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Minimization of Use and Discharge c¢f Ethanolamine at Millstone

1.0) INTRODUCTION

On December 14, 16092, the Connecticut Department of Environmental Protection
(DEP) reissued NPDES permit CTO003263 to the Northeast Nuclear Energy Company
(NNECO), (Reference 7.1). This NPDES permi included an ailowance for the use
and discharge of ethanolamine (ETA) at Millstone Units 2 and 3. ETA is an amine
iiitended for use as an alternative to ammonia for secondary system water pH control
in Pressurized Water Reactors (PWRs), (see Section 3).

Several stipulations included in the new p: v . ‘equire new commitments from
NNECO (Reference 7.2) Two of these com.»" ments, pertaining to Millstone Unit 2
secondary system chemistry control, are as follows

. Submit a scope of study to investigate the minimization of use and
discharge of ETA at Unit 2, on or before June 30, 1883

. Submit an engineering repcrt on the minimization of use and disct.arge
of ETA according to the above scope, of study on or before June 30,
1801,

The scope of study, was submitted June 28, 1893, (006580) (Reference 7.3, This
scope of study was subsequently expanded by NNECO to include paraliel testing of
ETA at Milistone 3

Due 1o the fact that the ETA testing it not yet complete at the Millstone site, this
document is considered to be a status - .port intended to meet the intent of the second
commitment. A fina' report will be prepared for submiital to the DEP when the ETA
testing has been compleied. Completion of this testing at Milistone is presently
expected by the end of 1885 Due to the timing of refueling outages at Millstone, *his
repcrt contains no details on the minimization of ETA for steamn generator (SG) wet

lay ip.

20) SCOPE OF STUDY

The scope of study described in Reference 7.3 outlined a plan for in-plant testing of
ETA for secondary system pH control at Millstone 2. A summary of th'~ plan is as
foilows:

21 ETA will be added until a concentration of 2.0 ppm is achieved in the
final feedwater.

22 After a baseln pericd, the ETA concentration will be varied.
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Minimization of Use and Discharge of Ethanolamine at Milistone

23  While varying the concentration, all appropriate chemistry parameters
and corrosion product parameters will be monitored.

2.4 During the study, condensate polisher performance will also be
monitored.

25 The data collected from the study will be used to evaluate the possibie
continued use of ETA, and to identify the minimum, but necessary,
concentrations needed for optimum pH and erosion/corrosion control.

3.0) BACKGROUND

Control of pH in the secondary cycle of PWR plants is essential to minimize corrosion
of secondary system components. Corrosion of carbon steel, which typically makes
up @ large portion of the condensatefeed train, is minimized at a room temperature
pH of approximately 10.0, (Reference 7.4) Two of the more critical concerns relative
to secondary system chemistry are steam generator corrosion and erosion/corrosion

control.

Steam generator corrosion is a serious concemn at virtually all PWR planis. Corrosion
products, consisting primarily of inscluble ion species, are transported to the steam
generators via the feed train.  These corrosion products accumulate in low-flow and
flow-restricted areas of the steam generators, such as tube/tube = oport plate
intersections and tubeAubesheet crevice regions. lonic impurities « ™ as sodium and
chioride, can concentrate by many orders of magnitude over bulk . ' concentrations
in these areas, resulting in extremely corrosive conditions in localized areas. Many of
the steam generator corrosion probiems observed in the industry have been linked to
this mechanism. it is generally agreed that methods to reduce corrosion produce
transport to the steam generators will pay major dividends in terms of long-term plant
reliability and steam generator longevity, (Reference 7.5)

Erosion/coiresion is « v¥ticular type of corrosive attack which is dependent upon a
number of factors, inciuding materials of construction, piping geometry, steam velocity,
steam quality, dissolved oxygen content, and pH. Erosion/corrosion has been
observed in wel steam areas, such as steam extraction  es, and on an industry wide
basis has caused catestrophic failures of piping and seve.e personnel injury. For
example, an unanticipated failure of a high-pressure steam extractinn line at Millstone
2 recently resulted in a forced outage Analysis of the failed line indicated that
erosion/corrosicn was the causative reason. Studies have chown that pH in wet
steam areas has a major impact on the erosion/corrosion rate of carbon stee! piping,
(Reference 7.6). With all other factors equal, increasing the pH (at 25°c) from 7.0 to
8.0 has been shown to reduce the erosion/corrosion rate by more than a factor of two.
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Thus, it is vary advantageous from the standpoint of erosion/corrosion control and
personnel safety to increase the pH in wet steam areas of the plan’.

Beginning in the early 1870's, most U.S. PWRs utilized ammonia fJr secondary
system pH control. Feedwater pH is typically maintained betwern B 8 and 8.2
depending on the use of copper alloys in the secondary cycle. Whiie ammonia is
effective as a pH control agent, there are other amine coripounds with more desirable
properties. For example, ammonia is very volatile, i.e., the ammonia tends to stav
with the steam phase as opposed tc the water phase. As a result, very little
protection is provided in wet steam areas where erosion/co'rosion is 8 serio/.s
concern. The, use of higher levels of ammonia creates significant difficuitiss with
effective operztion of the full fliow condensate polishers incluZing very short polisher
run lengths. Most plants have been unable to effectively operate past the ammonié
break through point witnout unacceptable increases in sodium leakage and
subsequent SG corrosion concems

Beginning in 1986, studies were conducted using morpholine as an alternate to
ammonia for secondary system pH control, (Reference 7.7). Morpholine has been
used for pH control at Beaver Valley Unit 1 since startup and fewer steam generator
problems were observed at this unit when compared to similar units. Morpholine is
aiso less volatile than ammonia and, therefore, provided better protection of wet steam
ereas. Studies conducted et Beaver Valley and Praine Isiand showed reductions of
approximately @ factor or two in feedwater corrosion product transport with morpholine
&s compared to ammonia pH control. Based on this data and the favorable
experience of French PWRs, many U S PWRs have converted to morpholine over the
past five years. There are currently 31 U.S. PWR units and 36 French PWR units that
employ morpholine for secondary cycle pH control

Although morpholine has proven effective in reducing corrosion product transport,
there are other amine compounds with more favorable properties for secondary
system pH control. The Electric Power Research Institute (EPRI) has evaluated
several of these amines and has selected three for in-plant evaiuation. Based on
certain selection critena, ETA was chosen for initial plant testing at Milistone. -~

The major goal of the proposed test prugrams at Millstone is to evaluate actual plant
performance of the ETA in reducing corrosion product transport and erosion/corrosion,
while maintaining effective operation of the condensate polishers.

40) MILLSTONE TESTS

The following is 8 summary of the testing at Mililstone. The information derived from
this testing is expected to be interchangeable between Millstone 2 and Millstone 3.
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The sum of this information will be used to define the optimum ETA concentration
necessary to minimize erosion/corrosion in the secondary water system at both units
and fo winimize the use and discharge of ETA.

41
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Milis ione 2 Testing

Eroion/corrosion wear rate data was developed from an EPR| computer
mudel called CHECWORKS, (Reference 7.8). This model showed
theoretically that the optimum feedwater ETA concentration for a
significant decrease in erosion/corrosion of secondary system
components, such as the reheater drains, was of the order of 1-3 ppm.
Therefore, a concentration of 1-3 ppm ETA in the final feedwater was
establi~hed as e targe! value in order to achieve the required at

tempei Jre pH in the heater drains, (Reference 7.9).

On April 23, 1893, the unit began ETA addition. For a few days, the
ETA was kept at about 1.0 ppm in the final feedwater while cation
conductivity was being evaiuated. No concerns were identified, and the
ETA concentration was subsequently increased to about 2 ppm. This
ETA concentration has been maintained through the current test period
with the exception of some downpowers, reactor trips, and a mid cycle
outage.

Throughout the current test period, the impact of ETA on corrosion
product transport was being evaluated by routine bi-weekly corrosion
product samples at Milistone 2. By drawing various side stream samples
through multiple filters, both the insoluble and soluble fractions can be
identified.

Preliminary results showed that by early June 1993, the total feedwater
iron transport had dropped from about 6-7 ppb to about 1-2 ppb, with the
greatest change being observed in the soluble fraction.

Due to the success of ETA in reducing secondary system mass
transport, Millstone 2 Chemistry will implement procedural changes for
continued operation with ETA, once the special test procedures have
expired. At present there are no plans to return to the previous
ammonia-based pH control.

Under a "Tailored Coliaboration Program” (shared cost) with EPRI, NU
plans to monitor the electrode potential (ECP) in the secondary system
feedwater at Milistone 2, (Reference 7.10). The main objective of this
program is to more precisely demonstrate the relationship (via ECP)
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between feedwater ETA and/or hydrazine concentration, condensate
oxygen concentration and corrosion product transport. The ECP
program and measurements are now underway.

Mil 3 Test

At Millstone 3, a different approach was adopted for the testing of ETA.
For this test, ETA was added to the secondary system in small
increments over a relatively long period of time. While making thes::
additions, various side <*~eams were monitored for both soluble and
insoluble iron using similar techniques to those used at Milistone, (see
Section 4.1).

ETA was first injected at Milistone 3 on January 26, 1894, until a fina!
feedwater concentration of 0.25 ppm was achieved, (Reference 7.11).
This level of ETA was maintained for several days while assessing the
impact on various chemistry parameters. Concentrations of ETA were
then increased in increments, until a feedwater concentration of 1.2-1.5
ppm was reached on March 11, 1984

Evaluation of corrosion product transport within the secondary system
show that levels of iron were decreasing considerably. Current results
show a decrease in total feedwater iron transport from about 10-12 ppb
to about 6 ppb, when changing from ammonia chemistry to a feedwater
ETA concentration of about 1.5 ppm.

Testing &t higher concentrations of ETA is planned for Millstone 3 afier
the nature of a neutral organic by-product has been adequately
explained. This observation has not been currently identified at Millstone

2.

5.0) ERELIMINARY CONCLUSIONS

The foliowing preliminary conclusions can be drawn from the testing so far:

51

52
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ETA appears to be & successful alternative amine to ammonia for wet
steam area chemistry and erosion/corrosion control.

By using ETA, the reduction in the formation, mass transportation and
accumulation of corrosion products can significantly reduces the risk of
damage to major system components such as piping, heat exchangers,
and steam generators.
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The reduction of corrosion products also leads to other significant
advantages, such as reduced condensate polisher ion-exchange fouling,
reduced ion exchange backwash ' .emands, and subsequent reduction in
waste discharge at the Milistone site.

The current experience with the use of ETA warrants further testing and
optimization at both Milistone PWR units.

60) TESTING AND REPORTING SCHEDULE

The following is a tentative schedule for testing and reporting of the minirnization of
use and discharge of ETA at Millstone. These target dates are subject to change due
to future piant operational needs.

6.1

6.2

63
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ECP Monitoring at Milistone 2.

- December 1864

increasing ETA additions at Milistone 3.
- April 1995

Final report on the minimization of use and discharge of ETA at
Milistone:

- Submittal of report to DEP. December 1985
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