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3.4  Water Level (Flood) Design

 

Criteria for the design basis for protection against external flooding of Lungmen Nuclear Power 
Station (NPS) site shall conform to the requirements of RG 1.59. The types and methods used 
for protecting the Lungmen NPS safety-related structures, systems and components from 
external flooding shall conform to the guidelines defined in RG 1.102. The design criteria for 
protection against the effects of compartment flooding shall conform to the requirements of 
ANSI/ANS-56.11 (Reference 3.4-2). 

The design basis flood levels and ground water levels for the Lungmen NPS are shown in 
Table 3.4-1. 

The impact of internal flooding shall be determined by the maximum flow rate and the volume 
of water available to feed the pipe break. In many cases no active human response shall be 
assumed to terminate the flow and the entire volume of available water shall be assumed to spill 
into the effected building. Sources outside the building (fire, service, and ground water), 
automatically or operator assisted are required to terminate the flow.

All flood water shall be assumed to ultimately accumulate in the basement of the affected 
buildings. No credit is taken for sumps removing the water. Safety-related equipment located 
in the basement is protected by locating it in flood protective compartments and/or installing it 
a minimum of 200 mm above the floor. Water from breaks inside flood protected compartments 
is prevented from entering other flood protected compartments but may flow to non-flood 
protected spaces (i.e. corridors). Water from breaks outside flood protected compartments is 
prevented from entering flood protected compartments.

Floods initiating on other elevations are prevented from effecting more than one division of 
safety-related equipment. Safety-related equipment is mounted a minimum of 200 mm above 
the floor and spray effects are confined to a single division. Design features limit the 
accumulation of water to depths less than 200 mm and the floors are designed to prevent water 
from seeping to lower elevations other than through predetermined pathways including drains, 
stair towers, and elevator shafts.

The plant design will be evaluated for all potential breaks and includes design features to limit 
damage from flooding to a single division. The Lungmen NPS can be safely shutdown 
following all potential floods.

 

3.4.1  Flood Protection

 

This section discusses the flood protection measures that are applicable to the Lungmen NPS 
safety-related structures, systems, and components for both external flooding and postulated 
flooding from plant component failures. These protection measures also apply to other 
structures that house systems and components important to safety which fall within the scope 
of Lungmen plant.



 

3.4-2 Water Level (Flood) Design 

 

 

 

Preliminary Safety Analysis Report

 

LUNGMEN UNITS 1 & 2

 

A compliance review will be conducted of the as-built design against the assumptions and 
requirements that are the basis of the flood evaluation. This as-built evaluation will be 
documented in a Flood Analysis Report. The report will include an assessment and disposition 
of any non-compliances that are found between the as-built facility and the information in this 
section. The criterion for determining appropriate disposition of any non-compliance(s) will be 
that the final as-built facility conforms with the following flood protection characteristics.

A probabilistic flooding analysis which supports the Lungmen NPS capability to withstand 
postulated internal floods is provided in Attachment A, Appendix AE of the Lungmen NPS 
PSAR.

 

3.4.1.1  Flood Protection Measures for Structures

 

The safety-related systems and components of the Lungmen NPS are located in the Reactor 
Building, Control Building, Auxiliary Fuel Building, and Safety Service Water Pump House 
which are Seismic Category I structures. Descriptions of these structures are provided in 
Subsections 3.8.4 and 3.8.5. The Lungmen NPS structures are protected as required (Table 3.4-
1), against the postulated design basis flood level. Postulated flooding from component failures 
in the building compartments is prevented from adversely affecting plant safety or posing any 
hazard to the public. A permanent dewatering system will be provided at the start of the 
construction.

Table 3.4-1 identifies the exterior or access openings and penetrations that are provided with 
features for protection against floods.

 

3.4.1.1.1  Flood Protection from External Sources

 

The safety-related components located below the design basis flood level inside a Seismic 
Category I structure are shown in the Section 1.2 building arrangement drawings. All safety-
related components located below the design flood level are protected using the hardened 
protection approach described below.

Seismic Category I structures remain protected for safe shutdown of the reactor during all flood 
conditions.

The safety-related systems and components are flood-protected either because they are located 
above the design flood level or are enclosed in reinforced concrete Seismic Category I 
structures which have the following features:

(1) Exterior walls below flood level are not less than 0.6m thick.

(2) Water stops are provided in all construction joints below flood level.

(3) Watertight penetrations and doors between Category I and non-Category I buildings 
are installed below flood level. 
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(4) A waterproof coating is applied to external surfaces exposed to flood level, and is 
extended a minimum of 150 mm along the penetration surfaces.

(5) Roofs are designed to prevent pooling of large amounts of water in accordance with 
RG 1.102.

(6) Tunnels below grade do not penetrate exterior walls.

Waterproofing of foundations and walls of Seismic Category I structures below grade is 
accomplished principally by the use of water stops at expansion and construction joints. In 
addition to water stops, waterproofing of the plant structures and penetrations that house safety-
related systems and components is provided up to 30 cm above the grade floor level to protect 
the external surfaces from exposure to water.

The flood protection measures that are described above also guard against flooding from onsite 
storage tanks that may rupture. The largest is Condensate Storage Tank. The tank is located near 
the Turbine Building and the hot machine shop where there are no direct entries to these 
buildings. All plant entries start 300 mm above grade. Any flash flooding that may result from 
tank rupture will drain away from the site and cause no damage to site equipment. Two fire 
water tanks are located west of Unit 1 Reactor Building. The land will be contoured to direct 
the flood water away from the Reactor Building.

Additional specific provisions for flood protection include administrative procedures to assure 
that all watertight doors and hatch covers are locked in the event of a flood warning. If local 
seepage occurs through the walls, it is controlled by sumps and sump pumps. Deterioration of 
exterior building wall penetration seals will be detectable by visual seepage. Corrective actions 
shall be taken in a timely manner to control the problem. A review will be included in the FSAR 
that will show that the ability to safely shutdown the reactor and maintain a safe, cold shutdown 
condition is maintained because either 

(1) the penetration seals are highly reliable or

(2) emergency procedures are in place to guide the plant response to a postulated seal 
failure followed by flooding.

In the event of a flood, flood levels take a relatively long time to develop. This allows ample 
lead time to perform necessary emergency actions for all accesses that need to be protected.

 

3.4.1.1.2  Compartment Flooding from Postulated Component Failures

 

All piping, vessels, and heat exchangers with flooding potential in the Reactor Building are 
seismically qualified, and complete failure of a non-seismic tank or piping system is not 
applicable.
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In accordance with Reference 3.4-2, leakage cracks are postulated in any point of moderate-
energy piping larger than nominal 25 mm size; breaks are postulated in such piping if it is a 
high-energy piping. The leakage flow area from a crack is assumed to be a circular orifice with 
flow area equal to one-half of the pipe outside diameter multiplied by one-half of the pipe 
nominal wall thickness. Resulting leakage flow rates are approximated using Equation 3-2 from 
Reference 3.4-1 with a flow coefficient of 0.59 and a normal operating pressure in the pipe.

Water spray, foaming and flooding effects in the room of a pipe crack or break shall be 
considered by conservatively assuming that a division having a pipe failure within its rooms is 
lost from service to bring the reactor to a safe shutdown condition. In addition, the following 
provisions and assumptions are made to limit the effects to one division:

(a) Divisional flood walls located on the -8200 mm elevation of the Control and 
Reactor Buildings are 0.6m or thicker. Watertight doors and penetrations are 
provided in openings below the maximum flood level to prevent water seepage 
or flow, 

(b) Doors and penetrations rated as 3 hour fire barriers are assumed to prevent 
water spray from crossing divisional boundaries, 

(c) Floors are assumed to prevent water seepage to lower levels,

(d) Penetrations between floors for pipe, cable, HVAC duct, and other equipment 
will be designed to prevent water seepage to lower elevations from 200 mm of 
standing water through the use of seals or curbs,

(e) In general equipment access hatches shall prevent water seepage to lower 
elevations from 200 mm of standing water. Hatches to filter/demineralizer 
compartments may not be required to prevent water seepage, and 

(f) Water from a pipe break is assumed to flow under non-water-tight doors and 
spread evenly over the available areas. Water sensitive safety-related 
equipment is raised 200 mm above the floor. The depth of water on the floor is 
limited to less than 200 mm utilizing available floor space and limiting the 
availability of water volumes. Furthermore, flood drains, 
stair towers, and elevator shafts provide drain paths to the building basements 
inside secondary containment.

The MSL tunnel area is instrumented with air temperature monitors that are used to 
automatically isolate the MSIVs upon detection of high abnormal limits.

No credit is taken for operation of the drain sump pumps, although they are expected to operate 
during some of the postulated flooding events.

After receiving a flood detection alarm, the operator has a 10-minute grace period to act in cases 
when flooding can be identified and terminated by a remote action from the control room. In 
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cases involving visual inspection to identify the specific flooding source in the affected area 
(except ECCS areas) followed by a remote or local operator action, a minimum of 30 minutes 
is provided for the operator.

In all instances of compartment flooding, a single failure of an active component is considered 
for systems required to mitigate consequences of a particular flooding condition. The 
Emergency Core Cooling System (ECCS) rooms are also evaluated on the basis of a loss-of-
coolant accident (LOCA) and a single active failure or a LOCA combined with a single passive 
failure 10 minutes or more after the LOCA.

Considering the above criteria and assumptions, analyses of piping failures and their 
consequences are performed to demonstrate the adequacy of the Lungmen NPS design. These 
analyses are provided separately for the Reactor, Control, Auxiliary Fuel Building, Access 
Control Building, Service Water Pump House, and Turbine Buildings.

Analyses of the worst flooding due to pipe and tank failures and their consequences are 
performed in this subsection for the Reactor Building, Control Building, Auxiliary Fuel 
Building, Turbine Building, Access Control Building, and Service Water Pump House. No 
credit is taken for safety-related equipment within these structures if the equipment becomes 
flooded. However, in accordance with Section 3.11, all safety-related equipment is qualified to 
high relative humidity.

There is no need to assess the remainder of the plant from effects of possible flooding in the 
Lungmen NPS Units 1 & 2 buildings. Lines, such as storm drains and sanitary waste lines, 
interface with plant yard piping. However, provisions are made in these lines that, should the 
yard piping become plugged, crushed, or otherwise inoperable, they will vent onto the ground 
relieving any flooded condition.

 

3.4.1.1.2.1  Evaluation of Reactor Building Flood Events

 

Analysis of potential flooding within the Reactor Building shall be considered on a floor-by-
floor basis. The analysis results shall be supplied with the FSAR.

 

3.4.1.1.2.2  Evaluation of Control Building Flooding Events

 

Analysis of potential flooding within the Control Building will be supplied with the FSAR.

 

3.4.1.1.2.3  Evaluation of Radwaste Building Flooding Events 

 

The Radwaste Building will be a reinforced concrete structure designed for the OBE seismic 
loads.  This building does not house safety-related systems or components and is not contiguous 
with other plant structures except the Radwaste Piping Tunnel.  In case of a process flooding 
event, the building substructure serves as a large sump which can collect and hold any leakage 
within the building.  Also, Radwaste storage tankage is located below grade in the watertight 
basement area of the building so that any leakage is contained within the structure in accordance 
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with the requirements of Regulatory Guide 1.143.  The piping that transfers liquid and solid 
waste from the other Power Block buildings to the Radwaste Building  are routed through  the 
Radwaste Piping Tunnel which runs up to and abuts the Radwaste Building but does not 
penetrate the Radwaste Building below grade. Waterproof seals are provided for all process and 
utility penetrations from the tunnel into the Radwaste Building to prevent any internal process 
flooding from leaking external to the building.

In accordance with the requirements of Reg. Guide 1.143 there will be no uncontrolled path of 
radioactive liquid from the Radwaste Building under the conditions of worst case internal 
flooding.

 

3.4.1.1.2.4  Evaluation of Access Control Building Flooding Events

 

Analysis of potential flooding within the Access Control Building shall be considered on a 
floor-by-floor basis. The analysis results will be supplied with the FSAR.

 

3.4.1.1.2.5  Evaluation of Turbine Building Flooding Events

 

The Circulating Water and Turbine Building Service Water Systems are the only systems with 
sufficient volume of  contained fluid or sustained flow rate to potentially flood adjacent 
buildings.

A failure in either of these systems would result in the total flooding of the Turbine Building 
up to grade level. Water is prevented from flooding adjacent or connected safety-related 
buildings by water tight doors at the interfaces with the Control Building, Reactor Building, and 
the Auxiliary Fuel Building. Potential flooding pathways include: 1) From the Turbine 
Building to the Control Building via the Access Control Building, and 2) from the Turbine 
Building to the Control Building, Reactor Building, and Auxiliary Fuel Building via the 
Radwaste Tunnel.

A large hydrostatic head at grade level is prevented by a large non-watertight truck door at 
grade to provide a release point for any water.

 

3.4.1.1.2.6  Evaluation of Safety Service Water Pump House Flooding Event

 

Analysis of potential flooding within the Service Water Pumphouse will be considered and the 
analysis results will be supplied with the FSAR.

 

3.4.1.1.2.7  Evaluation of Auxiliary Fuel Building (AFB) Flooding Events

 

Analysis of potential flooding within the Auxiliary Fuel Building will be supplied with the 
FSAR.

 

3.4.1.2  Permanent Dewatering System

 

The permanent dewatering system will be provided at the start of the construction.
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3.4.2  Analytical and Test Procedures

 

All Seismic Category I structures shall be in stable condition under overturning or uplift forces 
which result from load combinations that include the design basis flood. The result will be 
supplied with the FSAR.
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Notes:

(1) Watertight penetrations will be provided for all Reactor, Control, Turbine and Auxiliary Fuel 
Building penetrations that are below grade.

(2) The safety-related and non-safety-related tunnels prevent the lines running through them from 
being exposed to outside ground flooding.

(3) Penetrations below design flood level will be sealed against any hydrostatic head resulting from 
the design basis flood, or from a moderate energy pipe failure in the tunnel or inside a connecting 
building.

(4) Waterproof sealant applied to the building exterior walls below flood level will also be extended a 
minimum of 150 mm along the penetration surfaces.

(5) Watertight doors (bulkhead type) are provided at all Reactor and Control Building access ways 
that are below grade.

(6)

 

 

 

Similar information for Safety Service Water Pump House will be supplied with the FSAR.

 

Table 3.4-1  Structures, Penetrations, and Access Openings Designed for Flood 

Protection (note 6)

 

Structure

Reactor 

Building

Control 

Building

Auxiliary Fuel 

Building 

Radwaste 

Building

Turbine 

Building

 

Design Flood Level (mm) 12,300 12,300 12,300 12,300 12,300

Design Ground Water Level 
(mm)

12,000 12,000 12,000 12,000 12,000

Reference Plant Grade 
(mm)

12,000 12,000 12,000 12,000 12,000

Base Slab (mm) –8,200 –8,200 1,600 To be 
supplied 
with the 
FSAR

-4500

Actual Plant Grade (mm) 12,000 12,000 12,000 12,000 12,000

Building Height (mm) 57,900 30,400 26,400 To be 
supplied 
with the 
FSAR

66,000

Penetrations Below Design 
Flood Level
(Notes 1 through 4)

To be 
supplied with 
FSAR

RBCW, RBSW 
and 
miscellaneous 
lines, and 
electrical 
penetrations

To be supplied 
with the FSAR

To be 
supplied 
with the 
FSAR

To be 
supplied 
with the 
FSAR

Access Openings Below 
Design Flood Level
(Note 5)

To be 
supplied with 
FSAR

To be supplied 
with FSAR

To be supplied 
with FSAR

To be 
supplied 
with the 
FSAR

To be 
supplied 
with the 
FSAR


