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Abstract:

Air in-leakage into the steam space of a condenser can become stored in pockets of high partial
pressures that negatively impact condenser performance and become a source of dissolved gases in the
feedwater. These pockets can be configuration caused and generally cannot be eliminated by reducing air
ingress or increasing venting capacity. Fortunately, engineering designs are available to eliminate or
significantly reduce the size of these pockets. Dissolved gases in condensate also result from air ingress
below the water level in the hotwell on through to the suction side of the condensate pump. This paper
reviews mechanisms responsible for the dissolubility of these gases and the unique and complex
relationship between carbon dioxide gas and water under the sub-atmospheric pressure conditions of the
condenser environment. The results of an engineered design retrofit of a poorly operating condenser are
discussed showing the elimination of excess condenser pressure and recognized dissolved gases in
condensate. Measured data from air introduced into the condenser at NIPSCO Michigan City Generation
Station (MCGS) will be shown in a way to highlight the difference in how oxygen and carbon dioxide gas
become incorporated into the condensate. Lastly, the impact of dissolved carbon dioxide on the
performance of a Powdex™ polisher is assessed based on measured data.
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Introduction

Air storage and underwater air in-leakage can cause elevated concentrations of dissolved gases in
condensate. The most important of these gases is dissolved oxygen (DO) due to its role in either
preventing corrosion in the oxygenated treatment or causing corrosion in other treatments, such as the all
volatile treatment. Carbon dioxide is also an important dissolved gas that deserves attention from power
plant chemists. The chemical products from dissolved carbon dioxide (DCO.), bicarbonate and carbonate,
may contribute to corrosion in a power plant feedwater cycle [1], reduce the resin bed lifetime of polishers
and can mask the detection of other more important contaminants, such as chlorides and sulfates, by
elevating condensate cation conductivity [2].

Intek recently modified a condenser during a retubing outage, eliminating design deficiencies that
caused air storage in regions of the tube bundle identified as air binding (AB) [3]. The major benefit of
this modification was a backpressure reduction of 0.7”"Hg [4], but there were also condensate chemistry
improvements from the unprecedented reduction in dissolved gases. The dissolved oxygen was reduced
from 30 ppb to < 4 ppb and the baseline cation conductivity was reduced from 0.16 to < 0.12 uS-cm™ by
reducing DCO; and its byproducts. Post-retrofit, the resin in the Powdex™ polishers lasted 300% longer
compared to preretrofit operation, with ~90 days being a typical run length post-retrofit due to reduced
circulating water ingress and a vastly improved air removal design. The analysis and experimentation
performed to better understand how carbon dioxide and oxygen become dissolved into condensate from air
in-leaks and how the dissolved products of DCO> impact condensate polisher performance in this AB free
condenser is reported here.

This paper discusses the connection between condenser configuration on dissolved gases from
steam side air storage and underwater air in-leakages on cycle chemistry. The dissolution of oxygen and
carbon dioxide in water is examined. Each leakage source is described and its impact on condensate
chemistry explained from the physical and chemical relationships between oxygen, carbon dioxide, and
water. Leaks were introduced into an operating unit to measure their chemistry impact. Results show that
the effects on condensate chemistry from each leak source are sufficiently different, allowing chemists to
determine the likely location of the leak by analyzing the relative levels of three commonly measured
chemistry parameters: dissolved oxygen, cation conductivity, and degassed cation conductivity. Finally,
the impact of DCO- products on polisher performance is discussed.

Chemistry of Dissolved Gases in Condensate

Oxygen and carbon dioxide dissolve into water according to Henry's Law. However, once
dissolved, carbon dioxide chemically reacts with the water forming bicarbonate and carbonate ions,
whereupon more carbon dioxide is dissolved until all the reactions are in equilibrium. At typical
condensate pH, the equilibrium value of the total inorganic carbon (TIC), the sum of the DCO, and its
chemical products, is orders of magnitude higher than DO. This ratio is counter intuitive because the
relative concentration of carbon dioxide to oxygen in air is ~1:550. To provide a framework for the
discussion, we will review the chemical principles governing the dissolution and chemical reactions.

Dissolution of Oxygen and Carbon Dioxide in Water

Henry’s Law states that the amount of dissolved gas in a liquid is proportional to the partial
pressure of that gas in equilibrium with the liquid at a given temperature; as shown in equation 1:



K, = A (Eq. 1)

Where kn, is the Henry’s law constant for the gas-liquid system at the system temperature in units of
mol-Lt-atm™, ¢ is the concentration of dissolved gas in the liquid in units of mol-L™, and p is the partial
pressure of the gas in atmospheric units. The amount of gas dissolved in the liquid is highly dependent
on the temperature of the liquid, which is reflected in the equation for the Henry’s law constant:

(CGZ‘;E%KD (Eq. 2)

The constants that determine the temperature dependence for CO2 and O are given in Table 1.

I(H - kH,298K

Table 1: Temperature dependent Henry's Law constants for oxygen and carbon dioxide dissolving into water.

Gas K208 [mol-L™t-atm™] C K]
Oxygen 1.3x1073 1700
Carbon Dioxide 3.4x107? 2400

The levels of dissolved oxygen and carbon dioxide can be calculated for any partial pressure of air
and water temperature by combining equations 1 and 2, and then solving for concentration (c). For a
partial pressure of 0.1"HgA air and a condensate temperature of 97°F, the levels of dissolved oxygen and
carbon dioxide are 0.76 uM (24 ppb) and 33 nM (1.5 ppb). The TIC from this partial pressure of air
depends on the pH of the water.

Carbon Dioxide Chemical Reactions

Carbon dioxide, unlike oxygen, chemically reacts with water. There are several reactions that take
place as gaseous carbon dioxide dissolves in water and dissociates. The concentration of dissolved carbon
dioxide is governed by Henry’s Law as previously explained. Once dissolved, the carbon dioxide is
hydrated and dissociates according to the relationship:

CO, (dissolved ) + H,0 «» H,CO, <> H,0" + HCO, pK1(25°C)=6.37 (Eq.3)

This reaction is kinetically slow, due to the rearrangement of the bonds between the carbon and oxygen
atoms required to accommodate the addition of the water molecule to form carbonic acid before
dissociating into bicarbonate and a hydronium ion. Bicarbonate further dissociates to form carbonate by
the following reaction:

HCO; <> H,0" +CO% pK2(25°C)=10.25 (Eq. 4)

The reaction equations along with the acid dissociation constants can be used to calculate the amount of
dissolved CO- that is converted into bicarbonate and carbonate. From reaction 3 and 4 we get the
following equations:



[H'][HCO, 1 _ [H'][HCO, ]
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+
2 - 2CO 32_ 2 (Eq. 5,6)
and K, = M =4.68x10"
[HCO, ]
Rearranging to solve for bicarbonate and carbonate, we obtain:
tHeo, 1= KllCO+[H,COl]  K,[CO, .
3 + + )
[H"] [H"]
K,[HCO," (Ea. 7.8)
and [CO,* = M
[H]

The total inorganic carbon (TIC) is the sum of the dissolved CO2, HCOs’, and COs? and as noted is
dependent on the partial pressure of air, temperature of the water, and pH of the water according to the
equation 9:
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TIC=p,,-385x107°-3.4x1072.¢" ' 2 (1+ L4 =2 ;J (Eq.9)
[H'] [H7]

The three forms of aqueous carbon dioxide: dissolved CO., bicarbonate (HCOs3), and carbonate

(COg) along with their sum, and dissolved O level are plotted versus pH at an air partial pressure (pa) of

0.1"Hg in Figure 1. This plot illustrates the effect that pH will have on the amount of CO2 products in

condensate and how they can exceed the fixed concentration of DO. At a typical condensate pH, between

8.5 and 9.5, the equilibrium value of the TIC is greater than the dissolved oxygen concentration and > 90%

of the TIC is in the form of bicarbonate. At the middle of this range, near pH 9, the equilibrium TIC is

two orders of magnitude higher than the DO concentration: 16 uM (0.98 ppm) TIC compared to 0.76 uM

(24 ppb) DO. At these pH values, treating the total inorganic carbon (TIC) as only dissolved carbon

dioxide from Henry’s Law alone will grossly underestimate the concentration.
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Figure 1: The concentrations of dissolved oxygen, dissolved carbon dioxide and its products bicarbonate, and
carbonate, for 0.1""HgA of air in equilibrium with water at varied pH. Due to the chemical reactions between DCO:2
and water, the concentration of the total inorganic carbon is orders of magnitude higher than dissolved oxygen at high
pH despite the low concentration of CO2 in air.

Bicarbonate ions have a specific conductance of 44.5 uS-cm [5]. Since most of the TIC exists as
HCOg3" at the above mentioned typical condensate pH, almost all of the carbon dioxide that is dissolved
into and reacts with the condensate contributes to its cation conductivity. The TIC in the condensate can
be determined by comparing the cation conductivity of a water sample with the bicarbonate present to a
second cation conductivity with the inorganic carbon removed from the sample. This second conductivity
measurement is called a degassed cation conductivity measurement and is accomplished by purging the
condensate sample with pure nitrogen gas or boiling the same water to remove the inorganic carbon by
evaporation. The method used in this study was a degassed cation conductivity instrument that utilizes
nitrogen sparging to remove the carbon dioxide and is shown in Figure 2. The relationship between TIC
concentration and conductivity difference is plotted in Figure 3.



Figure 2: A degassed cation instrument at Michigan City Generating Station. The condensate passes through a cation
column on the left and then the carbon dioxide is removed by nitrogen sparging in the open column on the right.
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Figure 3: The relationship between conductivity and total inorganic carbon dissolved into pure water. The majority
of the conductivity is a result of the pH change of the water as DCO: reacts with the water to produce bicarbonate.



These calculations assume that the dissolved gases in water are in equilibrium with a partial
pressure of air and the source concentration of gaseous carbon dioxide and oxygen is much larger than the
concentrations that are dissolved. These assumptions may not be valid for all sources of air in-leakage and
air storage, as will be shown by the data presented herein.

Sources of Dissolved Gases

Dissolved gases in condenser condensate can result from many sources, such as air storage in the
tube bundle and underwater air in-leakage. However, other sources, such as makeup water, cooling water
ingress, decomposition of organic material, and purposefully injected gases are other important sources
that need to be controlled during testing. Two sources of gas used in this study are explored in detail
below; other sources are briefly described.

Air Storage

Air storage regions are areas within the condenser tube bundle that contain a high partial pressure
of air as described by [6]. It can be caused by poor operation of the unit; for instance, if the air in-leakage
is too high or the pump capacity is too low. It can also be caused by condenser designs that do not
properly manage the flow of steam and non condensable gases. Regardless of how they are formed, air
storage in the steam space of a condenser causes excess backpressure and dissolved gases in the
condensate [4,7]. An illustration of air storage due to excessive air in-leakage or pump capacity is shown
in Figure 4.
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Figure 4: A typical small condenser showing the air removal section and an air in-leak (AIL). The zone labeled S is an
air storage region due to AIL exceeding the capacity of the vacuum pump.

Dissolved gases due to air storage occur because there is a partial pressure of air in contact with the
condensate falling through the region. If the partial pressure of air is just 0.1"HgA, condensate at 97 °F
and a pH of 9 passing through the region would contain, under equilibrium conditions, 24 ppb of DO and
0.97 ppm of TIC. These dissolved gases can enter the hotwell but will have a dependence on regeneration
and transit time. Once below the surface of the hotwell, the dissolved gases can remain in solution
because of the head pressure of the condensate.

These equilibrium concentrations are not the final concentrations that would be measured at the
condensate pump discharge. The dissolved gases from the air storage regions are diluted by pure
condensate falling outside the air storage regions, lowering the measured concentrations of the mixture at
the condensate pump discharge, as described by [3].

The residence time of the condensate in an air storage region and the time between when the
condensate leaves the air storage region and enters the hotwell can take several seconds. The kinetics of
gas dissolution, carbonic acid formation, carbonic acid dissociation, and gas effervescence have been



quantified in laboratories [8]. There are many unknowns, however, when applying this understanding to a
working condenser, but recognition of these kinetics can lead to insightful and exciting conclusions. It is
recognized by the authors as being an area worthy of further study.

Underwater Air In-leakage

Air in-leakage below the water line can occur at any point below the top of the hotwell condensate
level during operating conditions. At these locations, air in-leakage has a much different impact on
condensate chemistry than air in-leakage at higher locations where it can become stored in the tube
bundle.

An air in-leak below the water line will form bubbles of gas in the condensate at the location of the
leak. These bubbles may become partially dissolved as they rise to the surface or travel with the water
flow as it moves through the hotwell and eventually becoming compressed by pumps in the condensate
path and eventually completely dissolved. For these leaks, calculating the amount of dissolved gases from
an underwater air in-leak becomes a simple mass flow problem.

For example, a plant with a condensate flow of 5200 GPM has an underwater AIL of 2 SCFH. The
concentration of dissolved oxygen and carbon dioxide can be calculated by the mass flows.

For oxygen:

32l ) -2SCFH -20.9%0, -14.7psi

B _ <1
Mass Flow of Oxygen = =5.8x10 %nin (Eg. 10)

3nei .
10.732 m 60MiN, (70 -+ 459.6) R
_ . Ib - Ib
Mass Flow of Condensate =5200 GPM -8.3454 gallon = 43,000 %nin (Eq. 11)
-4
MassIFIowfof O);ygen _ 5.8x10 —13 ppb DO
Mass Flow of Condensate 43,000 (Eq. 12)

For Carbon dioxide:

aaloy  |-2SCFH -385 ppmv CO, -14.7psi
_ fpsi
Ib —mol-°R

-6
Mass Flow of CO, _15x107 0.035 ppb TIC (Eq. 14)

Mass Flow of Condensate 43,000

Two differences are worth noting between the impact of an underwater AIL and air storage on
dissolved gases. First, very little carbon dioxide is available to become dissolved from an underwater AIL
compared to the amount of O available in air. Since it is a closed system, the ratio of TIC to oxygen is
fixed at the atmospheric ratio of 1:550; therefore, to reach 1 ppb of dissolved carbon dioxide, there would
be ~ 550 ppb of DO. This is a marked difference from the equilibrium ratios for dissolved gases coming
from air storage; the TIC to DO ratio from air storage was 42 at a pH of 9. Second, the magnitude of air
in-leak to cause a similar total amount of dissolved gas is orders of magnitude lower for an underwater air
in-leak compared to air storage. The entire leak from an underwater air in-leak is eventually dissolved into
the feedwater, whereas a majority of the air in-leakage into the steam space is pumped out by the air
removal equipment. Steam space air in-leaks that cause dissolved gases are on the order of 10's of

Mass Flow of CO, =

_ slp
=1.5%10 %nin (Eg. 13)

10.732 .60, (70 +459.6) R




SCFMs, which is much larger than the few SCFH needed below the waterline to cause large amounts of
dissolved gases. The marked differences between air storage and underwater air in-leaks enable the likely
source of the dissolved gases to be deduced from the relative levels of commonly measured chemistry
parameters.

Others

Other sources of condensate dissolved gases that are outside the scope of this investigation include:
cooling water ingress, purposefully injected gases, and the decomposition of organic material. Cooling
water has large concentrations of minerals and dissolved gases. The levels of dissolved carbon dioxide
and dissolved oxygen in cooling water are 10-100's of ppm. Therefore a leak of 1 GPM into the steam
space of a 5200 GPM condenser will contaminate the condensate with at least several ppb of dissolved
gases. Cooling water leaks are typically detected by measuring the levels of sodium present in the
condensate, which should be in the single ppb for a typical tube [9]. The presence of sodium and high
degassed cation conductivities differentiates the source of dissolved gases as a cooling water leak instead
of air in-leaks.

Oxygen is added to condensate if the plant is using the oxygenated treatment to prevent cycle
corrosion. The oxygen is added to the feedwater after the deaerator when it is employed. As the
feedwater is converted into steam, the oxygen is no longer dissolved and exits the turbine as a gas with the
steam. For typical DO levels of 150 ppb for a 5200 GPM unit, the oxygen flow into the condenser is
insignificant when compared with condenser air in-leakage and the capacity of the vacuum equipment.

Lastly, organic compounds, such as resin blown off from a condensate polisher or glycol from an
air preheater leak, can end up in the feedwater and get into the boiler [10]. The heat from the boiler
decomposes these organic compounds, producing carbon dioxide. This carbon dioxide may dissolve into
the feedwater at that point, but eventually comes out of solution as the water turns into steam. The carbon
dioxide would enter the condenser as a gas, just like the injected oxygen, and get pumped out by the
vacuum equipment. Organic carbon levels can be measured by a total organic carbon meter, which uses
ultraviolet light to break down the organic compounds and measures the cation conductivity before and
after they are decomposed to calculate a conductivity difference, which is used to calculate their
concentration.

Special Air In-Leakage Testing

Tests were conducted on the MCGS condenser under load to collect data on condensate dissolved
gases from steam side air storage and underwater AIL. The unit is a fossil fired, 500 MW unit and has a
closed cooling system. The condenser is a single pass, single shell, and single pressure design with
divided waterboxes. The experimental tests began with sufficient AIL into the steam space to create air
storage and ended with introduction of underwater AIL to measure a difference in oxygen and carbon
dioxide dissolve into the condensate at these two locations.

Air In-leakage into the Steam Space

The AIL at the unit was high when the experiment was started (80-90 SCFM). Measurements
from the RheoVac® vent line monitor indicated that this level of AIL was sufficient to cause air storage
inside the condenser even before the AIL was increased. Additional AIL was added using a variable area
meter connected to a penetration with a valve into the condenser near the bottom of the shell, but above
the waterline (left hand side of Figure 5).
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Figure 5: The locations of the leaks into the steam space of the Michigan City Generation Station condenser on the left
and under the hotwell level on the right.

The data from this portion of the test is shown in Figure 6. Beginning at 09:55, the inserted AIL
was increased in roughly 5 SCFM steps until the total AIL was increased by 40% to 120 SCFM at 11:05.
The total AIL was kept high for the next hour to give the system time to come into steady state. The
inserted AIL was shut off at 12:05 and the total AIL quickly fell to the initial baseline level of 77 SCFM.

The responses of the condensate dissolved gases during this steam space AIL insertion test reflect
the changing size of the air storage region in the condenser due to the added air. As the AIL increases, the
air storage region inside the condenser grows, causing the backpressure of the condenser to increase and
the water-to-air mass ratio in the ventline to drop. The dissolved oxygen and cation conductivity increase
because more condensate falls through the larger air storage region, picking up DO and bicarbonates. The
degassed cation conductivity remains constant during the test (the spike in the middle of the test is from
changing the degassed cation conductivity sample point), indicating that it is bicarbonate, not other anions,
causing the increase in cation conductivity.

Comparing the dissolved gas levels just before and immediately after the added AIL is shut off
provides quantification of the increase in dissolved gases due to the increase in air storage. Just before the
added AIL is shut off, the mean DO is ~ 24 ppb and cation conductivity is 0.12 pS-cm™. After the added
AIL is shut off, the DO drops to 17 ppb and the cation conductivity drops to 0.10 pS-cm™. The added AIL
increased the amount of air storage such that the dissolved gases increased by 7 ppb for DO and 6 ppb for
TIC (the latter calculated from the difference between cation and degassed cation conductivity using the
graph in Figure 3). These are meaningful levels of dissolved gases, but the TIC to DO ratio is much lower
than predicted from the equilibrium concentrations calculated from the plot in Figure 1; the equilibrium
ratio of TIC to DO should be close to 40 at the condensate pH of 9, however the actual ratio is closer to
unity. The lower than expected level of TIC could be due to the kinetics of the chemical reactions of the
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DCO2 with the condensate inside the condenser limiting the total amount that reacts with the condensate
and enters the hotwell. Despite the difference between the actual versus equilibrium values, the amount
that is dissolved is much greater than would result from an underwater leak. We will show later that the
impact on condensate chemistry from an underwater AIL leak is very different from air storage.
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Figure 6: Plot of condensate chemistry measurements and condenser conditions during increased air in-leakage
intended to create air storage. The air storage increases the dissolved oxygen and bicarbonate concentration in the
condensate.

The other sources of dissolved gases were monitored during this experiment to ensure they did not
impact measurements of this test. The total organic carbon levels were measured using an online Thorton
total organic carbon analyzer and found to be at or below 5 ppb during the entire experiment, indicating
that organic compounds in the condensate were not contributing to the difference between the cation
conductivity and degassed cation conductivity measurements. The sodium levels were steady and less
than 0.5 ppb during the entire experiment, indicating that any cooling water leaks were below 0.08 GPM
based on the typical sodium levels in the cooling water at this plant. At this level of cooling water leak,
the maximum dissolved carbon dioxide coming from the cooling water is less than 3 ppb and steady for
the experimentation period.

Underwater Air In-leakage

After the steam space AIL test, AIL was introduced below the waterline into one of two
condensate offtakes. There was no opportunity for this inserted air to bubble freely to the surface of the
hotwell condensate and be lost to the venting system. The AIL was piped through a small variable area
meter with a maximum range of 12 SCFH and controlled with a valve (right hand side of Figure 5) on a
penetration into the bottom of the condensate offtake. The AIL was varied while monitoring the dissolved
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oxygen, cation conductivity, and degassed cation conductivity levels. The data from this experiment is
plotted in Figure 7.
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Figure 7: Plot of condensate chemistry measurements and condenser data during increased levels of underwater air
in-leakage (UAIL). The UAIL causes high levels of dissolved oxygen, but no measureable change in the bicarbonate
levels.

The underwater AIL (UAIL) experiment started at 14:10 with the introduction of 2 SCFH of air
into the condensate offtake. The UAIL was set to the levels indicated on the graph, but the higher levels
were difficult to control, leading to significant noise in the dissolved oxygen reading. For a2 SCFH and 5
SCFH UAIL, the DO level should increase by 13 ppb and 33 ppb respectively. These measurements agree
closely with the expected values, showing measured values of 12 and 29 ppb DO over the baseline of 17
ppb at UAIL levels of 2 and 5 SCFH.

The difference between the degassed cation conductivity and cation conductivity is relatively
constant during the entire UAIL experiment. The small short change in cation conductivity at 15:00 does
not correlate to any change in UAIL. The constant difference between cation conductivity and degassed
cation conductivity indicates that no measureable amount of bicarbonate was incorporated into the
condensate, which agrees with the simple mass flow model of UAIL. Large increases in DO with little
change in cation conductivity are a sign of UAIL. 12 SCFH of UAIL caused a DO increase of more than
70 ppb with no change in cation conductivity. The steam space AIL increase of 35 SCFM, a factor of 175
higher, only caused an increase in DO of 7 ppb, a factor of 10 lower. Large levels of condensate DO are
easily caused by very small UAIL.
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Effects of Elevated Dissolved CO2 on Condensate Polishers

The unit employs a full-flow Powdex™ resin condensate polishing system. This type of polisher
has both anion and cation resin mixed together. The impact of the changing levels of bicarbonate in the
condensate on the polisher can be seen from the plot of cation conductivity pre and post polisher during
the days prior to the experiment (Figure 8). The dark blue line is the cation conductivity at the condensate
pump discharge, which is between the condenser and polisher. The light blue line is the cation
conductivity of a sample taken from the effluent of the polisher. The cation conductivity level at CPD
varies over this time period as the air storage in the condenser varies with changes in load. The AIL is
relatively constant over this time period (~ 80 SCFM), but the pressure in the condenser varies because of
changes in load. As the pressure decreases, the capacity of the vacuum equipment to remove the AIL is
reduced. Air storage increases at these lower pressures because the increased extent of the air storage size.
The increase in air storage causes dissolved oxygen and bicarbonate concentrations in the condensate to
increase as predicted by our condenser model. The cation conductivity post polisher follows the same
shape as the CPD cation conductivity. However, there is a one hour lag, as shown in Figure 8, between a
change in the CPD cation conductivity and post polisher cation conductivity. This lag is caused by the
time it takes for the resin in the polisher to reach equilibrium with the levels of bicarbonate in the
condensate. When the CPD cation conductivity is higher than the polisher cation conductivity, the
polisher resin removes bicarbonate from the condensate. When the CPD cation conductivity is lower than
the polisher cation conductivity, the polisher releases bicarbonate into the condensate.
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Figure 8: Cation conductivity measured pre (CPD) and post polisher plotted along with air in-leakage, W/A mass
ratio, unit load, and dissolved oxygen. The lag between the pre and post polisher cation conductivity levels indicates
that the polisher resin absorbs and releases bicarbonate from the condensate.
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The bicarbonate from the dissolved carbon dioxide is polished out by the anion resin by switching
with a hydroxyl group from the resin. For many types of resin, when a site is occupied by a bicarbonate
ion instead of a hydroxyl ion, the selectivity for other ions is decreased [11]. This result supports the
recommendations of resin manufacturers and EPRI that AIL reduces the effectiveness of polisher resins,
but with a more precise explanation of the causes of the reduced effectiveness [2,12]. With higher levels
of bicarbonate in the condensate from condenser air storage, more of the resin sites are occupied by
bicarbonate instead of hydroxyl groups. Since bicarbonate is less selective than hydroxyl groups, more of
the harmful anions breakthrough the polisher and cause corrosion downstream. High levels of air storage
in the condenser can exacerbate the cycle corrosion from a tube leak by weakening the performance of
polisher resin with high levels of bicarbonate. The modification of the condenser by Intek eliminated
configuration cause air storage, drastically lowering the condensate bicarbonate levels for all loads in all
seasons, thereby increasing the polisher performance and service life by a factor of three times. The
increased resin performance combined with the reduction in tube leaks from retubing the condenser caused
the increase in time between precoats of the polisher, reducing the plant’s resin usage and costs.

Conclusions

The magnitude and types of dissolved gases caused by air ingress in a well designed or properly
retrofitted condenser will depend on where the air ingress source is located. Air in-leakage into the steam
space that becomes stored in a pocket of high partial pressure provides dissolved carbon dioxide, in the
form of bicarbonate, and dissolved oxygen in the condensate. Underwater air in-leakage that is quickly
swept out by the condensate pump does not cause measureable levels of bicarbonate in the condensate, but
will cause large levels of dissolved oxygen, even with leaks hundreds of times smaller than leaks into the
steam space. Trending several chemistry measurements, for well designed and clean condensers, will
facilitate determining the likely source of dissolved gases by comparing their relative concentrations:

[1] If the dissolved oxygen is high, but cation conductivity, degassed cation conductivity, and
sodium levels are low, the likely source of the DO is an underwater AlL.

[2] If DO and cation conductivity are moderately high, but the degassed cation conductivity and
sodium concentration are low, then the likely source of the DO and bicarbonate is steam side
air storage. The air storage not only causes dissolved gases, but also creates excess back
pressure in the condenser and should be investigated further to improve unit performance. A
well designed or properly retrofitted condenser will be more immune to air ingress than
typical or vintage condensers.

[3] If the cation conductivity, degassed cation conductivity, and sodium concentrations are all high,
the likely source of contamination is a cooling water leak.

The bicarbonate from dissolved carbon dioxide reduces the polishing performance of anion resin.
When the bicarbonate levels are high during a tube leak, more of the corrosive contamination breaks
through the polisher and ends up in the feedwater heaters and boiler. Minimizing air storage by keeping
AIL low, maintaining vacuum equipment, and optimizing condenser designs is important to get the
maximum performance out of condensate polishers and maximum thermal efficiency of the unit.
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