
FSAR: Chapter 10.0
10.0 STEAM AND POWER CONVERSION SYSTEM

This chapter of the U.S. EPR Final Safety Analysis Report (FSAR) is incorporated by reference 
with supplements as identified in the following sections.

The U.S. EPR FSAR includes the following COL Item in Section 10.0:  

A COL applicant that references the U.S. EPR design certification will select Sections 10.1, 
10.2 and 10.4.7 or 10.1A, 10.2A and 10.4.7A for inclusion in the COL FSAR as applicable to 
the chosen turbine-generator design option.

This COL Item is addressed as follows:

An Alstom turbine generator will be used.  This is the reference design reflected in U.S. EPR 
FSAR Sections 10.1, 10.2, and 10.4.7.  U.S. EPR FSAR Sections 10.1A, 10.2A and 10.4.7A and 
associated COL Items are not discussed further in this FSAR.  
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FSAR: Chapter 10.0 Summary Description
10.1 SUMMARY DESCRIPTION

This section of the U.S. EPR FSAR is incorporated by reference.
CCNPP Unit 3 10–2 Rev. 5
© 2007 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED
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10.2 TURBINE-GENERATOR

This section of the U.S. EPR FSAR is incorporated by reference with the following supplements.

10.2.1 DESIGN BASES

No departures or supplements.

10.2.2 GENERAL DESCRIPTION

No departures or supplements.

10.2.3 TURBINE ROTOR INTEGRITY

No departures or supplements.

10.2.3.1 Materials Selection

The U.S. EPR FSAR includes the following COL Holder Item in Section 10.2.3.1: 

A COL applicant that references the U.S. EPR design certification will provide applicable 
material properties of the turbine rotor after the site-specific turbine has been procured.

This COL Holder Item is addressed as follows: 

Following procurement of the {CCNPP Unit 3} turbine generator, {Constellation Generation 
Group Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC} shall 
submit to the NRC the applicable material properties of the turbine rotor.

10.2.3.2 Fracture Toughness

The U.S. EPR FSAR includes the following COL Holder Item in Section 10.2.3.2:  

A COL applicant that references the U.S. EPR design certification will provide applicable 
turbine disk rotor specimen test data, load-displacement data from the compact tension 
specimens and fracture toughness properties after the site-specific turbine has been 
procured.

This COL Holder Item is addressed as follows: 

Following procurement of the {CCNPP Unit 3} turbine generator, {Constellation Generation 
Group Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear Operating Services, LLC} shall 
submit to the NRC the applicable turbine disk rotor specimen test data, load-displacement data 
from the compact tension specimens and the fracture toughness properties to demonstrate 
that the associated information and data presented in the U.S. EPR FSAR is bounding.

10.2.3.3 High Temperature Properties

No departures or supplements.

10.2.3.4 Turbine Rotor Design

No departures or supplements.

10.2.3.5 Turbine Rotor Preservice Inspections and Testing

No departures or supplements.
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FSAR: Chapter 10.0 Turbine-Generator
10.2.3.6 Turbine Rotor Inservice Inspection Program Plan

No departures or supplements.The U.S. EPR FSAR includes the following COL Item in Section 
10.2.3.6:

A COL applicant that references the U.S. EPR design certification will provide the 
site-specific turbine rotor inservice inspection interval consistent with the manufacturer’s 
turbine missile analysis.

This COL Item is addressed as follows:

The turbine manufacturer recommends major rotor inspection intervals of 10 years, during 
major overhauls. The inspections are performed during refueling outages on an interval 
consistent with the inservice inspection schedules in ASME Section XI so that a total inspection 
has been completed at least once within a 10 year time period.

10.2.4 SAFETY EVALUATION

No departures or supplements.

10.2.5 REFERENCES

No departures or supplements.
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10.3 MAIN STEAM SUPPLY SYSTEM

This section of the U.S. EPR FSAR is incorporated by reference with the following supplements.

10.3.1 DESIGN BASES

No departures or supplements.

10.3.2 SYSTEM DESCRIPTION

No departures or supplements.

10.3.3 SAFETY EVALUATION

No departures or supplements.

10.3.4 INSPECTION AND TESTING REQUIREMENTS

No departures or supplements.

10.3.5 SECONDARY SIDE WATER CHEMISTRY PROGRAM

The U.S. EPR FSAR includes the following COL Item in Section 10.3.5:  

A COL applicant that references the U.S. EPR design certification will identify the authority 
responsible for implementation and management of the secondary side water chemistry 
program.

This COL Item is addressed as follows:

{Constellation Generation Group Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear 
Operating Services, LLC} shall implement the secondary side water chemistry program 
described in Section 10.3.5 of the U.S. EPR FSAR.  The {Radiation Protection and Chemistry 
Manager} is the authority responsible for implementation and management of the secondary 
side water chemistry program.

10.3.6 STEAM AND FEEDWATER SYSTEM MATERIALS

10.3.6.1 Material Selection and Fabrication

No departures or supplements.

10.3.6.2 Fracture Toughness

No departures or supplements.

10.3.6.3 Flow-Accelerated Corrosion

The U.S. EPR FSAR includes the following COL Item in Section 10.3.6.3:  

The COL applicant that references the U.S. EPR design certification will develop a FAC 
condition monitoring program that is consistent with Generic Letter 89-08 and 
NSAC-202L-R3 for the carbon steel portions of the steam and power conversion systems 
that contain water or wet steam.

This COL Item is addressed as follows:
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FSAR: Chapter 10.0 Main Steam Supply System
{Constellation Generation Group Calvert Cliffs 3 Nuclear Project, LLC and UniStar Nuclear 
Operating Services, LLC} shall implement a flow accelerated corrosion (FAC) program that 
provides a structured, logical approach to identifying locations in the steam and power 
conversion system that could be susceptible to degradation of pressure boundary thickness 
due to erosion/corrosion (EC) and flow conditions. The FAC Program will be consistent with 
requirements and recommendations of Generic Letter 89-08 “Erosion/Corrosion-Induced Pipe 
Wall Thinning” (NRC, 1989) and NSAC-202L-R3 “Recommendations for an Effective Flow 
Accelerated Corrosion Program” (EPRI, 2006).

Multiple criteria are identified, which alone or in combination can create conditions where 
erosion/corrosion will result from process flow conditions. These criteria include process fluid 
characteristics (water, steam, two-phase, chemical characteristics), process flow rate, flow path 
configuration (straight pipe, elbow, valve body, elevation change, etc.), temperature, pressure, 
duty cycles or cycling of conditions (variations in temperature, pressure, steam quality or 
wetness, etc.), pressure boundary mechanical stresses (e.g., temperature-induced pipe growth), 
and materials of construction.

These criteria are evaluated during the design and construction phases using industry 
operating experience to identify locations that are susceptible to FAC. Adjustments are made to 
pipe routing and component locations to minimize flow velocities and turbulence. In addition, 
water chemistry requirements are established and materials of construction are selected to 
further limit contributing factors.

The water chemistry program for the steam and power conversion system is focused on 
prevention of corrosion, and is thus integral to the control of FAC. Emphasis is placed on control 
of dissolved impurities that contribute to corrosion and removal of corrosion products. Water 
chemistry is discussed in Section 10.3.5.

Prior to operation, preservice examinations (to include thickness measurements) are 
performed in accordance with the FAC Program procedures. The preservice examinations are 
performed following system construction completion (usually denoted by performance of the 
system hydrostatic test), but prior to plant operation. Preservice examinations are conducted 
using grid locations and measurement methods anticipated for the inservice examination 
according to industry guidelines and previous industry experience. Grid locations are 
determined based upon industry operating experience and a FAC modeling software program, 
in accordance with Generic Letter 89-08 (NRC, 1989) and NSAC-202L-R3 (EPRI 2006). 
Examinations are conducted during inservice examinations to determine the extent of any flow 
accelerated corrosion. The examination schedule and processes are in accordance with the 
inservice FAC Program requirements. Examination results are then analyzed to provide 
additional points and the need to replace components, based upon the wear rates and 
remaining allowable wall thicknesses. This examination is based on the inservice FAC Program, 
in accordance with Generic Letter 89-08 (NRC, 1989) and NSAC-202L-R3 (EPRI 2006).

Examination results for preservice and inservice examinations are recorded and trended 
throughout the plant operating life in the FAC database or other appropriate recording means. 
As data are accumulated for each location, the actual existence of FAC, or lack thereof, can be 
established as well as the rate of pressure boundary reduction in thickness. With this 
information, the frequency of examinations can be adjusted as appropriate to assure accurate 
understanding of the physical condition and maintenance of the required minimum wall 
thickness, design margins of safety, and piping integrity. In addition, necessary repairs or 
replacements, including material changes, can be accomplished in a planned and efficient 
manner.
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The FAC program will include preservice and inservice examinations of main steam supply 
system (MSSS) and feedwater system carbon steel components containing ≥ 0.10% chromium 
content that are susceptible to flow accelerated corrosion. Consistent with the guidance of 
NSAC-202L-R3, components with ≥ 0.10% chromium content may be removed from the 
program if no degradation has occurred.} shall implement a flow accelerated corrosion (FAC) 
program that provides a structured, logical approach to identifying locations in the steam and 
power conversion system that could be susceptible to degradation of pressure boundary 
thickness due to erosion/corrosion (EC) and flow conditions. 

Multiple criteria are identified, which alone or in combination can create conditions where 
erosion/corrosion will result from process flow conditions. These criteria include process fluid 
characteristics (water, steam, two-phase, chemical characteristics), process flow rate, flow path 
configuration (straight pipe, elbow, valve body, elevation change, etc.), temperature, pressure, 
duty cycles or cycling of conditions (variations in temperature, pressure, steam quality or 
wetness, etc.), pressure boundary mechanical stresses (e.g., temperature-induced pipe growth), 
and materials of construction. 

These criteria are evaluated using industry operating experience and applied initially in the 
design of the main steam and power conversion system to identify locations that are 
susceptible to FAC. Adjustments are made to pipe routing and component locations, as 
possible, to minimize flow velocities and turbulence. In addition, water chemistry requirements 
are established and materials of construction are selected to further limit contributing factors. 

The criteria are then applied to the final as-built arrangement to identify locations that may be 
susceptible and determine a relative level of susceptibility. Once the plant is in operation, each 
of those locations is inspected by visual or volumetric methods on a frequency proportional to 
the presumed level of susceptibility. 

The water chemistry program for the steam and power conversion system is focused on 
prevention of corrosion, and is thus integral to the control of FAC. The site specific FAC Program 
utilizes the guidance of NSAC-202L-R3, “Recommendations for an Effective Flow Accelerated 
Corrosion Program” (EPRI, 2006). Emphasis is placed on control of dissolved impurities that 
contribute to corrosion and removal of corrosion products. Water chemistry is discussed in 
Section 10.3.5.

Inspection results are recorded and trended throughout the plant’s operating life. As data are 
accumulated for each location, the actual existence of FAC, or lack thereof, can be established 
as well as the rate of pressure boundary reduction in thickness. With this information, the 
frequency of inspections can be adjusted as appropriate to assure accurate understanding of 
the physical condition and maintenance of the required minimum wall thickness, design 
margins of safety, and piping integrity. In addition, necessary repairs or replacements, including 
material changes, can be accomplished in a planned and efficient manner. 

Lessons learned through the program are applied to the program itself, and to other systems, 
programs and/or situations as may be appropriate. 

The FAC Program encompasses the following systems: Main Steam, Condensate, Feedwater, 
Extraction Steam, Cold and Hot Re-Heat Steam, Heater Drains, MSR Drains, Steam Dump 
System, and Steam Generator Blowdown.
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10.3.7 REFERENCES

{EPRI, 2006. “Recommendations for an Effective Flow-Accelerated Corrosion Program,” 
NSAC-202L-R3, Electric Power Research Institute, 2006.}

{(NRC, 1989) “Erosion/Corrosion-Induced Pipe Wall Thinning” Generic Letter 89-08, Nuclear 
Regulatory Commission, 1989.}
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10.4 OTHER FEATURES OF STEAM AND POWER CONVERSION SYSTEM

This section of the U.S. EPR FSAR is incorporated by reference with the following supplements.

10.4.1 MAIN CONDENSERS

No departures or supplements. 

10.4.1.1 Design Basis

No departures or supplements. 

10.4.1.2 System Description

The U.S. EPR FSAR includes the following COL Item in Section 10.4.1.2:

The COL applicant that references the U.S. EPR design certification will describe the 
site-specific main condenser materials.

This COL Item is addressed as follows:

{The site-specific main condenser for CCNPP Unit 3 will be comprised of titanium tubes and 
titanium-clad tube sheet.}

The U.S. EPR FSAR includes the following COL Item in Section 10.4.1.2:

The COL applicant that references the U.S. EPR design certification will describe the 
site-specific design pressure and test pressure for the main condenser.

This COL Item is addressed as follows:

{The site-specific design pressure and test pressure for the main condenser at CCNPP Unit 3 are 
150 psig (1034 kPa-gauge) and 225 psig (1551 kPa-gauge), respectively.}

10.4.1.3 Safety Evaluation

No departures or supplements. 

10.4.1.4 Inspection and Testing Requirements

No departures or supplements. 

10.4.1.5 Instrumentation Requirements

No departures or supplements. 

10.4.2 MAIN CONDENSER EVACUATION SYSTEM

No departures or supplements. 

10.4.3 TURBINE GLAND SEALING SYSTEM

No departures or supplements.

10.4.4 TURBINE BYPASS SYSTEM

No departures or supplements. 
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FSAR: Chapter 10.0 Other Features Of Steam And Power Conversion System
10.4.5 CIRCULATING WATER SYSTEM

No departures or supplements. 

10.4.5.1 Design Basis

No departures or supplements. 

10.4.5.2 System Description

10.4.5.2.1 General Description

The U.S. EPR FSAR includes the following COL Item in Section 10.4.5.2.1:

A COL applicant that references the U.S. EPR design certification will provide the 
description of the site-specific portions of the CWS.

This COL Item is addressed as follows:

The U.S. EPR uses a Circulating Water Supply System (CWS) to dissipate heat. {The CWS at 
CCNPP Unit 3 is a brackish-water closed-loop system. The CCNPP Unit 3 system uses a single 
non-plume abated (hybrid) mechanical draft cooling tower for heat dissipation.  The term 
“hybrid” refers to the tower’s use of a dry section (for sensible cooling) as well as a wet section 
(for sensible and latent cooling) for heat dissipation.

The CWS dissipates up to 1.108E+10 BTU/hr (2.792E+09 Kcal/hr) of waste heat rejected from the 
main condenser and the Closed Cooling Water System (CLCWS) during normal plant operation 
at full station load. The Piping and Instrument Diagrams (P&IDs) for the CCNPP Unit 3 CWS are 
provided as Figures 10.4-1 and 10.4-2. Figure 10.4-1 shows the system at the cooling tower and 
Figure 10.4-2 shows the system inside the Turbine Building. The CWS has four 25% capacity 
vertical mixed flow column circulating water pumps housed in the circulating water pump 
building adjacent to the cooling tower. These pumps circulate water through the system.

In the Turbine Building, the majority of the CWS flow is directed through the main condenser, 
where the water removes (primarily) latent heat of vaporization from the turbine exhaust 
steam.  The water travels through the three condenser shells (tube side), which are arranged in 
series, and then returns to the CWS cooling tower via the CWS return piping.

Additionally, two 100% capacity auxiliary cooling water system pumps receive cooling water 
from the CWS and deliver the water to the CLCWS heat exchangers. Heat from the CLCWS is 
transferred to the auxiliary cooling water system and heated auxiliary cooling water is returned 
to the CWS downstream of the main condenser.  

The heated CWS water is sent to the spray headers of the cooling tower. After passing through 
the cooling tower, the cooled water is recirculated back to the circulating water pump building 
to complete the closed cycle cooling water loop. The CWS has a nominal flow rate of 
approximately 800,000 gpm (3,028,320 lpm).  

CWS Cooling Tower design specifications are provided in Table 10.4-1.  The circulating water 
pump structure is shown in Figures 10.4-3 and 10.4-4. The cooling tower is shown in 
Figure 10.4-3.

Evaporation in the cooling tower increases the level of solids in the circulating water. To control 
solids, a portion of the recirculated water is removed or blown down and replaced with clean 
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FSAR: Chapter 10.0 Other Features Of Steam And Power Conversion System
water. In addition to the blowdown and evaporative losses, a small percentage of water in the 
form of droplets (drift) is lost from the cooling tower. Peak anticipated evaporative losses, 
blowdown, and drift losses are represented in Table 10.4-1.  Makeup water is required to 
replace the losses from evaporation, blowdown and drift. 

Makeup water for the CWS is taken from the Chesapeake Bay by pumps at a maximum rate of 
approximately 47,383 gpm (179,365 lpm). This rate is based on maintaining the CWS and 
supplying the desalinization plant and accounting for seepage. Three 50% capacity vertical 
mixed flow column CWS makeup pumps housed in the CWS makeup intake structure transfer 
water from the Chesapeake Bay to the cooling tower basin.  Makeup water from the 
Chesapeake Bay is received into the intake structure via an intake channelthe common forebay 
shared with the UHS makeup water intake structure. The common forebay is shared between 
CWS makeup water system and UHS makeup water system. Two buried 60” safety related pipes 
provide a flow path for Chesapeake Bay water to enter the common forebay. Both pipes are 
designed to account for head losses in the pipe and provide sufficient flow for the CWS makeup 
and UHS makeup. Both pipes are normally in operation, however, either pipe can be isolated for 
maintenance as the other pipe is capable of providing 100% flow for CWS makeup and UHS 
makeup. Due to the head loss through the pipes, the design low water level at the common 
forebay for the UHS makeup intake is at EL. -8 ft NGVD29, which is 2 feet lower than the design 
low water level in the Chesapeake Bay of -6 ft NGVD29. The common forebay invert elevation is 
at -22.5 ft NGVD29, which provides ample additional margin in pump submergence during 
UHS operation with one or two intake pipes.The CWS makeup water intake structure houses 
two bar screens and two dual-flow traveling screens. The purpose of these screens is to prevent 
debris from passing into the circulating water system makeup pumps, circulating water pumps, 
condenser, and turbine building closed cooling heat exchangers. The screen wash system 
consists of two screen wash pumps (single shaft) that provide a pressurized spray to remove 
debris from the watertraveling screens. The CWS makeup system is shown in Figure 10.4-3. The 
CWS makeup water intake structure is shown in Figures 10.4-4 and 10.4-5. 

Blowdown from the cooling tower discharges to a common retention basin to provide time for 
settling of suspended solids and to permit further chemical treatment of the wastewater, if 
required.  Discharge from the retention basin is routed through the seal well, then to the outfall 
pipe, where it disperses into the Chesapeake Bay. Discharge temperature is monitored prior to 
discharge into the bay. The blowdown flowpath, including the retention basin and seal well is 
shown in Figure 10.4-6. The outfall piping is shown in Figure 10.4-7.  

The CWS chemical treatment system provides a means for adding chemicals to the CWS to 
maintain circulating water system chemistry within established limits to minimize fouling, 
inhibit scaling on the heat exchange surfaces, to control growth of bacteria, and to inhibit 
corrosion of piping materials.}

In addition, this COL Item is addressed by replacing the conceptual design information 
identified in double brackets in U.S. EPR FSAR Section 10.4.5 with plant specific information as 
discussed in the following sections.

10.4.5.2.2 Component Description

Cooling Towers
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Cooling Towers:
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[[The CWS has mechanical draft cooling towers, each with a basin and circulating water 
sump. Each sump houses a circulating water pump. The sumps are designed to provide 
sufficient submergence of the pump suction. Trash racks or suction screens are provided to 
prevent the ingestion of debris.]]

The above conceptual design information is replaced with site-specific information as follows:

{The CCNPP Unit 3 cooling tower is a plume-abated forced draft cooling tower. The tower 
structure dimensions are represented in Table 10.4-1 and will be surrounded by a wind wall. 
The tower has the ability to function as an all-wet system or a hybrid system.

Heat dissipation from the CWS to the ambient air (primarily latent heat transfer with some 
sensible heat transfer) occurs by direct contact between the rising air and the circulating water 
falling from the tower spray nozzles.

The tower fill redirects the water falling through the tower into thin vertically oriented films, 
which maximizes surface area of water in contact with surrounding air.  Multiple tower fans 
force the air from the tower vicinity into the tower, upward through the fill and falling water, 
and through the exit at the top of the tower.

The tower basin is located below the tower structure and serves as the collection point for the 
CWS cold water after it has fallen through the tower. At one end of the basin is the pump 
forebay, which is shaped and sloped to serve as the suction point for the CWS pumps. The 
basin is sized to meet pump suction head requirements, to prevent formation of harmful 
vortices at the pump suctions, and to provide sufficient volume to allow draindown of the 
circulating water system without overflow with the basin initially at the maximum operating 
water level. Basin level is controlled by a level control system. 

Table 10.4-1 provides cooling tower design specification information.}

Circulating Water Pumps
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Circulating Water Pumps:

[[The circulating water pumps are constant speed, vertical shaft type. The pumps are 
designed to operate under normal plant operating load conditions. Each pump has its 
suction located in its own pump bay. The pumps are designed to permit reverse flow.]]

The above conceptual design information is replaced with site-specific information as follows:

{Four 25% capacity vertical turbine pumps, each capable of delivering approximately 200,000 
gpm (757,083 lpm), are used to provide flow for the CWS. The pumps draw water from the 
cooling tower basin and deliver it to two concrete supply headerspipes each 11 feet (3.3 
meters) in diameter. Each pump is driven by a motor rated at 11,000 HP (8 MW). The pumps are 
sized to provide sufficient head to overcome energy losses due to friction, piping elevation 
changes, and static head requirements for the cooling tower.}

Cooling Tower Makeup System
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Cooling Tower Makeup System:
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[[The cooling tower makeup system is site-specific and will be designed to provide 
adequate makeup flow to the cooling tower basins.]]

The above conceptual design information is replaced with site-specific information as follows:

{The CCNPP Unit 3 CWS makeup system functions to replace CWS water losses due to 
evaporation, blowdown, and drift associated with the cooling tower as well as leakage and 
seepage losses from the basin and system piping and components. Additionally, the CWS 
makeup system provides water to the desalinization plant for water treatment. Makeup rate is 
controlled by the tower basin level control system and the makeup system control valves. 
Three 50% capacity vertical mixed flow column CWS makeup pumps housed in the CWS 
makeup water intake structure transfer water from the Chesapeake Bay to the cooling tower 
basin. The CWS makeup water intake structure houses two bar screens and two dual-flow 
traveling screens. The purpose of these screens is to prevent debris from passing into the CWS 
makeup pumps, circulating water pumps, condenser, and turbine building closed cooling heat 
exchangers. The screen wash system consists of two screen wash pumps (single shaft) that 
provide a pressurized spray to remove debris from the watertraveling screens. The CWS 
makeup system is shown in Figure 10.4-3. The CWS makeup water intake structure is shown in 
Figures 10.4-4 and 10.4-5.}

Chemical Treatment System
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Chemical Treatment System:

[[Water treatment for the CWS is based on site makeup water chemistry, blowdown 
requirements, environmental regulations and system materials.]]

The above conceptual design information is replaced with site-specific information as follows:

Chemical treatment system pumps, valves, tanks, instrumentation, and controls provide the 
means of monitoring water chemistry and adding required chemicals into the CWS in order to 
minimize corrosion, prevent scale formation, and limit biological fouling.

Chemicals used in the system are compatible with materials used for piping and component 
wetted surfaces.

The U.S. EPR FSAR includes the following COL Item in Section 10.4.5.2.2 for the Chemical 
Treatment System:

A COL applicant that references the U.S. EPR design certification will provide the specific 
chemicals used to support the chemical treatment system as determined by the 
site-specific water conditions.

This COL Item is addressed as follows:

The specific chemicals and addition rates used in the system are determined and adjusted as 
required by evaluation of periodic water chemistry analyses. 

{At CCNPP Unit 3, the following chemicals will be added to various points (makeup intake and 
cooling tower.)
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Biocide – Sodium Hypochlorite – continuous dosing at the make-up intake, shock 
dosing to the circulating water pump suction in the forebay.

Algaecide – non-oxidizing biocide – slug feed to the circulating water pump suction in 
the forebay.

pH adjuster – sulfuric acid - continuous feed of sulfuric acid to the circulating water 
pump suction in the forebay.

Corrosion inhibitor* – proprietary (supplier-specific) - continuous feed of proprietary 
chemical to the circulating water pump suction in the forebay.

Scale inhibitor* – proprietary (supplier-specific) - continuous feed of proprietary 
(supplier-specific) chemical to the circulating water pump suction in the forebay.

Dispersant – proprietary (supplier-specific) - slug feed of proprietary chemical to the 
circulating water pump suction in the forebay.

*iIn general, only corrosion inhibitor or scale inhibitor will be used, not both.

The National Pollution Discharge Elimination System (NPDES) Permit will have a limit on 
residual chlorine, which will result in the need to add a chemical such as sodium bisulfite at the 
retention basin outlet or other appropriate point to ensure that the plant discharge meets the 
limit. These chemicals will be stored on site. 

The following samples and analyses are typical for plant operation and control. For 
environmental compliance, the parameters provided below are typically monitored and 
analyzed.  Parameters monitored, frequency of monitoring/analysis, and analysis methods are 
subject to change based on the NPDES Permit and regulatory limits in effect at the time.

Condenser Cold Water Inlet 
pH (continuous and grab), pH probe

Conductivity (continuous and grab), conductivity cell

Calcium hardness (grab), titration

Total hardness (grab), titration

Iron (grab), colorimetric spectrometry

Silica (grab), colorimetric spectrometry

Residual chlorine (continuous and grab), ORP cell, colorimetric spectrometry

Turbidity (grab), direct read light scatter

Bacteria (grab), plate count

Inhibitor level (grab), colorimetric spectrometry

Dispersant level (grab), colorimetric spectrometry
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Sample Tap at Line to Seal Well
pH (continuous, grab), pH probe

Chlorine residual (grab and continuous), ORP cell, colorimetric spectrometry

TSS (grab), filter and gram balance

Oil & Grease, extraction or other

Salinity (grab), conductivity relation

Phosphate (grab), colorimetric spectrometry

Total nitrogen (grab), digestion/colorimetric spectrometry

BOD5 (grab), digestion

Metals (grab), atomic absorption

Priority pollutants (grab), chromatograph, others

Biological toxicity (grab), fathead minnow, others

Discharge Permit Compliance Parameters (Routine Daily to Monthly)

Discharge Permit Compliance Parameters (Monthly to Annual)

Based on the NPDES permit, additional environmental compliance monitoring may be required 
at point sources, such as sump discharges to oil/water separator and desalination plant 
concentrate.}

Cooling Tower Blowdown System
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Cooling Tower Blowdown System:

[[The cooling tower blowdown system is site-specific, and along with the makeup system 
will be designed to maintain the concentration of dissolved solids in the CWS within 
acceptable limits.]]

The above conceptual design information is replaced with site-specific information as follows:

{The nonsafety-related CWS blowdown system consists of piping, valves, and associated 
instrumentation and controls that convey water from the CWS cooling tower basin to the 
retention basin prior to its discharge through the seal well to the Chesapeake Bay. Blowdown 
rate from the cooling tower is controlled by a motor operated control valve.

The retention basin, seal well, and outfall are important components of the CWS.

CWS Retention Basin
The CWS retention basin serves as a collection point for the following discharge sources prior 
to their discharge in the Chesapeake Bay:
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CWS cooling tower blowdown

Essential Service Water System (ESWS) cooling tower blowdown 

Other plant discharges

The basin serves as a means of settling out suspended solids from plant discharges.  

One discharge pipe conveys the discharge flow from the retention basin at plant grade to the 
seal well.  Treated water from the liquid radwaste system (see Section 11.2) acceptable for 
discharge joins the main discharge flow between the retention basin and the seal well.  The 
driving force for flow is gravity.

CWS Seal Well
The CWS seal well serves as a means of reducing discharge flow velocity prior to its exit from 
the outfall structure into the Chesapeake Bay.  Discharge flow is transferred by a 30-inch 
(76-cm) discharge header from the retention basin at plant grade to the seal well.  Seal well 
elevation is based on limiting flow velocity in the discharge piping to less than 10 feet per 
second (3 m/s) and on ensuring the downstream discharge piping remains full of water.  The 
water in the seal well is conveyed to the outfall.  The driving force for flow is gravity. 

CWS Outfall
The CWS outfall consists of a discharge header, diffuser nozzles, valves and associated 
instrumentation and controls for the control and monitoring of discharge flow into the 
Chesapeake Bay. 

The outfall is designed to meet all applicable navigation and maintenance criteria to provide an 
acceptable mixing zone for the thermal plume. One 30-inch (76-cm) diameter discharge header 
conveys flow from the CWS seal well into the Chesapeake Bay. The piping extends 
approximately 550 feet (168 m) into the bay to ensure that at least 10 ft (3 m) of water exists 
above the top of the diffuser nozzles. Figure 10.4-6 provides a simplified schematic of the 
discharge flow path to the Chesapeake Bay. Figure 10.4-7 provides a plan and section view of 
the diffuser and discharge piping.

Flow in the discharge header is directed to three 16-inch (41-cm) diameter diffuser nozzles that 
increase the flow velocity and serve as the exit point for discharges into the bay. The centerline 
elevation of the discharge is approximately 3 ft (1 m) above the bay bottom elevation. Exit 
velocity for the discharge flow has been evaluated to be adequate for thermal mixing 
purposes.}

Piping and Valves
The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.2.2 
for the Piping and Valves:

[[A butterfly valve is installed downstream of each circulating water pump.]] Isolation valves 
are installed at the inlets of the low pressure condenser water box and outlets of the high 
pressure condenser water box. [[Each cooling tower riser also has a butterfly valve that 
serves to isolate the cooling tower cell during maintenance activities. The butterfly valves 
contained in the CWS are designed to operate under normal plant operating load 
conditions. Valve opening and closing times are chosen to reduce water hammer effects.]]
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The above conceptual design information is replaced with site-specific information for the 
plant as follows:

{The U.S. EPR FSAR description provided above is applicable to the CCNPP Unit 3 CWS and is 
incorporated by reference.}

The U.S. EPR FSAR includes the following COL Item in Section 10.4.5.2.2 for Piping and Valves:

A COL applicant that references the U.S. EPR design certification will provide the 
site-specific CWS piping design pressure.

This COL Item is addressed as follows:

{The CCNPP Unit 3 CWS piping design pressure is 150 psig (1034 kPa-gauge).}

Vacuum Breaker
No departures or supplements.

Condenser Tube Cleaning System
No departures or supplements.

Vacuum Priming System
The U.S. EPR FSAR includes the following COL Item in Section 10.4.5.2.2 for the Vacuum Priming 
System: 

If a vacuum priming system is required, a COL applicant that references the U.S. EPR design 
certification will provide the site-specific information. 

This COL Item is addressed as follows:

{A vacuum priming system is not required at CCNPP Unit 3}

Vents and Drains
No departures or supplements.

10.4.5.2.3 System Operation

{No departures or supplements.}

10.4.5.3 Safety Evaluation

The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.3:

[[Means are provided to prevent or detect and control flooding of safety-related areas so 
that the intended safety function of a system or component will not be diminished due to 
leakage from the CWS.]]

[[Malfunction or failure of a component or piping in the CWS, including an expansion joint, 
will not produce unacceptable adverse effects on the functional performance capabilities 
of safety-related systems or components.]] 

The above conceptual design information is replaced with site-specific information as follows:
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{Internal flooding of the Turbine Building due to an unisolableun-isolatable break or crack in a 
circulating water system pipe or failure of a CWS component, including expansion joints, does 
not result in damage to safety-related SSCs. Below the main steam piping penetrations, no 
direct pathway through which flooding could spread exists between the Turbine Building and 
adjacent structures that house safety-related SSCs. No safety-related SSCs reside in the Turbine 
Building. Flooding exiting the Turbine Building at grade is directed away from structures that 
house safety-related SSCs by site grading, so external flooding resulting from a failure in the 
CWS does not adversely affect safety related SSCs.}

10.4.5.4 Inspection and Testing Requirements

No departures or supplements. 

10.4.5.5 Instrumentation Requirements

The U.S. EPR FSAR includes the following conceptual design information in Section 10.4.5.5:

[[Pressure is measured at the discharge of each circulating water pump. Temperature is 
measured at the condenser inlet and outlet for each tube bundle.]] The circulating water is 
also monitored for pH and conductivity. [[Permanent flowmeters measure individual 
circulating pump flow and total flow to the turbine condenser. Access ports allow 
temporary flowmeters to be installed in the main circulating water piping. Cooling tower 
basin level is monitored and used to control makeup flow. Blowdown is manually adjusted 
as required to maintain desired water chemistry.]]

The above conceptual design information is replaced with site-specific information as follows:

{Instrumentation and controls for the CWS include provisions for remote and local control and 
monitoring of parameters such as pressure, temperature, flow, etc.  Motor winding 
temperature sensors mounted at various locations in the motors along with bus power and 
breaker position provide remote control, indication, and alarm of the circulating water pumps.  

The opening and closing of motor operated valves located at each pump’s discharge; on the 
cooling tower bypass; at the inlet and outlet of the condensers and at various other points 
within the process system are remotely controlled and monitored, but can be manually 
operated via valve mounted hand wheels.  

System temperature, pressure and flow are monitored in each of the circulating water pump 
discharge lines as well as at various other points.  The cooling tower basin level is controlled by 
varying the makeup water flow as monitored by the basin level control system.  Blowdown flow 
rate is monitored and controlled by adjusting the position of the blowdown isolation valve.  
Differential pressure across the traveling screens pump inlet screen provides indication of 
fouling and initiates the screen cleaning system.}

10.4.5.6 References

No departures or supplements. 

10.4.6 CONDENSATE POLISHING SYSTEM

No departures or supplements.

10.4.7 CONDENSATE AND FEEDWATER SYSTEM

No departures or supplements. 
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10.4.8 STEAM GENERATOR BLOWDOWN SYSTEM (PWR)

No departures or supplements. 

10.4.9 EMERGENCY FEEDWATER SYSTEM

No departures or supplements. 
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Table 10.4-1—{Circulating Water System Cooling Tower Design Specifications}
Design Conditions Mechanical Draft Cooling Tower
Number of Towers 1 
Heat Load 1.108E+10 BTU/hr (2.792E+09 Kcal/hr)
Circulating Water Flow 800,000785,802 gpm (3,028,3202,974,584 lpm)
Cycles of Concentration—Normal 2
Evaporative Losses (wet) (1) 19,700 gpm (74,573 lpm)
Evaporative Losses (wet+dry) (1) 18,000 gpm (68,138 lpm)
Blowdown Rate (wet) (1) 19,66019,696 gpm (74,42174,558 lpm)
Blowdown Rate (wet+ dry) (1)  17,96017,996 gpm (67,98668,122 lpm)
Drift Rate <0.0050.0005%
Drift Losses (2) 404 gpm (15216 lpm)
Approximate Dimensions—Height 177 ft (54 m)
Approximate Dimensions—Diameter 546 ft (167 m) (at the base)
Design Range 28°F (15.6°C)
Design Approach 10°F (5.6°C)
Air Flow Rates (wet/dry) (1) (3) 69,177,600 acfm (1,958,892 m3 per min) wet section fans

54,096,000 acfm (1,531,829 m3 per min) dry section fans

Note:
(1) Based on design ambient conditions of 100°F Dry Bulb and coincident 77°F Wet Bulb (78°F inlet).
(2) Reported drift losses are based on 800,000 gpm CWS flow.
(3) Based on air exit density of 0.0817 lbm/ft3 for wet operation and 0.0757 lbm/ft3 for dry operation.
CCNPP Unit 3 10–20 Rev. 5
© 2007 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–21

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED

ilding)}
Figure 10.4-1—{Circulating Water System P & ID (Circulating Water Pump Bu



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–22

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED
Figure 10.4-2—{Circulating Water System P & ID (Turbine Building)}



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–23

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED
Figure 10.4-3—{Circulating Water System Makeup System P&ID}



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–24

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED

n View)}
Figure 10.4-4—{Circulating Water System Makeup Pump Intake Structure (Pla



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–25

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED

re 
Figure 10.4-5—{Circulating Water System Makeup Pump Intake Structu
(Section View)}



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–26

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED
Figure 10.4-6—{Circulating Water System Blowdown Flowpath}



FSA
R: Chapter 10.0

O
ther Features O

f Steam
 A

nd Pow
er Conversion System

CCN
PP U

nit 3
10–27

Rev.5
©

 2007 U
niStar N

uclear Services, LLC. A
ll rights reserved.

CO
PYRIG

H
T PRO

TEC
TED
Figure 10.4-7—{Circulating Water System Plant Discharge}


	10.0 Steam and Power Conversion System
	10.1 Summary Description
	10.2 Turbine-Generator
	10.2.1 Design Bases
	10.2.2 General Description
	10.2.3 Turbine Rotor Integrity
	10.2.4 Safety Evaluation
	10.2.5 References

	10.3 Main Steam Supply System
	10.3.1 Design Bases
	10.3.2 System Description
	10.3.3 Safety Evaluation
	10.3.4 Inspection and Testing Requirements
	10.3.5 Secondary Side Water Chemistry Program
	10.3.6 Steam and Feedwater System Materials
	10.3.7 References

	10.4 Other Features Of Steam And Power Conversion System
	10.4.1 Main Condensers
	10.4.2 Main Condenser Evacuation System
	10.4.3 Turbine Gland Sealing System
	10.4.4 Turbine Bypass System
	10.4.5 Circulating Water System
	10.4.6 Condensate Polishing System
	10.4.7 Condensate and Feedwater System
	10.4.8 Steam Generator Blowdown System (PWR)
	10.4.9 Emergency Feedwater System
	Table 10.4-1— {Circulating Water System Cooling Tower Design Specifications}
	Figure 10.4-1— {Circulating Water System P & ID (Circulating Water Pump Building)}
	Figure 10.4-2— {Circulating Water System P & ID (Turbine Building)}
	Figure 10.4-3— {Circulating Water System Makeup System P&ID}
	Figure 10.4-4— {Circulating Water System Makeup Pump Intake Structure (Plan View)}
	Figure 10.4-5— {Circulating Water System Makeup Pump Intake Structure (Section View)}
	Figure 10.4-6— {Circulating Water System Blowdown Flowpath}
	Figure 10.4-7— {Circulating Water System Plant Discharge}




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


