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12.1

I/kab

Page 1 of 1

Summary Description

The plant buildings and structures consist of the reactor building, turbine building,
radwaste building, administration building, intake structure, off-gas stack, off-gas
building, recombiner building, emergency filtration train building and other auxiliary
structures. The design requirements contained in this section apply to the plant
structures and equipment which are required to prevent the significant release of
radioactivity, which are required for safe shutdown or which are required for power
generation. Plant structures and equipment not discussed in this section are
designed in accordance with building codes valid at the Monticello Site. The
arrangement of the main plant structures on the site is shown in Drawing
ND-95209, Section 15.

Drawings NF-36054 through NF-36063, Section 15, show the general
arrangement of the reactor building, turbine building, office and control building.

01156713
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12.2

Plant Principal Structures and Foundations

12.2.1

12.21.1

12.2.1.2

Design Basis

The environmental conditions of the site have been evaluated in detail in
Section 2. Based on this evaluation the design bases described in the following
sections have been used.

Safety Categories

The plant structures and equipment are divided into two structural safety
categories:

Class | - Structures and equipment whose failure could cause significant
release of radioactivity or which are vital to safe shutdown of the plant under
normal or accident conditions and the removal of decay and sensible heat from
the reactor.

Class Il - Structures and equipment which are not essential for safe shutdown
of the plant or removal of decay heat, but which are required for power
generation.

The design of Class | structures and equipment takes into account postulated
environmental and accident loading, including the design basis earthquake.
Class Il structures and equipment are constructed in accordance with industry
codes and standards applicable to power plant construction in effect during
plant design, including seismic coefficients from the Uniform Building Code
(Reference 29).

Class | Structures and Equipment

Class | Structures:
Primary Containment (Drywell, Vents, Torus, and Penetrations)
Reactor Building (up to Operating Floor - 1027-foot 8-inch)
HPCI Building
Plant Control and Cable Spreading Structure
Spent Fuel Storage Pool
Off-gas stack

Reactor Primary Vessel Biological Shield and Support Pedestal
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Standby Diesel Generator Building
Diesel Fuel Oil Transfer House Containing Diesel Fuel Oil System*
Emergency Filtration Train Building

Intake Structure Pump Room Containing Emergency Service Water and
RHR Service Water Pumps and Connecting Pipe Tunnel

Parts of Turbine Building Housing Class | Equipment
Underground Duct Bank - 3rd Floor, EFT to Reactor Building.
Class | Equipment:
Nuclear Steam Supply System
Reactor Primary Vessel Supports

Control Rods and Drive System including Equipment necessary for
Scram Operation

Control Rod Drive Housing Supports

Reactor Vessel Internals'

Fuel Assemblies

In-Core Housings

Reactor Core Shroud

Reactor Core Supports
Reactor Coolant Recirculation System Piping Including Valves and Pumps
Containment Isolation Valves
All piping from Reactor Vessel to first Isolation Valve External to Drywell
Emergency Core Cooling Systems

High Pressure Coolant Injection System

* Class Il structure analyzed to Class | requirements.

1. The Reactor Steam Dryer Assembly and Reactor Steam Separator Assembly are considered Class |l
components. (See Class |l Equipment List)
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Core Spray System

Residual Heat Removal System
RHR Service Water System
Emergency Service Water System
Standby Gas Treatment System

Main Control Room & Emergency Filtration Train Building Air Conditioning
System

Fuel Storage Facilities, (spent fuel and new fuel storage pools and
contained equipment)

Standby Electric Power Systems
Plant Battery Systems
Standby Diesel Generator System

Emergency Buses and other electrical gear to and including power
equipment required for safe shutdown

Standby Liquid Control System
Instrumentation and Controls Systems
Reactor Water Level Instrumentation
Reactor Manual Control System
Control Rod Drive System Instrumentation and Control
Reactor Protection System
Nuclear Instrumentation System
Radiation Monitoring System

All Class | equipment is designed to withstand the design basis (maximum)
earthquake.
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12.2.1.3 Class Il Structures and Equipment

Class Il Structures:
Turbine Building except portions housing Class | equipment
Radwaste Building
Low Level Radwaste Storage Building and new Shipping Building

Off-gas Storage Building except Fan and Foyer Room which are designed
to withstand select Class | loads as they house Class | equipment.

Recombiner Building
Circulating Water System Including Cooling Towers
Administration Building
Turbine Building Addition
Class Il Equipment:
Turbine Generator System
Main Condenser System
Reactor and Turbine Building Cranes
Reactor Feedwater and Condensate Systems
Condensate Storage and Transfer System Tank and Pumps
Plant Auxiliary Power Buses
Electrical Controls and Instrumentation (for above systems)
Reactor Cleanup Demineralizer System
Plant Radioactive Waste Control System
Reactor Core Isolation Cooling System
Turbine System Moisture Separators
Reactor Steam Dryer Assembly
Reactor Steam Separator Assembly

All Other Piping and Equipment not listed under Class |, which are
required for power generation



MONTICELLO UPDATED SAFETY ANALYSIS REPORT USAR-12.02

12.2.14

Revision 32
Page 5 of 50

Criteria for Design

General requirements for the design of all structures and equipment include
provisions for resisting the dead loads, live loads, and wind or seismic loads
with impact loads considered part of the live load. Selection of materials to
resist these loads is based on standard practice in power plant design. Their
use is governed by the building codes valid at the Monticello site and the
experience and knowledge of the designers and builders. All class | structures
and equipment were analyzed to assure that a safe shutdown can be made
during ground accelerations of 0.06 g (operating basis earthquake) and 0.12 g
(design basis or maximum earthquake). Class | piping and associated
components have also been analyzed for appropriate thermal loads.

The loads of concern include the following:

D = Dead load of structure and equipment plus any other
permanent loads contributing stress, such as soil or
hydrostatic loads or operating pressures and live loads
expected to be present when the plant is operating. This
includes impact thermal and anchor movement loads as
appropriate. The expected live load is the live load due to
the use and occupancy of the structure. This includes
loads from existing equipment and any other loads that may
occur during plant operations.

= Wind load.
Tornado Loading.
= Pressure due to loss-of-coolant accident.

I Vs s
I

= Jet force or pressure on structure due to rupture of any one
pipe as assumed during the original plant design. The High
Energy Line Break (HELB) Analysis Report is shown in the
USAR, Appendix |.

H = Force on structure due to relative thermal expansion under
operation conditions.

T = Force on structure due to relative thermal expansion under
accident conditions.

E = Design (operating basis) earthquake load. (0.069)

E’ = Maximum (design basis) earthquake load. (0.129)

F = Probable Maximum Flood with flood waters in excess of

elevation 930 ft msl and high water at elevation 939.2 ft msl
for Class | structures and Class Il structures housing Class |
equipment.

A = Force on the structure due to a halon system actuation.
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The criteria followed for all Class | structures and equipment with respect to
stress levels and load combinations for the postulated events are noted below':

Load Considerations Allowable Stress

1. Primary Containment?
(Drywell, Vents,

TORUS, and

Penetrations)

a. D+P+H+T+E ASME, Section lll, Class B, without the usual
1/3 increase for seismic loadings.

b. D+P+R+H+T+E Same as (a), above, except local yielding is
permitted in the area of the jet force where
the shell is backed up by concrete. In areas
not backed up by concrete, primary local
membrane stresses at the jet force do not
exceed 0.90 times yield point of the material
at 300°F.

c. D+P+R+H+T+E’ Primary membrane stresses, in general, do

not exceed the yield point of the material. If
the total stress exceeds yield point, an
analysis has been made to determine that
the energy absorption capacity exceeded the
energy input from the earthquake.® The
same criteria as in (b) above, is applied to
the effect of jet forces for this loading

condition.
2. Reactor Building and
All Other Class |
Structures*
a. D+R+E Normal allowable code stresses have been

used (AISC for structural steel, ACI for
reinforced concrete). The customary
increase in design stresses, when
earthquake loads are considered, has not
been permitted.

Design criteria for the spent fuel pool structure is defined in Section 12.2.2.1.1

For the suppression chamber and vent system the design loads, load combinations and stress criteria
are described in the Monticello Mark | Containment Long Term Program Plant Unique Analysis Reports
(See References 72 and 75 of Section 5)

Although this was an original design criterion, no cases were found where the yield point was exceeded
by the earthquake energy input and therefore application of this criterion was not required.

Class | structures were not analyzed to determine that their energy absorption capability was greater
than the energy input due to the design basis (maximum) earthquake (not to exceed yield stress for
structural steel).
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b. D+R+FE’
c. D+W
d. D+wW’
e D+F
f D+A

Load Considerations

3. Reactor Vessel
Supports

a. D+H+R+E

USAR-12.02
Revision 32
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Stresses do not exceed: - 150% of AISC
allowable for structural steel (not to exceed
yield stress) - 90% of yield stress for
reinforcing steel. - 85% of ultimate stress for
concrete.®

Normal allowable code stresses (AISC for
structural steel, ACI for reinforced concrete)
with the customary increases in stresses
when wind loads are considered.

Stresses do not exceed: (Excluding Steel
Superstructure)t - 150% of AISC allowables
for structural steel (not to exceed yield
stress). - 90% of yield stress for reinforcing
steel. - 85% of ultimate stress for concrete
to assure no loss of function and adequate
factor of safety against collapse.*

4/3 of normal allowable stresses (AISC for
structural steel, ACI for reinforced concrete).

Stresses do not exceed: 150% of AISC
allowables for structural steel (not to exceed
yield stress); 90% of yield stress for
reinforcing steel; 85% of ultimate stress for
concrete.

Allowable Stress

Stresses remain within Code Allowables
without the usual increase for earthquake
loadings (AISC for structural steel, ACI for
reinforced concrete).

5. Although it was an original design criteria that the concrete stresses not exceed 85% of the ultimate
strength of concrete at 28 days for a specified design strength or class, the actual stress level of “in
place” concrete is less than 70% of ultimate compressive strength based on actual cylinder breaks at 28
days for the concrete strength or class specified. Therefore, the actual structure is in good agreement
with ultimate strength sections of the “(ACI) Building Code Requirement for Reinforced Concrete”

(ACI--63) as listed in Table 12.2-1.

6. Although the Reactor Building steel superstructure is not a Class | structure, it is designed for this load
combination to ensure that a failure of the superstructure structural members will not occur when

exposed to this load combination.
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b. D+H+R+E’ Stresses do not exceed: - 150% of AISC
allowable for structural steel. - 90% of yield
stress for reinforcing steel. - 85% of ultimate
stress for concrete.’

4. Reactor Vessel Internals8

a. D+E Stresses which occur as a result of the
maximum possible combination of loadings
encountered in operational conditions are
within the stress criteria of ASME, Section I
Class A Vessel (Reference 30).

b. D+FE’ The secondary and primary plus secondary
stresses are examined on a rational basis
taking into account elastic and plastic strains.
These strains are limited to preclude failure
by deformation which would compromise any
of the engineered safeguards or prevent safe
shutdown of the reactor.

c. D+P Primary stresses are within the stress criteria
of ASME, Section Ill, Class A (Reference
30). The secondary and the primary plus
secondary stresses are examined on a
rational basis taking into account elastic and
plastic strains. These strains are limited to
preclude failure by deformation which would
compromise any of the engineered
safeguards or prevent safe shutdown of the
reactor.

In response to NRC questions, further expansion of item 4 above is included as
follows:

There are no specific strain limits in connection with primary type loadings
because stress limits are used and are believed to be more appropriate to
primary loadings.

7. Although it was an original design criteria that the concrete stresses not exceed 85% of the ultimate
strength of concrete at 28 days for a specified design strength or class, the actual stress level of “in
place” concrete is less than 70% of ultimate compressive strength based on actual cylinder breaks at 28
days for the concrete strength or class specified. Therefore, the actual structure is in good agreement
with ultimate strength sections of the “(ACI) Building Code Requirement for Reinforced Concrete”
(ACI-318-63) (Reference 31) as listed in Table 12.2-1.

8. For information on the loads that were analyzed for the Steam Dryer assembly, see Reference 95 in
USAR section 3.7.
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For accident conditions, a fatigue analysis is performed to account for large
secondary strains (i.e., those produced by thermal stress). The ASME fatigue
curves are extrapolated to one cycle such that the strain corresponding to one
fatigue cycle is the implied limiting strain. The total fatigue usage is never
permitted to exceed a value of 1.0. This implies a factor of safety of 2 on stress
and 20 on cycles when using the ASME fatigue curves for the material in
question.

Two limiting criteria are considered in the design of reactor internals which
negate the need for specific strain limits. These are deflection limits and plastic
instability limits described below. In the Monticello case neither criteria was
used to the limit permitted by the criteria.

The deflection limit requires that maximum permissible deformation under
combination loading be limited to 80% of the loss of function (LOF) deformation
(calculated on a conservative basis). The LOF deformation is that deformation
which could compromise an engineered safeguards system or could otherwise
jeopardize safe shutdown of the reactor. As a practical matter, the stresses in
most of the critical reactor internal components are so low that these
deformation limits are not invoked.

When combination loading stresses do exceed the yield stress, the General
Electric plastic instability design criteria permits a maximum load equal to 80%
of the plastic instability load. This criteria is more conservative than Section Il
of the ASME Code 1965 Edition which permits 90% of the plastic instability
load. Using the G.E. criterion the strain corresponding to this load varies from
about 10% (non-strain hardening materials) to about 35% (strain hardening
materials) of the ultimate strain at temperature as determined by standard
ASTM tensile tests. It has not been necessary to use this criterion on
Monticello, however the method does represent the upper bound of strain
permitted within the criterion. Primary stresses due to fault conditions are
limited for design purposes to 2 S, under combination loading. Since Sy,
implies a minimum factor of safety of 3 (e.g., Sy < 1/3 of the ultimate) the
minimum factor of safety on load obtained from this criterion would be 1.5.

As indicated in Section 3.4.3.2 the most significant strain to occur in any reactor
internal component occurs in the shroud to shroud support plate region and is
primarily caused by thermal gradients and temperature differences which occur
as the core is reflooded following a design basis accident. Since the
predominant loads are secondary (thermal) and occur less than 250 times, the
stresses are calculated on an elastic basis (even though yield stress is
exceeded) and a plastic fatigue analysis performed on the components as
outlined in an ASME paper (Reference 1). The energy criterion does not apply
to reactor internals.
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Load Considerations

5.  Emergency Core
Cooling System

(ECCS)
a. D+E
b. D+F

USAR-12.02
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Allowable Stress

Stresses remain within code allowable

Stresses remain within minimum yield point
of material.

The design codes used to govern the construction documents are listed in
Table 12.2-1. Additional loads considered in the containment design, torus
attached piping, SRV discharge lines, and ECCS suction header, as a result of
the Mark-I Containment Program are described in the Monticello Mark |
Containment Long Term Unique Analysis Reports (See References 72 and 75

of Section 5).

Live Loads

These live loads are not necessarily the expected live loads to be used for the
load “D” in Section 12.2.1.4, but are the design live loads that were used during
the original design of the structures. The 50 psf snow load is a ground snow
load. The actual snow load on the structure must take into account the roof
geometry and the features of the surrounding area.

Live loads used in the design of Class | structures, in general, are as follows:

Roof snow load

Concrete floor
loading

Grating floor
loading

Lay down areas on
Reactor Bldg.
Refueling floor

Stairways and
walkways

Control room
Cable spreading

room

Emergency Diesel Generator
Building Second Floor,
Elevation 949 foot

50 psf

200 psf (Minimum)

150 psf

1000 psf*

100 psf
200 psf

100 psf

100 psf
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Off-gas Stack.
Floor Slab, at
Elevation 971-foot 6-inch 100 psf

*NOTE: 1000 psf live load is not concurrent with spent fuel cask laydown

12.2.1.6

12.2.1.7

12.2.1.71

in the cask decontamination area.
Wind Loads
Wind loads used in the design of Class | and Class Il structures are based on a
maximum wind velocity of 100 miles per hour, 30 feet above ground, in
accordance with ASCE paper 3269 (Reference 32). Wind velocities are

permitted to vary with height in accordance with Table 1 (a) of ASCE paper
3269. A gust factor of 1.1 was used.

Flooding

External Flooding

The plant site natural grade level is at elevation 930 ft msl. The maximum
recorded high water level at the site was 916 ft msl. The 1000-year projected
high water level is elevation 920 ft msl and all Class | and Class Il structures
have been designed for a high water level of elevation 930 ft msl.

Although significant meteorological antecedent conditions (as described in
Appendix G) must be present for a Probable Maximum Flood to occur in the
spring, flooding conditions could develop throughout the year. As such, a plan
is required to be in place at all times and able to be implemented that will
protect the plant from an external flooding event up to and including the PMF
which peaks in 12 days at elevation 939.2 feet MSL.

Flood protection is provided to prevent flooding or flood damage to Class |
Structures, Class Il structures housing Class | equipment and Radwaste
Building in the event of the Probable Maximum Flood as defined in Section
2.4.1.

For Flood protection below elevation 930 feet, installation of flood protection
features (such as pumps and steel plates, grout, or sandbags to close openings
up to elevation 930 feet) provides flood protection for Class | structures and
Class Il structures housing Class | equipment. Suitable steel plates are stored
at the plant for possible future use.

For Flood protection above 930.0 feet, a levee consisting of an earthen levee
and bin wall earthen levee is constructed around the Class | structures
(excluding the Off-Gas Stack), Class Il structures housing Class | equipment
(excluding Off-Gas Storage Building), and Radwaste Building to protect them
from the effects of a flood. The Off-Gas Stack is outside the boundary of the
levee and protected by steel plates and sandbags. The Off-Gas Storage
Building is excluded because the only areas that house Class | components are
the Fan and Foyer Rooms for Stand-By Gas Treatment and the components
are located at an elevation above the PMF. Construction of the levee will stay
ahead of river level and adequately protect the plant. Installation of flood
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protection features (such as pumps and steel plates, grout, or sandbags to
close openings above elevation 930.0 feet) provides additional flood protection.

Installation of flood protection features (such as pumps and steel plates, grout,
or sandbags to close openings) and construction of the levee would be done at
the time of the flood since about 12 days are available from the onset of the
conditions leading to the PMF and the time the peak stage would be reached at
the site.

The flood protection design and procedures address floods to the Probable
Maximum Flood elevation of 939.2 foot ms| (Reference 24).

For the design flood of 930 ft msl no increase in allowable stress was permitted
in the design of buildings to withstand hydrostatic loadings. For the Probable
Maximum Flood stage of elevation 939.2 ft msl, a 1/3 increase in allowable
stress was permitted. All structures with the exception of the diesel generator
building are sufficiently heavy to resist buoyancy, and the stresses do not
exceed the allowable defined above. In order to protect equipment housed
within the diesel generator building, the structure is protected from the effects
of flood waters by construction of the levee. A factor of safety of approximately
1.5 is maintained against buoyancy.

The emergency diesel oil storage tank has been evaluated (in accordance with
the ASME Boiler and Pressure Vessel Code Section Ill, Subsection NB, 1986
Edition) as acceptable for a flood level up to 932 feet msl with a minimum of

2 feet of fuel oil maintained in the tank. Above elevation 932 feet and up to the
Probable Maximum Flood elevation, flood protection is provided by construction
of the levee. A factor of safety of 1.5 is maintained against buoyancy.

Internal Flooding

An evaluation of the possibility that flooding could prevent safe shutdown of the
reactor or prevent engineered safety systems from performing their emergency
function following postulated accidents was completed for lines not classified as
high energy lines (References 21, 22, 23 and 26). Flooding from rupture of
high energy lines is discussed in Appendix .

Emergency power to engineered safety systems is available from two
independent sources, one located at the 911 foot elevation and the other at the
931 foot elevation in the turbine building. There is adequate separation of
redundant components of safeguards equipment so that no single failure of
non-Class | piping could prevent safe reactor shutdown or emergency core
cooling.
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Modifications were completed to reduce the potential for adverse interactions.
The modifications included:

a. Flood probes in the condenser hotwell area and in the circulating water
pump bay with alarms in the control room and automatic circulating water
pump trip. This provides protection against a major breach of the
circulating water system below grade. Rubber expansion joints at four
locations on each of the two lines are used.

b.  The condensate transfer lines in the RHR-Core Spray pump rooms and
the HPCI pump room were analyzed and modified to meet design
requirements for Class | piping.

Redundant trains of engineered safeguards equipment are not coincidentally
affected by flooding or spraying damage from postulated non-Class | line
failures. Failures of non-Class | piping may not be postulated if the piping
meets the seismic design requirements for Class | piping. Multiple component
failures can be postulated to result from flooding or spraying damage to
emergency switchgear and motor control centers. These interactions were
reviewed and it was determined that no corrective actions were required to
ensure availability of core cooling.

Tornado Loading

Tornado loading conditions are as follows:
a. Arotational wind having a tangential velocity of 300 mph.
b.  Differential pressure between inside and outside enclosed areas - 2 psi.

c. Atorsional moment resulting from applying the wind specified in (a)
above, only on one-half of the structure.

In addition, those areas housing critical equipment required to assure safe
shutdown of the reactor were designed to prevent penetration of exterior walls
from the following two types of missiles that could be generated by a tornado:

a. A utility pole 35-feet long by 14-inches in diameter and a unit weight of 35
Ibs per cubic foot having a velocity of 200 mph.

b. A1 ton missile, such as a compact type automobile traveling at 100 mph
at a maximum height of 25-feet above grade and with a contact area of 25
sq-ft.

Discussion of the expected effects of tornadoes on the fuel storage pool is
included in a topical report (Reference 2). Subsequently, it was determined
that the drywell head could become a missile hazard for the spent fuel pool,
however, since the probability is less than 10E-7, it is not a credible event.

Although the Reactor Building steel superstructure is not a Class | structure, it
is designed to ensure that a failure of the superstructure members will not
occur when exposed to tornado wind loading.
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Seismic Loads

Seismic loads were based upon the seismic investigation and data developed
by John A. Blume & Associates, Engineers. The design earthquake
established for this site is the North 69° West Component of the 1952 Taft
earthquake, normalized to a maximum ground acceleration of 0.06 gravity. For
the emergency filtration train building, synthetic time-history associated with
Regulatory Guide 1.60 (Reference 33) normalized to a maximum ground
acceleration of 0.06 gravity was used as input to the seismic analysis.

Figure 12.2-9 shows a comparison between the Taft earthquake spectra and
the response acceleration spectra for 2% damping shown in Appendix A.
Recommended Earthquake Design Procedures, Plate 3. Housner’s average
2% spectrum (normalized to 0.06 g) is also shown for comparison purposes. A
ten second length of the time record was used in preparing Figure 12.2-9. A
comparison has been made with a spectrum obtained from a 12 second record
and no significant difference was observed, therefore, it is concluded that the
curve of Figure 12.2-9 represents a 12-second length of record.

For the design of Class | structures and equipment the maximum horizontal
acceleration and the maximum vertical acceleration were considered
simultaneously. Where applicable, the resulting seismic stresses for the two
motions were combined linearly. The vertical acceleration was taken as 2/3 of
the horizontal ground acceleration. Class Il structures have been designed
with seismic coefficients in accordance with the Uniform Building Code for
Zone | (Reference 29). Class Il equipment has been designed for a seismic
coefficient of 0.05 g.

Although Class Il structures were not subjected to a dynamic analysis, those
portions of Class Il structures which provide support and protection for Class |
equipment were designed in accordance with design criteria for Class |
structures as specified in Sections 12.2.1.4 through 12.2.1.7.

Those portions of Class Il structures which enclose and/or support Class |
equipment are located at elevations which are either at or below grade.
Although experience indicates that the maximum ground acceleration of the
operating basis earthquake may safely be applied to those integral portions of
structures located either at or below grade, seismic forces were determined in
the following manner. The Class Il structure was compared to the Reactor
Building or other Class | structure which had been subjected to a dynamic
analysis. Horizontal accelerations were selected from the maximum absolute
acceleration curve for the Class | structure at elevations equivalent to the
elevation of those portions of the Class Il structure enclosing or supporting
Class | equipment. The selected horizontal accelerations were then applied to
the portions of the Class Il structures of concern and the seismic forces
determined. Where applicable, forces due to the selected horizontal
acceleration and vertical acceleration (2/3 maximum ground acceleration)
were considered to act simultaneously and the resulting stresses were
combined linearly. Those portions of Class Il structures housing Class |
equipment were reviewed to assure that a safe shutdown can be made with the
structure subjected to ground accelerations (0.12 g) of the design basis
(maximum) earthquake. For the design condition of the design basis
earthquake the selected accelerations were doubled, forces determined and
stresses combined as described for the operating basis earthquake. The



MONTICELLO UPDATED SAFETY ANALYSIS REPORT USAR-12.02
Revision 32
Page 15 of 50

entire structure was reviewed to assure the structural integrity of those portions
of the structure necessary for the protection and support of Class | equipment
and that stresses were within the allowable limits as specified for Class |
structures in Section 12.2.1.4 for both the operating basis and design basis
earthquake.

A time-history analysis has been made on the following structures and
equipment:

a. Reactor Building (Including the HPCI Building)
b.  Drywell

c. Reactor Pressure Vessel

d. Main Control Room

e. Off-gas Stack

f. Emergency Filtration Train Building

When the time-history analysis was made, periods were examined and the
corresponding spectral accelerations from both the time-history and response
acceleration spectra were compared. If substantial differences were noted, the
model was modified and a reanalysis was made. In this manner it was possible
to avoid using spectral accelerations that were in a valley of the Time-History
Spectra. If periods of one or more of the system’s modes fell at a valley on the
response spectrum produced by the time-history, it was determined to what
extent the spectral acceleration, read at this valley, underestimates the spectral
acceleration read from the design spectrum for this period. If this
underestimation was judged to be excessive, (there is no simple rule for
making this judgment) the modulus of elasticity, spring constants, or the
systems period itself would be changed so as to move the period of the
mode(s) involved away from the valley of the time-history produced spectrum.
The period(s) would be changed enough to produce approximately the same
spectral acceleration whether read from the design spectrum or time-history
produced spectrum.

An examination (October 1969) of modal periods for which a time-history
analysis was used on this facility indicates that there was no case where the
periods fell at the valley of the time-history spectrum. Therefore, no
modifications to the model were required and none were made. The evaluation
of modal periods indicated that the time-history analyses are conservative
when compared to the design response spectrum accelerations.

All rigid Class | equipment was analyzed using accelerations derived from the
results of the analysis for the supporting structure at the appropriate elevation.
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Amplification factors were applied for the seismic analysis of non rigidly
mounted equipment. Typical amplification factors were:

1. Reactor Pressure Vessel 2.7
2.  Recirculating Pump 1.5

The amplification factors listed were determined by using the results of the
dynamic analysis; i.e., referring to Sheet No. 4, Earthquake Analysis, Reactor
Pressure Vessel, Appendix A, the maximum acceleration of the top of the
reactor vessel is 0.16 g, since ground acceleration is 0.06 g the amplification
factor is 2.7. The other amplification factors were calculated in a similar
manner.

A response spectrum method of analysis has been made on the following
equipment and piping systems:

System Number of Modes Damping
1. Recirculation Lines * 0.5%
2.  Pressure Suppression 1 1.0%
Chamber
3.  20-Inch Suction Header * 0.5%

The damping values used above are the values recommended in Table 1,
‘Recommended Earthquake Criteria,” as included in Appendix A. The use of
1.0% for the pressure suppression chamber is more conservative than the
2.0% recommended as a criteria for steel structures.

Only the fundamental mode was calculated and used to determine the
response of the suppression chamber to seismic forces.

The recirculation piping was modeled as a lumped mass system with enough
details to accurately predict results for piping dynamic response to 33 Hz. The
weight of piping content plus insulation was added to the weight of the pipe in
the form of a uniformly distributed load (Ibs/ft). For the pump motors and valve
operators the extended mass was modeled as an additional weight at their
respective center of gravity. The stiffness of each support, either from hand
calculation or computer analysis, was included in the modeling.

Bechtel Power Corporation stress report no. SR-10040-SS 1, Rev 2 (Reference
10), presents the stress analysis for the Recirculation System Piping.

*

All modes evaluated up to 33 Hz.
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The design of the Recirculation System was in accordance with the ANSI B31.1
Code, 1977 Edition through Summer 1978 Addenda (Reference 34). To
validate the design, stress analysis was performed in accordance with the ANSI
B31.1 Code. However, the Nuclear Class 1 requirements have been verified in
accordance with the rules of NB-3600 of the ASME Section Il Boiler and
Pressure Vessel Code 1980 Edition including Addenda through Summer, 1982
(Reference 35). Design conditions for level A, B, C, and D service limits were
considered in the analysis.

The primary loadings considered are weight, pressure, earthquake, and other
design mechanical loads. All the loads classified as Level A and Level B
service limits, including thermal expansion range, thermal gradients (T+, T»),
thermal gross discontinuity ( a’a-b'b), earthquake, and other mechanical loads
are included in calculating both primary and secondary stress intensity range
and peak stress intensity range. Stress intensity ranges in Table NB-3681(a)-1
shall be used in qualification of all the piping products and joints in this system.
The following shall be evaluated in the analysis of the piping system:

a. Pressure design shall be in accordance with rules in Section Ill, NB-3640
to ensure minimum wall thickness required to sustain the internal design
pressure has been achieved.

b.  Primary stress intensity limit of Equation (9) in NB-3652 shall be met for
design condition level A, B, C, and D service limits.

c. Primary plus secondary stress intensity range limit shall be met by
satisfying the requirement of Equation (10) in NB-3653.1. If the stress
intensity range calculated by Equation (10) exceeds 3 S, the simplified
Elastic-Plastic Analysis (Equations 12 and 13) shall be performed to
qualify the piping system.

d. The cumulative damage shall be evaluated in accordance with NB-3653.5
based on Equation 11 (Peak Stress Intensity Range) and Equation 14
(Alternate Stress Intensity) in NB-3653.2 and NB-3653.6(c) respectively.

All of the Earthquake Analysis Reports listed in Appendix A were made using
the seismic criteria given in the Facility Description and Safety Analysis Report
(FDSAR) and amendments. These reports gave shears, moments, and
displacements which were used in the final design of the Class | structures,
equipment, and piping.
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12.2.1.10 Class | Piping Seismic Analyses

Class | piping seismic analyses were performed for both operating basis and
design basis (maximum) earthquakes as follows:

a.

b.

C.

Mode superposition using a floor response spectra.

A static analysis was made using conservative static seismic coefficients.
These static coefficients were determined in the following manner:

1.

Horizontal static coefficients were determined by using the average
of the peak values from the unsmoothed ground spectral curve of
the normalized earthquake.

This average acceleration was then multiplied by the ratio of the
building response acceleration at the installed elevation of the
piping to maximum ground acceleration.

Cp = A peak A bUIldlﬂg
A ground
where:
Cp = Static coefficient for the Piping System
A peak = Average acceleration of the peak from the

ground spectral curve

A building = Acceleration of the building at the installed
elevation of the piping system
A ground = Acceleration of the ground

A vertical coefficient was taken at a constant value equal to two-thirds of
the maximum base ground acceleration or 0.04 g.

The suction header has been analyzed as an extension of the primary
containment pressure boundary. The suction header pipe and penetration
nozzles are designed for the load combinations of the containment with
maximum stresses limited in accordance with the ASME Code, Section I,
Class MC (Reference 36).
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The maximum stresses in the ECCS suction header pipe occur at the
suppression chamber nozzle penetration to header intersection in the header.
The maximum general membrane stress intensity (P OBE seismic included)
is 6,020 psi. The Class MC allowable is 19,300 psi. The maximum local
membrane stress intensity is 7,960 psi (P, SSE seismic included). The Class
MC allowable is 29,000 psi. The maximum secondary stress (P, + Q, where Q
is a through wall bending stress) in the ECCS suction header is 23,700 psi.
The Class MC allowable is 67,500 psi.

The nozzle/insert plate assembly for the ECCS suction header suppression
chamber penetration has been reinforced to withstand the effects of the Mark |
loads. After the modification, the maximum membrane and membrane plus
bending stress intensities in the suppression chamber shell were calculated to
be 24,300 psi and 44,600 psi. The Class MC allowables are 29,000 psi and
67,800 psi, respectively. The maximum membrane and membrane plus
bending stress intensities in the suppression chamber nozzle were calculated
to be 6,354 psi and 55,070 psi. The Class MC allowables are 29,000 psi and
67,800 psi, respectively.

Methods for calculating the deformation are not realistic for material stressed
beyond elastic limits, therefore deformation was not calculated for the above
loading conditions. The ASME code recognizes that high localized and
secondary bending stresses will not cause failure under these loading
conditions. The basis for calculating all stresses, including secondary and
bending stresses which are beyond yield, are in accordance with the ASME
code and are not guided by a deformation limit.

Instrumentation Piping Curves

Lateral deflection and force evaluation curves for piping systems were
developed by John A. Blume and Associates for Class | instrument piping. The
curves provide approximate guidelines for the evaluation of the lateral supports
in a piping system. The pipes were considered filled with water and the wall
thickness or schedule number was shown on the graph. The modulus of
elasticity is 29 x 108 psi. The curves were based on a single span with
pinned-pinned end conditions.

The use of piping curves was as follows:

1. Knowing the period of the supporting building or structure, the period of
the piping as to when it is rigid, flexible, or resonant was established.
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Period of Structure (Tp) - 29

Rigid:
Period of Piping (Tp)
Flexible: Period of Structure (Tp) < g7
Period of Piping (Tp)
Resonant: 07 = Period of Structure (Tp) <29

Period of Piping (Tp)

2.  The maximum spans for various diameters of piping to carry a load of
0.5g and not be stressed more than 1500 psi was established. See Table
121.1.4 in Power Piping USAS B31.1.0,1967 (Reference 37).

3.  The resonant limits were established for various diameters of piping by
using Blume’s curves giving natural periods as a function of pipe size and
span.

4.  After the span was selected, the maximum deflection and the reaction on
the supports was determined.

5.  The displacement and support reactions were increased by a factor of 3
due to magnification of the equipment over ground acceleration.

6. Spans were reduced by a factor of 2 to account for valves or branch lines.
For 90-degree bends, either leg is not more than L/2 where L is 3/4 of the
allowable span.

12.2.1.10.1 Original Equipment and Piping Dynamic Analysis

Supports in general were located in a manner so as to be out of the resonant
range.

When a dynamic analysis was made, Floor Response Spectra were used.

For the response spectrum analysis of piping systems, the floor spectra near
the points of pipe lateral restraint were considered. The spectrum usually
selected to be used in the analysis was the one located nearest the point of
lateral support of the majority of the mass of the pipe. For the recirculation
lines, the spectrum used was the one occurring just above the elevation of the
header, or about half way between the upper and lower elevation of the pipe.
Most of the seismic restraints fall below this elevation, and the selection of the
point was considered to be realistic for the seismic analysis.

In the response spectrum method of analysis of pipes, the inertia loads were
applied mode by mode in the direction of the mode shape. Directional and
reversed effects are taken into account by the mode shape. Thus, for the
appropriate mode shape, the inertia forces would be reversed on adjacent
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spans. The inertia loads are thereby applied in a manner to represent the
actual conditions of vibration.

When a static analysis was made, all piping systems above the 935 foot
elevation used a horizontal static coefficient, 0.82g, and below this elevation a
value of 0.53g was used. These values represent an amplification factor of 13
and 9 respectively.

In response to concerns of IE Bulletin 79-14 (Reference 38), an inspection
survey of as-built safety-related piping systems was conducted. An inspection
was conducted to verify that the input information for the seismic analysis of
safety-related piping systems reflect as-built configuration. All discrepancies
identified in the inspection were evaluated for their effects on system
operability, and were re-analyzed to demonstrate compliance with the original
design requirements. Where non-compliances are found, repairs and
modifications were made accordingly to meet original design requirements.

12.2.1.10.2Current Analysis of Equipment and Piping

Addition of new systems or re-evaluation of existing systems is done using
current methods of analysis. In a typical seismic analysis the piping system will
be modeled as a lumped mass system. The analysis will be performed using
the response spectrum modal superposition technique. Modes of the piping
system up to a frequency corresponding to 33 hertz or the minimum zero
period acceleration frequency of the response spectra shall be considered in
determining the responses of the system. Modal responses of the piping
system shall be combined by the square root-sum-of-the-squares (SRSS)
technique. A damping value of one-half percent of critical damping shall be
used for OBE and SSE earthquakes with SSE loads determined by doubling
OBE inertia loads.

The vertical direction earthquake shall be considered using a static coefficient
of .04g for OBE. Vertical direction earthquake loads for SSE shall be taken as
twice those for OBE. The two horizontal direction earthquakes are considered
to act independently and each are absolutely summed with the vertical direction
earthquake.

Valves and other in-line equipment will be modeled as lumped masses in the
piping model. The models will be complete between anchors, or other
appropriate termination points, or in some cases separated at locations where
piping cross-sectional moment of inertia ratios between the systems are equal
to or greater than 40. If the system models are separated, the effects of anchor
displacements on the smaller system will be evaluated by applying the anchor
displacement of the larger system to the smaller system.

The supports of a system typically are modeled in the piping model with
appropriate support stiffnesses.



MONTICELLO UPDATED SAFETY ANALYSIS REPORT USAR-12.02
Revision 32
Page 22 of 50

Design of piping supports and evaluation of stresses in the piping supports
shall be in accordance with design code limits. The piping supports shall be
evaluated for the load combinations and stress limits defined below.

allowables given in

D+E’ the design code or
the standard component
support allowable as
applicable.

The effects of non-safety related piping sharing a support with safety related
piping shall be evaluated.

Flexibility of the base plate shall be considered in determining the anchor bolt
loads as required by the NRC IE Bulletin 79-02 (Reference 39). Criteria for the
interim acceptability of plant operation with less than the design factors of
safety for piping supports due to as-built problems, under design, base plate
flexibility or anchor bolt deficiencies was provided in NRC IE Bulletin No. 79-02,
Supplement 1 (Reference 40).

NRC Regulatory Guide 1.199 (Reference 96) provides methodology acceptable
to the NRC for the design, installation, and quality assurance of anchors (steel
embedments) used for components and structural supports on concrete
structures. This method shall be used for safety related pipe support base
plate anchors whose design basis is provided by the ACI Concrete Capacity
Design (CCD) Method, also known as the Strength Method. RG 1.199 shall be
used in its entirety including the RG NRC positions applied to ACI 349-01
Appendix B methodology.

All modifications or replacements are governed by the ASME Section XI Code.

On February 19, 1987, the NRC issued Generic Letter 87-02, “Verification of
Seismic Adequacy of Mechanical and Electrical Equipment in Operating
Reactors, Unresolved Safety Issue (USI) A-46” (Reference 41). This Generic
Letter encouraged utilities to participate in a generic program to resolve the
seismic verification issues associated with unresolved Safety Issue (USI) A-46.
As a result, the Seismic Qualification Utility Group (SQUG) developed the
“Generic Implementation Procedure (GIP) for Seismic Verification of Nuclear
Plant Equipment”.

On May 22, 1992, the NRC Staff issued Generic Letter 87-02 Supplement 1
(Reference 43), which constituted the NRC Staff’s review of the GIP and which
included Supplemental Safety Evaluation Report Number 2 (SSER-2) on the
GIP, Revision 2 (Reference 44), corrected on February 14, 1992. Supplement
1 to Generic Letter 87-02 requested licensees provide information concerning
implementation of the guidance provided in the SQUG GIP and a report to the
NRC staff summarizing the results of the plant specific USI-46 review. By letter
dated September 21, 1992 (Reference 45), Monticello responded to Generic
Letter 87-02, Supplement 1. The NRC staff provided a safety evaluation of
Monticello’s response by letter dated December 10, 1992 (Reference 46). By
letter dated November 20, 1995 (Reference 47), Monticello provided
information summarizing the results of the plant specific USI-46 review as
requested by Generic Letter 87-02, Supplement 1.
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The methodology for the verification of the seismic adequacy of equipment that
has been developed by the Seismic Qualification Utilities Group (SQUG) for the
resolution of Generic Letter 87-02 is documented in the Generic
Implementation Procedure (GIP). The methodology used in the GIP is based
on earthquake experience data supplemented by test data and analysis. This
methodology, as presented in the GIP, is an acceptable methodology
(Reference 43) and may be used for the verification of the seismic adequacy of
new and replacement equipment for which there is no previous license
commitment for seismic qualification. Plant specific changes made in
accordance with the GIP were found acceptable to the NRC (Reference 86).

Foundation Design and Construction

A foundation investigation of the site was performed by Dames and Moore,
Consultants in Applied Earth Sciences. Their analysis concluded that the
reactor building, the turbine building and other structures could be supported
on mat foundations. The resulting foundation designs were based on the soil
bearing values recommended by Dames and Moore.

The soil borings indicated that a layer of stiff clay existed near the bottom
elevation of the mat for the reactor building. This clay layer was confirmed
during construction and was removed to the underlying dense sand and gravel.
The clay layer was replaced with compacted granular fill.

The foundation for the turbine building was above the clay layer and was
designed for a lower bearing value than the reactor mat. Because of this, the
clay layer was left in place.

The entire excavation for the turbine building foundation and reactor building
foundation was dewatered using deep wells. Additional localized dewatering
was accomplished with french drains. No unusual or unforeseen foundation
construction problems were encountered. The difference in elevation between
the reactor building mat and turbine building mat was accommodated with a
concrete retaining wall which was left in place.

When the foundation excavation was completed, a 4-inch thick concrete base
or mud mat was poured to provide a working surface. A plastic waterproofing
membrane was placed over the mud mat prior to pouring the foundation. The
foundation was formed and poured in sections. Waterstops were placed in all
construction joints between pour sections.

A survey traverse of points on the buildings was established to monitor
foundation settlement. This survey determined that settlement was uniform
and within the predicted values.

The intake structure foundation rests on a lean concrete fill which rests on bed
rock. The bed rock is a sandstone which is more than adequate for this
foundation. Since the intake rests on bed rock it was used as a bench mark for
the foundation monitoring mentioned above. The stack and control and cable
spreading building are also on mat foundations. The emergency diesel
generator building is constructed on a continuous footing foundation. These
foundations are near grade, and are designed for appropriately low bearing
values.
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The emergency filtration train building rests on a combination of mat and
caisson foundation. The subsurface investigation was performed by Twin City
Testing of St. Paul, Minnesota.

Masonry Wall Design

In response to NRC IE Bulletin No. 80-11 (Reference 48), an investigation was
performed to identify all masonry walls which are in proximity to or have
attachments from safety related piping or equipment, the failure of which could
affect a safety related system. Reevaluation of identified masonry walls was
performed to demonstrate that an SSE or postulated accident will not cause
failure to the extent that functions of safety related items are impaired.
Verification of wall adequacy took into account support condition, global
response of wall, and local transfer of load.

The investigation identified two walls with unacceptable stress levels (Walls 212
and 222). These deficiencies were corrected with the addition of a truss (Wall
212), and braces (Wall 222). During the field survey, two other walls were
found to be subject to jet impingement (Walls T311 and T322). Shields
designed to carry the full load from the jet forces were provided at the
postulated pipe breaks to prevent these walls from collapsing. In 1986,
additional concerns regarding High Energy Line Break (HELB) in the feedwater
suction and discharge lines were raised and the effect on walls T311 and T322.
Room pressurization from a break would blow out the walls. The solution
involved seismic analysis of piping line segments to eliminate the need to
consider postulated break locations from this area. As a result of the 1986
HELB work, the jet impingement shields installed for IE Bulletin 80-11 are no
longer required and they have been abandoned in place or have been
removed. Refer to Appendix | of the USAR for detailed description.

Additional background information on the subject of masonry wall design is
given in Reference 6.

The NRC’s Safety Evaluation Report (SER) (Reference 9) concluded that IE
Bulletin 80-11 has been fully implemented at Monticello.

Structures and Equipment

Reactor Building

The principal function of the reactor building, which houses the reactor and
associated equipment, are to support and protect enclosed systems and
components and to provide secondary containment limiting the offsite
radiological consequences of accidents. The building provides necessary
space for the equipment in a planned arrangement and provides for layout
space for the equipment to be removed and replaced if necessary. Reactor
internals and fuel can be moved and conveniently stored within the building.
The buildings’ containment function is further discussed in Section 5.3.
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12.2.2.1.1 Structure Description

The reactor building completely encloses the primary containment. Itis a
reinforced concrete structure from the foundation at elevation 888-foot 3-inch to
the refueling floor at elevation 1027-foot 8-inch Steel siding extends from the
refueling floor level to 1074-foot 2-inch, the top of the building. The structure is
supported by a reinforced concrete mat of 8-foot minimum thickness, which is
founded on medium sand with some gravel. A subsurface investigation of the
site was performed by Dames and Moore, Consultants in Applied Earth
Sciences, who established the adequacy of the soil to support the building
pressure.

Values for the vertical and lateral foundation spring supports are given in
Appendix A, “Earthquake Analysis: Reactor Building”, page 3. The use of
these foundation spring supports in the seismic analysis is explained on pages
6 and 7 under “Remarks on the Computer Program” of this same report.

The resulting shears, moments and displacements from this seismic analysis
were used in the design of the reactor building. The soil springs were assumed
to be elastic-linear rather than non-linear.

A one inch gap separates the Reactor Building and Turbine Building foundation
retaining wall, the turbine building foundation mat and concrete super-structure.
The one inch separation is filled with a premolded filler to the 951-foot
elevation.

Under seismic acceleration of the design earthquake the displacement diagram
for the Reactor Building indicates that the total maximum displacement of the
building in N-S direction would be approximately 200 mils at the 951 foot
elevation.

For the maximum earthquake (0.12 g) the displacement of the referenced
elevation would be approximately 400 mils. Since the Turbine Building is a
Class Il structure, a dynamic analysis was not made. However, it is safe to
assume that the Turbine Building displacement at the top of the concrete
superstructure, 951 foot elevation, would not exceed that of the Reactor
Building at the equivalent elevation. Therefore, for both the design and
maximum earthquake, the one-inch separation between buildings is adequate.

The primary containment, an integral part of the structure, occupies the central
portion of the building. The reactor, a field erected vessel, was supported on a
steel cylinder designed to carry the empty weight of the vessel. Subsequent
loads were designed to be transmitted from the support cylinder, through shear
rings, into a reinforced concrete pedestal erected after vessel installation. The
steel cylinder supporting the reactor vessel extends through the drywell into the
foundation and thereby fixes the drywell to the foundation. The interior face of
the reactor support cylinder was coated with a 3-inch Gunnite lining for
protection against differential expansion of the steel liner and concrete pedestal
in the event of rapid changes in temperature. See Figure 12.2-10 for a cross
section of the drywell and its foundation.
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Access to the drywell is through a personnel lock and equipment hatch onto a
platform at elevation 933-foot 6-inch An additional platform at elevation
951-foot 6-inch supports a 16 ton monorail used in removing the recirculation
pumps and other equipment.

Surrounding the reactor vessel and supported on the reactor vessel pedestal at
elevation 947-foot 3-inch is the biological shield whose primary function is to
protect equipment inside the drywell against radiation and thermal effects. The
structure is capable of transmitting loads due to seismic and jet forces acting on
it. The biological shield is composed of two steel cylinders interconnected with
27 WF (177 Ib/ft) columns and is filled with concrete. Because of the radiation
and temperature effects on the concrete only the lower 12 feet of concrete, up
to the 959 foot elevation, has been designed as structural concrete capable of
resisting forces and shears. Above the 959 foot elevation the two steel
cylinders and 27 WF columns are structurally adequate and the concrete fill
has not been considered as adding to the support.

Investigation made by General Electric has shown that the shield wall strength
is more than adequate to withstand the pressure that could be developed by a
failure of a nozzle safe end.

The biological shield wall, based on an allowable stress of 150% of the 1969
AISC allowable stress, has the capability of withstanding a uniform internal
pressure of 58 psid. The annulus pressure load on the biological shield wall
due to a postulated recirculation line break has been evaluated (Reference 104
and 111). The biological shield wall design is adequate as there is substantial
margin between the peak predicted annulus pressure load of 41.7 psid and the
biological shield wall structural design value of 58 psid.

New steel biological shield doors were provided for the 12 recirculation shield
wall penetrations. The new steel doors are held in place by door hinges and
additional locking pin devices which are designed to overcome the maximum
biological shield wall compartment pressurization. The annulus pressure loads
for a postulated design break are below the door design differential pressure of
54 psid (Reference 104 and 111).

Also contained within the reactor building are the systems and support facilities
for the reactor. In addition, all refueling functions are provided inside the
secondary containment. The new fuel storage vault and the spent fuel storage
pool are located inside the reactor building.

Due to the modification of the spent fuel pool as discussed in Section 10, the
structural capacity of the spent fuel pool floor was reanalyzed for the new High
Density Fuel Storage System (HDFSS).

01101248 /01457570 01101248 /01457570
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The spent fuel pool floor slab was analyzed as a two-way slab using the ACI
Standard 318-71 Strength Design Method (Reference 50), with load
combinations defined in Standard Review Plan (SRP) Section 3.8.4
(Reference 91). Structural capacities were calculated in accordance with ACI
Standard 318-71 using a concrete strength of 6.4 ksi. The following load
combinations were considered:

1. U=14D+1.7L

2. U=14D+1.7L+1.9E

3. U=0.75(1.4D + 1.7L + 1.7To)

4. U=0.75(1.4D+1.7L + 1.9E + 1.7T,)
5. U=1.0D+1.0L+1.0Ta+ 1.0E’

Where: D = dead load of the structure + hydrostatic + fuel racks + transfer cask
L = live load, as defined in step e. below. (For spent fuel pool floor slab,
L=0
To,Ta = effect of temperature differential, as defined in step f. below
E = OBE load, as defined in step g. below
E'= SSE load, as defined in step g. below

The spent fuel pool perimeter walls were analyzed for normal loads as one-way
slabs using the ACI Standard 318-71 Strength Design Method (Reference 50),
with load combinations as defined above. In addition, the walls were analyzed
for in-plane loads as deep girders, using the Working Stress Design Method
per ACI Standard 318-71, Section 8.10 (Reference 50). The following load
cases were considered:

1. D+L
2. D+L+E"+Ta

The applicable design loads used in evaluating the fuel pool structure include
the following:

a. Dead load of the structure - weight of the slabs, walls, and other
components permanently affixed thereon.

b.  Hydrostatic load of fuel pool - The water level was assumed to extend to
the top of the walls.

c. Fuel elements and racks - A design load of 2.7 ksf was assumed over the
full floor area.

d. Cask weight - 199.8 kips (not concurrent with the design load of 2.7 ksf
for the cask area).

e. Liveload - Tributary floor live load of 0.2 ksf (Reactor Building floors at the
985-foot 6-inch, 1001-foot 2-inch and 1027-foot 8-inch elevations was
used where applicable.
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f. Thermal loads
1. To is due to temperature gradient of 72°F through slab and walls

under operating conditions.

2. T(sub A) is due to temperature gradient of 125°F through slab and
walls under accident conditions.

g. Seismic loads

1. A1977 evaluation (Reference 92) included generation of a new
response spectra for the fuel pool including vertical spectra.

OBE SSE
Lateral direction 0.12g 0.26 g
Vertical direction 0.045¢ 0.092 g

The design floor loading of the spent fuel pool was originally 2.0 ksf. Since the
fully loaded HDFSS floor loading is 2.1 ksf, the structure was reanalyzed for a
selected design floor loading of 2.7 ksf. The strength of concrete for the spent
fuel pool has increased due to ‘aging’. Based on the Concrete Manual of
Bureau of Reclamation, 8th Edition, 1975 (Reference 52), the Type Il Portland
Cement used at Monticello with a design strength of 4.0 ksi has a five year
strength of 6.4 ksi. (The aged strength value used in the analysis is still less
than the laboratory tests of 90 day strength which ranged from 6.57 to 7.12 ksi
for samples of the spent fuel pool floor.) The pool floor slab was reanalyzed for
the new floor loads, including bending moment and shear, and found
acceptable for the new design floor capacity of 2.7 ksf using a concrete
strength of 6.4 ksi.

The reactor service and refueling area is serviced by an overhead 105 ton
bridge crane. The crane is capable of handling the drywell head, reactor vessel
head, pool plugs and spent fuel cask. A refueling service platform, with
necessary handling and grappling fixtures, services the refueling area and
spent fuel storage pool.

The reactor building crane system was modified to incorporate redundant
safety features which were not provided in the original design. The
modification consists of furnishing a new trolley with redundant design features.
The new trolley has an upgraded capacity of 105 tons rated load on the main
hook with 100% redundancy and a conventional auxiliary hook with a five ton
capacity. The new trolley was installed on the existing bridge and is capable of
the same lifting envelope and lateral travel, in both directions, as the original
trolley.

The integrity of the secondary containment is maintained through construction
utilizing cast-in-place concrete exterior walls up to the refueling floor at
elevation 1027-foot 8-inch. All access doors are gasketed and joints caulked.
Above the refueling floor a steel framed structure which supports the bridge
crane has been erected and is enclosed on all four sides with siding. The
seams of the siding have been caulked on both the exterior and interior side of
the inner sheet. The roof is sealed with a plastic vapor barrier. The location of
joints and gaskets throughout the structure is such that in the event of
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increased leakage at some future date, replacement of gaskets and recaulking
of joints is possible. As the reactor building is Class | up to the operating floor,
secondary containment pressure (leakage) integrity is not required to withstand
Class | seismic or tornado loads. Operation of secondary containment is not
required during these Class | external events.

The reactor building was modified in order to accommodate the increased
weight of the dry fuel storage casks. In particular, the slab over the southeast
corner room (RHR A) was strengthened to support the wheel loads from the
cask transfer trailer. The remaining slab on the 935’ elevation was qualified for
the transfer trailer wheel loads. The beams supporting the slab under the cask
decontamination/laydown area of the 1027'-8" elevation were strengthened for
the increased cask weight and cask welding equipment. The reactor building
superstructure was modified for the increased loads associated with the
increased crane capacity.

High Pressure Coolant Injection Building (HPCI)

The principal functions of this structure are to enclose the HPCI turbine and
pumps and protect the equipment from weather, tornado and seismic effects.
The building is a Class | structure and is part of the secondary containment of
the reactor building.

Structure Description

The HPCI building is a reinforced concrete structure, constructed monolithically
with the reactor building. The structure is supported by a reinforced concrete
mat, 8 feet in thickness, which is an extension of the reactor building mat. The
top of the mat is at elevation 896-foot 3-inch and the building extends to grade
at the 935-foot elevation. Dimensions of the structure are 57 feet long, by
31-foot 6-inch wide, by 47-foot 9-inch high. A seismic analysis of this building
was performed by John A. Blume and Associated, Engineers and incorporated
in the dynamic analysis of the reactor building which is included in Appendix A.

Plant Control and Cable Spreading Structure and Administration Building

The plant control and cable spreading structure is located at the north end of
the old office and control building.

The primary functions of this structure are to provide, under all operating or
postulated accident conditions, safe enclosure for those portions of the standby
electrical power systems and instrumentation and controls systems vital to
overall plant operation and safety which are located therein and an
environment satisfactory for continuous occupancy by operating personnel.

The main control room, cable spreading room, and battery room are located
herein.

Modifications to the WEC have been made so that the office can be considered
as part of the main control room for the purpose of meeting the NRC'’s
requirement for the presence of a senior licensed operator in the control room
at all times. The WEC is located immediately adjacent to the main control room
but outside the previously defined control room boundary.
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The administration building is located adjacent to the east side of the old office
and control building.

The administration building was designed to provide a records storage area to
meet the requirements of ANSI N45.2.9 (Reference 53), training space, lockers
and restroom facilities, an instrument shop, library space, a meeting room,
open office space, and private offices. The design meets or exceeds the
requirements in the Quality Assurance Topical Report (QATR), NSPM-1, which
govern.

Plans for the plant control and cable spreading structure and the administration

building are shown on Section 15 Drawings NF-36055, 36055-1, 36056 and
NF-36056-1, and the elevation on Section 15 Drawing NF-36063.

Structural Description

The plant control and cable spreading structure is a three story box-like
reinforced structure. The three stories include a basement story partially below
grade and two stories above grade. Basement floor is at the 928-foot
elevation. Ground floor is approximately 4 feet above grade at the 939-foot
elevation and is also the floor of the cable spreading room. The main control
room floor is at the 951-foot elevation. Floors at the 939-foot and 951-foot
elevations are reinforced concrete slabs supported on structural steel beam
and girder framing. Reinforced concrete walls extend from the basement floor
to the 963-foot elevation providing closure on four sides for the cable spreading
and control rooms. The walls support the floor framing at the 939-foot and
951-foot elevations plus a 2-foot thick two-way reinforced concrete slab at the
965-foot elevation which spans and encloses the control room. The walls are
based on a reinforced concrete mat-type foundation supported on select fill
compacted to 100 percent of maximum dry density as determined by the
American Association of State Highway Officials T180-57 Method of
Compaction (Reference 54).

The administration building is a three story building with a full basement. The
basement walls are reinforced concrete. The remainder of the building
construction is structural steel frame. The basement floor is a concrete slab at
the 928 foot elevation, the other three floors are reinforced concrete on steel.

Seismic Analysis and Design

The main control room and cable spreading structure was analyzed in
accordance with recommended procedures for Class | Structures and
Equipment referenced in Section 12.2.1.2. The method of analysis and
analytical procedure is described; and maximum values of shear and moments
are graphically presented in Appendix A, “Earthquake Analysis: Control
Room.”

The portions of the old Office and Control Building containing the shift
supervisor’s office extending above and south of the control and cable
spreading structure are assumed to be rigidly attached to the structure at all
floor and roof levels. Therefore, for the dynamic response analysis the
equivalent mass system shown on Sheet No. 1 in the above portion of
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Appendix A includes the masses of the entire Office and Control Building
lumped at the floor levels indicated.

The plant control and cable spreading structure is the primary lateral force
resisting structure in the building and was designed to be self-sustaining with
respect to the building as a whole. Thus, the walls of the structure were
designed to resist the total design shear in proportion to their relative rigidity,
and the foundation mat was designed to resist total overturning moments
resulting therefrom.

The old office building is a Class Il structure. The building houses a 10" and 8"
diameter fire main. The structure was analyzed to withstand design basis
earthquake in accordance with Class | design criteria set forth in Section
12.2.1.4 to prevent failure of the fire main and subsequent internal flooding of
the battery rooms. The resulting forces and displacements from the dynamic
analysis of the entire Office and Control Building were used in the analysis of
the old office building.

The administration building addition is a Class Il structure.

The administration building addition is designed for the wind and snow load
criteria for the existing office building.

The administration building addition is designed for Uniform Building Code
Zone 1 seismic acceleration. To assure that the new building does not
adversely affect the control building structure, a two inch separating joint was
left between the two structures. Therefore, during a SSE event the two
buildings will not physically interact.

The administration building addition is designed to withstand a one hour fire. In
addition the records storage area meets the guidelines of Regulatory Guide
1.88 (Reference 55).

Tornado Design

The plant control and cable spreading structure was designed to resist the
effects of a tornado in accordance with the criteria set forth in Section 12.2.1.8,
“Tornado Loading”.

Standby Diesel Generating Building

The principal function of this building is to provide a safe enclosure and
protection for the standby diesel generators and portions of the power
distribution systems enclosed therein.
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Structure Description

The building is primarily a single story structure of reinforced concrete
construction. A partial second story extends over a portion of the structure.

Ground floor is at the 931 foot elevation and consists of a concrete slab which
is independent of the building structure and placed on compacted select fill.
Exterior walls are of reinforced concrete and support the lower roof and second
story framing at the 950 foot and 949 foot elevations respectively. The second
story roof framing is at the 959 foot 6 inch elevation. The roof over the single
story portion of the structure and over the penthouse consists of a thick
reinforced concrete slab supported by structural steel framing. A north-south
interior wall of reinforced concrete extends the full height of the structure
providing physical separation of the diesel generator systems. The exterior
and interior walls extend 6 feet below grade to form a continuous wall footing
supported on select fill. Compaction of subgrade is 100 percent of maximum
dry density as determined by the American Association of State Highway
Officials T-180-57 Method of Compaction (Reference 54).

The standby diesel generators are located at grade and are supported on a 3
foot thick reinforced concrete mat which is physically independent of the ground
floor slab and building structure.

Seismic Analysis and Design

The structure was not subjected to a dynamic analysis. However, in
compliance with the requirements for Class | structures, a seismic analysis was
made on this structure based on the following criteria:

a. The Plant Control and Cable Spreading structure was selected as a
similar structure upon which a dynamic analysis had been performed.

b.  Foundations of both structures are supported on select compacted fill at
approximately equal elevations.

c. Plan dimensions of both structures are approximately the same.

d. The Standby Diesel Generating Building is a more rigid structure than the
Plant Control and Cable Spreading structure.

e. Thus use of the seismic acceleration diagrams of the Plant Control and
Cable Spreading structure was considered to be a conservative basis for
the seismic analysis of the Standby Diesel Generating Building.
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Turbine Building

The turbine building is basically a Class |l structure; however, portions that
support and protect electrical controls and instrumentation for Class |
equipment were designed in accordance with criteria for design of portions of
Class Il structures enclosing and/or supporting Class | equipment as specified
in Section 12.2.1.9, “Seismic Loads”. The primary function of the turbine
building is to provide the necessary environment required for safe operation
and maintenance of the turbine-generator and other components of the power
conversion system.

Structural Description

The building is a combination of reinforced concrete and structural steel
construction.

The foundation is a reinforced concrete mat of variable thickness supported on
undisturbed soil. The top of the mat is approximately 20 feet below grade at
the 911 foot elevation. The foundation supports the reinforced concrete
turbine-generator pedestal as well as the building superstructure.

The reinforced concrete portion of the superstructure extends from the top of
the mat foundation to the 951 foot elevation, approximately 20 feet above
grade.

Reinforced concrete floor slabs supported by structural steel beam and girded
framing are located at the 931 foot and 951 foot elevations. Interior reinforced
concrete walls extending from the top of the mat up to the operating floor are
oriented so as to protect personnel against radiation emanating from the
turbine and auxiliary systems.

A structural steel framed super-structure is based at the 951 foot elevation on
reinforced concrete columns located within the exterior walls. The
superstructure encloses the operating floor and also provides support and
closure for a 150 ton traveling bridge crane. The Monticello traveling bridge
crane has a name plate rating of 125 ton but provisions have been identified for
obtaining special lift permission from the crane manufacturer (Whiting Corp.) to
lift the 281,847 Ib. generator rotor.

A fully adhered EPDM membrane and insulated roof is supported by a metal
roof deck which also acts as a diaphragm to transmit lateral forces to vertically
braced end walls or shear frames.

Off-gas Stack

The function of the off-gas stack is to provide for controlled release and
dispersal of gaseous radioactive wastes.
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12.2.2.6.1 Structural Description

The stack is a free-standing tapered, reinforced concrete structure which
encloses and supports an independent gas flue. The overall height of the stack
above adjacent grade is 328-feet. The internal diameter of the concrete shell is
7-feet at the top and 32-feet at the 946-foot 6-inch elevation with thickness
varying from 7 inches at the top to 10 inches at the 946-foot 6-inch elevation.
Below 946-foot 6-inch elevation to the top of foundation at the 932-foot 6-inch
elevation the stack shell is a polygon having a maximum inscribed diameter of
34-feet. The wall thickness varies in accordance with radiation shielding
requirements.

The stack shell is supported on a 4-foot thick octagonal spread footing with a
1-foot 6-inch pedestal.

The independent gas flue is 18-inches in diameter reducing to 14-inches in
diameter at the top.

The location of the stack is shown on Section 15 Drawing ND-95209, and the
configuration described above is shown in Figure 1 of “Earthquake Analysis
Off-gas Stack” included Appendix A.

12.2.2.6.2 Design

The design and construction of the stack is in accordance with the applicable
requirements of the “Proposed Revision of ACI 505-54: Specification for the
Design and Construction of Reinforced Concrete Chimneys” (Reference 56) as
reported by ACI committee 307 except as follows:

a. Temperature

The stack shell is designed for a minimum ambient temperature of - 35°F
and a maximum ambient temperature of 100°F.

b. Wind Forces

The stack is designed in accordance with ASCE Transactions Paper No.
3269 (Reference 32) for a basic wind velocity of 100 mph with a gust
factor of 1.1. Wind velocities vary with height according to Table 1. (a) of
the referenced paper. Wind pressures calculated for the various height
zones above ground and applied to the projected elevation area are as

follows:

Height Zone Design Wind Pressure
0 - 50 foot 19 psf

50 - 150 foot 28 psf

150 foot to top 36 psf
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Since the stack is positioned a distance greater than one stack height
away from all Class | systems and structures it has not been designed to
resist tornado wind forces.

C. Seismic Forces

As indicated in Appendix A, the stack height was analyzed for its
response to the recommended earthquake design criteria which is also
included in Appendix A. The results of this analysis are included in
Appendix A, “Earthquake Analysis: Off-Gas Stack.” As recommended by
the seismic consultant the stack structure was designed to resist