
Pressurized Water Reactor Primary
Water Chemistry Guidelines
Volume 2, Revision 6

1014986

Final Report, December 2007

NON-PROPRIETARY

EPRI Project Manager
K. Fruzzetti

EPRI , 3412 Hillview Avenue, Palo Alto, California 94304 • PO Box 10412, Palo Alto, California 94303 - USA
800.313.3774 - 650.855.2121 - askepri@epd.com - www.epri.com



Pressurized Water Reactor Primary
Water Chemistry Guidelines
Volume 2, Revision 6

1014986

Final Report, December 2007

NON-PROPRIETARY

EPRI Project Manager
K. Fruzzetti

EPRI • 3412 Hillview Avenue, Palo Alto, California 94304 • PO Box 10412, Palo Alto, California 94303 - USA
800.313.3774 - 650.855.2121 ° askepri@epri.com • www.epri.com



DISCLAIMER OF WARRANTIES AND LIMITATION OF LIABILITIES

THIS DOCUMENT WAS PREPARED BY THE ORGANIZATION(S) NAMED BELOW AS AN
ACCOUNT OF WORK SPONSORED OR COSPONSORED BY THE ELECTRIC POWER RESEARCH
INSTITUTE, INC. (EPRI). NEITHER EPRI, ANY MEMBER OF EPRI, ANY COSPONSOR, THE
ORGANIZATION(S) BELOW, NOR ANY PERSON ACTING ON BEHALF OF ANY OF THEM:

(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, EXPRESS OR IMPLIED, (I)
WITH RESPECT TO THE USE OF ANY INFORMATION, APPARATUS, METHOD, PROCESS, OR
SIMILAR ITEM DISCLOSED IN THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE, OR (11) THAT SUCH USE DOES NOT INFRINGE ON OR
INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PARTY'S INTELLECTUAL
PROPERTY, OR (111) THAT THIS DOCUMENT IS SUITABLE TO ANY PARTICULAR USER'S
CIRCUMSTANCE; OR

(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY WHATSOEVER
(INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF EPRI OR ANY EPRI REPRESENTATIVE
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES) RESULTING FROM YOUR
SELECTION OR USE OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD,
PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

ORGANIZATION(S) THAT PREPARED THIS DOCUMENT

PWR Primary Water Chemistry Guidelines Committee

NOTE

For further information about EPRI, call the EPRI Customer Assistance Center at (800) 313-3774, or
email askepri.com.

Electric Power Research Institute, EPRI, and TOGETHER.. SHAPING THE FUTURE OF
ELECTRICITY are registered service marks of the Electric Power Research Institute, Inc.

Copyright © 2007 Electric Power Research Institute, Inc. All rights reserved.



CITATIONS

This report was prepared by

PWR Primary Water Chemistry Guidelines Committee

Ameren UE
J. Carter, G. Gary

American Electric Power
D. Faulkner, T. Andert, B. Hershberger

AREVA NP Inc.
W. Allnon, B. Cyrus, J. Riddle

Arizona Public Service
J. Santi, D. Fuller

British Energy
J. C. Bates, K. Garbett, K. Hinds

COG
K. Bagli

Constellation Energy
E. Eshelman

Dominion Engineering
J. Gonran, C. Marks

Dominion Resources
E. Frese, B. McDonald, L. Miller

Duke Energy
A. Breland, R. Eaker, K. Johnson, D.

Rochester, L. Wilson

Electricit6 de France
J. Audiard, M. Bachet, A. Tigeras

Entergy
B. Cullen, G. Dolese, D. Wilson

Exelon
J. Golich, D. Morey, B. Walton

First Energy

G. Gillespie, V. Linnenbom

Florida Power & Light
D. Frey, P. Skinner

INPO
B. Burke

KEPCO
H. Ikoma

Laborelec
E. Girasa, R. Lecocq

NNIC
E. Baker, C. Jones, J. McElrath, R.

Richards

NWT Corp.
S. Sawochka

OPPD
T. Dukarski

Pacific Gas & Electric
K. Bieze, J. Gardner

Progress Energy
N. Bach, K. Brown, P. Cross, B.

Goncarovs

PSEG Nuclear LLC
G. Rich, S. Robitzski

Ringhals
P.-O. Andersson, B. Bengtsson, S.

Larsson

South Carolina Electric & Gas
F. Bacon

Southern California Edison
J. Muniga, T. Sarette

Southern Nuclear
V. Beavers, R. Collins, D. Rickertsen,

J.R Robinson

STPNOC
D. Bryant, R. Ragsdale

TXU Energy
K. Cooper, D. Rebstock

TVA
D. Adams, W. Clontz

Westinghouse
S. Barshay, J. lyer, N. Vitale

WCNOC
J. Truelove

ELECTRIC POWER RESEARCH INSTITUTE
K. Fruzzetti, Chairman; A. Ahluwalia, A. Demma, J. Deshon, D. Hussey, A. Kucuk, D. Perkins

This report describes research sponsored by EPRI.

The report is a corporate document that should be cited in the literature in the following manner:

Pressurized Water Reactor Primary Water Chemistry Guidelines: Volume 2, Revision 6. EPRI,
Palo Alto, CA: 2007. 1014986.

iii



REPORT SUMMARY

State-of-the-art water chemistry programs help ensure the continued integrity of reactor coolant
system (RCS) materials of construction and fuel cladding, establish satisfactory core
performance, and support the industry trend toward reduced radiation fields. These revised
Pressurized Water Reactor Primary Water Chemistry Guidelines, prepared by a committee of
industry experts, reflect the recent field and laboratory data on primary coolant system corrosion
and performance issues. Volume 1 covers operating chemistry and Volume 2 covers startup and
shutdown chemistry in a pressurized water reactor (PWR).

Background
EPRI periodically updates the PWR water chemistry guidelines as new information becomes
available and as required by NEI 97-06 (Steam Generator Program Guidelines) and NEI 03-08
(Guideline for the Management of Materials Issues). The last revision of these PWR water
chemistry guidelines identified an optimum primary water chemistry program based on then-
current understanding of research and field information. This revision provides further details
with regard to primary water stress corrosion cracking (PWSCC), fuel integrity, and shutdown
dose rates.

Objective
To update the Pressurized Water Reactor Primary Water Chemistry Guidelines, Revision 5,
published in 2003.

Approach
A committee of industry experts, including utility specialists, nuclear steam supply system and
fuel vendor representatives, Institute of Nuclear Power Operations representatives, consultants,
and EPRI staff collaborated in reviewing the available data on primary water chemistry, reactor
water coolant system materials issues, fuel integrity and performance issues, and radiation dose
rate issues. From these data, the committee generated water chemistry guidelines that all PWR
nuclear plants should adopt. Recognizing that each nuclear plant owner has a unique set of
design, operating, and corporate concerns, the guidelines committee has retained a method for
plant-specific optimization.

Results
Revision 6 of the Pressurized Water Reactor Primary Water Chemistry Guidelines-which
provides guidance for PWR primary systems of all manufacture and design-includes the
following updates:

The guidelines continue to emphasize plant-specific optimization of water chemistry to address
individual plant circumstances. The committee revised guidance with regard to optimization to
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reflect industry experience gained since the publication of Revision 5. This revision incorporates
the terminology of NEI 03-08 and NEI 97-06 to distinguish between guidance elements that are
"mandatory", "shall", and "recommended". Chapter 5 of Volume 1 has been added to call
attention to the elements within these guidelines that fall into these three classifications. The
committee considers Volume 2 to be for information only and to be outside the framework of
NEI 03-08 and NEI 97-06.

The revised Chapters 2 and 3 of Volume 1 address the latest information on PWSCC of RCS
materials, fuel cladding integrity and core performance, and radiation field control. Both
volumes of the guidelines emphasize optimization of pH control programs with regard to
maintaining system integrity, minimizing the potential for axial offset anomaly and excessive
fuel deposits, adding zinc to minimize shutdown dose rates and mitigate PWSCC concerns, and
ensuring that pH programs do not adversely impact PWSCC or fuel cladding integrity.

The committee reviewed and revised shutdown and startup chemistry coverage in Volume 2 to
reflect industry experience gained in this area since issuance of Revision 5. In particular, the
discussion regarding removal of corrosion products during shutdown maneuvers was updated to
reflect recent laboratory testing, reevaluation of fuel scraping deposit analyses, chemical
thermodynamic considerations, and plant experience suggesting that reductive decomposition of
nickel ferrite is not a major factor in shutdown chemistry.

The committee also updated the appendices to Volumes 1 and 2.

EPRI Perspective
This sixth revision of the Pressurized Water Reactor Primary Water Chemistry Guidelines,
endorsed by the utility executives of the EPRI PWR Materials Management Program (PMMP),
represents another step in the continuing use of proactive chemistry programs to limit or control
degradation of steam generator tubes, fuel cladding, and other structural parts. This revision
documents the increased consideration of state-of-the art water chemistry programs , taking into
account recent field and laboratory data on primary coolant system corrosion and performance
issues, which PWR operators can use to update their primary water chemistry programs.

Keywords
PWRs
Water chemistry
Primary Water Stress Corrosion Cracking
Guidelines
Reactor Coolant System
Fuel
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ABSTRACT

Ensuring continued integrity of RCS materials of construction and fuel cladding and maintaining
the industry trend toward reduced radiation fields requires continued optimization of reactor
coolant chemistry. Optimization of coolant chemistry to meet site-specific demands becomes
increasingly important in light of the movement toward extended fuel cycles, higher duty cores,
increasingly stringent dose rate control, decreased refueling outage duration, and reduced
operating costs. This document is the seventh in a series of industry Guidelines on PWR primary
water chemistry. Like each of the others in the series, it provides a template for development of
a plant-specific water chemistry program.

Volume 2 of the PWR Primary Water Chemistry Guidelines covers startup and shutdown
chemistry. In an era of ever shortening refueling outages, a primary goal of shutdown chemistry
becomes minimizing the time from breaker trip to reactor vessel head lift while maintaining
appropriate cautions to ensure safety. Shutdown chemistry evolutions can often become critical
path depending on their relative success at reaching corrosion product transport and activity
transport goals. Plant degassing procedures, forced oxidation results, and pressurizer oxygen
control are but three important issues impacting on those goals. In an analogous way, the startup
chemistry plan should strive to achieve power ascension in a minimum amount of time while still
ensuring safety as well as meeting corrosion product transport goals that might impact core
performance in the new cycle.
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EPRI FOREWORD

Chemistry optimization of pressurized water reactor (PWR) primary systems in recent times has
been complicated by the demands of longer fuel cycles (which generally require higher initial
boron concentrations), increased fuel duty (more subcooled boiling) and material/fuel corrosion
concerns. Current utility concerns focus on minimizing costs without sacrificing materials
integrity or safety. These Guidelines provide a template for a responsive chemistry program for
PWR primary systems and the technical bases/supporting information for the program. This is
the sixth revision of the Guidelines and considers the most recent operating experience and
laboratory data. These Guidelines will be of interest to plant chemists, plant managers, chemical
engineers, and engineering managers within utilities owning PWRs.

This is the third consecutive issue in which a second volume of the PWR Primary Water
Chemistry Guidelines focuses on startup and shutdown chemistry. As noted for the previous
revisions, the decision to cover startup and shutdown chemistry in a separate volume was made
for two main reasons: (1) the increasingly large amount of information regarding shutdown and
startup chemistry contained in the Guidelines warrants a separate volume, and (2) locating the
startup and shutdown information in a separate volume clearly separates it from the NEI
requirements of Volume 1. This Volume 2 contains no specific requirements (with the limited
exceptions identified in Tables 4-2 and 4-3, which are duplicates of Tables 3-6 and 3-7,
respectively, in Volume I of these Guidelines) which must be met by utilities to be in
compliance with the NEI 97-06 and NEI 03-08 Initiatives.

The combined shutdown and startup chemistry coverage in this Volume 2 was updated from that
in Revision 5 of the Guidelines to reflect new information and experience gained since issuance
of that revision. Volume 2 continues to provide: (1) technical discussions regarding plant
experiences with different types of shutdown and startup chemistries; and (2) tables of
demonstrated options, together with their perceived benefits and possible negative impacts, for
refueling and mid-cycle outages. Chapter 2 has been significantly modified to reflect a new
understanding of shutdown chemistry. Specifically, nickel ferrite decomposition is now
understood not to be a significant factor in shutdown chemistry. Likewise, Chapter 2 emphasizes
that there is no inflection point in the transition from basic to acid conditions, i.e., there is
nothing special about transitioning through pH-neutral. Chapters 3 and 4 contain industry
guidance for shutdown and startup, respectively, together with accompanying discussion and
technical support.

Volume 2 was prepared by a committee of experienced industry personnel through an effort
sponsored by EPRI. Participation was obtained from chemistry, materials, steam generator, and
fuels experts. Each EPRI-member utility operating a PWR participated in generation or review
of these Guidelines. Therefore, this document serves as an industry consensus for PWR primary
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water startup and shutdown chemistry control. This document is intended to be a set of
Guidelines which describes an effective, state-of-the-art program from which a utility can
develop an optimized water chemistry plan for their plant. The philosophy embodied in this
document has generic applicability, but can be adapted to the particular conditions of the utility
and the site. The detailed guidance presented in Chapters 3 and 4 of Volume 2 comprise a
program that should serve as a model for the development of site-specific chemistry programs.

Special acknowledgment is given to the following organizations for submitting first-hand

experience through committee participation:

" Ameren UE

" American Electric Power

* AREVA NP Inc.

* Arizona Public Service

* British Energy

* CANDU Owners' Group

" Constellation Energy

* Dominion Resources

* Duke Energy

" Electricit6 de France (EDF)

* Entergy

* Exelon

" First Energy

" Florida Power & Light
• INPO

* KEPCO

* Laborelec (Belgium)

* Nuclear Management Company (NMC)

* Omaha Public Power District

* Pacific Gas & Electric Company

* Progress Energy

* Public Service Electric & Gas

* Ringhals (Sweden)

* South Carolina Electric & Gas

* Southern California Edison

* Southern Nuclear Operating Co.
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* South Texas Project Nuclear Operating Company
" Tennessee Valley Authority (TVA)
* TXU Energy

" Westinghouse Electric

* Wolf Creek Nuclear Operating Corp.

This committee was significantly assisted in its work by C. Marks and J. Gorman and of
Dominion Engineering, Inc., and S. Sawochka of NWT Corporation. In addition, the Committee
would like to acknowledge the support and input of fuel specialists from EPRI-member utilities
and vendors.

Relative to Revision 5 (2003) of these Guidelines, the major changes made to Volume 2 are as
follows:
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ACRONYMS

AOA Axial offset anomaly
BAST Boric acid storage tank
BOC Beginning of cycle
BRS Boron recovery system.
BTRS Boron thermal regeneration system
BWR Boiling water reactor
CVCS Chemical and volume control system. The term makeup system (MU) is used at

some plants for the same system.
DEI Dose equivalent iodine- 131
DF Decontamination factor
DHC Debye-Huckel limiting slope
DRP Discrete radioactive particle
R E-bar, Average disintegration energy
EBA Enriched boric acid
ECP Electrochemical potential
EPRI Electric Power Research Institute
EOC End of cycle
HDCI High duty core index
HUT Holdup tank.
IGSCC Intergranular stress corrosion cracking
INPO Institute of Nuclear Power Operations
LTCP Low temperature crack propagation
LTOP Low temperature overpressure
NEI Nuclear Energy Institute
NMAC Nuclear Maintenance Application Center
NSSS Nuclear steam system supplier
NTU Nephelometric turbidity units
PRT Pressurizer relief tank
PWR Pressurized water reactor
PWSCC Primary water stress corrosion cracking
RCP Reactor coolant pump
RCS Reactor coolant system. For purposes of these Guidelines, the RCS includes the

pressurizer
RCVRS Reactor Coolant Vacuum Refill System
RFO Refueling outage
RHR Residual heat removal system. The terms decay heat (DH) system and shutdown

cooling (SDC) system are used at some plants for the same system.
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RWST Refueling water storage tank. The term borated water storage tank (BWST) is
used at some plants for the same tank.

SCC Stress corrosion cracking
SFP Spent fuel pool system. The term spent fuel cooling (SFC) system is used at some

plants for the same system.
STP Standard temperature and pressure
TOC Total organic carbon
TSS Total suspended solids
UFSAR Updated Final Safety Analysis Report
VCT Volume control tank. The term makeup tank (MUT) is used at some plants for

the same tank.
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1
INTRODUCTION

This volume of the PWR Primary Water Chemistry Guidelines describes the technical basis and
specific recommendations for chemistry control of reactor coolant during shutdowns and
startups. Industry experience continues to indicate that appropriate control of reactor coolant
chemistry during plant shutdowns and startups can help control or reduce localized high
radiation areas, personnel exposures, and refueling water turbidity problems. Although some
field data indicate a reduction in exposure rates following implementation of a controlled
shutdown chemistry program, the primary purpose of such a program is to avoid problems such
as increased radiation fields and extended outage schedules that may result from chemistry-
related release of highly radioactive corrosion products during shutdown. Long-term radiation
field reductions (normally less than 5%) may result from routine implementation of
startup/shutdown chemistry controls, but in general these programs should only be expected to
avoid potential problems given the state of the RCS and core present at EOC, not to achieve
decontamination of ex-core surfaces.
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2
TECHNICAL BASIS FOR RCS CHEMISTRY CONTROL
DURING HEATUP AND COOLDOWN

2.1 Corrosion Product Behavior in the RCS

2.1.1 General Considerations

Metallic materials exposed to water in the RCS owe their corrosion resistance to a protective
layer of chemically stable metal oxide that is formed in the operating environment. Although
corrosion rates are very low for Alloys 600, 690, and 800 and stainless steels, which constitute
the greatest part of the primary system surface area (excluding the core), metal oxidation
products are released from such surfaces and are transported throughout the system.

The process by which corrosion and activation products are transported within the RCS involves
a complex set of chemical and physical mechanisms that continues to be studied.

2.1.2 Fuel Cladding Deposits
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Figure 2-1

Frequency 
distribution 

of the Ni/Fe ratio of PWR fuel deposits 
(6)

2.1.3 Corrosion 
Films

Figure 2-2

Physical Representation 
of RCS Corrosion 

and Corrosion 
Product Deposit Layers
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Technical BasisforRCS Chemistry Control During Heatup And Cooldown

2.1.4 Effects of Shutdown Chemistry Changes on Corrosion Products
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Technical Basis for RCS Chemistry Control During Heatup And Cooldown

2.1.4.1 Reductive Decomposition of Nickel Ferrites and Nickel Oxide
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2.1.4.2 Oxidation Reactions and Deposit Dissolution During Shutdown/Cooldown
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Figure 2-3
Solubilization of Nickel Cobalt Ferrite in a Simulated Shutdown Test1 (1)

The arrows indicate expected equilibrium solubilities for Fe and Ni at 275 and 130'C (527 and 266°F)
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Technical Basis for RCS Chemistry Control During Heatup And Cooldown

Figure 2-4
Iron and Nickel Behavior for a Shutdown with Good Acid Reducing Chemistry (Oxygen
Controlled in Makeup Water, Boric Acid, and RHR Loop)
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Figure 2-5
Iron and Nickel Behavior for a Shutdown with Major Particulate Release (Oxygen not
Controlled in Makeup Water, Boric Acid, and RHR Loop)
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Figure 2-6
The Effect of Delithiation on Solubility of Nickel and Iron at 300'C (MULTEQ: 4.0 Database
5.0) (16)
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Figure 2-7
The Effect of Cooldown on Equilibrium Solubility of Nickel and Iron (MULTEQ: 2200 ppm
B, 0.01 ppm Li, high H2 = 45 cc/kg, low H2 = 15 cc/kg) (MULTEQ 4.0, Database 5.0) (16)

2.1.4.3 Chemistry Changes During Shutdown/Cooldown
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Figure 2-8
pH of RCS During Typical Refueling Shutdown
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Figure 2-9
pH of RCS During Cooldown
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Figure 2-10
pH of RCS During Mid-Cycle Cold Shutdown
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2.1.4.4 Discussion
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2.1.5 Reactor Coolant Pump Seals and Primary Chemistry
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2.2 Methods for Evaluating Shutdown and Startup Chemistry
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2.3 Plant Experience During Shutdowns

2.3.1 Expected Behavior

2.3.2 Selected Plant Experience
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2.4 Effects of Fuel Defects on Shutdown Chemistry
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2.4.1 Shutdown Release of Iodine and Xenon

2.4.1.1 Release and Accumulation during Operation
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2.4.1.2 Release during Shutdown

2.4.2 Iodine Removal
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2.4.2.1 Iodine Speciation
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2.4.2.2 Removal of Iodine by Ion Exchange

Figure 2-11
Removal of Iodate Activity (32)

2-30



2.4.2.3 Adsorption of Iodine Species

2.4.2.4 Volatility
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Figure 2-12
Apparent Distribution Coefficient of Iodine as a Function of pH (34)

2.4.3 Xenon Removal
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2.5 Effects of Zinc on Shutdown 
Chemistry 

(36, 37)

2-33



Technical Basis for RCS Chemistty Control During Heatup And Cooldown

Table 2-1
Shutdown 

58Co Removal Trends 2
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Table 2-2
Nickel Removed by Cycle of Zinc Injection 2
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Figure 2-13
Graphical Trends on Co-58 Removed Post Zinc
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2.6 Chromium-51 Releases During Shutdown

Table 2-3
Corrosion Product Release Summary for

2-37





3
PRINCIPLES OF CHEMISTRY CONTROL DURING
SHUTDOWN

3.1 Shutdown Chemistry Controls

3.1.1 General Principles

As a basis for establishing generic recommendations for a shutdown chemistry control program,
the goal of the program was defined as follows (20):

"Prepare the plant fbr a refueling or mid-cycle outage in as short a time as possible without
negatively impacting on shutdown dose rates or particulate contamination levels and associated
contamination events.

Although outage exposure is a common assessment parameter, it is not specifically identified in
the statement of goals since it is impacted by the scope and nature of outage activities. However,
outage exposures should be minimized if shutdown dose rates and contamination levels are
minimized.

The success of a particular shutdown chemistry control strategy depends not only on the strategy
and operational practices during the shutdown evolution but also on the composition, physical
nature and inventory of deposits on the core. The strategy outlined below in a series of
principles has been successfully applied at numerous plants.
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3.1.2 Shutdown Options Based on Recent Experience
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Table 3-1
Selected Chemistry and Operational Control Options for Refueling Outages and Cold Shutdowns
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Table 3-1 (continued)
Selected Chemistry and Operational Control Options for Refueling Outages and Cold Shutdowns
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3.2 Hydrogen Removal Practices

3.2.1 Introduction
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3.2.2 Mechanical Degassing
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3.2.3 Chemical Degassing
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3.3 Activity Releases
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3.4 RCS Oxygenation Practices

3.4.1 Introduction
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3.4.2 Hydrogen Peroxide Treatment

3.4.2.1 Introduction

3.4.2.2 Hydrogen Peroxide Qualification
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3.4.2.3 Coolant Oxygenation Results

3.4.3 Control of Refueling Water Clarity by Hydrogen Peroxide Treatment
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3.5 PWR Co-58 Dissolution Behavior after Peroxide Addition
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Figure 
3-1

Spent Fuel Pool Colbalt-58 
Concentration
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3.6 Fission Product Control during Shutdowns

3.7 Mid-Cycle 
Shutdown 

Chemistry 
Considerations
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3.8 Chemistry Surveillance
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3.9 Data Evaluation
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Table 3-2
Chemistry Surveillance during Preparation Phase
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Table 3-3
Chemistry Surveillance during Baseline Phase
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Table 3-4
Chemistry Surveillance during Shutdown Phase
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Table 3-5
Recommended Chemistry Surveillance During ShutdownW1 ) (Reactor Subcritical to Flood
Up) RCS Hot Leg or Letdown Sample
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4
PRINCIPLES OF CHEMISTRY CONTROL DURING
STARTUP

4.1 Post Refueling Startup and Mid-Cycle Chemistry Management Issues

Approaches to filling and venting the reactor coolant system, oxygen control, lithium control and
hydrogen control should be assessed as part of the chemistry optimization program. The selected
approaches can affect startup schedules and corrosion product and activity concentration
variations. Site-specific chemistry program goals and outage considerations should drive startup
process decisions.

4.1.1 Reactor Coolant System Fill Methods
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Principles of Chemistry Control During Startup

4.1.2 RCP Operation, Pressurizer Conditions and Oxygen Controls

4.1.3 Lithium Additions and Establishing pH Controls

4.1.4 Establishing Hydrogen Controls

4.1.5 Default Startup Chemistry Control Program
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Table 4-1
Chemistry and Operational Control Options for Startups Following Shutdowns with RCS Open
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Table 4-1
Chemistry and Operational Control Options for Startups Following Shutdowns with RCS Open
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Table 4-1
Chemistry and Operational Control Options for Startups Following Shutdowns with RCS Open

4-6



4.2 Corrosion Product Behavior during Heatup

Figure 4-1
Effect of Temperature and Hydrogen on Equilibrium Solubility of Nickel and Iron
(B=2200 ppm, Li=0o01 ppm) (MULTEQ 4.0; Database 5.0)(16)
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Figure 4-2
Effect of Temperature and Lithium on Equilibrium Solubility of Nickel and Iron (B=2200
ppm, H2=4.5 cc/kg) (MULTEQ 4.0; Database 5.0)(16))

4-8



4.3 Reactor Coolant Oxygen Control Practices

4.3.1 Overview of RCS Oxygen Control Practices
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4.3.2 Coolant System Oxygen Removal Practices

4.3.2.1 Mechanical Methods

4.3.2. 1. 1 Traditional RCS Fill and Vent Process ("Dynamic Venting')
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4.3.2.1.2 Vacuum Refill- Standard Approach

4.3.2.1.3 Vacuum Refill-Improved Method ("Improved Vacuum Refill')

4.3.2.2 Chemical Methods

4.3.2.2.1 Dissolved Oxygen Scavenging with Hydrazine
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4.3.2.2.2 Dissolved Oxygen Removal by Hydrogen Addition
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4.3.3 Pressurizer Oxygen Control
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4.4 VCT Operation and Hydrogen Control

4.5 Lithium Additions and pH Control
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4.6 RCS Fill and Oxygen Control Sequence
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4.7 Dilutions for Silica Control

4.8 Mid-Cycle Startups and Shutdowns

4.9 Control and Diagnostic Parameters, Frequencies, and Limits for
Startup Chemistry

Table 4-2
Reactor Coolant System Cold Shutdown Control Parameters (Reactor <250°F (1210 C))
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Table 4-3
Reactor Coolant System Startup Control Parameters (Reactor Subcritical and >250'F (1210
c))
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Table 4-4
Reactor Coolant System Startup Chemistry Diagnostic Parameters (From Initiation of
Continuous RCP Operation to Reactor Critical)
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A
RADIOLYSIS EFFECTS AT SHUTDOWN

At PWR shutdown there are several important changes to conditions affecting radiolysis of the
coolant compared with those during full power. At shutdown:



Figure A-1
Steady state H20 2 concentrations at end of cycle and start of shutdown
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Figure A-2
H20 2concentration at top of core during shutdown

A-3



Figure A-3
H20 2concentration at hot leg during shutdown
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B
EXAMPLE RCS MID-CYCLE SHUTDOWN CHEMISTRY
DECISION LOGIC

The chemistry options for shutdown in midcycle outages are discussed in Chapters 2 and 3 of
this volume.



Figure B-1
CEOG Mid-Cycle Shutdown Chemistry Decision Logic

(Continues on subsequent pages)
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