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PREFACE

The information in this report is designated as Tier 2* in the ESBWR DCD. Prior NRC approval
is required to change Tier 2* information. The methodology in this report is used to perform
Inspections, Tests, Analyses and Acceptance Criteria (ITAAC) analyses to ensure that the
acceptance criteria is met using the as-built design features and conditions. The analyses results
will be included in a report that will document the inputs and demonstrate that the as-built design
features and conditions are acceptable and that they maintain the certified design basis. Table I-1
in Appendix I outlines the design inputs/methodology that can be updated with as-built features
and conditions. '
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1.0 CONTROL BUILDING ENVIRONMENTAL EQUIPMENT
QUALIFICATION TEMPERATURE ANALYSIS

1.1 Background

This document is a calculation using the ESBWR passive design regarding the maximum
temperature reached in the Control Building (CB) rooms housing safety-related equipment under
Station Black Out (SBO) event. This calculation reflects the latest ESBWR design. See Section
1.4.3 herein.
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1.2 Purpose and Scope

During emergency operation, the Control Room Habitability Area (CRHA) emergency
habitability system passive heat sink is designed to limit the temperature rise inside the CRHA to
allowable values.

The analysis reported in this document provides compliance with the Control Room Habitability
Area (CRHA) emergency habitability system passive heat sink limits when accident conditions
(Loss of Coolant Accident and Loss of Offsite Power) occurs after a transient of 8 hours based
on the technical specification Limiting Condition for Operation, which considers a malfunction
of the CRHA normal operation ventilation system and additional internal heat load inside the
CRHA 0of 2000 W during the 72h period that accounts for some nonsafety heat loads.

Calculations consider moist air and latent heat inside the CRHA.

This document includes all references used and assumptions made to obtain the temperature
values per room. Therefore, this document includes the inputs, hypotheses, and results of heatup
calculations performed to evaluate the maximum room air temperature. The main purpose of this
Section is to evaluate the temperature in the CRHA, but the maximum temperature in CB rooms
that house safety-related equipment is also evaluated. An ITAAC is provided in the ESBWR
DCD to confirm that the as-built plant and site specific conditions meet the CRHA acceptance
criteria.
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1.3 Input Data and Assumptions from Heatup Calculations

Some assumptions (e.g., equipment heat load per room) are based on estimates because the
individual equipment heat loads are not yet defined. Since the heat loads per room are included
in DCD Tier 2 Appendix 3H, if the actual heat loads were to turn out greater than the estimates,
the calculations would be updated or modifications carried out (e.g., relocating equipment,
increasing the heat absorption capacity of the structures by placing steel fills, or some other
viable solution) to ensure habitability in the CRHA and that the equipment qualification
temperature is not exceeded.

1.3.1 ACCIDENT SCENARIO

A Station Black Out (SBO) condition is considered during the 72-hour period after an accident.
Moreover, prior to SBO, the CRHA average heat sink temperature is considered to have been at
a higher temperature than the maximum normal operating temperature for 8 hours.

The accident scenario considered has been divided into three steps:

e Step 1 represents ‘normal operation’ and is a long enough period of time to cause a
steady state inside the CB. This means that non-appreciable changes in temperature
are expected during this time in structures in the CRHA heat sink. This period
assumes normal operation of the CB HVAC system. It is during this period that the
CRHA heat sink sets up

e Step 2 represents an ‘abnormal function’ of the CB HVAC subsystem and is a period
of time in which the CRHA internal air temperature exceeds the limit stated in Table
B 3.7.2-1 of Ref. 1.6.4. During this period it will be assumed that the temperature
inside the CRHA is kept constant at 29.4°C (85°F) for 8h, that is 6.1°C (11°F) over the
23.3°C (74°F) temperature in normal operation. This scenario could occur if there is a
malfunction of the Control Room Habitability Area HVAC Subsystem (CRHAVS)
leading to an increase in the CRHA air temperature. The 29.4°C (85°F) could be
maintained by de-energizing selected Nonsafety-related Distributed Control and
Information System (N-DCIS) equipment located in the CRHA

e Step 3 represents the SBO itself, and it is in this step that all the assumptions stated
herein apply and the heatup analysis is performed

The accident (SBO) is considered to last 72h, during which time no credit has been given for the
operation of non-safety cooling systems to mitigate non-safety heat loads, nor has any operation
or action been credited to the N-DCIS equipment during this period.

In particular, inside the CRHA during the first 72 h (step 3), when alternating current (AC)
power is unavailable or if high radioactivity is detected by the Process Radiation Monitoring
Subsystem (PRMS) in the CRHA outside air supply duct, the CRHA normal air supply is
automatically isolated and the habitability requirements are then met only by the operation of an
Emergency Filter Unit (EFU) and the CRHA emergency habitability system passive heat sink
(Ref. 1.6.1). Regarding electrical equipment, in an SBO event the nonsafety-related electronic
and electrical loads, powered from the 2 h nonsafety-related batteries, are active for 2 h while the
safety-related electronic and electrical loads are powered for 72 h. Therefore, the heat rejection
load interval is as follows (Ref. 1.6.1).
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Loads from Electric & Electronic

Inactive*

Active*
nonsafety—related equipment
Loads from Electric & Electronic Active Active
safety-related equipment
Non-safety cooling systems Inactive Inactive

CRHA normal air supply

Inactive (Isolated)

Inactive (Isolated)

Emergency Filter Unit (EFU)

Active

Active

* Select nonsafety-related equipment inside the CRHA is considered inactive in the calculation
during the period of interest. Some nonsafety-related equipment is assumed active in the
calculation. See Subsection 1.3.5.1.1

1.3.2 CONTROL BUILDING ROOM MAXIMUM TEMPERATURE

1.3.2.1 SAFETY-RELATED QUALIFICATION TEMPERATURES

The maximum (target) temperature considered for the equipment environmental qualification is
shown in Appendix A, Table A-1, second column.

The maximum room air temperature must not exceed the temperature for which the safety-
related equipment located inside the room is designed or qualified.

1.3.2.2 CONTROL ROOM HABITABILITY ARFA

The maximum (target) temperature considered inside the CRHA is 33.9°C (93°F). See Table A-1
in Appendix A.
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1.3.3 SAFETY-RELATED EQUIPMENT LOCATION

The safety-related equipment location and its heat load considered in this heatup analysis
calculation are included in Table B-2 of Appendix B.

1.3.4 HEAT SINK CAPACITY

The passive heat sink capacity of the CRHA and other areas of the CB depends on the
temperature of the building structures, and on its thermal conductivity, density and specific heat.
These characteristics define the heat sink capacity of the CRHA and other areas of the CB and,
by extension, the model. The thermal conductivity of the different materials and the heat transfer
coefficient govern the heat interchange among them. All these properties must be defined or
calculated at the outset and during the steps stated in Section 1.3.1.

The properties of structures are explained in Section 1.3.7 and remain uniform in all the analyses
performed.

1.3.4.1 HEAT SINK THERMAL CONDITIONS IN STEP 1

As explained in Section 1.3.1, in step | all room air temperatures are kept steady until all
temperatures across the structures reach a steady state. In this step, all the temperatures of the
nodes in the structures, i.e., the surface and interior temperatures of the structure nodalization,
reach their temperature in normal operation simulating full operation of the CB HVAC system.
This is accomplished by forcing a steady temperature in the CB-Heatup model for a long time.
The initial heat sink conditions considered at the beginning of the step 1 transient are not of
concern, since what is being looked for are the conditions at the end. The bigger the difference is
between the heat sink thermal conditions considered at the outset of the transient and the steady
state conditions, the more the computational time used to reach the desired steady state
conditions will be.

The air temperatures kept steady during step 1 are shown in Table B-1 in Appendix B.

The thermal conditions of structures (wall, floors, ceiling, etc.) reached at the end of the transient
are taken as initial conditions for step 2.

1.3.4.2 HEAT SINK THERMAL CONDITIONS IN STEP 2

During step 2, all room air temperatures are kept the same as in step 1 during 8h with the
exception of the CRHA air temperature, which is maintained at 29.4°C (85°F). During this period
the concrete temperatures on the surface and inside the CRHA structures increase slightly
because they are in contact with air at a higher temperature.

The air temperatures kept uniform during this 8h transient in step 1 are shown in Table B-1 in
Appendix B.

' The thermal conditions of the structures (wall, floors, ceiling etc) reached at the end of the
transient are taken as initial conditions for step 3.
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1.3.4.3 STEP3 EVALUATION

During step 3 the event of an SBO is considered. This stage is when the heatup due to SBO takes
place in the CB model.

This transient calculates the room air heatup curve inside the CRHA and rooms housing safety-
related equipment in an SBO during 72h when the CB starts from an assumed malfunction of the
CRHAVS for 8h (step 2) which caused an increase of 11°F (74°F-85°F) in the CRHA air
temperature.

1.3.4.4 HEAT SINK TEMPERATURES FOR WALLS IN CONTACT WITH THE
GROUND

The analysis performed links steps 1, 2 and 3 as explained in subsections 1.3.4.1, 1.3.4.2, and
1.3.4.3. Thus, the thermal conditions (air, concrete and steel temperature) calculated at the end
of each step are used as initial conditions at the beginning of the following step.

For walls in contact with the ground, a surface temperature of 30°C (86°F) has been considered
on the soil side, assuming that the ground, far from the CB walls, will be at a constant
temperature of 30°C (86°F). This fully conservative value has been obtained as follows:

e According to Chapter 29 of the ASHRAE Fundamentals (Ref. 1.6.12), the mean

ground temperature may be estimated roughly as a function (Equation 29.36, Ref.

- 1.6.12) of annual average air temperature. Very conservatively, the summer average

air temperature is used instead, i.e., 39.7°C (103.5°F), [47.2°C(117°F)-DR/2, where
DR is the daily range in summer 15°C (27°F)]

e A representative value is obtained for the “ground surface temperature amplitude”
based on Fig-29.2 of Ref. 1.6.12: 10°C (18°F)

.o According to Eq-29.36 of Ref. 1.6.12, a mean ground surface temperature is obtained
by subtracting 10°C (18°F) from 39.7°C (103.5°F), obtaining 29.7°C (85.5°F). A
typical “apparent” thermal conductivity value of 4 W/m2°C has been considered for
the soil, according to Table 5 and Table 6 of Chapter 25 in Ref. 1.6.12

1.3.5 INTERNAL HEAT LOADS

1.3.5.1 SENSIBLE HEAT LOAD

The internal heat loads considered in the heatup calculation (step 3) are included in Table B-2 of
Appendix B. In steps 1 and 2, internal heat loads are of no concern because room air
temperatures are intentionally forced to remain constant during the simulation, reproducing
correct operation of the CB HVAC system.

1.3.5.1.1 CONTROL ROOM HABITABILITY AREA (CRHA)

Heat rejection loads in the CRHA are due to safety-related and nonsafety-related equipment as
well as to the people inside the CRHA.

According to DCD Subsection 9.4.1 (Ref. 1.6.2), a nonsafety-related cooling system is provided
to remove the heat loads due to nonsafety-related equipment during the 0-2 h period. The
nonsafety-related cooling system is designed for the nonsafety-related plus the safety-related
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heat loads. If this cooling system fails, nonsafety-related equipment is disconnected. Therefore,
there are two possible scenarios:

1. The nonsafety-related cooling works during the first 2 h after the accident. In this case,
the safety-related load needs to be absorbed by the surrounding structures during the 2 to
72 h period

2. The nonsafety-related cooling fails. In this case, the safety-related load needs to be
absorbed by the surrounding structures during the 0-72 h period. Calculations have been
performed for this case

Therefore, only safety-related loads and non-disconnectable nonsafety-related loads have been
considered. A maximum internal heat load of 7630 W plus an additional 2000 W more is
considered during the 0-72h interval. The heat load distribution in this case (Case T) among
equipment, emergency lighting, people and others is included in Tables B-2 and B-3 in Appendix
B.

It is considered that heat dissipation due to the EFU fan is 1 hp (746 W) (Ref. 1.6.10) plus a 15%
margin. This value is added as one more internal load inside the CRHA.

1.3.5.2 LATENT HEAT LOAD

The latent load in the CRHA due to people has been considered at a rate of SSW per person.
This is a typical value stated for “Standing, light work; walking” in Chapter 30 Table 1 of Ref.
1.6.12.

11 persons have been considered inside the CRHA; see Table B-3 (Appendix B) for general data.

Latent load in the rest of the CB rooms has not been considered.
1.3.6 EXTERNAL HEAT LOADS, BOUNDARY CONDITIONS

1.3.6.1 EXTERNAL LOADS

Whenever a conditioned space is adjacent to a space with a different temperature during the
heatup transient, heat transfer through the separating physical structure is considered in the
calculation.

In mechanical rooms #3406 and #3407 and their adjacent rooms, solar heat transmission through
the exterior walls and roof has been considered. The method used accounts for solar radiation
and the effect on the irradiated surface structure, and is called Radiant Time Series (RTS)
described in Chapters 30 and 31 of Ref. 1.6.12.

The external heat loads are of concern in step 1, step 2 and step 3 because, in the walls and
ceilings connecting the room to the exterior, the temperature profile across the structure is
calculated by the CONTAIN model. In step 3, the external heat loads can be transmitted to a
room through walls, floors and ceilings or partitions that separate it from another room or from
the exterior.

The RTS method calculates the sol-air temperature in rooms situated above grade. This
temperature is the outdoor air temperature that, in the absence of all radiation changes, gives the
same rate of heat entry into the surface as would the combination of incident solar radiation,
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radiant energy exchange with the sky and other outdoor surroundings, and convective heat
exchange with outdoor air.

The method will calculate a temperature profile (sol-air temperature) throughout the day based

on:

ISR

- oo oo e

Maximum dry bulb temperature at 3 pm: 47.2 °C (117°F). (Ref. 1.6.2)
Daily range. 15 °C (27°F)

Date of simulation. (21st of July)

Surface azimuth (orientation). (South for vertical surface)

Surface tilt from the horizontal. (0° for roof and 90° for walls)
Latitude of 33.55° & Longitude 112.37°

Absorptance (a) of surface (structure) for solar radiation (surface color) and

coefficient of heat transfer (ho) for long-wave radiation and convection at outer
surface. a/ho=0.052 (Ref. 1.6.12)

Hemispherical emittance of surface (e¢) and the difference between long-wave
radiation incident on the surface from the sky and surroundings, and radiation emitted
by blackbody at outdoor air temperature (DR), where e-DR=0 K (°F) (Ref. 1.6.12) for
vertical surfaces and 4 K (7.2°F) (Ref. 1.6.12) for horizontal

Clearness number, multiplier for clear/dry or hazy/humid locations. CN=1 (Ref.
1.6.12)
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Figure 1.3.6-1. CB Solar Radiation

The sol-air temperature profile for vertical and horizontal structures obtained is shown in Figure
1.3.6-2.
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Figure 1.3.6-2. The sol-air temperature profile for vertical and horizontal structures
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1.3.6.2 VENTILATION LOADS

The heat load due to the outside air intake is taken into account only in step 3 and inside the
CRHA.

Outside air conditions considered in step 3 are the 0% exceedance values (Ref. 1.6.2), e.g.,
47.2°C (117°F) dry bulb and 26.7°C (80°F) wet bulb coincident are considered.

The daily profile has been calculated as per the ASHRAE Fundamentals method in Chapter 28
(Ref. 1.6.12). The accident (step 3) starts at 3 pm (maximum day temperature).

= dbt A wbt - Rel. Humidity -not to scale- i [Daily Temperature Profile

dbt= A47.2°C 1 117 °F wht= 26.7 °C / 80.1 °F Daily Range= 15°C /27 °F

50.0 °C g 122.0 °F

aso°c f 113.0 °F
40.0 °C

104.0 °F

35.0°C

95.0 °F

30.0°C

86.0 °F

25.0 °C

77.0 °F

20.0 °C 68.0 °F

Figure 1.3.6-3. Case T daily profile

The outside air flow is drawn into the CRHA through the EFU. The resultant temperatures have
been evaluated inside the CRHA considering that the EFU draws 240 I/s (509cfm) into the
CRHA.

1.3.7 CONCRETE CHARACTERISTICS

The CB concrete characteristics are not defined yet. The value of Po=23.5 kN/m* (150 1b/ft’)
included in DCD Appendix 3G (Ref. 1.6.11) is considered to be a conservative value for
structure weight evaluation.

The material properties of the concrete used for calculation are conservative, and were obtained
from Ref. 1.6.7 (Type-1 concrete): K=0.8654 W/m-°C (6.0 Btu-in/h-ft*-°F); Po=1922.2 kg/m?
(120.00 Ib/ft’); Cp=653.12 J/kg-°C (0.156 Btu/Ib°F).

A relationship between suggested practical thermal conductivity design values and concrete
density is given in Table 2.4 of Ref. 1.6.3. The conductivity assumed (6.0 Btu-in/h-ft*-°F) for the
density 120 Ib/ft’ is below 6.4 Btu-in/h-ft*-°F, the lowest value stated in Table 2.4 for structural
concrete for a density of 120 Ib/ft’.
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1.3.7.1 THERMAL PROPERTIES OF REINFORCED CONCRETE

The steel structures and rebars defined in Ref. 1.6.11 have been considered as applicable in
accordance with Ref. 1.6.11.

Thermal properties (heat capacity, density and conductivity) are evaluated for each structure
based on its reinforcement layers (rebars). The properties, evaluated following the method
described below, are the ‘representative’ thermal properties for the material used in the code for
the heatup calculations.

¢ Conductivity

Conductivity has been evaluated following the methodology in Ref. 1.6.13. Figure 1.3.7-1
shows a section of one square meter on an example wall. The dark colored drawings represent
the rebar. The round ones represent the vertical bars and the thin rectangles the horizontal ones.

I

Figure 1.3.7-1. Location of Rebars
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To calculate the representative thermal conductivity of a material formed by scattered particles in
a matrix of a different constituent, we have considered, firstly, that heat flux flows only in the Y
direction, which is perpendicular to the structure surface. Assuming this, the heat flow
encounters four different paths based on their different thermal conductivities (see Figure
1.3.7-1).

D1. The path corresponding to the layers of concrete - vertical and horizontal rebars — concrete -

vertical and horizontal rebars - concrete.

D2. The path corresponding to the layers of concrete - horizontal rebar - concrete — horizontal
rebar — concrete. The parameter ‘n’ in the formula below will be the number of rebars in one
meter along the Z axis.

D3. The path corresponding to the layers of concrete - vertical rebar - concrete — vertical rebar —
concrete in one meter along the X axis.

D4. The path corresponding to the constituent material (concrete, in this case).

Before the conductivity of the resultant material can be evaluated, the conductivity of each of the
aforementioned paths must be evaluated first, for instance, for D3:

1 no 1 1 ne 1 1
— = X—X—+|1- X —
1000 e

k, 1000 e k. k

m

Where:

- ks, ks, km: is the conductivity of path D3, of steel and of concrete

)
respectively. K
m

- n: is the number of bars on the Y axis (two, in the example)
- @: is the diameter of the bar (mm)
- e: is the thickness of the facing (m)

The rest of the conductivities are calculated in the same way.

The conductivity of the resulting material is evaluated by adding the areas of each of the paths
weighted by the conductivity calculated above, kj:

=4 \
k, = ZA ; ¥K; , where A;is the sum of the surfaces in axes Z, X that meet with the condition of
=t

2
‘7’ flux direction, [in the above example, 1x 20 x ¢ X 0 xN; where N(180) is the
p

1000 4 (1000

number of crosses in 1 square meter]. Sum Aj equals one.
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e Density and heat capacity
Weighted mean has been applied.

The material used in the calculation is a homogenous concrete with the characteristics calculated
above.

The following properties used in calculations are obtained:

Table 1.3.7.1-1. Control Room Concrete Thermal Properties

s

Cl Plain Concrete 1922.2 653.12 0.8653
(120.00) (0.1560) (6.00)

[

1]

The concrete properties (representative properties) used for the calculations are considered very
conservative because, considering the density from DCD Appendix 3G, which is 150 1b/ft* (23.5
kN/m?), the lowest concrete conductivity stated in Table 2.4 of Ref. 1.6.3 (see Section 1.2.7
above) for the structural group is 13.8 Btuwin/h-ft*°F (1.99 W/m=°C), higher than all
‘representative concrete’ properties considered in the calculations.

1.3.8 ROOM, FLOOR, AND WALL DIMENSIONS

Room internal dimensions for the heatup calculations are taken from the Nuclear Isalnd (NI)
General Arrangement drawings (Ref. 1.6.6).

Floor and wall thicknesses are taken from Ref. 1.6.6.
1.4 Calculation Method and Assumptions

1.4.1 MODELING OF BUILDING ROOMS

Rooms are modeled using CONTAIN 2.0 Code. The CB is a single model that has the rooms
subdivided and takes into account interactions between rooms during heatup.

1.4.2 MODELING ASSUMPTIONS

The following assumptions are considered:

e The program considers rooms as nodes with no input for shape or height, so the
favorable effect of stratificiation is not considered
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Radiant heat transmission is not taken into account either as a fraction of heat load
generated inside the room or as a radiant heat transfer coefficient. The effect of
radiant heat flow is negligible considering that the heat flow in most cases is from
ambient air to a concrete structure. Not considering a radiant heat transfer coefficient
is more conservative in this case

It is assumed that there are no temperature differences inside the room

It is assumed that the CRHA room raised floors and suspended ceilings have large
openings and thus the CRHA is modeled as a single room and the CRHA false ceiling
and raised floor are modeled as a part of a unique CRHA volume. This means that all
rooms belonging to the CRHA, false ceilings and raised floors are modeled into a
single room. The temperature obtained in the CRHA calculations is the temperature
of this single room '

1.4.3 METHODOLOGY

The following approach is used to evaluate the maximum environmental conditions in the
different rooms with safety-related equipment.

The CONTAIN model has been updated with the latest ESBWR design, which does not greatly
affect the results:

The model of N-DCIS rooms at EL +4650 has been updated. The modifications have
no effect on the results because a heatup curve is considered in N-DCIS rooms

Ground soil has not been assumed adiabatic, and a very conservative apparent -
conductivity has been assumed instead. See Section 1.3.6

The maximum temperatures are obtained in step 3:

a.

Modeling of the CB using the CONTAIN program. Compartments are interconnected
by appropriate heat flow paths (walls, floors, ceilings, doors, hatches, etc) taking into
account the impact of inertia in each path (mass, conductivity, specific heat, surface
exposed arrangement and the heat transfer coefficient)

No displaced volume is considered when estimating the free volume of each
compartment because the heat capacity of furniture is higher than that of the air space
occupied by it

Considering wall and ceiling structures as heat sinks, the concrete characteristics and
initial temperature must be taken into account to achieve accurate results. Type-1
concrete considering rebars is used in all structures

Identification of the room air temperatures under normal operation in accordance with
Appendix B, Table B-1 for step 1. The aforementioned temperatures are artificially
maintained in CB rooms until there is no further change in the temperatures of the
structures

The structure temperature profile in structures calculated previously (by CONTAIN)
is considered as initial temperatures, and the model is run for 8h., but considering that
the CRHA air temperature rises very quickly up to 29.4°C (85°F) in the first moments
of the 8h transient and is then maintained during the entire 8h transient. The
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remaining CB room air temperatures are maintained. In this step CONTAIN
calculates the yielded concrete temperatures of all structures involved in the model
after keeping the air temperature of the CRHA at 29.4°C (85°F) and the other CB
room according to Table B-1 in Appendix B for 8 h

f. The concrete temperatures obtained are considered at TIME=0 of the accident (SBO)

g. Identification of quantity and quality of electronic, electrical and/or mechanical heat
loads located inside each room according to Appendix B, Table B-2

h. After the 72 h transient, the temperature in the CRHA is reported

1.4.4 CODE DESCRIPTION

The analytical tool selected and used to perform the resulting short-term response in summer is
CONTAIN 2.0 Code (Ref. 1.6.9).

The CONTAIN code is an analysis tool for predicting the physical, chemical, and radiological
conditions inside the containment and connected buildings of a nuclear reactor in the event of an
accident. CONTAIN was developed at Sandia National Laboratories under the sponsorship of
the US Nuclear Regulatory Commission (USNRC) for analyzing containment phenomena under
severe accident and design basis accident conditions. It is designed to predict the thermal
hydraulic response inside containment in the event of an accident. Heat transfer is one of the
physical phenomena involved, and this tool is used to evaluate temperature profiles inside the
CB. A more detailed code description is included in Appendix D.

1.4.5 MODELING OF HEAT STRUCTURES

1.4.5.1 TYPES OF STRUCTURES

Walls, floors and roofs are the structures and heat sinks considered for each room modeled.
Specific models for wall, roof and floor structure type are invoked in the CONTAIN model.

The ‘inner surface’ of the structure is considered fully exposed to the room environment. Such
exposure invokes the modeling of convective heat transfer, coolant film formation, transport, etc.
The outer face of the structure can be divided into three groups: '

a. The outer face is connected to the outer face of another structure to, eventually,
connect to another cell (room ambient)

b. The outer face temperature is fixed, e.g. at boundary conditions
c. The outer face is treated as adiabatic

Regarding the relative location in the rooms, three general types of structures can be taken into
consideration:

1. The structure is fully inside the room
2. The structure is between two rooms

3. The structure is a boundary of the model (for instance adiabatic conditions and walls
in contact with the ground)
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In type 1 structures the surface considered is the total surface exposed to the environment, and
the thickness is half of the total. For type 2 structures, half of the wall thickness is considered for
each room, and the surface is in accordance with the real area exposed for each room. For type 3
structures, the total wall thickness is accounted for and the surface area is in accordance with the
real area exposed for the pertinent room.

For example, inside the CRHA types 1 and 2 have been considered. Type 1 has been used for
interior walls separating rooms (e.g. #3272 and #3271), columns and beams, while type 2 has
been applied for walls separating two modeled rooms such as the CRHA and corridor #3200.

1.4.5.2 NODALIZATION OF STRUCTURES

Thermal diffusion length is considered in this case to determine how finely the structure should
be nodalized, that is, the number of layers the program accounts for. The surface nodes that are
in contact with the room environment should be a small fraction of this length. This is especially
significant if there is a big heat flux across the structure.

In order to have good accuracy, heat sinks in contact with the CRHA have been nodalized taking
into account the thermal diffusion length, which is defined as (according to Chapter 10.5.1.1
Heat Transfer Structures of CONTAIN Manual; Ref. 1.6.9):

1
woat )2

5_ 4KAtJ
pc,

Where:

- d; thermal diffusion [m]

- K; conductiQity [W/m-K]

- At; shortest time scale of interest [s]
- p; density [kg/m’]

- cp; specific heat [J/kgK]

When calculating conduction heat transfer inside the structures in contact with the CRHA, the
following general mesh points (slabs) for nodal location (thickness direction) are-considered (in
millimeters): [[

]]etc. This means that the thickness of the slab increases in the
direction of the heat flux.

The initial temperature considered on structure nodes (thickness direction) is the same when the
room temperatures are the same on both sides of the wall, floor or ceiling. When the room
temperature (or surface temperatures) in operation is not the same in several rooms, a linear
temperature distribution across the wall, roof or floor is considered. The convective coefficient
and surface temperatures are calculated previously in each surface of the wall, taking into
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account the gas temperature in each room and the wall material properties. These temperatures
are used to perform the linear temperature distribution across the wall.

The CRHA ceiling initial temperature profile has been calculated by performing a simple model
in CONTAIN because a steel plate is located in the ceiling facing the CRHA. There is a small air
gap (1 mm of thickness) between the steel plate and the concrete. This simple model consists of
two rooms separated by the same structure which separates the CRHA and N-DCIS rooms. The
model is run maintaining the initial temperatures in these additional rooms to evaluate the initial
temperatures of the slabs to be considered in the main CONTAIN model.

The CRHA ceiling initial temperature profile has been calculated considering a metal deck, [[

1] thick (Ref. 1.6.3), placed just below the concrete ceiling, by performing another
model where only this heat sink and its boundary conditions are simulated. This is because a
steel plate is located in the ceiling facing the CRHA and there is a small air gap (1 mm of
thickness) between the steel plate and the concrete.

Thus, the ceiling is modeled using a heat structure with several slabs of different materials. The
first [[ 1] (from the CRHA to the N-DCIS) is made of steel, the next 1 mm is nitrogen,
and the rest of the structure [[ 1] is made of reinforced concrete. Nitrogen is used
instead of air for practical purposes; the thermal characteristics of air can be considered the same
as the thermal characteristics of nitrogen (Thermal properties according to Chapter 2.3 Material
Properties of Ref. 1.6.9). Once the heat structure is modeled, the temperature profile along the
thickness of the structure is calculated keeping the temperature inside each room (CRHA and N-
DCIS) constant and equal to its initial value.

Finally, the initial temperature of the heat structure that is used in the analysis will be. the
temperature profile through the thickness of the ceiling once the surface temperature on both
sides of the ceiling is constant.

1.5 Calculations, Results and Conclusions

The following calculations, results, and conclusions are only reported for step 3 of the case
performed. Some results regarding the temperature of structures after step 1 and step 3 have been
displayed.

1.5.1 HEATUP CALCULATIONS PERFORMED (0-72 H)

The temperature profile of the heatup calculation results (step 3) for each room is included in
Appendix C.

Following an SBO, the heat generated in the rooms is absorbed by the surrounding walls, floor
and ceiling. Since the heat absorption capacity of air is very low, the room air temperature rises
quickly before the walls and ceilings start to warm. Because the CRHA temperature is affected
by the outside air temperature (the EFU draws outside air into the CRHA) the CRHA
temperature rise profile follows the temperature variations of the outside air.

The initial conditions and input data considered in the case performed have been set out in
Appendix B, Table B-1, Table B-2 and Table B-3.
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The maximum temperature calculated in step 3 in rooms housing safety-related equipment in the
CB, including the CRHA, is shown in Appendix A, Table A.1, and the temperature profile
(heatup graphical results) in Appendix C.

1.5.2 RESULTS OF THE HEATUP CALCULATIONS

Appendix A Table A-1 shows the maximum allowable temperature, in accident conditions up to
72h in rooms and the temperature obtained in calculations. The volume of condensation, where
applicable, is also included. Appendix C shows all the heatup profiles obtained in calculations.
The relevant results are the following:

a. The maximum room air temperature obtained in the calculations is below the
maximum allowable values

b. The effect of moisture on the results is negligible. Nevertheless moisture has been
considered in the CRHA heatup calculations

¢. No condensation occurs inside the CRHA

1.5.3 CONCULSIONS
The main conclusions are:

e The maximum allowable temperature in the CRHA, i.e., 93°F (33.9°C), is not
exceeded when 0% exceedance 47.2°C (117°F) dry bulb and coincident 31.1°C (80°F)
wet bulb are considered

e The maximum allowable temperature is not exceeded in any room with safety related
equipment in the CB

e No condensation occurs in any structure

1.5.3.1 CONDENSATION CONCERNS

Condensation occurs when the dew point of air in the CRHA reaches the temperature of any
surface structure inside the CRHA. Outside air humidity and latent load inside the CRHA will
help condensation. Both issues have been taken into account:

e Outside conditions consider design wet bulb temperature
e Moisture due to 11 people breathing is also considered (latent load)
e Condensation in cabinets

As discussed above, condensation occurs when the dew point of air in the CRHA reaches the
surface temperature of any structure or component. Therefore, condensation occurs on the
surfaces with the lowest temperature.

Heat is transferred to the structures because the air temperature is higher than the temperature on
the surface of the structures

e The internal temperature of the cabinets is higher than the temperature of the
surrounding air in the CRHA (typically 10°C (18°F) higher)

Page 29 of 117



NEDO-33536, Rev. |

e It may be concluded that the cabinet internal temperature is clearly higher than the
temperature on the surface of the structures and therefore, no condensation can occur
inside the cabinets '

e The effect of condensation on heat transfer

The CONTAIN program takes into account the effect of the condensation in the heat transfer
coefficient and the surfaces; therefore, the effect of condensation on the heat transfer coefficient
is taken into account in the calculations if condensation occurs.

e The effect of the coating of the structures on heat transfer

Calculations performed show that the coating effect on the heat transfer is negligible. With the
thermal conductivity of typical coating systems included in Table A-1 of ANSI N 101.2 and a
typical coating thickness of 200 microns (8 mil), it is demonstrated that the thermal resistance of
the coating is the same as 0.34 mm to 1.2 mm (13 mil to 47 mil) of concrete with the
conductivity considered in the report.

1.5.4 MARGINS
The CB heatup calculations have the following margins and conservative assumptions:

e A margin of 15% is considered in the internal heat load (see Appendix B, Table B-3)
of the CRHA

e The concrete density, conductivity, and heat capacity considered in the calculations
are conservative; the concrete density included in DCD Appendix 3G.1.5.2.1.1 (Ref.
1.6.11) leads to a concrete conductivity much higher than 0.8653 W/me<°C (6.0
Btuein/heft*+°F), value used in calculation. See Section 1.3.7 of the report for further
information

e The assumed initial soil temperature at below-grade CB elevations is 30°C (86°F)

Page 30 of 117



NEDO-33536, Rev. |

1.6 References

1)
2)

3)
4)
3)
6)

7

8)
9

10)

11)

12)
13)

26A6642AT. DCD Tier 2. Chapter 6, Engineered Safety Features. Section 6.4,
Control Room Habitability System

26A6642AY. DCD Tier 2, Chapter 9; Auxiliary System. Subsection 9.4.1 Control
Building HVAC System

ACI 122R-02. Guide to Thermal Properties of Concrete and Masonry Systems
26A6642BT. DCD Tier 2, Chapter 16B; Bases
Unused

DCD Tier 2 Section 1.2 (26A6642AD) ESBWR Nuclear Island. General
Arrangement.

Yilmaz T. P. & Paschal W. B. article: “An analytical approach to transient room
temperature analysis”

Unused

CONTAIN 2.0 Code: A Computer Code for Nuclear Reactor Containment Analysis.
NUREG/CR-6533. SAND97-1735

MFN 09-081, Letter from Richard E. Kingston to U.S. Nuclear Regulatory
Commission, Response to Portion of NRC Request for Additional Information Letter
No. 260 Related to the ESBWR Design Certification — Control Building Habitability
Analysis — RAI Number 6.4-21, January 30, 2009

26A6642AN. DCD Tier. Chapter 3, Design of Structures, Components, Equipment
and Systems. Appendices 3G — 3L

ASHRAE Fundamentals 2005

Thermal Conductivity Of A Dispersed Porous Material. A. Denis, A. Soba. Dto.
Combustibles Nucleares, Centro Atdmico Constituyentes, CNEA

Page 31 of 117



NEDOQ-33536, Rev. ]

2.0 REACTOR BUILDING ENVIRONMENTAL EQUIPMENT
QUALIFICATION TEMPERATURE ANALYSIS

2.1 Purpose and Scope

The purpose of this document is to demonstrate that the environmental qualification design
target (maximum temperature per room) is met with the assumed heat loads per room.

This document includes the inputs, hypotheses and results of heat-up calculations performed to
evaluate the maximum room air temperature obtained during accident conditions in the Reactor
Building (RB), outside containment, in rooms that house safety-related equipment.

This document contains descriptions of the analyses performed and their modeling assumptions,
structural heat sink modeling, and a description of the computational tool used in the analysis.

The safety-related equipment inside containment is qualified for LOCA thermodynamic
conditions and is not in the scope of this document.

Heat up analyses in Reactor Building rooms are performed in this document. The heat loads of
rooms # 1311, # 1321, # 1331 & # 1341 have been updated according to Ref 2.5.5 and the initial
temperature at room # 1210, #1220, #1230 & #1240 is changed to 25°C (77°F). The computer
RB model has been also updated according to the General Arrangement Rev.3 (Ref 2.5.8).

2.2 Heatup Calculations: Input Data and Assumptions

Some assumptions (e.g., equipment location and. heat load per room) are based on estimates
because the individual equipment heat load and the location of some equipment items are not yet
defined. Nevertheless, since heat loads per room are included in DCD Tier 2, Appendix 3H,
should the actual heat loads turn out to be greater than the estimates, the calculations would be
updated and/or any modifications that may be needed would be carried out (e.g., relocating
equipment, increasing the heat absorption capacity of the structures by placing steel fills, or
some other viable solution) to ensure that the equipment qualification temperature is not
exceeded. An ITAAC is provided in the ESBWR DCD to confirm that the as-built plant and site
specific conditions meet the RB acceptance criteria.

2.2.1 ACCIDENT SCENARIO

The events of LOCA or High Energy Line Break (HELB) with Station Black Out (SBO) are
considered.

In an SBO event, room active ventilation and cooling is lost for 72 h. After that time, it is
assumed that normal HVAC cooling returns.

In an SBO event, the nonsafety-related electronic and electrical loads powered from the 2-hour
nonsafety-related batteries are active for 2 h. The heat rejection load interval is as follows:
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Table 2.2.1-1. Reactor Building Heat Load Interval

Loads from Electric & Electronic Active Inactive
nonsafety —related equipment

Loads from Electric & Electronic Active Active
safety—related equipment

2.2.2 REACTOR BUILDING ROOM MAXIMUM TEMPERATURE

2.2.2.1 SAFETY-RELATED EQUIPMENT QUALIFICATION TEMPERATURES

The maximum (target) temperature considered is shown in Table G-2 and can be used to qualify
the equipment.

The maximum room air temperature must not exceed the temperature for which the safety-
related equipment located inside the room is designed or qualified.

2.2.3 SAFETY-RELATED EQUIPMENT LOCATION
The safety-related equipment location considered is included in Table G-3 of Appendix G.

2.2.4 INITIAL ROOM TEMPERATURE

The initial temperatures in the RB rooms considered in the heat up calculations are included in
Table G-1 of Appendix G. Table G-1 includes the initial temperature in the RB rooms as stated
in DCD Table 9.4-1 (Ref 2.5.3).

I
1

For walls that are in contact with the ground, an external surface temperature of 30°C (86°F) in
summer has been considered, assuming that the ground will be at a constant temperature of 30°C
(86°F). This fully conservative value has been obtained as follows:

e A mean ground temperature is estimated from the annual average air temperature in
summer, i.e., 39.7°C (103.5°F), [47.2°C(117°F)-DR/2, where DR is the daily range in
summer]

e A representative value for the “ground surface temperature amplitude” based on Fig-
29.2 of Ref 2.5.14 is obtained: 10°C (18 °F)

e According to Eq-29.36 of Ref 2.5.14, a mean ground surface temperature is obtained
by subtracting 10°C (18 °F) from 39.7°C (103.5°F), obtaining 29.7°C (85.5°F).
Conservatively, it is considered that the soil in contact with the walls below grade
will be at a temperature of 30°C (86°F). Once the simulation starts, no heat transfer is
allowed to/from the surface in contact with the ground
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The initial temperature of the RB rooms and of the adjacent rooms will determine the
temperature, and therefore the heat absorption capacity of all the structural elements that
comprise the different rooms. It will subsequently be a main factor in the maximum temperature
reached.

2.2.5 INTERNAL HEAT LOADS

The internal heat loads considered in the heat-up calculation are included in Table G-3 of
Appendix G.

In HELB with SBO heat-up analysis, the inside containment temperature constdered is 57°C
(135°F) (Ref 2.5.3).

In the event of a HELB, the steam from the pipe break could be routed to other rooms through
the RBVS ducts and therefore may theoretically affect safety-related equipment that does not
withstand high temperatures (e.g., electronic equipment located therein). Since high energy lines
are located only in RB areas served by CONVAS-REPAVS, only the rooms servéd by this
RBVS subsystem may be affected while most of the safety-related equipment sensitive to high
temperatures is located in clean areas served by CLAVS. Even more equipment qualified for
110°C (230°F) such as electrical cables and containment isolation valves would not be affected
by the HELB conditions because 110°C (230°F) is higher than the highest HELB temperature in
the RB. Additionally, the steam/air temperature that could be transmitted to other rooms through
the HVAC ducts is expected to be clearly lower than the maximum HELB temperature.

2.2.6 EXTERNAL HEAT LOADS: BOUNDARY CONDITIONS

2.2.6.1 EXTERNAL LOADS

External heat loads can be transmitted to a room through walls, floors, and ceilings; or partitions
that separate it from another room or from the exterior.

Whenever a conditioned space is adjacent to a space with a different temperature during the heat
up ftransient, heat transfer through the separating physical structure is considered in the
calculation. External loads can be transmitted to a room through walls, floors or ceilings due to:

e Higher air temperature due to internal heat loads in the adjacent rooms. This is always
considered; i.e., in a LOCA&SBO analysis and HELB&SBO analysis

e LOCA conditions inside containment. Drywell internal temperatures according to
DCD Figure 6.2-14b1 (Ref 2.5.2) “Main Steam Line Break (Bounding case)”, have
been considered when LOCA&SBO is analyzed. It is considered that inner surface in
containment follows the temperatures in Figure 6.2-14bl

e HELB conditions in adjacent rooms affected by HELB, when HELB&SBO is
analyzed

e Exterior environmental conditions

As an exception to the above, [[

il
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Solar heat transmission has been considered in exterior walls. The method used accounts for
solar radiation and the effect over the irradiated surface structure. The method is called Radiant
Time Series (RTS) and is described in Chapters 30 and 31 of Ref 2.5.14.

The RTS method calculates the Sol-Air Temperature in rooms situated above grade, which is the
outdoor air temperature that, in the absence of all radiation changes, gives the same rate of heat
entry into the surface as would the combination of incident solar radiation, radiant energy
exchange with the sky and other outdoor surroundings, and convective heat exchange with
outdoor air.

The method will calculate a temperature profile (sol-air temp.) throughout the day based on:

o &

- 0 a0

Maximum dry bulb temperature (dbt) at 15 h. 47.2 °C (117°F). (Ref 2.5.2)
Daily range. 15 K (27°F)

Date of simulation. (21st of July)

Surface azimuth (orientation). (South for vertical surface)

Surface Tilt from the horizontal. (0° for roof and 90° for walls)

Latitude of 33.55° & Longitude. 112.37°

Absorptance (a) of surface (structure) for solar radiation (surface color) and
coefficient of heat transfer (ho) by long-wave radiation and convection at outer
surface. a/ho=0.052 (Ref 2.5.14)

Hemispherical emittance of surface (e) and the difference between long-wave
radiation incident on the surface from the sky and surroundings, and radiation emitted
by blackbody at outdoor air temperature (DR), where e:'DR=0 K (°F) (Ref 2.5.14) for
vertical surfaces and 4 K (7.2°F) (Ref 2.5.14) for horizontal

Clearness number, multiplier for clear/dry or hazy/humid locations. CN=1 (Ref
2.5.14)

The latitude of 33.55° and longitude 112.37° correspond with locations in the United States

where the maximum dbt reached is near the limiting value for outside air stated in Ref 2.5.2, i.e.
47.2°C (117°F).
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The sol-air temperature profile for vertical structures obtained is shown in the next figure:

[ —e— Outside dbt “Sol-Alr Temp” } [sol-Air Temperatue & Daily Temperature Profile for VERTICAL surfaces|

Range=15°C/ 27 *F

A 3
) i A/ - -
B e
- X
30°c 86 F

20°C 68 F
on &h 12zh 18h 24n
hours

Figure 2.2.6.1-1. The sol-air temperature profile for vertical structures

2.2.6.2 VENTILATION LOADS

During the first 72h in SBO, HVAC in the RB is not available and the RB is isolated from the
outside, so there is no outside air entering the RB.

2.2.7 CONCRETE CHARACTERISTICS

The characteristics of the concrete in the RB and CB are not defined. The value Po=23.5 kN/m?
(150 Ib/ft’) included in Ref 2.5.4 is considered to be a conservative value for structure weight
evaluation.

The material properties of the concrete used for calculation are generally conservative and were
obtained from (Ref 2.5.10).

® Type-1 concrete:
- K=0.8653 W/m°C (6.0 Btwin/h-ft*°F)
- Po=1922.22 kg/m?* (120.001b/ft*)
- Cp =653.12 J/kg°C (0.156 Btu/Ib°F)
To evaluate more conservatively the heat loads transmitted from the containment or other

bordering rooms with high temperatures, the concrete characteristics obtained from (Ref 2.5.9)
have also been considered:

® -Type-2 concrete:

I

- 1l

The steel structures and rebars defined in Ref-2.5.1 have also been considered as applicable.
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To calculate the equivalent conductivity of the mixed material, concrete and rebars to be
included in the model, unidirectional heat flux is assumed through the wall. Density and specific
heat are evaluated proportionally to the quantity of each material. As a result of this analysis, the
reinforced concrete characteristics for a typical wall rebar design and concrete type-2 are as
follows:

I

- ]l
2.2.8 ROOM, FLOOR, AND WALL DIMENSIONS

Room internal dimensions for the heat-up calculations are taken from the ESBWR NI General
Arrangement drawings (Ref 2.5.8).

Floor and wall thicknesses are taken from Ref 2.5.1.
2.3 Calculation Method and Assumptions

2.3.1 MODELING OF BUILDING ROOMS

Rooms are modeled using CONTAIN 2.0 Code. The RB is a single model that has the rooms
subdivided and takes into account interactions between rooms during the heat up.

2.3.2 MODELING ASSUMPTIONS

Following assumptions are considered:

e The program considers rooms as nodes with no input for shape or height, so the
favorable effect of stratification is not considered

e Radiant heat is not taken into account either as a fraction of heat load generated inside
the room or as radiant heat transfer coefficient. The effect of radiant heat flow is
negligible considering that the heat flow in most of the cases is from ambient air to a
concrete structure. Not considering a radiant heat transfer coefficient is more
conservative in this case

e The room air is simulated as dry air

2.3.3 METHODOLOGY

The following approach is followed to evaluate the maximum environmental conditions in the
different rooms with safety-related equipment:

a. Identification of initial room temperatures under normal operation in accordance with
Appendix G, Table G-1.

b. Identification of quantity and quality of electronic, electrical and/or mechanical heat
loads located inside each room according to Appendix G, Table G-3.
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c. Modeling of the Reactor Building using the CONTAIN program. Compartments are
interconnected by appropriate heat flow paths (walls, floors, ceilings, doors, hatches,
etc.) taking into account the impact of inertia in each path (mass, conductivity,
specific heat, surface exposed arrangement and the heat transfer coefficient).

d. No displaced volume is considered when estimating the free volume of each
compartment because the heat capacity of furniture is higher than that of the air space
occupied by it.

e. Considering wall and ceiling structures as heat sinks, concrete characteristics and
initial temperature must be taken into account to achieve accurate results. Type-1
concrete considering rebars is used in all structures.

f.  The initial temperature considered on surface structures is made equal on both faces
and equal to the room temperature, when the room temperature is the same on both
sides of the wall, floor or ceiling. When rooms have no equal room temperatures in
operation, a linear temperature distribution across the wall is considered. The ground
temperature is defined in Subsection 2.2.4 of this document.

2.3.4 CODE DESCRIPTION
See Section 1.4.4

2.4 Calculations, Results, and Conclusions

2.4.1 HEAT-UP CALCULATIONS PERFORMED (0-72 H)

The temperature profile from the heat-up calculation results for each room is included in
Appendix H.

Following an SBO, the heat generated in the rooms is absorbed by the surrounding walls, floor
and ceiling. Because the heat absorption capacity of air is very low, the room temperature rises
quickly before the walls and ceilings start to warm.

2.4.1.1 CALCULATIONS PERFORMED

The envelope heat up temperature profiles in the RB for LOCA and SBO or HELB and SBO are
obtained using both types of concrete. Therefore, several heat up temperature profiles are
calculated for each accident.
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Table 2.4.1.1-1. Reactor Building HELB/LOCA Accident Scenarios and Concrete Type
[

1

Except for the containment wall, the same concrete characteristics have been considered for the
RB structures, since only one type of concrete is expected to be used to construct the building.

1l

1] the following additional scenarios have been
considered:

Table 2.4.1.1-2. Reactor Building B HELB Accident Scenarios and Concrete Type Sensitivity

([

Il

(*) It is assumed HELB high temperature in { }

The impact on the heat-up temperature in rooms located at {

} has been evaluated, see
Table F-2. Heat loads according to Table G-3 have been considered.

{{{Security-Related Information - Withheld Under 10 CFR 2.390.}}}
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2.4.2 RESULTS OF THE HEAT UP CALCULATIONS

Appendix F, Table F-1 and Table F-2 shows that the maximum allowable temperature is met in

all rooms.

2.4.3 CONCLUSIONS

The main conclusions are:

The maximum allowable temperature at 72 h after the accident is not reached in all

RB rooms. This is also applicable to rooms at { } even
considering that high temperature could be transmitted to the immediately lower or
higher RB elevation rooms { } through the HVAC ducts in
case of HELB

The sensitivity analysis of the concrete characteristics demonstrates that variations in
the containment concrete characteristics do not affect the HELB plus SBO calculation
results

Q-DCIS equipment located in rooms which are subjected to HELB environmental
conditions performs its safety related function before a temperature increase, is not
needed during a HELB event, qualified for HELB temperatures or protected against
HELB environment.

{{{Security-Related Information - Withheld Under 10 CFR 2.390.}}}
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APPENDIX A
CONTROL BUILDING RESULTS MAXIMUM TEMPERATURES
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Table A-1. Thermodynamic Environment Conditions inside Control Building for Accident Conditions

Division I, II, IIl and IV electrical rooms Q-DCIS panels 45°C (113°F) 36.0°C (96.8°F)
Rooms No 3110, 3120, 3130 and 3140

Control Room Habitability Area. Main control room panels 33.9°C (93°F)* 33.36°C (92.0°F)
Rooms No 3270, 3272, 3271, 3201, 3202, 3273, 3206, 3205, 3204, 3275, 3207, 3208

Electrical chases 110°C (230°F) 36.2°C (97.2°F)
Rooms 3250, 3261

Safety Portions of CRHAVS A 50°C (122°F) 45.2°C (113°F)

Rooms 3406, 3407

*. Maximum allowable temperature 93°F (33.9°C)
**  Results Case T (Step 3) (Ref. 1.6.8)
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APPENDIX B
CB INPUT DATA
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Table B-1. Initial room air temperature in the different steps of case T
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Division 1, II, IIT and IV electrical rooms Q-DCIS panels

Rooms No 3110, 3120, 3130 and 3140 25.6°C (78.0°F) 25.6°C (78.0°F) Note 2

Corridors

Rooms No 3100, 3101 25.6°C (78.0°F) 25.6°C (78.0°F) Note 2

Control Room Habitability Area. Main control room panels |

Rooms No 3270, 3272, 3271, 3201, 3202, 3273, 3206, 3205, 3204, 23.3°C (74.0°F) 29.4°C (85.0°F) Note 2
3275, 3207, 3208

Corridor

Rooms 3200,3203, 3277, 3274 25.6°C (78.0°F) 25.6°C (78.0°F) Note 2

Electrical chases

Rooms 3250, 3261 25.6°C (78.0°F) 25.6°C (78.0°F) Note 2

HVAC chases

Rooms 3251, 3260 25.6°C (78.0°F) 25.6°C (78.0°F) Note 2

N-DCIS

Rooms 3301, 3302, 3303, 3300 25.6°C (78.0°F) 25.6°C (78.0°F) Note 3

HVAC equipment

Rooms 3401, 3402, 3403, 3404 40°C (104°F) 40°C (104°F) Note 2

Safety Portions of CRHAVS

Rooms 3406, 3407 40°C (104°F) 40°C (104°F) Note 2

1. Itis considered that the CRHA air temperature rises very fast from 74 °F (the temperature in step 1) to 85°F in the first instants of step 2 and them it is

maintained uniform
2. The room air temperatures for step-2 are considered the initial conditions for step-3 (accident). Room air temperature heat up during this step 3 depends on the

internal heat loads and the heat sink capacity of each room.
3. Inside these rooms it will be forced a conservative air heatup curve during the 72h. During the first 2h the room air increases until 60°C(140°F) to remain

constant until the end of the accident.
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-7400 3110, 3120, 3130, Div I, II, Il and 1V Q-DCIS Yes 5720 W (0h-2h) 4675 W (2h-24h) 3080 W (24h-72h)
3140 (19517 Btu/h) (15952 Btu/h) (10509 Btu/h)
3100, 3101 Corridors ' No - - -
-2000 3270, 3272, 3271, Main Control Room (MCR) and Yes 7630 W3+2000 W ° 7630 W 3+2000 W * 7630 W3+2000 W*
3201, 3202, associated support areas (32859 Btu/h) (32859 Btu/h) (32859 Btu/h)
3273, 3206, (CRHA)
3205, 3204,
3275, 3207,
3208
3200,3203, 3277, Corridor ! No - - -
3274
3250, 3261 Electrical chases Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h) 500 W (1706 Btu/h)
3251, 3260 HVAC chases ' No - - -
+4650 3301, 3302, 3303, N-DCIS No Note 4 Note 4 Note 4
3300
+9060 3401, 3402, 3403, HVAC equipment ! No - - --
3404
3406, 3407 Safety Portions of CRHAVS Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h) 500 W (1706 Btu/h)

subsystem.’

1. No heat loads during a 0 - 72 h period (heat sink)
2. The CRHAVS EFU for SBO operation are located in these rooms
3. Ref. 1.6.11

4. Conservative heatup curve has been considered. During the first 2h the room air increases from 25.6°C (78.0°F) until 60°C (140°F) to remain constant until the

end of the accident
5. Additional nonsafety heat load
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Maximum at 3 pm

Table B-3. CRHA Heatup sensitivity case (Step-3)

Minimum at 5 am

Dry bulb temp 472°C? 117°F 322°C 90.0 °F
Coincident wet bulb temp. 26.7°C*? 80.1 °F 22.8°C 73.0°F
Coincident relative humidity 20 % 45 %
Humidity ratio 0.0136 kg, /kgg, 0.0136 kg, /kga,
DAILY RANGE 15.0°C 27°F
Total (Sensible) internal heat load 7630 W+2000W ¢
a. Equipment 4600 W+1739 W
b. Emergency lighting 400 W
c. Additional lighting or equipment 64 W
d. EFU fan 746 W *
e. People. 11 p 11x75'=825 W
f. Margin 15% 995 W+261 W
Total (Latent) internal heat load 605 W
a. People. 11 p 11x55 ' =605 W

HVAC Air

Ventilation Air. (EFU flow)

240 Vs * (509 cfm)

1 — Table 1, chapter 30. Ref. 1.6.12
2 — 0% exceedance values. Ref. 1.6.2
3 — EFU flow rate in Ref. 1.6.1 increased by 20%

4 —Ref. 1.6.10

5 — The initial relative humidity considered is 60% inside the CRHA for this case
6 — Additional nonsafety heat load '
7 — The humidity ratio remains constant throughout the day/night profile
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CASE: I Sensible load: 7630 W+2000 W
Room: CRHA Period: Summer. 0% exceed. Latent load: 605 W (11 p)
Init RH: 60% EFU flow: 240 Vs (509 cfm)
Air considered in calc:  Humid air Max Temp: 33.36
50°C : T 122 °F
Room air temperature (°C) Room air temperature (°F)
45°C - 113 °F
40 °C + 104 °F
35°C | 95 °F
30°C + 86 °F
25°C + 77 °F
| ——CRHA —— Outside Air
20°C r T T T T T ———— T T T T 68 °F
Oh 6h 12h 18h 24 h 30h 36 h 42 h 48 h 54 h 60 h 66 h 72h
Time

[l

Figure C-1. Heat up profile in CRHA

Figure C-2. Heat up profile in corridor outside of the CRHA
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Figure C-3. Heat up profile in electrical chases

Figure C-4. Heat up profile in DCIS rooms
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Figure C-5. Heat up profile in corridors outside DCIS rooms

Figure C-6. Heat up pfoﬁle in EFU rooms
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Figure C-7. Heat up profile in HVAC rooms

Figure C-8. Temperature profile in NDCIS rooms
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CASE: I Sensible load: 7630 W +2000 W
Room: CRHA Period: Summer. 0% exceed. Latent load: 605 W (11 p)
Init RH: 60% EFU flow: 240 /s (509 cfm)
Air considered in calc: Humid air HR at 72h: 43%
Relative Humidity (%) |
~—=CRHA ~—— Outside 1
Oh 6h 12h 18 h 24h 30h 36 h 42h 48 h 54 h 60 h 66 h
Time

Figure C-9. Humidity profile in CRHA

Figure C-10. Concrete temperature profile in CRHA
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CONTAIN is a highly flexible and modular code that can solve problems that range from the
quite simple to the highly complex. The main features of the code are:

1.

el B AN A

Atmospheric models for steam/air thermodynamics

Intercell flow (Gas/pool flow path gravitational heads)

Condensation/evaporation on structures and aerosols

Acerosol behavior

Gas combustion

Heat conduction in structures

Reactor cavity phenomena such as core-concrete interactions and coolant pool boiling

Engineered safety features (fan cooler, containment sprays, ice condenser, etc.)

Some of the different features included in the mathematical model developed for the code are:

a.

Atmosphere Thermal-Hydraulic Conservation Equations

The basic equations that govern the thermo-hydraulic behavior in the code are the
conservation equations of momentum, mass and energy. In addition, the code uses the
ideal gas law equation of state, which specifies the relationships between pressure,
temperature, and mass within a control volume. These four equations are solved
simultaneously

b. Thermodynamics and Intercell Flow

C.

This refers to the way in which the flow of different materials between cells through
paths is modeled and handled in the code. All movement of hydrodynamic gases, and
other materials that do not participate in the thermodynamic atmosphere (such as
aerosols, gaseous fission products, and condensed phase atmospheric material other
than water) is done at the global level of the calculations

CONTAIN currently has two types of mathematical flow modeling for paths, the
regular flow path and the engineered vent. The engineered vent allows the user to
model more than one flow path between cells and provides additional flexibility in
modeling the flow through a flow path

Thermodynamic material flow through paths is calculated under various user
specified options: inertial flow (taking into account differential pressure between
cells, friction losses and material inertia), quasi-steady (only differential pressure and
irreversible flow losses are considered) and critical flow (choking model which
depends on the cell-upstream pressure) '

Heat and mass transfer

This section gives a general description of the most important physical effects related
to heat and mass transfer between the cell atmosphere, sink structures, lower pool,
etc. modeled by the code
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The heat transfer model includes radiation, convection, conduction, and condensation
features. The most acceptable heat transfer correlations are used by the code
depending on the specific problem to be solved

Mass transfer governing vapor condensation and liquid evaporation at the heat sink
structure surface is driven by the partial pressure difference of the condensable vapor
(diffusion model). If a condensate film layer exists on the structure surface, the partial
pressure of the non-condensable gas at this film layer will be higher than that of the
bulk mixture. This condition occurs because the non-condensable gas is carried with
the vapor towards the interface where it accumulates. The increase in the partial
pressure of the non-condensable gas produces a driving force for diffusion of non
condensable gas away from the surface. This force opposes the motion of the bulk
mixture (sum of non-condensable gas and vapor) towards the surface. If the total
pressure of the bulk mixture remains constant, the partial vapor pressure at the
interface is lower than that in the bulk mixtures when the process is condensation.
The partial vapor pressure at the interface is higher than that in the bulk mixture when
the process is evaporation

d. Engineering Safety features

There are three basic models: fan cooler, ice condenser and containment spray.
Associated with these models is a framework construction of a liquid transport system
that can provide surges and drops of coolant levels for the engineered safety features.
Typical and well-known heat transfer equations are implemented in these models

e. Algorithm solutions

The most important overall process is the intercell flow of gases. For an arbitrary
system of cells and interconnection, an accurate calculation of the flow rate through
each flow path must be self-consistent: that is to say, the flow through any one must
reflect changes in pressure in the upstream and downstream cells to arise from flows
through all other paths

The integration method employed for flow paths is either a first-order implicit method
or an explicit fourth-order Runge-Kutta method. The implicit method will typically be
the preferred one for multicell problems that cover the long term characteristics of
severe acctdents. The Runge-Kutta method should be reserved for special calculations
of transient behavior such as those undertaken to assess integration errors. In either
method, the integration timescale is selected automatically. The time scale in the
implicit method is selected to ensure that inventory in a cell does not change (through
flow sources) by more than 20% in total mass during the time scale

A variety of features is available only in conjunction with the implicit method. They
are:

- Qravity-driven gas flow

- The instantaneous liquid DROPOUT model (to remove all suspended liquid
models from the atmosphere and deposit them in the appropriate pool), for
water condensing in the bulk gas

- Critical or choked flow
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- Aerosol transport between cells through settling
An implicit model for pool boiling is solved simultaneously with the flow equations.
f. Validation

The Code Manual for CONTAIN 2.0 is NUREG/CR-6533, SAND97. This NUREG includes
validations for heat and mass modeling. '
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Page 58 of 117



[

NEDO-33536, Rev. 1

Figure‘ E-1. Control Building Nodalization
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Figure E-2. CRHA Nodalization
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Table F-1. Thermodynamic Environment Conditions inside Reactor Building for Accident Conditions
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Hydraulic Control Unit (HCU) Rooms
HCU, RPS solenoids and RPV water level instrument racks
Rooms No 1110, 1120, 1130, 1140

50°C (122°F)

< 44°C (111°F)

1l

Battery Rooms
Div [, II, Il and 1V batteries
Rooms No 1210, 1220, 1230, 1240

50°C (122°F)

<42°C (108°F)

Div I, I, IIl and IV commodity chases
Electrical cables
Rooms No 1211, 1221, 1231, 1241

110°C (230°F)

< 58°C (136°F)

Electrical Division Rooms
Div I, II, Il and IV electrical and electronic equipment
Rooms No 1311, 1321, 1331, 1341 .

50°C (122°F)

<47°C (117°F)

Lower drywell non-divisional electrical and mechanical penetration
Outboard containment isolation valves
| Rooms No 1300, 1301, 1302, 1303

110°C (230°F)

< 67°C (153°F)

Div I, I, Il and IV electrical penetration rooms
Electrical cables and penetrations
Rooms No 1312, 1322, 1332, 1342

110°C (230°F)

< 59°C (138°F)

Remote shutdown panel
Rooms No 1313, 1323

50°C (122°F)

< 45°C (113°F)

Non-divisional electrical equipment
Safety-Related DCIS panels
Rooms No 1500, 1501, 1502, 1503

50°C (122°F)

<44°C (111°F)

Div I, TI, IIT and IV electrical penetrations
Electrical cables and penetration
Rooms No 1610, 1620, 1630, 1640

110°C (230°F)

< 62°C (144°F)

Div I and IV corridors rooms (access to penetration area), divisional electrical

cables and Safety-Related DCIS RMUs
Rooms No 1710, 1740

50°C (122°F)

<47°C (117°F)
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Div I and 111 corridors rooms (access to penetration area), divisional electrical

cables and Safety-Related DCIS RMUs 50°C (122°F) <49°C (120°F) [[
Rooms No 1720, 1730
Div [, II, Il and IV electrical penetration
Rooms No 1711, 1721, 1731, 1741 110°C (230°F) <54°C (129°F)
Mechanical Penetrations
Rooms No 1712, 1722, 1732, 1742 110°C (230°F) <61°C (142°F)

SLC tank room
SLC tank instrumentation
Room No 1713, 1723

50°C (122°F)

<39°C (102°F)
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Table F-2. Thermodynamic Environment Conditions inside Reactor Building for Accident Conditions. Scenarios HE

Non-divisional electrical equipment
Safety-Related DCIS panels
Rooms No 1500, 1501, 1502, 1503

50°C (122°F)

< 46°C (115°F)

1l

Div I and IV corridors rooms (access to penetration area), divisional electrical
cables and 1E DCIS RMUs

Rooms No 1710, 1740

50°C (122°F)

< 48°C (118°F)

Div 1l and III corridors rooms (access to penetration area), divisional electrical
cables and 1E DCIS RMUs

Rooms No 1720, 1730

50°C (122°F)

< 48°C (118°F)

Div I, I, Il and 1V electrical penetration
Rooms No 1711, 1721, 1731, 1741

110°C (230°F)

< 54°C (129°F)

Mechanical Penetrations
Rooms No 1712, 1722, 1732, 1742

110°C (230°F)

< 61°C (142°F)

SLC tank room
SBLC tank instrumentation
Room No 1713, 1723

50°C (122°F)

<39°C (102°F)
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Table G-1. Initial Room Temperature

1110, 1120, 1130, 1140

HCU, RPS solenoids and RPV water level instrument racks

S R S

30°C (86°F) 2

1100, 1101, 1102, 1103, 1150, 1151, 1152, 1160, 1161, 1162, 1195

RWCU/SDC equipment

43°C (109°F)!

1106, 1107, 1196, 1197, 1198 Adjacent rooms to RWCU/SDC equipment but without direct communication 41°C (106°F) *
1250, 1251, 1252, 1260, 1261, 1262, 1293, 1294, 1295, 1296 RWCU/SDC equipment and non-divisional commodity chases 43°C (109°F)"
1210, 1220, 1230, 1240 Div I, 11, 11l and IV batteries 25°C (77°F)*

1211, 1221, 1231, 1241

Div I, 1, Hl and IV commodity chases

41°C (106°F)*

1203, 1204

CRD pumps, non-rad sump room

41°C (106°F)*

1311, 1321, 1331, 1341 Div I, 11, Il and IV electrical and electronic equipment 30°C (86°F)©
1304, 1305, 1306, 1307, 1308 RWCU/SCD and CRD equipment access hatches (no equipment) 41°C (106°F)’
1300, 1301, 1302, 1303 Non-divisional electrical penetration rooms and lower drywell mechanical penetrations 41°C (106°F)*
1312, 1322, 1332, 1342 Div 1, 11, 111, 1V electrical penetration rooms 41°C (106°F)*

1313, 1323

Remote shutdown panel

30°C (86°F) ¢

1400, 1401, 1402, 1403

Non divisional electronic equipment

30°C (86°F) ¢

1500, 1501, 1502, 1503

Non-divisional electrical equipment and 1E DCIS panels

30°C (86°F) ¢

1600

Wetwell access / Fan room

41°C (106°F)*

1610, 1620, 1630, 1640

Div I, 11, 11 and 1V electrical penetrations

41°C (106°F)*

1710, 1720, 1730, 1740

Div I, 11, 111, 1V corridors room (access to penetration area), divisional electrical cables
and 1E DCIS RMUs

30°C (86°F)*

1711, 1721, 1731, 1741

Div I, II, Il and IV electrical penetrations

41°C (106F)*

1712, 1722, 1732, 1742

Mechanical penetrations

41°C (106°F)*

1713, 1723

SBLC tank instrumentation

30°C (86°F)*

1770

Main Steam Tunnel

43°C (109°F)

18P3A/B/C/D,18P4A/B/C/D/E/F, 18P5A/B/C, 18PA/B/C-

Reactor building pools

43°C (109°F) !

1. Ref-2.5.3. “CONAVS: Areas with electronic equipment “Table 9.4-8, 29°C (85°F). A difference of 5°C (8°F) over the maximum temperature in normal

operation has been considered according to HELB calculations

2. Ref-2.5.3. “CONAVS: Occupied areas with moderate work and areas with electronic equipment “Table 9.4-8, 29°C (85°F). A difference of 1°C over the

maximum temperature in normal operation has been considered.

3. Ref-2.5.3. “CONAVS: Areas with frequent inspections/maintenance (without sensitive electronic equipment “Table 9.4-8, [40°C (104°F)]. A difference of 1°C
(1.8°F) over the maximum temperature in normal operation has been considered.

{{{Security-Related Information - Withheld Under 10 CFR 2.390.}}}
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4. Ref-2.5.3. “CLAVS: Battery Room Alarms (High) “Table 9.4-8, [25°C ( 77°F)].

5. Ref-2.5.3. “CLAVS: Areas with frequent 1nspect10ns/ma1ntenance activities (without sensmve electronic equlpment) “Table 9.4-8, [40°C (104°F)] A
difference of 1°C (1.8°F) over the maximum temperature in normal operation has been considered.

6. Ref-2.5.3. “CLAVS: Occupied areas with moderate work and areas with electronic equipment: “Table 9.4-8, 29°C ( 85°F) A difference of 1°C (1.8°F) over the
maximum température in normal operation has been considered.
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Table G-2. Maximum Temperature

1110, 1120, 1130, 1140 : HCU, RPS solenoids and RPV water level instrument racks 50°C (122°F) ! 40°C (104°F)

{ } 110(1),1;;01, 1102, 1103, 1150, 1151, 1152, 1160, 1161', 1162, RWCU/SDC equipment )

i 106, 1107, 1196, 1197, 1198 Adjacent rooms 1o RWCU/SDC equipment but without direct R

communication

1250, 1251, 1252, 1260, 1261, 1262, 1293, 1294, 1295, 1296 RWCU/SDC equipment and non-divisional commodity chases -
; . 1210, 1220, 1230, 1240 : Div [, 11, III and IV batteries 50°C (140°F) 40°C (104°F)
: 1211, 1221, 1231, 1241 Div [, 11, Il and IV commodity chases 110°C (230°F) 50°C (122°F)

1203, 1204 CRD pumps, non-rad sump room -
1311,1321, 1331, 1341 Div I, II, I11 and 1V electrical and electronic equipment 50°C (122°F) 40°C (104°F)

1304, 1305, 1306, 1307, 1308 RWCU/SCD and CRD equipment access hatches (no equipment) ’
1 ! 1300, 1301, 1302, 1303 Nonl;gril\éitsr;(:in:;:]ectrical penetration rooms and lower drywell mechanical 110°C (230°F) 50°C (122°F)
1312,1322,1332, 1342 Div I, I1, ITI, IV electrical penetration rooms 110°C (230°F) 50°C (122°F)
1313, 1323 Remote shutdown panel 50°C (122°F) 40°C (104°F)

{ H 1400, 1401, 1402, 1403 Non divisional electronic equipment -
{ v | 1500, 1501, 1502, 1503 N"“;i‘i";sé"g‘ég;?:;z’ equipment 50°C (122°F) 40°C (104°F)

; . 1600 Wetwell access / Fan room -
: 1610, 1620, 1630, 1640 Div I, 11, 1l and IV electrical penetrations 110°C (230°F) 50°C (122°F)
1710, 1720, 1730, 1740 Divell,elclt,rilgl,1 l;;;lc:;r:‘c:jrsl Eogn&](gc];;sutso penetration area), divisional 50°C (122°F) 40°C (104°F)
1711, 1721, 1731, 1741 Div [, II, [1l and 1V electrical penetrations 110°C (230°F) 50°C (122°F)
¢ ' 1712, 1722, 1732, 1742 Mechanical penetrations 110°C (230°F) 50°C (122°F)
1713, 1723 SBLC tank instrumentation 50°C (122°F) 40°C (104°F)

1770 Main Steam Tunnel 117°C (243°F) *
{ } 18P3A/B/C/D,18P4A/B/C/D/E/F, 18PSA/B/C, 18PA/B/C- Reactor building pools 112°C (234°F) *

1. 50°C is required because of the RPV instrumentation.
2. Coherent with Steam Tunnel design pressure (Ref-2.5.4)
3. Coherent with ICS/PCCS pools maximum pressure (Ref-2.5.7)

{{{Security-Related Information - Withheld Under 10 CFR 2.390.}}}
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HCU, RPS solenoids and RPV water level instrument racks

Table G-3. Internal Heat Loads and Safety-related Equipment Location

2300 W (7848 Bw/h)

18PA/B/C-

Yes 2300 W (7848 Btu/h)
“01’1;03’ 1150, 1151, 1152, 1160, 1161, 1162, RWCU/SDC equipment No 1800 W (6142 Btwh) (HELB) (HELB) '
v
" | 1100, 1102 DCIS Cabinets Yes ! 1800 W (6142 Bu/h) (HELB) (HELB) |
1106, 1107, 1196, 1197, 1198 Adjacent rooms to RWCU/SDC equipment but without direct No 0 0
communication
125(1)’239?5 }’2;252’ 1260, 1261, 1262, 1293, 1294, RWCU/SDC equipment and non-divisional commodity chases No 1800 W (6142Btwh) (HELB) (HELB)
1210, 1220, 1230, 1240 Div I, I, Ill and 1V batteries Yes 7200 W (24567 Btu/h) 6000 W (20473 Btu/h)
1211, 1221, 1231, 1241 Div I, 11, 1l and IV commodity chases Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h)
1203, 1204 CRD pumps, non-rad sump room No 0 0
1311, 1321, 1331, 1341 Div I, 11, 1l and IV electrical and electronic equipment Yes 10140 W (34599 Btu/h) 8140 W (27775 Btu/h)
1304, 1305, 1306, 1307, 1308 RWCU/SCD and CRD equipment access hatches (no equipment) No (HELB) (HELB)
1300, 1301, 1302, 1303 Non-d1v1sana1 electrlca.l penetration rooms and lower drywell Yes 1700 W (5800 Brw/h) 1700 W (5800 Btw/h)
mechanical penetrations
1312, 1322, 1332, 1342 Div L, 11, III, IV electrical penetration rooms Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h)
1313, 1323 Remote shutdown panel Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h)
} 1400, 1401, 1402, 1403 Non divisional electronic equipment No 5500 W (18767 Btu/h) 0
+ 1500, 1501, 1502, 1503 Non-divisional electrical equipment and 1E DCIS panels Yes 17500 W (59712 Btu/h) 2000 W (6824 Btu/h)
. 1600 Wetwell access / Fan room No 300 W ( 1024 Btu/h) 0
’ 1610, 1620, 1630, 1640 Div I, I1, IIT and TV electrical penetrations Yes 500 W (1706 Btu/h) 500 W (1706 Btu/h)
Div I, IV corridors room (access to penetration area), divisional
1710, 1740 electrical cables and 1E DCIS RMUs Yes 3450W (11772Btu/h) 3450w (11772Btu/h)
Div 11, HI corridors room (access to penetration area), divisional 2 2
1720, 1730 electrical cables and 1E DCIS RMUs Yes 2250W (7677Bw/h) 2250W (7677Btu/h)
bl 1,1721, 1731, 1741 Div I, II, TIT and 1V electrical penetrations Yes S00W (1706Btu/h) 500W (1706Btu/h)
1712, 1722,1732, 1742 Mechanical penetrations Yes 1200W (4095 Btu/h) 1200W (4095 Btu/h)
1713, 1723 SBLC tank instrumentation Yes 200W (682 Btu/h) 200W (682 Btu/h)
1770 Main Steam Tunnel Yes (HELB) (HELB)
) 18P3A/B/C/D,18P4A/B/C/D/E/F, 18PSA/B/C, Reactor building pools Yes (HELB) (HELB)

{{{Security-Related Information - Withheld Under 10 CFR 2.390.}}}
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The safety related equipment located in these rooms performs its safety related function before a temperature increase, is not needed during a HELB
event, qualified for HELB temperatures or protected against HELB environment.

The heat load in these rooms is lower than that in rooms 1710 & 1740 because no one high temperature line go thought rooms 1720 & 1730. This
assumption is based on the preliminary piping layout, and on the fact that the RWCU/SDC regenerative heat exchangers are located on the other side of
the building.
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1]
Figure H-1. Heat up profile in HCU rooms. HELB&SBO (H1)

1]
Figure H-2. Heat up profile in HCU rooms. HELB&SBO (H2)
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1]
Figure H-3. Heat up profile in HCU rooms. HELB&SBO (H3)

1]
Figure H-4. Heat up profile in HCU rooms. LOCA&SBO (L1)
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1]
Figure H-5. Heat up profile in HCU rooms. LOCA&SBO (L2)

1]
Figure H-6. Heat up profile in battery rooms. HELB&SBO (H1)
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1]
Figure H-7. Heat up profile in battery rooms. HELB&SBO (H2)

1l
Figure H-8. Heat up profile in battery rooms. HELB&SBO (H3)
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1l
Figure H-9. Heat up profile in battery rooms. LOCA&SBO (L1)

1l
Figure H-10. Heat up profile in battery rooms. LOCA&SBO (L2)
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1]
Figure H-11. Heat up in Electrical (DIV) rooms. HELB&SBO (H1)

1]
Figure H-12. Heat up in Electrical (DIV) rooms. HELB&SBO (H2)
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1]
Figure H-13. Heat up in Electrical (DIV) rooms. HELB&SBO (H3)

1l
Figure H-14. Heat up in Electrical (DIV) rooms. LOCA&SBO (L1)
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Figure H-15. Heat up in Electrical (DIV) rooms. LOCA&SBO (L2)

Figure H-16. Not Used

I

1
Figure H-17. Heat up in remote shutdown panel rooms. HELB&SBO (H1)
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1]
Figure H-18. Heat up in remote shutdown panel rooms. HELB&SBO (H2)

1]
Figure H-19. Heat up in remote shutdown panel rooms. HELB&SBO (H3)
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1
Figure H-20. Heat up in remote shutdown panel rooms. LOCA&SBO (L1)

1]
Figure H-21. Heat up in remote shutdown panel rooms. LOCA&SBO (L2)
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1
Figure H-22. Heat up in N-Divisional penetration rooms. HELB&SBO (H1)

1]
Figure H-23. Heat up in N-Divisional penetration rooms. HELB&SBO (H2)
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1]
Figure H-24. Heat up in N-Divisional penetration rooms. HELB&SBO (H3)

1
Figure H-25. Heat up in N-Divisional penetration rooms. LOCA&SBO (L1)
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1
Figure H-26. Heat up in N-Divisional penetration rooms. LOCA&SBO (L2)

1
Figure H-27. Heat up in Penetration rooms. HELB&SBO (H1)
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1]
Figure H-28. Heat up in Penetration rooms. HELB&SBO (H2)

1]
Figure H-29. Heat up in Penetration rooms. HELB&SBO (H3)
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1]
Figure H-30. Heat up in Penetration rooms. LOCA&SBO (L1)

1
Figure H-31. Heat up in Penetration rooms. LOCA&SBO (L2)
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Figure H-32. Heat up in Divisional Chase. HELB&SBO (H1)

Figure H-33. Heat up in Divisional Chase. HELB&SBO (H2)
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Figure H-34. Heat up in Divisional Chase. HELB&SBO (H3)

Figure H-35. Heat up in Divisional Chase. LOCA&SBO (L1)
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Figure H-36. Heat up in Divisional Chase. LOCA&SBO (L2)

Figure H-37. Heat up in electrical rooms HELB&SBO (H1)
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Figure H-38. Heat up in electrical roomsHELB&SBO (H2)

Figure H-39. Heat up in electrical rooms HELB&SBO (H3)
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Figure H-40. Heat up in electrical rooms LOCA&SBO (L1)

Figure H-41. Heat up in electrical rooms LOCA&SBO (L2)
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1l
Figure H-42. Heat up in electrical rooms HELB&SBO (HE.1)

1l
Figure H-43. Heat up in electrical rooms. HELB&SBO (HE.2)
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o 1]
Figure H-44. Heat up in electrical rooms. HELB&SBO (HE.3)

_ 1]
Figure H-45. Heat up in penetration rooms. HELB&SBO (H1)
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1
Figure H-46. Heat up in penetration rooms HELB&SBO (H2)

1l

1]
Figure H-47. Heat up in penetration rooms HELB&SBO (H3)
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1
Figure H-48. Heat up in penetration roomsLOCA&SBO (L1)

1]
Figure H-49. Heat up in penetration rooms LOCA&SBO.(L2)
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1]
Figure H-50. Heat up in penetration rooms HELB&SBO (HE.1)

1l
Figure H-51. Heat up in penetration rooms HELB&SBO (HE.2)

Page 96 of 117



[

(

NEDO-33536, Rev. |

1
Figure H-52. Heat up in penetration rooms HELB&SBO (HE.3)

11
Figure H-53. Heat up in corridor (DIV) rooms HELB&SBO (H1)
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1]
Figure H-54. Heat up in corridor (DIV) rooms HELB&SBO (H2)

1l
Figure H-55. Heat up in corridor (DIV) rooms HELB&SBO (H3)
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1]
Figure H-56. Heat up in corridor (DIV) rooms LOCA&SBO (L1)

1]
Figure H-57. Heat up in corridor (DIV) rooms. LOCA&SBO (L2)
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1]
Figure H-58. Heat up in corridor (DIV) rooms. HELB&SBO (HE.1)

1
Figure H-59. Heat up in corridor (DIV) rooms. HELB&SBO (HE.2)
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1l
Figure H-60. Heat up in corridor (DIV) rooms. HELB&SBO (HE.3)

1l
Figure H-61. Heat up in electrical penetration rooms. HELB&SBO (H1)
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1l
Figure H-62. Heat up in electrical penetration rooms. HELB&SBO (H2)

1l
Figure H-63. Heat up in electrical penetration rooms. HELB&SBO (H3)
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1l
Figure H-64. Heat up in electrical penetration rooms. LOCA&SBO (L.1)

1l
Figure H-65. Heat up in electrical penetration rooms. LOCA&SBO (L2)
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1
Figure H-66. Heat up in electrical penetration rooms. HELB&SBO (HE.1)

1l
Figure H-67. Heat up in electrical penetration rooms. HELB&SBO (HE.2)
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1]
Figure H-68. Heat up in electrical penetration rooms. HELB&SBO (HE.3)

1]
Figure H-69. Heat up in mechanical penetration rooms. HELB&SBO (H1)
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1
Figure H-70. Heat up in mechanical penetration rooms. HELB&SBO (H2)

1l
Figure H-71. Heat up in mechanical penetration rooms. HELB&SBO (H3)
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1
Figure H-72. Heat up in mechanical penetration rooms. LOCA&SBO (L1)

1l
Figure H-73. Heat up in mechanical penetration rooms. LOCA&SBO (L2)
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1
Figure H-74. Heat up in mechanical penetration rooms. HELB&SBO (HE.1)

1]
Figure H-75. Heat up in mechanical penetration rooms. HELB&SBO (HE.2)

Page 108 of 117



[l

I

NEDO-33536, Rev. 1

1]
Figure H-76. Heat up in mechanical penetration rooms. HELB&SBO (HE.3)

1]
Figure H-77. Heat up in SLC tank rooms HELB&SBO (H1)
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1]
Figure H-78. Heat up in SLC tank rooms HELB&SBO (H2)

1]
Figure H-79. Heat up in SLC tank rooms HELB&SBO (H3)
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1]
Figure H-80. Heat up in SLC tank rooms LOCA&SBO (L1)

: 1l
Figure H-81. Heat up in SLC tank rooms LOCA&SBO (L2)
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1]
Figure H-82. Heat up in SLC tank rooms HELB&SBO (HE.1)

. 1]
Figure H-83. Heat up in SLC tank rooms HELB&SBO (HE.2)
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1]
Figure H-84. Heat up in SL.C tank rooms HELB&SBO (HE.3)
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APPENDIX 1
DESIGN AND METHODOLOGY THAT CAN BE UPDATED WITH AS-
BUILT FEATURES AND CONDITIONS
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Table I-1 contains the design inputs and methodology that can be updated with as-built features
and conditions needed to perform analyses to satisy ESBWR DCD ITAACs that ensure the
certified design basis is maintained.

Table I-1. Tabular data for design input/methodology that can be changed for ITAAC

fulfillment analyses

Input/Methodology - T UPdated : Notes™ .~ -

I

Page 115 of 117




NEDOQO-33536, Rev. 1

A

ed val

Page 116 of 117



NEDO-33536, Rev. |

Page 117 of 117



Enclosure 3
MFN 09-770, Supplement 1

GEH Licensing Topical Report NEDE-33536P,
“Control Building and Reactor Building Environmental
Temperature Analysis for ESBWR,”
'Revision 1, October 2010

Affidavit



GE-Hitachi Nuclear Energy Americas LLC

AFFIDAVIT

I, Mark J. Colby, state as follows:

(1

(2)

)

(4)

| am the Manager, New Plants Engineering, GE Hitachi Nuclear Energy (“GEH”), -

and have been delegated the function of reviewing the information described in
paragraph (2) which is sought to be withheld, and have been authorized to apply for
its withholding.

The information sought to be withheld is contained in enclosure 1 of GEH’s letter,
MFN 09-770, Supplement 1, Mr. Richard E. Kingston to U.S. Nuclear Regulatory
Commission, entitled “Transmittal of GEH Licensing Topical Report NEDE-33536P,
‘Control Building and Reactor Building Environmental Temperature Analysis for
ESBWR," Revision 1, October 2010” dated October 1, 2010. The proprietary
information in enclosure 1, entitled “GEH Licensing Topical Report NEDE-33536P,
‘Control Building and Reactor Building Environmental Temperature Analysis for
ESBWR,” Revision 1, October 2010 — Security-Related Information - GEH
Proprietary Information,” is delineated by a [[dotted underline inside double square

brackets™]). Figures and large equation objects are identified with double square
brackets before and after the object. In each case, the superscript notation
refers to Paragraph (3) of this affidavit, which provides the basis for the proprietary

determination. :

In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the
Freedom of Information Act (‘FOIA”), 5 USC Sec. 552(b)(4), and the Trade Secrets
Act, 18 USC Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4)
for “trade secrets” (Exemption 4). The material for which exemption from disclosure
is here sought also qualify under the narrower definition of “trade secret”, within the
meanings assigned to those terms for purposes of FOIA Exemption 4 in,
respectively, Critical Mass Energy Project v. Nuclear Regulatory Commission,
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA,
704F2d1280 (DC Cir. 1983).

Some examples of categories of information which fit into the definition of
proprietary information are: : 2

a. Information that discloses a process, method, or apparatus, including
supporting data and analyses, where prevention of its use by GEH's
competitors without license from GEH constitutes a competitive economic
advantage over other companies;
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©)

(6)

(N

(8)

(@)

b. Information which, if used by a competitor, would. reduce his expenditure of
resources or improve his competitive position in the design, manufacture;
shipment, installation, assurance of quality, or licensing of a similar product;

c. Information which reveals aspects of past, present, or future GEH customer-
funded development plans and programs resulting in potential products to
GEH;

d. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection. .

The information sought to be withheld is considered to be proprietary‘ for the
reasons set forth in paragraphs (4)a. and (4)b. above. :

To address 10 CFR 2.390(b)(4), the information sought to be withheld is being
submitted to NRC in confidence. The information is of a sort customarily held. in
confidence by GEH, and is in fact so held. The information sought to be withheld
has, to the best of my knowledge and belief, consistently been held in confidence
by GEH, no public disclosure has been made, and it is not available in public
sources. All disclosures to third parties, including any required transmittals to NRC,
have been made, or must be made, pursuant to regulatory provisions or proprietary
agreements which provide for maintenance of the information in confidence. Its
initial designation as proprietary information, and the subsequent steps taken to
prevent its unauthorized disclosure, are as set forth in paragraphs (6) and (7)
following.

Initial approval of proprietary treatment of a document is made by the manager of
the originating component, the person most likely to be acquainted with the value
and sensitivity of the information in relation to industry knowledge, or subject to the
terms under which it was licensed to GEH. Access to such documents within GEH
is limited on a “need to know” basis.

The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist, or other
equivalent authority for technical content, competitive effect, and determination of
the accuracy of the proprietary designation. Disclosures outside GEH are limited to
regulatory bodies, customers, and potential customers, and their agents, suppliers,

and licensees, and others with a legitimate need for the information, and then only-
in accordance with appropriate regulatory provisions or proprietary agreements "

The information identified in paragraph (2) is classified as proprletary because it
contains details of GEH's design and licensing methodology. The development of

the methods used in these analyses, along with the testing, development and

approval of the supporting methodology was achieved at a significant cost to GEH.

Public disclosure of the information sought to be withheld is likely to cause
substantial harm to GEH's competitive position and foreclose or reduce the
availability of profit-making opportunities. The information is part of GEH's
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comprehensive BWR safety and technology base, and its commercial value
extends beyond the original development cost. The value of the technology base
goes beyond the extensive physical database and analytical methodology and
“includes development of the expertise to determine and apply the appropriate
evaluation process. In addition, the technology base includes the value derived
from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs
comprise a substantlal mvestment of time and money by GEH. -
The precise value of the expertlse to devise an evaluation process and apply the
correct analytical methodology s difficult to quantify, but it clearly is substantial.

- GEH’s competitive advantage will be lost if its competitors are able to use the

results of the GEH experience to.normalize or-verify their own process or if they are
able to claim an equivalent understanding by demonstratlng that they can arrive at
the same or S|m|Iar conclusions. -
The value of this information to GEH would be lost if the information were disclosed
to the public. Making such information available to competitors without their having
been required to undertake a 'similar expenditure of resources would unfairly
provide competitors with a windfall, and deprive GEH of the opportunity to exercise
its competitive advantage to seek an adequate return on its large investment.in
developing and obtaining these very valuable analytical tools. :

| declare under penalty of perjury tﬁat the foregoing affidavit and the matters stated

therein are true and correct to the best of my knowledge, information, and belief. .

Executed on this 1% day of October 2010.

| g Gl

Mark J. Colby
GE-Hitachi Nuclear Energy Americas LLC
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