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ABSTRACT

Ion chromatography has become the method of choice for

determining sub ppb of inorganic, organic anions and cations.

This technique is now extensively applied to environmental

applications such as air pollution, industrial hygiene,

drinking water quality, and industrial waste treatment. It is

also used in testing of chlorinated water for inorganic

anions including; chloride, chlorate, nitrite, nitrate as

other organic anions using chemicallly suppressed

chromatography.

Ion chromatography plays a central role in assuring Long

term Integrity of Steam Generators and Turbines by maintaing

good control of chemistry. The ability to discriminate and

identify individual corrosive and non-corrosive ions at sub

parts per billion levels with ion chromatography has allowed

plants to reduce operating costs through identifying and

eliminating sources of corrosive instrusion, optimizing and

extending the lifetime of demineralizer resins, measuring

hideout return, and maintaining mass balance.
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INTRODUCTION

Ion chromatography has provided the capability for

monitoring inorganic anions and cations such as chloride,

sulfate, fluoride, sodium, potassium and ammonium in aqueous

matrices. Environmental applications such as air pollution,

industrial hygiene, drinking water quality, and industrial

waste treatment are well documented.

Steam generators in pressurized water reactors nuclear

power plants occasionally experience tubing degradation by a

variety of corrosion related mechanisms which depends on

water chemistry. A number of chemistry monitoring programs

that have been implemented at pressurized water reactors

(PWR), and boiling water reactors (BWR) have significantly

helped to extend useful operating components lifetime and

have measurably increased availability of components in

contact with water. Ion chromatography due to its ability to

individual anion and cation species, to achieve parts per

trillion detection limits, and to operate on-line, has played

a central role in implementing these chemistry monitoring

programs. Applications of Ion Chromotography in Environmental

monitoring has provided essential information allowing the

determination of minor condenser leaks, maintain

scrubber/flue gas desulfurization chemistry in fossil plants,

and monitor EPA Pond leakage; well and waste water. This

paper will deal primarily with the corrosion issue in the

nuclear industry.

CORROSION IN NUCLEAR STEAM GENERATORS AND TURBINES

Economic Factors

The cost of corrosion and deposition is high in all types

of electric utility power plants, pressurized water reactor,

boiler water reactor and fossil fuel type plants. Costs

include reduced operating lifetime or even catastrophic
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failure of plant components, such as steam generators, boiler

tubes, condenser tubes and turbine blades. Other costs

includes plant down time for cleaning and maintenance,

reduced thermal transfer and thus reduced power generation

efficiency, and deminerlizer resin maintenance and disposal.

PWR units probably have experienced the most critical need

for corrosion control, particularly at the steam generator

which interfaces between the primary and secondary systems(1).

The cost to replace a steam generator can reach hunderds of

millions of dollars plus the cost of purchasing replacement

power.

In addition to reducing crud induced localized corrosion

(CILC), BWR plants focus on optimizing demineralizer bed

performance and increasing demineralizer bed lifetime. By

focusing on resin change out based on ionic leakage rather

than on volume throughout, demineralizer bed lifetime have

been increased by 50%. A fifty percent increase in

demineralizer resin lifetime translates to about one million

dollars per year savings in resin purchases and waste

processing in a typical BWR plant (2) .

Corrosion Mechanism

Steam cycle intrusion of corrosive contaminants

particularly sodium, chloride and sulfate, have been

implicated as a major cause of corrosion and deposition

related in nuclear and fossil plants. These contaminants are

introduced into the cycle from three main sources: (1) make-

up water contamination (2) condeser tube leaks and (3)

contamination of condensate return from auxiliary system.

Cations (as caustic) and anions (as acids) concentrate in

certain areas of cycle and induce stress cracking and

corrosion (SCO intergranular attack (IGA), or denting,

particularly in steam generator and boiler tubes, turbines,

condenser tubes, expansion joints and other critical
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components.

Corrosion problems due to introduction of ionic

contaminants have been well documented. Porous deposits from

feed water excursions in boiler tubes have been found to hold

caustics, chlorides and sulfates and lead to hydrogen damage

and caustic gauging'3' . Chloride has been observed to induce

stress corrosion and cracking at turbines. Sulfate salts have

been deposited in the reheat section of boiler. Sodium (as

caustic) has been found in expansion joints located between

the intermediate and low pressure turbines.

As a result of corrosion induced failure occurences the

electric power research institute (USA), has established

consensus guidelines for sodium, chloride and sulfate in

nuclear and fossil Guidelines are 1 ppb for chloride, 3 ppb

for sulfate and 1 ppb for sodium in boiler water of PWR and

BWR plants.

Ion Chromatography as an Integral Part of Chemistry

Monitoring Program

The goal of a chemistry monitoring program is then to

extend plant useful operating lifetime and increase

availability of components in contact with water. This

program is implemented in two-fold manner. First chemicals

are added and monitored in water in order to maintain pH

range that minimizes carbon steel corrosion ( Typically pH

9.2-9.6), or to control oxygen in the systems. Secondly

corrosive contaminants such as sodium, chloride, and sulfate

are monitored in order to maintain the quality of make-up and

feed water, maintain anion to cation ratios in the system,

and to limit the duration of condenser tube leaks.

Ion chromatography plays a unique and central role in

chemistry monitoring program. In addition to being the most

economical analytical technique for measuring chlorides and

sulfates. Ion chromatography provides several capabilities
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that make it an integral tool in a good chemistry monitoring

program.

Identification of Corrosive vs. Non-Corrosive Ions

Cations conductivity meters are typically the first order

of defense against corrosive contaminant intrusion in power

utilities. Cation conductivity measure the conductivity of

total anions in a sample after the anions in the sample have

been converted to their acid form. If cation conductivity

goes above a specific guideline action level (such as 0.3

/anno for fossil plant feedwater) then an action such as

reducing plant power is taken. Since cation conductivity

meter respond to non-corrosive ions as well as corrosive

ions, reducing plant power based solely on a cation

conductivity parameter may be unnecessary.

Ion chromatography readily distinguishes between corrosive

and non-corrosive ions. In a typical analysis for chloride

and sulfate, Ion Chromatography simultaneously identifies and

qualifies a range of other inorganic and organic ions, such

as fluoride, phosphate, acetate, formate, oxalate and

chromate. This provides the ability to distinguish cation

conductivity excursion due to corrosive ions (e.g. sulfate

and chloride) versus excursion that may be due to non-

corrosive ions (e.g. acetate, glycolate, carbonate or

chromate).

Figure 1 illustrates the ability of ion chromatography to

distinguish between a cation conductivity excursion due to

air in-leakage versus sulfate or chloride intrusion(4) . It was

observed that one of the units at this plant experienced

increases in cation conductivity above 0.3 ^mhos as the unit

swung from full load to minimum load during night. During

this period, the chloride and sulfate levels measured by ion

chromatography decreased slightly. At the same time by

trending ion chromatography peak area, carbonate was observed
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Figure I: Identification of Air In-Leakage vs. Chloride, Sulfate Intrusion
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Janick, M, Baltimore Gas and Electric Company, "Portable On-Line Ion Chromatography as a
Troubleshooting Technique for Operating Cycle Chemistry at Fossil Power Plants. " Presented at
the Fourth Ion Chromatography Symposium for the Power Industry, May 1993.
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to increase at the same rate as the cation conductivity

excursion. The increase in cation conductivity could

reasonably be attributed to air in-leakage to the condenser.

Organic acids, such as formate, acetate, glycolate and

oxalate are very commonly present in water/steam cycles.

These organic acids, formed by the oxidation of orgainc

materials present in the water, contribute to cation

conductivity. Ion chromatography easily resolves organic

acids from inorgaic anions (figure 2), allowing the

contributation to cation conductivity from organic acids to

be measured.

Identifying Sources of Corrosive Contaminants

The ability to identify individual anions that causes an

inrusion condition frequently allows us to identify the

source of contamination. A table summarizing experiences at

several plants that have identified sources of contamination

using Ion Chromatography is shown in figure 3.

Optimizing and Extending the Lifetime of Demineralizer Resin

Another unique capability of Ion chromatography is its

ability to achieve parts per trilion (ng/L) detection limits.

These detection limits are useful for monitoring and

optimizing the performance of demineralizer beds. The

benefits of monitoring and optimizing deminerlizer bed

performance with ion chromatography is to extend their

lifetimes and to help maintain anion to cation balances in

the cycle water.

In one case, Ion Chromatography was used to determine the

effectiveness of a new regeneration procedure for polisher

beds(5) . Ion Chromatography was able to verify the

effectiveness of the new procedure down to 12 parts per

trilion level of sodium, 10 parts-per trilion sulfate while

the anion resin was in the ammonium form. Information
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Figure 2: Discrimination of Organic Acids from Inorganic Anions
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Figure 3: Identifying Sources of Contnminatioii using Ion Chromatgraphy

Analytc(s) Identified

Sulfatc ,Nitrate

Acetate, Formate .Phosphate

Sulfate

Fluoride

Acetate, Formate

Nitrate

Chloride

Experience

Observed one-to-one ratio of
sulfatc to nitrate at elevated levels

Observed elevated phosphate
.organic acid levels

Boiler water cation
conductivity,sulfate levels
increased but sodium level low

Boiler water cation conductivity
,fluoride level high

Organic acid earn over into
secondary cycle observed

Reactor water conductivity began
increasing at the same time nitrate
level increased

An upset for chloride from 1 ppb to
10 ppb over a several hour period
was observed

Outcome

Source tracked to resin injection
from the condensate and reactor
water clean up dcmineralizcr(7>

Fuel Failure attributed to
clcctrohvdrnulic control fluid
intrusion*8*

Unit taken offline ,condenser
flooded .22 leaking condenser tubes
found(9)

Contamination identified as
fluoride from welding slag after
replacing expansion joints(10)

Source from preservative coating
on a turbine replacement(ll>

Nitrate intrusion traced to urea
from bird that entered waste
system(12)

The upset was due to chloride
contamination in a stand-by
feedwater that was briefly placed in
operation
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provided by Ion chromatography allowed maintenance of a

neutral balance of anion-cation in the crevice region (found

to be 3-5 times greater for anion than cation when operating

at a 100% power). Figure 4 shows a typical Calibration blank

at the 5 parts per trilion levels for chloride and sulfate

and at the 8 parts per trilion level for sodium(6) . The

stability of trending data for sulfate at the 5 parts per

trilion level in demineralizer deep bed stream is also shown

un figure 4.

Studying Hideout Returns and Mass Balance

A third important feature of ion chromatography is its

ability to monitor water on-line. On-line operation provides

an important tool to study hideout return and mass balances,

to control deminerlizer bed maintenance and change-out, and

to identify and rapidly respond to excursions, such as

condenser tube leaks.

Hide-out return provides one of the most useful indicators

for wheather a chemistry program has been successful. On-line

Ion Chromatography makes practial the ability to inventory a

wide range of ionic species that may return over a short

period time during power down. Tracking multiple species

allows the ability to determine anion-to-cation balances and

to identify corrosive situations.

Future Trends in Ion Chromatography

The technology of Ion Chromatography is continuing to

evolve to meet the demanding requirements of the

Environmental regulations and the nuclear power industry.

Recent advances in the area of improved system performance

and methodology now allow sub parts-per billion detection

limits by direct injection in power plants matrices.

AutoNeutralization technology has been incorporated into
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Figure 4: Measurement of Anions and Cations at Parts-per-Trillion Levels
by Ion Chromatography
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Davis, S., Entergy Operations Grand Gulf Nuclear Station, "Analyses of Anions and Cations at Low
Parts-Per-Trillion Levels in a BWR High Purity Water, " Presented at the First Ion Chromatography
Symposium for the Power Industry, Atlanta, GA, April 1990.
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an automated module allowing automated on line elimination of

matrix interfaces in amine-containing waters, borated waters,

concentrated ammonium hydroxide, and concentrated organic

amines. Microbore technology has also been incorporated into

on-line Ion Chromatography significantly simplifying and

improving the performance and reducing the operating cost of

on-line Chromatography.
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