals are designed to direct the coolant flow, support the reactor core, and
guide the control rods throughout their full stroke. The internals and the
core are supported from the reactor vessel flange. The control rod drive
mechanisms are supported by the nozzles in the reactor vessel head.

Surveillance specimens, made from appropriately selected specimens of reactor
vessel steel, are located between the reactor vessel wall and the thermal
shields. These specimens are located so as to afford the desired fast neutron
exposure lead time with respect to the vessel wall, and will be examined at
appropriate intervals to evaluate reactor vessel material NDTIT changes.
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4,2,2.2 Steam Generator

The steam generator general arrangement is shown in Figure 4-5. Principal de-
sign data are tabulated in Table 4-4., (Refer to Supplement 9 Revisions for Oconee

The once-through steam generator supplies superheated steam and provides a bar-
rier to prevent fission products and activated corrosion products from enter-
ing the steam system.

The steam generator is a vertical, straight tube, tube and shell heat exchanger
which produces superheated steam at constant pressure over the power range.
Reactor coolant flows. downward through the tubes and transfers heat to gener-
ate steam on the shell side. The high pressure (reactor coolant pressure)
parts of the unit are the hemispherical heads, the tube sheets and the tubes
between the tube sheets. Tube support plates maintain the tubes in a uniform
pattern along their length. The unit is supported by a skirt attached to the
bottom head. '

The shell, the outside of the tubes, and the tube sheets form the boundaries
of the steam producing section of the vessel. Within the shell, the tube bun-
dle is surrounded by a cylindrical baffle. There are openings in the baffle
at the feedwater inlet nozzle elevation to provide a path for steam to afford
contact feedwater heating. The upper part of the annulus formed by the baffle
plate and the shell is the superheat steam outlet, while the lower part is the
feedwater inlet heating zone.

Vent, drain, and instrumentation nozzles and inspection handholes are provided
on the shell side of the unit., The reactor coolant side has manway openings

in both the top and bottom heads, and a drain nozzle on the bottom head. Vent-
ing of the reactor coolant side of the unit is accomplished by a vent connec-
tion on the reactor coolant inlet pipe to each unit.

Feedwater is supplied to the steam generator through an auxiliary feedwater
ring located at the top of the steam generator to assure natural circulation
of the reactor coolant following the unlikely event of the loss of all reactor
cooclant circulating pumps.

Four heat transfer regions exist in the steam generator as feedwater is con-
verted to superheated steam. Starting with the feedwater inlet these are:

a. Feedwater Heating

Feedwater is heated to saturation temperature by direct contact heat
exchange. The feedwater entering the unit is sprayed into the down-
comer annulus formed by the shell and the cylindrical baffle around
the tube bundle. Steam is drawn by aspiration into the downcomer
and heats the feedwater to saturation temperature.

The saturated water level in the downcomer provides a static head

to balance the static head in the nucleate boiling section, and the
required head to overcome pressure drop in the circuit formed by

the downcomer, the boiling sections and the bypass steam flow to the
feedwater heating region. The downcomer water level varies with
steam flow from 15 - 100% load. A constant minimum level is held
below 157% load.
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b. Nucleate Boiling

The saturated water enters the tube bundle just above the lower
tube sheet and the steam-water mixture flows upward on the outside
of the tubes countercurrent to the reactor coolant flow. The vapor
content of the mixture increases almost uniformly until DNB is
reached, and then film boiling and superheating occurs,

¢, Film Boiling

Dry saturates steam is produced in the film boiling region of the
tube bundle.

d. Superheated Steam

Saturated steam is raised to final temperature in the superheater
region, The amount of surface available for superheat varies in-
versely with load. As load decreases the superheat section gains
surface from the nucleate and film boiling regions. Mass inventory
in the steam generator increases with load as the length of the
heat transfer regions vary. Changes in temperature, pressure and
load conditions cause an adjustment in the length of the individual
heat transfer regions and result in a change in the inventory
requirements, If the inventory is greater than that required, the
pressure increases., Inventory is controlled automatically as a
function of load by the feedwater controls in the integrated con-
trol system.

Steam generator feedwater quality requirements are shown in Table 4-11.

Electroslag welding is utilized on longitudinal seams of the 7-inch shell
courses of the steam generator as shown in Figure 4-5a. The techniques

used in the electroslag welding for the Oconee steam generators are identical
to those used in the electroslag welding program reported as Appendix F of
Dockets No. 50-237 and 50-249 (Dresden Units 2 and 3). The procedures used
were appropriately modified to reflect the difference in materials of the
components being welded.

Each weld is subjected to radiographic inspection, ultrasonic inspection and
the finished surfaces of the weld is magnafluxed. 1In addition, each plate
is ordered with excess width so that test specimens may be removed after
heat treatment. Physical property test specimens including tensile and
impact specimens of the base material heat affected zone and weld metal is
obtained from this excess material in accordance with Section III of the
ASME Code. Radiographic, ultrasonic, and magnetic particle inspection is
performed in accordance with Section III of the ASME Code and as required
by Code Case 1355 which permits such welds for Class A vessels,

Physical tests are performed per Section N-511 of Section III of the ASME
Code, For example:
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. zone such that it is virtually indistinguishable from the unaffected base

a. All weld metal tensile specimens from each heat of weld wire,
batch of flux and for each combination of heat of wire and batch of .
flux used is obtained and tested after heat treatment.

b. Charpy impact test specimens representing weld metal and heat
affected base material for every heat of wire, batch of flux and
combination of heat of wire and batch of flux used is tested.

c. Charpy V-notch impact specimens and tensile specimens are tested
for 15 percent of all production welds. Included in this 15 percent
are the tests required by (a) and (b) above.

All electroslag welds are made in the vertical position. Two men, one on

the inside and one on the outside of the vessel, are used to check the
progress of the weld and to insure that the prescribed welding procedure is
being followed. The weld is started in a U-shaped starting fixture about

six inches deep attached to the bottom of the joint. The weld stabilizes in
this starting tab which is later cut off and discarded. The weld once started
is not stopped until the total seam is completed.

The weld receives a heat treatment which consists of a water quench from
1625°F and a temper of 1150°F followed by an air cool. This post-weld heat

treatment refines the grain of the weld and the base material heat affected

material. The microstructure is the same through the weld,

4.,2.2.3 Pressurizer .

The pressurizer general arrangement is shown in Figure 4-6 and principal
design data are tabulated in Table 4-5.

The electrically heated pressurizer establishes and maintains the reactor
coolant system pressure within prescribed limits, and provides a steam surge
chamber and a water reserve to accommodate reactor coolant density changes
during operation.

The pressurizer is a vertical cylindrical vessel with a bottom surge line
penetration connected to the reactor coolant piping at the reactor outlet.
The pressurizer contains removable electric heaters in its lower section and
a water spray nozzle in its upper section to maintain reactor coolant system
pressure within desired limits. The pressurizer vessel is protected from
thermal effects by a thermal sleeve in the surge line and by an internal
diffuser located above the surge pipe entrance to the vessel.

During outsurges, as reactor coolant system pressure decreases, some of the

pressurizer water flashes to steam, thus assisting in maintaining the

existing pressure. Heaters are then actuated to restore the normal operating

pressure, During insurges, as system pressure increases, water from the

reactor vessel inlet piping is sprayed into the steam space to condense steam

and reduce pressure. Spray flow and heaters are controlled by the pressure

controller. The pressurizer water level is controlled by the level controller. .
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Since all sources of heat in the system; core, pressurizer heaters, and
reactor coolant pumps, are interconnected by the reactor coolant piping with
no intervening isolation valves, relief protection is provided on the pres-
surizer. Overpressure protection consists of two code safety valves and one
electromatic relief valve, '

To eliminate abnormal buildup or dilution of boric acid within the pressurizer,
and to minimize cooldown of the coolant in the spray and surge lines, a bypass
flow is provided around the pressurizer spray control valve. This continuously
circulates approximately 1 gpm of reactor coolant from the heat transport loop.
A sampling connection to the liquid volume of the pressurizer is provided for
auditing boric acid concentration. A steam space sampling line provides capa-
bility for monitoring of or venting accumulated gases.

During cooldown and after the decay heat system is placed in service, the
pressurizer can be cooled by circulating water through a connection from the
discharge of the low pressure injection pump to the pressurizer spray line,

Electroslag welding is utilized in the fabrication of the pressurizer, only
in the longitudinal seams of the shell courses. A total of three individual
electroslag welds are made in the fabrication of each pressurizer. The
electroslag welding process and quality control is the same as described in
paragraph 4.2.2.2,

4.2.2.4 Reactor Coolant Piping (Reference Supplement 6 Revisions for Oconee 1)

The general arrangement of the reactor coolant piping is shown in Figures
4-2 and 4-3. Principal design data are tabulated in Table 4-6.

The major piping components in this system are the 28-inch ID cold leg piping
from the steam generator to the reactor vessel and the 36-inch ID hot leg
piping from the reactor vessel to the steam generator. Also included in this
system are the 10-inch surge line and the 2-1/2-inch spray line to the pres-
surizer. The system piping also incorporates the auxiliary system connections
necessary for operation. In addition to drains, vents, pressure taps, in-
jection and temperature element connections, there is a flow meter section in
each 36-inch line to the steam generators to provide a means of determining
the flow in each loop.

The 28-inch and 36-inch piping is carbon steel clad with austenitic stainless |
steel, Short sections of 28-inch stainless steel transition piping are pro- |
vided between the pump casing and the 28-inch carbon steel lines. (Reference |
Supplement 6 revisions for Oconee 1.) Stainless steel or Inconel safe-ends

are provided for field welding the nozzle connections to smaller piping. The
piping safe-ends are designed so that there will not be any furnace sensitized
stainless steel in the pressure boundary material. This is accomplished

either by installing stainless steel safe-ends after stress relief or using
Inconel. Smaller piping, including the pressurizer surge and spray lines, is
austenitic stainless steel. All piping connections in the reactor coolant
system are butt-welded except for the flanged connections on the pressurizer

for the relief valves,
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Thermal sleeves are installed where required to limit the thermal stresses
developed because of rapid changes in fluid temperatures. They are provided
in the following nozzles: the four high pressure injection nozzles on the
reactor inlet pipes; the two core flooding low pressure injection nozzles on
the reactor vessel; and the surge line nozzle and spray line nozzle on the

pressurizer,
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4.2.2.5 Reactor Coolant Pumps

(Reference Supplement 6 Revisions for Oconee 1)

The reactor coolant pumps are single suction, single stage, vertical, radially
balanced, constant speed centrifugal pumps. This type of pump employs mechan-
ical seals to prevent reactor coolant fluid leakage to the atmosphere. A
view of the pump is shown in Figure 4-7 and the principal design parameters
are listed in Table 4~7. The reactor coolant pump performance characteristics
are shown in Figure 4-8.

The pump casing design utilizes a quad-volute inner case permanently welded
to a pressure containing outer case. The configuration of the pressure con-
taining outer case is kept simple so that the casing quality will meet the
required radiographic level and the stresses can be analyzed to meet the
requirements of the design specification. The quad-volute inner casing con-
sists of four volute passages spaced 90° apart which receive the discharge
from the pump impeller and guide it efficiently into the outer casing where
it flows to the discharge nozzle through a passage having a constantly in-
creasing cross—-sectional area. The pump casing is welded into the piping
system and the pump internals can be removed for inspection or maintenance
without removing the casing from the piping.

The pump cover and stuffing box is a unit containing a thermal barrier, re-
circulation impellers, shaft, journal bearing, and mechanical face-type
seals. The pump shaft is coupled to the motor with a spacer coupling which
will permit removal and replacement of the seals without removing the motor.
The pump cover has a cooling jacket to remove the heat which passes through

! the thermal barrier. This jacket has a capacity large enough to remove all

i heat which is transmitted to the cover. However, additional cooling capacity
is provided, in case injection cooling water is lost. A recirculation

: impeller on the shaft immediately above the journal bearing circulates water
in the bearing chamber to a heat exchanger and returns it to the chamber.

The pump may be operated with loss of either injection water or cooling water.

The shaft seal system consists of face-type mechanical seals operating in
tandem. Injection water, at a pressure above the pump suction pressure,

is injected into the pump bearing chamber. A small portion of the injection
| water flows into the pump through a restriction bushing. The major portion
i flows through cooling slots in the 0.D. of the bearing steel. The shaft -
seal system is made up of two mechanical seals operating in tandem, wherein
about one-half of the system pressure is expanded in each seal. Each seal
is capable of operation at the full system pressure. The fluid which leaks
past the face-type mechanical seals passes into a seal leakage chamber and
then out to the quench tank. A low pressure mechanical seal at the top of
the seal leakage chamber prevents the escape of fluid to the atmosphere.

Electroslag welding is used to make the seven-inch thick circumferential butt
weld which welds together the upper and lower halves of the pump casing. This
weld is performed in accordance with ASME Code Case 1355-2 which permits
electroslag welding of Class A pressure vessels. The casings are cast and
welded by ESCO, who is the leading supplier of RC pump casings for the industry.
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Electroslag welding is a welding process wherein coalescence is produced by
heat generated in a conductive molten slag which melts the filler metal and
the surfaces of the work to be welded. The weld pool is shielded by this slag
and moves along the full cross section of the joint as the welding progresses.
The conductive slag is maintained molten by its resistance to the flow of
electric current passing between the electrode and the work. Water-cooled,
non-fusing metal shoes are used to contain the molten metal on both sides of
the weld. The welding is performed in a vertical position with the start and
finish performed on run-out tabs affixed to the casting. These run-out tabs
are later cut off and discarded. The only variables contained in the method
of welding are the wide range of amperage (480-~720) and voltage (44-52) needed
to control the molten pool of metal.

The weld is examined 100 percent using liquid penetrant and radiographic exami-
nation methods in accordance with Section III of the ASME Code. Ultrasonic
inspection is not performed because the pump casing material, austenitic
stainless steel, precludes achieving meaningful inspection results.

The pump casing receives two heat treatment cycles. The first is a solution
annealing treatment where the pump casing halves are furnace heated to 1900 F,
held for a specified time, and water quenched. The second heat treatment is
a stabilizing treatment in which the welded pump casing is heated to 725 F
and air cooled.

4.2.2.6 Reactor Coolant Pump Motors

The reactor coolant pump motors are large, vertical, squirrel cage, induction
machines. The motors have flywheels to increase the rotational-inertia, thus
" prolonging pump coastdown and assuring a more gradual loss of main coolant

flow to the core in the event pump power is lost. The flywheel is mounted on
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the upper end of the rotor, below the upper radial bearing and inside the motor
frame. An anti-reverse device is included in the flywheel assembly to eliminate
reverse rotation when there is back flow. Prevention of back rotation also
reduces motor starting time.

The motors are enclosed with water-to—air heat exchangers so as to provide a
closed circuit air flow through the motor. Radial bearings are floating pad
type, and the thrust bearing is a double-acting Kingsbury type designed to
carry the full thrust of the pump. A high pressure oil system with separate
pumps is provided with each motor to jack and float the rotating assembly be-
fore starting. Once started, the motor provides its own oil circulation.

Instrumentation is provided to monitor motor cooling, bearing temperature, wind-
ing temperature, winding differential current, and speed.

In evaluating the design of the reactor coolant pump motor as it relates to the
safety of the reactor coolant system, many items have been considered, namely:
the overspeed of the motor; flywheel and shaft integrity; bearing design and
system monitoring; seismic effects; and quality control and documentation.

An analysis of these considerations are given as follows as an indication of
the safety and reliability that is integral with the motors:

a. Overspeed Considerations

The reactor coolant pump motors normally receive their electrical power
from the nuclear generating unit through the unit's auxiliary electric
system. On load rejection, the generating unit is designed to separate
from the transmission network and remain in a standbv operating condition
carrying its own auxiliaries.

Figure 4-12 shows the turbine speed response following load rejection with

the steam control valves wide open (VWO). On load rejection with VWO, the
speed of the turbine-generator will increase under the control of the normal
speed governing control system. The maximum speed attainable under the normal
speed governing control system is less than 106% with the unit auxiliaries
connected. This governing system is comprised of three independent control
activities, namely: the speed control unit, power unbalance relay and the
fast acting intercept valves. all of which function to limit overspeed to

below 1067%.

As indicated in Figure 4.12 there are additional safety devices backing up
the speed governing system, namely:

1. Mechanical overspeed trip which operates at 110% turbine-generator
speed. '

2. Generator overfrequency relay trip which is an electrical trip that
operates at 1117% turbine-generator speed.

3. Electrical back-up overspeed relay trip which operates at 112% turbine-
generator speed.

In addition, each individual reactor coolant pump motor control circuit in-
cludes an overfrequency relay which trips the motor at 115% motor (or turbine-
generator) speed. Therefore, it is evident that the reactor coolant pump motors'
speed will be limited to less than 1157%.
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b. Flywheel Design Consideration:

. For conservatism, the design of the flywheel on the reactor coolant pump
motor is based on a design speed of 125%. The primary stress at the fly-
wheel bore radius, with a speed of 125%, is 20,000 psi which is less than
50% of the 50,000 psi minimum yield strength of the flywheel material,

9.] This, therefore, yields a centrifugal stress design safety margin of 250%
at 1257 speed.

The Duke Power Company specification on the motor calls for 500 motor starts
in forty years; the flywheels have been designed for 10,000 starts yielding
a safety factor of 20. However, calculation based on the material used in
the flywheel results in 400,000 cycles required for crack initiation which
results in a flywheel fatigue design safety factor of 800.

c. Flywheel Material, Fabrication, Test and Inspection

1. Material - The flywheel is manufactured from vacuum degassed ASTM 533
steel.
2. Fabrication and Test - :
A. Flywheel blanks are flame cut from a plate with enough surplus
material to allow for the removal of the flame affected metal.
B. At least three charpy tests are made on each plate parallel and
normal to the rolling direction to determine that the blank meets

specifications.
C. A complete 100% volumetric ultrasonic test is made on the blank
' and tension and bend tests are also made prior to shipment of a
‘ blank to Westinghouse Electric Company.

D. Following the machining of the flywheel at the Westinghouse plant,
a complete 1007 volumetric ultrasonic test is conducted on the
flywheel and a liquid penetrant test is conducted on the bore.

E. After the flywheel is installed and the motor is completely as-
sembled, a 1257 overspeed test for one minute is conducted on the
assembled unit.

F. Following the overspeed test, a periphery sonic test is conducted
on the flywheel through access holes in the motor frame.

G. To assure the original integrity of each flywheel during operation,
the following inservice inspections will be performed:

At approximately three-year intervals, the bore and keyway of each
reactor coolant pump flywheel shall be subjected to an in-place, volu-
metric examination. Whenever maintenance or repair activities neces-
sitate flywheel removal, a surface examination of exposed surfaces

and a complete volumetric examination shall be performed, if the interval
35. measured from the previous such inspections is greater than 6 2/3 years.

' Results of the examination will be evaluated by the original acceptance
criteria and compared with the original examination data to assure the
absence of unacceptable defects.

35.

d. Shaft Design and Integrity

The shear stress on the shaft in the vicinity of the flywheel is 5520 psi
‘ with short circuit torque on the motor. The minimum strength of the shaft
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material is 23,000 psi which results in a safety factor of 4 under the maximum
torque condition. Because of the conservatism used in the design of the shaft,
it is concluded that shaft failure is not credible. ’

e. Bearing Design and Failure Analysis

The motor pump assembly is supported by a Kingsbury type thrust bearing which
consists of a runner and upper and lower thrust plates. The history of the
Kingsbury type bearing design indicates that the device is highly reliable
and has a non-locking failure mode.

Provided on the motor are a number of devices to warn the operator of bear-
ing trouble and these devices are each independent in their operation. The
thrust bearing monitoring devices are as follow:

1. Two (2) thermocouples located diametrically opposite to each other in
the upper thrust plates.

2. Two (2) thermocouples located diametrically opposite to each other in
the lower thrust plates.

3. One (1) thermocouple in the upper oil pot.

4. 0il pot level alarm device.

5. Vibration device.

These devices are arranged to provide alarm indications to the control room
operator. If a thrust bearing fails and the motor is shut down, the result
would be melting of the bearing babbitt and, finally, automatic tripout of
the motor on overload. Since seizure of the bearing will not result from

a bearing failure, it is concluded that missles will not be produced.

f. Seismic Effects

The pump motor units are being analyzed against the combination effects of
mechanical and seismic loads including the gyroscopic effects of the fly-
wheel to verify that the stress limits will not be exceeded and the pump
motor unit will operate through the maximum hypothetical earthquake.

g. Documentation and Quality Assurance

The Duke Power Company and the motor supplier, Westinghouse Electric Corp.,
have a rigid quality assurance program directed at assuring the integrity
of the reactor coolant pump motors.

A quality assurance folder is developed by Duke Power Company on each motor
and the folder includes the following:

1. Specifications and addendum

2. Description of the manufacturer's quality control organization and
engineering order handling.

3. Copies of all inspection reports relating to the appropriate motor.

4., Samples of quality control drawings.
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5. Copies of all test reports including flywheel material vendor test re-

ports; Westinghouse motor test reports; bearing assembly reports; shaft

. —~ tests; sonic test reports on the machined flywheel prior to assembly on
the motor and following the 1257 speed test; and certification on the
motor test report that the overspeed test was conducted on the assembled
motor.

6. Copies of the Duke Form QA-2 which is the manufacturer's certification
to Duke Power Company Design Engineering that the motors were manufac-
tured per specification and the Duke Power quality assurance program.

7. Copies of Duke Form QA-1 which the indication to the field quality con-
trol engineer that the motor described thereon was manufactured to the
specification and the Duke quality assurance program.

8. Copies of Duke Form QC-31 which is the field receiving report on the motor.

A copy of each quality assurance folder is sent to the field quality con-
trol engineer and a copy is kept in the Design Engineering Dept. file.

4,2.2.7 Reactor Coolant Equipment Insulation

The reactor coolant system components are insulated with metal reflective type
insulation., The insulation is supported by rings welded to weld pads on the
components during field installation of the insulation. The weld pads to which
the holding rings are attached are added to the components prior to final stress
relief of the component. :

The insulation units are removable and are designed for ease of removal and in-
stallation in such areas as field welds, nozzles, and bolted closures. The in-
sulation units permit free drainage of any condensate or moisture from within
the insulation umit.

4,2.3 SYSTEM PARAMETERS g

4,2.3.1 Flow

The reactor coolant system is designed on the basis of 176,000 gpm flow rate in
each heat transport loop.

4.2.3.2 Temperatures

Reactor coolant system temperatures as a function of power are shown in Figure

4-9. The system is controlled to a constant average temperature throughout the
power range from 15% to 100% full power. The average system temperature is de-
creased between 15% and 0% of full power to the saturation temperature at 900 psia.

4.2.3.3 Heatup

All reactor coolant system components are designed for a continuous heatup rate
of 100 F/hr.

4.2.3.4 Cooldown

All reactor coolant system components are structurally designed for a continuous
cooldown rate of 100 F/h. System cooldown to 250 F is accomplished by use of the
steam generators and by bypassing steam to the condenser with the turbine bypass
system. The low pressure injection system provides the heat removal for system
cooldown below 250 F.
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4.2.3.5 Volume Control

4.2.3.5.1 Letdown

The only coolant removed from the reactor coolant system is that which is let-
down to the high pressure injection system. The letdown flow rate is set at
the desired rate by the operator positioning the letdown control valve and/or
opening the stop valve for the letdown orifice.

4.2.3.5.2 Makeup

To maintain a constant pressurizer water level, total makeup to the reactor
coolant system must equal that which is letdown from the system. Total makeup
consists of the seal injection water through the reactor coolant pump shaft
seals and makeup returned to the system through the reactor coolant volume
control valve (high pressure injection system). The pressurizer level control-
ler provides automatic control of the valve to maintain the desired pressurizer
water level. Reactor coolant volume changes during plant load changes exceed
the capability of the reactor coolant volume control valve, and thus result in
variations in pressurizer level. The level is returned to normal as the sys-
tem returns to steady state conditions.

4.2.3.6 Chemical Control

Control of the reactor coolant chemistry is a function of the chemical addition
and sampling system. Sampling lines from the letdown line of the high pressure
injection system provide samples of the reactor coolant for chemical analysis.
All chemical addition is made from the chemical addition and sampling system

to the high pressure injection system. See Section 9.2 for detailed information
concerning the chemical addition and sampling system and the high pressure in-
jection system.

4.2.3.6.1 _Boron

Boron in the form of boric acid is used as a soluble poison in the reactor cool-
ant. Concentrated boric acid is stored in the chemical addition and sampling
system and is transported to the reactor coolant system in the same manner as
described above for chemical addition. A second source of stored concentrated
boric acid is that which is reclaimed from the coolant bled to the coolant
storage system. This reclaimed boric acid is stored in the concentrated boric
acid storage tank and is pumped to the high pressure injection system which
transports it to the reactor coolant system. All bleed and feed operations
for changing the boric acid concentration of the reactor coolant are made be-
tween the high pressure injection system and the coolant storage system. Sec-
tion 9.2 contains detailed information concerning these two systems.

4.2.3.6.2 pH
The pH of the reactor coolant is controlled to minimize corrosion of the reac-

tor coolant system surfaces which minimizes coolant activity and radiation
levels of the components.
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4.2.3.6.3 Water Quality

The reactor coolant water chemistry specifications, listed in Table 4-10, have
been selected to provide the necessary boron content for reactivity control and
to minimize corrosion of reactor coolant system surfaces. The solids content
of the reactor coolant is maintained below the design level by minimizing cor-
rosion through chemistry control and by continuous purification of the letdown
stream of reactor coolant in the letdown filter and purification demineralizer
of the high pressure injection system. Excess hydrogen is maintained in the
reactor coolant to chemically combine with the oxygen produced by radiolysis

of the water.

4.2.3.7 Flow Measurement

Reactor coolant flow rate is measured for each heat transport loop by a flow
tube welded into the reactor outlet pipe. The power/flow monitor of the re-
actor protective system utilizes this flow measurement to prevent reactor power
from exceeding a permissible level for the measured flow. This is discussed

in further detail in Section 7.3.2.
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4.2.3.8 Leak Detection

The entire reactor coolant system is located within the secondary shielding

and is inaccessible during reactor operation. Any leakage drains to the reac-
tor building normal sump. Any coolant leakage to the atmosphere will be in the
form of fluid and vapor. The fluid will drain to the sump and the vapor will
be condensed in the reactor building coolers and also reach the sump via a
drain line from the cooler.

All power operated valves containing reactor coolant, located in the reactor
building, have two sets of stem packing, with a leakoff connection between the
packing sets. For the reactor coolant pump, any leakage past the primary mechan-
ical seal is piped to the quench tank and any leakage past the backup seal is
piped to the sump.

Locating the actual point of reactor coolant system leakage can most readily

be accomplished when the reactor is shutdown, thereby allowing personnel access
inside the secondary shielding. Location of leaks can then be accomplished by
visual observation of escaping steam or water, or of the presence of boric acid
crystals which would be deposited near the leak by evaporation of the leaking
coolant,

Leakage of reactor coolant into the reactor building during reactor operation
will be detected by one or a combination of the following methods.

Sump and Tank Levels

All leakage, both reactor coolant and cooling water is collected in the
reactor building sump. The sump water level is indicated and annunciated
at high level in the control room. Changes in sump water level are an
indication of total leakage.

Measurement of the letdown storage tank coolant level provides a direct
indication of reactor coolant leakage. Since the pressurizer level is
maintained constant by the pressurizer level controller, any coolant
leakage is replaced by coolant from the letdown storage tank resulting
in a decrease in tank level. Both the pressurizer and letdown storage
tank coolant levels are recorded in the control room. A comparison of
these two recordings over a time period yields the total reactor coolant
leakage rate.

Radioactivity

Changes in the reactor coolant leakage rate in the reactor building may
cause changes in the control room indication of the reactor building
atmosphere particulate and gas radioactivities.
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4.2.3.9 Vents and Drains

Vent and drain lines are shown on the system diagram, Figure 4~1. They are
located at the high and low points of the system and provide the means for
draining, filling, and venting the heat transport loops and pressurizer. The
reactor vessel cannot be drained below the top of the reactor outlet nozzle
using these drain lines. Each vent and drain line contains two manual valves
in series. Vent lines are routed to a header connected to the quench tank gas
space and drain lines are routed to a header connected to the suction of the
component drain pump.

4.2.4 PRESSURE CONTROL AND PROTECTION

Normal reactor coolant system pressure control is by the pressurizer steam
cushion in conjunction with the pressurizer spray, electromatic relief valve
and heaters. The system is protected against overpressure by reactor protec-
tive system circuits such as the high pressure trip and by pressurizer relief
valves located on the top head of the pressurizer. The schematic arrangement
of the relief valves is shown in Figure 4-1. Since all sources of heat in the
system, i.e., core, reactor coolant pumps, and pressurizer heaters, are inter-
connected by the reactor coolant piping with no intervening isolation valves,
all relief valves are located on the pressurizer. Reactor coolant system pres-
sure settings and relief valve capacities are listed in Table 4-1.

4.2.4.1 Pressurizer Code Safety Valves

Two pressurizer code safety valves are mounted on individual nozzles on the top
head of the pressurizer. The valves have a closed bonnet with bellows and sup-
plementary balancing piston. The valve inlet and outlet is flanged to facili-
tate removal for maintenance or set point testing.

4.2,4.2 Pressurizer Electromatic Relief Valve

The pressurizer electromatic relief valve is mounted on a separate nozzle on
the top head of the pressurizer. The main valve operation is controlled by

the opening or closing of a pilot valve which causes unbalanced forces to exist
on the main valve disc. The pilot valve is opened or closed by a solenoid in
response to the pressure set points. Flanged inlet and outlet connections pro-
vide ease of removal for maintenance purposes.

4.2.4.3 Pressurizer Spray

The pressurizer spray line originates at the discharge of a reactor coolant

pump in the same heat transport loop that contains the pressurizer. Pressurizer
spray flow is controlled by an electric motor operated valve using on-off con-
trol in response to the opening and closing pressure set points. An electric
motor operated valve in series with the spray line is to provide for remote
spray line isolation.

4.2.4.4 Pressurizer Heaters

The pressurizer heaters replace heat lost during normal steady state operation,
raise the pressure to normal operating pressure during reactor coolant system
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heatup from the cooled down condition, and restore system pressure following
transients. The heaters are grouped in four banks and are controlled by the
pressure controller, The first bank utilizes proportional control and will
normally operate at partial capacity to replace heat lost, thus maintaining
pressure at the set point. On-off control is used for the remaining three
banks. A low level interlock prevents the heaters from being energized with
the heaters uncovered.

4.2.,4.,5 Relief Valve Effluent

Effluent from the pressurizer electromatic-relief and code safety valves dis-

charges into the quench tank which condenses and collects the relief valve ef-
fluent. This is shown schematically in Figure 4-~1, After the quench tank re-
ceives relief valve effluent, the tank contents are cooled to normal tempera-

ture by the component drain pump and quench tank cooler of the coolant storage
system. The tank fluid is circulated from the tank through the cooler and re-
turned to the tank by spraying into the tank vapor space. The quench tank is

protected against overpressure by a rupture disc sized for the total combined

relief capacity of the two pressurizer code safety valves and the pressurizer

electromatic relief valve. The quench tank can be remotely vented toc the gas-
eous waste disposal system (Section 9.9).

4.2.4.6 Cooldown

Reduction of pressure during reactor coolant system cooldown is accomplished
by the pressurizer spray provided by the reactor coolant pump. Below a system
temperature of approximately 250° F, the low pressure injection system is used
for system heat removal and the steam generators and reactor coolant pumps are
removed from service. During this period, spray flow is provided by a branch
line from one low pressure injection line to the pressurizer spray line for
further pressure reduction or complete depressurization of the reactor coolant
system.

4.2.4.7 Sampling

A sample line from the pressurizer steam space to the chemical addition and
sampling systems permits detection of non-condensible gases in the steam space.
This sample line also permits a bleeding operation from the vapor space to the
letdown line of the high pressure injection system to transport accumulated non-
condensible gases in the pressurizer to the letdown storage tank.

4.2.5 INTERCONNECTED SYSTEMS

4.2.5.1 Low Pressure Injection

The low pressure injection system provides the capability for cooling the re-
actor coolant system below about 250 F during plant cooldown. During this

mode of operation, coolant is drawn from the reactor coolant system through

a nozzle on the reactor outlet pipe, circulated through the low pressure injec-
tion coolers by the low pressure injection pumps and then injected back into

the reactor coolant system through two nozzles on the reactor vessel into the
inlet side of the core. The heat received by this system is rejected to the low
pressure service water system. Components in these two systems are redundant
for reliability purposes. These two systems are described in Section 9.
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The low pressure injection system also performs an emergency injection function
for a loss of coolant accident and provides long term emergency core cooling;
this is described in Section 6.

4.2.5.2 High Pressure Injection

The high pressure injection system controls the reactor coclant system coolant
inventory, provides the seal water for the reactor coolant pumps, and recircu-
lates reactor coolant system letdown for water quality maintenance and reactor
coolant boric acid concentration control. Letdown of reactor coolant is through
a nozzle on the outlet coolant pipe from one steam generator. The discharge

of the high pressure injection pumps connects to a nozzle on each of the reac-
tor inlet pipes downstream of the reactor coolant pumps. The reactor coolant
which is letdown is returned to the reactor coolant system through the nozzles
in a different heat transport loop from the heat transport loop containing the
letdown line. Components are redundant for reliability purposes (Section 9.1).

The high pressure injection system utilizes four injection nozzles in carrying

out the high pressure emergency injection function after a loss of coolant ac-
cident. This is described in Section 6.1.2.1.1,

4.2.5.3 Core Flooding System

The core flooding system floods the core in the event of a loss of coolant ac-
cident. Connection to the reactor vessel is through the two nozzles described
above for low pressure injection. The low pressure injection and core flooding
lines tie together and connect to the same nozzle on the reactor vessel. The
core flooding system is described in Section 6.1.2.1.3.

4.2.5.4 Secondary System

The principal decay heat removal system interconnected with the reactor coolant
system is the steam and power conversion system. The reactor coolant system

is dependent upon the steam and power conversion system for decay heat removal
at normal operating conditions and for all reactor coolant operating tempera-
tures above 250 F. The system is discussed in detail in Section 10.2.

The turbine bypass system routes steam to the condensers when the turbine has
tripped or is shutdown and also during large plant load reduction transients
when steam generation exceeds the demand. Overpressure protection for the
secondary side of the steam generators is provided by the turbine bypass sys-
tem and by safety valves mounted on the main steam lines outside of the reactor
building. The auxiliary feedwater system will supply water to the steam gen-
erators in the event that the main feedwater system is inoperative. The phys-
ical layout of the reactor coolant system provides natural circulation of the
reactor coolant to ensure adequate core cooling following a loss of all reac-
tor coolant pumps.
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4.2.6 - COMPONENT FOUNDATIONS AND SUPPORTS

The supports for all major components listed in this section aré analyzed in
detail to insure adequate structural integrity for their intended function during
normal operating, seismic, and accident conditions. Following calculation of
sources of loadingy stresses and motions at significant locations are computed
and compared to applicable criteria. Details of this analysis are given in
Appendix 4B.

4.2.6.1 Reactor Vessel

The reactor vessel is bolted to a reinforced concrete foundation designed to
support and position the vessel and to withstand the forces imposed on it by a
combination of loads including the weight of vessel and internals, thermal ex-
pansion of the piping, design basis earthquake, and dynamic load following
reactor trip.

The foundation, in addition, restrains the vessel during the combined forces
imposed by the circumferential rupture of a 36-inch reactor outlet line and a
simultaneous maximum hypothetical earthquake.

The vessel foundation further is designed to provide accessibility for the in-
stallation and later inspection of incore instrumentation, piping, and nozzles;
to contain ductwork and vent space for cooling air to remove heat losses from
the vessel insulation; and to provide a sump and drainage line for leak detec-
tion.

4.2.6.2 Pressurizer

The pressurizer is supported on a structural steel foundation by eight (8) lugs
welded to the side of the vessel.

The foundation and supports are designed to withstand the loads imposed by
thermal expansion of the pressurizer, the weight of the pressurizer including
its contents and attached piping, relief valve reaction forces, and forces im-
posed by the design basis earthquake. In addition, the foundation and supports
will restrain the vessel during the combined forces imposed by the circumfer-
ential rupture of the 10-inch surge line coupled with the maximum hypothetical
earthquake.

The foundation is also designed to permit accessibility to pressurizer surfaces
for inspection.

4,2.6.3 Steam Generator

The steam generator foundation is designed to support and position the generator.
The foundation is designed to accept the loads imposed by the generators and
feedwater piping filled with water, the attached reactor coolant piping also
filled with water, and steam lines under the design basis earthquake and the
maximum hypothetical earthquake.
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bined forces due to a circumferential rupture of a 28-inch coolant line and a

The foundation is also designed to restrain the steam generator under the com- '
simultaneous maximum hypothetical earthquake.

Forces imposed on the generator by the rupture of a 36-inch coolant line are
transferred to the shielding walls by a support structure located near the top
of the generator.
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4.2.6.4 Piping

The reactor coolant piping, inlet and outlet lines, are supported by the reac-
tor vessel and steam generator nozzles. The piping will withstand the forces
imposed on it by the design basis earthquake and the maximum hypothetical earth-
quake.

4.2.6.5 Pump aund Motor

The reactor coolant pump casing, internals, and motor weight are supported by

the 28 inch coolant lines and constant load hangers attached to the motor. 1In
the cold condition, the coolant piping will support the coolant pump and motor
without the hangers. The hangers are designed to withstand the forces imposed
on them by the design basis earthquake and the maximum hypothetical earthquake.

4.2.6.6 LOCA Restraints

Each steam generator has a support located opposite the upper tube sheet and
transfers forces from the generator into the shield walls in the event of a
circumferential rupture of the 36 inch line.

Each 28 inch reactor coolant inlet line and 36 inch reactor coolant outlet line
has a restraint located outside of and bolted to the primary shield to limit
pipe motion in the event of a circumferential rupture of the piping inside the
primary shield.

4.2.7 MISSILE PROTECTION AND PIPE WHIP PROTECTION (W¢ 3. 2,)

The major components including reactor vessel, reactor coolant piping, reactor
coolant pumps, steam generators, and the pressurizer are located within three
shielded cubicles. Each of two cubicles contain one steam generator, two cool-
ant pumps, and associated piping. One of the cubicles also contains the pres-
surizer. The reactor vessel is located within the third cubicle or primary
shield. The reactor vessel head and control rod drives extend into the fuel -
transfer canal.

Penetrations in the generators, piping, and the pressurizer are located such
that missiles which may be generated, such as valves, valve bonnets, valve
stems, or reactor cooclant temperature sensors will not escape the cubicles or
possess sufficient e¢nergy to damage the reactor building liner plate.

Openings are provided in the lower shield walls to provide vent area. To assure
that no missile will impact on the reactor building liner plate, concrete shield-
ing is provided for the liner plate area opposite the openings. The shielding
extends beyond the openings so that any missile will impact on the shields.

Pipe lines carrying high pressure injection water are routed outside the shield
walls entering only when connecting to the loop. Missiles which may be generated
in one cubicle cannot rupture high pressure injection lines for the other loop.
Low pressure injection lines and core flooding lines are routed outside of the
shield walls, behind missile shield walls, and through the primary shield where
they enter the reactor vessel. They are, thus, protected from missiles which
might be generated in either cubicle.
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A concrete missile shield is located above the control rod drives to stop a
control rod drive should it become a missile. The shield is removed during - .
refueling.

In addition, items that could become missiles are oriented so they impinge on
concrete surfaces.

Analysis of the missile penetration is based on the methods described in Nav.
Docks P-51, Design of Protective Structures by Amirikan (Bureau of Yards and

Docks, August 1950).

The penetration formulae are:

2
D = k Apv! vl = 1og 1+ __V°
10 215000
1 1.
K =D = 1+e 4 (a’-2) 1 T
D y a8 = =
D
where:
D = Penetration in a slab of infinite thickness (ft.)

D! = Penetration is a slab of thickness "T" (ft.)

T Thickness of slab (ft.)

Ap = Sectional pressure, obtained by dividing the weight of missile by its
cross sectional area. (psf)

V = Velocity of missile (fps) _

k = Material's coefficient, in our case, k=2.30 x 10™3 for reinforced concrete

Formulae for determining energy loss due to drag:

M. 1 Lo W

Tc 1+ 2Tc °’ SACy
WL

where:

A = Average area

Cd = Drag coefficient (Cd=1.0 in our case)
Ti = Kinetic energy on impact

Tc = Kinetic energy after leaving casing
W = Weight in 1bs.

S = Air density = 0.074 #/ft3

The study of postulated ruptures made by the turbine generator supplier con-
cludes that the missile having the highest combination of weight, size and
energy effects is the last stage wheel. The properties of this missile are
shown in Table 5-2, Section 5.1.3.2.
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In addition to the penetration calculation, the overall structural strength of
the removable concrete slabs, its supports and anchors were analyzed based on
the research paper "Impact Effect of Fragments Striking Structural Elements"
by R. A. Willimson and R. R. Alvy.

The following three missiles were used to design the removable concrete slabs:

Wt. Imp. Area Velocity Kin. Energy
Description Lbs. In2 FPS Ft-1bs.
C.R. Drive Assembly 1500 64.0 254 1.49 x 106
CRD Vent Cap w/valve 55 13.4 546 0.12-x 106
CRD Motor and Clutch Assem. 750 47.0 483 1.35 x 106

The properties of other missiles postulated by the NSSS supplier are given in
Table 4-22 to 4-28 (pages 4-63 to 4-71).
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4.3 SYSTEM DESIGN EVALUATION

4.3.1 DESIGN MARGIN

The reactor coolant system is designed structurally for 2,500 psig and 650 F,
The system will normally operate at 2,155 psig and 604 F.

In the event of a complete loss of power to all reactor coolant pumps, reactor
coolant flow, coastdown and subsequent natural circulation flow is more than
adequate for core cooling and decay heat removal as shown by the analysis in
Section 14.1

The number of transient cycles specified in Table 4~8 for the fatigue analysis
is conservative. Twelve heatup and cooldown cycles per year are specified,
where the system may not be required to complete more than one or two cycles
per year in actual operation. A heatup rate of 100 F/h was used in the analy-
sis of Transients 1 and 2 in Table 4-8.

4.3.2 MATERIAL SELECTION

Each of the materials used in the reactor coolant system has been selected for
the expected environment and service conditions. The major component materials
are listed in Table 4-9. All reactor coolant system materials normally exposed
to the coolant are corrosion-resistant materials consisting of 304 or 316 stain-
less steel, Inconel, 17-4PH(H1100), Zircaloy, or weld deposits with corrosion-
resistant properties equivalent to or better than those of 304 SS. These mate-
rials were chosen for specific uses at various locations within the system be-
cause of their compatibility with the reactor coolant. There are no novel
material applications in the reactor coolant system.

To assure long steam generator tube lifetime, feedwater quality entering the
steam generator is maintained within the specification given in Table 4-11 in
order to prevent deposits and corrosion inside the steam generator. These re-
quired feedwater specifications have been successfully used in comparable once-
through non-nuclear steam generators.

The selection of materials and the manufacturing sequence for the reactor cool-
ant system components, is arranged to insure that no pressure boundary material
is furnace-sensitized stainless steel. Safe ends are provided on those carbon
steel nozzles of the system vessels which connect to stainless steel piping.
All dissimilar metal welds, with the exception of Inconel to Stainless Steel
pipe welds, will be made in the manufacturer's shops.

Piping systems designed to resist seismic forces have been restrained by steel
supports capable of withstanding these seismic forces. The restraints also act
as pipe stops restraining the lines against whipping. In systems, where it was
necessary to use hydraulic snubbers to resist seismic forces, the mechanical
action associated with the snubbers makes it possible to consider them as re-
straints against pipe whipping. When a seismic acceleration equal to or greater
than two (2) feet/sec./sec. acts on the system, a differential pressure is
generated on the ends of the snubber valve piston which is spring centered.

This differential pressure is sufficient to cause the piston to shift and close
the by-pass ports. With the by-pass vports closed, the snubber acts as a rigid
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structural member, thus limiting any further movement of the pipe at the point
of attachment.

o >

The basic design criteria
~ag _hasic desi : -

for p

ipe whip protection is as follows:

(a) All penetrations are designed to maintain containment integrity for any
loss of coolant accident combination of containment pressures and tem-~
peratures.

(b) All penetrations are designed to withstand line rupture forces and moments
generated by their own rupture as based on their respective design pres-
sures and temperatures.

(c) All primary penetrations, and all secondary penetrations that would be
damaged by a primary break, are designed to maintain containment integrity.

(d) All secondary lines whose break could damage a primary line and also
breach containment are designed to maintain containment integrity.
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4.3.3 REACTOR VESSEL

Stress Evaluation

A stress evaluation of the reactor vessel has been performed in accordance with
Section III os the ASME Code. The evaluation shows that stress levels are with-
in the Code limits. Table 4-14 lists the reactor vessel steady-state stresses

at various load points. The results of the transient analysis and the deter-
mination of the fatigue usage factor at the same load points are listed in Table
4~15. As specified in the ASME Code, Section III, Faragraph 415.2(d)(6), the
cumulative fatigue usage factor is less than 1.0 for the design cycles listed in
Table 4-8. Figure 4-4c illustrates the points of stress analysis for the stresses
listed in Table 4-14 and the fatigue usage factors listed in Table 4-15. These
stress summaries demonstrate that all of the requirements for stress limits and
fatigue required by ASME Section IIT for all of the operational requirements im-—
posed by the design specifications have been met. The values tabulated in these
summaries are the maximum value obtained in each region. The imposed transients
are based on description of the realistic behavior that might be expected for
this plant. Transients such as loss of flow and load that cause temperature

and pressure variations are included in the reactor vessel specification and
Table 4-8. Their effect on accumulated usage factor is included in the stress
analysis and in the values reported in summary Table 4-15. These transients are
not the major contributors to the largest usage factor of 0.38 for the stud bolts
as given in Table 4-15. Table 4-16 presents a summary of the major reactor vessel
material physical properties including the results of impact tests. Table 4-17
lists the chemical analysis results for the same material.

Nil-Ductility Transition Temperature (NDTT)

The reactor vessel plate material opposite the core was purchased to mill prac-
tices which improve material toughness and result in a lower range of NDTT values
for heavy sections. The raw material was purchased to be capable of meeting
Charpy V-notch values of 30 ft-1b or greater at a temperature of 10°F. The
material was tested during vessel fabrication after forming to show conformity

to specified requirements or to determine the actual temperature at which the
specified 30 ft-1b Charpy V-notch value was met.

The unirradiated or initial NDTT of pressure vessel base plate material is
presentl]ly measured by the Charpy V-notch impact test (Type A) given in ASTM
E23. Using the Charpy V-notch test, the NDIT is defined as the temperature at
which the energy required to break the specimen is a certain '"fixed" value.

For SA-302B or SA-533B steel, the ASME Section III Table N-332 specifies an
energy value of 30 ft-1b. A curve of the temperature versus the energy absorbed
in breaking the specimen is plotted. To obtain this curve at least two speci-
mens are tested at a minimum of five different temperatures. Available data
indicate NDTT differences as great as 40°F between curves plotted through the
minimum and average values respectively. The intersection of the energy versus
temperature curve with the 30 ft-~1lb ordinate is designated as the NDTT. The
determination of NDTT from the average curve is considered representative of
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the material and is consistent with procedures specified in ASTM E23, The
material for these tests is treated by the methods outlined in ASME III
Paragraph N-313, The test coupons are taken at a distance of T/4 (1/4 of the
plate thickness) from the quenched surfaces and at a distance of T from the
quenched edges, These tests are performed by the material supplier or B&W,
in accordance with ASME Section III, Paragraphs N-313 and N-330.

The basic determination of vessel operation from cold startup and shutdown

to full pressure and temperature operation is performed in accordance with a
"Fracture Analysis Diagram" as published by Pellini and Puzak.(2) At tempera-
tures below the Design Transition Temperature (DTT), which is equal to NDTT +
60°F, the pressure vessels will be operated so that the stress levels will be
restricted to a value that will prevent brittle failure. These levels are:
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a. Below the temperature of DIT minus 200 F, a maximum stress of 10 per
cent yield strength.

b. From the temperature of DTT minus 200 F to DIT, a maximum stress which
will increase from 10 to 20 per cent yield strength.

c. At the temperature of DIT, a maximum stress of 20 per cent yield
strength,

With the stresses held within the above limits (a through c above), brittle
fracture will not occur. This statement is based on data reported by Robert-
son(3) and Kihara and Masubichi(#) in published literature. These stress values
are interpreted in terms of operating temperatures and pressures, and it can be

shown that stress limits can be controlled by imposing operating procedure limits

through control of pressure and temperature during heatup and cooldown. 1,
This procedure assures that the stress levels do not exceed those specified in
a through ¢ above.

Flux and nvt at Reactor Vessel Wall

The design value for the fast neutron flux greater than 1.0 MeV at the inner
surface of the reactor vessel is 3.0 x 1010 n/cm®~s at a rated power of 2,568
MWt. The corresponding calculated maximum fast neutron flux at the vessel wall
is 2.2 x 101 n/cmz—s. This calculated value includes a lifetime average axial
peaking factor of 1.3 and an azimuthal peaking factor of 1.29. For 40 years at
80% load this corresponds to an nvt of 2.2 x 1019 n/cm2 (maximum) for the vessel
wall.

The attenuation of the neutron flux from the core to the reactor vessel is com-
puted using the NRN (5) program, This is a one-dimensienal multigroup removal-
diffusion program in slab, cylindrical, or spherical geometry. This code uses
the method in which the uncollided and strongly forward-scattered neutrons
(removal groups) are computed by integration of an energy dependent attenuation
kernel over the source volume. Scattering of neutrons out of the removal groups
forms a source term for the multigroup diffusion calculations. Neutron slowing-
down is handled by elastic and non-elastic scattering matrices for both the
removal and diffusion groups.

Neutron fluxes at the vessel wall are computed with the core represented as a
slab source equal in thickness to the equivalent core diameter. A lifetime
average power distribution through the thickness of the core was determined
from calculated power profiles over several core cycles and at various times
during each cycle. The neutron energy spectrum was represented by 26 energy
groups with 14 of these groups covering the range above 1.0 MeV.

Local flux peaking on the vessel wall due to fuel assemblies extending beyond
the equivalent core diameter (azimuthal peaking) is determined with PDQ 5, (6)
a two-dimensional diffusion program. The lifetime-~average axial flux peak at
the vessel is the same as that in the two outer rows of fuel assemblies.

Calculations with the NRN code were compared with data from various experiments

including measurements on the R2-0 reactor at Studsvik Research Center,(7) on
the LIDO pool reactor at Harwell, (8) and on a shielding mockup of the

4-23



reactor vessel and internals at the B&W Critical Experiment Laboratory (CEL).(Q)
At the R2-0 reactor, measurements were made through about 3 feet of water with
threshold detectors which included 112In (n,nl) 115mIn (1.5 Mev), 325 (n,p)

32p (3 MeV), and 27A1 (n,a), 24Na (6 MeV). Energies shown are threshold energies
for the reaction. In the LIDO pool, thermal flux measurements were made through
laminations of iron and water over a penetration distance of about 4 feet. 1In
the experiment at B&W's CEL, sulphur foil data was taken at points covering the
distance between the core and the reactor vessel.

In all cases, and over the entire penetration distances, the calculations were
either in agreement with the data, or predicted higher flux and activation
levels. It is thus concluded that the NRN code provides a conservative method
for the calculation of vessel nvt.

Expected NDTT Shift

As a result of fast neutron bombardment of vessel metal in the region surround-
ing the core, the reactor vessel material ductility will change. The effect is
an increase in the Nil-Ductility Transition Temperature (NDIT). For the 40 year
exposure (Section 4.1.2.8), the predicted NDTT shift, shown in Figure 4-10, is
250 F. This is based on the "Maximum Curve for 550 F Data" shown in Figure
4-11. The "Trend Curve for 550 F Data," as shown in Figure 4-11, represents
irradiated material test results and was compiled from the reference documents

. listed in Table 4-13.

The NDTIT shift is factored into the plant startup and shutdown procedures so
that full operating pressure is not attained until the reactor vessel tempera-
ture is about DTT. The total stress in the vessel wall due to both pressure
and the associated heatup and cooldown transient is restricted to 5,000-10,000
psi, which is below the threshold of concern for safe operation. An adjusted

100 F/h heatup rate can be maintained throughout life. An adjusted rate is

one in which the pressure is held constant to maintain stresses at the desired
low level while temperatures are at a level below DIT. A 100F/h temperature
increase is maintained until DTT is passed and pressure can be raised to a new
higher level. These operating restrictions are based on the NRL generalized
fracture analysis diagram which is a semi-empirical method of material selection
and approximate analysis to prevent brittle fracture. This diagram plots failure
stress (normalized to yield) as a function of temperature referenced to the NDT
temperature for a family of finite flaw sizes. The parametric crack size curves
were determined partially by fracture mechanics and partially by plotting actual

failure data. The assumed flaw for this analysis was slightly greater than 24
inches.

The maximum stress in the reactor vessel wall caused by internal heat gener-
ation from gamma radiation occurs at the core midplane region during full power
operation. The value of stress is 3160 psi (tension). There are no structural
discontinuities in this region to cause stress concentration.
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The reactor vessel design provides for vessel material surveillance specimens
which will permit an evaluation of the actual neutron exposure-induced shift
for material Nil-Ductility Transition Temperature.

Test coupons of welds, heat-affected zones, and base material for the material
used in the reactor vessel, are incorporated in the reactor vessel surveillance
program, as described in 4.4.6. The Reactor Vessel Material Surveillance Pro-
gram is described in further detail in a Babcock & Wilcox company topical re-
port, BAW-10006; '"Reactor Vessel Material Surveillance Program."

Fracture Mode Evaluation

An analysis has been made to demonstrate that the reactor vessel can accommodate
without failure the rapid temperature change associated with the postulated op-
eration of the emergency core cooling system (ECCS) at end of vessel design life,
A summary of the evaluation follows:

The state of stress in the reactor vessel during the loss—-of-coolant accident
was evaluated for an initial vessel temperature of 603 F. The inside of the
vessel wall is rapidly subjected to 90 F injection water of the maximum flow
rate obtainable. The results of this analysis show that the integrity of the
vessel is not violated.

The assumed modes of failure are ductile yielding and brittle fracture, which
includes the nil-ductility approach and the fracture mechanics approach. The

modes of failure are considered separately as follows:

a. Ductile Yielding

The criterion for this mode of failure is that there shall be no gross
yielding across the vessel wall using the minimum specified yield
strength in the ASME Code, Section III. The analysis considered the
maximum combined thermal and pressure stresses through the vessel wall
thickness as a function of time during the safety injection. Compar-
ison of calculated stresses to the material yield stress indicated
that local yielding may occur in the inner 8.0 per cent of the vessel
wall thickness.

b. Brittle Fracture

Because the reactor vessel wall in the core region is subjected to
neutron flux resulting in embrittlement of the steel, this area was
analyzed from both a nil-ductility approach and a fracture mechanics
approach. The results of the two methods of analysis compare favor-
ably and show that pressure vessel integrity is maintained.

The criterion used in the nil-ductility approach is that a crack can-
not propagate beyond any point where the applied stress is below the

threshold stress for crack initiation (5-8 ksi) or when the stress is
compressive. This approach involves making the very conservative as-
sumption that all of the vessel material could propagate a crack by a
low energy absorption or cleavage mode. End-of-life vessel conditions
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the wall was developed on a stress-temperature coordinate system. The
actual quench-induced, stress-temperature condition through the thick-
ness of the wall at several times during the quench was developed and
plotted. The maximum depth at which the material in the vessel wall
would be in tension or at which the stress in the material would be

in excess of the threshold stress for crack initiation (5-8 ksi) was
determined by comparison of the plots. The comparison showed that a
crack could propagate only through the inner 35 per cent of the wall
thickness if a crack initiation threshold of 5-8 ksi is applicable.

were assumed. The crack arrest temperature through the thickness of .

The foregoing method of analysis is essentially a stress analysis ap-
proach which assumes the worst conceivable material properties and a
flaw size large enough to initiate a crack. Actually, the outer 83
per cent of the vessel wall is at a temperature above the DTT (NDTT +
60 F) when credit is taken for the neutron shielding, and for the
original DTT profile through the wall thickness. The analysis is
conservative in that it does not deny that cracks can be initiated,
and in that it assumed a crack from 1 to 2-ft long to exist in the
vessel wall at the time of the accident. Therefore, it can be con-
cluded that, if a crack were present in the worst location and orien-
tation (such as a circumferentially oriented crack on the inside of
the vessel wall), it could not propagate through the vessel wall.

A fracture mechanics analysis was conducted which assumed a continu-
ous surface flaw to exist on the inside surface of the vessel wall.
The criterion used for the analysis is that a crack cannot propagate
when the stress intensity at the tip of the crack is below the criti-
cal crack stress intensity factor (Kig).

Babcock & Wilcox Topical Report No. 10018; "Analysis of the Structural
Integrity of the Reactor Vessel Subjected to a Thermal Shock Induced
by the Operation of the Emergency Core Cooling System," provides the
details of the analysis. This report includes an evaluation consider-
ing the Irwin fracture mechanics method and performs a sensitivity
analysis of the effect of varying the conservatism of several major
parameters on the result.

Closure

The reactor closure head is bolted to a ring flange on the reactor vessel. The
vessel closure seal is formed by two concentric metal O-ring seals with pro-
visions for leak-off between the O-rings. Reactor closure head leakage will be
negligible from the annulus between the metallic O-ring seals during vessel
steady-state and virtually all transient operating conditions. Only in the
event of a rapid transient operation, such as an emergency cooldown, would there
be some leakage past the inner-most O-ring seal. A stress analysis on a similar
vessel design indicates this leak rate would be approximately 10 cc/min and no
leakage would occur past the outer O-ring seal.

The reactor closure head is attached to the reactor vessel with sixty 6-1/2 in.
diameter studs. The studs have a minimum yield strength of 130,000 psi. The
studs, when tightened for operating conditions, will have a tensile stress of
approximately 30,000 psi. An evaluation of stud failures shows that:
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a. 10 adjacent studs can fail before a leak occurs.

b. 25 adjacent studs can fail before the remaining studs reach yield
strength.

c. 26 adjacent studs can fail before the remaining studs reach the ulti-
mate tensile strength.

d. 43 symmetrically located studs can fail before the remaining studs
reach yieid strength.

The fatigue evaluation results of the studs is included in Table 4-15.

Control Rod Drive Service Structure

The control rod drive service structure is designed to support the control rod
drives to assure no loss of function in the event of a combined loss of coolant
accident and maximum hypothetical earthquake. Requirements for rigidity, im-
posed on the structure to avoid adversely aifecting the natural frequency of
vibration of the vessel and internals, as well as space requirements for ser-
vice routing, result in stress levels considerably lower than design limits.
The structure is more than adequate to perform its required function.
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4.3.4 STEAM GENERATORS

4.3,

A,

In August of 1964, B&W began design and construction of facilities to test full scale

4,1 Research and Development

Test Program Design Criteria

sections of the Once Through Steam Generator. Since that time, three different test
models of the Once Through Steam Generator have been tested. The design criteria

for

The

The

D.

the test steam generators were as follows:

1. To provide a test steam generator for investigation of the operational
characteristics of the steam generator such as heat transfer, pressure drop,
control characteristics (including measurements necessary for control),
and stability,

2. To provide a test steam generator for investigation of manufacturing pro-
cedures, fouling characteristics, and cleaning procedures.

3. To provide a test steam generator which could be non-destructively examined
and danalyzed with respect to vibration, corrosion, and unit integrity.

Test Program Design Bases

design bases for the test steam generators were:

1. To duplicate tube length, tube thickness, tube diameters of the full size
steam generator,

2., To duplicate important dynamic characteristics such as secondary flow area
per tube, downcomer annulus area and feedwater spray velocity.

3. To operate the test units under temperature, pressure, and control conditions

of the full size units.

General Test Objectives

general objectives of the model tests include:

. heat transfer tests

. pressure drop tests

1

2

3. stability tests

4 fouling and cleaning tests
5

mechanical design tests including vibration, and structural tests.

Test Results

In April, 1971, B&W submitted a topical report, BAW-10027, Once Through Steam
Generator Research and Development Report. General results and evaluation of
the model tests including the following were reported in BAW-10027:
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4.3.4.2

The steady state and transient operation tests have confirmed the
analytically predicted performance characteristics of the steam generator
and have provided the data for the control system.

Feedwater spray nozzle tests have demonstrated that the design will satis-
factorily heat the feedwater,

Tube leak simulation tests have demonstrated that a leak in one tube will
not propagate by causing a failure in adjacent tubes,

Mechanical tests have demonstrated that the tubes can withstand, without
failure, the mechanical loads they may experience either during normal
operation or accident conditions.

Vibration testing demonstrated that the unit contained no undesirable
resonance characteristics.

Tests to simulate a steam line failure or reactor coolant system failure
have demonstrated the integrity of the steam generator under conditions of
rapid depressurization and large temperature differentials between the tubes
and the shell of the unit.

Secondary side fouling tests demonstrated that fouling will be detected by
increased pressure drop in the downcomer. Feedwater nozzle flooding causes
the downcomer water temperature to fall below saturation temperature. Feed-
water nozzle flooding is prevented in high downcomer level limits which
restrict and/or limit feedwater flow. Cleaning of the secondary side of the
steam generator is required when the high downcomer level limit is activated
at full power. If the operator chooses, cleaning may be postponed indefi-
nitely by reducing the power level to the point at which the high downcomer
level limit is not actuated.

Additional information concerning steam generator research and development,
design programs, and evaluations are contained in BAW-10027 as follows:

a. Objectives and evaluations of all model steam generator tests.
b. Extrapolation of model tests to full size performance.

c. Verification test program to be conducted at Oconee I,

d. Cleaning processes to be used.

e. Computer programs used in the design of the steam generator and
transient analysis,

Stress Evaluation

A, General

Because
a minor

the steam generator is of a straight tube-straight shell design and because of
difference in the coefficient of thermal expansion between Inconel and carbon
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tween the tubes and the shell. During normal operation of the steam generator, the
tube mean temperature should not be more than 32 F higher than the shell mean
temperature. The maximum calculated mean tube to shell AT at normal operating con-
ditions poses no problems to the structural integrity of the reactor coolant boun-
dary. The effect of loss of reactor coolant would impose tensile stresses on the
tubes and cause slight yielding across the tubes, Such a condition would introduce
a small permanent deformatiom in the tubes but would in no way violate the boundary
integrity. The rupture of a secondary pipe would cause the tubes to become warmer
than the shell and may cause tube deformation, Blowdown tests simulating secondary
side blowdown on a 37-tube model boiler, show that although a slight buckling in
the tubes occurred, there was no loss of reactor coolant.

steel, there exists a structural limitation on the mean temperature difference be- I

Calculations confirm that the steam generator tube sheet will withstand the loading
resulting from a loss-of-coolant accident. The basis for this analysis is a hypo-
thetical rupture of a reactor coolant pipe resulting in a maximum design pressure
differential from the secondary side of 1050 psi. Under these conditions there is
no rupture of the primary to secondary boundary (tubes and tube sheet).

The maximum primary membrane plus primary bending stress in the tube sheet under

these conditions is 15,900 psi across the center ligaments which is well below the

ASME Section III allowable limit of 40,000 psi at 650 F. Under the condition postu-

lated, the stresses in the primary head show only the effect of its role as a

structural restraint on the tube sheet. The stress intensity at the juncture of

the spherical head with the tube sheet is 14,970 psi which is well below the allowable
stress limit. It can therefore be concluded that no damage will occur to the tube

sheet or the primary head as a result of this postulated accident. .

In regard to tube integrity under loss of reactor coolant, actual pressure tests of
5/8 in. 0D/0.034 inch wall Inconel tubing show collapse under an external pressure
of 4,950 psi, This is a factor of safety of 4.7 against collapse under the 1,050
psig accidental application of external pressure to the tubes,

The rupture of a secondary pipe has been assumed to impose a maximum design pressure
differential aof 2,500 psi across the tubes and tube sheet from the primary side.

The criterion for this accident permits no violation of the reactor coolant boundary
(primary head, tube sheet, and tubes).

To meet this criterion, the stress limits delineated in the ASME Pressure Vessel
Code, Section III, Paragraph N-714.,2 for hydrotest limitations are applicable for
the aforementioned abnormal operating circumstance. The referenced section states
that the primary membrane stresses in the tube sheet ligaments, averaged across the
ligament and through the tube sheet thickness, do not exceed 90% of the material
yield stress at the operating temperature; in addition, the primary membrane plus
primary bending stress in the tube sheet ligaments, averaged across the ligament
width at the tube sheet surface location giving a maximum stress, does not exceed
135% of the material yield stress at the operating temperature.

An examination of stresses under these conditions show that for the case of a 2,500
psig design pressure differential, the stresses are within acceptable limits. These
stresses together with the corresponding stress limits are given in Table 4-18,
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The basic design criterion for the tubes assumes a pressure differential of 2,500
psig in accordance with Section ITI. Therefore, the secondary pressure loss
accident condition imposes no extraordinary stress on the tubes beyond that
normally expected and considered in Section III requirements.

The superimposed effect of secondary side pressure loss and maximum hypothetical
earthquake has been considered. For this condition, the criterion is that there
be no violation of the primary to secondary boundary (tube and tube sheet). For
the case of the tube sheet, the maximum hypothetical earthquake loading will con-
tribute an equivalent static pressure loading over the tube sheet of less than

5 psi (for vertical shock).

The effect of fluid dynamic forces on the steam generator internals under secondary
steam break accident conditions has been simulated in a 37-tube laboratory boiler.
Results of the tests show that reactor coolant boundary integrity is maintained
under the most severe mode of secondary blowdown.
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The ratio of allowable stresses (based on an allowable membrane stress of 0.9
of the nominal yield stress of the material) to the computed stresses for a ‘
design pressure differential of 2,500 psig are summarized in Table 4-19.

|

|

|

1

i

B. Stress Intensities and Cumulative Usage Factors

Table 4-29 lists the steam generator stress intensities at various load points
due to design conditions as defined in the design specifications.

The results of the transient analysis and the determination of the fatigue usage

factor at the same load points are listed in Table 4-29.

C. Additional Information

Additional information discussed in BAW-10027 includes:
1. Discussion of thermal fatigue due to fluctuation and shifting of the
liquid-vapor interface on the tubes.

2. Stress distributions and effective elastic constants obtained under i
thermal inplane and transverse loadings, and analysis of tube to tube
sheet complex.

3., Vibration Analyses. ‘

4.3.5 RELIANCE ON INTERCONNECTED SYSTEMS

The principal heat removal system interconnected with the reactor coolant sys-
tem is the steam and power conversion system., This system provides capability
to remove reactor decay heat for the hypothetical case where all station power
is lost. Under these conditions decay heat removal from the reactor core is
provided by the natural circulation characteristics of the reactor coolant sys-
tem. The turbine driven emergency feedwater pump supplies feedwater to the
steam generators. Cooling water flow to the condenser is provided by the emer-
gency discharge line which discharges to the tailrace of the Keowee Dam. The
analysis for this unlikely condition of total loss of station electric power

is presented in Section 14. Should the condenser not be available to receive
the steam generated by decay heat, which is unlikely in view of emergency dis-
charge line flow, the water stored in the feedwater system can be pumped to the
steam generators and the resultant steam vented to atmosphere to provide re-
quired cooling.

4.3.6 SYSTEM INTEGRITY

The reactor protective system (Section 7) monitors parameters related to safe
operation and trips the reactor to protect against reactor coolant system dam-

age caused by high system pressure, The pressurizer code safety valves pre-

vent reactor coolant system overpressure after a reactor trip as a result of ‘
reactor decay heat and/or any power mismatch between the reactor coolant sys-

tem and the secondary system.
Rev. 6. 6/22/70
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The integrity of the reactor coolant system is ensured by proper materials se-
lection, fabrication quality control, design and operation. A summary of fab-
rication inspections for the components is given in Table 4-12, Components in
the system are fabricated from materials initially having a low NDTT to elimi-
nate the possibility of propagating type failures. Materials surveillance
specimens inside the reactor vessel will provide a check on the predicted shift
in NDTT. A complete stress analysis has been prepared for all design loadings
specified in the design specification., The analysis shows that the reactor
vessel, steam generators, pressurizer and pump casings comply with the allow-
able stress limits of Section III of the ASME Code and the requirements of the
design specification. A similar analysis of the piping shows that it complies
with the allowable stress limits of USAS B31.7.

As a further assurance of system integrity, the completed reactor coolant sys-
tem will be hydrotested at 3,125 psig before initial operation,

The active components in the reactor coolant system which are classified as
Class I mechanical components consist of the reactor coolant pumps with motors
and the control rod drive mechanisms. These components are modeled in the
seismic analysis of the reactor coolant system and the appropriate response
spectra imposed at the support points of the major contributing components of
the system. The resulting seismic displacements and accelerations of mass
points are used to check bearing loadings and shaft deflections.

As a pump-motor shaft is designed to have a natural frequency at least 20
percent above the critical speed, the shaft is too stiff to respond to any of
the lower seismic frequencies. The pump and motor bearings are designed to
be capable of meeting the seismic design criteria.

The design specification for the control rod drives requires that the drives
be capable of withstanding the seismic loadings within the stress limits for
Class T equipment.

The purchase specifications for the ECCS pumps and valves require that the
units be capable of operating under the seismic loads predicted to exist at
the building elevations where the units will be located. The equipment
supplier has certified that the units, based on tests which exceeded the
specification requirements on similar units, do adequately meet the purchase
specification requirements for operation under seismic loads. The instru-
mentation transmitters are tested to demonstrate their suitability for the
specified seismic conditions.

The center of gravity for this type of equipment is low and both the pump
and the driver are rigidly connected to a structural baseplate which in turn
is bolted to the building. This type of equipment is structurally quite
rigid and in most instances will accommodate very high "g" loadings.
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4.3.7 OVERPRESSURE PROTECTION

The reactor coolant system is protected against overpressure by the pressu- .
rizer code safety valves mounted on top of the pressurizer. The capacity of

these valves is determined from considerations of: (1) the Reactor Protective

System; (2) pressure drop (static and dynamic) between the point of highest

pressure in the reactor coolant system and the pressurizer; and (3) accident

or transient overpressure conditions.
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The combined capacity of the pressurizer code safety valves is based on the hypo-
thetical case of withdrawal of a regulating control rod assembly bank from a
relatively low initial power. The accident is terminated by high pressure re-
actor trip with resulting turbine trip. This accident condition produces a
power mismatch between the reactor coolant system and secondary system larger
than that caused by a turbine trip without immediate reactor trip, or by a
partial load rejection from full load.

4.3.8 SYSTEM INCIDENT POTENTIAL

Potential accidents and their effects and consequences as' a result of component
or control failures are analyzed and discussed in Section 14.

The pressurizer spray line contains an electric motor-operated backup valve
which can be closed should the pressurizer spray valve malfunction and fail to
close; this would prevent depressurization of the system to the saturation pres-
sure of the reactor coolant. An electric motor-operated valve located between
the pressurizer and the pressurizer electromatic relief valve can be closed to
prevent pressurizer steam blowdown in the unlikely event the electromatic re-
lief valve fails to reclose after being actuated. Because of the other protec-
tive features in the plant, it is unlikely that the code valves will ever 1lift
during operation. In addition, it is extremely unlikely these valves would
stick open, since there is adequate experience to indicate the reliability of
code safety valves. The analysis in Section 14.2 indicates that one high pres-
sure injection pump is sufficient to protect the core for an opening in the sys-
tem considerably larger than one pressurizer code safety valve in the open po-

sition.
4.3.9 REDUNDANCY

Each heat transport loop of the reactor coolant system contains one steam gen-—
erator and two reactor coolant pumps. Operation at reduced reactor power is
possible with one or more pumps out of service. For added reliability, power
to each pump is normally supplied by one of two electrically separated buses
as shown in Figure 8-2. Each of the two pumps per loop is fed from separate
buses.

Two core flooding nozzles are located on opposite sides of the reactor vessel

to ensure core reflooding water in the event of a single nozzle failure. Re-
flooding water is available from either the core flooding tanks or the low pres-
sure injection pumps. The high pressure injection lines are connected to the
reactor coolant system on each of the four reactor coolant inlet pipes.

4.3.10 SAFETY LIMITS AND CONDITIONS

4.3.10.1 Maximum Pressure

N

The reactor coolant system serves as a barrier which prevents release of radio-
nuclides contained in the reactor coolant to the reactor building atmosphere.
In the event of a fuel cladding failure, the reactor coolant system is the pri-
mary barrier against the release of fission products to the reactor building.
The safety limit of 2,750 psig (110% of design pressure) has been established.
This represents the maximum transient pressure allowable in the reactor coolant
system under the ASME Code, Section IIT.
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4.3.10.2 Maximum Reactor Coolant Activity

Release of activity into the reactor coolant in itself does not constitute a
hazard, Activity in the reactor coolant constitutes a hazard only if the amount
of activity is excessive and it is released to the enviromment. The plant sys-
tems are designed for operation with activity in the reactor coolant systems re-
sulting from 1 per cent defective fuel. Activity would be released to the en-
vironment if the reactor coolant containing gaseous activity were to leak to

the steam side of the steam generator. Gaseous activity could then be released
to the enviromment by the steam jet air ejector on the main condenser. In 10
CFR 20, maximum permissible concentrations (MPC's) for continuous exposure to
gaseous activity have been established. These MPC's will be used as the basis
for maximum release of activity to the environment which has unrestricted ac-
cess. Section 11 presents analysis of allowable reactor coolant activities

with a 1 gpm tube leak.

4.3.10.3 Leakage

Reactor coolant system leakage rate is determined by comparing instrument indi-
cations of reactor coolant average temperature, pressurizer water level and let-
down storage tank water level over a time interval. All of these indications
are recorded. The letdown storage tank capacity is 31 gallons per each inch of
height and each graduatuion on the level recorder represents 2 inches of tank

height.

"Reactor coolant system leak detection is provided by monitoring the reactor

building sump level and the letdown storage tank level. Since the pressuri-

- zer level controller maintains a constant pressurizer level, any reactor
"coolant system volume change due to leakage would manifest itself as a Reactor
- Building sump level change and/or a corresponding letdown storage tank level

change. Considering the most adverse initial conditions of a low level in the
Reactor Building sump and a high level in the letdown storage tank, a 1 gpm

leak from the reactor coolant system would initiate a Reactor Building sump

high level alarm indication in the control room within 5 hours and a letdown
storage tank low level alarm indication in the control room within 16 hours.
A 3 gpm leak would be detected in 1/3 the time given above for detection of

a 1 gpm leak. Normally, with the Reactor Building sump level and the letdown
storage tank level between their high alarm and the low alarm respectively,
these detection times would be reduced.

If the leak allows primary coolant into the containment atmosphere, addition-

al leak detection is provided by the Reactor Building gaseous monitoring system
and the Reactor Building area monitoring system. The sensitivity and time for
detection of a coolant system leak by any of the radioactivity monitoring systems
depends upon reactor coolant activity and the location of the leak. Alarm in-
dication for each sample point in these systems is in the control room.

If the leak is in a steam generator, the leak will be detected by a decrease

in the level of the letdown storage tank as described above and also by main

steam line and condenser air ejector off gas radiation monitors. The sensi-

tivity of the radiation monitors for leak detection depends upon the activity
of the primary coolant system.
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Class 1 fluid systems other than the reactor coolant system pressure boundary
will be monitored for leakage by monitoring the various storage and/or surge
tanks for the applicable systems. The radiation monitoring system for the
station will aid in leak detection of systems containing radioactive fluids.
In addition to the above, routine Operator and/or Health Physics radiation
surveillance will detect leakage in both radioactive and non-radioactive
systems.

Natural circulation can be maintained in the reactor coolant system for decay
heat removal following a complete loss of station power even if the system has
been operating with an equipment leak. The natural circulation path will be
maintained solid with water until the pressurizer has emptied, which is 6,000
gallons of coolant. A 30 gpm leakage rate in conjunction with a complete loss
of station power and subsequent cooldown of the reactor coolant system by the
turbine bypass system (set at 1,040 psia) and steam driven emergency feedwater
pump would require a minimum of 60 minutes to empty the pressurizer from the
combined effect of system leakage and contraction. Sixty minutes is ample time
to restore electrical power to the plant and makeup flow to the reactor coolant
system.

4.3.10.4 System Mihimum Operational Components

One pressurizer code safety valve is capable of preventing overpressurization
when the reactor is not critical since its relieving capacity is greater than
that required by the sum of the available heat sources, i.e., pump energy,
pressurizer heaters, and reactor decay heat. Both pressurizer code safety
valves are required to be in service prior to criticality to conform to the
system design relief capabilities. One steam generator is required to be oper-
able prior to criticality as the steam generator is the means for normal decay

heat removal at temperatures above 250 F. (Reference Supplement 6 revisions for |

Oconee 1.) _

A reactor coolant pump or low pressure injection pump is required to be in op-
eration prior to reducing boron concentration by dilution with make-up water.
Either pump will provide mixing which will prevent sudden positive reactivity
changes caused by dilute coolant reaching the reactor.
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4.3.10.5 Combined Heatup, Cooldown, and Pressure Limitations

The stress level of the material in a reactor vessel, or any other component of
the coolant system is a combination of stresses caused by internal pressures

and temperature gradients. The maximum steady-state stress resulting from

gamma heating in the vessel is a relatively low value, and no problems are an-
ticipated from thermal stresses in the reactor vessel wall, The initial Nil-
Ductility Transition Temperature (NDIT) for all reactor vessel material is

based on Charpy V-notch tests. The Design Transition Temperature (DIT) is de-
fined as NDTT + 60 F. NDTT, and subsequently DTT, increases as a function of
cumulative neutron exposure. To prevent brittle fracture during operation,
stress levels will be restricted to the following levels: (1) at the tempera-
ture of DTT, the maximum stress permissible is 20 per cent of the yield strength;
and (2) this stress limit tapers off to 10 per cent of design yield strength for
DTIT - 200 F, and remains at 10 per cent below DTT - 200 F. Curves in the plant op-
erating manual define the operating limitation of pressure versus temperature

to maintain stresses within the above levels. The predicted DTT shift due to
irradiation exposure will be monitored by the surveillance program testing.

The operating limit curves will be revised if required by the results of the
surveillance program testing.

4.3.11 QUALITY ASSURANCE
Assurance that the reactor coolant system will meet its design bases insofar as
the integrity of the pressure boundary is concerned, is obtained by analysis,

inspection, and testing.

4,3.11.1 Stress Analyses

Detailed stress analyses of the individual reactor coolant system components
including the vessel, piping, pumps, steam generators, and pressurizer have
been performed for the Design Bases.

Dynamic analyses have been performed on the complete system treating each steam
generator and associated coolant piping as an independent system to include the
effect of the design bases earthquake or the maximum hypothetical earthquake in
the piping stresses and nozzle stresses.

Independent thermal and dynamic analyses have been performed to insure that
piping connecting to the reactor coolant system is of the proper schedule and
that it does not impose forces on the nozzles greater than allowable. Small
nozzles are conservatively designed and utilize ASA schedule 160.

The reactor coolant pump casing has been completely analyzed including a dynam-
ic analysis separately from the loop to insure that the stresses throughout the
casing are below the allowable for all design conditions.

Stress analysis reports required by codes for the several components have been

prepared by the manufacturer and reviewed for adequacy by a separate organiza-
tion.
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4.3.11.2 Shop Inspection

Inspection and non-destructive testing of materials prior to and during manu-
facturing in accordance with applicable codes and additional requirements im-
posed by the manufacturer have been carried out for all of the reactor coolant
system components and piping. The extent of these inspections and testing is
listed in Table 4-12 for each of the components in the system. Shop testing
culminates with a hydrostatic test of each component followed by magnetic par-
ticle inspection of the component external surface. (Piping will be hydrostat-
ically tested in the field and will undergo the final inspection described in
4.3.11.3)

Components are cleaned, packaged to prevent contamination, and shipped over a
pre-selected route to the site. For materials purchased or manufactured out-
side of B&W, the results of the material inspection and testing program have
been observed or audited by B&W and audited by the applicant. 1In addition there
is an independent audit by B&W's Nuclear Power Generation Department Quality
Assurance Section.

4,3.,11.3 Field Inspection

Field welding of reactor coolant piping and piping connecting to nozzles is
performed using procedures which will result in weld quality equal to that ob-
tained in shop welding. Non-destructive testing of the welds is identical to
that performed on similar welds in the shop and is shown in Table 4-12. Acces-
sible shop and field welds and weld repairs in the reactor coolant piping are
inspected by magnetic particle or liquid penetrant tests following the system
hydrostatic test.

4.3.11.4 Testing

The reactor coolant system including the reactor coolant pump internals, reac-
tor closure head, control rod drives, and associated piping out to the first
stop valve undergoes a hydrostatic test following completion of assembly. The
hydrostatic test is conducted at a temperature 60 F greater tlian the highest
nil-ductility temperature. During the hydrostatic test, a careful examination
is made of all pressure boundary surfaces including gasketed joints.

4.4 TESTS AND INSPECTIONS

4.4.1 GENERAL

This section discusses tests and inspections performed during and after the as-
sembly of the individual components into a completed reactor coolant system.
These tests and inspections are performed to demonstrate the functional capa-
bilities of the components after assembly into a completed system, to inspect
the quality of the system closure weldments, and to monitor system integrity
during service.
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4.4.2 CONSTRUCTION INSPECTION

The coolant piping for each loop is shipped to the field in six subassemblies.
The loops are then assembled in the field. In order to accommodate the small
fabricating and field installation tolerances, a number of the subassemblies
are fabricated with excess length. Thus, the final fitting of the coolant pip-
ing is accomplished in the field. The ends with excess length are field ma-
chined. All carbon steel-to-carbon steel field welds are back-clad with stain-
less steel following removal of the backing rings. Consumable inserts are used
in stainless-to-stainless welds, such as surge line and some coolant pump welds.

All welding is inspected in accordance with requirements of the applicable codes
or better. :

Welding of the auxiliary piping to reactor coolant system nozzles is done to the
same standards as the main coolant piping. Consumable inserts are used in all
cases.

Cleaning of reactor coolant piping and equipment is accomplished both before
and after erection of various equipment. Piping and equipment nozzles will re-
quire cleaning in the area of the connecting weldments. Most of the piping

and equipment are large enough for personnel entry and are cleaned by locally
applying solvents and demineralized water and by wire brush to remove trapped
foreign particles. Where surfaces and equipment cannot be reached by personnel
entry and have been cleaned in vendor shops to the required cleanliness for
operation and appropriately protected to maintain cleanliness during handling,
shipping, storage, and installation, further cleaning will not be performed.

Appropriate checks to verify maintenance of required cleanliness will be
performed prior to operation.

4.4.3 INSTALLATION TESTING

The Reactor Coolant System will be hydrostatically tested in accordance with
USAS B31.7, Nuclear Power Piping Code. The test pressure will affect all parts
of the Reactor Coolant System up to and including means of isolation from
auxiliary systems, such as valves and blank flanges. The hydrostatic test

will be performed at temperature above Design Transition Temperature.

The Reactor Coolant System relief valves will be inspected and shop-tested in

accordance with Section III of the ASME code for Nuclear Vessels. The relief
pressure setting will be made during the shop test.

b.b.4 FUNCTIONAL TESTING

Prior to initial fuel loading, the functional capabilities of the Reactor Cool-
ant System components will be demonstrated at operating pressures and tempera-
tures. Measurement of pressures, flows, and temperatures will be recorded for
various system conditions. Operation of reactor coolant pumps, pressurizer
heaters, pressurizer spray system, control rod drive mechanism, and other Reac-
tor Coolant System equipment will be demonstrated. For descriptions of the
various functional tests to be performed, refer to Section 13.1.
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4.4.,5 IN-SERVICE INSPECTION

Consideration has been given to the inspectability of the reactor coolant sys-
tem in the design of components, in the equipment layout, and in the support

structures to permit access for the purposes of inspection. Access for inspec-
tion is defined to be access for examination by direct or remote means during
shutdown. See Appendix 4B for details of the In-Service Inspection Program.

4.4.6 MATERIAL IRRADIATION SURVEILLANCE

Surveillance specimens of the reactor vessel shell section material are install-
ed in the reactor vessel in accordance with ASTM Specification E 185, Recommended
Practice for Surveillance Tests on Structural Materials in Nuclear Reactors.
Tensile specimens and Type A Charpy-V notch specimens which have been machined
from welds, heat-affected zones and base material will be contained in ir-
radiation capsules in the reactor vessel. There are approximately three
surveillance specimen holder tubes installed between the core and the inside wall
of the reactor vessel shell. Refer to BAW-10006, '"Reactor Vessel Material Sur-
veillance Program,'" for a complete description of the surveillance program.
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Table 4-~1

Reactor Coolant System Pressure Settings

Pressure, Capacity,
psig 1b/hr, total
Design Pressure 2500
Pressurizer Code Safety Valves 2500 667,000
High Pressure Trip 2355(a>
Pressurizer Electromatic Relief Valve
Open 2255 E:; 107,000
Close 2220
High Pressure Alarm 2255(6)
Pressurizer Spray Valve
Open 2205 EZ;
Close 2155
Operating Pressure(d) 2155
Low Pressure Alarm 2055
Low Low Pressure Alarm 1920(a)
Low Pressure Trip 1800(a)
Hydrotest Pressure 3125
(a)At sensing nozzle on reactor outlet pipe.
Table 4-2
Reactor Coolant System Component Codes
Component Codes Addendum
Reactor Vessel ASME III Class A Summer 1967%
Pressurizer ASME III Class A Summer 1967%
Reactor Coolant System Piping USAS B31.7 Errata through
June 1968
Feedwater Header USAS B31.1 1967
R.C. Pump Casings ASME III Class A Summer 1967
(not code stamped)
Safety and Relief Valves ASME III Arct. 9 Summer 1967
Welding Qualifications ASME III and IX Summer 1967
Steam Generator (primary and ASME 1II Class A Summer 1967%

secondary sides)

*Welded joints tested in accordance with requirements of Article 7,

Summer 1966 Addenda.
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, Table 4-3
Reactor Vessel Design Data

Design Pressure, psig 2500
Design Temperature, F 650
Coolant Operating Temperature, Inlet/Outlet, F 554/604
Hydrotest Pressure, psig 3125
Coolant Volume (Hot, Core and Internals in Place), ft3 (59533
Reactor Coolant Flow, lb/hr 131.32 x 106
Number of Reactor Closure Head Studs 60
Diameter of Reactor Closure Head Studs, in. 6-1/2
Vessel Dimensions
Overall Height of Vessel and Closure Head, ft—in.(a) 40-8-3/4
Shell ID, in. 171
Flange ID, in. 165
Straight Shell Minimum Thickness, in. 8-7/16
Shell Cladding Miminum Thickness, in. 1/8
Shell Cladding Nominal Thickness, in. 3/16
Insulation Thickness, in. 3
Closure Head Minimum Thickness, in. 6-5/8
Lower Head Minimum Thickness, in. 5
Vessel Nozzles
Function No. ID, in. Material

Coolant Inlet 4 28 Carbon Steel - SS Clad
Coolant Outlet 2 36 Carbon Steel -_SS Clad
Core Flooding - LP Injection 2 14 Sch 40 Carbon Steel - SS Clad
Control Rod Drive 61 2.76 Inconel(¢)
Axial Power Shaping Rod Drive 8 2.76 Inconel(¢)
Instrumentation 8 3/4 Sch 160 Inconel(c
In-Core Instrumentation 52 3/4 Sch 160 Inconel
Dry Weight, lbs
Vessel 646,000
Closure Head 158,300
Studs, Nuts, and Washers 39,500

(a)
(b)
(c)

Instrument nozzle to CRD flange.

With stainless steel safe end added after stress relief.

With stainless steel flanges.
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Table 4-4
Steam Generator Design Data

(Data per Steam Generator)

. Steam Conditions at Full Load, Outlet Nozzles
Steam Flow, 1lb/hr
Steam Temperature, F
Steam Pressure, psig
Feedwater Temperature, F
Reactor Coolant Flow, 1lb/hr
Reactor Coolant Side
Design Pressure, psig
Design Temperature, F
Hydrotest Pressure, psig
~Coolant Volume (Hot), ft3
Full Load Temperature Inlet/Outlet, F

Secondary Side -
Design Pressuré; psig
Design Temperature, F
Hydrotest Pressure, psig
Net Volume, ft3
Mass of Steam and Water at Full Load, 1lb
Energy Content of Steam and Water at Full Load, Btu
Dimensions
Tubes, 0D/min Wall, in.
Overall Height (Including Skirt), ft-in.
Shell OD, in.
Shell Minimum Thickness, in.

Shell Minimum Thickness (at Tube Sheets and F.W.
Connect), in.

Tube Sheet Thicknesses, in.
Dry Weight, 1b
Tube length, ft-in.

4-39

5.6 x lO6

570

910

460

65.66 x 106
2500

650

3125

604 /554

1050

600

1315

3412
55,000
32.0 x 10°

0.625/0.034
© 73-2-1/2

151-1/8

4.1875

6.625

24
1,140,000
52-1-3/8



Table 4-4 (Cont'd)

Nozzles -~ Reactor Coolant Side

Function No. ID, in.
Inlet 1 36

Outlet 2 28

Drain 1 1 Sch 160
Manways 2 16
Handholes 2 5

Material

Carbon Steel

Carbon Steel -
Inconel
Carbon Steel -~

Carbon Steel

SS Clad
SS Clad

SS Clad
SS Clad

16.| Nozzles ~ Secondary Side (Reference Supplement 9 for revisions to Oconee 3)

Function

=z
[¢]

Steam

Vent

Drains

Drain

Level Sensing

Temperature Well

Manways

Feedwater Connect
Auxiliary Feedwater Connect
Handholes

H~NWNMWoOoNOEFEDN
[\

4-40

ID, in.

24
1-1/2
1-1/2
1 Sch
1 Sch
3/8
16

3 Sch
3 Sch
5

Sch 80
Sch 80
80
80

80
80

Rev.

Material

Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
Inconel

Carbon Steel
Carbon Steel
Carbon Steel
Carbon Steel
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‘ Table 4-5

Pressurizer Design Data

"Design/Operating Pressure, psig
Design/Opefating Temperature, F
Steam Volume, ft3
Water Volume, ft3

16-' 3. Hydrotest Pressure, psig (c)
Electric Heater Capacity, kW
Dimensions

Overall Height, ft-in.

Shell 0D, in.

Shell Minimum Thickness, in.
Dry Weight, 1b

2500/2166
670/648

~T00™

200/
3125
1638

44-11-3/4
96-3/8
6.188
291,000

Material

Nozzles
Function No. ID, 1in.
Surge Line 1 10 Sch 140
Spray Line 1 4 Sch 120
Relief Valve 3 2-1/2
Vent 1 1 Sch 160
' Sample 1 1 Sch 160
Temperature Well 1 3/8
Level Sensing 6 1 Sch 160
Heater Bundle 3 19-1/8
Manway 1 16
(a)

(b)

With Inconel safe end.

(a)
(b)
(a)

Carbon Steel - SS Clad
Carbon Steel -~ SS Clad
Carbon Steel - SS Clad
Inconel (b)
Carbon Steel - SS Clad

Inconel )
Carbon Steel - SS Clad
Carbon Steel - SS Clad
Carbon Steel - SS Clad

With stainless steel safe end added after stress relief.

16. (c)Pressure retaining part (inlet bushing) of pressurizer relief valves shop

hydrotested at 3750 psig.
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Table 4-6

Reactor Coolant Piping Design Data

Reactor Inlet Piping

Pipe ID, in.

Design Pressure/Temperature, psig/F
Hydrotest Pressure, psig

Minimum Thickness, in. 3
Coolant Volume (Hot - System Total), ft
Dry Weight, System Total, 1lb

Reactor Outlet Piping

Pipe ID, in.

Design Pressure/Temperature, psig/F
Hydrotest Pressure, psig

Minimum Thickness, in. 3
Coolant Volume (Hot - System Total), ft
Dry Weight, System Total, 1b

Pressurizer Surge Piping

Pipe Size, in.

Design Pressure/Temperature, psig/F
Hydrotest Pressure, psi

Coolant Volume, hot, ft

Dry Weight, 1b

Pressurizer Spray Piping

Pipe Size, in.
Design Pressure/Temperature, psig/F
Hydrotest Pressure, psi

28
2500/650
3125
2-1/4
1085 .
214,000

36
2500/650
3125
2-7/8

¢979)

200,000

10, Schd 140
2500/670
3125

20

5000

2-1/2, Schd 160
2500/650 & 670
3125

Coolant Volume, hot, ft -2
Dry Weight, 1b 650
Nozzles:
Function No. ID, in. Material
On Reactor Inlet Piping
High Pressure Injection 4 2-1/2 Sch 160 (a)
Pressurizer Spray 1 2-1/2 Sch 160 Stainless Steel
Drain/Letdown 1 2-1/2 Sch 160 (b)
Drain 3 1-1/2 Sch 160 (c)
Pressure Sensing 4 1 Sch 160 (c)
Temperature Well 4 0.375 Inconel
Temperature Sensing 4 0.613 Inconel
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Table 4-6 (Cont'd)

Function No. ID, in. Material
On Reactor Outlet Piping
Decay Heat 1 12 Sch 140 (b)
Vent 2 1 Sch 160 (c)
Conn. on Flow Meters 4 1 Sch 160 (c)
Pressure Sensing 4 1 Sch 160 (c)
Temperature Well 2 3/8 Inconel
Temperature Sensing 6 0.613 Inconel
Surge Line 1 10 Sch 140 (b)
On Pressurizer Surge Piping
Drain 1 1 Sch 160 Stainless Steel
On Pressurizer Spray Piping
Auxiliary Spray 1 1-1/2 Sch 160 Stainless Steel
Spray Valve Bypass 2 1/2 Sch 160 Stainless Steel
(a) Carbon Steel - SS Clad - With Stainless Steel

Safe End Added after Stress Relief

(b) Carbon Steel - SS Cléd - with Inconel Safe End
(c) For Oconee 1 & 2:

Carbon Steel - SS Clad - with Inconel Safe End

For Oconee 3:
Solid Inconel
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(Reference Supplement 6 Revision for Oconee 1.)

Table 4-7

Reactor Coolant Pump - Design Data

(Data per Pump)

Design Pressure/Temperature, psig/F

Hydrotest Pressure, psig

RPM at Nameplate Rating
Developed Head, ft

Capacity, gpm

Seal Water Injectidn, gpm

Seal Water Return, gpm
Injection Water Temperature, F
Cooling Water Temperature, F
Pump Discharge Nozzle ID, in.

Pump Suction Nozzle ID, in.

Overall Height (Pump-Motor), ft-in.

Dry Weight Without Motor, 1b

Coolant Volume, ft3

2

Pump~Motor Moment of Inertia, lb-ft

Motor Data

Type

Voltage

Phase

Frequency, Hz
Insulation Class
Starting Current, amp

Power, HP (Nameplate)

4-44

2500/650

3750
1190
396
88,000
8
1
125
105
28
28
29-4

108,300

98
70,000

Squirrel Cage Induction
Single Speed, Water Cooled

6600
3

60

F
4350
9000

Rev.
Rev.

9.
16.

8/11/70
7/30/71
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Table 4-8
Transient Cycles

Design ASME Load %
Transient Description Cycles Category Case
3.] 1. Heatup, 70 F to 557 F and Cooldown, 557 F to 240 Normal I
70 F at 100 F/h
2. Heatup, 532 F to 579 F (0 to 15% FP) and 1,440 Normal I
Cooldown, 579 F to 532 F (15 to 0%) at 5%
of FP per Minute
3. Plant Loading & Unloading (10% of FP per 48,000 Normal I
Minute Between 8 and 1007 FP)
4., Step Loading Increase and Decrease of 8,000 Normal I
10% FP
1-, 5. Step Load Reduction From FP to Auxiliary Load 310 Upset I
6. Reactor Trip From FP 400 Upset I
7. Rapid Depressurization (2200 psig to 300 psig 80 Emergency II
in One Hour)
‘ 8. Rod Withdrawal Accidents 40 Upset I
1-| 9. Drop of One Control Rod 40 Upset I
10. Hydrotests at 3125 psig 20 Test I
In addition to the system transients described above, the steam
generator is also designed to withstand the effects of cyclic
loads from the following transients:
Transient Description No. of Cycles
l.,
Loss of Feedwater Flow 80 Upset I
Loss of Station Power 40 Upset I
Note: These transients are based on 40-year design life for
equipment design purposes are are not intended to be
actual transients or operating procedures.
*Note: For loading combinations and allowable stress limits
see Pages 4-3 and 4-4.
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Component

Reactor Vessel

Steam Generator

Table 4-9

Materials of Construction

Section

Pressure Plate

Pressure Forgings

Cladding

Studs, Nuts and Washers

Thermal Shield and Inter-

nals

Guide Lugs

Pressure Plate

Pressure Forgings

Cladding for Heads
Cladding for Tube Sheets
Tubes

Studs - Reactor Coolant
Side

Nuts - Reactor Coolant
Side

Studs - Secondary Side

Nuts - Secondary Side

Materials

SA-533, Grade B, Class 1 &)

A-508-64, Class 2 (Code
Case 1332-3)

18-8 Stainless Steel or
Ni-Cr~Fe

A-540, Grade B23 (Code Case
1335-2)

SA-240, Type 304

Ni-Cr-Fe, SB-168 (Code Case
1336)

SA-212, Grade B; SA-533,
Grade B (Code Case 1339)

A-508-64, Classes 1 and 2
(Code Case 1332-3)

18-8 Stainless Steel
Ni-Cr-Fe

Ni-Cr-Fe, SB-163
SA-320, Grade L43

SA-194, Grade 4

SA-193, Bl4
SA-194-2H

Pressurizer Shell, Heads, and Exter- SA-212, Grade B
nal Plate
Forgings A-508-64, Class 1 (Code

Case 1332-3)

Cladding 18-8 Stainless Steel
Studs and Nuts SA-320, Grade L43
Internal Plate SA-240, Type 304
Internal Piping SA-312, Type 304

(a>This material is metallurgically identical to SA-302, Grade B, as modified

by Code Case 1339. ‘
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Component

Reactor Coolant
Piping

Reactor Coolant
Pumps

(Reference Supple-
ment 6 revision
for QOconee 1,)

Valves

Table 4-9

(Cont 'd)

Section

Materials

28 in. and 36 in.

Cladding

10 in. Surge Line and
2-1/2 in. Spray Line

Piping Safe Ends

Castings
Casing
Stuffing Box

Forgings
Shaft

Bolting
Casing Studs

Casing Nuts

Pressure Containing Parts

SA-516, Grade 70 (Elbows)
A-106, Grade C (Straights)

18-8 Stainless Steel

A-403, Grade WP 316 (Elbows)
A-376, Type 316 (Straights)

A-376, Type 316 and Ni-Cr-
Fe, SB-166

A-351, Grade CF8M
A-351, Grade CF8&M

A-473, Type 316

A-193, Grade B7
A-194, Type 2H

A-351, Grade CF8M
A-182, F316 and F347

Rev. 9. 8/11/70



Table 4-10
Reactor Coolant Quality

Specification

Total Solids, ppm, max

Boric Acid, ppm
"Lithium as 7Li, ppm

pH at 77 F

Dissolved Oxygen as O2

Chlorides as Cl , pPpm, max

9 std cc/liter H,0

Fluorides as F-, PpPm, max

Hydrogen as H

Table 4-11

1.0 (including dissolved and
undissolved but excluding

LiOH and H3BO3)

0 - 13,000

0.5 - 2.0 (equivalent range
as 'LiOH is 1.455 to 5.82
ppm)

4.8 - 8.5 (equivalent pH at
600 F is 6.8 to 7.8)

Not Applicable (with proper
Ho specification at critical
condition, dissolved 0, is
assumed not to be present)

0.1
15 - 40
0.1

Steam Generator Feedwater Quality Specification

Total Solids (dissolved and suspended), ppb, max 50
Dissolved Oxygen, ppb, max 7

Total Silica (as SiOz), ppb, max 20

Total Iron (as Fe), ppb, max 10

Total Copper (as Cu), ppb, max 2

Nominal pH at 77 F (adjusted with ammonia) 9.3 - 9.5
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Table 4-12

Fabrication Inspections

Component RT UT PT MT ET
1. Reactor Vessel
1.1 Forgings
1.1.1 Flanges X(a) X
1.1.2 Studs, Bar X
1.1.3 Studs After Final X
Machining
1.1.4 Skirt Adaptor X(a)
1.1.5 Nozzle Shell Forgings X
1.1.6 Main Nozzle Forgings X
1.1.7 Dutchman Forging X(a)
1.1.8 CRD Mechanism Adaptor X
1.1.9 CRD Mechanism Housing X
1.2 Plates
1.2.1 Head and Shell Plate x(® x)
1.2.2 Support Skirt x(@) x )
Instrumentation Tubes X
Closure O-Rings X
1.5 Weldments
1.5.1 Longitudinal and Cir- X X
cumferential Main
Seams
1.5.2 CRD Mechanism Adaptor X
to Shell
1.5.3 CRD Mechanism Adaptor X
to Flange
1.5.4 Main Nozzles X X
1.5.5 Instrumentation Nozzle
Connection
1.5.6 Nozzle Safe-Ends, Weld X
Deposit
1.5.7 Temporary Attachment X
After Removal
1.5.8 All Accessible Welds X
After Hydrotest
1.5.9 0-Ring Closure Weld X
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Table 4-12

(Cont'd)

Component RT

1.5.10

1.5.11
1.5.12

Cladding, Sealing
Surfaces

Cladding, All Other

Insulation Support
Lugs

Steam Generator

2.1 Tube Sheet

2.2

2.1.1
2.1.2
Heads
2.2.1
2.2,2
Shell
2.3.1
Tubes

Forging
Cladding

Plate
Cladding

Plates

Nozzles (Forgings)

Studs,

Bar

Studs After Final Machining

Weldments

2.8.1

2.8.2

2.8.3

2.8.4

2.8.5
2.8.6
2.8.7

2.8.8
2.8.9
2.8.10

Shell, Longitudinal X
as Deposited by Sub-
merged Arc

Shell, Longitudinal X
as Deposited by
Electroslag

Shell, Circumferential X

Cladding, Sealing
Surfaces

Cladding, All Other
Nozzle to Shell X

Level Sensing and X
Drain Connections

Instrument Connections
Support Skirt

Tube-to-Tube Sheet(d)
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UT

PT MT

ET

MY

L))

X(a)
X(b)(+)

X(a)
x(€) ()

x'(a)

OO

() )

x(+)

X(+)

MOY

Rev. 1.
Rev. 3.
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Table 4-12 (Cont'd)

Component RT UT PT

—

MT

ET

2.8.11 Temporary Attachment
After Removal

2.8.12 After Hydrostatic
Test (All Accessible
Welds)

2.8.13 Lifting Lugs

2.8.14 Insulation Support
Lug Pads

Pressurizer

3.1

3.2

3.3

Heads:

3.1.1 Plate x(®)

3.1.2 Cladding - (&
Shell

x(a)

3.2.2 Plate x(@

3.2.3 Cladding (@

3.2.1 Forging

Heater Bundles
3.3.1 Cover Plate - X

3.3.2 Diaphragm and Spacer X X
Plate

3.3.3 Studs, Bar X

3.3.4 Studs and Nuts After
Final Machining

3.3.5 Heaters

3.3.5.1 Tubing X x

3.3.5.2 Positioning X
of Heater
Element in
Tube

Nozzle (Forgings) X
Weldments

3.5.1 Shell, Longitudinal X
as Deposited by Sub-
merged Arc

3.5.2 Shell, Longitudinal X X
as Deposited by
Electroslag
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Table 4-12 (Cont'd)

Component

3.5.3 Shell, Circum=-

3.

5

b

3.5.5
3.5.6
3.5.7

3.

3.

3.5.10
3.5.11

3.5.12

3.5.13

3.5.14

Piping

4.1 Pipe

5.8

5.

9

4.1.1
4.1,2
4.2 Bends
4.2.1
4,2.2 Cladding

ferential

Cladding, Sealing
Surfaces

Cladding, All Other
Nozzle to Shell

Nozzle Safe-Ends
(If Weld Deposit)

Nozzle Safe-End (If
Forging or Bar)

Instrumentation and
Vent Connections

Support Brackets

Heater Guide Tube
Pad

Temporary Attachment

After Removal

All Accessible Welds

After Hydrotest

Insulation Support
Pads

Forgings

Cladding

Plate

4.3 Nozzle Forgings

4.4 Weldments

4.

4

4.4
4.4,
4.4
4.4

2
3
A
5

.1

Longitudinal
Circumferential
Cladding, Elbows
Cladding, Straight

Nozzles to Run Pipe

RT UT PT MT ET
X X
X(b)(+) X
X(c)(+) X
X X
X X
X X
X
X
X X
X
X
X
x(@) X
X(c)(+) X
X(a) X(+)
X(C)(+) X
X
x(€)H)
X(C)(+)
X X
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Table 4-12

(Cont'd)

Component RT

4.4.6 Thermowell Connec-

tions

4.4.7 1Insulation Support

Lug Pads

5. Reactor Coolant Pumps

5.1 Castings X

5.2 Forgings

5.3 Weldments

5.3.1 Circumferential X

5.3.2 Piping Connections

6. Valves

6.1 Castings X

6.2 Forgings

(a)

and 1007 shear wave technique.

(b)
(c)
(d)

UT of clad defects and bond to base metal.
UT of clad bond to base metal (spot check).

Also gas leak test--B&W requirement.

(e)

Over 12-inch length on each end.

(+)

Additional B&W requirement.

Note: RT:
UT:
PT:
MT:
ET:

Radiographic
Ultrasonic

Dye Penetrant
Magnetic Particle
Eddy Current
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Table 4-13
References for Figure 4-10 -- Increase in Transition
Temperature Due to Irradiation Effects for A302B Steel

Neutron
Ref . Temp., Exposure, NDTT,
No. Reference Material Type F n/cmé (>1 Mev) F
1 ASME Paper All Steels Max Curve for 550 Data
No. 63-WA-100
(Figure 1)
2 ASTM-STP 380, A302B Plate Trend Curve for 550 Data
P 295
3 NRL Report 6160, A302B Plate 550 5 x lO18 65
p 12
4 ASTM-STP 341, A302B  Plate 550 8 x 108 gs (@)
P 226
5 ASTM-STP 341, A302B Plate 550 8 x 1018 100
p 226
) 19 (a)
6 ASTM-STP 341, A302B Plate 550 1.5 x 10 130
p 226
7 ASTM-STP 341, A302B Plate 550 1.5 x lO19 140
p 226
8 Quarterly Report A302B Plate 550 3 x 1019 120
of Progress,
"Irradiation Ef-
fects on Reactor
Structural Mate-
rials," 11-1-64/
1-31-65
19
9 Quarterly Report A302B Plate 550 3 x 10 135

on Progress,
"Irradiation Ef-
fects on Reactor
Structural Mate-
rials,”" 11-1-64/
1-31-65

(a)

Transverse specimens.
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Table 4-13 (Cont'd)
Neutron
Ref. Temp., Exposure, NDTT,
No. Reference Material Type F n/cmc (>1 Mev) F
10 Quarterly Report A302B Plate 550 3 x 1019 140
of Progress,
"Irradiation Ef-
fects on Reactor
Structural Mate-
rials," 11-1-64/
1-31-65
11 Quarterly Report A302B Plate 550 3 x 1019 170
of Progress,
"Irradiation Ef-
fects on Reactor
Structural Mate-
rials," 11-1-64/
1-31-65
19
12 Quarterly Report A302B Plate 550 3 x 10 205
of Progress,
"Irradiation Ef-
fects on Reactor
Structural Mate-
rials,'" 11-1-64/
1-31-65
13 Welding Research A302B Weld 550 5x 1018 70
Supplement, Vol. to
27, No. 10, Oct. 575
1962, p 465-S
14 Welding Research A302B Weld 500 5 x 1018 50
Supplement, Vol. to
27, No. 10, Oct. 575
1962, p 465-S
. 18
15 Welding Research A302B Weld 500 5 x 10 37
Supplement, Vol. to
27, No. 10, Oct. 575
1962, p 465-S
16 Welding Research A302B Weld 500 5 x 1018 25
Supplement, Vol. to
27, No. 10, Oct. 575

1962, p 465-8
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Table 4-14
Summary of Primary Plus Secondary Stress Intensity ’
for Components of the Reactor Vessel

Allowable Stress

Stress Intensity, 3 Smy psi
Area psi (Operating Temperature)

Control Rod Housing 24,800 69,900
Head Flange 58,000 80,000
Vessel Flange 43,000 80,000
Closure Studs 89,400 107,400
Primary Nozzles - Inlet 24,000 ~ 80,000

Outlet 24,000 80,000
Bottom Head to Shell 23,300 80,000
Bottom Instrumentation 10,100 69,900
Nozzle Belt to Shell 32,300 80,000
Core Flooding Nozzle 23,660 80,000
Support Skirt 88,000 93,700
Locations or points of stress analysis are illustrated on Figure 4-4c. | ‘

Rev. 4. 4/20/70
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Table 4-15

Summary of Cumulative Fatigue Usage Factors For
Components of the Reactor Vessel

Item Usagg;Factor(a)

Control Rod Housing 0.0
Head Flange 0.10
Vessel Flange 0.05
Stud Bolts 0.38
Primary Nozzles - Inlet 0.06

Outlet 0.06
Bottom Head to Shell 0.0
Bottom Instrumentation 0.0
Nozzle Belt to Shell 0.0
Core Flooding Nozzle 0.02
Support Skirt 0.14

(a)

Pressure Vessel Code, Nuclear Vessels.

As defined in Section III of the ASME Boiler and

Points of stress analysis are illustrated on Figure

b4-4c.
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Table 4-16

Reactor Vessel -- Physical Properties
Ultimate Yield Impact
Strength Strength Elong. in Test Temp. Impact
Item Heat No. (103 psi) (103 psi) 2 in. (°F) Values
Closure Head Center Disc C 2311-2 90.3 69.5 31.0 +10 44~38-43
Bottom Head A 0973-2 87.2 65.0 24.5 +10 35-30-47
Upper Shell Course C 2197-2 91.5 70.0 25.0 +10 39-45-26
Middle Shell Course C 3265-1 87.0 66.2 28.1 +10 34-64-27
Middle Shell Course C 3278<1 84.5 63.5 28.1 +10 35-29-53
Bottom Shell Course C 2800-1 85.0 60.5 29.0 +10 36-39-39
Bottom Shell Course C 2800-2 90.5 69.0 25.0 +20 32-33-49
Core Fiooding Nozzle 94894 98.0 74.0 21.5 +10 45-53-40
Core Flooding Nozzle 94894 92.5 71.0 24.0 +10 37-50-45
Inlet Nozzle 123S346VAl 90.0 67.5 25.0 +10 104-94-142
Inlet Nozzle 123S346VA2 92.7 72.5 26.0 +10 104-121-106
Inlet Nozzle 1245502VAl 97.2 76.0 25.0 +10 120-106-101
Inlet Nozzle 124S502VAl 94.0 73.5 23.5 +10 110-85-77
Outlet Nozzle 122S316VA2 90.0 67.0 26.0 +10 131-110-94
Outlet Nozzle 122S5316VAl 90.0 68.5 25.0 +10 92-86-82
Upper Shell Flange 4P16373P1566 82.5 57.4 29.0 +10 49-41-71
Head Transition Piece 1225347VAL 94.5 74.5 24.0 +10 92-70-70
Closure Head Flange 125S535VAI 102.0 81.0 23.5 +10 59-47-70
Closure Head Ring 99392D-2 96.5 75.5 26.0 +10 73~-79-88
Upper Nozzle Shell Course ZV-2888 82.0 57.0 30.5 +34 avg 30 avg
Lower Nozzle Shell Course ZV-2861 85.0 63.5 29.0 +26 avg 30 avg



65-%

"91 a8y

TL/0€/L

16.

Table 4-17
Reactor Vessel —-- Chemical Properties
Element
Heat Number C Mn P s Si Ni Mo Co v Cr
C 2311-2 0.22 1.35 0.009 0.018 0.22 0.61 0.41 0.005 -— -
A 0973-2 .21 1.34 .011 .016 .18 .46 .47 .010 - -
C 2197-2 .21 1.28 .008 .010 17 .50 .46 .021 - -
C 3765-1 .21 1.42 .015 .015 | .23 .50 .49 .016 - -
C 3278-1 .19 1.26 .010 .016 .23 .60 .47 .016 - -
C 2800-1 .20 1.40 .012 .017 .20 .63 .50 .014 - -
C 2800-2 .20 1.40 .012 .017 .20 .63 .50 014 -— -
94894 .22 0.62 .006 .009 .23 .87 .60 .0l6 - 0.33
1235346VAl .22 .61 .010 .010 .20 .69 .56 .01 0.01 .27
1235346VA2 .21 .62 .010 .008 .20 .69 .57 .01 .01 .28
124S502VAl .22 .65 .010 .010 .22 .75 .59 .02 .01 .35
124S502VA2 .23 .68 .010 .014 .22 .78 .60 .02 .01 .31
122S316VA2 .20 .62 .010 .009 .28 .73 .57 .013 .01 .33
122S316VAl .18 .58 .010 .014 .28 .68 .61 .015 .01 .32
4P16373R1S66 o5 2 .010 .012 28 .74 .55 .011 .03 .34
122S347VAl .20 .63 .010 .008 .25 .66 .55 .021 .02 .32
1258535VAl .21 .63 .010 .011 .23 .72 .60 .010 < .02 .39
99392 D-2 .25 .72 .010 .025 .22 .78 .64 .010 - .38
ZV-2888 .22 .74 .012 .010 .31 .71 .56 .007 .02 .36
Zv-2861 0.22 0.64 0.006 0.010 0.29 0.65 0.57 0.01 0.01 0.31



Table 4-18
Stresses Due to a Maximum Design Steam Generator Tube
Sheet Pressure Differential of 2,500 psig at 650 F

Stress Computed Value Allowable Value
Primary Membrane 22,000 psi 37,200 psi
(0.9 s.)
y
Primary Membrane Plus 39,700 psi 55,900 psi
Primary Bending (1.35 Sy)
Table 4-19

Ratio of Allowable Stresses to Computed Stresses for a Steam
Generator Tube Sheet Pressure Differential of 2,500 psig

Component Part Stress Ratio
Primary Head 4.02
Primary Head Tube 4.02
Sheet Joint
Tubes 1.07
Tube Sheet

Max Avg Ligament 1.02

Effective Ligament 1.70

Rev. 1. 9/15/69
4L-60 Page No. Only



Table 4-20.

Pump Casings - Code Allowables

(Applies to Oconee Units 2 and 3)

ST T T e
Governing Code Allowable Stress or
Area III Para. Condition Stress Intensity
Extreme N414.3 D 1.5 Sm = 25,050
Fibers | A+ (B+C)/2 + P 1.5 5_ = 25,050
N417.7 A+ (B+C)/2 +D+P 3.0 Sm = 50,100
N414.3 P 1.5 S = 25,050
i S m  —
Ci:_ (1) A+B+C+P ). g 1.2x1.5 S_ = 30,060 N
—~ -~ v e oo - s / '7 ) - m - — R
= (1) A+B+CH+D+P SM- 1.2x3.0 S = 60,060
g o 4. J m
£ = - i B T
£9 £ N417.7 D 1.5 S_ = 25,050
15 [Fibers =
28 A+ (B+C)/2 +P 1.0 S = 16,700
g g m
“ A+ (B+C)/2 +D+P 3.0 s_ = 50,100
o~ m
N9 N414.1 P 1.0 s = 16,700
o A
Z @
5 (1) A+B+C+P 1.2 S = 20,040
m
S = —
( 1 A+B+C+D+P 1.2x3.0 §_ = 60,120
= _ -
SlExtreme N414.3 A+ (B+C)/2 +D+P 1.5 5 = 25,050
Elps -
gFibers — (1) " A+B+C+D+P 1.2x1.5 §_ = 30,060
=T T
L9398 E N417.7 A+ (B+C)/2 +D+P 1.0 S_ = 16,700
N 5 2 SFibers : —
o oM (L A+B+C+D+P 1.2 S = 20,040
Z 0~ m
Ext. Fibers N414.3 P 1.5 S = 25,050
Bowl £ Fib 2
Section ibers N414.1 P 1.0 s_ = 16,700
£ Fibers N712.1 Hydrostatic Press. 0.9 Y.S.= 27,000
Ext. Fibers ' Hydrostatic Press. 1.35 Y.S. = 40,500
All N412 (m) (1) Operating (thermal 2.0.Y.S. = Temp Depend.
Fibers only)
N4l4. 4 Operating (thermal 3.0 Sé = 60,000
Cover & press)
N414.1 Operating 1.0 s' = 20,000
Fibers m
Ext. Fibers N414.3 (Pressure Only) 1.5 S; = 30,000
Notes: 1. Reactor Coolant Piping reactions on pump
2. A = Dead Load Reactions
B = Vertical seismic reactions (MHE)
C = Horizontal seismic reactions (MHE)
| D = Thermal expansion reactions
P = 2500 psia (operating design pressure)
3. Hydrostatic pressure = 3750 psi
4. Sm=16,700 psi for A351 CF8M, at 650°F
' Rev. 5. 5/25/70
(New Page)
Rev. 9. 8/11/70
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(Applies to Oconee Units 2 and 3) ' |
Table 4-21. Summary of Maximum Stresses -
Casing .o
Calculated Allowable _ '
Stress Stress
Location Fiber Intensity Intensity

Discharge Nozzle £ 15,880 16,700
Extreme 25,000 25,050

Suction Nozzle £ 15,960 16,700
Extreme 21,290 25,050

Upper Bowl Section £ 4,814 16,700
Extreme 23,200 25,050

Cylindrical Bowl Section L 9,535 16,700
Extreme 11,067 25,050

Lower Bowl Section £ 9,432 16,700
Extreme 10,917 25,050

NOTE: Nozzle stress intensity based upon loading due to pressure,

piping flexibility, piping dead load and operational basis ’
earthquake loading as determined by a system dynamic
analysis.

Rev. 5. 5/25/70
(New Page)
S 4-62 Rev. 9. 8/11/70
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Table 4-~22
Summary of Missile Equations

Symbolic Form of

Missile Category Principle Equation Solution
I Stored strain cev = mV,2
energy equals 2 é v. = o /B
kinetic energy o “g
o%v = mV02 P
2E 2g
II Work done is
converted to FL = mVo2
kinetic energ
Y 2 Vv, = 2PA L
= PA, L m
111 Newton's F = ma _ A-¥Y'y - 1n (1-¥ ) = g; - K
v v 1 2
second law . ve £ £ T +X tanB
a = V = = F o}
m v \'
Ky = (1-.2) - In(1-_02) + K
e
vV =

AgVg| A -
Zf o'f A_I{I(Vf V) Ky = pghohn

mm tanB -

NOTE: Either graphical techniques

or numerical methods must be used to obtain the solution to category III,



Table 4-23
List of Symbols

ultimate tensile stress, (lb/ftz)
strain = o/, (in./in.)

modulus of elasticity, (lb/ftz)
volume, (ft3)

mass of the missile, (lb—secz/ft)
velocity of missile, (ft/sec)

gravity constant, (ft/secz)

force on the missile, (1b)

stroke length, (ft)

system pressure, (lb/ftz)

missile area under pressure, throat area, (ftz)
density of fluid, (#/ft3)

jet velocity, (ft/sec)

projected area of missile, (ft2)

jet area, (ft2)

angle of jet expansion, (°from normal)
distance missile travels, (ft)

initial velocity of missile, (ft/sec)
radius of throat (ft)

constant

Rev. 5. 5/25/70
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Table 4-24
Properties of Missiles -~ Reactor Vessel & Control Rod Drive

Missile
Class Description
1 1. Closure head nut

2. Closure stud w/nut
3. 1" Valve bonnet stud
4. C.R. nozzle flange bolt & nut

II 1. CRD closure cap

ITI 1. C.R. drive assembly

Weight
(1bs.)

80

660
0.5
3.0

8.0

1000

Impact
Area
in2
38
71

0.6
3.1

7.0

64.0

Velocity

(ft/sec)
97
97

73.5
97

215

90

Kinetic
Energy
Ft-lbs

11,680
96,400

42
438

5,742

125,777
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Table 4-25
Properties of Missiles — Steam Generator

Description

13! Vent valve bonnet stud
Feedwater inlet flange bolt

16" |.D. manway stud, tube side
5" Inspection opening cover stud
1'* Valve bonnet stud

13" Vent valve stem & wheel
Sample line 1' valve stem & wheel
Sample line 1'"" EMO valve stem

and wheel

16" 1.D. manway cover, tube side

16" |.D. manway cover, shell side

5" |.D. inspection cover, tube side
5'" 1.D. inspection cover, shell side
13" Vent valve bonnet and assembly
Sample line: 1'' valve bonnet & assy.
Sample line, 1'" EMO bonnet & assy.

Weight
(1bs.)

O=— CON
viuvl Ow O

F W
(=

955
478
80
4o
24
30
115

Impact
Are
ing

615
615
150
150
38
27
27

Velocity
(ft/sec)

515
777
515
852
371
243
138

e 4 e
AS ARV VRV

0o cown

Kinetic
Energy

Ft-1bs

167
21
566
125
L2

154
80
80

1,950,000
2,230,000
160,000
220,000
51,180
27,460
34,250
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Table 4-26

Properties of Missiles - Pressurizer

Description

L' valve bonnet stud
5" Valve bonnet stud
16'" Mayway cover stud
Heater bundle stud

3/4" Valve stem stud

Spray line 4'' EMO valve stem
Sample line 3/4" valve stem
Sample line 3/4'' EMO valve stem

16" 1.D. manway cover

Heater bundle assembly

Spray line 4'' EMO valve bonnet
and assembly

23" x 6" Relief valve bonnet
and assembly

Sample line 3/4" valve bonnet

. and assembly

Sample line 3/4' EMO valve
bonnet and assembly

Weight Impact Velocity
(1bs.) Area (ft/sec)
in2
3.0 1.8 73.5
3.0 2.4 73.5
7.5 3.1 "67.5
25.0 7-0 73.5
0.8 45 73.5
9 1.0 135.0
L .3 72.7
L .3 72.
250 615 375
2500 850 375
325 150 521
175 65 232
20 21 364
115 21 258

Kinetic
Energy
Ft-1bs

250
250
530
2100
67

2560
330
330

546,000
5,400,000
1,370,000
146,000
41,150

118,400



Table 4-27
Properties of Missiles — Quench Tanks & Instruments

QUENCH TANKS
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Missile Weight Impact Velocity Kinetic
Class Description (1bs.) Area ft/sec Energy
in? Ft-1bs
| 1. 13 Drain valve bonnet stud 0.6 .2 73.5 50
2. L' vyalve bonnet stud 2.0 .3 73.5 167
11 1. 13" EMO drain valve stem 5.0 45 9
2. L EMO valve stem 9.0 1.0 65
1 1. 13" EMO drain valve & op. assy. 220 20 73.5 18,450
2. 13" Drain valve bonnet & assy. 20 20 73.5 1,670
3. L4 EMO valve bonnet & op. assy. 355 65 73.5 29,780
INSTRUMENTS
{1 1. RTE 1.0 .2 208 670
2. RTE & Plug 2.0 L.o Lu8 6230
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Missile
Class

Properties of Missiles - System Piping

Table 4-28

Weight
Description (1bs.)
Core Flooding Line
14" C.V. bonnet stud 2.0
14" valve bonnet stud 3.5
14" c.V. check pivot stud 10.0
14t P.0. valve stem 98.0
14" ¢.V. bonnet & assembly 525.0
14" P.0. valve bonnet and assy. 1900.0
L.P. Injection Line
12'* C.V. bonnet stud 2.0
12" C.V. check pivot stud 10
12" C.V. bonnet and assy. 450
R.V. Outlet Line to L.P. System
10" Valve bonnet stud 2.5
Relief valve bonnet stud 0.5
Relief valve stem assy. Lo
10" EMO valve stem 50
10" EMO valve bonnet & assy. 1270
R.V. Inlet Line from H.P. System
L' C.V. bonnet stud 1.0
L c.v. check pivot stud 3.0
L't c.v. bonnet and assy. 30
S.G. Qutlet Line to Pump Inlet
1" Drain valve bonnet stud 0.8
1" Drain valve stem assy. L.o
1" Drain valve & bonnet assy. 30.0

Impact
Area
in2

12.5
3.1
]

Velocity
Ft/sec

73.5
67.5
249
143
LL8
558

73.5
249
558

73.5
73.5
35.3
130
558

73.5
158
558

73.5
8L
L48

Kinetic
Energy
Ft-1bs

167

248

9650
31,100
1,640,000
9,180,000

167
9,650
2,170,000

177

42

768
13,200
6,140,000

83.5
1170
145,000

67
438
84,380
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Table 4-28 (Cont'd.)
Properties of Missiles -~ System Piping

Missile Weight Impact Velocity Kinetic
Class Description (1bs.) Area Ft/sec Energy
in Ft-1bs

Pressurizer to C.A. System Line

I 3/4" vValve bonnet stud 1.0 .45 73.5 83
il 3/4" valve stem L .3 73 330
I 3/4'" EMO valve stem 4 .3 73 330
i1l 3/ valve bonnet and assy. 20 21 425 56,250
111 3/ EMO valve bonpet and assy. 115 21 280 140,000
Primary Pump Seal Water Return
to H.P. System Line
I 3'"" EMO valve bonnet stud 1.0 1.0 73.5 83.5
j 3'"" EMO valve stem 25.0 .3 125.7 6150
111 3'"' EMO valve bonnet and assy. 285.0 85 507 1,137,000
Letdown Cooler Inlet & Qutlet Lines
] 14" EMO valve bonnet stud 2.0 .8 73.5 167
Il 13" EMO valve stem 1.0 1.0 153.2 1830
N 13" EMO valve bonnet and assy. 250.0 38 320 397,000
Primary Pump Seal Water
inlet and Outlet Lines
i 3" Inlet €.V. bonnet stud 1.0 .8 73.5 83.5
I 3" Qutlet valve bonnet stud 2.0 1.0 73.5 167
Ll 3" C.V. check pivot stud 3.0 .8 158.4 1170
I 3" Qutlet valve stem 25.0 2.4 125.7 6150
I 3" Inlet C.V. bonnet and assy. 25.0 85 558 120,800
I 3" OQutlet valve bonnet and assy. 65.0 85 523 276,000
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Table 4-28 (Cont'd.)
Properties of Missiles — System Piping

Missile
Class Description

Primary Pump Vent & Drain Lines
| 13" Vent & drain valve bonnet stud
il 14" vent & drain valve stem
11 13! Vent & drain valve bonnet
and assy. '

Weight Impact Velocity
(1bs.) Area Ft/sec
inZ
2.0 .8 73.5
5.0 1.0 153.2
55.0 38 435.0

Kinetic
Energy

Ft-1bs

167
1830
161,600



Table 4-29

Steam Generator Stress Intensities and Usage Factors

Pri. + Sec. Stress Usage

Intensity Range Factor
Upper & Lower Tube Sheet . . . . . 35.0 Ksi 0.13
Primary Inlet Nozzle . . . . . . . 18.0 Ksi 0.01
Primary Outlet Nozzle . . . . . . 24.0 Ksi 0.01
Steam Outlet Nozzle . . . . . . . 27.0 Ksi 0.0
Auxiliary Feedwater Nozzle . . . . 44.5 Ksi 0.0
OTSG Shell . . . . . + +« « « « « « 25,5 Ksi 0.0
Feedwater Nozzle . . . . . . . . . 50.7 Ksi 0.56

4-72 Rev. 6. 6/22/70
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APPENDIX 4A

4A IN-SERVICE INSPECTION

The in-service inspection program is, except as noted below, in compliance with
the ASME Boiler and Pressure Vessel Code, Section XI, Rules for In-Service In-
spection of Nuclear Reactor Coolant Systems, 1970 edition.

The latest industry accepted equipment and techniques will be utilized in both
the preoperational base-line inspections and in subsequent in-service inspections.

As improved equipment and techniques, to yield at least equivalent results and
reduced personnel exposures, become available in the future, it is expected that
these will be adopted.

The following exceptions are taken to the requirements of the code:

1. Due to system design limitations, the following item will be inspected at or
near the end of the ten year inspection interval, rather than as prescribed
in Section IS-242:

Item 1.5, (Examination Category E-1) Instrumentation Penetrations.

2, In Item 1.4, (Examination Category D), one reactor coolant outlet nozzle will
be inspected approximately 3-1/3 years after initial operation. The second
reactor coolant outlet nozzle will be inspected approximately 6-2/3 years after
initial operation. The four reactor coolant inlet nozzles and the two core
flooding nozzles will be inspected at or near the end of the ten year inspection
interval.

3. The following items are not applicable to the Oconee Nuclear Station:

Item 3.3 Primary nozzle to safe-end welds.

Item 4.3 Valve pressure retaining bolting larger than 2".
Item 5.3 Pump nozzle to safe-end welds.

Item 6.1 Valve body welds.

Item 6.3 Valve to safe-end welds.

Item 6.6 Integrally welded valve supports.

Item 6.7 Valve supports and hanger.

Rev. 7. 7/9/70
(Revised Page)
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CHANNEL DESCRIPTION

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Reactor Building Spray
System Logic Channel

Reactor Building Spray
System Analog Channels

a. Reactor Building High
Pressure Channels

Pressurizer Temperature
Channels

Control Rod Absolute
Position

Control Rod Relative
Position
Core Flooding Tanks

a. Pressure Channels
b. Level Channels

Pressurizer Level Channels

Letdown Storage Tank
Levels Channels

Radiation Monitoring
Systems

High and Low Pressure
Injection Systems: Flow
Channels

CHECK

NA

S(1)

5(1)

wn

w(1)

NA

TABLE 4.1-1 Cont.

TEST

NA

NA

NA
NA
NA

NA

NA

- CALTBRATE

NA

R(2)

R(2)

REMARKS

(1) Check with Relative Position
Indicator
(2) Calibrate rod misalignment channel

(1) Check with Absolute Position
Indicator
(2) Calibrate rod misalignment channel

(1) Check functioning of self-checking
feature on each detector.
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CHANNEL DESCRIPTION

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Borated Water Storage
Tank Level Indicator

Boric Acid Mix Tank
a. Level Channel
b. Temperature Channel

Concentrated Boric Acid
Storage Tank

a. Level Channel

b. Temperature Channel
Containment Temperature
Incore Neutron Detectors
Emergency Plant
Radiation Instruments
Environmental Monitors

Reactor Manual Trip

Reactor Building Emerg.
Sump Level

Steam Generator Water Level
Turbine Overspeed Trip
Engineered Safeguards

Channel 1 HP Injection
Manual Trip

CHECK

NA

NA

NA

M(1)

M(1)
M(1)
NA

NA

NA

NA

TABLE 4.1-1 Cont.

TEST

NA

NA

NA

NA
NA
NA

NA

NA

NA

NA

NA

NA

CALIBRATE

NA

NA

REMARKS

(1)

(1)
(1)

Check functioning; including
functioning of computer readout or
recorder readout

Battery Check

Check Functioning
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CHANNEL DESCRIPTION

42.

43.

44,

45,

46.

47.

48,

Engineered Safeguards
Channel 2 HP Injection
Manual Trip

Engineered Safeguards
Channel 3 LP Injection
Manual Trip

Engineered Safeguards
Channel 4 LP Injection
Manual Trip

Engineered Safeguards
Channel 5 RB Isolation
& Cooling Manual Trip

Engineered Safeguards
Channel 6 RB Isolation
& Cooling Manual Trip

Engineered Safeguards
Channel 7
Spray Manual Trip

Engineered Safeguards
Channel 8
Spray Manual Trip

'CHECK

NA

NA

NA

NA

NA

NA

NA

TABLE 4.1-1 Cont.

TEST

R

CALTBRATE

REMARKS

NA

NA

NA

NA

NA

NA

NA

Each Shift R - Each Refueling Period
Daily NA- Not Applicable
Weekly Q =~ Quarterly

Monthly P

- Prior to each startup if not done previous week



10.

11.

Table 4.1-2

Minimum Equipment Test Frequency

Item

Control Rods

Control Rod Movement (1)
Pressurizer Safety Valves
Main Steam Safety Valves

Refueling System
Interlocks

Turbine Steam Stop Valyes (1)

Reactor Coolant System(z)
Leakage

Charcoal and High
Efficiency Filters for
Penetration Room, Control
Room, and RB Purge Filters

Condenser Cooling Water
System Gravity Flow Test

High Pressure Service
Water Pumps and Power
Supplies

Spent Fuel Cooling System

Test:

Rod Drop Times of all
full length rods

Movement of each rod
Setpoint

Setpoint

Functional

Movement of each stop
valve

Evaluate

DOP Test on HEPA
filters. Freon Test
on Charcoal Filter

Units

Functional

Functional

Functional

(1) Applicable only when the reactor is critical

(2)

Fréquency

Each Refueling shutdown

Every two weeks
50% each refueling period
25% each refueling period

Each refueling period

Monthly

Daily

Each refueling period
and at any time work
on filters could alter
their integrity.

Each refueling period

Monthly

Each refueling period
prior to fuel handling

Applicable only when the reactor coolant is above 200°F and at a steady state

temperature and pressure.

4.1-8
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1.

6.

Item

Reactor Coolant

Borated Water Storage
Tank Water Sample

Core Flooding Tank
Spent Fuel Pool Water
Sample

Secondary Coolant

Concentrated Boric Acid

Tank

TABLE 4.1-3

MINIMUM SAMPLING FREQUENCY

Check

a. Gamma Isotopic Analysis

b. Radiochemical Analysis for
Sr 89, 90

c Tritium

d. Gross Beta & Gamma Activity (1)
e. Chemistry (Cl, F and 02)

f. Boron Concentration

g. Gross Alpha Activity

h. E Determination (2)

Boron Concentration
Boron Concentration
Boron Concentration

a. Gross Beta & Gamma Activity

b. 1lodine Analysis (3)

Boron Concentration

Freguencz

Monthly#*
b. Monthly*

¢. Monthly#*

d. 5 times/week*

e. 5 times/week*

f. 2 times/week**
g. Monthly*

h. Semi-annually

Weekly* and after
each makeup

Monthly* and after
each makeup

Monthly#**#* and after
each makeup

a. Weekly*

Twice weekly#*

*Not applicable if reactor is in a cold shutdown condition for a period exceeding the sampling frequency.
*%Applicable only when fuel is in the reactor.
**%Applicable only when fuel is in the spent fuel pool.



TABLE 4.1-3 Cont.

MINIMUM SAMPLING FREQUENCY

OT-T°¥%

Item

Check

Frequency

Sensitivity of Waste
Analysis in Lab

7. Low Activity Waste a. Gross Beta & Gamma Activity a. Prior to release a. <10-7 uCi/ml
Tank & Condensate of each batch
Test Tank
b. Radiochemical Analysis b. Monthly b. <1078 uci/ml
Sr 89, 90
¢c. Gamma Analysis including c. Monthly c. Gamma Nuclides <5x10=7 uCi/ml
Dissolved Noble Gases Dissolved Gases <1C§"5 uCi/ml
d. Tritium d. Monthly d. <1072 uCi/ml
e. Gross Alpha Activity e. Monthly e. <10~7 pCi/ml
f. Ba-La-140, I-131 f. Weekly Pro- £. <5%x1077 pci/ml
portional
8. Waste Gas Decay Tank a. Gamma Isotopic Analysis a. Prior to release a. <10~% pCi/cc
of each batch
b. Gross Gamma Activity b. Prior to release b. <1071l uCi/ce
of each batch
¢. Tritium c. Prior to release c. <108 yci/cc
of each batch
9. Unit Vent Sampling a. Iodine Spectrum(4) a. Weekly a. <10~10 yci/cc
b. Particulates (4)
1) Gross Beta & Gamma Activity 1) Weekly 1) <10~11 ucCi/cc

2) Gross Alpha Activity

2) Quarterly on a
sample of one week
duration

2) <1011 yci/ec



4.4.3 Hydrogen Purge System

Applicability

‘ Applies to testing Reactor Building Hydrogen Purge System.,

Objective
"To verify that this system and components are operable.

Specification

4.4,3.1 Operating Tests

An in-place system test shall be performed annually using the written
emergency procedures. These tests shall consist of visual inspection,
hook-up of system to either the Unit 1 or Unit 2 reactor building, a flow
measurement using flow instruments in the portable purging station and
pressure drop measurements across the filter bank. Flow shall be design
flow or higher, and pressure drops across the filter bank shall not
exceed two times the pressure drop when new. Fan motors shall be
operated continuously for at least one hour, and valves shall be

proven operable. This test shall demonstrate that under simulated
emergency conditions the system can be taken from storage and placed
into operation within 48 hours.

4.4.3.2 Filter Tests

Annually, leakage tests using DOP on HEPA units and Freon-112 (or

‘ equivalent) on charcoal units shall be performed at design flow on
the filter. Removal of 99.5% DOP by each entire HEPA filter unit and
removal of 99.07 Freon-112 (or equivalent) by each entire charcoal
absorber unit shall constitute acceptable performance. These tests
must also be performed after any maintenance which may affect the
structural integrity of either the filtration system units or of the
housing.

4.,4.3.3 Hoy Detector Test

Hydrogen concentration instruments shall be calibrated annually with
proper consideration to moisture effect.

Bases

The purge system is composed of a portable purging station and a portion of the
penetration room ventilation system. The purge system is operated as necessary
to maintain the hydrogen concentration below the control limit, The purge dis-
charge from the Reactor Building is taken from one of the penetration room venti-
lation system penetrations and discharged to the unit vent. A suction may be
taken on the Reactor Building via isolation valve PR-7 (Figure 6-5 of the FSAR)
using the existing vent and pressurization connections.

The purge rate is controlled through the use of a portable purging station
(Insert, Figure 14A-5.1 of the FSAR). The station consists of a purge blower,
dehumidifier, filter train, purge flowmeter, sample connection and flowmeter
‘ and associated piping and valves.
4.4-11



The blower is a rotary positiye type rated 60 scfm. The dehumidifier con-
sists of two redundant heating elements inserted in a section of ventilation .
duct. The function of the dehumidifier is to sufficiently increase the tempera-
ture of the entering air to assure 70 percent relative humidity entering the
filter train with 100 percent saturated air entering the dehumidifier. The
purpose of the dehumidifier is to assure optimum charcoal filter efficiency.
Heating element control is provided by a thermoswitch. Humidity indication

is provided downstream of the heating elements by a humidity readout gage.

The filter train provides prefiltration, high efficiency particulate filtra-
tion and charcoal filtration. The filter trafin assembly is identical in

design to the waste gas filter train assembly which is rated at 200 scfm, thus
conservatively capable of performing the assigned function. Face velocity to
the charcoal filter is very low. The charcoal filter is composed of a module
consisting of two inch deep double tray carbon cells. The purge flow to the
unit vent is metered using a 0-60 scfm rotometer. The purge sample flow is
metered using a 0-12 scfm rotometer. Both of these rotometers have an accuracy
of + two percent of full scale, and each has remote readout capability. The
purge discharge rate is controlled by a blower discharge throttling valve.

The purge sample activities can be collected, counted and analyzed in the
radio-chemistry laboratory. Makeup air to the Reactor Building is supplied

by a compressed air system connection to one of the aforementioned existing
vent and pressurization connections.

That portion of the penetration room ventilation system piping and valves which

is used as a part of the purge system is permanently installed and is designed

for seismic loading through the existing vent and pressurization connections.

The remainder of the purge system is the portable purging station which is : '
stored in an area where an earthquake will not damage it. Following a LOCA, ‘
there is adequate time before purging is required to permit checkout of the

portable purging station and to optimize the system operation to minimize the

total dose to the public.

References 4.4-12
FSAR Section 14A
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4B.1 INTRODUCTION
This report contains the following categories of information:

a. Pertinent information on the seismic design of the reactor coolant
system.

b. A tabulation of reactor coolant piping stresses calculated by the
static approach at the most critical locations.

c. A description of the type and location of each major component sup-
port analyzed, its design and the seismic amplification associated
with the location of the support in the building.

d. An evaluation of results tabulated in (b) above.

e. A correlation between a free-standing spacial analysis of the nu-
clear steam system and a planar analysis comnsidering bulldlng—loop
interaction.

4B.2 SUMMARY AND CONCLUSION

A three dimensional model of the reactor coclant system was used to determine
seismic mode shapes, frequencies, and inertia loads. The inertia loads along
with thermal and dead load information was input to a piping flexibility pro-
gram to obtain stresses and deflection. The reactor coolant system was con-
sidered uncoupled from any internal building structures. The resulting
stresses were found to be within allowable limits. The maximum calculated
piping stress for the design basis earthquake and the maximum hypothetical
earthquake (considering dead loads and pressure) are, respectively, 24,968
psi and 27,269 psi. The allowable stresses for these two conditions are
27,600 psi and 33,120 psi, respectively.

As was pointed out in the above paragraph, the seismic analysis for the re-
actor coolant system was based upon a free standing system, i.e., no cou-
pling. However, the steam generator will have lateral support at the upper
elevation for hot plant conditions and the significance of this coupling

was evaluated. A planar model of the building secondary shield wall, steam
generator, reactor vessel, and 36" pipe was analyzed. Results show that
coupling of the reactor coolant system to the building will not cause greater
seismic responses or higher resulting pipe stresses than a free standing
system.

The supports of the major components of the reactor coolant system were examined
for effect of reaction loads resulting from dead weight, restrained thermal ex-
pansion, and seismic excitation. Results show that support integrity is not jeop- ,
ardized by any of the above loadings. (Reference Supplement 6 -for Oconee 1

4B.3 ANALYSIS OF REACTOR COOLANT SYSTEM
4B.3.1 SCOPE OF ANALYSIS

The reactor coolant system consists of the reactor vessel, coolant pumps, steam
generators, pressurizer, and interconnecting piping. For the purpose of seismic
analysis, however, the reactor coolant system is considered to consist of the
following:

4B-1 Rev. 9. 8/11/70



a. Reactor vessel
b. One steam generator

c. Three interconnecting reactor coolant pipes, one being the 36" reactor
outlet and two 28" reactor inlet pipes.

d. One pump and motor assembly on each 28" inlet pipe.
e. One 10" pressurizer surge line.
f. One 2-1/2" pressurizer spray line.

Reactor coolant system components are designated as Class 1 equipment and are
designed to maintain their functional integrity during earthquake. The load-
ing combinations and corresponding design stress criteria for pressure bound-
aries of both vessels and piping are given below. A discussion of each of the
cases of loading combinations follows:

Case 1 - Design Loads Plus Design Earthquake Loads - For this combi-
nation, the reactor must retain operating capability; therefore, all com-
ponents excluding piping are designed to Section III of the ASME code for
Nuclear Vessels. The reactor coolant piping is designed according to the require-
ments of USAS B31.7. The S values for all components, excluding bolting,
are those specified in Table N-421 of the ASME Code.

Case 11 - Design Loads Plus Maximum Hypothetical Earthquake Loads - In
establishing stress levels for this case, a '"'mo-loss-of-function'" criterion
applies, and higher stress values than in Case 1 can be allowed. The multi-
plying factor of (1.2) has been selected in order to increase the code-based
stress limits and still insure that for the primary structural materials, i.e.,
304 SST, 316 SST, SA302B, and SA212B, and SAl106C, an acceptable margin of
safety will always exist. A discussion of the adequacy of these margins of
safety is given in B&W Topical Report BAW-10008 Part 1. The S; value for all
components are those specified in Table N-421 of the ASME Code.

Reactor coolant system seismic forces are defined in terms of an acceleration
spectrum. An acceleration spectrum is an envelope of expected accelerations over
a range of expected natural frequencies. A family of acceleration spectrum
curves for various damping values was constructed. For piping systems the
spectrum curve of interest is associated with 1/27% of critical damping. //

Pursuant to the applicable codes, the following additional sources of loading
must be considered in the seismic design of the reactor ccolant system:

a. Pressure
b. Dead load

¢. Thermal load

4B-2



4B.3.2 METHOD OF ANALYSIS

4B,3.2.1 DESCRIPTION OF ANALYTICAL MODELS

4B.3,2.1.1 " Seismic Analysis

The seismic analysis of the reactor coolant system is a dynamic analysis based
on the theory and basic procedures outlined in References 1 and 5. The reactor
coolant system as a basic piping structure is idealized in the analytical model
by a concentrated mass system or structure. In this idealization, the mass of
the structure is considered to be lumped or concentrated at a certain finite
number of points. The resistance to deflection 1s caused by elastic members
having strength and stiffness but are weightless.

The dynamic response of a concentrated-mass system having multiple degrees of
freedom involve first determining the frequencies and shapes of the normal modes
of vibration. The dynamic response of the system to a given dynamic load is
evaluated by using the frequencies, mode shapes, modal participation factors

and a dynamic load given as an acceleration-frequency spectrum,

Schematic drawings of the analytical model are shown on Figures 4B-1 and 4B-2.

_The model starts at the base of the reactor vessel support skirt Point A1-160.

It extends through the reactor vessel, the three main reactor coolant pipes to
one steam generator, then to the base of the steam generator support skirt at

point A6-101. Only one steam generator was included in the model on the basis
of symmetry, The only external anchors or restraints in the system are at the
base of the support skirts, points Al-160 and A6-~101. No intermediate reactor
building to reactor coolant system dynamic coupling is included. The signifi-
cance of building coupling to reactor coolant system is discussed in section 4B-5.

The mass of the system was considered to be acting or lumped at 16 points in the
following manner:

a. The reactor vessel and steam generator are each represented by two
masses,

b. Each reactor coolant pump motor is represented as one mass.

c. The reactor coolant pump on Branch 23 is represented by a single mass
point,

d. The 36" reactor coolant pipe is represented by three mass points.

e. Each 28" reactor coolant pipe is represented by two mass points,
one on each side of the pumps,

The lumped masses are connected by eighteen elastic members as follows:

a. Both the steam generator and reactor vessel are each represented by
two masses connected by two elastic members which represent the
vessel skirt and shell.

b. Each pump motor is connected to the pump by one member.
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c. The remainder of members are the various straight lengths and bends . .
in the three reactor coolant pipes,

Each pump body and the upper half of the steam generator were assumed to be
rigid members in the system.

The dynamic analysis is done in three steps by computer programs:

a. The first program calculates the flexibility matrix for each branch
in the system where each branch begins and ends at a mass point on
anchor. The basic theory and equations are shown in References 3
and 4 with the additional consideration of flexibility due to axial
and cross shearing deformations and using elbow flexibility factors,
k, from USAS B31l.1l. The branch flexibility matrices are referred
to the system coordinate axis at point A-919., They define the dis-
placement of three deflections and three rotations resulting from
forces and moments, i.e., for six degrees of freedom per mass point.

b. The second program requires the basic input of the branch matrices,
the value of all the masses and the seismic spectrum. The program
first inverts each flexibility matrix to obtain a 6 x 6 stiffness
matrix with the translational elements in the upper left 3 x 3 sub-
matrix. An overall stiffness matrix is then assembled having 6N x
6N elements where N is the number of modal branch or mass points.
This results in a 96 x 96 matrix. The rows and columns are then ar-
ranged such that all the translational elements are in the upper
left 3N x 3N or 48 x 48 submatrix. For this analysis, the rotational ‘
inertia is assumed to be zero; therefore, the rotational degree of
freedom is eliminated and only the upper left 48 x 48 submatrix is
needed. (This means the final stiffness matrix used in the motion
equations represents three degrees of freedom per mass point as
translations in the X, Y, and Z directions of the coordinate axes.
Likewise, the inertia effects are three forces at each mass point.)
The stiffness matrix and mass matrix provide the information needed
for the next step, the program step of calculating the eigenvalues
and natural frequencies. The Wilkinson method was used for this so-
lution. The eigenvectors (mode shapes) corresponding to each fre-
quency are then determined. The program lastly calculates for each
mode the equivalent static loads at each mass point, using the seis-
mic acceleration response spectra. The basic theory and equations
used for mode shapes, participation factors and equivalent static
forces are given in Reference 1. The equivalent static force at each
mass point for all modes is calculated by taking the largest ab-
solute value of the inertia load at each mass point and adding to it //

( the root mean square of the remaining modes.

c. The third program is a piping flexibility program. It calculates the
forces and moments at all the branch points using the equivalent

static forces from step b.

4B.3.2.1.2 Dead Load Analysis

The analytical model for the dead load analysis is the same as for the seismic ’
analysis and can also be represented by Figures 4B-1 and 4B-2. In this case,
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the weight of the piping is placed at the mass points as concentrated forces.
The program used to calculate the system forces and moments 1s the piping
flexibility program referred to in the previous section. The output of forces
and moments were used to calculate stresses to be combined with other loadings
as shown in Section 4B.3.2.3.

4B.3.2.1.3 Thermal Flexibility Analysis

As was the case with dead load, the analytical model used for thermal ex-
pansion analysis was the same as for the seismic analysis. Likewise, the
piping flexibility program was used with input of thermal expansion effects.
This model is valid for the 28" pipes entering the steam generator near the
bottom which is anchored. The results of the thermal expansion analysis show
center line horizontal deflections at this location, C901, of 0.010 in. in
the X direction and 0.008 in. in the Z direction. Therefore, the steam
generator can be assumed to be horizontally restrained at this location.
However, the thermal expansion motion near the top of the generator (at the
LOCA restraint) is shown from the analysis to be about 0.250". Since the
generator will be restrained in the hot condition, this motion is excessive
for a valid analysis of the 36" pipe which enters at the top of the generator.

An alternate thermal analysis was made of the 36" line from the nozzle attach-
ment to the steam generator to the nozzle attachment to the reactor vessel.
The analytical model is shown on Figure 4B-3. This model also includes the
10" pipe surge line. The anchor point motions at "A" and "B" are on the

basis of no horizontal center line movement of either the steam generator or
the reactor vessel. This will meet the requirement of the restrained gen-
erator.

The program used for the analysis of the 36" pipe is. a direct adaptation of the
method described in Reference 4. The output of forces and moments at branch
points was used to calculate stresses to be combined with other loadings as
shown in Section 4B.3.2.3.3.

4B.3.2.2 STRESS ANALYSIS OF REACTOR COOLANT SYSTEM PRESSURE VESSELS

The reactor vessel, steam generators and pressurizer and pumps are designed
to meet the requirements of the ASME Section III1 Nuclear Vessels Code for
Class A vessels. A complete stress analysis is performed on each vessel, in
accordance with ASME Section III1, to assure that the vessel will meet the
stress limits and criteria specified by the Code and for seismic loading
conditions. '

4B.3.2.3 STRESS ANALYSIS OF REACTOR COOLANT PIPING

Stress calculations made at various locations throughout the piping system

are done in accordance with the Nuclear Power Piping Code USAS. B31.7. Several
locations, as noted on the table of results, were analyzed in “accordance with
Paragraph 1-705.1 of B31l.7. The remaining points were analyzed in accordance
with Appendlx F of 531 7. ?rlmary and primary plus secondary stresses were
caiculated at each location and comparison made to 1.5 Sm and 3.0 Sm, respect-
ively. 1In addition, primary stresses resulting from maximum hypothetfzal
earthquake, dead load and pressure effects were compared to the value

1.8 Sm (1.2 x 1.5 Sm). The highest stress at any location (branch point

b e ay
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10,

No. 10) was found to be 27,269 psi which is below the allowable value of
33,120 psi. For the points analyzed in accordance with Paragraph 1-705.1
the loading technique is as follows. The seismic moment is evaluated by
adding the largest absolute value of either horizontal (X or Z) earthquake
reaction plus the rms of the remaining modes to the absolute value of the
vertical earthquake reaction. This value is then added to the dead weight
moment and pressure loading to calculate primary stresses. Primary plus
secondary stresses are calculated by doubling the seismic loading used for
primary stresses and also including thermal loadings.

For the analysis described in Appendix F of USAS B31l.7. the seismic loads are
combined based on Table 4B-1 to attain the worst case condition. The dead
weight and thermal loads are used as indicated in Table 4B-1 to calculate
primary and primary plus secondary stresses,

Table 4B-2 through 4B-5 give pipe data, forces and moments, and final pipe
stresses for various locations throughout the piping system,

4B.3,2.4 " "STRESS ANALYSIS OF PRESSURIZER SURGE LINE PIPING

Stress calculations made at various locations throughout the Surge Line were
performed in accordance with the Nuclear Power Piping Code, USAS B31l.,7.
Pursuant to the code, seismic, thermal, pressure and cyclic loadings were
considered in the analysis.

The geometry, support conditions, joint and component descriptions are all
shown in Figure 4B-6. The diameter thickness and material designation for
the pipe is shown in Table 4B-2b,

The results of this analysis are presented in Table 4B-5c, All points were.
analyzed in accordance with Paragraph 1-705 of B3l.7. They indicate that

the subject pipe meets all design criteria. At joint 2 the load combinations
under Equation 9 do show a 0.9 percent overstress. However, this overstress
is insignificant in that an Appendix F detailed analysis readily eliminates
this condition. At joints 2, 3 and 12,% the Equation 10 stresses exceed the
allowable 3,0 S;, The USAS B31l.7 code requires that the simplified elastic-
plastic discontinuity analysis represented by Equations 12 and 13 be used in
conjunction with Equations 10 and 11 under this condition. For the appro-
priate loading conditions, Equation 12 is satisfied, and the cumulative usage
factors calculated with Equation 13 stresses meet the code requirements of
unity.,

*Joints 2 (CO1), 3 (CO1), 12(CO4)
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4B. 4 REACTOR COOLANT SYSTEM COMPONENT SUPPORTS

4B.4.1 DESCRIPTION OF SUPPORTS

Both the reactor vessel and steam generator are supported by a cylindrical skirt
rigidly attached to the vessels and bolted to the foundation by means of an in-
tegral base plate. The skirts are designed in accordance with ASME Section III .
and criteria stated in Section 4B.3.1 of this report. Lateral sﬁﬁﬁgrt is pro-
vided for the steam generator at the upper tube sheet level by means of a struc-
tural tie to the secondary shield wall.

The pressurizer is supported by 8 support pads spaced symmetrically around the
circumference of the vessel. The pads are designed in accordance with Section
ITI and criteria stated in Section 4B.3.1 of this report.

The reactor coolant piping is self-supporting with respect to dead weight, seis-
mic, and thermal loading. The reactor coolant pumps are partially supported by
hanger rods which are designed to support the dead weight of the pump motor, -
with the remainder of the dead weight of the pump being supported by the piping.
To reduce seismic deflection, the pumps are supported laterally at the motor by
means of hydraulic suppressors connected to the secondary shield wall.

4B. 4.2 METHOD OF ANALYSIS

4B.4.2.1 CALCULATION OF FOUNDATION LOADS FOR REACTOR
VESSEL AND STEAM GENERATOR

The steam generator and reactor vessel supports were designed for reaction loads
from dead weight of the vessels, restrained thermal expansion of the reactor

coolant piping, and seismic excitation.

Preliminary results were calculated as a part of the reactor coolant piping analysis.
These seismic results indicated that the vessels act essentially independent of

the piping. To examine each component in more detail, the steam generator and
reactor vessel foundation loads were recalculated with each treated as an iso-

lated component, independent of the reactor coolant piping.

The dynamic characteristics of the reactor vessel and steam generator and the
loads on their supports were determined using a detailed lumped-mass dynamic
model of each component. The models included one lateral degree of freedom per
mass, with the discrete mass points connected by flexible beam segments. An
additional rotational spring was included at the base of the models to represent
the flexibility of the anchor bolts and concrete foundation beneath the vessels.
In addition, the steam generator model assumed no connection to the secondary
shield wall.

The seismic forces on the supports were calculated using the response spectra
approach. Sufficient modes were included in the model to simulate the behavior
of the actual structure. All the modes included in the model were calculated,
and were combined as the square root of the sum of the squares of all the in-
dividual modal contributions.
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which were calculated as a part of the piping analysis were incorporated into

Loads on the supports due to thermal expansion of the piping and dead weight .
the support design also.

The results of foundation loads due to dead weight, thermal expansion, and seismic
loadings for all major components are shown in Table 4B-6,

4B.4.,2,2 CALCULATION OF FOUNDATION LOADS FOR PRESSURIZER
the vessel can be considered rigid. For rigid systems the maximum acceleration

at the point of support can be considered to act at the center of gravity of the
vessel and a static approach used,

The first mode natural frequency of the pressurizer is greater than 30 cps and SK

e e e

Static loads equal to 0.2 x Full Wet Weight were applied at the center of gravity
of the vessel in both vertical and horizontal directions. These loads were
assumed to act simultaneously.

The equivalent horizontal shear and overturning moment at the vessel support
level was found and used in the design and analysis of the support. The vessel
wall was analyzed for local loading, from the attached support, by means of a
method developed by P. P. Bijlaard. The resulting stress intensities were com-
pared to stress allowables specified in ASME Section II1 and criteria stated in
Section 4B.3.1.

The static analysis method, using 0.2g acceleration loads, is conservative. The

0.2g acceleration is greater than the accelerations given in the acceleration ‘
spectra for the various elevations of equipment supports. For the pressurizer

supported at Elev. 821 ft. the spectra results give an acceleration of 0.06g

for the design basis earthquake,

Loads due to thermal expansion were calculated as part of the piping analysis
and included in the support design.

4B.4.,2.3 ANALYSIS OF REACTOR VESSEL AND STEAM GENERATOR SUPPORTS

The reactor vessel and steam generator support skirts and support skirt flanges
are designed and analyzed using procedures described in Chapter 10, Section 1,
of Reference 6. That procedure is used to determine the tensile stress in the
anchor bolts, the bearing stress on the support skirt flange and the location
of the neutral axis of bending on the bolt-flange mechanism.

The skirt-flange mechanism was statically analyzed for the applied forces and
moments due to seismic loading on the vessel, considering a free-standing vessel
(see Table 4B-6).

The support skirt flange and foundation is assumed to be rigid. In regard to the

reactor vessel, effects of anchor bolt pretension on the bending moment capacity

of the support skirt were evaluated, With no anchor bolt pretension, the location

of the neutral axis is found by trial and error methods so that the difference

between the first moment of the bolt tension area and first moment of the flange
compression area about the neutral axis is less than 5 percent of the smaller

value., Increasing values of applied anchor bolt pretension result in less shift ‘
of the neutral axis.
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The anchor pretension load necessary to prevent any separation of the support
skirt flange from the foundation is the required load which will result in no
shift of the neutral axis. 1In that case the neutral axis is located on the
centerline of the vessel flange.

For a typical seismic load condition on the vessel, the support skirt flange
was analyzed for flange bearing stress, anchor bolt loads, and location of
neutral axis. Once the neutral axis was located, giving consideration to an-
chor bolt pretension loads, the flange, skirt, gusset mechanism was analyzed
for applied tensile, compressive, and shear loads resulting from bending using
methods from engineering mechanics.

The allowable stress criterion specified in Section 4B.3.1 of this report was
used where applicable.
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4B.5 EVALUATION OF SEISMIC ANALYSIS OF REACTOR COOLANT
SYSTEM FOR EXISTING CONFIGURATION .

The objective of this evaluation is to show by qualitative analysis that the
final stresses from an uncoupled analysis described in Section 4B.3.2 would be
conservative compared to results from a building NSS coupled analysis.

The dynamic seismic analysis was for a NSS uncoupled from any containment build-
ing structures. As stated in Section 4B.4.1 the steam generator will have lateral
support for hot plant conditions and the significance of coupling was evaluated.

The effect of building coupling was evaluated from the results of a dynamic analy-
sis on simplified models of the NSS and building secondary shield walls, as shown
in Figures 4B-4 and 4B-5. In these models the NSS weight is lumped as: The steam
generator mass points 7 and 8, the 36" reactor coolant pipe mass points 8, 9, and
10 and the reactor vessel masses 10 and 11. The elastic members for the NSS are:
steam generator support skirt No. 7; steam generator No. 8; 36" pipe numbers 9,
10, 11, 12, 13, 14 and 15; reactor vessel No. 16; reactor vessel support skirt

No. 17. This portion of the NSS 1s basically the same as modeled on Figures 4B-1
and 4B-2. The containment building secondary shield wall is represented by mass
points 1 through 5 and elastic members 1 through 6. The lateral tie between the
building and the NSS is elastic member 18.

These models were analyzed by a B&W computer program. This program performs a

normal mode vibration calculation and applies a base motion spectra in a similar

manner as the programs for the system described in Section 4B.3.2. This program

is limited to single degree of freedom as translation per mass point. .

Tables 7 and 8 show a summary of the results from the program. Table 4B-7 is a
comparison of the absolute model summation of the inertia forces as effective
static forces and deflections at each mass point.

Results from the ZY direction show that the building mass points will have an
increase in effective static forces when coupled with NSS. Conversely, the NSS
mass points have a decrease in effective static forces. The relative displace-
ment between the steam generator mass points was reduced from 0.137 inches to
0.010 inches. The average relative displacement between piping mass points was
reduced from 0.116 inches to 0.008 inches.

Results from the XY direction show an overall decrease in the mass point effec-
tive static forces for the NSS, with two individual points, one on the generator
and one on the pipe, being larger. The average forces on the pipe masses, how-
ever do show a decrease when coupled. Similarly, the relative displacements show
a decrease as in the ZY direction.

Table 4B-8 is a comparison of the internal forces and moments on the system elas-

tic members. For the 36" pipe there 1s a marked decrease in values for coupled

vs uncoupled in the ZY direction. In the XY direction, there is also an appre-

ciable overall decrease in values with the exception of a local area near the

juncture of element 10 and 11 at the tangent of the 180 degree bend. Here the

coupled moment is greater than the uncoupled analysis moment. Fortuitously, this

location is at a low stress area. To quantitatively evaluate this, the stresses

at this location were calculated using an increase of seismic moment by the ratio ‘
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of the coupled vs uncoupled moments. The stresses, when compared to the design
calculations, show a change of less than one percent. This further indicates
that the seismic forces at this location are relatively low.

The stiffness of the tie was selected on a preliminary basis. To evaluate the
effects of increased rigidity, a computer run was made using a value 100 times
stiffer for member 18. The results did not show any unfavorable changes in
effective static forces or internal forces and moments on the piping,

The effect of rotatlonal spring constants at the base of the reactor vessel and
steam generator were examined for the coupled system., Nominal values were
selected to represent the strain in the concrete and anchor bolts due to seismic
loading., Results of this analysis show that inclusion of spring constants in
the dynamic model actually decrease the element moments and forces slightly.

It can be concluded that the coupling of the NSS to the building will not cause
greater seismic responses or higher resulting piping stresses.
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Table 4B-1

Loading Combinations

Primary Stresses Design
Pressure Single Amplitude

Primary + Secondary Stresses
Operating Pressure and Temperature
Double Amplitude Seismic Loads
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Table 4B-2a
Pipe Data

(Reference Branch No. to Figures 4B-1 and 4B-2)

Branch _ Material of Material of Design
Number From To oD Thickness Straight Pipe Curved Pipe Temperature, F
1@ A6-101  c-901  138.0 1.5 650
2(@)  c-901 D-902  138.0 10.0 650
3 D-902 M-933 44.0 3.75 SA-106 Gr. C SA-516-70 650
4 M-933 . 107 44,0 3.75 SA-516-70 650
4 107 N-904 42.75 3.3125 SA-106 Gr. C 650
5 N-904 0-905 42.75 3.3125 SA-106 Gr. C 650
6 0-905 111 42.75 3.3125 SA-106 Gr. C 650
6 111 113 44.0 3.75 SA-106 Gr. C SA-516-70 650
6 113 A-906 42,75 3.3125 SA-106 Gr. C 650
7(b) A2-115 G-907 0.554 0.027 650
8(®)  G-907 H-908 ~  33.5 2.75 650
9 H-908 F-909 33.5 2.6875 SA-106 Gr. C 650
10 F-909 117 33.5 2.6875 SA-106 Gr. C 650
10 117 Cc-901 33.75 3.125 SA-516-70 650

Note: Material at connections of the pumps is SA~376 TP-316.

(a)

Steam generator.

(b)Reactor coolant pump.
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Table 4B—25
Pipe Data

(Reference Branch No. to Figures 4B-1 and 4B-2)

(b)Reactor coolant pump,

(c)

Reactor vessel.

Branch Material of Material of Design
Number From To 0D Thickness Straight Pipe Curved Pipe Temperature, F
11 P-920 E-910 33.75 3.125 SA-106 Gr. C SA-516~-70 650
12 E-910 A-906 33.5 2.6875 SA-106 Gr. C SA-516-70 650
13 Cc-901 145 33.75 3.125 SA-516-70 650
13 145 L-917 33.5 2.6875 SA-106 Gr. C . 650
14 L-917 J-915 33.5 2.6875 SA-106 Gr. C 650
lS(b) J-915 I-916 33.5 2.75 650
'16(b) A4-150 1-916 0.554 0.027 650
17 J-915 K-912 33.75 3.125 SA-106 Gr. C SA-516-70 650
18 K-912 A-906 33.5 2.6875 SA-106 Gr. C SA-516-70 650
19(® Al-160  B-918  179.5 2.0 650
ZO(Q) B-918 A-906 179.5 10.0 650
21 A3-201 0-905 10.75 1.0 SA-376 TP-316 SA-403 Gr. WP-316 670
22 A7-215 P-920 2.8%5 0.375 SA-376 TP-316 SA-403 Gr. WP-316 670
23 H-908 P-920 33.5 2.6875 SA-106 Gr. C ' 650
Note: Material at connections of the pumps ié SA-376 TP-316.



Table 4B-3a
Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 103 Branch Number:

Geometry:

Matl: SA-516-70

44.0-in. OD

t = 3.75 in.

Matl: SA-106, Gr C —f

p &

OTSG

Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake 13,944 4,773 999
Y — Direction earthquake 1,990 19,050 7,550
Z — Direction earthquake 2,760 69,374 -140
Dead weight -670 -78,045 -2,290
Thermal expansion, 100% power 5,776 277,279 -117,036

All forces are in 1b.

Mx My Mz
] X — Direction earthquake . -13,687 .13,658 -130,913
Y — Direction earthquake ~72,595 12,279 -24,314
Z — Direction earthquake -281,764 -1,433 -89,890
Dead weight 415,637 -9,222 51,337
Thermal.expansion, 100% power -812,734 ~-77,120 -220,619

All moments are in ft-1b.
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Table 4B-3b

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 104 Branch Number: 3

Geometry:

Matl: SA-516-70

R = 60 in..

44,0-in. OD

t = 3.75 in. - — Matl: SA-106, Gr C

Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake -13,944 -4,773 -999
Y — Direction earthquake -1,990 -19,050 -7,550
Z — Direction earthquake -2,760 - -69,374 140
Dead weight 670 78,045 2,290
Thermal expansion, 100% power -5,776 -277,279 117,306
All forces are in 1b.
Mx My Mz
X — Direction earthquake 15,184 -13,658 109,998
Y — Direction earthquake 83,924 -12,279 21,331
Z — Direction earthquake 281,554 1,433 85,749
Dead weight -419,074 9,222 -50,330
Thermal expansion, 100% power 681,069 77,120 214,121

All moments are in ft-1b.
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Table 4B-3c
Forces and Moments for Branch Points (Stresses

Calculated per Appendix F, USAS B31.7)

Branch Point Number: 106

Branch Number:

Geometry:

44.0-in. OD

t = 3.75 in.

- Loads given below are applied to the straight pipe using straight pipe dimensions.

Matl:

SA-516-70

Fx Fy Fz
X — Direction earthquake -13,944 -4,773 -999
Y — Direction earthquake -1,990 -19,050 -7,550
Z — Direction earthquake -2,760 -69,374 140
Dead weight 670 78,045 2,290
Thermal expansion, 100% power -5,776 -277,279 117,036
All forces are in 1b.
Mx My Mz
X — Direction earthquake -3,483 56,117 37,164
Y — Direction earthquake 27,242 2,508 -1,042
Z — Direction earthquake -63,049 15,027 26,687
Dead weight -43,645 4,400 3,941
Thermal expansion, 100%Z power -1,278,824 29,287 4,072

All moments are in ft-1b.
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Table 4B-3d

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 107 Branch Number: 4

Geometry:

44.0-in. OD
t = 3.75 in.

Matl: SA-516-70

44 ,0-in. OD

Matl: SA-106, t = 3.3125 in

Gr C

Loads given below are applied to the straight pipe using straight pipe dimensionms.

Fx Fy Fz
X — Direction earthquake 100 -4,140 690
Y —-Directiqn earthquake -530 -16,235 -1,564
Z — Direction earthquake -90 -65,760 14,960
Dead weight 670 38,070 2,290
Thermal expansion, 100% power -5,776 -277,279 117,036
All forces are in 1b.
Mx My Mz
X — Direction earthquake ~20,564 55,178 33,969
Y — Direction earthquake -61,057 6,174 -8,964
Z — Direction earthquake -314,190 5,706 -15,767
Dead weight 156,501 ~-422 25,416
Thermal expansion, 100% power|-2,068,156 -18,539 -148,191

All moments are in ft-1b.
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Table 4B-3e

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

111

Branch Point Number: Branch Number:

Geometry:

Matl: SA-106, Gr C

44.0-in. OD
t = 3.75 in.

Loads given below are applied to the straight pipe using straight pipe dimensions.

Matl:

SA-516-70

Fx Fy Fz
X — Direction earthquake 18,943 -1,650 2,368
Y — Direction earthquake 1,615 -6,744 19,187
Z — Direction earthquake 2,283 -49,840 30,345
Dead weight 753 -43,433 2,308
Thermal expansion, 100% power 3,074 -2756,589 119,275
All forces are in 1b.
Mx My Mz
X — Direction earthquake 20,660 55,591 -142,542
Y — Direction earthquake 21,747 6,245 -8,637
Z — Direction earthquake 404,469 5,896 -36,072
Dead weight 240,675 -388 975
Thermal expansion, 100% power| 2,030,379 127,201 -10,995

All moments are in ft-1b.
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Table 4B-3f
‘ Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 114 Branch Number:

Geometry:

42.75-in. OD
t = 3.3125 in.

+ * /

Matl: SA-106, Gr C

Loads given below are applied to the straight pipe using straight pipe dimensions.

) 5 : -
X — Direction earthquake -18,943 ' 1,650 _~2;368-i
Y — Direction earthquake -1,615 6,745 -19,187
Z — Direction earthquake ~2,283 49,840 -30,345
Dead weight -750 43,434 -2,308 " -
" Thermal expansion, 100% power -3,074 276,585 =119,275
All forces are in 1b.
M_ My 'Mz
X — Direction earthquake ~-13,155 166,444 -237;259.
Y — Direction earthquake -38,642 12,680 16,710
Z — Direction earthquake 27,986 20,867 47,489
‘ Dead weight 256,872 9,219 02,792
Thermal expansion, 100% power 235,021 42,801 -111,831

All moments are in ft-1b.
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Table 4B-3g

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 905 Branch Number: >
Geometry:
5
42.75-in. OD \\\\-\\\~J//\ 10.75-in. OD
t = 3.3125 in. L /// t = 1.0 in.
J, /
7\ - - 21
/I |
|~
Matl: -
a SA-106, Gr C /J/\ Matl: SA-376, Type 316

. Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake -10,310 2,952 -1,644
Y — Direction earthquake -584 11,872 -6,410
Z — Direction earthquake -1,327 58,428 -25,277
Dead weight -670 -424 -2,292
Thermal expansion, 100% power 5,776 277,279 -117,036
All forces are in 1b.
Mx My Mz
X — Direction earthquake -18,336 -55,178 122,729
Y — Direction earthquake -2,697 f6,174 6,675
Z — Direction earthquake -374,830 -5,706 _ 33,840
Dead weight -238,334 422 -1,449
Thermal expansion, 100% power| -1,935,450 18,539 -49,393

All moments are in ft-1b.
4B-22




Table 4B-3h

Forces and Moments for Branch Points (Stresses
Calculated. per Appendix F, USAS B31.7)

Branch Point Number: 920 Branch Number: 1

Geometry:

33.75-in. OD
t = 3.125 in.

Pump 23

Matl: SA-376,
Type 316

Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake 37,826 1,203 25,864
Y — Direction earthquake 35,729 5,788 16,537
Z — Direction earthquake 18,282 -15,958 50,944
Dead weight -21,265 -34,657 4,584
Thermal expansion, 15% power -12,152 83,150 83,094
All forces are in 1b.
Mx My Mz
X — Direction earthquake -13,452 72,485 -176,833
Y — Direction earthquake -58,293 96,430 -125,667
Z — Direction earthquake 101,233 -28,275 -70,975
Dead weight 317,323 -52,857 -39,347
Thermal expansion, 15% power -1,352,862 -308,574 118,494

All moments are in ft-1b.
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Table 4B-3i

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 133 Branch Number: 1

Geometry:

33.75-in. OD
t = 3.125 in.

Matl: SA-516-70

Matl: SA-106,
Gr C

R = 60 in.

_+___'

Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake 32,280 -23,456 39,188
Y — Direction earthquake - 22,809 -3,554 12,973
Z — Direction earthquake 7,697 -20,709 57,048
Dead weight 19,851 -25,798 -3,995
Thermal expansion, 15% power 366 83,508 87,398
All forces are in 1b.
Mx My Mz
X — Direction earthquake 158,589 52;326 234,438
Y — Direction earthquake 15,091 25,922 -154,652
Z — Direction earthquake 70,160 55,192 -100,626
Dead weight 190,746 -13,657 54,978
Thermal expansion, 15% power |-1,254,057 204,605 -204,562

All moments are in ft-1b.
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. Table 4B-3j
Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 140 Branch Number: 13

Geometry: P ~t—"1

f-N\\\kﬂf//fﬁ_i; A Matl: SA-106,
\\ Gr C

Matl: SA-516,

Gr C
33.75-in. OD -

t = 3.125 in.

Loads given below are applied to the straight pipe using straight pipe dimensions.

X — Direction earthquake -13,412 -47,872 425
Y — Direction earthquake -16,853 =49,424 -1,352
Z — Direction earthquake -11,365 -32,336 -3,964
Dead weight 19,851 237,655 -3,995
Thermal expansion, 15% power 367 94,103 87,398

All forces are in 1b.

MX My Mz

X — Direction earthquake 46,913 230,772 114,347
Y — Direction earthquake 61,192 150,903 52,902
Z — Direction earthquake 30,478 92,399 42,066
‘ Dead weight -290,731 195,522 989,726
Thermal expansion, 15% power 776,013 -399,855 434,918

All moments are in ft-1b.
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Table 4B-3k

Forces_and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 145 Branch Number: 13
Geometry:
Matl: SA-106,
Gr C
33.50-in. OD
t = 2.6875 in.
R = 42 in.
33.75-in. OD
t = 3.125 in.

Loads given below are applied to the straight pipe using straight pipe dimensions.

Matl: SA-516-70

Fx Fy Fz
X — Direction earthquake 13,412 47,872 -425
Y — Direction earthquake 16,853 49,424 1,352
Z — Direction earthquake 11,365 32,336 3,964
Dead weight -19,851 -237,665 3,995
Thermal expansion, 157% power ~-367 -94,103 -87,398

All forces are in 1b.

Mx My MZ
{ X — Direction earthquake 60,964 -263,554 -402,742
Y — Direction earthquake 46,137 -179,543 -343,855
Z — Direction earthquake 32,783 -91,391 -231,660
Dead weight -249,077 ~124,587 547,596
Thermal expansion, 157 power -788,665 -181,176 190,746

All moments are in ft-1b.
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Table 4B-3%

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 141 Branch Number: 7

Geometry:
33.75-in. OD
t = 3.125 in.

Matl: SA-516-70

Matl: SA-106,
Gr C

R = 42 in.

+

Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake -32,280 23,456 -39,188
Y — Direction earthquake -22,809 3,554 -12,973
Z — Direction earthquake -7,697 20,709 -57,048
Dead weight -19,851 25,798 3,995
Thermal expansion, 157 power -366 -83,508 ~-87,398
All forces are in 1b.
Mx My Mz
X — Direction earthquake -20,684 308,315 336,708
Y — Direction earthquake ~18,815 235,623 232,860
Z — Direction earthquake -26,983 9,019 118,110
Dead weight 125,767 248,263 2,722
Thermal expansion, 157 power -31,104 -240,208 243,967

All moments are in ft-1b.
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Table 4B-3m

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 122 Branch Number: 10

Geometry:
ry N oy

Gr C

\

33.75-in. OD
t = 3.125 in.

Loads given below are applied to the straight pipe using straight pipe dimensions.

+
R = 42 in.
\\/

4\\ ",/'Matl: SA-106,

Matl: SA-516-70

Fx Fy Fz
X — Direction earthquake -2,489 -24,233 -393
Y — Direction earthquake -6,200 -41,770 -1,772
Z — Direction eérthquake -1,753 -31,972 740
Dead weight -21,265 230,624 4,586
Thermal expansion, 157 power -12,165 94,196 83,069
All forces are in 1b.
Mx My Mz
X — Direction earthquake -36,270 250,606 299,366
Y — Direction earthquake -2,127 205,314 388,477
Z — Direction earthquake 15,103 133,892 209,246
Dead weight -272,042 -160,745 -889,317
Thermal expansion, 15% power 728,833 356,660 -309,478

All moments are in ft-1b,
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‘ : Table 4B-3n

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 123 Branch Number: 11
Geometry:

33.75~in. 0D

t = 3.125 in.

Matl: SA-516-70

Matl: SA-106,
Gr C

.Loads given below are applied to the straight pipe using straight pipe dimensions.

' Fx Fy Fz
X — Direction earthquake 37,826 1,203 25,864
Y — Direction earthquake -35,729 5,788 16,537
Z — Direction earthquake 18,282 -15,958 50,944
Dead weight -21,265 -34,657 4,584
Thermal expansion, 15% power -12,152 83,150 83,094
All forces are in 1b.
Mx My Mz
X — Direction earthquake -11,419 -3,129 -176,289
Y — Direction earthquake -48,510 28,572 -123,052
Z — Direction earthquake 74,262 -82,185 -78,184
‘ Dead weight 258,747 -~ -18,987 -55,001
Thermal expansion, 157% power |-1,212,325 -325,568 156,053

All moments are in ft-1b.
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Table 4B-30

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 131

Branch Number: 11

Geometry:

Matl: SA-106,
Gr C

33.75-in. OD
t = 3.125 in.

Matl: SA-516-70

R = 42 in.

Loads given below are applied to the

+

straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake -37,826 -1,203 -25,864
Y — Direction earthquake -35,729 -5,788 -16,537
Z — Direction earthquake -18,282 -15,958 f50,944
Dead weight 21,265 34,657 -4,584
Thermal expansion, 157 power 12,152 -83,150 -83,094
All forces are in 1b.
Mx My Mz
X — Direction earthquake -93,205 458,501 308,131
Y — Direction earthquake -77,245 397,956 245,462
Z — Direction earthquake -65,433 319,822 149,455
Dead weight 131,616 -228,282 3,603
Thermal expansion, 15% power ~53,567 220,999 -236,547

All moments are in ft-1b.
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Table 4B-3p

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 920 Branch Number: 22
Geometry:
22
2.875-in. OD
Matl: SA-376, i t = 0.375 in

Type 316 )L
23 Ki; - <{L 11
Matl: SA—106,;7 Z 33.75~in. 0D
Gr C t = 3.125 in.

Loads given below are applied to the straight pipe using straight pipe dimensionms.

Fx Fy Fz
X — Direction earthquake 2 13 -3
Y — Direction earthquake 1 11 -2
Z — Direction earthquake 1 4 -1
Dead weight 0 -15 3
Thermal expansion -13 130 -25

All forces are in 1b.
Mx My Mz
X — Direction earthquake -19 -45 =177
Y — Direction earthquake -18 -40 -154
Z — Direction earthquake 2 -15 -58
Dead weight 13 35 164
Thermal expansion ~220 -247 -1,098

All moments are in ft-1b.
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Table 4B-3q

Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 201

Geometry:

Matl: SA-403,

Gr WP-316

Matl: SA-376, — ]

Type 316

Loads given below are applied to the straight pipe using straight

Branch Number:

.~ 10.75-in. OD

t = 1.0 in.

21

pipe dimensions.

Fx Fy Fz
X — Direction earthquake -218 -89 -11
Y — Direction earthquake -60 =25 -3
Z — Direction earthquake -10 -3 20
Dead weight 82 75 16
Thermal expansion, 100% power 8,850 691 2,239

All forces are in 1b.
Mx My Mz
X — Direction earthquake 573 -1,166 ~376
Y — Direction earthquake 34 -363 ~-218
Z — Direction earthquake -467 -313 101
Dead weight -416 372 975
Thermal expansion, 100% power| -8,258 31,558 9,875

All moments are in ft-1b.
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Table 4B-3r
Forces and Moments for Branch Points (Stresses
Calculated per Appendix F, USAS B31.7)

Branch Point Number: 905 Branch Number: 21
Geometry:
y 21
10.75-in. OD
Matl: SA-376, 1 t =1.0 in.
Type 316

( ] /
5 - - - 6
(_/I \
Matl: SA;iOE’ \\\-42.75—in. oD t = 3.3125 in.

- Loads given below are applied to the straight pipe using straight pipe dimensions.

Fx Fy Fz
X — Direction earthquake 218 89 11
Y — Direction earthquake | 60 25 3
Z — Direction earthquake 10 3 . -20
Dead weight -82 -75 -16
Thermal expansion, 1007 power| -8,850 -691 -2,239

All forces are in 1b.
Mx My Mz
X — Direction earthquakg 44 =412 870
Y — Direction earthquake 138 -71 348
Z — Direction earthquake 705 -190 -51
Dead weight ~-32 -34 -279
Thermal expansion, 1007% power 24,346 ~-754 -80,882

All moments are in ft-1b.
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Table 4B-4a

Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B3l.7)

i

(10) 1,517,392

Branch Point Number: 915 Branch Number: 14

Load Mx My Mz
(1) X — Direction earthquake

' 118,455 -263,556 -116,163
(2) Z — Direction earthquake 56,177 -91,393 20,584
(3) Horizontal (max abs value) 118,455 263,556 116,163
(4) Y — (Vertical) earthquake 44,441 -179,545 18,061
(5) Total (3 + 4) single amplitude 162,896 443,101 134,224
(6) 2 x (5) Double amplitude 325,792 886,202 268,448
(7) Dead weight ~-353,547 -124,583 28,780
(8) Thermal expansion, 157 power 1,495,602 -181,185 181,177
(9) Thermal expansion, 1007% power 1,320,823 -162,348 158,231
(10) Applied thermal (larger of 8 or 9) 1,495,602 181,185 181,177
2 2 2 1/
M, = [M DT+ (ZIMYI) + (zM, D7)

Q1) M 5+ 7) 516,443 567,684 163,004

Mi = 784,569 ft-1b Formula 9
(12) M (6 + 7 + 10) 2,174,941 1,191,970 478,405

M. = 2,525,873 ft-1b Formula 10

i

(13) M (6 + 10) 1,821,394 | 1,067,387 449,625

M. = (6 + 10) 2,158,461 Formula 11
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Table 4B-4b

Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 132 Branch Number: 17
Load M My M
(1) X — Direction earthquake -186,910 -78,623 242,026
(2) Z — Direction earthquake -95,163 -46,030 107,326
(3) Horizontal (max abs value) 186,910 78,623 242,026
(4) Y — (Vertical) earthquake -19,382 -49,264 155,802
(5) Total (3 + 4) single amplitude 206,292 127,887 397,828
(6) 2 x (5) Double amplitude 412,584 255,774 795,656
(7) Dead weight -221,895 -11,603 -46,632
(8) Thermal expansion, 15% power 1,354,884 -176,774 177,547
(9) Thermal expansion, 100% power 1,215,714 -159,235 155,641
(10) Applied thermal (larger of 8 or 9)| 1,354,884 176,774 177,547
M= LD+ @D+ e 2
(11) M (5 + 7) 428,187 139,490 444 460
Mi = 632,729 ft-1b Formula 9
(12) M (6 + 7 + 10) 1,989,363 444 151 1,019,835
Mi = 2,279,232 ft-1b Formula 10
(13) M (6 + 10) 1,767,468 432,548 $73.203
M, = (6 + 10) 2,063,532 Formula 11

i

(10) 1,377,854
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Table 4B-4c¢
Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 232 Branch Number: 18
Load Mx My Mz
(1) X — Direction earthquake 55,743 675,625 469,083
(2) Z — Direction earthquake 41,592 410,597 236,886
(3) Horizontal (max abs value) 55,743 675,625 469,083
(4) Y — (Vertical) earthquake -12,189 402,503 244,337
(5) Total (3 + 4) single amplitude 67,932 1,078,128 713,420
(6) 2 x (5) Double amplitude 135,864 2,156,256 1,426,840
(7) Dead weight 278,187 293,935 266,723
(8) Thermal expansion, 15% power -326,073 295,789 -266,937
(9) Thermal expansion, 100% power -233,966 263,260 -224,509
(10) Applied thermal (larger of 8 or 9) 326,073 295,789 266,937
2 2 2 1/2
M, = [(lex]) + (E|My|) + (Z|Mz|) ]

(1) M (5+ 7) 346,119 1,372,063 980,143

Mi = 1,721,347 ft-1b Formula 9
(12) M (6 + 7 + 10) 740,124 2,745,980 1,960,500

M, = 3,454,237 £t-1b Formula 10

i
(13) M (6 + 10) 461,937 2,452,045 1,693,777
_ (6 + 10) 3,015,757
Mi = (10) 514,850 Formula 11
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Table 4B-4d
Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 908 Branch Number: 9

Load Mx My Mz
(1) X — Direction earthquake -149,590 259,510 135,867
(2) Z — Direction earthquake -154,615 143,079 22,305
(3) Horizontal (max abs value) 154,615 259,510 135,867
(4) Y — (Vertical) earthquake -95,274 232,490 38,688
(5) Total (3 + 4) single amplitude 249,889 492,000 174,555
(6) 2 x (5) Double amplitude 499,778 984,000 349,110
(7) Dead weight 192,469 -134,692 -45,650
(8) Thermal expansion, 157% power -1,404,569 -134,948 -64,455
(9) Thermal expansion, 1007 power -1,239,628 -120,134 -57,847
(10) Applied thermal (larger of 8 or 9)| 1,404,569 134,948 64,455

2 2 2.1/2
M, o= [CM D+ (Z|My|) + M, D)

(11) M 5+ 7) 442,358 626,692 220,205

Mi = 798,069 ft-1b Formula 9
(12) M (6 + 7 + 10) 2,096,816 1,253,640 459,215

M. = 2,485,785 ft-1b Formula 10

i

(13) M (6 + 10) 1,904,347 | 1,118,948 413,565

M. = (6 + 10) 2,247,136 Formula 11

i

(10) 1,412,508
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Table 4B-4e
Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 119 Branch Number: 10
Load Mx My Mz

(1) X - Directiop earthquake ~-67,079 254,931 227,806
(2) Z — Direction earthquake -25,772 138,354 113,263
(3) Horizontal (max abs value) 67,079 254,931 227,806
(4). Y — (Vertical) earthquake -56,354 218,514 267,088
(5) Total (3 + 4) single amplitude 123,433 473,445 494,894
(6) 2 x (5) Double amplitude 246,866 946,890 989,788
(7) Dead weight 22,030 -148,090 -162,203
(8) Thermal expansion, 157 power 932,119 117,876 -8,928
(9) Thermal expansion, 100% power 864,498 107,403 -5,222
(10) Applied thermal (larger of 8 or 9) 932,179 117,876 8,928

- 2 2 2.1/2
Moo= [ DT+ (Z|My|) + M DA

(I1) M (5 + 7) 145,463 621,535 657,097
Mi = 916,101 ft-1b Formula 9

(12) M (6 + 7 + 10) | 1,201,075 1,212,856 1,160,919
Mi = 2,064,300 ft-1b Formula 10

(13) M (6 + 10) -1 1,179,045 1,064,766 998,716

_ (6 + 10) 1,876,515
Ml = (10) 939,645 Formula 11
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Table 4B-4f

Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 215 Branch Number: 22
Load Mx My Mz
(1) X — Direction earthquake =71 -7 | =21
(2) Z — Direction earthquake -24 -4 -5
(3) Horizontal (max abs value) 71 7 21
(4) Y — (Vertical) earthquake -61 -7 -18
(5) Total (3 + 4) single amplitude 132 14 39
(6) 2 x (5) Double amplitude 264 28 78
.(7) Dead weight 90 13 39
(8) Thermal expansion, 15% power -783 -190 -516
(9) Thermal expansion, 100% power -756 -184 -499
(10) Applied thermal (larger of 8 or 9) 783 190 516

M, = [(zluxl)z + (ZIMyI)z + (ZIMZI)Z]l/Z

(11) M (5 + 7) | 222 27 78
Mi = 237 fe-1b .Formula 9

(12) M (6 + 7 + 10) ' 1,137 231 633
Mi = 1,322 ft-1b Formula 10

(13) M (6 + 10) 1,047 218 594
Mi = (6(‘{0:)109)571’223 Formula 11
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Table 4B-4g

Resultant Moment Calculation for Branch Points (Stresses
Calculated per Section 1-705, USAS B31.7)

Branch Point Number: 230 Branch Number: 12
Load Mx My Mz

(1 X - Direction.earthquake -103,516 431,799 325,990
(2) Z — Direction earthquake -13,504 65,006 59,513
(3) Horizontal (max abs value) 103,516 431,799 325,990
(4) .Y — (Vertical) earthquake -104,852 416,740 293,278
(5) Total (3 + 4) single amplitude 208,368 848,539 619,268
(6) 2 x (5) Double amplitude 416,736 1,697,078 1,238,536
(7) Dead weight 313,262 -331,439 -318,219
(8) Thermal expansion, 15% power -347,274 -330,292 272,161
(9) Thermal expansion, 1007 power ~-253,487 -292,899 234,959
(10) Applied thermal (larger of 8 or 9) 347,274 330,292 272,161

2 2 2 1/2
M, = [(ZlMxl) + (Z|My|) + (Z|Mz|) ]

(11) M (5 + 7) _ 521,630 1,179,978 937,487
Mi = 1,594,781 fe-1b Formula 9

(12) M (6 + 7 + 10) ' 1,077,272 2,358,809 1,828,916
Mi = 3,173,236 ft-1b Formula 10

(13) M (6 + 10) 764,010 2,027,370 1,510,697
M = (6 + 10) 2,641,239 Formula 11

i (10) 551,148
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Branch
Point
Number

Branch
Number

103
104
106
107
905
1l4
111

(a)

[« N = R L " VS VS

Table 4B-5a

Final Pipe Stresses

(For 36-Inch Pipe)

Maximum(a) Allowable Max. Primary Allowable
Primary Primary + Secondary Primary + Secd Usage

Stress, psi Stress, psi Stress, psi Stress, psi Factor
13,417 29,100 14,134 59,100 0.0
18,349 27,600 21,224 56,100 0.004
18,381 27,600 24,610 56,100 0.003
14,883 29,100 15,432 59,100 0.015
14,883 29,100 16,186 59,100 0.133
14,905 29,100 15,526 59,100 0.0
18,430 27,600 32,966 56,100 0.011

Design basis earthquake.



-y

Branch
Point

Number

140

145

915 (b)
132 (®)
133
141
232
908
119
122
920
123
131
230
920

(b)
(b)
(b)

(b)

(a)
(b)

Table 4B-5b

Final Pipe Stresses

(For 28-Inch Pipe)

Maximum(a) Allowable Max. Primary Allowable

Branch Primary Primary + Secondary Primary + Secd Usage

Number Stress, psi Stress, psi Stress, psi Stress, psi Factor
13 19,858 27,600 42,013 56,100 0.016
13 17,677 27,600 51,044 56,100 0.015
14 12,860 25,050 33,938 51,960 0.005
17 10,347 25,050 35,970 51,960 0.0
17 17,688 27,600 32,635 56,100 0.001
17 18,056 27,600 39,570 56,100 0.001
18 18,912 29,100 39,936 .59,100 0.001
9 12,947 25,050 33,679 51,960 0.004
10 24,698 27,600 53,864 56,100 0.017
10 20,670 27,600 54,381 56,100 0.015
11 12,433 25,050 14,288 51,960 0.03
11 17,612 27,600 31,650 56,100 0.001
11 18,352 27,600 45,785 56,100 0.001
12 18,095 29,100 38,120 59,100 0.001
22 17,860 25,050 15,740 51,960 0.003

Design basis earthquake.

Analyzed in accordance with Paragraph 1-705.1 of B31.7.
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Table 4B-5c
Final Pipe Stresses
(Pressurizer Surge Line Piping)
Maximum(a) Allowable Max. Primary Allowable

Joint Primary Primary + Secondary Primary + Secd Usage
Number Stress, psi Stress, psi Stress, psi Stress, psi Factor
1 11,130 24,100 35,380 48,200 .001
2 10,950 T 35,090 ™ N
3 10,190 31,620
A 8,635 25,910
5 8,833 27,340
6 8,746 24,620
7 11,250 25,330
8 8,902 24,420

10. 9 7,955 26,290
10 8,084 24,470
11 10,740 24,210
12 11,690 28,170 W
13 11,750 29,910 .001
2 (Co1) 24,432 * B .026
3 (col) 21,420 * .005
4 (C02) 17,250 44,130 .001
5 (C02) 16,640 47,930 .001
9 (C03) 15,890 45,150 .001
10 (C03) 16,150 _ 40,320 ' .001
11 (CO4) 21,430 J ' 39,360 J .001
12 (Co4) 23, 310 24,100 ' * 48,200 .001

(a) Design Basis Earthquake
*See discussion in Section 4B.3.2.4
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Table 4B-6
Foundation Loads for Major Components

Horizontal Vertical Overturning Twisting
Force, Force, Moment, Moment
Component Load Description ‘kips ‘kips ft-kips ft-kips
Reactor Vessel Reactor Coolant Piping - Thermal
Expansion 40 -280 1,200 135
Dead Load — 2,120 - —_
Seismic Horizontal + Vertical 275 180 8,300 2,960
Steam Generator Reactor Coolant Piping - Thermal
Expansion 365 135 - 20
Steam and Feedwater Piping
Thermal Expansion Load 20 20 —_ _
Dead Load - 1,845 - -
Seismic Horizontal + Vertical 175 336 7,920 735
Pressurizer Surge and Spray Line -
Thermal Expansion Load 10 -1 115 30
Dead Load - 390 - -
0.2 g Seismic Load in Any Direction 90 470 655 30
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Table 4B-7
Comparison of Coupled System Vs Uncoupled System
Inertia Loads at Mass Points

ZY Seismic XY Seismic

Building Coupled Building Uncoupled Building Coupled Building Uncoupled

Kips Inches Kips Inches Kips Inches Kips - Inches

Mass Force Defl. Force Defl. Force Defl. Force Defl.

1 428.3 0.0072 414.0 0.0068 356.7 0.0039 350.6 0.0036
2 125.7 0.0080 121.9 0.0075 106.0 0.0045 104.9 0.0042
3 536.2 0.0103 525.3 0.0097 485.8 1 0.0062 475.2 0.0057
4 749.5 0.0146 732.2 0.0137 689.9 0.0098 673.5 0.0090
5 498.7 0.0174 478.1 0.0163 496.7 0.0124 483.3 0.0115
6 21.3 0.0022 20.9 0.0154 23.0 0.0018 19.2 0.0174
7 144,2 0.0125 170.7 0.1522 129.0 0.0085 158.3 0.1752
8 16.4 0.0194 18.1 0.2505 9.5 0.0146 14.7 0.2788
9 15.3 0.0149 16.7 0.0759 10.7 0.0353 12.8 0.1770
10 14.0 0.0074 15.0 0.1300 16.3 0.0524 12.1 0.1544
11 102.8 0.0046 103.5 0.0069 98.9 0.0040 99.0 0.0052

12 50.9 0.0008 51.5 0.0010 50.6 0.0008 51.1 0.0009



Table 4B-8
Comparison of Coupled System Vs Uncoupled System
Element Forces and Moments

ZY Seismic XY Seismic

Building Coupled Building Uncoupled Building Coupled Building Uncoupled

Force Mom. Force Mom. Force Mom. Fofce Mom.
Elements Kips In.-Kips Kips In.-Kips Kips In.-Kips Kips In.-Kips
9 18.6 23.9 17.5 1,443.6 12.0 4,855.0
10 6.1 469.4 30.8 2,879.2 13.8 1,678.4 7.2 704.4
11 6.1 1,054.5 30.8 4,769.6 13.8 1,760.2 7.2 2,097.7
| 12 11.7 1,297.6 37.2 9,475.7 8.4 2,820.0 15.1 4,162.9
! 13 22.9 1,448.0 49.4 9,928.3 8.7 2,732.1 18.7 4,365.8
( g' 14 22.9 - 49.4 - 8.7 1,647.3 18.7 3,536.1
| & 15 22.9 - 49.4 -- 8.7 943.3 18.7 2,024.9
| 7 45.8 6,132.4 163.3 71,886.3 43.2 4,314,3 177.5 82,728.8
! 8 30.0 9,579.9 146.8 3,354.6 25.9 9,515.5 160.2 3,432.5
| 16 111.3 29,077.8 136.9 45,341.,0 105.2 25,339.6 116.2 33,302.4
17 151.1 29,077.8 177.4 45,341.0 144.5 25,339.6 156.0 33,302.4
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4C.1 INTRODUCTION

This appendix summarizes an analysis of the fuel assembly for loads caused

by the depressurization transient following an instantaneous reactor coolant

pipe rupture and/or seismic excitation. Four separate loading conditions

were investigated: loads due to (1) the design basis earthquake (DBE)

(2) the maximum hypothetical earthquake (MHE), (3) a less-of-coolant accident
(LOCA), and (4) the simultaneous occurrence of a MHE and a LOCA timed so that the
combined deflections are maximum. It was found that the LOCA loads are most
severe for an outlet pipe rupture. Loads for an inlet pipe rupture are less
severe because of the higher flow resistance of the smaller pipe and better
equalization of pressures permitted by the internals vent valves.

The maximum loads or deflections occurring in the fuel assembly are dis-
cussed and tabulated. The deflections caused by these loads are tabulated
for cases and locations where deformations have a potential safety implica-
tion. The analysis is based on a conservative application of loads and end
conditions, etc., resulting in calculated internal loads (or deflections)
that exceed the actual internal loads (or deflections) for the given applied
load.

Investigation of the effects of the foregoing loadings identified two areas
to be investigated:

1. Horizontal - contact between fuel assemblies due to motions
in a horizontal plane, where the contact occurs primarily at
the mid-span grid spacers.

2. Vertical - contact of fuel assemblies with the internals due
to upward pressure, where the contact occurs between the end
fittings and the grid plates.

The seismic accelerations used in these analyses are those specified for the
Oconee site. The time-history method was used to evaluate the seismic
effects. The calculation of LOCA forces is described in Topical Report
BAW-10008, Part 1, Rev. 1=
\—_—'—

The discussion and tabulated loads and deflections are submitted as a basis

for the conclusion that the fuel assemblies can withstand a LOCA, the com-

bined effects of a maximum hypothetical earthcuake and loss-of-coolant accident,
a maximum hypothetical earthquake, and a design basis earthquake without exceed-
-ing the respective allowable limits.

4C.2 DESCRIPTION

4C.2.1 REACTOR VESSEL

The general arrangement of the reactor pressure vessel is shown on Figure 4¢-1,
The reactor vessel consists of a cylindrical shell, a spherically dished
bottom head, and a ring flange to which a removable reactor closure head

is bolted. A cylinder welded to the vessel's shell supports the vessel and
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extends downward to a flanged base ring which is bolted to the building's
foundation. The reactor vessel's ring flange includes an internal ledge to
support the core and the internal structural components. The vessel has two
outlet nozzles through which reactor coolant is transported to the steam
generators, and four inlet nozzles through which reactor coolant re-enters
the reactor vessel.

4C.2.2 REACTOR INTERNALS

The internal components of the reactor include the plenum assembly and the
core support assembly. The reactor internals assembly is shown on Figure 4C-1.
The reactor internals are supported by a ledge on the inside of the reactor
vessel closure flange and are designed to support the core, maintain fuel
assembly alignment, and limit fuel assembly movement.

4C.2.2.1 PLENUM ASSEMBLY

The plenum assembly, located directly above the reactor core, consists of

a plenum cover, upper grid, control rod guide tube assemblies, and a
flanged plenum cylinder with openings for reactor coolant outlet flow. The
upper grid assembly is attached to a flange which is bolted to the lower
flange of the plenum cylinder.

4C.2.2.2 CORE SUPPORT ASSEMBLY

The core support assembly consists of the core support shield, core barrel,
lower grid, flow distributor, and thermal shield.

4C.2.3 FUEL ASSEMBLY

The canless fuel assembly (Figure 4C-2) consists of six intermediate and two
end spacer grids, 16 guide tubes, and two end fittings. These components
form the basic structural cage. There is an instrumentation tube in the
central position of the array. Seven spacer sleeve segments are positioned
along the length of the fuel assembly on the instrumentation tube - one
segment between each spacer grid.

The spacer grids are constructed from slotted strips assembled in egg-crate
fashion and welded at each intersection. Each grid has 32 strips, 16
perpendicular to 16, to form a 15 by 15 array. Contact points are formed
in each strip which extends into each square opening to contact and support
fuel rods and control rod guide tubes in two mutually perpendicular planes.
The end spacer grids differ from the intermediate spacer grids in that the
peripheral strip is extended to form a square box which is screwed to the
end fitting. The spacer grids locate fuel rods, maintain coolant channel
geometry, and contribute to the lateral stiffness of fuel assemblies.

The lower end fitting is a weldment of two castings. The base casting, to
which the grid casting is welded, fits into and rests on the lower grid
assembly of the reactor core support assembly. The upper end fitting
assembly is similar to the lower end fitting assembly. Penetrations in the
upper end fitting grid are provided for the guide tubes. Attached to the
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end fitting are a coiled compression spring and a cast holddown spider. The
spider consists of a ring of the same diameter as the spring with four
radial bars that contact the upper grid assembly of the reactor plenum
assembly.

The end fittings serve as rigid connectors for the 16 guide tubes, provide
lateral and vertical location of fuel assemblies, and act to restrain the
fuel rods vertically, thereby positively determining the vertical location
of the fuel. In addition, the upper end fitting must be capable of housing
the holddown spring to prevent fuel assembly lift off, and it must be
capable of absorbing energy during LOCA contact of the fuel assembly with
the upper grid. The guide tubes provide guidance for control rods. The
spacer sleeves provide positive axial positioning of the spacer grids.

Table 4C-1 is a list of the materials used.

Table 4C-1, List of Fuel Assembly Materials

Component Material
Guide tubes Zircaloy-4
Spacer sleeves Zircaloy-4
Fuel rod cladding Zircaloy-4
Instrument tube Zircaloy-4
Spacer grids Inconel-718
Holddown spring Inconel X-750
Guide tube nuts Type 304 stainless steel
End grid assembly screws Type 304 stainless steel
Holddown spider Stainless steel, grade
CF-3M
End fittings Stainless steel, grade
CF-3M
4C.2.4 FUEL ASSEMBLY STRUCTURAL DESIGN CRITERIA

Loads and permanent deflection for the design basis earthquake (DBE) will be
limited as follows:*

1. Loads on the fuel assembly spacer grid shall not exceed the
elastic limit of the spacer grid determined from tests per-
formed on production grids.

2. There shall be no permanent deformation of the fuel assembly
spacer grids.

—— e e e e

Actual numerical limits are shown in Table 4C-2, and the tests conducted
to determine these limits are described in Section 42.5
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Loads and permanent deflection for the maximum hypothetical earthquake (MiiL),
LOCA, and simultaneous LOCA and MHE will be limited as follows:*

1. Loads on the fuel assembly spacer grid will be allowed to
exceed the elastic limit, but the permanent deformation of
the spacer grid shall not exceed that which would distort
the guide tubes and prevent the insertion of the control
rods. This value of permanent deformation is to be determined
by tests on production grids.

2. To provide stability, loads on the control rod guide tubes
and end spacer grid assembly will be limited to 85% of the
critical Euler buckling load. The value of 85% is chosen
as a value, based on engineering judgment, so as not to
design to failure.

3. Loads on the spacer grid welds shall be limited to 85% of the
load that would cause failure. The value of this load is to
be determined by tests on production grids.

4. Loads on the bolts connecting the end spacer grid skirt to
the end fitting shall be limited to 85% of the load that
would cause the bolts to fail in shear. The value of this
load is to be determined by tests on production end grid
assemblies.

The preceding criteria provide sufficient safety margin against failure.
All margins in this report are calculated as follows:

{Allowable (load) - Applied (load)] x 100%.
Applied Load

Margin =

Since the allowable loads are based on the foregoing criteria, the margins
quoted in this report are in excess of those required by the criteria. Thus,
any positive margin, including zero, is acceptable. A zero margin, for
example, indicates that the criterion has just been met.

4C.3 LOADS

*
Actual numerical limits are shown in Table 4¢-2  and the tests conducted
to determine these limits are described in section 4C.5.
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4C.3.1 VERTICAL LOADS ON CORE DURING LOCA

The total force acting on a single fuel assembly for the outlet rupture is
given in Figure 4C-3, Figure 4C-3 is a combination of Figure 6 (AP across core
for a 36-inch-ID outlet break) and Figure 10 (shear force on core for a
36-inch-ID outlet break) from Topical Report BAW-10008, Part 1, Rev. 1.

It is found in the following manner:

Figure 4C-3 = (Fig. 6)(blocked area of core) + (Fig. 10) - (weight of core).
177 fuel assemblies

This combined pressure and fluid friction force is sufficient to cause the
fuel assemblies to lift off of the lower grid and contact the upper grid.
They deflect the upper grid, causing axial loads in the control rod guide
assemblies and subsequent deflection of the plenum cover beams. The resist-
ing force from the plenum cover stops the fuel assemblies and causes them

to return to the lower grid.

4C.3.2 HORIZONTAL THRUST FORCE DURING LOCA

The LOCA thrust force acting at the vessel's outlet nozzle was analyzed
using the FLASH computer code and the relationship

Thrust = pressure x area.
Testing associated with the LOFT program tends to confirm that the horizon-
tal thrust can be calculated by this relationship. The FLASH program has
been used to correlate the vessel pressure and, therefore, the thrust for
some of the semi-scale blowdown tests.

The results for a 36-inch outlet pipe rupture are shown in Figure 4C-4,

4C.3.3 SEISMIC EXCITATION

The specific seismic time history used in this analysis was determined for
the Oconee site. The record used was the El Centro 1940 NS Earthquake
normalized to the Oconee site level.

4C.4 MODELS USED IN ANALYSIS

4C.4.1 HORIZONTAL CONTACT ANALYSIS

Structurally, the fuel assemblies are long slender beams which are re-
sponsive to horizontal excitations. Because of the proximity of the
assemblies, these motions could result in midspan contact. The concern

is that such contacts could produce unacceptable damage to the spacer grids
and thus reduce coolant flow or restrict control rod motion. Two possible
forms of horizontal excitation are seismic and LOCA. Seismic excitation
occurs at the vessel's foundation, and the LOCA produces a thrust force

(as described in section 4C,3,2) at the nozzle. The vertical component of
the earthquake was considered with the horizontal analysis. However,
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because of the vertical stiffness of the reactor intermals, the seismic
contribution to the displacement of the core is negligible (about 0.002 to
0.003 inch) with respect to the horizontal motion.

4C.4.1.1 OVERALL MODEL

Both of these excitations can produce horizontal motion of the fuel
assemblies, so that a dynamic model including all the components involved -
the reactor vessel, the control rod drives, the internals, and the fuel
assemblies - was needed.

4C.4.1.2 FIRST SEGMENT

This overall model was divided into two segments. The first segment in-
cluded all the components named above except individual fuel assemblies,
and involved recording the motions of the upper and lower grid plates, the
core support shield, and earth velocity versus time. These motions were
input excitations for the second segment of the overall model.

The first step in the solution was to determine a model that accurately
represented the structure being investigated. The more masses used, the
more accurate (but also the more complex) the solution. The investigation
of different models showed that for these horizontal contacts a nine-mass
model (Figure 4C-5) was sufficient to describe the motions of the components.,

The method used in this dynamic model was the far coupled, "lumped mass"
approach, which may be considered as the vibration equivalent of the finite
element technique in static stress analysis problems. The distributed mass
of components of the structure is considered to be concentrated at discrete
points. These mass points are connected by massless flexible elements.

The behavior of the total structure is then determined from the response of
these mass points. No damping is included.

Once the model was fixed, a set of simultaneous equations was written for
the structure. For a system of N masses, the equations in matrix form are

M] {X} + [K] {X} = {F}

NxN Nx1 NxN Nx1 Nx1
where M] = mass matrix,
{k} = acceleration matrix,
[K] = stiffness matrix,
" {X} = displacement matrix,
{F} = force matrix,

This model was then programmed for a digital computer. A modification was
made to invert the final flexibility matrix generated and thus obtain a
stiffness matrix. Each row of the stiffness matrix was then divided by
the mass corresponding to that row to obtain a "K/M" matrix. These values
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were then substituted into scaled equations and solved on the analog com-
puter.

To validate the analog representation of the model, initial displacement
tests were performed. The digital program generated frequencies and mode
shapes. The nine-mass model on the analog was displaced into a particular
mode shape and then allowed to vibrate. The frequency and mode shape of
vibration from the analog compared well with the digital results.

4C.4.1.,3 EXCITATION OF FIRST SEGMENT

As shown in Figure 4C-5, the seismic excitation was applied at the base of the
reactor vessel and the results recorded. These time-history records have
been compared with the published spectrum.

The simultaneous occurrence of the MHE and LOCA was also recorded. The
seismic excitation was applied at the vessel's skirt, as described above,
and the LOCA thrust force was applied at the nozzle. Owing to the relative
timing of these two events, maximum fuel assembly displacement was obtained.
The investigation indicated that maximum displacement gave maximum contacts
and hence maximum loads,

4C.4.1.4 SECOND SEGMENT

In the second part of the program the model comprised five fuel assemblies,
two core baffles, and associated circuitry. Each fuel assembly was modeled
by far-coupling techniques with three lumped masses. Each mass had an
individual damper and an elastic-plastic spring that represented the trans-
verse structural properties of the grid. The core baffle was represented
by an elastic spring. The clearances between assemblies and between the
core baffle and outside assemblies were also established during the program.
The elastic-~plastic properties of the spacer grid were determined by test
and used as program input. The frequency and damping properties of the
fuel assembly were established by test, as described in Section 4C.5, and were
used as program input.

Because of the input excitation, contacts occurred between adjacent assem—
blies or between assemblies and the core baffle. The elastic-plastic grid
spring allowed a maximum value of force to be exerted, and any remaining
motion of the assembly created permanent deformation of the grid. The
program considered the energy loss invelved as well as the change in cross-
sectional size of the impacting grid. These effects influenced the event

as it occurred and also influenced the succeeding contacts. The program
summed the total grid deformation from all contacts during the seismic
history and presented this value as program output. These results were
compared with the general design criteria as well as the specific criterion.

4C.4.2 VERTICAL CONTACT ANALYSIS

This analysis was conducted to determine the loads acting on the various
parts of the fuel assembly as a result of vertical contact with the upper
grid assembly during a LOCA. The fuel assembly, when subjected to the
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upward pressure force caused by the instantaneous rupture of a primary out-
let pipe, will suddenly accelerate vertically toward the upper grid assembly.
When the fuel assembly does contact the upper grid assembly, the fuel rods.
will tend to slip in the upper end spacer grid. Since the stiffness of the
end spacer grid assembly is substantially greater than the axial stiffness
of the guide tubes, once slippage occurs, a compressive load is applied to
the guide tubes by way of the lower end grid-end fitting assembly. Since
any dynamic buckling of the guide tubes during a LOCA could prevent control
rod insertion, investigation of the loads applied to the guide tubes was the
primary concern in this analysis.

The following conservative assumptions were made:

1. Based on the flexibility of the other members, the fuel
rods are considered to be rigid.

2. There is no slip of fuel pellets relative to the fuel rod
cladding.

The mathematical model of the fuel assembly is shown in Figure 4C-6. By
appropriately combining springs in series and parallel, this model was
simplified to a single-degree-of-freedom system, i.e., a single mass and
spring combination. However, the single spring reflected the nonlinear
characteristics of the overall structural system. A typical load-deflection
curve for this spring, based on data obtained from production fuel assem-
blies, is shown in Figure 4C-7. It should be noted that this spring curve is
for the beginning of life (BOL). 1Its shape will change considerably as a
function of full-power operational time because of irradiation growth,

other irradiation effects, and material yield strength variation. These
effects were considered in the analysis. The forcing function acting on

the model is based on the LOCA pressure curves given in Topical Report
BAW-10008, Part 1, Rev. 1 and is shown in Figure 4C-3. Section 4C-3.1 gives
details of its determination.

To account for the nonlinear spring characteristics of the fuel assembly
model and also for the rapidly changing forcing function, a digital program
was developed. Utilizing a numerical integration routine based on the
linear acceleration assumption, the program calculated the three dynamic
parameters of interest~displacement, velocity, and acceleration- at every
quarter-millisecond. A logic system monitored the displacement and adjusted
the spring rate to reflect the nonlinearities of the spring. Calculation
was stopped when a negative velocity, indicating that the fuel assembly was
moving in a downward direction, was encountered.

From the digital output, the maximum displacement of the fuel assembly was

used to enter the spring load-deflection curve and read directly the total

fuel assembly load. This load was used to determine the maximum guide tube
load.
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4C.5 TESTS CONDUCTED

4c.5.1 FREQUENCY AND DAMPING TESTS

The fuel assembly frequency and damping values were established from
several test programs in which full-sized test specimens were used. Tests
were performed in air, in still water at temperatures up to 200 F, and in
still and flowing water at reactor operating conditions (650 F and 2200
psi). Both displacement loadlng (pluck tests) and steady-state sinusoidal
excitation were used.

This extensive testing confirmed that the natural frequency of the assembly
is in the low frequency range, and provided the damping values for use in
the analysis. Both frequency and damping are also dependent on the ampli-
tude of vibration; this dependence is due to fuel rod slippage in the
spacer grids, and the slippage is the prime source of the damping values.
The tests also established that damping increases with the coolant flow
velocity owing to the effect of coolant flow on the spacer grids.

4C.5.2 SPACER GRID COMPRESSION TESTS

The analysis of fuel assemblies during conditions of horizontal acceleration
and contact required knowledge of certain transverse characteristics of the
spacer grids. These characteristics are (1) the elastic and plastic load
abilities, and (2) the amount of permanent deformation and energy that can
be absorbed without interfering with control rod motion. This information
was obtained by performing compression or crush tests on individual spacer
grids,

Each grid was filled with simulated fuel rods and guide tubes and then
mounted in a vertical plane in the tensile machine (Figure 4C-10).A vertical
compressive load was applied while recording the grid deflection and other
significant data. During the loading, efforts were continually made to
insert poison pin segments into the guide tubes. The load and the grid
distortion at which this was no longer possible were recorded. These test
results are corrected for temperature effects by applying a ratio of the
grid material's (Inconel-718) yield strength at temperature (600 F) to its
yield strength at room temperature, The results of this procedure give

the initial elastic load ability for the grids, the load cycling as the
horizontal rows of the grid fail, and the permanent distortion of the grid
at the time when the poison pins could no longer be inserted.

These results were obtained from essentially static tests. The first two
results were used as input data for the horizontal contact analysis, and
the third was used as the acceptance criterion for grid deformation as
though it had been obtained dynamically. The results have been checked
qualitatively against the effect of dynamic loading with a drop test as
described below.
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4C.5.3 SPACER GRID DROP TEST

The results of the compression tests depended to some extent on the mode

of failure, which was transverse displacement of individual fuel rod rows.
To check this failure mode qualitatively under dynamic loading conditions,
a single grid loaded with short lengths of fuel rod was dropped on a solid
base so as to land on its side. Only those rows nearest the impact surface
were crushed, and this result supported the assumption that dynamic loading
would decrease with distance from the impacting surface. Therefore, since
the analysis of the static crush test assumed that the maximum impact load
was applied uniformly over the three rows of spacer grid nearest the

impact surface, the test indicated that the analysis was conservative.
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4C.6 RESULTS

4C.6.1 HORIZONTAL CONTACT ANALYSIS

4C.6.1.1 DESIGN CRITERION

The level of permanent distortion suffered during the maximum hypothetical
earthquake, LOCA, or MHE plus LOCA must not prevent control rod insertion.

4C.6,1.2 RESULTS AND MARGINS OF SAFETY

The results of the analysis described in Section 4C,4,1 show.that the canless

fuel assembly meets the general design criteria as well as the specific

design criterion stated above; the margins of safety for the three exci-
tation levels are as follows:

‘Excitation ‘Margin, 7%
DBE 80
MHE 300

MHE + LOCA 400

These margins were calculated as follows:

Oconee level = 0,10G

Level to obtain 0.40G

150 mils

., _ 0,40 - 0.10 _ 9
Margin = __—6716——-_-X 100 = 300%.

For the MHE case, for example, the allowable deformation equals 150 mils.

4C.6.1.3 CONCLUSION

The reference fuel assembly design can withstand the horizontal contact
loads.

4C.6.2 VERTICAL CONTACT ANALYSIS

4C.6.2.1 GUIDE TUBE BUCKLING

4C.6.2.1.1 Specific Design Criteria

The compressive load in guide tubes should not exceed 85% of the static
Euler buckling load. The holddown spider will be allowed to yield since
it serves no safety function,

4C.6.2.1.2 Results and Margins of Safety

The results of this analysis are presented in Figure 4C-8, which shows that

4C-11



16.

the maximum loads experienced by the guide tubes during a LOCA are less
than the allowable guide tube loads defined in the design criteria. The
margin of safety is 4%.

4C.6.2.1.3 Conclusion
The fuel assembly design can withstand a vertical LOCA contact.

4C.6.2.2 UPPER END SPACER GRID WELDS

As shown in Figure 4C-9, the spacer grid is formed of strips assembled in
egg-crate fashion, The top and the bottom of each such intersection are
tungsten-inert-gas welded. During a loss-of-coolant accident, the fuel
assemblies contact the upper internals grid. The resultant fuel rod
deceleration loads are transmitted through the end spacer grid. The load
carried by the grid is limited to the slip load of the fuel rods in the
grid,

The bending moment at the middle of a grid strip was calculated on the
basis that the grid strip was a simply supported beam subjected to the slip
load of the fuel rods. The moment divided by the grid depth is the force
carried by the grid welds.

To verify this method of calculating the force on a spacer grid weld, a
series of tests was conducted using portions of spacer grids loaded as
shown in Figure 4C-9, The grid strips were loaded to failure, and the
corresponding force on the welds was compared with previous pull-test
results for welds loaded only in tension. These tests indicated that the
weld strength can be predicted using the analytical methods described.

4C,6.2.2.1 Specific Design Criteria

The spacer grid welds are capable of supporting a tensile load of 225 pounds
at room temperature. The comparable load at temperature (600 F) is 200
pounds. The stresses from normal LOCA and earthquake loads are limited to
85% of ultimate stress, reducing the 200-pound load to an allowable load
of 170 pounds. The force carried by the end spacer grid welds was calcu-
lated using the method described above. For the total maximum possible
fuel rod slip load, the maximum weld force during a LOCA is 150 pounds.
The allowable load is 170 pounds, and the margin is 13%. The loads due to
a LOCA and/or earthquake are not additive to those due to normal operation
because the maximum loads are limited by the available friction loads
between the end grids and the fuel rods.

4C.6,2,2.2 Conclusion

The end spacer grid welds can withstand the vertical contact loads.
4C.6.2.3 END SPACER GRID ASSEMBLY

This assembly consists of an end spacer grid, a skirt that connects the
end spacer grid to the end fitting, and the end fitting. The skirt is

formed by extending the 20-mil outside strips of the spacer grid and rein-
forcing them with a 30-mil doubler. This composite plate is attached to
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the end fitting with sixteen 3/8-inch-diameter screws countersunk into
sixteen l-inch-wide bosses on the end fitting, as well as butting against
a shoulder on the end fitting.

The Euler critical load of this box section was calculated assuming that

only the width of material in contact with the l-inch-wide bosses on the

end fitting is effective as column material; i.e,, the "column" consists

of sixteen l-inch-wide strips which are assumed to be pin-ended. The remainder
of the material was evaluated as cantilever springs providing lateral

support at the columm midheight.

The skirt and attaching bolts were evaluated for a compressive load equal
to the maximum possible slip load of the fuel rods in the end spacer grid
due to vertical contact at the beginning of life,

The assembly was also evaluated for transverse loads. An arbitrary and
conservative lateral deflection of 1 inch from the horizontal contact

analysis was used, and the moment at the bolted joint was determined,.

4C.6,2,3.1 Specific Design Criteria

The skirt must not buckle, The allowable load is 85% of the critical
buckling load.

4C.6,2.3.2 Conclusion

The end spacer grid assembly is adequate for the maximum anticipated loads
as given in Table 4C-2. Some minimum margins are as follows:

~ Component Margin, %
Skirt buckling 16
Bolt shear 16
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Table 4C-2. Results

Calculated Allowable
Deflection Deflection Margin
" or Load or Load %
Horizontal contact analysis -
spacer grid permanent deformation, in,
DBE 0.000 0.000 go(a)
MHE 0.010 0.150 400
MHE + LOCA 0.012 0.150 300 (@)
Vertical contact analysis, 1b
16. Guide tube buckling 5,400 5,588 4
Upper end spacer grid welds 150 170 i3
End spacer grid assembly - buckling 11,000 12,800 16
End spacer grid bolts - shear 690 800 16
(a)Célculated from the relation
. _ level to obtain limit - Duke level
Margin = Duke level X 100,
4C-14 Rev. 16. 7/30/71
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INTRODUCTION

This section applies to the Oconee Reactor Buildings and associated structures
for Units 1, 2, and 3. This section is written in the singular tense for
clarity but applies fully to each of the three Reactor Buildings unless noted

otherwise.
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5 STRUCTURES

5.1 REACTOR BUILDING

5.1.1 DESIGN BASIS

The Reactor Building completely encloses the reactor coolant system to mini-
mize release of radioactive material to the environment should a serious
failure of the reactor coolant system occur. The structure provides ade-
quate biological shielding for both normal operation and accident situations.
The Reactor Building is designed for an internal pressure of 59 psig. The
13.|1eakage rate will not exceed 0.25 percent by volume in 24 hours under the con{
ditions of the maximum hypothetical accident as decribed in Section 14,

The principal design basis for the structure is that it be capable of with-
standing the internal pressure resulting from a loss-of-coolant accident as
defined in Section 14 with no loss of integrity. In this event, the total
energy contained in the water of the reactor coolant system is assumed to be
released into the Reactor Building through a break in the reactor coolant
piping. Subsequent pressure behavior is determined by the building volume,
engineered safeguards, and the combined influence of energy sources and heat
sinks.

Energy is available for release into the containment structure from the
following sources:

Reactor Coolant System Stored Heat
Reactor Stored Heat

Reactor Decay Heat

Metal-Water Reactions

The energy release and the containment pressure transient curve are shown
in Section 14.

The design of the engineered safeguards systems and their operation is dis-
cussed more fully in Section 6; only their relation to the basis of Reactor
Building design is discussed below. The engineered safeguards systems are
provided to limit the consequences of an accident. Their energy removal
capabilities limit the internal pressure after the initial peak so that
Reactor Building design limits are not exceeded and the potential for re-
lease of fission products is minimized.

The emergency core cooling systems inject borated water into the reactor
coolant system to remove core decay heat and to minimize metal-water reactions
and the associated release of heat and fission products. Flashed primary
coolant, reactor coolant system sensible heat, and core decay heat trans-
ferred to Reactor Building are removed by two engineered safeguards systems:
the Reactor Building spray and/or the Reactor Building cooling systems.

The Reactor Building spray system removes heat directly from the Reactor
Building atmosphere by cold water quenching of the Reactor Building steam.

The air recirculation and cooling systems remove heat directly from the
Reactor Building atmosphere to the service water system with recirculating
fans and cooling coils.
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5.1.2 DESIGN CRITERIA

5.1.2.1 General Description

The Reactor Building houses the reactor coolant system. Its purpose is to
contain any accidental release of radioactivity from the reactor coolant
system. It is designated as a Class I Structure.

The basic design criteria is that the integrity of the liner plate be guaran-
teed under all loading conditions and the structure shall have a low-strain
elastic response such that its behavior will be predictable under all design
loadings.

The structure consists of a post-tensioned reinforced concrete cylinder and
dome connected to and supported by a massive reinforced concrete foundation
slab as shown in Figure 5-1. The entire interior surface of the structure
is lined with a 1/4 inch thick welded ASTM A36 steel plate to assure a high
degree of leak tightness. Numerous mechanical and electrical systems pene-
trate the Reactor Building wall through welded steel penetrations as shown
in Figures 5-2 and 5-3. The mechanical penetrations and access openings are
designed, fabricated, inspected, and installed in accordance with Subsection
B, Section III, of the ASME Pressure Vessel Code.

Principal dimensions are as follows:

Inside Diameter 116 Ft

Inside Height (Including Dome) 208% Ft
Vertical Wall Thickness 3-3/4 Ft

Dome Thickness : 3-1/4 Ft
Foundation Slab Thickness 8-1/2 Ft

Liner Plate Thickness 1/4 Inch
Internal Free Volume 1,910,000 Cu Ft

The Reactor Building is shown in Figures 1-2 through 1-9.

In the concept of a post-tensioned Reactor Building, the internal pressure
load is balanced by the application of an opposing external pressure type
load on the structure., Sufficient post-tensioning is used on the cylinder
and dome to more than balance the internal pressure so that a margin of ex-
ternal pressure exists beyond that required to resist the design accident
pressure. Nominal, bonded reinforcing steel is also provided to distribute
strains due to shrinkage and temperature. Additional bonded reinforcing
steel is used at penetrations and discontinuities to resist local moments
and shears.

The internal pressure loads on the foundation slab are resisted by both the
external bearing pressure due to dead load and the strength of the rein-

forced concrete slab. Thus, post-tensioning is not required to exert an
external pressure for this portion of the structure.
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The post-tensioning system consists of:

a., Three groups of 54 dome tendons oriented at 120° to each other for
a total of 162 tendons anchored at the vertical face of the dome
ring girder.

b. 176 vertical tendons anchored at the top surface of the ring girder
and at the bottom of the base slab.

c. Six groups of 105 hoop tendons plus two additional tendons enclosing
120° of arc for a total of 632 tendons anchored at the gix vertical
buttresses.

Each tendon consists of ninety 1/4 inch diameter wires with buttonheaded BBRV
type anchorages, furnished by The Prescon Corporation. The tendons are housed
in spiral wrapped corrugated thin wall sheathing. After fabrication, the tendon
is shop dipped in a petrolatum corrosion protection material, bagged and shipped.
After installation, the tendon sheathing is filled with a corrosion preventive
grease.

Ends of all tendons are covered with pressure tight grease filled caps for
corrosion protection.

ASTM A615, Grade 60 reinforcing steel, mechanically spliced with T-series
CADWELDS, is used throughout the foundation slab and around the large pene-
trations. A615, Grade 40 steel is used for the bonded reinforcing through-
out the cylinder and dome as crack control reinforcing. At areas of discon-
tinuities where additional steel is used, such steel is generally A615, Grade
60 to provide an additional margin of elastic strain capability.

The 1/4 inch thick liner plate is attached to the concrete by means of an angle

grid system stitch welded to the liner plate and embedded in the concrete. The
details of the anchoring system are provided in Figure 5-1. The frequent anchor-
ing is designed to prevent significant distortion of the liner plate during accident
conditions and to insure that the liner maintains its leak tight integrity. The
design of the liner anchoring system also considers the various erection tolerances
and their effect on its performance. The liner plate is coated on the inside with

3 mils of inorganic zinc primer and 4 mils of Phenoline 305 for corrosion protec-
tion. See Table 5-0 for Reactor Building coatings. There is no paint on the side
in contact with concrete.

The concrete used in the structure is made with crushed marble aggregate ob-
tained from Blacksburg, South Carolina. Such aggregate produces an excellent
high strength, dense, sound concrete. The design strengths are 5000 psi at 28
days for the shell and foundation slab. '

Personnel and equipment access to the structure is provided by a double door per-
sonnel hatch with double seals on the outer door and by a 19 ft. - 0 in. clear
diameter double gasketed single door equipment hatch as shown in Figure 5-3. A
double door emergency personnel escape hatch is also provided. These hatches are
designed and fabricated of A516, Grade 70 firebox quality steel made to A300 spec-
ification, Charpy V-notch impact tested to 0°F in accordance with Section
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Coatings System/Materials Used Physical/Chemical Characteristics

3 mils Self-curing ethyl silicate in-
organic zinc, U S Patent

3,056,684

Carbo Zinc |1

Phenoline 305 Finish 4 mils Catalized modified phenolic

Tmi]s
{Min. Dry)}

System #30

steel
Building.

Location

Interior surfaces Reactor
Building liner plate and
appurtenances.
inside Reactor

Structural

Polar Crane.

Table 5-0

Reactor Building Coatings

Function

To protect blast clean-
ed steel against cor-
rosion under normal
operation conditions,
To aid in housekeep-
ing and to provide
surfaces that can be
readily decontaminat-
ed in case of local or
minor releases of
radioactive materials.

Performance Under Accident (LOCA) Conditions

The decontamination factor for Phenoline 305 is 325. Test methods described in
Oak Ridge National Laboratory Reports ORNL-3589, 3916 and others.

Carbo Zinc |1 withstands in excess of 3 x 10° Roentgens when irradiated in water,
There is no serious damage to Phenoline 305 at 6 x 107 Roentgens when irradiated
in air. Phenoline 305 withstands in excess of 2 x 109 Roentgens irradiation in
water,

System has satisfactorily withstood autoclave tests designed to simulate LOCA
conditions as follow:

a. Test specimens:
b. Water chemistry:
c. Temperature:

Coating system applied to sandblasted stee! coupons.
3000 ppm boron as boric acid in water; also 3% boric acid.
For 3000 ppm boron - 3 hours at 285° F - 290° F
2 days at 200° F
6 days at 150° F
L days at 130° F

at 75° F to 300° F

at 300° F

3 hours at 300° F to 180° F

15 hours cooling to ambient

Total 24 hour cycle repeated ten times

hours

For 3% boric acid = 3
3 hours

System showed no loss of adherence or errosion of material from surface in auto-
clave exposure to steam and high temperature spray water solution,

We understand testing performed by ANS subcommittee for Protective Coatings for
Reactor Containment Facilities and by Dr C D Watson at Oak Ridge did not disclose
any significant difference between results of static autoclave exposure and auto-
clave exposure using a spray of solution on panels, On this basis either static
or dynamic exposure to spray solution is considered to be acceptable as basis for
testing.

We do not have available test results on jet impingement effects; however, it is
felt that there is no coating system available which would withstand a high
temperature, high velocity steam jet, We believe that the assumption of large
scale, rapid LOCA by means of a double-ended pipe failure or otherwise, negates
the possibility of a concentrated local jet impinging on a coated steel area of
substantial size. Therefore, we believe the autoclave tests in which specimens
were subjected to steam and water at elevated temperatures more nearly approxi-
mate overall building environment under LOCA conditions than would a local steam
jet application,

We understand ANS subcommittee found no system for coating steel or concrete for
resisting steam jet impingement and therefore has established no standards for
this condition of exposure.
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Coatings System/Materi

als Used

Physical/Chemical Characteristics

Carboline 195 Surfacer

Phenoline 305 Finish 4 - 8 mils Catalized modified phenolid

Systems #3la, b, ¢
(Mi

Carboline 195 Surfacer

Phenoline 300

Systems #31d, e
(M

“Aay

8 mits Modified epoxy-polyamide filler

12 -16 mils

n. Dry)

8 mils Modified epoxy~-polyamide filler

8-16 mils Catalized eponry

16-2% mils

in. Dry)

Location

Reactor Building interior
concrete surfaces,

Reactor Building interior
concrete floors subject
to heavy traffic and in
certain trenches and
SUmps.

Table 5-0 - Continued

R Buildi Coat ings
Function

To be used on concrete 3.
walls, ceilings, floors

in moderate traffic

areas to protect against
penetration of radio-
active materials into
concrete, to prevent
dusting, and to ease
housekeeping and de~
contamination. Color
improves light reflec- 4,
tance of concrete,

Protects against pene- 3.
trations of radioactive
materials into concrete,
dusting, physical damage
and wear to concrete,
Surface is easy to

clean, decontaminate. b,

\

Performance Under Accident (LOCA) Conditions

Decontamination factor for Phenoline 305 is 325 (see System #30)

Carboline 195 has performed well as a surfacer in irradiation tests of a numbér
of top coats including Phenoline 305. See System #30 for irradiation char-
acteristics of Phenoline 305,

System has satisfactorily withstood autoclave tests designed to simulate LOCA
accident conditions as follows:

Prepared concrete coupons.
Same as for System #30.

2 hours at 75° F - 300° F
14 hours at 300° F

2 hours at 75° F

4 hours cooling to ambient

a. Test specimens:
b. Water chemistry:
c. Temperature:

See note 4, Systems #30.

Decontamination factor for Phenoline 300 is 1700.

Phenoline 300 systems on concrete withstand irradiation up to 4,7 x 109 Roentgens
when irradiated in water. )

This system, as such, was not tested under autoclave conditions; however, Pheno-
line 300 is essentially heavy-duty Phenoline 305 modified for tank lining and
heavy duty-floor coating service. It has superior resistance to penetration by
chemicals and moisture over a wide range of temperatures and consistently per-
forms better than Phenoline 305 when irradiated in water.

See note U, Systems #30.



IIT of the ASME Pressure Vessel Code. All piping penetrations are furnished
to the same requirements.

Structural brackets provided for the Reactor Building polar crane runway
are fabricated of A36 steel shapes and A516, Grade 70 insert plates (Figure
5-1). Structural brackets and thickened plates are shop fabricated, stress
relieved and shipped to the jobsite for welding into the 1/4 inch liner
plate similar to the penetration assemblies.

The strength of the Reactor Building at working stress and overall yielding
is compared to various loading combinations to assure safety. The Reactor
Building is examined with respect to strength, the nature and the amount of
cracking, the magnitude of deformation, and the extent of corrosion to assure
proper performance. The structure is designed and constructed in accordance
with design criteria based upon ACI 318-63, ACI 301, and ASME Pressure Vessel
Code, Sections III, VIII and IX to meet the performance and strength require-
ments prior to prestressing, at transfer of prestress, under sustained pre-
stress, at design loads and at yield loads.

The structure is analyzed using a finite element computer program for in-
dividual and various combinations of loading cases of dead load, live load,
prestress, temperature and pressure. The computer output includes direct
stresses, shear stresses, principal stresses and displacements of each nodal
point.

Stress plots which show the total stresses from appropriate combinations of
loading cases are made and areas of high stress are identified. The modulus
of elasticity is corrected to account for the nonlinear stress-strain re-
lationship at high compression, if necessary. Stresses then are recomputed
if there are sufficient areas which require attention.

In order to consider .creep deformation, the modulus of elasticity of con-
crete under sustained loads such as dead load and prestress is differentiated
from the modulus of elasticity of concrete under instantaneous loads such as
internal pressure and earthquake loads.

The forces and shears are added over the cross section and the total moment,
axial force and shear are determined. From these values, the straight-1line
elastic stresses are computed and compared to the allowable values. The
ACI 318-63 design methods and allowable stresses are used for concrete and
prestressed and nonprestressed reinforcing steel except as noted in the
design criteria.

It is the intent of the criteria to provide a structure of unquestionable
integrity that will meet the postulated design conditions with a low strain

elastic response. The Oconee Reactor Building meets these criteria because:

a. The design criteria are in general based on the proven stress,
strain, and minimum proportioning requirements of the ACI or ASME
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Codes. Where departures or additions from these codes have been .
made, they have been done in the following manner: )

1. The environmental conditions of severity of load cycling,
weather, corrosion conditions, maintenance, and inspection
for this structure have been compared and evaluated with
those for code structures to determine the appropriateness

— of the modifications.

2. The consultant firm of T. Y. Lin, Kulka, Yang and Associate
was retained to assist in the development of the criteria.
In addition to assisting with the criteria submitted in the
PSAR, they have been involved in the continuing updating of
the criteria and the review of design methods to assure
that the criteria were being implemented as intended.

3. Dr. Alan H. Mattock of the University of Washington was re-
tained to assist in developing the proper design criteria
for combined shear, bending and axial load.

4, All criteria, specifications and details relating to liner
plate and penetrations and corrosion protection have been
referred to Bechtel's Metallurgy and Qi ..., Control De-
partment. This department maintains a staff to advise the
corporation on problems of welding, quality control, metal-
lurgy and corrosion protection.

5. The design of the Oconee Reactor Building was continually ‘
reviewed as the criteria were improved for successive
license applications to assure that this structure does
meet the latest criteria.

The primary membrane integrity of the structure is provided by the
unbonded post-tensioning tendons, each one of which is stressed

to 80 percent of ultimate strength during installation and performs. .
at approximately 50 percent - 60 percent during the life of the
structure. Thus, the main strength elements are individually
proof-tested prior to operation of the plant,

970 such post~tensioning elements have been provided, 162 in the
dome, and 176 vertical and 632 hoop tendons in the cylinder. Any
three adjacent tendons in any of these groups can be lost without
significantly affecting the strength of the structure due to the
load redistribution capabilities of the shell structure. The
bonded reinforcing steel provided for crack control assures that
this redistribution capability exists.

The unbonded tendons are continuous from anchorage to anchorage,
being deflected around penetrations and isolated from secondary
strains of the shell. Thus, the membrane integrity of the shell
can be assured regardless of conditions of high local strains,

The unbonded tendons exist in the structure at a slightly ever- Vo
decreasing stress due to relaxation of the tendon and creep of
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the concrete and, even during pressurization, are subject to a
stress change of very small magnitude (2 percent to 3 percent of
ultimate strength). Thus, the main structural system is never sub-
ject to large changes in load, even during accident conditions.

f. The concrete portion of the structure, similar to the tendons, is
subject to the highest state of stress during the initial post
tensioning. During pressurization, it is subject to a large change
in load (or statc of stress) but the change is, in general, a de-

crease in load. The large membrane compressive forces are diminished,

and replaced, by relatively small radial pressures and stresses.

g. The deformations of the structure during plant operation, or due to
accident conditions, are relatively minor due to the low strain be-
havior of the concrete. The largest deformations occur at the time
of initial post-tensioning and shortly thereafter, prior to opera-
tion. This low strain behavior, and the inherent strength of the
structure, permit the anchoring of all piping penetrating the
structure directly to the shell. Such details (see Figure 5-2)
eliminate the use of expansion bellow seals and significantly re-
duce the likelihood of leaks developing at the penetrations.

vt

3.1.2. Lodds Prior to Prestressing

[\%]

Under this condition the structure is designed as a conventionally rein-
forced concrete structure. It is designed for dead load, live loads (in-
cluding construction loads), and a reduced wind load. Allowable stresses
are according to ACI 318-63.

5.1.2.3 Loads at Transfer of Prestress

The Reactor Building is checked for prestress loads and the stresses com-
pared with those allowed by ACI 318-63 with the following exceptions: ACI
318-63, Chapter 26, allows concrete stress of 0.60f'.; at initial transfer.
In order to limit creep deformations, the membrane compression stress is
limited to 0.30f'.;j whereas in combination with flexural compression the
maximum allowable stress will be limited to 0.60f'.; per ACI 318-63.

For local stress concentrations with nonlinear stress distribution as pre-
dicted by the finite element analysis, 0.75f'.; is permitted when local re-
inforcing is included to distribute and control these localized strains.
These high local stresses are present in every structure but they are seldom
identified because of simplifications made in design analysis. These high
stresses are allowed because they occur in a very small ‘percentage of the
cross section, are confined by material at lower stress and would have to be
considerably greater than the values allowed before significant local plastic
yielding would result. Bonded reinforcing is added to distribute and control
these local strains.

Membrane tension and flexural tension are permitted provided they do not
jeopardize the integrity of liner plate. Membrane tension is permitted to
occur during the post-tensioning sequence but will be limited to 1.0 Vf'

- : ; SR >
When there is flexural tension but no membrane tension, the section is
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designed in accordance with Section 2605(a) of the ACI Code. The stress in
the liner plate due to combined membrane tension and flexural tension is
limited to 0.5 fy.

Shear criteria are in accordance with the ACI 318-63 Code, Chapter 26, as
modified by the equations in 5.1.2.6 using a load factor of 1.5 for shear

loads.

5.1.2.4 Loads Under Sustained Prestress

The conditions for design and the allowable stresses for this case are the
same as above except that the allowable tensile stress -in nonprestressed re-
inforcing is limited to 0.5 fy. ACI 318-63 limits the concrete compression
to 0.45f'. for sustained prestress load. Values of 0.30f'c and 0.60f'_ are
used as described above which bracket the ACI allowable value. However, with
these same limits for concrete stress at transfer of prestress, the stresses
under sustained load are reduced due to creep.

5.1.2.5 At Design Loads

This loading case is the basic "working stress' design. The Reactor Building
is designed for the following loading cases:

a. D+ F+ L+ T,

b. D+ F+ L+ P+ Ty +E(or W)
c. D+F+L+P'

Where:

D = Dead Load

L = Appropriate Live Load

F = Appropriate Prestressing Load

P = Pressure Load (Varies with time from design pressure to zero
pressure)

To= Thermal Loads Due to Operating Temperature

Tp= Thermal Loads Based on a Temperature Corresponding to
a Pressure P

E = Design Earthquake
P'= Test Pressure = 1,15 P
W:

Wind Load

Sufficient prestressing is provided in the cylindrical and dome portions of
the vessel to eliminate membrane tensile stress (tensile stress across the
entire wall thickness) under design loads. Flexural tensile cracking is
permitted but is controlled by bonded reinforcing steel.

Under the design loads the same performance limits stated in 5.1.2.3 apply
with the following exceptions:

a. If the net membrane compression is below 100 psi, it is neglected
and a cracked section is assumed in the computation of flexural
bonded reinforcing steel. The allowable tensile stresses in
bonded reinforcing are 0.5 fy,.
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b. When the maximum flexural stress does not exceed 6 JETE and the ex-
tent of the tension zone is not more than 1/3 the depth of the
section, bonded reinforcing steel is provided to carry the entire
tension in the tension block, Otherwise, the bonded reinforcing

"steel is designed assuming a cracked section. When the bending
moment tension is additive to the thermal tension, the allowable
tensile stress in the bonded reinforcing steel is 0.5 fy minus the
stress in reinforcing due to the thermal gradient as determined in
accordance with the method of ACI-505.

¢. The problem of shear and diagonal tension in a prestressed concrete
structure should be considered in two parts: membrane principal
tension and flexural principal tension. Since sufficient pre-
stressing is used to eliminate membrane tensile stress, membrane
principal tension is not critical at design loads. Membrane
principal tension due to combined membrane tension and membrane
shear is considered under 5.1.2.6.

Flexural principal tension is the tension associated with bending

in planes perpendicular to the surface of the shell and shear stress
normal to the shell (radial shear stress). The present ACI 318-63
provisions of Chapter 26 for shear are adequate for design purposes
with proper modifications as discussed under 5.1.2.6 using a load
factor 1.5 for shear loads.

Crack control in the concrete is accomplished by adhering to the ACI-ASCE
Code Committee standards for the use of reinforcing steel. These criteria
are based upon a recommendation of the Prestressed Concrete Institute and
are as follows:

0.25 percent reinforcing shall be provided at the tension face for
small members
0.20 percent for medium size members

0.15 percent for large members
A minimum of 0.15 percent bonded steel reinforcing is provided in two per-
pendicular directions on the exterior faces of the wall and dome for proper
crack control.
The liner plate is attached on the inside faces of the wall and dome. Since,
in general, there is no tensile stress due to temperature on the inside faces,

bonded reinforcing steel is not necessary at the inside faces.

5.1.2.6 Loads Necessary to Cause Structural Yielding

The structure is checked for the factored loads and load combinations that
will cause structural yielding.

The load factors are the ratio by which loads will be multiplied for design

purposes to assure that the load/deformation behavior of the structure is
one of elastic, low-strain behavior. The load factor approach is being used
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in this design as a means of making a rational evaluation of the isolated
factors which must be considered in assuring an adequate safety margin for
the structure. This approach permits the designer to place the greatest
conservatism on those loads most subject to variation and which most direct-
ly control the overall safety of the structure. It also places minimum
emphasis on the fixed gravity loads and maximum emphasis on accident and
earthquake or wind loads.

The final design of the structure satisfies the load combinations and factors
shown in Appendix 5A, Section 2.2.

The load combinations, considering load factors referenced above, are less
than the yield strength of the structure. The yield strength of the structure
is defined as the upper limit of elastic behavior of the effective load carry-
ing structural materials, For steels (both prestress and nonprestress) this
limit is taken to be the guaranteed minimum yield given in the appropriate
ASTM specification. For concrete, it is the ultimate values of shear (as a
measure of diagonal tension) and bond per ACI 318-63 and the 28-day ultimate
compressive strength for concrete in flexure (f'.). The ultimate strength
assumptions of the ACI Code for concrete beams in flexure are not allowed;
that is, the concrete stress is not allowed to go beyond yield and redistri-
bute at a strain of three or four times that which causes yielding.

The maximum strain due to secondary moments, membrane loads and local loads
exclusive of thermal loads is limited to that corresponding to the ultimate
stress divided by the modulus of elasticity (f'c/Ec) and a straight-line
distribution from there to the neutral axis assumed.

Far the loads combined with thermal loads the peak strain is limited to
0.003 inch/inch. For concrete membrane compression, the yield strength is
assumed to be 0.85f'. to allow for local irregularities, in accordance with
the ACI approach. The reinforcing steel forming part of the load carrying
system is allowed to go to, but not to exceed, yield as is allowed for ACI
ultimate strength design.

A further definition of yielding is the deformation of the structure which
causes strains in the steel liner plate to exceed 0.005 inch/inch. The
yielding of nonprestress reinforcing steel is allowed, either in tension or
compression, if the above restrictions are not violated. Yielding of the
prestress tendons is not allowed under any circumstances.

Principal concrete tension due to combined membrane tension and membrane
shear, excluding flexural tension due to bending moments or thermal gradients,
is limited to 3 Vf'.. Principal concrete tension due to combined membrane
tension, membrane shear, and flexural tension due to bending moments or ther-
mal gradlents is limited to 6 f—h_ When the principal concrete tension ex-
ceeds the limit of 6 ffT;, bonded reinforcing steel is provided in the
following manner:

a. - Thermal Flexural Tension - Bonded reinforcing steel is provided in
accordance with the methods of ACI-505. The minimum area of steel
provided is 0.15 percent in each direction,
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b. Bending Moment Tension - Sufficient bonded reinforcing steel is pro-
vided to resist the moment on the basis of cracked section theory
using the yield stresses stated above with the following exception:

When the bending moment tension is additive

to the thermal tension,

the allowable tensile stress in the reinforcing steel is fy minus
the stress in reinforcing due to the thermal gradient as determined

in accordance with the methods of ACI-505.

Shear stress limits and shear reinforcing for radial

shear are in accordance

with Chapter 26 of ACI 318-63 with the following exceptions:

Formula 26-12 of the Code shall be replaced by

V.: = Kb'd VE' + M V) +v.
c1 c cr \M i

Where:

~
it

E.75 - 9:036 4 0 np]
np

but not less than 0.6 for p' =0.003.
For p' <0.003, the value of K shall be zero.

=
h

Ccr Y

I 1
_[6/f—c+fpe+fn+fi}

+h
1]

pe
prestress applied normal to

Compressive stress in concrete due to

the cross

section after all losses (including the
stress due to any secondary moment) at
the extreme fiber of the section at which

tension stresses are caused

f = Stress due to axial applied
negative for tension stress
compression stress).

f. = Stress due to initial loads
fiber of a section at which
are caused by applied loads
stress due to any secondary

by live loads.

loads (f, shall be
and positive for

at the extreme
tension stresses
(including the
moment. f£; shall

be negative for tension stress and positive

for compression stress).
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\ = Shear at the section under consideration due
to the applied loads.

M' = Moment at a distance d/2 from the section under
consideration, measured in the direction of de-
creasing moment, due to applied loads.

V. = Shear due to initial loads (positive when initial
shear is in the same direction as the shear due to
applied loads).

Lower limit placed by ACI 318-63 on V. ; as 1.7b'4 /%TC is not applied.

Formula 26-13 of the Code shall be replaced by

\

/ £+ f
Ve = 3.5b'd Ve [Vi4 R B

3.5 V/f',

The term f, is as defined above. All other notations are in accordance with
Chapter 26, ACI 318-63.

a. This formula is based on the recent tests and work done by
Dr. A. H. Mattock of the University of Washington.

b. This formula is based on the commentary for proposal redraft
of Section 2610, ACI-318, by Dr. A. H. Mattock, dated
December 1962.

When the above-mentioned equations show that allowable shear in concrete is
zero, radial horizontal shear ties are provided to resist all the calculated

shear.

5.1.2.7 Other Design Loads

The Reactor Building shell is also designed for the following loads:

a Dead load

b. Prestress forces

¢. Live load including allowances for piping, ductwork and cable trays
d. Wind, including tornado

e. Earthquake

f. Thermal expansion of pipes attached to the Reactor Building wall

Transients resulting from the design basis accident and other lesser
accidents are presented in Section 14 and serve as the basis for the Reactor
Building design pressure of 59 psig and a design temperature of 286 F.

The external design pressure of the Reactor Building shell is 3 psig. This
value is approximately 0.5 psig beyond the maximum external pressure that
could be developed if the Reactor Building were sealed during a period of
low barometric pressure and high temperature and, subsequently, the Reactor
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Building atmosphere were cooled with a concurrent rise in barometric pressure.
Vacuum breakers are not provided.

5.1.3 REACTOR BUILDING DESIGN ANALYSIS

The analysis for the Reactor Building falls into two parts, axisymmetric and
nonaxisymmetric. The axisymmetric analysis is performed through the use of

a finite element computer program for the individual loading cases of dead
load, live load, temperature, prestress and pressure, as described in 5.1.3.1.
The axisymmetric finite element approximation of the Reactor Building shell
does not consider the buttresses, penetrations, brackets and anchors. These
items of configuration, the lateral loads due to seismic or wind, and con-
centrated loads are considered in the nonaxisymmetric analysis described in
5.1.3.2.

This section discusses analytical techniques, references and design philoso-
phy. The results of these analyses are shown in 5.1.4. The design criteria
and analysis have been reviewed by Bechtel's consultants, T. Y. Lin, Kulka,
Yang and Associate.

5.1.3.1 Axisymmetric Techniques

The finite element technique is a general method of structural analysis in
which the continuous structure is replaced by a system of elements (members)
connected at a finite number of modal points (joints). Conventional analysis
of frames and trusses can be considered to be examples of the finite element
method. In the application of the method to an axisymmetric solid (eg, a
concrete Reactor Building), the continuous structure is replaced by a system
of rings of quadrilateral cross section which are interconnected along cir-
cumferential joints. Based on energy principals, work equilibrium equations
are formed in which the radial and axial displacements at the circumferential
joints are unknowns of the system. The results of the solution of this set
of equations are the deformation of the structure under the given loading
conditions. For the output, the stresses are computed knowing the strain and
stiffness of each element.

The finite element mesh used to describe the structure is shown in Figure
5-4. The upper portion and lower portion of the structure were analyzed in-
dependently to permit a greater number of elements to be used for those areas
of the structure of major interest such as the ring girder area and the base
of the cylinder. The finite element mesh of the structure base slab was ex-
tended down into the foundation material to take into consideration the
elastic nature of the foundation material and its effect upon the behavior

of the base slab. The tendon access gallery is separated from the Reactor
Building base slab by 3" compressible material. No momemts or forces are
transmitted from the base slab to the tendon access gallery. The maximum
vertical elastic displacement of the base slab is one inch due to the maximum
loading combinations. The tendon access gallery was designed as a separate
structure with no reactions being generated from the bedrock to the ring
shaped gallery structure.

The finite element mesh for the reactor building does not include the interior
structure. The interior structure was included in the finite element input as
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a lump weight. The finite elements provide stresses for axisymmetric loads.
‘ The stresses from the eccentric interior structure loads and earthquake loads
are superimposed analytically to the finite element stresses. The final alge-
braic summation of all stresses was used to design the base slab.

Stresses for - - Stresses with
4. Axisymmetric Loads Non-Axisymmetric Loads
11.0 kips/sq.ft. 26.0 kips/sq.ft.

The use of the finite element computer program permitted an accurate estimate
of the stress pattern at various locations of the structure. The following
material properties were used in the program for the various loading conditions:
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Load Conditions .
D, F, Ty, Tp P

Econcretes Foundation (psi) 3.0 x 105 3.0 x 10°
E.oncretes Shell (psi) 3.0 x 106 3.0 x 106
Hconcrete (Poisson's Ratio) 0.17 0.17
aconcrete (Coefficient of Expansion) 0.55 x 10'5 -
Egubgrade (PSi) 4.5 x 10° 4.5 x 106
Eqiner (PSL) 29 x 10° 29 x 106
£y liner (PS1) 36,000 36,000

The major benefit of the program is the capability to predict shears and
moments due to internal restraint and the interaction of the foundation slab
relative to the subgrade. The structure is analyzed assuming an uncracked
homogeneous material. This is conservative because the decreased relative
stiffness of a cracked section would result in smaller secondary shears and
moments.

In arriving at the above-tabulated values of E, the effect of creep is in-

cluded by using the following equation for long-term loads such as thermal
load, dead load and prestress:

Ees = Eoy &i/(as + si%

Where

E.g; = sustained modulus of elasticity of
concrete.

E.j = instantaneous modulus of elasticity

of concrete.

6i = instantaneous strain, inch/inch
per psi.
& = creep strain, inch/inch per psi.
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The thermal gradients used for design are shown in Figure 5-5. The gradients
for both the design accident condition and the factored load condition are
based on the temperature associated with the factored pressure (factored loads
are described in Appendix 5A). The design pressure and temperature of 59 psig
and 286°F became 88.5 psig and 2860F at factored conditionms.

The upper stress limit for a linear stress—-strain relationship was assumed to
be 3000 psi (0.6 fl) for use with analyses made by the use of the axisymmetric
finite element analvtical method. (The analyses referred to considered the
concrete as uncracked and the analytical model is the entire containment.)
However, the maximum predicted compressive stress was about 2559 psi. The load
combination considered was .95D+F+P+E'+Tp and the location for the predicted
stress was for Section EF in ring girder. Therefore only the linear portion of
the stress strain curve was used in the analyses that used the entire contain-
ment structure as a model,

The compressive stress and strain level is the highest (after the LOCA when
temperature is still relatively high, 200°F, and pressure is dropping rapidly)

at the inside face of the concrete at the edge of openings and also under the
liner plate anchors. Neither concentration is a result of what may be considered
a real load. 1In the case of an opening the real stress is a result of prestress,
reduced pressure and dead load. Applying stress concentration factors to these
loads still keeps the concrete in essentially the elastic range. When the strain
and resulting stress from the thermal gradient are also multiplied by a stress
concentration factor, the total strain and resulting stress will be above the
linear stress range determined as by a uniaxial compression test. The relatively
high stress level is not of real concern due to the following:

1) The concrete affected is completely surrounded by either other concrete
or the penetration nozzle and liner reinforcing plate. This confinement
puts the concrete in triaxial compression and gives it the ability to
resist forces far in excess of that indicated by a uniaxial compression
test.

2) The high state of stress and strain exist at a very local area and really
have no effect on the overall containment integrity.

However, to be conservative, reinforcing steel was placed in these areas and,
also, the penetration mnozzle will function as compressive reinforcement.

The concrete under the liner plate anchors has some limited yielding in order
to get the necessary stress distribution required to resist the liner plate
self-relieving loads.

The thermal loads are a result of the temperature differential within the
structure. The design temperature stresses for this finite element analysis
were prepared so that when temperatures are given at every mnodal point, stresses
are calculated at the center of each element.

Thus, the liner plate was handled as an integral part. of the structure and was
included in the finite element mesh of the Reactor Building, but having differ-
ent material properties, and not as a mechanism which would sct as an outside
source to produce loading only on the concrete portion of the structure.
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© necessary to evaluate the true stress-strain conditions when cracks develop in
.'the tensile zone of the concrete.

Figure 5~4, Sheet 1 of 2, shows the inclusion of the liner plate in the finite
element mesh. .

Under the design accident condition or factored load condition, cracking of

the concrete at the outside face would be expected. The value of the sustained
modulus of elasticity of concrete, E.g, was used in ACI Code 505-54 to find the
stresses in concrete, reinforcing steel and liner plate from the predicted de-
sign accident thermal loads and factored accident loads.

The isostress plots shown in Figures 5-6 and 5-7 do not consider the concrete
cracked. The thermal stresses are combined from the individual isostress output
for the cases of D+ F + T and D+ F + 1.5P + T. The first case is critical for
concrete stresses and occurs after depressurization of the Reactor Building; the
second case is critical for the reinforcing stresses and it occurs when pressure
and thermal loads are combined and cause cracking at the outside face. The load-
ing cases for isostress plots shown in Figure 5-6 are D + F + 1.15P on Sheet 1,
0.95D + F + 1.5P + T on Sheet 2, D+ F on Sheet 3, and T on Sheet 4. The loading
cases for isostress plots shown in Figure 5-7 are D on Sheet 1, F on Sheet 2, T
on Sheet 3, 0.95D + T on Sheet 4, F + 1.15P on Sheet 5, and F + 1.5P on Sheet 6.

The general approach of determining stresses in the concrete and reinforcement
required the evaluation of the stress blocks of the cross section being analyzed.

The value of stresses was taken from the computer output in case of axisymmetric
loading and from analytical solutions in case of nonaxisymmetric loading. Both
computations were based on homogeneous materials; therefore, some adjustment was .

An equilibrium equation can be written considering the tension force in the re-
inforcement, the compressive force in the concrete and the axial force acting on

. the section. In this manner the neutral axis is shifted from the position de-

fined by the computer analyses into a position which is the function of the
amount of reinforcement, the modulus ratio, and the acting axial forces.

Large axial compressive force might prevent the existence of any tension stresses,
as in the loading condition D + F + T; therefore, no self-relieving action exists;
the stresses are taken directly from the computer output.

In the case of D+ F + 1.5P + T, the development of cracks in the concrete de-
creases the thermal moment and this effect was considered; but the self-
relieving properties of other loadings were not taken into account, even in
places where they do exist, such as at discontinuities, e.g. the cylinder-base
slab connection. This means that in analyzing the section, a reduced thermal
moment was added to the unreduced moment caused by other loadings.

The thermal stresses in the containment are comparable to those developed in a
reinforced concrete slab, which is restrained from rotation. The temperature
varies linearly across the slab. The concrete will crack in tension and the neu-
tral axis will be shifted toward the compressive extreme fiber. The cracking
will reduce the compression at the extreme fiber and increase the tensile stress
in reinforcing steel.
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The following analysis is based on the equilibrium of normal forces, therefore
any normal force acting on the section must be added to the normal forces re-
sulting from the stress diagram. The effects of Poisson's ratio are considered
while the reinforcement is considered to be identical in both directions.

Stress - Strain relationship in compressed region of concrete:

E.ly =0

x = YOy (1)
Ecly = -veox + ay (2)

From the above equations (1) and (2):

Lo + Lyv
o, = E X (3)
X C l_\)c
o +
0y = B X )
1-v,
Substituting,

Oy = 0y = 0, and Ly = I, = L, into equations (3) and (4)
x v c X v c

= 1.205 EeZe (if ve = .17)

- 1
Oc = Eczcl_v
c

The reinforcement is acting in one direction, independently from the reinforce-
ment in the perpendicular direction.

Example: If E. = 3 x 106 and Eg = 29 x 106

ng=-—22 __ =18.02
1.205 x 3

The liner plate is acting in two directions, similar to the concrete except for
the difference caused by the Poisson's ratios:

- 1 _ _
O'L = ESZS l—_~\)—L- = 1.35 ESZS \)-L = ,25
Ve = .17
_1.35 x 29 _
N, = 1205 % 3 10-83

The following is an example taking Section GH of the use of the analytical method
derived for D+ F + P + T, + E.

The concrete and reinforcement stresses are calculated by conventional methods,
from the moment caused by loading other than thermal. The analyses assume homo-
geneous concrete sections. Those concrete and reinforcing steel stresses are
then added to the thermal stresses as obtained by the method described.

Rev. 5. 5/25/70
5-14b (New Page)



Data:

Notation:

nR

Ao

1l

3 x 10 psi
29 x 10% psi
0.17

VL
nR

g,

= 0.25

8.02

10.83

Modulus of elasticity of concrete.

Modulus of elasticity of steel.

Modular ratio of liner plate-concrete.

Modular ratio of reinforcement-concrete.

Reduction of concrete compressive stress,

cracking.

Concrete strain.

Steel strain.

Concrete strain
Concrete strain
Poisson's ratio

Poisson's ratio

in X direction.
in Y direction.
of concrete.

of liner plate.

Stress in concrete.

Stress in liner

plate.

Stress in reinforcement.

Stress in concrete in direction
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STRESS BLOCK FROM THE COMPUTER OUTPUT

(Thermal
LINER PLATE ORIGINAL NEUTRAL AXIS  (Thermal) Forces
N ;//_ Stresses (K/Ft.)
R - T — (Psi) Resultant
N ~36000 - 108.0
| - 1997 - 179.7
! + 277 + 24.9
)
o + 529 + 47.6
I
] + 595 + 53.5
™|
o' + 666 + 60.0
i E + 1467 + 132.0
h i
j& Acci‘\\‘-CRACKED SECTIO
Acz 28500 MEUTRAL AXIS
SECTION G-H
(ELENENTS 233-253)
EQUILIBRIUM AFTER CRACKING
2.88 (1467+Acc) 8.02 - (179.7+108) 1000 + Ao, (12x7.5+3x10.83) = N = - 102,000

33884 + 23.1 Ao - 287700 + 124.5 Ao, + 102,000 = 0O

147.6 Ace

151,816

Aoe = 1028.6
ASSUMED POSITION OF N. A. is O.K.

bog = 1029 Psi

og(After Cracking) (1467 + 1029) 8.02 = 20018 Psi

e = - 1997 + 1029 = - 968 Psi
OR = OD+F+P + OT + op
= - 503 4+ 20018 * 96 = 19611 (Tensile)
Oc = Op+r+p T Op + O
=61l - 968 * 11 = - 918 (Compression)
. 0
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(Moved to page 5-14a)

5.1.3.2

The nonaxisymmetric aspects of configuration or loading required various methods
of analysis.

Nonaxisymmetric Analysis

The description of the methods used as applied to different parts

of the containment is given below.

a.

Buttresses

The buttresses and tendon anchorage zones are defined as Class 1
elements and were designed in accordance with the general design
criteria for the reactor building structure and with the appli-
cable provisions of ACI 318-63, Chapter 26.

The buttresses were analyzed for two effects, nonaxisymmetric and
anchorage zone stresses. Both effects are shown in the results of
a two-dimensional plane strain finite element analysis with loads
acting in the plane of the coordinate system (Figure 5-8).

At each buttress, the hoop tendons are alternately either continu-
ous or spliced by being mutually anchored on the opposite faces of
the buttress. Between the opposite anchorages, the compressive
force exerted by the spliced tendon is twice as much as elsewhere.
This value combined with the effect of the tendon which is not
spliced will be 1.5 times the prestressing force acting outside of
the buttresses. The cross-sectional area at the buttress is about
1.5 times that of the wall, so the hoop stresses as well as the hoop
strains and radial displacements can be considered as being nearly
constant all around the structure. Isostress plots of the plane
strain analysis, Figure 5<9, confirm this.

The vertical stresses and strains, caused by the vertical post-
tensioning, become constant at a short distance away from the anchor-
ages because of the stiffness of the cylindrical shell. Since the
stresses and strains remain nearly axisymmetric despite the presence
of the buttresses, their effect on the overall analysis is negli-
gible when the structure is under dead load or prestressing loads.

When an increasing internal pressure acts upon the structure, com-
bined with a thermal gradient (Figure 5-9A) such as at the design
accident condition, the resultant forces being axisymmetric, the
stiffness variation caused by the buttresses will decrease as the
concrete develops cracks. The structure will then tend to shape
itself to follow the direction of the acting axisymmetric resultant
forces even more closely. Thus, the buttress effect is more axisym-
metric at yield loads, which include factored pressure, than at de-
sign loads including pressure. This fact, combined with the design
provision that alternate horizontal tendons terminate in a single
buttress, indicates that the buttresses will not reduce the margins
of safety available in the structure.

The analysis of the anchorage zone stresses at the buttresses has
been determined to be the most critical of all the various types of
anchorage areas of the shell. The local stress distribution in the
immediate vicinity of the bearing plates has been derived by the
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following three analysis procedures: .

1. The Guyon equivalent prism method: This method is based on ex-
perimental photoelastic results as well as on equilibrium con-
siderations of homogeneous and continuous media. It should be
noted that the relative bearing plate dimensions are considered.

2. In order to include biaxial stress effects, use has been made
of the experimental test results presented by S. J. Taylor at
the March 1967 London Conference of the Institution of Civil
Engineers (Group H, Paper 49). This paper compares test re-
sults with most of the currently used approaches (such as
Guyon's equivalent prism method). It also investigates the ef-
fect of the rigid trumpet welded to the bearing plate.

3. The finite element method, assuming homogeneous and elastic
material, was used in a plane strain analysis. The mesh and

results are shown in Figures 5-8 and 5-9.

The Guyon method yields the following results for a loading ratio
(a'/a)* = 0.9 Maximum compressive stress under the bearing plate:

Oc = —-2400 psi
Maximum tensile stress in spalling zone:

o spalling = 42400 psi = - O

Maximum tensile stress in bursting zones:
o maximum bursting = 0.04 P = 496 psi

#Ratio of width of bearing plate to width of concrete under
bearing plate.

S. J. Taylor's experimental results indicate that the anchor plate will
give rise to a similar stress distribution pattern as Guyon's method;
the main difference lies in the fact that the central bursting zone has
a tensile stress peak of twice Guyon's value:

o maximum bursting = +192 psi

By finite element analysis, the symmetric buttress loading yields a ten-
sile peak stress in the bursting zone very close to S. J. Taylor's value:

o maximum bursting = +114 psi

A state of biaxial tension in the concrete will appear on the outside

face under the loading case 1.05D + 1.5P + 1.0Ty + 1.0F. The super-

position of the corresponding state of stress with the local anchor

stresses reduces the load carrying capacity of the anchorage unit and

causes a reduction in the maximum tensile strain to cracking. .
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On the other hand, the uniform compressive state of stress (vertical
prestress) applied to the anchorage zone increases the load carrying
capacity of the anchorage unit, with the maximum tensile strain to
cracking being increased.

The design of the buttress anchor zones considered such additional
vertical stresses, leading to a state of pseudo biaxial stress, the

second direction being radial through the thickness.

For the above-mentioned case, 1.05D + 1.5P + 1.0T, + 1.0F, the aver-
aged vertical (meridional) stress component is:

£, = +400 psi

The compressive bearing plate stress at 10 inches depth below the
bearing plate is:

f. = -1500 psi

(Note: The steel trumpet carries 7.2 percent of the prestress
force.)

Thus, the two values introduced in the biaxial stress envelopes pro-
posed in S. J. Taylor's article:

£./€', = 1500/5000 = 0.3

]

] - i
fc/f c 400/5000 = 0.08
show that failure could occur if vertical reinforcing were not provi-
ded. 1In fact, the maximum allowable vertical averaged tensile stress
according to Taylor's interaction curve is f,/f'. = 0.03, therefore,
fg = +150 psi.

The three dimensional stress distribution in the anchor zones was
analyzed in sufficient detail to permit the rational evaluation of
stress concentrations. A conical wedge segment was used as the basic
design element and the radial splitting tension was determined as a
tangential distribution function. The summation of splitting
stresses through the entire volume of the lead-in zone established
the value of the splitting force. This force is a function of the
a/b ratio and the cone angle and/or, a/b and h. Several different
combinations of the values were analyzed and the most critical values
selected. A system analysis for the vertical splitting force was
carried out based on statics and the magnitude of vertical and
spalling forces were also determined.

The most unfavorable loads and load combinations were considered in
the analysis of the anchorage zone and stresses based on transient
thermal gradients were used in all cases where the use of a steady
state gradient under-estimated the stresses and strains and were
superimposed on the bursting stresses determined from the triaxial
stress calculations. The computed stresses are less than the ACI
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allowable values. The design of the concrete reinforcement is based
on this conservative analysis to provide a margin of safety similar
to the other components of the reactor building structure and to
control cracking in the anchorage zone. As a result, there is no
danger of delayed rupture of the concrete under sustained load, due
to local overstress and microcracking.

The reinforcing details, including the method for anchoring and
splicing the reinforcing, are shown on Figure 5-9B.

The reinforcement required has been designed primarily to resist
tensile forces, and has been located such that it will efficiently
resist the tensile forces. The reinforcement was provided for load
cases which create the maximum tensile forces and for other load
cases the relevant shear forces or stresses were superimposed.

The possibility of the concrete breaking along shear plans was con-
sidered at the intersection of (1) the buttress with the cylinder
and (2) the cylinder with the base slab.

1. Buttress - Cylinder Intersection

An increase in the compression force at the buttress
corresponds to an increase in the concrete area of
the same magnitude.

2. Cylinder - Base Slab Intersection

An analysis for the most critical radial shear condi-
tions was performed. The difference in shear stiff-
ness between the shell and the buttress and the
remainder of the shell was included as a shear ampli-
fication factor. The reinforcing required was less
than the reinforcing provided.

The possibility of concrete breaking along a shear plane is excluded
by providing ample reinforcing. 1In other locations, breakage along
the shear plane has been excluded by the opposition of prestressing
and anchor forces.

The following three sources of information were also considered in
the design of the anchorage zone reinforcing.

1. Full-scale load tests of the anchorage on the same concrete
mix used in the structure and review of prior uses of the
anchorage.

2. The post-tensioning supplier's recommendations of anchorage
reinforcing requirements.

3. Review of the final details of the combined reinforcing by
the consulting firm of T. Y. Lin, Kulka, Yang, and Associate. .
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Seismic or Wind Loading

Seismic loading of the structure controls in all cases over that of
tornado or wind loading. The seismic analysis was conducted in the
following manner. The loads on the Reactor Building caused by earth-
quake were determined by a dynamic analysis of the structure. The
dynamic analysis was made on an idealized structure of lumped masses
and weightless elastic columns acting as spring restraints. The
analysis was performed in two stages: the determination of the na-
tural frequencies of the structure and its mode shapes, and the re-
sponse of these modes to the earthquake by the spectrum response
method.

The natural frequencies and mode shapes were computed using the matrix
equation of motion shown below for a lumped mass system. The form of

the equation is: (K) (aA) = w2 (M) (8)

K = matrix of stiffness coefficients including the combined effects
of shear, flexure, rotation, and horizontal translation.

M = matrix of concentrated masses.

A = matrix of mode shape.

w = angular frequency of vibration.

The results of this computation are the several values of w_ and mode
shapes A_ for n=1, 2, 3, . . . m, where m is the number o? degrees

of freedom (i.e., lumped masses) assumed in an idealized structure.

The response of each mode of vibration to the design earthquake was
then computed by the response spectrum technique, as follows:

1. The base shear contribution of the nth mode V_, = WS ,(w,y)

where:

W, = effective weight of the structure in the nth mode.
T AWy ) 2

W, = S_E;EE;El_, where the subscript x refers to levels.
ZX(Axn)zwx

throughout the height of the structure, and wy is the weight
of the lumped mass at level x.

w, = angular frequency of the nth mode.

San(®,Y) = spectral acceleration of a single degree of free-
dom system with a damping coefficient of Y, obtained from the
response spectrum.

2. The horizontal load distribution for the nth mode was then
computed as:

F.o=v (Bxn¥x)
n ————m——:

X
ZyxbynWx
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The several mode contributions were then combined to give the
final response of the structure to the design earthquake.

3. The number of modes to be considered in the analysis was de-
termined to adequately represent the structure being analyzed.
The response of the modes of vibration was combined by taking
the sum of the absolute modal values. The analytical model
and results for 0.05g ground motion and 2 percent damping are
shown in Figure 5-10.

4. Seismic and wind shears are transferred across construction
Joints either by friction, by bond, by shear keys or by a

combination of these.

Large Opening (Equipment Hatch and Personnel Lock Opening)

The primary loads considered in the design of the equipment hatch and
personnel lock opening, as for any part of the structure, were dead
load, prestress, pressure, earthquake, and thermal loads. The secon-
dary loads considered were the following effects caused by the above
primary loads:

1. The deflection of tendons around the opening.
2. The curvature of the shell at the opening.
3. The thickening around the opening.

The primary loads listed are mainly membrane loads with the exception
of the thermal loads. 1In addition to membrane loads, accident pres-
sure also produces punching shear around the edge of the opening. The
values of these loads for design purposes were the magnitudes of these
loads at the center of the opening. These are fairly simple to estab-
lish knowing the values of hoop and vertical prestressing, accident
pressure, and the geometry and location of the opening.

Secondary loads were predicted by the following methods:

1. The membrane stress concentration factors and effect of the
deflection of the tendons around the equipment hatch were
analyzed for a flat plate by the finite element method. The
stresses predicted by conventional stress concentration
factors, compared with those values found from above-mentioned
finite element computer program, demonstrated that the de-
flection of the tendons does not significantly affect the
stress concentrations. This is a plane stress analysis and
does not include the effect of the curvature of the shell.
However, it gives an assurance of the correctness of the
assumed membrane stress pattern caused by the prestressing
around the opening. Results of this analysis are shown in
Figure 5-11.

2. With the help of Reference 1, stress resultants around the
large opening were found for various loading cases. Com-
parison of the results found from this reference, with the
results of a flat plate of uniform thickness with a circular
hole, showed the effect of the cylindrical curvature on stress
concentrations around the opening.
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Normal shear forces (relative to opening) were modified to
account for the effect of twisting moments as shown in Ref-
erence 1. These modified shear forces are called Kirschoff's
shear forces. Horizontal wall ties were provided to resist
a portion of these shear forces.

The effect of the thickening on the outside face around the
large opening was considered using several methods. Reference
2 was used to evaluate the effect of thickening on the stress
concentration factors for membrane stress. A separate axi-
symmetric finite element computer analysis for a flat plate
with anticipated thickening on the outside face was prepared
to handle both axisymmetric and nonaxisymmetric loads to pre-
dict the effect of the concentration of hoop tendons, with re-
spect to the Reactor Building at the top and bottom of the
opening. '

For the analysis of the thermal stresses around the opening,
the same method was used as for the other loadings. At the
edge of the opening, a uniformly distributed moment, equal but
opposite to the thermal moment existing on the rest of the
shell, was applied and evaluated using the methods of the pre~
ceding Reference 1. The effects were then superimposed on the
stresses calculated for the other loads and effects.

In the case of accident temperature, after the accident pre-
sure has already been decreased, very little or no tension
develops on the outside, so thermal strains will exist without
the relieving effect of the cracks. However, the liner plate
will reach a high strain level and so will the concrete at the
inside corner of the penetration, thereby relieving the very
high stresses, but still carrying a high moment in the state
of redistribution stresses.

In the case of 1.5P (prestress fully neutralized) + 1.OTA
(accident temperature), the cracked concrete with highly
strained tension reinforcement constitutes a shell with
stiffness decreased but still essentially constant in all
directions. 1In order to control the increased hoop moment
around the opening, the hoop reinforcement is about twice
that of the radial reinforcement. See Figure 5-3.

The equipment hatch opening was thickened for the following
reasons:

a. To reduce the larger than acceptable predicted
membrane stresses around the opening.

b. To accommodate tendon placement.
¢. To accommodate bonded steel reinforcing placement.

d. To compensate for the reduction in the overall shell
stiffness due to the opening.

5-20




The working stress method (elastic analysis) was applied to
both the load combinations for design loads, as well as for
yield loads, for the analytical procedures described above.
The only difference is the higher allowable stresses under
yield conditions. The various factored load combinations and
capacity reduction factors are specified in Appendix 5A and
were used for the yield load combinations using the working
stress design method. The design assumption of straight line
variation of stresses was maintained under yield conditions.

The governing design condition for the sides of the equipment
hatch opening at the outside edge of the opening is the acci-
dent condition. Under this condition, approximately 60 per-
cent of the total bonded reinforcing steel needed at the edge
of the opening at the outside face is required for the thermal
load. '

Excluding thermal load, the remaining stress (equivalent to
approximately 40 percent of the total load including thermal)
at the edge of the outside face is the sum of the following
stress resultants:

a. Normal stresses resulting from membrane forces, in-
cluding the effect of thickening, contribute approxi-
mately minus 35 percent (minus 14 percent of total).

b. Flexural stresses resulting from the moments caused by
thickening on the outside face contribute approximate-
ly 150 percent (60 percent of total).

c. Normal and flexural stresses resulting from membrane
forces and moments caused by the effect of cylindri-
cal curvature contribute approximately minus 15 per-
cent (minus 6 percent of total).

Penetrations

Analysis of the Reactor Building penetrations falls into three parts:
(1) the concrete shell, (2) the liner plate reinforcement and closure
to the pipe, and (3) the thermal gradients and protection requirements
at the high-temperature penetrations. The three categories will be
discussed separately.

1. Concrete Shell

In general, special design consideration is given to all open-
ings in the Reactor Building. Analysis of the various open-
ings has indicated that the degree of attention required depends
upon the penetration size. Small penetrations are considered

to be those with a diameter smaller than 2-1/2 times the shell
thickness: ie, approximately 8 feet in diameter or less. Ref-
erence 1 indicates that, for openings of 8-foot diameter or
less, the curvature effect of the shell is negligible. 1In
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general, the typical concrete wall thickness has been found
to be capable of taking the imposed stresses using bonded re-
inforcement, and the thickness is increased only as required
to provide space requirements for radially deflected tendons.
The induced stresses, due to normal thermal gradients and
postulated rupture conditions, distribute rapidly and are of
a minor nature compared to the numerous loading conditions
for which the shell must be designed. The small penetrations
are analyzed as holes in a plane sheet. Applied piping re-
straint loads due to thermal expansion or accident forces are
assumed to distribute in the cylinder as stated in Reference
3. Typical details associated with these openings are indi-
cated in Figure 5-2.

Liner Plate Closure

The stress concentrations around openings in the liner plate
were calculated using the theory of elasticity. The stress
concentrations were then reduced by the use of a thickened
plate around the opening. In the case of a penetration with
no appreciable external load, stud bolts are used to maintain
strain compatibility between the liner plate and the concrete.
Inward displacement of the liner plate at the penetration is
also controlled by the stud bolts.

In the case of a pipe penetration in which significant external
operating loads are imposed upon the penetration, the stress
level from the external loads is limited to the design stress
intensity values, S, given in the ASME Boiler and Pressure
Vessel Code, Section III, Article 4. The stress level in the
stud bolts from external loads is in accordance with the AISC
Code.

The combining of stresses from all effects is performed using
the methods outlined in the ASME Boiler and Pressure Vessel
Code, Section III, Article 4, Figure N-414. The maximum
stress intensity is the value from Figure N-415 (A) of the
previously referenced code. Figure 5-12 shows a typical
penetration and the applied loads.

Design stresses for the effects of pipe loads, pressure loads,
dead load, and earthquake were calculated and the stress in-
tensity kept below S .

The stresses from the remaining effects were combined with the
above-calculated stresses and the stress intensity kept below
S,-
Thermal Gradient

The only high temperature lines penetrating the Reactor Build-
ing shell are the main steam and feedwater. Cooling fans and
stacks designed to maintain the temperature in the penetration
below 150 F are provided.
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Liner Plate

There are no design conditions under which the liner plate is relied
upon to assist the concrete in maintaining the integrity of the
structure even though the liner will, at times, provide assistance
in order to maintain deformation compatibility.

Loads are transmitted to the liner plate through the anchorage system
and direct contact with the concrete and vice versa. Loads may be, at
times, also transmitted by bond and/or friction with the concrete.
These loads cause, or are caused by, liner strain. The liner is de-
signed to withstand the predicted strainms.

Possible cracking of concrete has been considered and reinforcing
steel is provided to control the width and spacing of the cracks.

In addition, the design is made such that total structural deforma-
tion remains small during the loading conditions, and that any crack-
ing will be orders of magnitude less than that sustained in the
repeated attempts to fail the prestressed concrete reactor vessel
"Model 1," and even smaller than the concrete strains of overpressure
tests of "Model 2" (both at General Atomic). See Reference 4 and
Reference 5.

As described, the structural integrity consequences of concrete crack-
ing are limited by the bonded reinforcing and unbonded tendons pro-
vided in accordance with the design criteria, 5.1.2. The effect os
concrete cracking on the liner plate has also been considered. The
anchor spacing and other design criteria are such that the liner will
sustain orders of magnitude of strain, for example, less than did

the liner of Model 1 at General Atomic (Reference 4) without tensile
failure.

Linér Plate Anchors

The liner plate anchors were designed to preclude failure when sub-

jected to the worst possible loading combinations. The anchors were
also designed such that, in the event of a missing or failed anchor,
the total integrity of the anchorage system would not be jeopardized
by the failure of adjacent anchors.

The following loading conditions were considered in the design of the
anchorage system:

1. Prestress

2. Internal Pressure

3. Shrinkage and Creep of Concrete
4. Thermal Gradients

5. Dead Load
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6. Earthquake
7. Wind or Tornado
8. Vacuum

The following factors were considered in the design of the anchorage
system:

1. 1Initial inward curvature of the liner plate between anchors
due to fabrication and erection inaccuracies.

2., Variation of anchor spacing.
3. Misalignment of liner plate seams.
4. Variation of plate thickness.
5. Variation of liner plate material yield stress.
6. Variation of Poisson's ratio for liner plate material.
7. Cracking of concrete in anchor zone.
8. Variation of the anchor stiffness.
The anchorage system satisfies the following conditions:

1. The anchor has sufficient strength and ductility so that its
energy absorbing capability is sufficient to restrain the
maximum force and displacement resulting from the condition
where a panel with initial outward curvature is adjacent to
a panel with initial inward curvature.

2. The anchor has sufficient flexural strength to resist the
bending moment which would result from Condition 1.

3. The anchor has sufficient strength to resist radial pull-out
force.

When the liner plate moves inward radially as shown in Figure 5-13,
the sections will develop membrane stress due to the fact that the
anchors have moved closer together. Due to initial inward curvature,
the section between 1 and 4 will deflect inward giving a longer length
than adjacent sections and some relaxation of membrane stress will
occur. It should be noted here that section 1-4 cannot reach an un-
stable condition due to the manner in which it is loaded.

The first part of the solution for the liner plate and anchorage sys-
tem is to calculate the amount of relaxation that occurs in section
1-4, since this value is also the force across anchor 1 if it is in-
finitely stiff. This solution was obtained by solving the general
differential equation for beams and the use of calculus to simulate
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relaxation or the lengthening of section 1-4. Figure 5-13 shows the
symbols for the forces that result from the first step in the solution.

Using the model shown in Figure 5-14 and evaluating the necessary
spring constants, the anchor was allowed to displace.

The solution yielded a force and displacement at anchor 1, but the
force in section 1-2 was (N) - KR(Plate)Sl and anchor 2 was no longer
in force equilibrium.

The model shown in Figure 5-14 was used to allow anchor 2 to displace
and then to evaluate the effects on anchor 1.

The displacement of anchor 1 was 57 + S'1 and the force on anchor 1
was K.(S7 + S'l). Then anchor 3 is not in force equilibrium and the
solution continued to the next anchor.

After the solution was found for displacing anchor 2 and anchor 3, the
pattern was established with respect to the effect on anchor 1 and by
inspection, the solution considering an infinite amount of anchors was
obtained in the form of a series solution.

The preceding solution yielded all necessary results. The most im-
portant results were the displacement and force on anchor 1.

Various patterns of welds attaching the angle anchors to the liner
plate have been tested for ductility and strength when subjected to
a transverse shear load such as N and are shown in Figure 5-15.

Using the results from these tests together with data from tests made

for the Fort St. Vrain PSAR, Amendment No. 2 and Oldbury vessels, Re-

ference 6, a range of possible spring constants was evaluated for the

Oconee liner. By using the solution previously obtained together with
a chosen spring constant, the amount of energy required to be absorbed
by the anchor was evaluated.

By dividing the amount of energy that the system will absorb by the
most probable maximum energy, the result then yielded the factor of
safety. '

By considering the worst possible loading condition which resulted
from the listed loading conditions and the conditions stated below,
the results in Table 5-1 were obtained.

Case I - Simulates a plate with a yield stress of 36 ksi and no
variation in any other parameters.

Case II - Simulates a 1.25 increase in yield stress and no variation
in any other parameters.

Case III ~ Simulates a 1.25 increase in yield stress, a 1.16 increase

in plate thickness and a 1.08 increase for all other para-
meters.
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Case 1V

~ Simulates a 1.88 increase in yield stress with no variation
of any other parameters.

Case V - Is the same as Case III except the anchor spacing has been
doubled to simulate what happens if an anchor is missing
or has failed.

TABLE 5-1
Nominal Initial Factor of
Plate Inward Anchor Anchor Safety
Thickness Displacement Spacing L; Spacing L Against

Case (In.) (In.) (In.) (In.) Failure

I 0.25 0.125 15 15 37.0

II 0.25 0.125 15 15 19.4

II1 0.25 0.125 15 15 9.9

v 0.25 0.125 15 15 6.28

v 0.25 0.25 30 15 4,25

Supports

In designing for structural bracket loads applied perpendicular to the
plane of the liner plate, or loads transferred through the thickness
of the liner plate, the following criteria and methods have been used:

1.

The liner plate was thickened to reduce the predicted stress
level in the plane of the liner plate. The thickened plate

with the corresponding thicker weld attaching the bracket to
the plate will also reduce the probability of the occurrence
of a leak at this location.

Under the application of a real tensile load applied perpendi-
cular to the plane of the liner plate, no yielding is to occur
in the perpendicular direction. By limiting the predicted
strain to 90 percent of the minimum guaranteed yield value,
this criterion was satisfied.

The allowable stress in the perpendicular direction was cal-
culated using the allowable predicted strain in the perpendi-
cular direction together with the predicted stresses in the
plane of the liner plate.

In setting the above criteria, the reduced strength and strain
ability of the material perpendicular to the direction of
rolling (in plane of plate) was also considered if the bracket
did not penetrate the liner thickened plate. In this case,

the major stress is normal to the plane of the liner plate.

The allowable stresses were reduced to 75 percent of the stress
permitted in Ttem (3) above.

The necessary plate characteristics were assured by ultrasonic
examination of the thickened plates for lamination defects.
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Missiles

The turbine-generator supplier has made a study of failure of rotating
elements of steam turbines and generators. The postulated types of
failures are: (1) failure of rotating components operating at or
near normal operating speed and, (2) failure of components that control
admission of steam to the turbine resulting in destructive shaft ro-
tational speed.

1.

Failure at or Near Operating Speed

All of the known turbine and generator rotor failures at near
rated speed resulted from the combination of severe. strain con-
centrations in relatively brittle materials. New alloys and
processes have been developed and adopted to minimize the pro-
bability of brittle fracture in rotors, wheels, and shafts.
Careful control of chemistry and detailed heat treating cycles
have greatly improved the mechanical properties of all of these
components. Transition temperatures (the temperature at which
the character of the fracture in the steel changes from brittle
to ductile, often identified as FATT) have been reduced on the
low temperature wheel and rotor applications for nuclear units
to well below startup temperatures. Improved steel mill prac-
tices in vacuum pouring and alloy addition have resulted in
forgings which are much more uniform and defect free than ever
before. More comprehensive vendor and manufacturer tests in-
volving improved ultrasonic and magnetic particle testing
techniques are better able to discover surface and internal de-
fects than in the past. Laboratory investigation has revealed
some of the basic relationships between structure strength,
material strength, FATT and defect size, and location so that
the reliability of the rotor as a structure has been signifi-
cantly improved over the past few years.

New starting and loading instructions have been developed to re-
duce the severity of surface and bore thermal stress cycles in-
curred during service. The new practices include:

a) Better temperature sensors.
b) Better control devices for acceleration and loading.
c) Better guidance for station operators in the control
speed, acceleration, and loading rates to minimize
rotor stresses.
Progress in design, better materials and quality control, more

rigorous acceptance criteria, and improved machine operation
have substantially reduced the likelihood of burst failures of

turbine-generator rotors operating at or near rated speed.
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Failure at Destructive Shaft Rotational Speeds

Improvements of rotor quality discussed above, while reducing
the chance of failures at operating speed, tend to increase
the hazard level associated with unlimited overspeed because
of higher bursting speed. Therefore, turbine overspeed pro-
tection systems have been evaluated as follows:

a) Main and secondary steam inlets have the following
valves in series:

1) Control valves - controlled by the speed gover-
nor and tripped closed by emergency governor
and backup overspeed trip, thus providing three
levels of control redundancy.

2) Stop valves or trip throttle valve - actuated
by the emergency governor and backup overspeed
trip, thus providing two levels of control
redundancy.

Since 1948 there have been over 650 turbines,
of over 10,000 kw each, placed in service by
the Oconee turbine supplier with no report of
main stop valves failing to close when required
to protect the turbine. Impending sticking

has been disclosed by means of the fully closed
test feature so that a planned shutdown could
be made to make the necessary correction. This
almost always involves the removal of the ox-
ide layer which builds up on the stem and bush-
ing and which would not occur on a low tempera-
ture nuclear application.

3) Combined stop and intercept valves in cross
around systems - these are actuated by the speed
governor, emergency, and backup overspeed trips.
These valves also include the testing features
described above.

The speed sensing devices for the governor and emer-
gency governor are separate from each other, thus pro-
viding two independent lines of defense.

b) Uncontrolled Extraction Lines to Feedwater Heaters

If the energy stored in an uncontrolled extraction line
is sufficient to cause a dangerous overspeed, two posi-
tive closing nonreturn valves are provided, to be ac-
tuated by the emergency governor and backup overspeed
trip. These are designed for remote manual periodic
tests to assure proper operation. The station piping,
heater, and check valve system are reviewed during the
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design stages to make sure the entrained steam can-
not overspeed the unit beyond safe limits.

Special field tests are made of new components to obtain design
information and to confirm proper operation. These include the
capability of controls to prevent excessive overspeed on loss
of load.

Careful analysis of all past failures has led to design, in-
spection, and testing procedures to substantially eliminate de-
structive overspeed as a possible cause of failure in modern
design units.

The study of postulated ruptures made by the turbine-generator
supplier concludes that the missile having the highest combina-
tion of weight, size, and energy is the last stage wheel. The
properties of this missile are summarized in Table 5-2. Ini-
tial velocities and energies shown below are based on 180 per-
cent of the initial energy being absorbed in penetrating the
casing. '

TABLE 5-2
Weight Impact Area
5944 1bs Side On ~ 8.368 sq ft
End On - 3.657 sq ft
Velocity Kinetic Energy Ft-Lbs
Initial - 710 fps Initial - 46.5 x 100
Impact Impact
Cylinder - 502 fps Cylinder - 23.25 x 100
Dome - 431 fps Dome - 18.0 x 106

Analysis of the above missile is based on calculations using
methods presented in Reference 7 to determine the depth to which
this missile would penetrate the concrete Reactor Building. Con-
servatively, no reduction of missile energy was made for pene-
tration of the Turbine Building and/or impact with intervening
equipment and structural components after leaving turbine shell.
The energy loss from 23.25 x 106 ft-lbs to 18.0 x 106 is caused
by air friction. This effect has been calculated by using a
drag coefficient of 1.0. Since the offset between the Turbine
and Reactor Buildings is relatively short, about 170 feet, no
account has been taken for air friction losses for the case in
in which the missile is ejected nearly horizontally to strike
the cylinder wall. Following are results of analysis:

Case 1:

"Side on" impact. Missile could penetrate the concrete cylinder
wall to a depth of approximately 6 inches and the dome to a
depth of approximately 5-1/2 inches. The tendons will not be
damaged since they are protected to a depth of 7-3/4 inches in
the cylinder wall and 8 inches in the dome.
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Case II:

"End on" impact. 1In this case the missile could penetrate the
concrete cylinder wall to a depth of approximately 13-3/4
inches and the dome to a depth of approximately 12-1/4 inches.
The tendon arrangement is such that the missile could strike
two adjacent tendons in the dome or a maximum of three hori-
zontal and one vertical tendons in the cylinder wall. The
local effect on the tendons could be one of either partial de-
flection or possible severance. However, analysis of the
structure indicates that the structure can withstand the loss
of three horizontal and three vertical tendons in the cylinder
wall or five adjacent tendons in the dome without loss of
function and a greater number of tendons without building
failure.

Case III:

As a final analysis, an extreme case was considered in which
none of the initial kinetic energy of the missile is absorbed
by its penetration through the turbine casing. The total ini-
tial energy of 46.5 x 10° ft~1bs is available for penetration
of the cylinder wall and 29.3 x 106 ft-1bs for penetration of
dome where the reduction is due to air friction only. The maxi-
mum depth of penetration of cylinder wall is 35-1/2 inches and
the dome is 25 inches. The missile can strike five tendons in
the dome or three horizontal and one vertical tendons in the
cylinder wall. The local effect in the impact area would be
as described in Case II above even though the depth of pene-
tration is greater.

Depths of penetration of Reactor Building wall are summarized
in Table 5-3.

TABLE 5-3

Depth of Penetration of Concrete

Case I Case TI Case IIT
Cylinder Dome Cylinder Dome Cylinder Dome

6" 5-1/2" 12-3/4" 12-1/4" 35-1/2" 25"

Since the thicknesses of the cylinder wall and dome are 45
inches and 39 inches respectively, it can be seen that the tur-
bine missile, even under extreme assumptions, does not pene-
trate the Reactor Building.

For an analysis of missiles created by a tornado having maxi-
mum wind speeds of 300 mph, two missiles were considered. One

is a missile equivalent to a 12 foot long piece of wood 8 inches ‘
in diameter traveling end on at a speed of 250 mph. The second
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is a 2000 pound automobile with a minimum impact area of 20
square feet traveling at a speed of 100 mph.

For the wood missile, calculations based on energy principle
indicate that because the impact pressure exceeds the ulti-
mate compressive strength of wood by a factor of about four,
the wood would crush due to impact. However, this could cause
a secondary source of missiles if the impact force is suffi-
ciently large to cause spalling of the free (inside) face.
The compressive shock wave which propagates inward from the
impact area generates a tensile pulse, if it is large enough,
will cause spalling of concrete as it moves back from the free
(inside) surface. This spalled piece moves off with some
velocity due to energy trapped in the material. Successive
pieces will spall until a plane is reached where the tensile
pulse becomes smaller than the tensile strength of concrete.
From the effects of impact of the 8 inch diameter by 12 foot
long wood missile, this plane in a conventionally reinforced
concrete section would be located approximately 3 inches from
the free (inside) surface. However, since the Reactor Build-
ing is prestressed, there will be residual compression in the
free face, as the tensile pulse moves out and spalling will
not occur. Calculations indicate that in the impact area a

2 inch or 3 inch deep crushing of concrete should be expected
due to excessive bearing stress due to impact.

For the automobile missile, using the same methods as in the
turbine failure analysis, the calculated depth of penetration
is 1/4 inch and for all practical purposes the effect of im-
pact on the Reactor Building is negligible.

From the above, it can be seen that the tornado generated mis-
siles neither penetrate the Reactor Building wall nor endanger
the structural integrity of the Reactor Building or any compo-
nents of the reactor coolant system.
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5.1.4 IMPLEMENTATION OF CRITERIA ‘

This section documents the manner in which the design criteria were met by the
designer.

Section 5.1.4.1 consists of isostress plots and tabulations of predicted stresses
for the various materials. The isostress plots of the homogeneous uncracked
concrete structure indicate the general stress pattern for the structure as a
whole, under various loading conditions. More specific documentation is made

of the predicted stresses for all materials in the structure. In these tabula-
tions, the predicted stress is compared with the allowable to permit an easy
comparison and evaluation of the adequacy of the design.

Sections 5.1.4.3 and 5.1.4.4 illustrate the actual details used in the design
to implement the criteria.

5.1.4.1 Results of Analysis

The isostress plots, Figures 5-6 and 5-7, show the three principal stresses and
the direction of the principal stresses normal to the hoop direction. The prin-
cipal stresses are the most significant information about the behavior of the
structure under the various conditions and were a valuable aid for the final
design.

" The plots were prepared by a cathode-ray tube plotter. The data for plotting
were taken from the stress output of the finite element computer program of the
following design load cases:

D+ F

D+ F + 1.15P

D+ F + 1.5P + TA

D+ F+ Ty
The above axisymmetric loading conditions have been found to be governing in
the design since they result in highest stresses at various locations in the

structure.

The containment stress analysis results for structural concrete and liner plate,
including shear stresses, are shown in Table 5-3A.

Rev. 5. 5/25/70
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Table 5 - 3A
STRESS ANALYSIS RESULTS
Sheet 1 of 6
STRUCTURAL DATA
LOCATION CONCRETE REINFORCING STEEL
foopsi t-in | TYPE b - % Ph -%
A 5000 39 AGLIPGR40O 0.05 0.05
B 5000 39 |AGIZGRAO 0.23 0.23
c 5000 55 |A6IS GRG0 0.16 0.16
D 5000 55 |AGISGR GO 0.30 0.30
E 5000 138 |ALISGR6O 0.06 0.06
F S000 138 |ALISGRGO 0.18 0.18
G 5000 45 |AGISGRGO
H 000 45 |AGISGRGO 0.53 0.53
) 5000 45 [AGI5GR40O
K 5000 45 [AGISGRAQ| 0.25 0.25
L 5000 63 |ALSGRE0 0. 83 0.51
[ 5000 63 |AGISGReO| 0.74 0.72
N 5000 102 |AGISGRGO 0.48 0.13
0 5000 102 |AGISGRLO| 0.87 0.31
4 5000 102 [AGI5GR60 0.19 0.19
Q 5000 102 [AGISGRGO|  0.34 0.34
NOTES
LOADING CASES I, |1, & |11 ARE WORKING STRESS ANALYSIS WHEREAS LOADING CASES IV, V. VI ARE

YIELD STRESS ANALYSIS.
FOR NOTATION AND ALLOWABLE STRESSES SEE SHEET 2.

ALL CONCRETE EXTREME FIBER STRESS (0e) ARE SHOWN FOR THE INSIDE SURFAGE. OUTSIDE SURFACE

STRESSES ARE INDICATED BY ( ). THE STRESSES LISTED ARE THE CONTROLLIMNG STRESSES FOR THAT
SECT{ON.

COMPUTED VS. ALLOWABLE RATIOS FOR CASES iV, V, AND VI INCLUDE APPROPRIATE @& FACTORS, e.g.%
ALLOWABLE SHEAR STRESSES INCLUDE STIRRUPS WHEREVER APPLICABLE.

THE STRESSES SUOWN FOR THE LOAD CASES INCLUDING T, ARE BASED ON CRACKED
SECTION ANALYSIS UNLESS NOTED &Y ¥ .

DEVIATIONS IN ALLOWABLE STRESSES ARE N ACCORDANCE WITH PSAR APPENDIX S-C.
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NOTATION
DEAD LOAD

PRESTRESS

INTERNAL PRESSURE
EARTHQUAKE (DESIGN)
EARTHQUAKE (HYPOTHETICAL)

ACCIDENT TEMPERATURE

ULTIMATE CONCRETE STRESS
STEEL RE-BAR YIELD STRESS
ALLOWABLE CONCRETE AXIAL STRESS

ALLOWABLE CONCRETE AXIAL & FLEXURE STRESS

ALLOWABLE CONCRETE SHEAR STRESS INCLUDING STIRRUPS

|F APPLICABLE

ALLOWABLE STEEL STRESS

NOMINAL MEMBRANE STRESS

COMBINED AXIAL & FLEXURE NOMINAL STRESS

ACTUAL SHEAR STRESS

SUBSCRIPT INDICATING HOOP DIRECTION

SUBSCRIPT INDICATING MERIDIONAL DIRECTION

HOOP STEEL PERCENTAGE
MERIDIONAL STEEL PERCENTAGE

TENSILE STRESSES

COMPRESSIVE STRESSES

UNCRACKED SECTION ANALYSIS

Table 5 - 3A
STRESS ANALYSIS RESULTS
Sheet 2 of 6

ALLOWABLE STRESSES

WORKING STRESS DESIEN

SHELL CONCRETE: fa = 1500 psi

fce =3000 psi

BASE CONCRETE:  fcq = 2250 psi

STEEL: AGISGRAO fs = 20,000 psi

AGISGRLO fs = 30,000 psi

YIELD STRESS DESIGN

fa = Pa(fc) = (0.85) (5000)
fce= ¢ce (fc) = (0.90) (5000)

fa = @a (fc) = (0.85) (5000)

fee = Qe (fc) = (0.90) (5000)

fs

@ (1y) = (0.90) (40,000)

fs = @ (fY) =(0.90) (60,000)

4,250 psi
4,500 psi

4,250 g

4,500 psi

36,000 psi

54,000 psi
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Table 5 - 3A

STRESS ANALYSIS RESULTS

Sheet 3 of 6

" b4 F INITIAL (Stresses in psi) case |

MER1DIONAL HOOP SHEAR
SECTION a T a a a a . Ve Veur
OUTSIDE INS|DE AX1AL OUTSIDE INS I DE AXIAL
A-B -1,340 | -1,140 -1,250 -1,283 | -1,096 | -1,178 -4 " 605
C-D -218 -1280 ~6b® -312 —460 -362 74 I00+33 | 473+33
E-F -47| -58| -44) -353 -428 -386 47 185+145 | Q1) +145
:,,‘ij G - H ~bb7 =515 -584 -860 -872 -864 34 bbb 45\
) - K -729 -673 -708 -1,20% | —-1,272 | -1,25I -4 —_ 484
L-M =319 -88| -566 -21 -349 -273 -7 10\ + 81 446+8l
N-0 141 -84 3 o) -60 -36 -6 105+257 | 2354257
g P-Q -27 -24 -26 -26 -20 -26 7 —_ 260

ALLOWABLE CONCRETE STRESSES:

fa = 1500 psi
fce = 3000 psi

Shell;
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Table 5 - 3A

Sheet 4 of 6

REACTOR BUILBING —
AND REINFORCING STEEL STRESSES

STRESS ANALYSIS RESULTS

SUMMARY OF CONCRETE

CONCRETE REINFORCING STEEL
3 LOAD CASE COMPUTED COMPUTED VS. ALLOWABLE COMPUTED COMPUTED VS. ALLOWABLE
S a aga X am aTn
i cem |geh |(dam |[cah | T e | FaE | am | oh = e
¥
1] - DeFsl.15p (=33) | ca09® | —282% | —2m* | - 5% || 0.104%| 0.188*| 0.036¥|| — — —_ _
i - D+F4P+ TyoE -1,632 [-1,422 | -412 -3068 -22 S44 | 275 | 0.083 1,608 |12,408 580 .20
A-B
IV - 0.950¢F+1.5P+ Ty - 328 |-2723 +16 +58 0 0.073% (o] 0.000 }i26,72% | 22,326 7472 .20
V - 0,95D+F¥1,25P+1, 25E+Ty -1029 |[-82% -198 -154 -23 0.229 L0471 | 0920 [[17,4062 |17,512 .485 486
VI - 0.95D4F+P+E'4 T, -1,632 (-1422 |} -412 -36% | -26 0.363 | .097 0.105 (11,60 |12,408 222 .345
I1 - DeF+l 18P ~a0® | —329% || —259% | —278* 83¥J  o.i0®| 0oss®| 02i6®| — — — —
" D+F+Pe Ty+ E -2040 |-1638 | -312 | -296 103 0.680 | ,208 | 0.8% [263G1 (21260 || .219 nmz
c-0
IV - 0.95D+Fe1,5P Ty -502 |-149% | -3l -240 79 0.229 | .05G | 0.642 {15587 |2Gi35 288 484
V - 0.95D+F+1, 25P+1.25E4 T, =920 |-1482 | -2 |-268& 109 0.529 | ,0G3> | 0.380 {15283 |21552 28% 400
VI - 0.95D+F+PeE’sT, -2232 |-1683 | -312 |-7296 109 0.496 | .073 | 0.752 ||28162 [213GO| B33 296
Il - peFel.15P 550% | 31a* | -308% | -363* ao® || | 0247%| veas¥| — — —_ —
i DeFePs TysE -29& |-1520 | -7274 -358 83 0507 | 0239 | 0170 — 112,800 — A7
E-F -
IV - 0.950sF+1.5P+ Ty -(205) |-1450 | -223 | -343 52 0.322 | 0,081 | 0107 || 2632 [12213 1.041 | 226
V - 0.950+F+1.25P +1,25E + T, -170 -23@17 -230 -350 9) 0.52&| 0.082 0153 —_— 36,228 _— .G73
VI - D.95D+F4PaE'+ Ty -295 |-1520 -2 -358 91 0238 | 0.084 | 0.151 — 12,800 — 237
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REACTOR BUILDING

Table 5 - 3A
STRESS ANALYSIS RESULTS
Sheet 5 of 6

SUMNARY OF CONCRETE
AND REINFORCING STEEL STRESSES

CONCRETE REINFORCING STEEL
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. 5.1.4.2 Prestress Losses

In accordance with the ACI Code 318-63, the design provides for prestress losses
caused by the following effects:

a. Seating of anchorage.

b. Elastic shortening of concrete.

e

Creep of concrete.

d. Shrinkage of concrete.
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e. Relaxation of prestressing steel stress.
. f. Frictional loss due to intended or unintended curvature in the tendons.
All of the above losses can be predicted with sufficient accuracy.
The environment of the prestress system and concrete is not appreciably different
in this case, from that found in numerous bridge and building applications. Con-
siderable research has been done to evaluate the above items and is available to
designers in assigning the allowances. Building code authorities consider it

acceptable practice to develop permanent designs based on these allowances.

The following categories and values of prestress losses have been considered in

the design:
Type of Loss Assumed Value

Seating of Anchorage None

Elastic Shortening of Concrete f.ni Inch/Inch

3.0 x 106
1. | Creep of Concrete 0.280 x 107® Inch/Inch/psi
Shrinkage of Concrete 100 x 107® Inch/Inch
. Relaxation of Prestressing Steel 8% of 0.65fS = 12.5 Ksi

Frictional Loss K = 0.0003, u = 0.156

There is no allowance for the seating of the BBRV anchor since no slippage occurs
in the anchor during transfer of the tendon load into the structure. Sample
lift-off readings will be taken to confirm that any seating loss is negligible.

The loss of tendon stress due to elastic shortening was based on the change in
the initial tendon relative to the last tendon stressed.

The concrete properties study conducted at Clemson University indicated an actual
1. | creep value of 0.280 x 10~ inch/inch/psi. Conversion of the unit creep data to
hoop, vertical and dome stress gives these values of stress loss in the tendons:

Hoop -16.1 Ksi
Vertical - 8.05 Ksi
Dome -16.1 Ksi
1. | A single creep loss figure of 420 x 107 inch/inch at 1500 psi (f )} was used

cpi
throughout the structure. This results in a prestress loss of 12.8 ksi.

Rev 1. 9/15/69

5-33



The value used for shrinkage loss represents only that shrinkage that could
occur after stressing. Since the concrete is, in general, well aged at the .
time of stress, little shrinkage is left to occur and add to prestress loss.

The value of relaxation loss is based on the information furnished by the tendon

system vendor, The Prescon Corporation.

Frictional loss parameters for unintentional curvature (K) and intentional cur-
vature (1) are based on full-scale friction test data. This data indicates

actual values of K = 0.0003 and ¥ = 0.125 versus the design values of K = 0.0003
and 4 = 0.156.

Assuming that the jacking stress for the tendons is 0.80 f{ or 192,000 psi and
using the above prestress loss parameters, the following tabulation shows the
magnitude of the design losses and the final effective prestress at end of 40
years for a typical dome, hoop and vertical tendon.

Dome Hoop Vertical
"(Ksi) (Ksi) "~ (Ksi)
Jacking Stress 192 192 192
Friction Loss | 19 21.31) 21
Seating Loss _ 0 0 0
@
Elastic Loss 14.5 14.3 7.2 _—__—4
Creep Loss 12.6 12.6 12.6
Shrinkage Loss 2.9 2.9 2.9
Relaxation Loss 12.5 12.5 12.5
Final Effective Stress(?)  130.5 128.4 135.8

(1) Average of crossing tendons.

(2) This force does not include the effect of pressurization which
increases the prestress force.

To provide assurance, of achievement of the desired level of Final Effective
Prestress and that ACI 318-63 requirements are met, a written procedure was
prepared for guidance of post-tensioning work. The procedures provided nominal
values for end anchor forces in terms of pressure gage readings for calibrated
jack-gage combinations. Force measurements were made at the end anchor, of
course, since that is the only practical location for such measurements.

The procedure required the measured temporary jacking force, for a single tendon,
to approach but not exceed 850 kips. (0.8f;). Thus the limits set by AC 318-
63 2606 (a) 1, and of the prestressing system supplier, were observed. Addition-
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ally, benefits were obtained hy in place testing of the tendon to provide final
assurance that the force capability exceeded that required by design. During
the increase in force, measurements were required of elongation changes and
force changes in order to allow documentation of compliance with ACI 318-63
2621 (a). The procedures required that the prestressing steel be installed in
the sheath before stressing for a sufficient time period that the temperatures
of the prestressing steel and concrete reach essential equilibrium, to esta-
blish conformance with ACT 318-63 2621 (e). The jacking force of 0.8f% further
provided for a means of equalizing the force in individual wires of a tendon

to establish compliance with ACI 318-63 2621 (b). The procedures required
compliance with ACI.-318-63 such that, if broken wires resulted from the post-
tensioning sequence, compliance with section 2621 (d) was documented. Each of
the above procedures contributed to assurance that the desired level of Final
Effective Prestress would be achieved.

The requirements of ACI 318-63 2606 (a) 2 state that fg should not exceed
0.7f% for "post-tensioning tendons immediately after anchoring'.

Industry has been considering rewriting that requirement such that it has only
one interpretation rather than the several now possible. Consideration is
also being given to raising the value of 0.7f) or eliminating the requirement
entirely and, instead, retaining the 0.8f% or some other limitation on tempor-
ary jacking force.

Paragraph 2606 (a) 2 of ACI 318-63 refers to 'tendons' rather than to an indivi-
dual tendon. Further, the paragraph does not refer to the location to be con-
sidered for the determination of fg in the manner, for example, of the "temporary
jacking force'" referred to in paragraph 2606 (a) 1.

Two interpretations were therefore required. Both interpretations had to con-
sider the effect of the resultant actions on both the prestressing system and
structure.

The first interpretation was that the location for measurement of the seating
force, used in calculating fé was at the end anchor and just subsequent to the
measurement of the '"temporary jacking force" referred to in ACI 2606 (a) 1.

The advantages of this location are several. One is that it is a practical

one and thus the possibility for achieving valid measurements is greater. The
second is that it is the same location used for measuring the "temporary jacking
force'" and measurements could be made without the added complexity of addi-
tional measuring devices. The third advantage is that measurements at this
location provide assurance that the calculated f§ does not anywhere exceed the
maximum f§ to which that tendon has been subjected.

Several possible cases were considered for the second interpretation so as to
allow anchoring of an individual tendon without exceeding the requirement
stated for "tendons'" collectively in ACI 318-63 2606 (a) 2. One-such case
assumed that the anchoring force for the typical tendon was that for a tendon
anchored midway through the prestressing sequence. It further assumed that
the losses to be assumed were one-half of the sum of elastic losses, and of
the creep, shrinkage and relaxation predicted to occur during the entire pre-
stressing sequence. This interpretation however was not considered to be
practical nor enforceable since it resulted in changing the seating forces as
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'lp
the actual, (as compared to the schedule), time length of the prestressing
period was dictated by weather, and manpawer availability. ‘

Another case considered was that of anchoring each tendon at a measured force
of 850 kips (0.8fg). Although there was no apparent detrimental effect to
the prestressing system or structure, insertion of shims would be almost im-
possible. Further, it was concluded that this case would not establish com-
pliance with ACI 318-63.

The case adopted was to seat each tendon with-a measured 'pressure' reading
for the jack, at "lift-off" of the end anchor, of 775 kips (between 0.72 and
0.73 fé). This procedure had several advantages.

One advantage was that the force on the containment and the tendon was within
the bounds of those for which it had been tested and resulted in no known detri-
mental effects. The second advantage was that the stressing procedure was
simplified, since the stressing crews did not have to accommodate a large
number of different anchoring force requirements. The third advantage was that,
at the completion of stressing the last tendon, the expected losses were such
that the average fg at the end anchors of the tendons would be less than 0.7 fg,
thus establishing compliance with ACI 318-63 2606 (a) 1 and 2. The fourth ad-
vantage was that the percentage loss of prestressing force was less than would
be the case if the tendons were anchored in such a manner the calculated value
of f£§ nowhere exceeded 0.7 f§.

The latter advantage deserves special mention since it plays a strong role in
assuring that the Final Effective Prestress equalled or exceeded the desired
value. For example, if the fg5 at anchorage of the tendons were 0.1 f§, creep
and shrinkage of concrete could result in the loss of almest all of the pre-
stressing force. Assuming that the total losses due to creep, shrinkage and
elastic shortening equals 0.1 f§, then the Final Effective Prestress would be
20% of an initial prestress equivalent to 0.5 fi. 1If the initial prestress
were equivalent to 0.7 fg, the Final Effective Prestress, neglecting relaxation
for the moment, would be about 867 of the initial prestress. Clearly, the
assurance (that the concrete creep and shrinkage losses have been properly
accounted for) increases as the fi for the anchored tendons and tendon in-
creases. However, this design was committed to meeting the ACI 318-63 require-
ment and the anchorage force for the tendons was kept at or below 0.7 f& in
accordance with the interpretation described.

5.1.4.3 Liner Plate

The design criteria which are applied to the Reactor Building liner to assure
that the specified leak rate is not exceed under accident conditions are as
follows:

a. That the liner be protected against damage by missiles (see 5.1.5.3).

b. That the liner plate strains be limited to allowable values that have
been shown to result in leak tight vessels or pressure piping.
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c. That the liner plate be prevented from developing significant distor-
tion.

d. That all discontinuities and openings be well anchored to accommodate
the forces exerted by the restrained liner plate, and that careful
attention be paid to details of corners and connections to minimize
the effects of discontinuities.

The most appropriate basis for establishing allowable liner plate strains is
considered to be the ASME Boiler and Pressure Vessel Code, Section III, Nuclear
Vessels, Article 4. Specifically the following sections have been adopted as
guides in establishing allowable strain limits: '

Paragraph N-412 (m) Thermal Stress (2)
Paragraph N-414.5 Peak Stress Intensity
Table N-413

Figure N-414, N-415 (A)
Paragraph N-412 (n)
Paragraph N-415.,1

Implementation of the ASME design criteria requires that the liner material be
prevented from experiencing significant distortion due to thermal load and that
the stresses be considered from a fatigue standpoint (Paragraph N-412 (m) (2) ).

The following fatigue loads are considered in the design of the liner plate:

a. Thermal cycling due to annual outdoor temperature variations. The
number of cycles for this loading is 40 cycles for the plant life
of 40 years.

b. Thermal cycling due to Reactor Building interior temperature varying
during the startup and shutdown of the reactor system. The number of
cycles for this loading is assumed to be 500 cycles.

c. Thermal cycling due to the loss-of-coolant accident will be assumed
to be one cycle. Thermal load cycles in the piping systems are
somewhat isolated from the liner plate penetrations by the concentric
sleeves between the pipe and the liner plate. The attachment sleeve
is designed in accordance with ASME Section III fatigue considerations.
All penetrations are reviewed for a conservative number of cycles to
be expected during the plant life.

The thermal stresses in the liner plate fall into the categories considered in
Article 4, Section III, Nuclear Vessels of the ASME Boiler and Pressure Vessel
Code. The allowable stresses in Figure N-415 (A) are for alternating stress in-
tensity for carbon steel and temperatures not exceeding 700°F.

In accordance with ASME Code, Paragraph 412 (m) (2), the liner plate is re-
strained against significant distortion by continuous angle anchors and never
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exceeds the temperature limitation of 700°F and also satisfies the criteria for
limiting strains on the basis of fatigue consideration.

Paragraph 412 (n), Figure N-415 (A) of the ASME Code has been developed as a
result of research, industry experience, and the proven performance of code
vessels, and it is a part of a recognized design code. Figure N-415 (A) and
its appropriate limitations have been used as a basis for establishing allow-
able liner plate strains. Since the graph in Figure N-415 (A) does not extend
below ten cycles, ten cycles are being used for a loss of coolant accident in-
stead of one cycle.

The maximum compressive strains are caused by accident pressure, thermal load-
ing prestress, shrinkage and creep. The maximum strains do not exceed .0025
inch/inch and the liner plate always remains in a stable conditionm.

At all penetrations the liner plate is thickened to reduce stress concentrations
in accordance with the ASME Boiler and Pressure Vessel Code 1965, Section III,
Nuclear Vessels.

The liner plate is anchored as shown in Figure 5-1 with anchorage in both the
longitudinal and hoop direction. The anchor spacing and welds were designed
to preclude failure of an individual anchor. The load deformation tests re-
ferred to in 5.1.3.2 indicate that the alternate stitch fillet weld used to
secure the anchor to the liner plate would first fail in the weld and not
jeopardize the liner plate leak tight integrity.

Offsets at liner plate seams are controlled in accordance with ASME Section III

. Code, which allows 1/16 inch misalignment for 1/4 inch plate. The flexural
strains due to the moment resulting from the misalignment were added to calculate
the total strain in the liner plate.

The liner plate plus structural shapes to support the liner are ASTM A36 or
ASTM A516 steel. The selection of this material complies with ''Safety Standard
for Design, Fabrication and Maintenance of Steel Containment Structures for
Stationary Nuclear Power Reactors' prepared by Subcommittee N6.2, Containment,
of ASA Sectional Committee N6, Reactor Safety Standards.

5.1.4.4 Penetrations

Penetrations conform to the applicable sections of ASA N6.2-1965, "Safety Standard
for the Design, Fabrication and Maintenance of Steel Containment Structures for
Stationary Nuclear Power Reactors.' All personnel locks and any portion of the
equipment access door extending beyond the concrete shell conform in all respects
to the requirements of ASME Section III, Nuclear Vessels Code.

The basis for limiting strains in the penetration steel is the ASME Boiler and
Pressure Vessel Code for Nuclear Vessels, Section III, Article 4, 1965, and there-
fore, the penetration structural and leak tightness integrity are maintained.
Local heating of the concrete immediately around the penetration will develop
compressive stress in the concrete adjacent to the penetration and a negligible
amount of tensile stress over a large area. The mild steel reinforcing added
around penetrations distributes local compressive stresses for overall struc-
tural integrity.
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Horizontal and vertical bonded reinforcement is provided to help resist mem-
brane and flexural loads at the penetrations. This reinforcement was located
on both the inside and outside face of the concrete. Stirrups were also used
to assist in resisting shear loads.

Local crushing of the concrete due to deflection of the reinforcing or tendons
is precluded by the following details:

a. The surface reinforcements either have a very large radius such as
hoop bars concentric with the penetration or are practically straight,
having only standard hooks as anchorages where necessary.

b. The tendons are bent around penetrations at a mimimum radius of
approximately 20 feet. Maximum tendon force at initial prestress is
850 kips, which results in a bearing stress of about 880 psi on the
concrete.

It is also important to note that the deflected tendons are continuous past
the openings and are isolated from the local effects of stress concentrations
by virtue of being unbonded. '

In accordance with ASME Section III, piping penetration reinforcing plates and
the weldment of the pipe closure to it are stress relieved. This code require-
ment and the grouping of penetrations into large shop assemblies permit a mini-
mum of field welding at penetrations.

The personnel hatch consists of a steel cylinder with 3 ft.-6 in. x 6 ft.-8 in.
doors at each end interlocked so that only one door can be open at any time.
The hatch is designed to withstand all Reactor Building design conditions with
either or both doors closed and locked. Doors open toward the center of the
Reactor Building and are thus sealed under Reactor Building pressure. Design
live load on the hatch floor is 200 psf.

Operation of the hatch is normally manual, that is, without power assist. In-—
terlocks will prevent opening both doors at once.

Double gaskets are provided on the outer door to permit periodic pressurizing of
the space between the gaskets from outside the Reactor Building. The hatch
barrel may be pressurized to demonstrate its leak tightness without pressurizing
the Reactor Building. Auxiliary restraint beams are attached to the inner door
in this case to help the locking bars to resist internal lock pressure, which is
greatly in excess of the Reactor Building design external pressure of 3 psig.
The personnel hatch was pneumatically shop tested for pressure and leakage.

Figure 5-3 shows the principal features of the personnel hatch.

An emergency hatch is provided with 30 inch diameter doors. Its features are
identical to the personnel hatch.

A 19-foot diameter equipment hatch opening to the outside provides for movement

of large items into and out of the Reactor Building. The door is secured by
bolts on the inside of the Reactor Building wall and can be opened only from
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inside the Reactor Building. It is opened only when the reactor is subcritical.
Double gaskets on the door permit the seals to be pressurized from outside the
Reactor Building to check the integrity of the seals. During operation, the
space between the double gaskets is vented to the penetration room.

Figure 5-3 shows the principal features of the equipment hatch.

a.

5.1.4.5

Piping and Ventilation Penetrations

All piping and ventilation penetrations are of the rigid welded type
and are solidly anchored to the Reactor Building wall or foundation
slab, thus precluding any requirements for expansion bellows. All pene-
trations and anchorages are designed for the forces and moments re-
sulting from operating conditions. External guides and stops are pro-
vided as required to limit motions, bending and torsional moments to
prevent rupture of the penetrations and the adjacent liner plate for
postulated pipe rupture. Piping and ventilation penetrations have no
provision for individual testing since they are of all-welded construc-
tion.

For typical details of piping penetrations, see Figure 5-2.

Electrical Penetrations

Medium voltage penetrations for reactor coolant pump power shown on
Figure 5-2 are canister type using glass sealed bushings for conductor
seals. The canisters are filled to a positive pressure with an inert
gas. The assemblies are bolted to mating flanges which incorporate
double "0" ring seals with a test port between as a means of verifying
seal integrity.

Low voltage power, control and instrumentation assemblies are shown

on Figure 5-2. These assemblies are designed to bolt to mating

flanges mounted inside the Reactor Building. Each assembly includes
two header plates to which are welded glass to metal sealed conductors.
The space between the seal headers is piped to a pressure gage and a
charging valve located outside of the Reactor Building. This test
volume is pressurized with an inert gas. Dual "0" rings with a test
port between are used to complete the seal to the mating flange, which
is welded to the penetration nozzle.

Miscellaneous Considerations

In various cases, it has been the designer's decision to provide structural ade-
quacy beyond that required by the design criteria. Those cases are as follows:

a.

Section 5.1.2.5 requires a mimimum of 0.15 percent bonded reinforcing
steel in two perpendicular directions on the exterior faces of the
wall and dome for proper crack control. Due to the weather exposure,
a mimimum of approximately 0.5 percent was provided.
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5.1.5

5.1.5.1

Section 5.1.2.5 requires a minimum of 0.15 percent bonded steel rein-

forcing (as stated above) for any location. At the base of the cylin-
der, the controlling design case requires 0.25 percent vertical rein-

forcing. As a result of pursuing the recommendation of the AEC Staff

to further investigate current research on shear in concrete, several

steps were taken:

1. The work of Dr. Alan H. Mattock was reviewed and he was re-
tained as a consultant on the implementation of the current
research being conducted under his direction. The criteria
has been updated in accordance with his recommendations.

2. Concurrently with reviewing Dr. Mattock's work, the firm of
T. Y. Lin, Kulka, Yang and Associates was consulted to review
the detailed design of the cylinder to slab connection. It
was their recommendation to use approximately 0.5 percent re-
inforcing rather than the 0.25 percent reinforcing indicated
by the detailed design analysis for the vertical wall dowels.
This increase would assure that there was sufficient flexural
steel to place the section within the lower limits of Mattock's
test data (approximately 0.3 percent) to prevent flexural
cracking from adversely affecting the shear capability of the
section.

INTERIOR STRUCTURE

Design Bases

The Reactor Building interior structure (comprising all elements inside the
Reactor Building shell) is a Seismic Class I structure and is designed on the
following bases:

a.

The stresses in any portion of the structure under the action of dead
load, live load and design seismic load will be below the allowable
stresses given by either the ACI Building Code, ACI 318-1963 except as
noted in 5.1.2.6, AISC Manual of Steel Construction, 6th Edition.

The stresses in any portion of the structure under the action of dead
load, and thermal load will be below 133 percent of the allowable
stresses given in (a).

The capability to safely shut down the plant will be maintained under
the combined action of dead load, maximum seismic load, pressure and
jet impingement load. The latter two loads are based on the rupture
of one pipe in the primary loop. The deflections of structures and
supports under these combined loads would be such that the functioning
of engineered safeguards equipment would not be impaired. The yield
load equations in Appendix 5A are adhered to except that local yielding
is permitted for pipe, jet or missile barriers provided there is no
general failure.

Rev. 1. 9/15/69
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5.1.5.2 Design Loads and Materials

The Reactor Building interior structure consists of (1) the reactor cavity,
(2) two steam generator compartments, and (3) a refueling pool which is located
between the steam generator compartments and above the reactor cavity.

The reactor cavity houses the reactor vessel and serves as a biological shield
wall. The reactor cavity is also designed to contain core flooding water up
to the level of the reactor nozzles. :

The primary functions of the steam generator compartment walls are to serve as
secondary shield walls and to resist the pressure and jet loads described below.

The foundations for all NSSS equipment including the reactor vessel, the steam
generators, and the pressurizer are designed to remain within the elastic range
during rupture of any pipe combined with the "maximum earthquake."

The design pressure differential across walls and slabs of enclosed compart-
ments in the internal structure are as follows:

Reactor Cavity - 208 psi
East Steam Generator Compartment - 11.1 psi
West Steam Generator Compartment - 11.1 psi

In addition to the peak pressure differentials, the steam generator compart-
ment walls are designed for simultaneous action of a single jet impingement
load and the safe shutdown earthquake. Design of structures was done using
conventional structural analytical techniques.

Pipe whipping restraints are provided for the main steam, feedwater and other
high-pressure piping in accordance with criteria in Section 5.4.

The materials used for the above structural elements are as follows:

Structural Steel ~ASTM A36

Concrete -fé 4000 psi at 28 days.

-f, = 5000 psi at 28 days (for steam
generator bases, reactor foundation,
and primary shield wall).

Reinforcing Bars -ASTM A615, Grade 40 for Bars #11 and under
ASTM A615, Grade 60 for Bars larger than {11.

5.1.5.3 Missile Protection

High-pressure reactor coolant system equipment which could be the source of

missiles is suitably screened by the concrete shield wall enclosing the reactor
coolant loops and by special missile shields to block any passage of missiles to
the Reactor Building walls. Potential missile sources are oriented so that the
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potential missile will be intercepted by the shields and structures provided.
A structure is provided over the control rod drive mechanisms to block any
missiles generated from the unlikely fracture of the mechanisms.

Missile protection is provided to comply with the following criteria:

a. The Reactor Building and liner are protected from loss of function
due to damage by such missiles as might be generated in a loss-of-
coolant accident for break sizes up to and including the double-
ended severance of a main coolant pipe.

b. The engineered safeguards system and components required to maintain
Reactor Building integrity are protected against loss of function due
to damage by the missiles defined below.

During the detailed plant design, the missile protection necessary to meet the
above criteria was developed and implemented using the following methods:

a. Components of the reactor coolant system were examined to identify and
to classify missiles according to size, shape and kinetic energy for
purposes of analyzing their effects.

b. Missile velocities were calculated considering both fluid and mechani-
cal driving forces which can act during missile generation.

c. The reactor coolant system is surrounded by reinforced concrete and
steel structures designed to withstand the forces associated with
double~ended rupture of a main coolant pipe and designed to stop
missiles.

d. The structural design of the missile shielding takes into account both
static and impact loads and is based upon the state of the art of
missile penetration data.

The types of missiles for which missile protection is provided are:

a. Valve stems.

b. Valve bonnets.

c. Instrument thimbles.

d. Various types and sizes of nuts and bolts.

Protection is not provided for certain types of missiles for which postulated
accidents are considered incredible because of the material characteristics,
inspections, quality control during fabrication, and conservative design as
applied to the particular component. Included in this category are missiles

caused by massive, rapid failure of the reactor vessel, steam generator, pressu-
rizer, main coolant pump casings and drives.
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5.2 ISOLATION SYSTEM

5.2.1 DESIGN BASES
The general design basis governing isolation valve requirements is:

Leakage through all fluid penetrations not serving accident—-consequence-
limiting systems is to be minimized by a double barrier so that no single,
credible failure or malfunction of an active component can result in loss-
of-isolation or intolerable leakage. The installed double barriers take
the form of closed piping systems, both inside and outside the Reactor
Building, and various types of isolation valves.

Reactor Building isolation occurs on a signal of approximately 4 psig in the
Reactor Building. Valves which isolate penetrations that are directly open to
the Reactor Building, such as the Reactor Building purge valves and sump drain
valves, will also be closed on a high radiation signal. (11.1.2.4.2)

The isolation system closes all fluid penetrations, not required for operation
of the engineered safeguards systems, to prevent the leakage of radioactive
materials to the environment.

All remotely operated Reactor Building isolation valves are provided with posi-
tion limit indicators in the control room.

5.2.2 SYSTEM DESIGN '
4

The fluid penetrations which require isolation after an accident may be classed
as follows:

Type I. Each line connecting directly to the reactor coolant system
has two Reactor Building isolation valves. One valve is inside
and the other valve is outside the Reactor Building. These
valves may be either a check valve and a remotely operated valve,
or two remotely operated valves, depending upon the direction of
normal flow.

Type II. Each line connecting directly to the Reactor Building atmosphere
has two isolation valves. At least one valve is outside and the
other may be inside or outside the Reactor Building. These valves
may be either a check valve and a remotely operated valve or two
remotely operated valves, depending upon the direction of normal
flow. '

Type III. Each line not directly connected to the reactor coolant system
or not open to the Reactor Building atmosphere has at least
one valve, either a check valve or a remotely operated valve.
This valve is located outside the Reactor Building.

Type 1IV. Lines which penetrate the Reactor Building and are connected to
either the building or the reactor coolant system, but which are _
not normally open during reactor operation, may have manual valves .
with provisions for locking in a closed position.
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There are additional subdivisions in each of these major groups. The indivi-~
dual system flow diagrams show the manner in which each Reactor Building isola-
tion valve arrangement fits into its respective system. For convenience, each
different valve arrangement is shown in Table 5-4 and Figures 5-16 through 5-19
of this section. The symbols on these figures are identified on Figure 9-1.

This table lists the mode of actuation, the type of valve, its normal position
and its position under Reactor Building isolation conditions. The specific
system penetrations to which each of the arrangements is applied is also present-
ed. It may be noted that only electric motor-operated or check valves are used
inside the Reactor Building. Each valve will be tested periodically during normal
operation or during shutdown conditions to assure its operability when needed.

The accident analysis for failure or malfunction of each valve is presented with
the respective system evaluation of which that valve is a part, eg, chem1ca1
addition and sampling system, etc. in Sections 6 and 9.

There is sufficient redundancy in the instrumentation circuits of the engineered
safeguards protective system to minimize the possibility of inadvertent tripping
of the isolation system. Further discussion of this redundancy and the instru-

mentation signals which trip the isolation system is presented in Section 7.

The system abbreviations which are used in column three of Table 5-4 are defined
as follows:

HP High Pressure Injection System

LP Low Pressure Injection System

CC Component Cooling System (Reactor Bu1ld1ng)
SF Spent Fuel Cooling System

WD Waste Disposal System ’
CA Chemical Addition and Sampling System

BS Reactor Building Spray System

LPSW Low Pressure Service Water System

CF Core Flooding System

SS Steam Supply System

Table 5-4 can be found at the end of Section 5.
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5.3 VENTILATION SYSTEM

5.3.1 DESIGN BASES

5.3.1.1 Governing Conditions

The Reactor Building normal ventilation system is composed of the normal

cooling system and the purge system and accomplishes two functions. One

function is the removal of normal heat loss from equipment and piping in

the Reactor Building, and the other is to purge the Reactor Building with
fresh air whenever desired.

The Reactor Building normal and emergency cooling units are combined into
one system. The Reactor Building's ventilation system is described in
Section 6, "Engineered Safeguards."

5.3.1.2 Sizing

To provide for access to the Reactor Building, the normal ventilation system
is sized to control the interior air temperature to 104 F in accessible areas
during operation and a minimum of 60 F during shutdown.

The purge system equipment is sized for a flow rate of 50,000 scfm, providing
approximately 1.5 air changes per hour in the Reactor Building. The normal
cooling units will be utilized and are sized to distribute adequate air over
and around all heat producing or releasing equipment.

5.3.2 SYSTEM DESIGN

A flow diagrém of the normal ventilation and purge systems is shown in
Figure 5-20.

The normal cooling system consists of fan—cooler units located outside the
secondary shielding. These units recirculate and cool the Reactor Building
atmosphere. The coolers use low pressure service water as the heat removal
medium. The fan units discharge the cooled air through ducts to provide
adequate distribution for the equipment and areas including the reactor
cavity.

The purge system consists of a heater and filters and a discharge fan-filter
unit. All of the purge system, except interior ducts, and two isolation valves
are located outside the Reactor Building. Ducts are provided inside the Re-
actor Building for adequate distribution.

The purge system discharge to the unit vent is monitored and alarmed to prevent
release exceeding acceptable limits.

5.3.2.1 Isolation Valves

Since the normal cooling system is contained completely within the Reactor

Building, it does not include provisions for any isolation valves other than
on cooling water lines. The purge system is provided with double automatic
isolation valves (or dampers) in both the supply and discharge ducts. These
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valves are normally closed and will be opened only for the purging operation.
They are electrically actuated inside the Reactor Building and pneumatically
actuated outside the Reactor Building. Refer to 6.4 for a discussion of the
penetration room ventilation system.

The isolation signal and controls are discussed in 5.2. Operability testing
of the isolation valves is accomplished each time the purge system is put
into operation. Analysis of effect on LOCA dose in the event a LOCA occurred
while the Reactor Building is being purged is reported in 14.2.2.3.7.

5.4 LEAKAGE MONITORING SYSTEM

No continuous leakage monitoring system will be provided.

The barrier to leakage in the Reactor Building is the one-quarter inch steel
liner plate. All penetrations are continuously welded to the liner plate be-
fore the concrete in which they are embedded is placed. The penetrations,
shown on Figure 5-2 and 5-3, become an integral part of the liner and are so
designed, installed, and tested.

The steel liner plate is securely attached to the prestressed concrete Re-
actor Building and is an integral part of this structure. This Reactor Build-
ing is conservatively designed and rigorously analyzed for the extreme loading
conditions of a highly improbably hypothetical accident, as well as for all
other types of loading conditions which could be experienced. Thorough control
is maintained over the quality of all materials and workmanship during all
stages of fabrication and erection of the liner plate and penetrations and
during construction of the entire Reactor Building.

The comprehensive program for preoperational testing, inspection, and post-
operational surveillance is described in detail in 5.6, "Tests and Inspection,"
and is summarized in the following paragraphs.

During construction, the entire length of every seam weld in the liner plate

is leak tested. Individual penetration assemblies are shop tested. Welded
connections between penetration assemblies and the liner plate are individually
leak tested after installation. Following completion of construction, the
entire Reactor Building, the liner, and all its penetrations are tested at 115
percent of the design pressure to establish structural integrity. The initial
leak rate tests of the entire Reactor Building are conducted at the maximum
calculated peak accident pressure and at one-half this pressure to demonstrate
vapor tightness and to establish a reference for periodic leak testing for the
life of the station. Multiple and redundant systems based on different engi-
neering principles are provided as described in Section 6, "Engineered Safe-
guards," to provide a very high degree of assurance that the accident condi-
tions will never be exceeded and that the vapor barrier of the containment will
never be jeopardized.

Under all normal operating conditions and under accidental conditions short of
the worst loss-of-coolant accident, virtually no possibility exists that any
leakage could occur or that the integrity of the vapor barrier could be vio-
lated in any way that would be significant to the public health and safety

or to that of the station personnel. Adequate administrative controls will be
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enforced to minimize the possibility of human error. Station operators will
be trained and licensed in accordance with regulations. Safety analyses are
presented in Section 14, '

Penetrations such as the personnel access and emergency hatches cannot be
opened except by deliberate action and are interlocked and alarmed by fail-
safe devices such that the Reactor Building will not be breached unintention-
ally. The liner plate over the foundation slab is protected by cover concrete.
Wherever access to the liner plate is blocked by interior concrete, means are
provided so that weld seams can be tested for leakage. The liner plate is
protected against corrosion by suitable coatings. Walls and floors for bio-
logical and missile shielding, and for access and operating purposes, also
provide compartmentation which constitutes protection for the liner during
operating as well as accident conditions.

Once the adequacy of the liner has been established initially, there is no
reason to anticipate progressive deterioration during the life of the station
which would reduce the effectiveness of the liner as a vapor barrier. Inside
the Reactor Building, the atmosphere is subject to a high degree of tempera-
ture control. The outside of the liner is protected by 3-3/4 feet of pre-
stressed concrete which is exceptionally resistant to all weather conditioms.

Inspection on a periodic basis, as necessary, will be conducted in all spaces
accessible under full power operation. Biological shielding is provided to
reduce radiation to limits which make occupancy of spaces adjacent to the
liner permissible.
All penetrations except the following are grouped within or vented to the
penetration room. Any leakage that might occur from these penetrations will
be collected and discharged through high efficiency particulate air (HEPA)
filters and charcoal filters to the unit vent as described in 6.4. 1In this
manner, leakage which might occur from these penetrations will be isolated
from leakage which might occur through the Reactor Building itself.

a., Main Steam Lines

b. Sump Drain Lines

c. Decay Heat Removal Lines

d. Reactor Building Equipment Drain Lines

The above lines are not considered a source of 31gn1flcant leakage because
they are welded to the liner plate.

Individual major penetrations or groups of penetrations will be tested by means
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of permanently installed pressure connections or temporarily installed pressure
or vacuum boxes. If necessary, liner plate weld seams will be tested by the
vacuum box soap bubble method where accessible, or by means of the permanently
installed backup channels and angles where inaccessible.

In any event, sources of excessive leakage will be located and such corrective
action as necessary will be taken. This will consist of repair or replacement.
Appropriate action will also be taken to minimize the possibility of recurrence
of excessive leakage, including such redesign as might prove to be necessary to
protect public health and safety. Leak testing will be continued until a satis-
factory leak rate has again been demonstrated.

A considerable background of operating experience is being accumulated on con-
tainments and penetrations. Full advantage of this knowledge has been taken
in all phases of design, fabrication, installation, inspection and testing.
Practical improvements in design and details have been incorporated as they
are developed, where applicable.

The steel-lined Reactor Building is self-sufficient, and other than valves and
hatch doors, there are no operating parts. The containment boundary is extended
only by listed penetrations and further described and tabulated in 5.2, "Iso-
lation System" and 5.3, "Ventilation System."

5.5 SYSTEM DESIGN EVALUATION

The penetration room ventilation system described in 6.4 provides a partial
double containment system and is an additional engineered safeguard.

A full evaluation of the containment system which is provided is included in

5.4, "Leakage Monitoring System," in justification of not providing such a moni-
toring system. The Reactor Building with the appurtenant engineered safeguards
systems will prevent uncontrolled release of radioactivity to plant and surround-
ing areas during normal operating and accident conditions, as well as for lesser
accidental conditions. Containment integrity is maintained whenever, simultan-
eously, the reactor coolant system is pressurized above 300 psig, the reactor
coolant temperature is 200 F or above and there is nuclear fuel in the core.

5.6 TESTS AND INSPECTION
5.6.1 EREOPERATIONAL TESTING AND INSPECTION
5.6.,1.1 During Construction

Test, code, and cleanliness requirements accompanied each specification or
purchase order for materials and equipment. Hydrostatic, leak, metallurgical,
electrical, and other tests to be performed by the supplying manufacturers are
enumerated in the specifications together with the requirements, if any, for
test witnessing by an inspector. Fabrication and cleanliness standards, inclu-
ding final cleaning and sealing, are described together with shipping procedures.
Standards and tests are specified in accordance with applicable regulations,
recognized technical society codes and current industrial practices.
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Inspection is performed in the shops of vendors and subcontractors as necessary
to verify compliance with specifications. ‘

The following codes of practice are used to establish standards of construction
procedure:

ACI 301 - Specification for Structural Concrete for Buildings
(Proposed)

ACI 318 - Building Code Requirements for Reinforced Concrete

ACI 347 - Recommended Practice for Concrete Framework

ACTI 605 -~ Recommended Practice for Hot Weather Concreting

ACT 613 - Recommended Practice for Selecting Proportions for
Concrete

ACI 614 - Recommended Practice for Measuring, Mixing and
Placing Concrete

ACTI 315 - Manual of Standard Practice for Detailing Reinforced
Concrete Structures

ASME - Boiler and Pressure Vessel Code, Sections III, VIII,
and IX

AISC - Steel Construction Manual

PCI - Inspection Manual

5.6.1.1.1 Concrete

Testing of concrete materials and concrete as placed is described in Appendix 1B.
An experienced full-time concrete inspector continuously checked concrete batching
and placing operations.

Concrete mixes were designed and the associated tests run by the concrete testing
laboratory at Clemson University in accordance with ACI 613. During construction,
the field inspection personnel made minor modifications that were necessitated by
variations in aggregate gradation or moisture content.

In determining the design mixes, air content, slump and bleeding tests were run in
accordance with the appropriate ASTM Specifications.

The concrete ingredients consist of Type II Cement (ASTM C-150), Solar 25 air
entraining agent (ASTM C-260), Plastiment water reducing agent (ASTM C-494),
Aggregate (ASTM C-33) and water that was free from injurious amounts of chlorides,
sulphates, oil, acid, alkali, organic matter, or other deleterious substances.

Fine aggregate consists of clean, sharp, washed sand of uniform gradation
from Becker County Hagood Quarry. Coarse aggregate consists of washed crushed ‘
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rock having hard, strong, durable pieces of Gaffney marble from Campbell Limestone
Company. The acceptability of the aggregate was based on Los Angeles Abrasion,
Clay Lumps Natural Aggregates, Material Finer number 200 sieve, Organic impurities
effect on Mortar, Organic impurities - Sands, Potential Reactivity, Seive Analysis,
Soundness, Specific Gravity and Absorption, and Petrographic tests based on the
appropriate ASTM Specificiations.

Cast-in-place concrete was used to construct the Reactor Building shell. The base
slab construction was performed in seven pours utilizing large block pours. After
the completion of the base slab steel liner erection and testing, an additional
concrete slab was placed to provide protection for the floor liner.

The concrete placement in the walls was done in 10 ft high lifts with vertical
joints at the radial center line of each of six buttresses. Cantilevered jump
forms on the exterior face and interior steel wall liner served as the forms
for the wall concrete.

The dome liner plate, temporarily supported by 18 radial steel trusses and purlins,
served as an inner form for the initial 8 inch thick pour in the dome. The weight
of the subsequent pour was supported in turn by the initial 8 inch pour. The
trusses were lowered away from the liner plate afterthe initial 8 inches of con-
crete had reached design strength, but prior to the placing of the balance of the
dome concrete.

The horizontal and the vertical construction joints were prepared by blasting
with compressed air. Horizontal surfaces were covered with approximately 1/4
inch thick mortar of the same cement-sand ratio as used in the concrete immedia--
tely before concrete placing.

5.6.1.1.2 Prestressing

Testing and inspection of all prestressing materials and special installation
equipment is described in Appendix 5B. Full-time supervision of the pre-stressing
operation was provided.

The BBRV post-tensioning system furnished by The Prescon Corporation was used.

Each tendon consists of ninety 1/4 inch diameter wires conforming with ASTM
A-421-65T, two anchor heads and two sets of shims conforming with AISI Cl045HR.
The tendon sheathing system consists of spirally wound carbon steel tubing
connecting to a trumplate (bearing plate and trumpet) at each end. The bearing
plates were fabricated from steel plate conforming with AISI C1045HR and the
trumpets from AISI C1010HREW material. :

The C-1045 HR material used for the stressing washers, deadend washers, shims and
bearing plates was modified by the addition of silicon to obtain a finer grain
structure and cleaner steel than unmodified C-1045. The average depth of the heat
affected zone resulting from flame cutting is approximately 1/16 inch and the im-
proved general ductility of modified C-1045 material should increase resistance to
cracks starting in heat affected zones and decrease the probability of crack propa-
gation. However, a cracked plate could continue to perform its function without loss
of structural integrity and should be evaluated in terms of actual functional abilitwy.
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Flame cutting is limited to sizing the bearing plate and making the center hole.
All other holes in the bearing plate are drilled. The deadend washer is flame
cut to size and drilled for the tendon wires. No flame cutting is performed on

the stressing washer. ] .

Tendons were delivered to the site coated with a rust preventive and encased in
polyethylene bags. Each tendon came precut to exact length, with one end unfinished
and the other end shop buttonheaded, and with its anchor head attached.

The tendon installation prestressing procedure was carried out as follows:

a. To assure a clear passage for the tendons, a "sheathing rabbit"
was run through the sheathing both prior to and following place-
ment of the concrete.

b. Tendons were uncoiled and pulled through the sheathing unfinished
end first.

c. The unfinished end of the tendons was pulled out with enough length
exposed so that field attachment of the anchor head and button-
heading could be performed. To allow this operation, trumplates
on the opposite end had an enlarged diameter to permit pulling in
the shop finished ends with their anchor heads.

d. The anchor heads were attached and the tendon wires buttonheaded.

e. The shop finished end of the tendon was pulled back and the stress-
ing jack attached.

f. The post-tensioning was done by jacking to the permissible over- .
stressing force to compensate for friction and placing the shims
precut to lengths corresponding to the calculated elongation.
Proper tendon stress was achieved by comparing both jack pressure
and tendon elongation against previously calculated values. The
vertical tendons were prestressed from either one or both ends,
while the horizontal and dome tendons were prestressed from both ends.

g. The grease caps were bolted onto anchorages at both ends and made
ready for pumping the tendon sheathing filler material.

h. The tendon sheaths and grease caps were filled with sheathing filler
and sealed. The sheathing filler material had limitations specified
for deleterious water soluble salts.

Corrosion protection of the tendons and interior surface of sheathing
was applied prior to shipment.

Tendon sheaths mark 24H34, 13H34 and 34V14 on Unit 1 and 13H21 on |

Unit 2 were plugged. The location of the plugged sheaths are shown
in Figure 5-23.

The Reactor Building has been analyzed based on the above missing
tendons for the various loading conditions including missiles. The
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stresses for the various loading conditions were within the allowable
design stresses. The missing tendons will not have any affect on the
structure to withstand turbine and tornado generated missiles without
loss of function. The missing tendons are located on the northwest
face and shielded by location from a direct turbine missile strike.
However, as stated in Section 5.1.3.2, the structure can withstand the
loss of three horizontal and three vertical tendons in the cylinder
wall without loss of function. The depth of penetration from tornado
generated missiles as stated in Section 5.1.3.2 is less than the tendon
concrete cover and will not endanger the structural integrity of the
Reactor Building.

5.6.1.1.3 Reinforcing Steel
Tésting and inspection of reinforcing steel is described in Appendix 1B.

The concrete inspector visually inspected the shop fabricated reinforcing steel
for compliance with drawings and specifications. Intermediate grade reinforcing
steel conformed with ASTM A615, Grade 40 and high strength reinforcing steel
conformed with ASTM A615, Grade 60.

Whenever required, mechanical splices were made by the CADWELD process using
clamping devices, sleeves, charges, etc., as specified by the manufacturer

for "T" series connections. All personnel engaged in making the splices were
trained and supervised by the manufacturer's representative and had passed

all the necessary qualification tests and procedures before production splicing.
Prior to splicing operations, bar ends were inspected for damaged deformations
and were power brushed to remove all loose mill scale, rust, and other foreign
material., TImmediately before the splice sleeve positioning, bar ends were
preheated to assure complete absence of moisture.

All completed splices were visually inspected, at both ends of the splice,

for sound and nonporous filler material. The strength of 95 percent of the
CADWELD joints, as verified by tests, was greater than 125 percent of the ASTM
specified minimum yield strength of the reinforcing bars used. The average

strength of all test splices exceeded the ASTM ultimate strength of the rein-
forcing bar used.

5.6.1.1.4 Liner Plate
Testing and inspection of liner plate is described in Appeﬁdix 1B.

Construction of the liner plate conformed to the applicable portions of Part

UW of Section VIIT of the ASME Code. Specifically, Paragraphs UW-26 through
UW-38, inclusive, applied in their entirety. In addition, the qualification

of all welding procedures and welders was performed in accordance with Part A
of Section IX of the ASME Code. All liner angle welding was visually inspected
prior to, during, and after welding to insure that quality and general workman-
ship met the requirements of the applicable welding procedure specification.

The erection of the liner plate was as follows:
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After the floor plate embedments in the foundation slab had been placed and
welded, and concrete was poured flush, the wall liner plates were erected in
60 degree segments and 10 feet high courses. This pattern was followed to the
dome spring line and then the steel dome erection trusses were placed. During

the period of erection of wall liner plates, the floor liner plate was placed |
and welded.

The tolerances for liner plate erection were as follows:

a. The location of any point on the liner plate shall not wvary
from the design diameter by more than # 3 inches.

b. Maximum inward deflection (toward the center of the structure) of the
1/4 inch liner plate between the angle stiffeners of 1/8 inch, when |
measured with a 15 inch straightedge placed horizontally.
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5.6.1.2 Structural Test

Each of the three Reactor Buildings will be pressurized to 115 percent of de-
sign pressure for one hour following completion of construction to establish
the structural integrity of the building. The structural integrity test of
each building will be conducted in accordance with a written procedure. Opera-
ting units will remain in operation during the structural test of another unit.
Personnel access limitations included in the written procedures will designate
areas of limited access during specific periods of the test. Except for per-
sonnel access restrictions, the operation of one unit will not be affected by
a building being tested.

The structural integrity test of each building will verify the workmanship in-
volved; in addition, the test of the Unit 1 Reactor Building will verify the
design and workmanship. The response of the Unit 1 building will be compared
with the calculated behavior to confirm the design by means of instrumentation.

5.6.1.2.1 Test Objectives

a. To provide direct verification that the structural integrity as a
whole is equal to or greater than necessary to sustain the forces
imposed by two different and large loading conditioms.

b. To provide direct verification that the in-place tendons (the major
strength elements) have a strength of at least 80 percent of
guaranteed ultimate temnsile strength and that the concrete has the
strength needed to sustain a strain range from high initial average
concrete compression when unpressurized to low average concrete
compression when pressurized.

c. To acquire detailed strain data which will be compared with the
analytical predictions.

To achieve objectives, data will be acquired and evaluated to determine the re-
sponse of the structure during and immediately after post-tensioning to deter-
mine any indication of unanticipated and continued deformation under load. A
quality assurance program was instituted as described in Appendix 1B. In addi-
tion, each individual tendon is tensioned in place to 80 percent of the guaran-
teed ultimate tensile strength and then anchored at a lower load that is still
in excess of those predicted to exist at test pressure levels. During pressuri-
zation of the structure, the structure's response will be measured at selected
pressure levels with the highest being 1.15 times the design pressure. An
indication that the structure is capable of withstanding internal pressure will
result from these tests. The strain measuring program is described in 5.6.1.2.2,
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Individual test values which fall outside the predicted ranges will not be con-
sidered as necessarily indicative of a lack of adequate structural integrity.
Structural integrity cannot be judged on the data acquired from only one sensor
since such precise devices may malfunction.

5.6.1.2.2 Instrumentation

The structural response of the building will be assessed by comparing the theo-
retical analysis to test results of strains and deformations at boundaries,
points of stress concentration, openings, areas of maximum creep, and at sec-—
tions representing typical stress conditions.

The following instruments were installed in the first Reactor Building.

118 Two element strain rosette, waterproofed BLH Company designation
FAET-12-12-56, to be attached to the reinforcing bars.

9 Linear element, electric resistance strain gages, BLH designation
AS9-1 (Valore Type) to be attached to the surface of the concrete.

Taut wire system for measuring building deformation.

6 Electric resistance strain gage, Budd Company designation CP-1101
EX to be attached to the surface of the concrete for measuring
crack propagation.

1 Cement Paint (Figure 5-21) to observe cracks in concrete.

7 Load cells each containing strain gages to be attached to the
tendons.

18 Three element rosette, electric resistance strain gages BLH Com-
pany designation FAER-25~12-(60)56, to be attached to the inside
and outside face of the liner and penetration nozzles.

26 Two element strain rosette, BLH Company designation FAET-25-12-5,
to be attached to the inside face and outside face of the liner
and penetration nozzles.

The instrument layout is shown on Figure 5-21, sheets 1, 2, and 3. The types
and locations of the gages are described in the legend on the figure.

Because of the well-known vunerability of the bonded resistance gages to mois-
ture, special care is taken in bonding and waterproofing of the gages.

In order to reduce the possibilities of faulty preparation of the gages in the
field, the gages are encapsulated and the wires soldered to the gage leads and
then waterproofed in the shop.

Bonding and waterproofing materials such as BLH EPY150 Cement, Epoxylite 222
and Microcrystalline Wax are used to install the gages.
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Gages were calibrated in accordance with the manufacturer's instructions and
set at zero reading during installation.

The final procedures in sequence of structural proof testing are as follows:

a. Test strain gages immediately after installatiom.

b. .Test strain gages immediately after pouring concrete.

c. Record strains and deflections and observe cracking at three
intervals suitably spaced during prestressing and immediately
after all prestressing is completed.

d. After prestressing and before testing, a certain number of
readings will be taken to determine the effects of creep and
shrinkage.

e. Record measurements at increments of 10 psi up to 40 psi and
then at increments of 5 psi up to proof-test pressure.

f. Record measurements at 15 psi increments during depressuriza-
tion. '

g. Observe the development of cracks during load application.
Measurement of cracks with mechanical dial gages will be made
when deemed pertinent by the test engineer.

The Reactor Building air temperature is monitored by resistance thermometers
and the dewpoint temperature is monitored by a dewpoint sensor. Using the
Reactor Building coolers and electric heaters, the temperature is maintained
between 60 and 100 F and above the dewpoint temperature.

The status of gages on November 28, 1970 was as follows:

Number Number Number

Gage Mark Inoperative Operative Being Replaced
SGA-1 114 4 (See b below)
SGE-2 : 7 2 (See b below)
SGC-3 0 6 -

SGR-4 7 11 6

SFT-5 7 19 6

LC (Load Cell) 1 6 (See d below)
Taut Wire System 0 - -

Since a significant number of embedded gages are inoperative, we believe it
prudent to verify the design by (a) utilizing test results from Palisades
and, (b) continuing with the Oconee Structural Test, as noted below:

a) The design and construction of Palisades and Oconee Reactor Buildings
are very similar. The Palisades' structural instrumentation program
was successful and permitted a detailed comparison between design cal-
culations and observed response.
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b) At Oconee, the taut wire system (building deformation) will permit verifi-
cation that the structural response is consistent with the predicted be-
havior. In addition, twenty-six Carlson SAIOS strain gages will be surface
mounted on the Reactor Building to obtain concrete strains for comparison
with Palisades and those predicted for Oconee as shown on Figure 5-21,
Sheet 4,

c¢) Six inoperative gages mark SGR~4 and SFT-5 are accessible and will be re-
placed to obtain data for comparison with Palisades and predicted strains
for Oconee.

d) Load cells that are inoperative will be repaired or supplemented with
prestress rams that have been modified with 20 psi division gages to
measure tendon forces. Prestress rams were used at Palisades and per-
formed satisfactory. Results of measured forces can then be compared
with those predicted.

The taut wire system consists of linear potentiometers (infinite resolution
type) as the transducer element. Movement of the linear potentiometers will
be actuated by invar wires attached at one end to the point of measurement and
at the other end to a reference point. Approximately 35 linear potentiometers
will be used to measure building deformations during the structural test.

Units 2 and 3 Reactor Buildings are instrumented with the taut wire system for
measuring building deformations as described above for Unit 1. Displacement
measurements are made at the following locations:

Dome — Four points

Cylinder Wall - Seven elevations at approximately 20
foot intervals at a buttress section
and a wall section

Equipment Hatch — Nine points with six of the points on the
horizontal centerline and three of the
points on the vertical centerline above
the hatch

Vertical - Two points

The above locations were selected so that deformation measurements could be
compared with Unit 1 measurements.

Concrete crack patterns are recorded at the base-wall intersection, cylinder
wall mid-height, springline, equipment hatch opening, buttress-cylinder wall
intersection, cylinder wall-ring girder intersection, and top of ring girder.
Each inspection area consisted of approximately 40 square feet. Cracks that
exceed 0.01 inch in width are mapped.

5.6.1.3 Injitial Leakage Tests

Following completion of the Reactor Buildings and prior to the hot functional
tests and fueling of the reactors, integrated leakage rate tests will be per-
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formed on the containment systems, One test will be performed at or above
the maximum calculated peak accident pressure. A second test will be performed
at a pressure of not less than 50 percent of maximum calculated peak accident

pressure.

The absolute pressure-temperature and/or the reference vessel method will be
used for these tests, The objectives of these tests are:

a. To determine the initial integrated leakage rate for comparison with
the design leakage rate.

b. To establish representative leakage characteristics of the contain-
ment system to permit retesting at reduced pressures.

c. To establish a performance history summary of the integrated leakage
rate tests.

d. To establish a test method and the equipment to be used for subsequent
retesting.
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The leakage rate will be measured by integrating the leakage rate for a period
of not less than 10 hours. This integrated leakage will be verified by the
"pump-back" method and/or introduction of a known leak rate. The necessary
instrumentation will be installed to provide accurate data for calculating

the leakage rate. It will be demonstrated that the total Reactor Building
leakage rate to the environment will maintain public exposure below 10CFR100
limits in the event of an accident.

5.6.2 POSTOPERATIONAL SURVEILLANCE

5.6.2.1 Leakage Monitoring

A program of testing and surveillance of each of the three duplicate Reactor
Buildings has been developed to provide assurance, during service, of the
capability of each containment system to perform its intended safety function.
This program consists of tests defined as follows:

Overall integrated leak rate tests of thé Reactor Buildings and systems
which under post accident conditions become an extension of the contain-
ment boundary.

Local leak detection tests of components having resilient seals, gaskets,
or sealant compounds that penetrate or seal the boundary of the contain-
ment system. Components included in this category are:

Personnel Hatches

Emergency Hatches

Equipment Hatches

Reactor Building Purge Penetrations

Fuel Transfer Tube Covers

Electrical Penetrations

Reactor Building Atmosphere Sampling Penetrations

09 O AN TN

Local leak detection and operability tests of containment isolation
valves in systems that vent directly to the Reactor Building atmosphere
or the Reactor Coolant system that must close upon receiving an isolation
signal and seal the containment under accident conditions. Valves and
containment penetrations which during operation are normally valved closed
and which if open could be immediately closed, will not require testing.

Operability tests of engineered safepguards systems which under post
accident conditions are relied upon to limit or reduce leakage from the
containment. Included in these tests are:

Reactor Building Spray Systems

Reactor Building Penetration Room Ventilation Systems
Reactor Building Cooling Systems

Reactor Building Isolation Valves not covered above.
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Rev. 33. 6/19/74.
5-55-



Following the integrated leakage rate tests, performed as a part of the pre-
operational testing, subsequent tests will be performed at a pressure of 50
percent of the maximum calculated péak accident pressure or greater. The

tests will be performed on a schedule based on the following considerations:

a. There are three Reactor Buildings each having the same design. .
Information pertaining to deterioration in performance obtained
in the testing of one Reactor Building is therefore applicable
to the other Reactor Buildings.

b. Local leak detection tests will be performed on a more frequent
basis than the integrated tests to detect and correct excessive
leakage at containment penetrations. Where feasible, these tests
will be performed during operation; otherwise, they will be per-
formed during refueling outages and/or major maintenance outages.
These tests will be performed at or above the maximum calculated
peak accident pressure.

c. The engineered safeguards tests will also be performed at more
frequent intervals than the integrated leak rate tests to verify
the functional capability of these systems which are relied upon
to limit or reduce leakage from the containment buildings in the
case their service is required. These tests will be performed
during outages for refueling and/or major maintenance outages.

The schedule of testing, type of test, and components to be tested are as follows:

Integrated Leak Rate Tests

Integrated leak rate tests shall be performed as follows: .

a. Each reactor building shall be tested at the calculated peak l

accident pressure of 59 psig and at one-half this pressure
prior to the initial fuel loading.

b. After the initial preoperational leakage rate test, two integrated
leakage rate tests shall be performed on each reactor building at
approximately equal intervals between each major shutdown for in-
service inspection to be performed at 10 year intervals. In addi-
tion, an integrated test shall be performed at each 10 year inter-
val, coinciding with the inservice inspection shutdown. The test
shall coincide with a shutdown for major fuel reloading. These
tests shall be conducted at or above one-half peak accident
pressure (P¢).

Local Leak Detection and Operability Tests (Resilient Seals)

Local leak detection and cperability tests shall be performed as required by
the Technical Specifications.
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Engineered Safeguards Tests

The Reactor Building spray, penetration room ventilation, Reactor Building
cooling systems, and the Reactor Building isolation valves will be tested
during refueling or extended maintenance outages to provide approximately
annual tests. These tests will include:

a.

Reactor Building Cooling and Reactor Building Penetration Room
Ventilation Systems

Each of these systems is operated periodically during normal
operating periods to maintain satisfactory temperatures within
the Reactor Buildings and penetration rooms respectively. This
normal operator initiated operation of these systems provides
verification of the operability. 1In addition to this normal
operation, an annual test of these systems in the engineered safe-
guards mode will also be performed. This test will be initiated
by inserting a simulated engineered safeguards signal as would
occur during an accident situation. Verification of the proper
operation of the components of these systems will be determined
and a record of the test results made a part of the permanent
plant records.

Reactor Building Spray System

The Reactor Building Spray System will be tested in the same
manner as the systems above with the exception that the Reactor
Building spray headers will be isolated to prevent spray water
from entering the spray headers. A special test connection is
provided ahead of the Reactor Building isolation valves so that
the portion of the system outside the Reactor Building will be
in normal operation. When the test of that portion of the sys-
tem outside the Reactor Building has been completed, compressed
air will be blown through each of the spray headers in the Reactor
Building through special test connections to verify that spray
water would be directed into the Reactor Building under accident
conditions. Proper operation of the various components of this
system will be verified and a record of the test results made a
part of the plant records.

Reactor Building Isolation Valves
Proper operability of the Reactor Building isolation valves not
covered in the other tests will be verified by inserting a simu-

lated engineered safeguards signal to initiate operation of these
valves.
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5.6.2.2 Surveillance of Structural Integrity

Provisions have been made for an in-service surveillance program, throughout
the life’of the plant, intended to provide sufficient in-service historical
evidence to maintain confidence that the integrity of the Reactor Building is
being preserved. The requirements of this program are detailed in the
Technical Specifications.

Earthquake instrumentation being provided is a strong-motion accelerograph
designated RMT-280 and manufactured by Geotech Corporation of Garland, Texas.
This is a completely self-contained magnetic tape recorder that will provide
acceleration data in all three planes from torsion-type accelerometers having

a natural frequency of 12 to 20 Hertz. A reference frequency and timing track
is also recorded. The recorder is started by an actuating pendulum having a
normal setting of 0.0l g and an external contact is available to indicate the
recorder being in operation. The recorder continues to run until seven seconds
after the pendulum contact opens. Recording time available is one hour.

Data available are as follows:

Photographic reproduction of the original accelerogram
Digitized accelerogram on punched cards or magnetic tape
Acceleration, velocity and displacement analog plots
Response spectra plots of pseudo-relative velocity

Also being provided is an additional actuating pendulum set to close contacts
at 0.05 g to alarm when design conditions occur.

The equipment will be located in the tendon access gallery of Unit 1 Reactor
Building. Also, a second strong motion accelerograph will be located directly
above at elevation 797' + 6" in Unit 1 Reactor Building. Orientation of the
sensors of the two accelerographs are identical.

Peak recording accelerometers are also installed at various locations within
Unit 1 Reactor Building as follows:

1. Adjacent to the strong motion accelerograph located in Tendon Access
Gallery.

. Support of the pressurizer vessel,

. Support of Core Flood Tank 1A.

« On the main steam line pipe hanger.

« On the feedwater line pipe hanger.

. On the core flood injection line pipe hanger.

ol WN

The major Class I structures, Reactor Building and Auxiliary Buildings,will
be founded on a common rock foundation and will have similar base motions.
The dynamic structural properties and responses of these structures are
generated using similar assumptions and analytical techniques. Therefore,
the response of these structures can be determined based upon the instru-
mentation in one structure.

Top of soil (free field) responses will not provide useful analytical data
for the evaluation of major Class I structures founded on rock. Therefore,
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it is felt that free field instrumentation will not contribute to the evaluation
of these structures.

In the event of an earthquake, the data will be analyzed to determine the
magnitude of the earthquake. If the design earthquake is exceeded, the units
would be shut down and structures, systems, and equipment thoroughly investi-
gated. Responses from instruments located on selected structures, systems
and components will be compared to calculated responses for those structures,
systems and components at the respective location when subjected to the same
base response.

The recorded seismic data will be used for comparison and verification of
seismic analysis assumptions, damping characteristics and the analytical model
used for the plant seismic design.
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5.7 OTHER STRUCTURES

5.7.1 AUXILIARY BUILDING

5.7.1.1 General Description

The building was constructed on a reinforced concrete mat foundation. Below
grade, the building consists of reinforced concrete walls and slabs. Above
grade, the building consists principally of reinforced concrete columns, beams,
and slabs.

The following facilities related to the nuclear steam supply system are located
in the Auxiliary Building:

New and spent fuel handling, storage, and shipment
Control room

Waste disposal system

Chemical addition and sampling system

Component cooling system

Reactor Building spray system

High and low pressure injection system

Spent fuel cooling system

Electrical distribution system

H 50 Hho A0 O P

Figures 1-2 through 1-9 are plans and elevations showing the Auxiliéry Building.

5.7.1.2 Design

The areas of the building housing the above facilities have been designed for
the loads and conditions as shown in Table 5-5 with maximum allowable stresses
as follows:

Loading
Condition Maximum Allowable Stress
A _ Stresses in accordance with ACI and AISC Codes
B, D fc = 0.85 f{ for Flexure
fc = 0.70 £{ for tied compression members
Shear = 1.1 /EZ x 1.33 for beams with no web reinforcing
fs = 0.90fy for Flexure
fs = 0.85fy for reinforcing steel with lap or mechanical splices
fs = 0.90fy for web reinforcing
3.4 VEL
Bond = —7p X 1.33 for top bars
4.8 VEL
=""7p X 1.33 other than top bars
C, E Anlayzed on basis of Reference 7

Rev. 1. 9/15/69
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TABLE 5-5

Auxiliary Building Loads and Conditions

AREA CONDITIONS
Control Room A,B,C,D,E Blow out panels designed to relieve 3 psi differential pressure
Cable Room A,B,C,D,E
Electrical Equipment Room A,B,C,D,E
Spent Fuel Pool A,B,C,D,E Blow out panels designed to relieve 3 psi differential pressure
Spent Fuel Storage Racks A,D Inherently resistant to wind loads
Spent Fuel Handling Crane A,D,E Inherently resistant to wind loads. Hold down device provided
Penetration Room Frames A,B,D Physical separation provided for missile protection
Cable Shaft A,B,C,D,E
Elevator Steel Shaft A,D
Main Steam Pipe Supports A,B,D
Hot Machine Shop A,D
Balance of Auxiliary Building A,B,D Frame designed for B, but not external walls above grade. Areas

below grade are inherently protected against missiles in C and E.

A = All normal dead, equipment, live, and wind loads due to 95 mph wind.
B = Normal dead and equipment loads plus tornado wind load due to 300 mph wind.

C = Tornado missiles of (1) 8 in. diameter x 12 ft. long piece of wood, 200 pounds, 250 mph, and (2) 2,000
pound automobile, 100 mph, 20 sq. ft. impact area, for 25 ft. above grade.

D = Normal dead and equipment loads plus maximum hypothetical earthquake loads.

E = Turbine-generator missile, 5,944 pounds, 502 fps, kinetic energy of 23.25 x 106 ft.-1bs., side on impact
area of 8.368 sq. ft. and end on impact area of 3.657 sq. ft.



10.

The Spent Fuel Pool Walls were analyzed for thermal loads in accordance with
methods presented in ACI 505. The exterior wall temperature was assumed to be
60 F for areas enclosed by the Auxiliary Building and 0 F for exposed areas.

Under normal conditions, the interior wall temperature was 150 F and the maxi-
mum calculated thermal stress was 996 psi for concrete and 11,410 psi for re-
inforcing steel.

After prolonged outage of the cooling system, the interior wall temperature
could reach 212 F and the maximum calculated thermal stress was 1681 psi for
concrete and 25,600 psi for reinforcing steel. Reinforcing steel conforming
with ASTM A516, Grade 60, was used.

A minimum of 0.30 percent reinforcing was used in the spent fuel pool walls to
control concrete cracking. Also, a 1/4 inch thick steel liner was used on the
inside face of the pool for leak tightness.

The fuel storage racks support the fuel elements at the top. The bottom of
the fuel elements is supported by attachments to the fuel pool slab.

The racks were designed for seismic loadings by considering the peak spectral
acceleration associated with a single mass system for one percent damping. In
addition, the drag forces associated with maximum velocities of the water rela-
tive to the racks was considered acting simultaneous with the peak acceleration.

The Spent Fuel Pool Slab was designed for the postulated cask drop accident.
Fill concrete was placéd from sound rock to the bottom of the fuel pool slab in
the area covered by the cask crane to prevent the shearing of a large plug from
the pool slab in the event the cask was accidently dropped.

The height of the cask drop is the maximum vertical travel of the crane and is

45 feet of which 40 feet is through water. The penetration of the cask into the
slab is calculated to be 1.75 inches. No credit was taken for the water resistance
nor the resistance of the linear plate.

The geometry and strength characteristics (edge radius, base material, etc.) of
the cask will be specified to assure that the calculated penetration can occur
without rupturing the liner plate. The analysis considers local concrete
crushing and liner yielding; however, the strains in the liner plate will not
exceed ultimate.

C-41
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5.7.2 TURBINE BUILDING

5.7.2.1 General Description

The building was constructed of reinforced concrete below grade consisting of
substructure walls and a mat foundation. Above grade, the building consists
of structural steel with metal siding.

5.7.2.2 ‘Design

Prior to design, the Principal Civil Engineer issued a Civil Design Memo-
randum that stated the basic design criteria.

Based on the basic criteria and general arrangement drawings of the Turbine
Building, design studies were made to determine building dimensions, type of
steel, member sizes and shapes.

Transverse Analysis

Each bent consisted of the three main crane columns, on lines D, J and M, the
roof girders, the columns of lines K and L and the operating and mezzanine
floor framing. Where continuity of framing was not interrupted by the turbine-
generator support, the short columns and operating and mezzaine floor framing
were included as a part of the rigid frame. See Figure 5-22 for typical
Turbine Building Cross—Section.

A computer program, ''Stress', was used in the analysis of the bents.
The loadings were applied as follows:

Dead Loads - Roof - 50 psf, reduced to 25 psf when the type of roof comnstruction
was finalized.
Floors — Grating Areas - 20 psf.
Concrete Areas - Operating Floor - 11-1/2" masonry -
170 psf.
—- Mezzanine Floor - 8" masonry -
115 psf.
- Upper Surge Tank Floor - 4" masonry -
65 psf plus tank at normal operating
condition,
Crane Columns and Girders - Calculated weights.

Live Loads - Roof - 50 psf.
Grating Areas - 100 psf.
Operating Floor - Turbine Bay - 600 psft.
Heater Bay - 400 psf.

Mezzanine Floor - 250 psfi.

Cranes - 180 Ton and 80 Ton Cranes fully loaded, lifted load
and lateral force arranged to produce maximum stresses.
The lateral forces were reduced to 15 percent of the
sum of the weights of the lifted load and the crane
trolleys.
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’ Wind Load - 30 psf.

Seismic Loading No. 1 - (Load Combinations)
Critical Damping - 2%
Maximum Ground Motion Acceleration - 5% of gravity
Maximum Acceleration for Design - 12% of gravity (This is the
maximum value of the acceleration response curve for 2%
damping.)
Loadings - Roof - 50 psf, reduced to 25 psf when the type of roof
construction was finalized.
Operating Floor - dead load of floor plus equipment
load. (Equipment load estimated at 250 psf.)
Mezzanine Floor - dead load of floor plus equipment
load. (Equipment load estimated at 150 psf.)
Upper Surge Tank and Floor - 65 psf plus tank at normal
operating condition.
Crane - 180 Ton Crane, fully loaded, at center of bay.
Crane Columns and Girders - Calculated weights.

Seismic Loading No. 2 - (Load Combinations)
Critical Damping = 2%
Maximum Ground Motion Acceleration - 10Z%Z of gravity
: Maximum Acceleration for Design - 227% of gravity (This is the
L maximum value of the acceleration response curve for 27 damping.)
Loadings - Roof - 25 psf.
Operating Floor - dead load of floor plus equipment load.
‘ (Equipment load estimated at 200 psf.)
Mezzanine Floor - dead load of floor plus equipment load.
(Equipment load estimated at 125 psf.)
Upper Surge Tank and Floor - 65 psf plus tank at normal
operating condition.
Cranes - 180 Ton Crane and 80 Ton Crane at rest and in
unloaded condition.
Crane Columns and Girders - Calculated weights.

Seismic Loading No. 2 was introduced approximately six months after the building
was analyzed for Seismic Loading No. 1. With more complete information, it was
apparent that the equipment loads assumed for the Operating and Mezzanine Floors
were too conservative. Therefore, the equipment loads were reduced for the
analysis for Seismic Loading No. 2.

Longitudinal Analysis

Column lines B, D, J and M were braced with diagonal members.  For lines D, J
and M, this bracing took the form of two members for each brace with batten
plates and angle lacing tying .them together.

The loadings were applied as follows:

Wind Load - 30 psf.
Crane Load - 10% of Maximum wheel load.
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Seismic Loading No. 1 — Same as Seismic Loading No. 1 for Transverse
Analysis with the following exceptions.

Loadlngs - Operating Floor - Equipment load estimated at 130 psf.
Mezzanine Floor - Equipment load estimated at 110 psf.

Seismic Loading No. 2 - Same as Seismic Loading No. 2 for Tramsverse
Analysis with the following exceptions:

Loadings - Operating Floor - Equipment load estimated at 130 psf.
Mezzanine Floor - Equipment load estimated at 110 psf.

Loading Combinations and Factors

$=1.0D+ 1.0 L
1.33=1.0D+1.0L + 1.0 W
1.33 =1.0D + 1.0 E
1.64S = 1.0 D+ 1.0 E'

= Allowable stress due to normal loading - from AISC specificationms.

Dead Loads (Equipment loads included in the case of seismic loadings)
= Live Loads

Wind Loads
Loads from Seismic Loading No. 1
= Loads from Seismic Loading No. 2

HE=Z0Owm
]

A dynamic seismic analysis of the building was performed consisting of a
three mass system. Seismic loading conditions for Seismic Loading No. 2
were applied. Maximum accelerations consisting of absolute sums for the
three modes were .47 g for the roof, .20 g for the operating floor and

.16 g for the mezzanine floor. It is considered that the absolute sum is

a conservative value. The structure was analyzed using these accelerations
and stresses were found to be within design criteria. Typical stress values,
shown as percentage of allowable, are as follows:

Seismic Load #2 Seismic Load

Location Normal Load (Static Analysis) (Dynamic Analysis)
Col. D at basement 837 687 447
Col. D at roof 94% 36% 287
Col. J below oper. floor 817 51% 677
Col. J above oper. floor 78% 37% 487
Col. J at roof 887 547 597
Col. M below oper. floor 897% 72% - 75%
Col. M at oper. floor 847, 36% 477
Col. M at roof 907 567% 487
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5.7.3 KEOWEE STRUCTURES

A review of the Keowee structural design, including seismic loadings: ha§ been.
made as follows (all structures utilize 3000 psi concrete, 40,000 psi reinforcing

steel and A36 structural steel).
5.7.3.1 Powerhouse

A typical reinforced concrete frame was investigated for the following loading
conditions using a static type analysis:

a. Dead load plus live load (1000 1lbs per square foot) using allowable stresses
in accordance with ACI Code. The maximum calculated stresses were fg = 18,590
psi and f. = 1122 psi. '

b. Dead load plus live load (1000 lbs per square foot) plus seismic load equal to
.10g times the dead load. The maximum calculated stresses were fg = 19,120
psi and fo = 1189 psi. Allowable stresses were fg = .9 fy = 36,000 psi and
fe = .85 f'c = 2550 psi.

c. Dead load plus live load (1000 1lbs per square foot) plus seismic load equal to
.20g times the dead load. The maximum calculated stresses were fg = 19,700
psi and fo = 1229 psi.

The large live loading of 1000 1bs per square foot was included to allow for heavy
equipment loads expected during construction and maintenance. Therefore, to be
conservative, the 1000 1lbs per square foot was included to b and c above but with
seismic loadings added as a function of dead load only.

5.7.3.2 Spillway
A typical spillway pier was investigated for the following loading conditions:

a. Dead load plus hydrostatic load with allowable stresses in accordance with
ACI Code. The maximum calculated stresses were fg = 0 and f. = 61.7 psi.

b. Dead load plus hydrostatic load plus seismic load equal to .10 times dead
load. The maximum calculated stresses were fg = 7760 psi and f¢ = 173 psi.
The allowable stresses were fg = .9 fy = 36,000 psi and fc = .85 f'e* = 3400 psi.

c. Same as b except seismic load equal to .20 times dead load. The maximum cal-
culated stresses were fg = 16,350 psi and f. = 227 psi.

* f'c = 4000 psi in piers.

In addition, the taintor gate thrust girder was investigated for the following
loading conditions:

a. Dead load plus hydrostatic load with allowable stresses in accordance with
AISC Code. The maximum calculated stress was fg = 23,300 psi.

b. Dead load plus hydrostatic load plus seismic load equal to .10 times dead
load with allowable stress = .9 fy = 32,500 psi. The maximum calculated
stress was fg = 25,000 psi.
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c. Same as b except seismic load equal to .20 times dead load. The maximum
calculated stress was fg = 28,800 psi.

5.7.3.3 Service Bay Substructure

The Service Bay substructure contains the Control Room, Cable Room, Equipment
Room and Battery Room areas. The substructure was investigated for the following
loading conditions:

a. Dead load plus live load with allowable stresses in accordance with ACI Code.
The maximum calculated stresses were fg = 19,700 psi and fo = 1160 psi.

b. Dead load plus live load plus seismic load equal to .15 times the combined
dead-live load. The allowable stresses were fg = .9 fy = 36,000 psi and f¢ =
.85 f'c = 2550 psi. The maximum calculated stresses were fg = 24,000 psi and
fo = 1410 psi. It is apparent that the seismic loads could be substantially
increased with resulting stresses being well below those allowable.

5.7.3.4 Breaker Vault

The Breaker Vault is located on the Operating Floor level of the Keowee Power-
house and was designed primarily to afford tornado protection for electrical
equipment. The controlling case was dead load plus equipment loads plus tornado
wind and missile. Resulting stresses for this case were fg = 38,000 psi and f¢ =
2190 psi.

These compare to the allowable fg = .9 fy = 36,000 psi and fo = .85 f'c = 2550
psi. The actual steel stresses were about 5-1/2 percent over the allowable but
5-1/2 percent below the guaranteed minimum yield and are considered satisfactory
for this severe loading combination.

A second case considered dead load plus seismic loads equal to .15 times the
combined dead-live loads plus normal wind. By inspection, it was found that
this would result in substantially lower stresses than the loading combination
above. Therefore, a detailed design check was not made.

5.7.3.5 Intake Structure

Three design cases were considered:

a. Construction condition (dead load plus wind load) with no water and allowable
stresses being within the ACI and AISC Code. The resulting stresses were
extremely low.

b. Cylinder gate closed and structure unwatered. Allowable stresses were based
on ACI and AISC Code. Calculated stresses were found to be well within the
code limits.

¢c. The third case considered the cylinder gate open, dead loads and seismic
loads equal to .15 times the dead load. Maximum calculated stresses were
fg = 39,700 psi and f¢ = 2050 psi.

The resulting steel stresses are marginally below the guaranteed minimum
vield and are considered satisfactory for the severe loading combination.

5-62d Rev. 10. 8/28/70
(New Page)




5.8

(1)

(2)

(3)

(4)

(5
(6)

(7

REFERENCES

Eringen, A. C., and Naghdi, A. K., "State of Stress in a Circular
Cylindrical Shell with a Circular Hole."’

Levy, Samuel, McPherson, A. E., and Smith, F. C., "Reinforcement of a
Small -Circular Hole in a Plane Sheet Under Tension,' Journal of Applied
Mechanics, June 1948.

Wichman, K. R.,-Hopper, A. G., and Mershon, J. L., ''Local Stress in
Spherical and Cylindrical Shells due to External Loadings," Welding
Research Council Bulletin No. 107, August 1965.

HTGR and Laboratory Staff, Prestressed Concrete Reactor Vessel, Model 1,
GA7097. :

Advance HTGR Staff, Prestressed Concrete Reactor Vessel, Model 2, GA7150.
Hardihgham, R. P., Parker, J. V., and Spruce, T. W., Liner Design and

Development for the Oldbury Vessels, London Conference on Prestressed
Concrete Pressure Vessels, Group J, Paper 56.

Amirikian, A., Design of Protective Structures, Bureau of Yards and Docks,
Department of the Navy, NAVDOCKS P-51, 1950.

Rev. 10, 8/28/70

5-62e (Carry Over)



e % (3] ~
05+ FEACTOR BLDG. ° ) .
2r UNIT VENT

@
Ao o

A

X

/bL

Usoewew

EACH TENDON GROUP
SYMMETRICAL ABOUT ¢
RO

\ a
2=
33
2
i3
=¥
—L—-[-lacf—\b— I
“6“\!'
[T .
kaa i i
NECTY [Laxsss |
H3%y . ) Ny — T7P FoR DOME :
sliaz ’ Y i
Iigb “SREMFIRCED Y
Al CONCRETE S ¥
3% ! » -
! _ 3 LINER i LINER B
: / ™~
T""'>T’/’?-T\§/’
W
¥
/.‘
| \/ '
. —{SEE PLAN ABOVE FOR l
| ZOCATION 0F UNIT VENT i
UNIT VENT, :
Faf -
o 4 DETAIL o
N P e ——
"‘i R IR _SPRING UINE EL. 3420 =y . L
w0
. Ll .
\ T | ST u¥y .
a0 . . “iTLINER I
e X! :I(_’L; 1z e & REACTOR
. e : 3¢ S8.0" zay BUILDING
T ; LB.zal T i - E"S't‘ﬂ'n:r . NOTES
L i | , eveer TP poge I. PRESTRESSING SHOWN 15 BASED OM
| L[if";?i’-.é-‘”e b ' ! l(ﬁ) ! Tenoous) I HINER & 20 -% WIRE BBRV TENDON SYSTEM.
. I \ <HAN
' Toplor | ! i i DETAIL 2 ‘ —
Y‘:h“ RAIL, : i /——-—(—}) 4l
. | I So
fe.oz%e \ ‘ N | g - \ iL 2ot ok rap, 05 Liner B
LT5F oF deer. ELT[520 B — FACE OF  —. Ho gl - oo & oo - Tros.2elg i
2 - [ i BUTTZESS: LLIHER B 5 H [P cSxerd .
o . | . | i Fedth VE10m0 VERTIZAL N Y L jer-a s
STEEL BRACKETS ' ' — SPACING. A ! Tl
© AT ) | . : | 1 CETA!L
w . 2 1 I = y
2l . i \ Ly ! !
3 | | ' | ! |
5 \ I ' ! !
| —_—— . )
2 . | 1 3 | 9@ 1] 7=
o ) : : ) 5% EW J
H ' ’| o ¢ 5 HoRZ.
z | | 1 ; S
1 | | | . ) i TENDOUS) e
R E 1 R 1 1 5 n 3
WP I ! ! ! ) BLeotinaRy SEC. /B DETAIL
h i | Lod e D WAL =
ol w | | L = SHIELD wALL | v
S8 ! : I ! s i T o 3 g 12"
: I ReACTOR ! |- L | ’ﬁ I g —
| leuiome | E W@
I i . | . |l .
v ! | | Toq . | S/ave &
"~ . 2 i 516 B
' 15 Lo LINER | ___L . . . | 8(TH SIDES
i 123-0° [0.0. ! s I
| sty | 1 - 35 : By 1 o
! I Fomer kY - b PC. 21—
| | . ) 3 z 4 Zl
! | I 12 : =t 8 | SECONDARY SHIELD WALL
: BUTTRESS N - oo H kit sk vt
: | : : - _‘:‘__ S EL.773°+0 DT ! 3 ’—
! ! PPN . v "
1 ! ; : I NN ; Fas @
. H )
' ' | ! 21,187 FUL,CIRCULAR - e .
| I " i . s s \ o e i e gt [T
! ! HiGH PDINT OF H % ok oar /] 4 LEAK /-7 b T P i
37| ! ! /—Luooz e 777 | ! ;;': 2183 897/ B LRAD CHASE™ v | (o it
| u | ) . . . S
M I ' I - s12S @7 T S ,']., v ﬁ R 1
. ! - ! 1 e . \ c 14
o : l{f““ v o -R(ES@‘!&:‘.’.F\L&H.L\ 5-21,1:;55 ‘ =~ i
T - \ CRI8S, CiRSULAR | - HENA ~— CADWELD QOMMECTORS
EL. Tegh @ et CEL 766" g I - | ) .
WATERSTOP o ? CRANE BRACKET D‘ETAIL
TENDON ACCESS ' 3 THX. COMPRESMBLE MATERIAL —
GALLERY GREASE CAP DETAIL > ¢ ¢ 2 F
456" RAR _} 5¢-07 PARTE G REACTOR BLPG. v 0 3 & v 2
, P REACTOR BUILDING TYPICAL
== DETAILS

ouke poweR] OCONEE NUCLEAR STATION
s Figure 5 - 1



4" Lner
/Au(_kcls
7
\ 3t9t ’
I /— Ak uner
GUIDE SUPPORTS — )
4 € Bo° co- . <l

/— HOUSING

VARIEDS

PERSONNEL Lock ——
PERSONMEL 7|
CSCAPE LOC

INSIDE

L/ PIPE 9LEEVE

OUTSIDE~—_ |

‘CVARIES

a/—
PENETRATION
ASSEMBLY

b JTLINER R w
L 'a/_}‘l'LmER 13

YARIES

JARIES

N &

%uf

ANCHORS

J_ FORM TQO CURVATURE

17 THICK CIRCULAR PEARING
OF REACTOR BLDG, WALL

SWF35, 8-REQ'D. EQUALLY
SP&C&D IROUND CIRCULAR

f INSULATION

T4 PENETRATION

;4 5 1Y conTINuoUS
STIFFENER .

OIJTEIDE FACE OF.
EACTOR. P2l DG WALL.

TYPICAL MAN FEEDWATER LINE PENETRATION

S Y DET
b T IMSIDE> Is -
STRESS RELIEVED
JFULL PENETRATION
TYPE -1 TYPE-TO
TYP _cOLD PIPE _PENETRATION TYP_ELECTRICAL FENETRATION LOCK PENETRATION
LESS THAN 150°F NO SCALE
NO SCALE
20.00
CIRCULAR BEARING
PLATE . FORM T O-RING SEAL
CLRVATURE OF
REACTOR BLDG SLEEVE & WELD
WA FLANGE AS%5'Y,
] 3-9° COMCRETE WALL R ;
- r LINER, Pe\;} ( é
= - 4 N
. B A L 3 @
T - P D
L seeve T
| STI2 W 65 ANCHORS o =
SPC @ 20° AROUND
W /] Tk
LINER IR ¥
T H
| _ ]
L L ik—capLE % <
o SUPPORT S / a
B 2 in
e~ == ———— ———— “‘ = = = < «
\ 1 Ed < {RSULATION >
: | , a 3 <+
! 1 - . . (] N
+ T ul ] 4
) .
Db ___ 4 g y
g—r rof
2o b
> 7l
I AY - (o]
mc g THIS END-OUTSIDE €3 |
']
(X4 . . . - - coL
Cothr R N . vl
Yo o - i v . SO
cong, ' . - - v
STAWA.5
T .
ALL I IUM_VOLTAGE POWER €900 VOLT PENETRATIO
AROUND.CON TYPICAL MEDIU N
?
s AR
INDIDE ——afl © T - E_ L OUTSIPE

TYPICAL MAIN STEAM LINE PENETRATION

NO  ScALE

+l AN [ ZZZ2X T

. — 3
14 unge R’.-J LR R
3463192 packuP T

FOR FIELD WELDS

TYPICAL LOW VOLTAGE POWER CONTROL & INSTRUMENTATION PENETRATION
SCALE

NO SCALE

TYPICAL ELECTRICAL AND PIPING
PENETRATIONS

néuniiggow%m OCONEE NUCLEAR STATION
G

Figure 5- 2
Rev. 6 6/22/70



M3y MM ABGUT &

&

REACTOR BLDG.

s
574 R,

VERT. TRNDEUS ——}-

£ L0CK,
EL.805-2Y

%

JETy

- EL.gar-u"

Serf

e * AN
) : \.
B
4
" tg"
T
paroa 9
7 COVER! :
: & HATIN  F
- [ = €..805%¢
g = t T T
{1 ‘ o Voo
$E | DRILLA TAFL: v ]
- WIS e A ‘|
: \ | g .
BERRN! A
' L o ,.;Ij
I PRI
| , |
i 4 ANCHORS -
i i L AROUND ?
: 1 _2; HATCH ¢ 7
! i SR !/E'LlNE_R__F'g:/-
ELEVATION - EQUIPMENT HATCH |
4 2 0 . L
\«;._
0\,&,/
' X . M@}i’-}
E /\ ' ‘\J;‘. %
S 1 . ’/ . \ SN
[ L AT X \ \\€ 5
T DET, \ N

I HATCH

HATCH 0PG. _

___4_1 /-

ERTICAL
[tenbONS \

: ".if"un:_k't_ '
.‘ '. N . Ve

Yab DRILL,
Va' NPT,
DRILL & TAP -
FOR TEST

SEE ELEV. 0P
2OVIP ‘rcu
.o

ELEVATION= PERSONNEL LOCK

s T 0 § 8w

%o EvE paiT |
S35 THK. RIS H E‘;

IPTING AND |.° ©
FRESSURE GAJ .

m

RE V N-27-6d

PERSONNEL HATCH

-
4oL -

77 ) .. aH . a
w| GROUND FL| |

- HORIZ

e P :
TENDONS |-} roop sEaf
TIMILAR T
: DET.-C
1/ M

s’ NPT,

BT

4% ruBesR
0O-RINGS

DETAILS OF EQUIPMENT HATCH AND "“2“%";" g OCONEE NUCLEAR STATION

Figure 5 -3



4200.

4100.

4000.

3900.

3800.

3700.

3600.

3500.

3400.

3300.

3200.

3100.

3000.

2900.

2800.

00

00

oo

MESH OF FINITE ELEMENTS

00

00

u S5 \\‘\
% LINER|PLATE S
S
\
PLOT OF MESH
|
HHH
2300.00 #“*
!
444
2200.008 41111
b4
l" anms
4 LINER| PLATE
2100.004H 1
L} heg
y' LINER_f]
4 raTe HHU
2000.0
g
2ama
1900.0
2 M
I-Hl
1800.00F 1]
-~~1
1700.00f
0 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00
1600.0 I
e
‘Il
—1%4 LINER| PLATE
1500.0 v
Q
0 100.00 200.00 300.00 400.00 500.00 6buU. 00 700.00 800.00 900.00

REACTOR BUILDING FINITE ELEMENT MESH

4‘—‘\\‘
DUKE POWER

OCONEE NUCLEAR STATION

Figure 5 - 4
(Sheet 1 of 2)
Rev. 4 4/20/70



FLOT OF MESH

MESH OF FINITE ELEMENTS
2499.990

2390.09

2200.99

2109.00

2099.00

1991.09

IREACTOR BLDG. NlE.SH<—/

1399.00

I/ »
1799.90 \ /4— L‘NERL t ]

!GDD.OOJ \
1509.00 \

14r.0.90 [

.300.00 ‘\ Y\L \‘\

i

L]
/
/

L]

1200.90

%

JBGRADE MESH

1190.90

I REAN

el LN AR

%\ \ AN
\ \

709.09 \ \

ND
Nl NN

29 2 199.99 259,09 399.99 499.99 599.99 609.19 790.09 $39.53999.59199.901109.921233.991302.931490,99)507. 0M 609.391700. 031809,

A"
|
1>

L~
//
L
L1
e
‘% /s/ e
///é
/
/
T/

B %
T P
L/

//

REACTOR BUILDING FINITE ELEMENT MESH

ke Powed) OCONEE NUCLEAR STATION
&

Figure 5-4
(Sheet 2 of 2)
(New) Rev. 4 4/20/70



: T u,
! ast ! S
K —
" ar e e
T <
1 : -
. 1 1 1 n
.
1 o«
wi
-
O
2
T 2
! 11y -
-+ , - t w
) S LET T T T M
" . 4
T T
Bt } + - ]
- - ]
it . EyREadhEREY iny T
| G 1] pu g 1 e
_ oy e R e T e
+H - I~ i I ¥ [ I 4+ &=
BE S —t - o . .-
, T e s anaul! H
t IS SN 1= T ot
t T T , T =
i : i * 1 H]
MO T T T T T =)
T T T
=" ; i I T i "
o e e I T , 11t SESENEE
T T 1 | i - 1
cH e T 5 e
Tt T - e i BgNs Buges
] ; 7 I 1t ! ' 1T snaly
141 : A 1 1 ; B! S NS GPEE
RS R G
LD NS p + 1] [ . ety
T ety et
i i R . T X SeEE gt 2
SRR IS I FrbH
4+ L4 444 H
: T g I 4._. HN P H 1" g
S s e s e T - _ =
~_ 0 “_ MA T _\Hm ST T 4..mv.w ' i b H res o
44+ } e . MO [ EEE RS PR R B I ¢
; . 1 1 b H LS SRSRS Seu N .L.U.Liwi..u ROSAG & e SEsSERle & _n._n._
ey DS S SRS S O SR S SRS RGN g Tl
S SmeanSianafsasl vikhy fustl IESRe SRGUS salas sanat SRS sturs shant! | mel Shuns banan S anet =
- T P e e A e e e ERg A anas saust - )
= SRt & S ShEes Snale sradd s vt mlat SSeueaas Bhuny | skl phaal cnses s >
Ch e b e e e i e 5
P I gadae ) B DO SRSy N 1 SRS BNNE B IS BN ENEER SRS eu !
iSannanE Suaps sogRy gy sl By SEA0e s 5008 AEORE SOREE nbne e | S5 T =
il Bt Las RO s SEnt S Sl re e et Tl e s e o DI e + 5
T o ; : ISRy SRBES o 1 L g : - H aa]
I N : RS O : : > -
_ |5 ROEE SO RES Su LY PENES auBES LANSS FRSEURNBEE RS { { : TIIt
n 17 i gae: SOEE SRS 5 il DR S SUBE W e / 15 B o
. I L 1 M@m. 4 4 M _m \_ O
Enimsunaisdsoils enbyauuag chats EESRS LEEES I s SSealcsess BERYS 1o £0¢ SHE =
*_ T wfllt A dfop e 4 »T LN W p:I.ﬂIHI.IT;I:...I. . e +4 ) Mr H . I MU
~ e janed guane s gns SE208 ou: ISSETS el 4 [ st panessunal Sbhan:
{ —H . I P . g oo - T i . M. |
! ﬁ_ S Ry pa T H— ovaJ!! S S £ 1 I AN S T w
rrit bR T T T e T A e - o«
U NEE P SRS B sand buSEl ollids vanda aeuld uer 7 & & GOl 1 rrt Tt
TH: B8 un s s samil = Smeahuenty. v | incessndEauRd ERRS
ST - f_.r.y.tiﬂf R SRS SRS 98 Hf Tclwl o1 Tt B} "
P RSN DRSS .. D B¢ . FRBC-1 D T 2T
ey R Eee ooy Bt YR f=r Y7 4743 Rcjeend Sshs et 1 S
H I hn g Sl ; il b dhu Ry . SET i S SEESEEARESEEE IEEPOS!
. T N IR I Ep 41 i M ; ;
1 _ T o e .:&\ e BRAUEE SWDE %,ﬁ 7
L S S i’ - . + . PR - + . +
] tﬁw NN RAene SO susesduit ona il BENEp 4y iuN IR SES B 6 B EE DB N
: SR subit Enmuy Endtn paens ChEos sdhus vus 757 & RS R § na s BaeEs 1u
1 i ot i - BEP 2 A 1 T T =
. 4 N B SDEDENN (! e et v DR MBENET
T ) S| 11y S~ : ' T e Bul
! T3 A P hS SE RS REel.) S nes y AN R | T3 1 I )
SN EERsteees Chmp SAEY pSL d Rpe (s Sasisieetinimsnaat inst
e o 2885s SEERT FEos Yot uas nas Ba! _
4 : nnagaEnane SO 3 T SIS i f
Tt 1 IEPNEEE OREE . ‘0 SR RN e, ~rot T
: i tat T P> oai - A R iBwR B aEE P
Janepusriaangsage _ 7t SSsnyppcas gu SaSeaRS as
3 LT S T DO Sl S T !
¥ Si oy : +
e T
) It
= B 11 1
+ T
4 44
1
: B =y RS B ] =
T e el Rt daast dea it SR |
. i 2 OS2 B e = S = N : et t
ha . dpa sous. sigs. yud SPgEcaius. phen_ BEu- 3RS0, fadns! o5 segg annun i 1
g t 1 IRE 1 T -
= T 17 i f
T i T
T 1 :
Tt ) = +
: i Seessts
- - -1 B N 4 i H
TN .
T =4
t T ) t T
1 1 1 1 . T

Figure5-5

GRADIENT



% g
3 []
NN 58
> o
a 8 0 . \ b ~ S
o o _| 9 ). ) 5 ;
" I\L nEii = = NOTES _
SR »* L;'i L THE 1SO-STRESS CURVES SHOW. THE
e A S R STRESSES IN THE CONCRETE ONLN.
A / THE DIRECTION OF PRINCIPAL STRESSES
7 MAX—STRESS CONSIDERS TWE LINER PLATE AlLsO.
5 T 9 g  STRESS INCREMENT-50 2MAX.-STRESS STANDS FOR THE MOMRE
o 5 ' TENSILE OF THE TVO PRINCIPAL STRESSES
5§ T = g[ IN THE VERTICAL PLANE . MIN-STRESS
54 / ‘ STANDS FOR THE: MORE COMPRASSIVE
PRINCIPAL STRESS.
,I ———r ' ; ,[Ij 7\L ;]_ J ; ‘ J j 3.THE SPACING OF THE COORDINATE GRID IS
/ Y ~ "'i - »; V2 % 3 3 ?t T ¥ * T T B 50 INCHZS IN EACH DIRECTION.
TS A VB ER A S E G R dF s
o o~ - -
W,’ ’l”:!:i““ | [ T '
ﬁ {7/* B ‘\: ! o [ oIRECTION OF MIN. STRESS
T / ",“',)“ oh"g}* L zzcTion of MAR STRESS
/ TN 7% =l DIRECTION OF MAX. AND MIN. STRESS

/1 e 8
| . ARV ]
il G AN e T
L TH = e |
fIIUU | - b S RERNET A0
o]

o | 89 % 8 Q
w , ﬁ“% y Q‘)L
_ il NS /7 ! 4]' .
i ik A N2z SN
d o ! o — HOOP —STRESS "™ '~
) g | | STRESS INCREMENT-20
lo 8 i
AW -
8
| o I
i . [9) !
i 9"
1 ‘L AVARE
§ %L A
I 12
t R/
_ ol pgl/ -
NV REACTOR BUILDING ISOSTRESS PLOT
TR WALL AND DOME
4 T - - okl OCONEE NUCLEAR STATION
4— : °7f > Nﬂyi T ‘ J_E - : . Figure 5 - 6
g ' ‘ : ' (Sheet 1 of 4)

i s 8
MERIDIONAL STRESS
STRESS INCREMENT —50




(ol

175
{ I~ 500

s

f N 000
¢ EEJ-‘ E;>§ 5 o ° '
MAX.-STRESS
STRESS INCREMEN O PS I
N7 A | LT F T~
n - RS AR S S Y
*x X‘xx‘i :‘* x\ . ;\l‘!}’\yﬁi %
x:f xxx"‘il‘*}‘::}},
< LY “\»
N A | DIRECTION OF MIN. STRESS
Lf\\“ \) : T~ DIRECTION OF MAX.STRESS
I
/f\‘:; DIRECTION OF MAX. AND MIN. STRESSES
I~ “xy Q
A 129
— I | |
ol L ) P e AR
"~ Qe {3 s i n
- /] e
n// \HV //xy 1 I T | | 1 1 1
§ I] ~ ] 8
] 7/ . 2/ g MIN.- STRESS
K JL J | STRESS INCREMENT 250 RSl
i J o/ | £ .
o o |O Y o
8 8 i : /L““/ T /\i" — )
al 8 8 k] G 3T ¥/ 3 o
|- i \9 g >
"‘“/ /§ f //L T f f
g ~~7 / ) 5 ST 3 HOOP-STRESS
—® %:”. STRESS INCREMENT 500 RSt
> i g
_ a g | 7,
: 4 /)
o 3 + S I
\ * /
(L] - il
N R /
\ | |
| L /
! (o] \\\ §| ‘ /%
2 \‘-}_‘ | I x
. | _
1 é\\ N ,\\\\ N | U *7__ . §)
Q ANEVAN N i |
? ol e ;| i | g
L I — \ x ."\\\:.;\ o) r~ ! = Fl
\ \ .\\ = N : ‘é\rj | |
=N Ny %\ S = :
N \7 /5/ 5 : »_kf- : 4§0 é 08
( ERDIONAL _STRESS v
STRESS

400

INCREMENT 400

NOTES

THE [SO-STRESS CURVES SHOW THE
STRESSES IN THE CONCRETE ONLY.
THE DIRECTION OF PRINCIPAL STRESSES
CONSIDERS THE LINER PLATE ALSO.

MAX.-STRESS STANDS FOR THE MORE
TENSILE OF THE TWO PRINCIPAL STRESSES

IN THE VERTICAL PLANE.

MIN, - STRESS

STANDS FOR THE MORE COMPRESSIVE

PRINCIPAL STRESS.
3. THE SPACING Of THE COORDINATE GRID S

50 INCHES IN EACH DIRECTION,

-1500

REACTOR BUILDING ISOSTRESS PLOT
WALL AND DOME

oukePoweR]l OCONEE NUCLEAR STATION
&Y '

Figure 5 - 6
(Sheet-2 of 4)



-25

\L 5 NOTES

- o I — | THE 150- STRESS CLURVES SHOW THE STRESSES IN THE

R CONCRETE ONLY. THE DIRECTION OF PRINCIPAL
\ "5 Q- STRESSES CONSIDERS THE LINER PLATE ALSQ.

J/- ES < 2. MAX.- STRESS STANDS FOR THE MORE TENSILE OF

- THE TWQ PRINCIPAL STRESSES IN THE VERTICAL PLANE.
it MIN.- STRESS STANDS FOR THE MORE COMPRESSIVE
15 PRINCIPAL STRESS.

3, THE SPACING OF THE COORDINATE GRID IS
50 INCHES IN EACH DIRECTION.

MAX.- STRESS
STRESS INCREMENT 25 PS|I

|
_—+'Xx,(x)§_f#++;{f\;' - - - - e
ety R FEEIEEIEIS
WYX~ & xa"“;:.‘_\;‘; | — ==
WA P Coes g
: fx"ix XX{ / —
/ f::i;;z;/ ¢ DIRECTION O Min - 27RESS
b Fe %
) /‘xf::s;/ DIRECTION OF MAX AND MIN. STRESSES
r)‘
|| :
st 3 .
/1"&7 : :
/“’.«,«7/ ,/} > 5:
e st
}Am,/ JRAA ! 2 |
I/
MIN. - STRESS
/ 7 STRESS INCREMENT 50 PSt
/'Hh o oo o o o o © o o
S §$33° 3%
e R
e T _
RS 72N
voes T A W/ LA
41144 YN v ! —_— |
\\ uLJu/ | ﬂ | // i i i i \ T
RN a I e 4 /
+\~ , N 2% HOOP - STRESS
. \-‘ ﬂ’ o o STRESS INCREMENT 50 PSI
BRI\ 5
N g T -
| Q A\l _ L ﬂ(% ; |
| &;v | 1/ - gl S
Q > R | y :
BI\FZ | : | 3 —+
¢ S\ t\ B g l I ‘ N ] l! E
EAWN N &’I i . !.91 0 f
A SR N e | iNis
N o N o I] | 19 9 N ' HE
¥ N /Sit g § R i.— | 9 l{gW
/ \: %\g (‘\U”" /ﬂ S e REACTOR BUILDING ISOSTRESS PLOT
of b SN S 1 T \ w WALL AND DOME
W ER &i—b IR ﬂ
- < > — T : i
NN R
T Tl T8 ﬁm w OCONEE NUCLEAR STATION

MERIDIONAL STRESS
STRESS INCREMENT 100 PS|

“”M Figure 5 - 6
g _ (Sheet 3 of 4)

1
§ 1 1 T 1 |
|
|



1500
—=H55. 1000
N
X \<<6
Y

449

\\

i/

ad
N S S—— f—
i B
= &'\ —i 1
r/
//‘ A MAX.— STRESS
STRESS INCREMENT 250 PSI.

il

/

1500 — =xget——r]
_25Q~EQ§

(000

B76. |

DIRRCTION OF MAX.STZESS

DIRECTION OF MAX. AND MIN: STRESSES

[
f"‘,{w‘ + *A_fﬁ_‘_* t_ﬁng\* - T T T T T T T T
NARE e Jnen NE S I I N L :
iR SRS YL Ll Pl i :
AN IR R R T e -

HEd xbox Flax X

IS
+++.\, )')( \x x)(l _{DIZECTIONOFMIN.STZESS
LN %
Y, 1% ‘xﬁs’

Y

(o}
S
u
—
Q
=
1]
Al N
3 AN o
91’/ %O' N E
o) ¥p DAY .
« “n’l S Iz g
. . 3
,_\“8
C 2
N~ e~ ' 109
| %
| &

MERDIONAL STRESS

STRESS INCREMENT 500 PSI.

MIN. — STRESS
STRESS INCREMENT 250 RS

77

NOTES

I

2.

THE 150 - STRESS CURVES SHOW THE STRESSES IN
THE CONGCRETE ONLY. THE DIRECTION OF PRINCIPAL
STRESSES CONSIDERS THE LINER PLATE ALSO

MAX.- STRESS STANDS FOR THE MORE TENSILE OF THE
TWO PRINCIPAL STRESSES IN THE VERTICAL PLANE.
MIN.-STRESS STANDS FOR THE MORE COMPRESSIVE
PRINCIPAL STRESS. ’

. THE SPACING OF THE COORDINATE GRID IS SO INCHES IN

EACH DIRECTION,

1
|

128,

2\269'( 210
N

STRESS INCREMENT 500 PSI

14.

G i
; //; P HOOP — STRESS
.

REACTOR BUILDING ISOSTRESS PLOT
WALL AND DOME

.n‘ux:fow:n OCONEE NUCLEAR STATION

Figure 5 - 6
{Sheet 4 of 4)



8339983 . |
o 1 3§ ¢ %
& ol ) il g =
T === =, N
= % 7 (I /
z
7'/ /i\i\ A N = !
‘ o I = S
) |><
MERIDIONAL STRESS \ / -/
STRESS INCREMENT 20 PSI.
\\ /\
N $ | 8
1 J |
/ * Q MAX-STRESS o
o ' STRESS INCREMENT 25 PSi _ o
o /
3 J
o Z/ING
IRl L J \\ ’
F+rd++FF+FH+t 44+ T+ = ’ T
R T+ x e |
o e a0 S S ' l
g SIS R
:‘;h,q o T % % ol
:\ * o o~ .
DIRECTION QF MAX Jr = = x ¥
AND MIN. STRESSES
DIRECTION OF MIN, STRESS T AR XX
{DIQEC TION ©OF MAX. STRESS
T 4+ A x X X
g LR s8¢ g 5
] Tr 1T - 1 Jg T+ & X[ X X K
a o} >y S
© 111 -] i Tg
[ | [ ——]
e e — 2 T 4 oxjx X X
P L] 'S
/\§§ S g ki NOTES
\._8 L THE ISO-STRESS CURVES SHow THE
. £ STRESSES INTHE CONCRETE ONLY. THE
MIN-STRESS —8 |1 DIRECTION OF PRINCIPAL STRESSES
STRESS INCREMENT 25 pS.1. . CONSIDERS THE LiNeR PLATE Also.
b \ ﬁ 2. MAX.STRESS STANDS FOR THE: MORE
§ 9%o0o0 AN TENSILE OF THE TVO PRINCIPAL STRESSES
vl Q - IN THE VEZTICAL PLANE. MIN. STRESS
l ] 1 l T8 - STANDS FOrR THE MORE COMPRESSIVE
28 2 323 g \ — T g PRINCIPAL STRESS.
I T7 — = e}
S g o // // \'I_; 3. THE SPACING OF THE COORDINATE GRID 1S
Q o ol 50 INCHES N EACH DIRECTION.
1g \'4(

HOOP - STRESS
STRESS INCREMENT 10 PSj.

N P et s g S

l-IO |~’20

n

\\Sé

-—

REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE
OCONEE NUCLEAR STATION
g Figure 5 - 7
(Sheet 1 of 6)



o
./ 3o
- ir P
3 5D y " T
S R AV § | ) ]
= = % ¥ = \\& f
94 ) =2l
& MAX-STRESS 2's9® "[\
MERIDIONAL STRESS 9 STRESS INCREMENT 50 FSI. Y
STRESS INCREMENT 100 P.S). S/ \ . AN
A
g / X
p3 3 &+ N
e
b 4 4w e
, 4+ 4 b me ]
DIRECTION MAX AND MIN. STRESS b
DIRECTION OF MIN.STRESS o]
IRECTION OF MAX.STRESS
LI IR N Y
| o IRE RS
8888 3
i l._' 44 ax
_ $ v 8
™~ Al
3 5B s
] X ™. © § 4444 AN
é <!> S\‘ & \: [RERRL
Q o Q N\ o
T ‘ [ < Q Jlw d\2e TXRER
I { g ﬁ é \ ttttey
MIN-STRESS !
STRESS INCREMENT I00 PSI. 5 ™
o Q QOO /
8 888888338 o g
1 [ o; ' 7/../
| AREEE :
o y [ N LTHE I1SO-STRESS CURVES SHOV THE
7 —t T TR R WY STRESSES IN THE CONCRETE ONLV.
| = «Lu% THE DIRECTION OF PRINCIPAL STRESSES
= Y ) bL / CONSIDERS THE LINER PLATE ALSO.
1
N it
' I 5 ' ‘ 2MAR. STRESS STANDS FOR TiHe MORE
Q — TENSILE OF THE TVO PRINCIPAL STRESSES
! IN THE VERTICAL PLANE. MIN. STRESS
HOOP-STRESS N STANDS FOR THE MORE COMPRESSIVE
STRESS INCREMENT 50 PSi, S o PRINCIPAL. STRESS .
O
n 3, THE SPACING OF THE COORDINATE GRID IS
/ 100 INCHES IN EACH DIRECTION.
o
(@]
D
REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE
T

ouke PowER) OCONEE NUCLEAR STATION
R .

Figure 5 - 7

(Sheet 2 of 6)



600
400

7 &
8 9 ., ~ l 8
® @ o Evagm M1
T T o 8
>\
S— f -8
STRESS INCREMENT 400 FSl. —!

=1200

MERIDIONAL _STRESS

STRESS INCREMENT I00PSL

-800:
Q
=00
/
<

=

?100

222

o)

STRESS INCREMENT 200 PRSI

X
% s
+

EEEREERLERIREERERE

F -
P
Fox

‘, +
x¥v
H+ % x x4
b 3 p s

H #» xxd

b+ X x

H + % x

b+ % x o

H+ 44 x4

FFFXH

bbb

Ht++ x4

H +4 424

H+ 4+ x4

H++4xH

B4+ 42y

H 4t

g &
i | '
DIRECTION MAX_AND MIN, STRESS
DIRECTION OF MIN, STRESS
IRECTION OF MAX. STRESS
[
8 g 1§10
| [ A A
§$ | &
MIN. STRESS 1 5

STRESS ' INCREMENT 400 . PSI.

Q
Q .
O < el
o
]
g S <
_ 5 | a
I
3 =
© 8 4
1
) N
' >
HOOP STRESS
STRESS INCREMENT 400 PRSI
(c') o
3

NOTES

. THE 1950-STRESS CURVES SHOW THR
STRESSES IN THE CONCRETE ONLY,

THE ODIRECTION OF PRINCIPAL STREISES
CONSIDERS THE LINER PLATE ALSO.

2. MaAX.-STRESS STANDS FOR THE MORE

TEMSILE OF THE TWO PRINCIPAL STRESSES
IN THE VERTICAL PLANE. MIN.-3TRESS
STANDS FOR THE MORE COMPRESSIVE
PRINCIPAL STRESS,

ATHE SPACING OF THE COORDINATE GRID S
OO INCHES IN EACH DIRECTION.

REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE

OCONEE NUCLEAR STATION

Figure 5 - 7
(Sheet 3 of 6)

DUKE POWER



-2Q93.

a4

( 500

STRESS INCREMENT 500 PS.I

1500

MERIDIONAL STRESS

STRESS INCREMENT |oo‘95.|.\

1000
1500

—1600-\ ,!/- =400

RER:

D\ A [z6.
<§_[

Q Xl 17

-22.

MAX. - STRESS

3§ I I
AN
A~ L~ \
o/ .
kY o
\ 8
N
;\\\ STRESS
| I I
INEREEREIINE R RRRRE
8l o ]
] I e

>

\ { T T ]

DIRECTION MAX. AND MIN STRESS

rErsy
Ao n x|

~~DIRECTION OF MIN. STRESS
"-DIRECTION OF MAX. STRESS

H b8 2]

H 4% 0 xa

FF¥aws
T

P

H v + 4 x4

4t

M4

[+ 4 4 4o

<63
X|-34.

b4 e

144+

~2093.

-400
X -4l

L-400

MIN, — STRESS

STRESS INCREMENT 400 PS.I.

F”‘_SOO

~1874.

303,

HOOP —-STRESS

STRESS INCREMENT 500 PS.I.

~1500 -
-10c0 -
~500-

X 489, | \ hIE
! .

INCREMENT 200 PS..

i
s 8 B
1
x |
I
NOTES

- MAX-STRESS STANDS FOR

THE 1SO-STRESS CURVES SHOW THE
STRESSES IN THE CONCRETE ONLY.

THE CIRECTION OF PRINCIPAL STRESSES
CONSIDERS THE LINER PLATE ALSO.

THE MORE
TENSILE OF THE TWO PRINCIPAL STRESSES
IN THE VERTICAL PLANE. MIN. STRESS
STANDS FOR THE MORE COMPRESSIVE
PRINCIPAL STRESS.

THE SPACING OF THE COORDINATE

GRID 1S 100 INCHES IN EACH DIRECTION

REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE

OCONEE NUCLEAR STATION
Figure 5 - 7
(Sheet 4 of 6)

DUKE POWER



‘STRESS INCREMENT 250

MERIDIONAL STRESS

2 ]
' 1, ~N
l 3
m -
1 rr
') oo ~ a. >
Z < 8 ' A i 5 7
‘ ﬁ& }% < S — it
- _:
© N . NN .
R C \Fi T 8
o g NE A %E-—
MAX.— STRESS =
g* N STRESS INCREMENT (00 PS | S
‘ T g
A
7\ o :
1 B
g 8
> s
STRESS | _
INCREMENT 200 _ e o
[SEEREEELERINEREREI! el
S < '*X x>
i
) X X X X
TEETE
DIRECTION MAX. AND MIN. STRESS L 4w
DIRECTION OF MIN. STRESS b+ 2 xx
D'RECT'ON OF MAX. STRESS H 4 x %%
[ X X X~
XX X
b x X %=
o Q XX %A
E I
/ ‘é“ XX %
& 5 /§ > b % > %
b 1 1 ~rwrny
‘\Q [+++++
HE H-++ + +
MIN. — STRESS ' —
STRESS INCREMENT 250 PSI o
©
AR -
o
o
8 [
<
g8 8 o
(o] ] Y J:
" § 0\ \ ¢ //
| , REENENG NOTES
i > Y 8 LTHE IS0 STRESS CURVES SHOW THE
C_ | A . 1 D STRESSES (M THE CONCRETE ONLY.
o THE DIRECTION OF PRINCIPAL STRESSES
a - 4 CONSIDERS THE LINER PLATE ALSQ.
3 ; 3
. : : .
HOOP STRESS T4 8 2MAX: STRESS STANDS FOR THE MORE
: q & TENGILE OF THE TWO PRINCIPAL STRESSES
STRESS INCREMENT 100 PSI ' e IN THE VERTICAL PLANE. M\ - STRESS
8 - STANDS FOR THE MORE COMPRESSIVE
: l\ o PRINCIPAL STRESS,
— 1
8 / 3, THE. SPACING OF THE COORDINATE GRID 1S
[ 100! INCHES (N EACH DIRECTION.

REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE

éuu Z;w . OCONEE NUCLEAR STATION
\Cicd

Figure 5 - 7
(Sheet 5 of 6)




o9
A £ eyt
5 9,_’\" /7 F o ’LL \
y RN

4

{

200

MERIDIONAL STRESS
LSTRESS INCREMENT 250 RS

STRESS INCREMENT 500 F.’S,I./

250
OO

A4

5 S \ N

500

> 4
T3,

— 3~/

L}Oﬁgoo

:
L= =l

~—
]

DIRECTION OF MAX.AND MIN STRESS e

DIRECTION OF MIN. STRESS Mot g s
\DIRECTION OF MAX, STRESS

el |
Q0
g8 .. e
S e S
P Ne | @ <~ ...
) I ! (o]
B e — )
/é(j
(&Y}
MIN. STRESS g ,(
STRESS INCREMENT 200PRS). S [
g =
/N
L THE ISO-STRESS CURVES SHOW THE STRESSES
IN THE CONCRETE ONLY, THE DIRECTION
ey OF THE PRINCIFPAL STRESSES CONSIDERS THE
LINER PLATE Also.
o 0 2MAX. STRESS STANDS FOR THE MORE TENSILE
o6 0 0 oF THE TVO PRINCIPAL STRESSES IN THE
9 Q0 oy 7 : verTlcal PLANZ . MIN. STEESS STANDS FOR
0 —'J \9..9»l ‘.‘[9,‘ ‘ ~ THE MORE COMPRESSIVE PRINCIPAL STRESS.
e R ]
l\ \ ! \§ '; ‘ l 3T - 3.THE SPACING OF THE COORDINATE GRID
5 } L Q IS 100 INCHES IN EACH DIRECTION.
= ST /T f/ 0 T
A ~
HOOP-STRESS o S /6‘
STRESS INCREMENT I0OPSI. & 0( )
I\
(] % Q

REACTOR BUILDING ISOSTRESS PLOT
WALL AND BASE

ouke PowiRl OCONEE NUCLEAR STATION

Figure b - 7
(Sheet 6 of 6)




SRR
RZ1R
SRR
SRR
R
Pestuitg
IR
“:“‘“‘“\‘\‘\
T
st \:t\\
paAb
TN
‘“\‘l\{\\{

14590.00 1998.00 1550.080 1608.90 1650.00 1709.09

REACTOR BUILDING FINITE ELEMENT
MESH WALL BUTTRESSES

@ OCONEE NUCLEAR STATION
\ S Figure 5 - 8




-14
3

X

X
-1.
120,60 <

135000

MAK STRESS

STRESS INCREMEN]
50 P<I.

1360.00

15%.00 16450.00

1650.60 176G .00

REACTOR BUILDING ISOSTRESS PLOT
FOR BUTTRESSES

OCONEE NUCLEAR STATION
W Figure 5 - 9

(Sheet 1 of 2)



14060.00

1350.00

1300.00

STRESS INCREMENT

SO RSl

1600.00

7060

1100.00

-600

REACTOR BUILDING ISOSTRESS PLOT

FOR BUTTRESSES

OCONEE NUCLEAR STATION
@ _ Figure 5 - 9 '

(Sheet 2 of 2)



Ll Ll saronw seatmantl 1 |

nxﬁ_a%%ss%g REEEE IR

e
o 22NN
(@ #ET

TEMPERATURE GRADIENT AT BUTTRESS

Figure b - 9A
(New) Rev. 6 6/22/70

OCONEE NUCLEAR STATION

\



(New) Rev. 6 6/22/70

[77]
= 2z
< O
[ =
w =
a <
[
(O] [ ]
2 o m
Qo 9o
o Ll |
: O g w
L S o
2 = =
P~ 2 3
wl w R
2=z BNTavIng Nolovay 4o 3018lne :.v,t 0IM3 A o« (71} L
....._...»L.r_.aa ...(;.\.Goza._. L0488 ol -.ole -, 06T -.0bF 00 lwv % w
bpiovds N#? w3 P No . . 6 5 . z2 | .
B 09914 34V S¥va WINL 13Len crsmag o Tt NollvA3T3 - 553911 Da« %_Jm dAl % m
f » \-_.s_@ 211296 ¥ R o | | ! R —
AR g reotlzs R S I I e = o = E
M . . 11 - b1 - - - -- L lme mam 33
M s e 8| — o I T w 2 =
T NIX apeanil R T RN g€ | | s A4 A - o =
HEREY Loy — | AN Mﬂ D e Gl il e P ; =
] T b T T T T Fa S Wi N I ] ] - | -7 ag] ¢ 2
V= | — — "= [ = —H 1 T + 2 4+4bs 3 i =
NvA WLl A .V.bvu v " _ | ) u (bl a3 A P~ = “MLV»HU | | I b A ir 1\.»N.NL._.$ZQO_
- : 441l o = Sy :
3 Pl zodl 3 6dll D LA AL T S e - i - R oS ehi,0ip0a|
S e | o SRR o5
— = o WL L AR EREAN T T ) P
et |6 rZ- ma 4 O 1 _ RIS 4 - W..L|-. 9.0l | | eo8lhotz ~ob =-1
¢ N Lelll b (1 m—|| = Silsl sy [ - - k _ Loltes = o
¢ - 77 o : - e
AL el ~ 1 . 04K o O ptE
N N ¢ ¢ v ¥ _€ " V o3 - ~l==e i1 i T T &3y T atgl-,0%8 _.\\r Lt =
e lo | ﬁU Ny T T 33 K- e - R R Y DR RSP PP
- = dvlH Cpv o ¥ |8 T3 0
v ¥ (¢ bnioda el Wineas g £ ¢ T JEEN T DU § U S | N S W ) O =
e e e ™ D’aL_._....‘_.z o ,._.l hfi e [ERRCMAPETIEC LY AT T n,w_: %o [ AT el I on
pr® et e elole . I~ V513K o8
Aciaalinal Wil w3 @ P A M Y )
_ &~va JL e 1o (8- [Nl TR - o~ S S ) A N S il o3 o=-plnoce
I A2V dAL NN Nk H (RPN Y ¢ S 24120z %ok olz L4
At YRR
T2 S RO C A ey - - e I A S 7}
AN LA P - - i v
N4 WRL 461 A s il LLHHE |- N P NP (N = S P SO SR o 5 ML 44T 5 ETONZAC 7R
i o (= o) T e
m - Ry S0 A nelienNianos
h =l O % -2-06¢ 108! LolL o)
! _|- m ﬁ b1l P& -0 oiL-0o%
| L - S D g -, ol ,08
e v e .wl i} IM ) H“_
< N M,, iy N~ 8.7 ¢ .g A_z CRPZ 3 EEY NI a—y T
m_. w ” 3 _ - ot s+ Sty i <11 LS TR S A _w
¢ e e < opearal] (X | - —itt- =~ -] HH il ol ob -0l o8] -
i - . Lpes ~3onn i + %
v e % . sdoraicnom| % . RN BRI I8
v z Smuul oo | il — T e voildan -zl A
: — -t - g - [ -
v 3 | 78S
At nringd c || ™
b — I o M e 2 D T 8 5 MO 3 13 ..duwv_..;.m.o@ a
I 1 . il A Lol ol -
N il Lo =~ _ _ A L#81 Lol ,0b 20T 0% o
2R A e |
- —= —+ 1= —] e R e SR e r s = : 3
K b __r= & PRI R I
e &8 - Ir nollorNlenos] _.n
& ¢ == C
e lvlele <
W W W H. > Lo |-» m U.‘
H .w “.w., h _M .ﬁ 4 1- - [
b ) < S [T Y I% | m— & S
=< (< [Z ’ Ly ¢ (¢ él
- | |- - v
S = e (¢ e P i
= |2 |E S = == 4 )
S nl il I LA - S Y A - Y
~va UL L™ =5 =~ " r.ﬂ.Q - o ..n. ..l e e i T ©+94b13 -
- Qs il i I_ . | . .c...,wnu | | If Nellonawlenos,
== i1 I \\ln_ ) CENCRES ,....m,unfw 7 a3l o, 7l
I A B e |- QRN 2066306l »0lZ -pob
I e~ | 1 | 1~ .7-7. ) 4 4l o g-n-0lT-,08
¢ ¢ |e Il _ v LYY “3 2,- 030l
LR il S ] T aAG. €
+ M ¢ w ~= _ll l_ 4 L ! CREZIC 7 ar—
Ml - mﬂi i | u. * R Tl 631l D - gl 2066 p
LU “ s. S |8 g I3 #06] 30l w0b Lol ;04 S
1 T & x
D 3 ~ |
| AT —
%S ] =T _ﬁ,h S _
LR | Z |77 RJIKIR CREEDRS FIN"a
£ A | x4 X X >
| =g _ - 28R I 432 5 -zl -0
e | w7 [ | 14 "4 M o[ | s - M T 111 "1t »28L sz 0k ,olz 0%
¥ Wil Lot - ' __ s e & I 1 .. i
N L IS TR == [~ Fry ‘o RN JJ T —0wizbbng |
,.un .| = —2 = - Ir pellorn<isnNe :
LY Ny E r.vvl — -} !
¢ | | o |
FREEEN - R - O e 03l Vg -l 04K .
¢ e e = 3 . - »24| LT -, 2b L, 018,04 !
e it e Lnl\\.hrl\u\\@hu\\l\ Nt n.n.wn__ﬂmm e A
Nl R ﬂl “ | “ Ho polldaing S H3A g€ = I | S N B O . S R R GI9d7IHaN Fa <6 RS
A\ AL X 336'~N~d WINL [ ot " s ] &
clls ! _||ll_Htlﬁ\|\l|l|l|ln_ ' odd 32 T P e iy Rl ot R R & 5 R AR Y NS 2| - =
S S (== 3L 2 1dhL =
ANL AL i _ i_ RRE o e = = o1l 2= 2l - ,06q |
|1 | B \|u_ ALY - 1 N — o4 Lol 30k olT ok
] L= 18 :
~vqd wiil 1a” Wﬂu * M i ﬂﬂﬂ :
Il i S (L . - — - DAY 1 _ _ . i
NI o T— %3 e i L1 _ 4L T oteab 9] |
ol | I EISLE Ir Nellonylapes
NG WINL 1T N _, - = K
¢ .-w S N, el | Rl unli R o e A . £ O L S 2 Y ]
e T w Hingse H-| -oél otz wob - olg .04 ¢
¢ ¥ 18 N EAIPIIHEK 7, ¢ . 3
[ o -
e - —— n.u_._. e e —— h
<) =0T WwOh
NV wvi g o) e v H3kwe-a == ~ > v\+ M\r__ﬂju
A > I_ﬁ Lo o SR ‘ IR zw:naL?_L\L
TRIT % R %.21 Tl 3a~ib opid Llod "
AR AR ER ] : 31l lal do J@ .w|
m m IM FECEL) LR __nm..ru:....._a.__mv___._ Y2 Lol T ol ada 311 AvaTJLL N
[N ALY d— =
. . T
_ \ Q
— 0+ 46 "3 e : w_..
B QuIHAING . - o -
40 4oL s -z
__“ _v
O51=.3 R m Nell-2s
'
1235 ™/
T - TTTT TeTamear, b . &7 h s v/n..v 2
MOHS SV ' 2dS /i g 1 -7 \M 1 L4
$T|.oa\«.. .v..;s_:AmN-ﬁ.imsT.wHi - +_. \m.m L a634llra k3 _ .
SR R 0 TR T L T T T T L T
) O e Ge Ge 1 @ e

F
e
SNed NIL -
p1ss Lo 2N : : s




E =450% 10° KIPS/INZ
G =180x10° KIPS/IN®

MAX. HYPOTHETICAL EARTHQUAKE 0% G
DAMPING FACTOR 5%

) < [ 4 -
2g et (95 g
s ¥ |l et
WT 17 MESRE: 2588 0.22) oNaT
0 HEARAR
Mm{WT 16 R IERIERES 1250 128
<1 818|% >
DIWTW L BT o Tw | 5 o84 o.ne
o1 Slei@lRr e
¥ < R I Y
Nl WTe sTolw & 89z o102
0 R F| Qv ————
o g | I N
Ne WT 13 LR 859 0.08%
o Q|3 |g|R -
3 4 | S |1
O WT 12 STa 6| m 697 D.069
297 ~N ; 0 " [t
S vl irlgy
_'QJ WT E- K] '8— = 405
Ky WT 10 S{ e 26!
~ ~ |7
n 3 2 Q|8 [
ry WT @ T o « = 280
-] § g|R Y Sy
— o~
ol oy WT 8 N T H 225
s N ERR & e
INEY R AN T o Tw 5 132
o] i }=3 m
e 8|2 RS T
‘Ne WT & - Q " " o8
o - Rlslel® =
Ny WT gl (v |m 06
o 2|15l =
' WT a -
,gJ 59 3 S 87
; ~ |~ | &
¢ 4 WT 3 312 v | m 8O
) S5|2IR | % ™~
Ty WT 2 § e 131 0.08% 1o
. ! F : FOR DE SIGN
_@4 g I ,§ o ~ | PURPOEES,USE
Q¢ WT O I § 207 | DOTTED LINE
0 AR IR AR —
9 R J_ 0.000
MODEL FORCE ACCELERATION DISPLACEMENT
ENVELOPE ENVELOPE ENVELOPE
(KPS) (FACTORED &) (INCHES)

2,588

3837

4,480

4,898 ]

2,257

408

5794 I

&,05

©,220

636!

6435

6,692

6585

4,67

6751

©,882

7087 |

7087 B

179,300
292,000
392,800
\486,400
722800
575,200
AL
658,800
76,800

702,200

SHEAR MOMENT
ENVELOPE ENVELOPE
(KIPS) (RiP FT)

REACTOR BLDG.- SEISMIC MODEL RESULTS

A-2

