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I. INTRODUCTION

PLEASE STATE YOUR NAME AND EMPLOYER.
My name is David G. Daniels. I am a Senior Principal Scientist with Acuren

Inspection, Inc.

HAVE YOU PREVIOUSLY PROVIDED TESTIMONY IN THIS PROCEEDING?

Yes. On June 16, 2023, I filed my Direct Testimony on behalf of Northern
States Power Company (Xcel Energy or the Company) regarding Xcel Energy’s
water and steam chemistry practices at Unit 3 of its Sherburne County (Sherco)

Generating Plant (Plant).

ON WHAT EXPERIENCE IS YOUR TESTIMONY IN THIS PROCEEDING BASED?

I have over 40 years of experience with steam and water chemistry, including
directly working as a plant chemist at a coal-fired power plant very similar to
the Sherco station. As a consultant, I have performed independent evaluations
of the boiler and steam cycle chemistry at nearly 100 different power plants. I
have published over two dozen articles as a contributing editor on water and
steam chemistry topics for Power magazine. I have authored and edited
technical documents for the Electric Power Research Institute (EPRI) on water
treatment equipment, steam cycle inspection, treating boiler chemical cleaning
wastes, steam cycle lay-up and start up, and anime use and degradation in the
steam cycle. In addition, I have served on relevant professional committees,
including serving as chairman of the American Society of Mechanical Engineers
(ASME) Research and Technology Committee on Water and Steam in Thermal

Power Systems.

1 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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CAN YOU PROVIDE A BRIEF SUMMARY OF YOUR TESTIMONY IN THIS
PROCEEDING?

I researched the plant chemistry practices, analyzed the data, and interviewed
plant personnel to develop a thorough understanding of the Company’s
chemistry practices specific to Sherco’s Unit 3. Based on this research and
analysis, I concluded that the Company’s practices at Sherco complied with, and
in some cases even exceeded, industry practices at similar large, coal-fired units.
The Company’s water and steam chemistry practices reflect that, as an operator,
the Company proactively worked to ensure the proper monitoring of steam
chemistry and responded quickly and thoroughly whenever there were signs of
contamination of the condensate, feedwater or steam. In short, the Sherco
Operations and Laboratory were acting as prudent operators of their
equipment. In addition, after thorough review of the materials provided to me
between 2000 and the steam turbine failure on November 19, 2011 (Event), 1
tound that the Company prudently monitored the water and steam chemistry at
Unit 3, and its practices from 2000 to 2011 were sufficient to identify any
significant acute or chronic contamination events that would have warranted
removal of the blades and the related inspection discussed by other Company

witnesses. No such events were identified.

WHAT IS THE PURPOSE OF YOUR REBUTTAL TESTIMONY?

My Rebuttal Testimony replies to testimony filed by Mr. Richard Polich of GDS
Associates, Inc. on behalf of the Minnesota Department of Commerce
(Department), specifically as it relates to the water and steam chemistry

practices and procedures at Sherco 3 and any alleged impact on the Event.

2 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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II. OVERALL RESPONSE TO WITNESS RICHARD POLICH

WHAT OVERARCHING OBSERVATIONS DO YOU HAVE REGARDING MR. POLICH’S
TESTIMONY?

There are three overarching observations I have that are important context for
Mzr. Polich’s testimony. First, Mr. Polich does not appear to have done any
independent review or analysis of the chemistry data related to Unit 3. Instead,
his testimony relies on a selective review of the record in a separate proceeding,
brought in state court by several insurers against General Electric (GE), the
turbine manufacturer (GE Litigation). For example, the perfunctory portion of
his testimony that discusses water and steam chemistry appears to rely not on
the actual steam chemistry data, but rather solely on reports written by witnesses
for GE in the GE Litigation. In particular, in his testimony related to water and
steam chemistry, Mr. Polich relies on the ChemStaff Report written by Mr.
William Allmon, and in a subsequent Information Request, Mr. Polich points
to a report by James D. Schultz. It is my understanding that neither of these GE

Litigation witnesses are providing testimony in this regulatory case.

Second, Mr. Polich has no experience or training in water and steam chemistry
of a fossil-fired power plant. Mr. Polich “does not have any degrees or specific
course work in the area of water chemistry,” only “understands the
fundamentals of proper water chemistry,” “does not have any memberships in
water chemistry,” and is unable to provide any other reports, testimony, or
conclusions reached as an expert in water chemistry. (See the Department’s
response to Xcel Energy’s Information Request No. 3, included as
Exhibit_ (DGD-2), Schedule 1.) At most, Mr. Polich has experience

reviewing historical water chemistry data, and even then, Mr. Polich was only

3 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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able to identify with any specificity his involvement in failure analyses at two
coal-fired power plants and one combined cycle plant.! The majority of his
experience appears to have been at nuclear power plants and combined cycle
power plants and unrelated to water chemistry. Both nuclear and combined
cycle power plants have steam generator steam cycles that are significantly
different than those at a conventional coal-fired plant. As a result, Mr. Polich’s
experience does not translate to the Sherco 3 system, and as I detail below, that

lack of experience is apparent from his testimony here.

Third, Mr. Polich mischaracterizes the findings of Thielsch Engineering’s root
cause analysis report (Thielsch Report)? in his testimony on p. 19, line 6. 1
address the specific mischaracterizations of the Report by Mr. Polich as it relates
to water and steam chemistry below. However, my overarching observation is
that I have not seen anything to indicate that Mr. Polich himself conducted a
root cause analysis, let alone reviewed the relevant steam chemistry data, and
therefore he has no basis that I have seen from which to draw any conclusions
about the root cause of the Event or, more particularly, about the part the steam

chemistry played in the corrosion mechanism.

In short, Mr. Polich’s methodology and experience — reflected in his Direct
Testimony — do not provide him with a basis to reliably, independently opine
on the condition or prudency of the water and steam chemistry program at

Sherco 3.

1 This experience also appears to be irrelevant here, where Mr. Polich did no7 review the historical water
chemistry data.
2 The Thielsch Report is included in Company witness Anthony A. Tipton’s Direct Testimony as
Exhibit  (AAT-1), Schedules 2 and 3.
4 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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CAN YOU GIVE SOME EXAMPLES THAT DEMONSTRATE MR. POLICH’S LACK OF
UNDERSTANDING OF UNIT 3’S STEAM CYCLE?
There are several, but I will highlight a few significant examples of the

fundamental misunderstandings underlying Mr. Polich’s testimony.

First, contrary to his representations, Mr. Polich does not appear to understand
fundamental concepts of steam chemistry. For example, he states that “cation
conductivity . . . is a measure used to determine chloride concentrations in
steam.”? In reality, cation conductivity is a property of the water that reflects
not only the chloride concentration, but also sulfate and other anions such as
bicarbonate (HCOs3) and organic acids, some of which are not harmful to the
steam turbine. In another place in his testimony he simply refers to this
measurement as “cation limits.”* There are cation resins, cation vessels, but
there is no such thing as a “cation limit.” Further emphasizing the lack of
understanding of cation conductivity, Mr. Polich later equates the measurement
of cation conductivity with sodium.”> Sodium and cation conductivity ate two
completely different measurements, and equating one with the other is wrong.
These fundamental errors underscore the unreliability of Mr. Polich’s testimony

regarding steam chemistry.

Second, Mr. Polich does not seem to possess a correct understanding of the
steam path through the Sherco Unit 3 turbine, which is no different from the

steam path at most similar power fossil-fired plants in the world. He states:

3 Polich Direct, p. 44 lines 17-18.
4 Polich Direct, p. 51 line 11.
5 Polich Direct, p. 50 line 15-16 (“cation conductivity (i.e., sodium concentration)”).

5 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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“The Sherco 3 steam path flows from the IP turbine through the rebeat section of the

boiler to raise the steam temperature prior to entering the 1P turbine.”® (emphasis

added). This is wrong. As seen in Figure 1a below (which is Figure 1 from my

Direct Testimony with the relevant section identified in yellow), the steam exits

the HP turbine and then passes through the reheater before going to the IP

turbine. There is no reheating of steam after the IP turbine. Mr. Polich makes

this basic and fundamental error despite Figure 1 below and Figure 2 in his own

testimony which show the correct location of the reheater. This, when

combined with his lack of experience and independent analysis, underscores the

unreliability of his testimony.

Figure 1a

Diagram of Unit 3’s Steam Cycle: HP Turbine to IP Turbine
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Third, Mr. Polich does not appear to fully grasp the chemistry of contaminants
in steam. For example, Mr. Polich’s testimony on drum boilers (the only
relevant boiler to Sherco 3) has a significant gap: it does not consider long-
established research from the 1990s showing that the potential for chemical
impurities (such as sodium hydroxide) to enter the steam is very low when the
operating pressure of the boiler is less than 2500 psig. Mr. Polich appears to be
completely unaware of this research, as his explanation of the differences
between steam purity in once-through boilers and drum boilers does not
recognize that different chemical compounds have different volatility in steam,
and that chemical volatility (potential for leaving the boiler water and becoming
part of the steam) is impacted by a number of variables, including operating
pressure. For example, while my direct testimony discussed this, Mr. Polich’s
testimony does not address that the Sherco 3 boiler often operated at pressures
below 2500 psig, thus limiting the periods when sodium hydroxide (caustic)
could even possibly enter the steam, further rendering Mr. Polich’s over-
simplified understanding of steam chemistry in a boiler and related testimony

unreliable.

Finally, Mr. Polich confuses the steam chemistry data sources available to
Sherco operators. He states: “Sherco 3 was unable to accurately monitor sodium
levels of 6 ppb as recommended by GE nor EPRI recommendations of 3-6
ppb.”” This again is simply wrong. Sherco monitored sodium continuously with
on-line analyzers with a detection limit of 0.1 ppb Na at three separate points
in the cycle: the demineralizer effluent, the condensate pump discharge, and in

the boiler.

7 Polich Direct, p. 52 lines 7-8.

7 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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These examples demonstrate the fundamental lack of experience and

understanding that undermine Mr. Polich’s testimony.

DO YOU AGREE WITH MR. POLICH’S USE AND DEFINITION OF THE TERM “GOOD
UTILITY PRACTICE”?

I agree with Mr. Polich that any analysis of utility practices should consider
“reasonable judgment in light of the facts known at the time [a] decision was
made,”® but I otherwise strongly disagree with Mr. Polich’s suggestion that
“good” utility practices require compliance with every guideline in any EPRI or
GE document without considering its date, particular application to a specific
unit’s equipment, or a utlity’s specific experience.” As Mr. Polich acknowledges,
he did not derive his definition from any primary source, (See the Department’s
response to Xcel Energy’s Information Request No. 25, included in Company
witness Herbert J. Sirois’ Rebuttal Testimony as Exhibit  (HJS-2), Schedule
1), and I do not think Mr. Polich is qualified to define “good” utility practice as
it relates to water and steam chemistry because he has no experience in this area.
He claims no experience in visiting a coal-fired power plants to evaluate their

steam chemistry practices and compare them to other similar units.

IS I'T YOUR TESTIMONY THAT THE COMPANY’S WATER AND STEAM CHEMISTRY
PRACTICES WERE PRUDENT?

Yes. Unlike Mr. Polich, I have worked with nearly 100 fossil-fired plants
specifically on water and steam chemistry issues over the course of my over 40-

year career, including 7 years working directly in the laboratory of coal-fired

8 Polich Direct, p. 7.
9 See Polich Direct, pp. 47-48 (listing “documentation available . . . that described good utility practice for
water chemistry requirements”).

8 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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power plants, involved every day with water and steam chemistry. I reviewed
Xcel Energy’s practices, procedures, and data leading up to the Event, and my
conclusion is that, overall, the Company’s water and steam chemistry program
aligned with, and in some cases exceeded, the standards for programs at similar
large coal-fired units. Based on the information available to the Company at the
time, the Company’s water and steam chemistry practices for Sherco 3 fell well

within the range of reasonable utility actions.

WHAT DO YOU CONCLUDE FROM REVIEWING MR. POLICH’S TESTIMONY?

Mr. Polich’s testimony amounts to an inaccurate and incomplete summary of
information that he did not personally review, and therefore runs far afield from
the expectations associated with expert testimony. Due to his lack of experience
with water and steam chemistry issues at a coal-fired plant, combined with his
selective review of only a small portion of the available reports and data, Mr.
Polich is not qualified to provide testimony on the prudency of the Company’s
operation of Sherco 3 before the Event. He does not understand how the
Sherco 3 system works, including the key steam cycle and chemistry concepts.
Without this knowledge and experience, or even an independent review of the
relevant data, Mr. Polich cannot know whether the Company was acting as a

prudent operator of Sherco 3 with respect to steam chemistry.

III. XCEL ENERGY’S WATER AND STEAM CHEMISTRY
PRACTICES AT UNIT 3

DOES MR. POLICH UNDERTAKE A REVIEW OF THE STEAM CHEMISTRY DATA
FROM SHERCO 3 TO SUPPORT HIS CLAIMS THAT WATER CHEMISTRY WAS A

“LIKELY CONTRIBUTOR” TO THE EVENT AT UNIT 3?

9 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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No, there is no indication that Mr. Polich independently reviewed the data on

which the ChemStaff Reportt, provided in the GE Litigation, relied.'

Instead, Mr. Polich relies almost entirely on the ChemStaff Report to support
his claims that water and steam chemistry at Sherco 3 was a “likely contributor”
to the Event.!" There is no indication that Mr. Polich independently assessed
the validity of the claims made in the ChemStaff Report (whose author Mr.
William Allmon is not a witness in the current regulatory case) or that he has

the competency to do so.

Specific issues with the ChemStaff Report are detailed in my extensive rebuttal
in the GE Litigation, refuting many of the claims in that Report. My rebuttal
report is attached as Exhibit__ (DGD-2), Schedule 2."* Mt. Polich does not
address any of the problems with the ChemStaff Report.

MR. POLICH CLAIMS THAT THE COMPANY FAILED TO “FOLLOW GOOD UTILITY
PRACTICE WITH RESPECT TO MONITORING STEAM CHEMISTRY AT SHERCO 3.”
HOW DO YOU RESPOND?

As I stated above, Mr. Polich lacks the experience and knowledge to define or
assess “‘good” utility practices, as he has defined the term, with respect to water
and steam chemistry. In addition, Mr. Polich did not review the Sherco 3 steam
chemistry data and has no experience with the day-to-day water and steam

chemistry of coal-fired plants. Therefore, any conclusion he reaches with

10 Polich Direct, pp. 44-45. The ChemStaff Report is attached as Schedule 22 (RAP-D-22) to Polich
Direct.

1 Polich Direct, p. 44-45.

12'The Company provided this report to the Department in response to Department Information Request

10 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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respect to “good” utility practice—or prudency—of the Company’s steam

chemistry monitoring at Sherco is baseless. "

The procedures, on-line analyzers, grab sampling locations, and chemistry limits
that the Company used at Sherco during this period were prudent. This
conclusion is based on my own review of the procedures and data from Sherco
3, as well as my experience working with close to 100 fossil-fired power plants

during my over 40 years in this industry.

Mr. Polich’s emphasis on the fact that Sherco did not have a separate sample
point for the hot reheat steam! is irrelevant because the Company already had
sufficient monitoring to determine if there was contamination entering the unit
without this specific sample point. There was no industry-wide “requirement”
for a reheat sample in the steam cycle. Pointing to a single page from a nearly
300-page EPRI 2002 Guidelines, Mr. Polich concludes that failure to monitor
this sample point meant that the Company failed to follow “good utility
practices.” But the Guidelines on which Mr. Polich relies are just that—
guidelines, not requirements, and even those guidelines acknowledge that
“specific unit characteristics and/or experience” could result in modifications

of the(se) Guidelines for a specific unit."

13 Polich Direct, p. 45.
14 Polich Direct, p. 45.
15 Polich Direct, Schedule 29 (RAP-D-29) at 127 (“Copies of Figures 4-1 to 4-3, modified if necessaty
to reflect specific unit charactetistics and/or experience, could be included in the plant operating
procedures and prominently displayed in the control room, water and steam sample room, and chemistry
laboratory.” (emphasis added)).
11 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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Specific to the reheat sample, the EPRI 2002 Guidelines on which Mr. Polich
relies acknowledge that a reheat steam sample may not be available at every
plant. Because the reheat sample is the combination of Main Steam plus
attemperation spray water added in the reheater, the EPRI 2002 Guidelines
stated: “Should this sample point not be available, the steam chemistry may be
calculated from the chemistries of the saturated steam and feedwater....”!* The
Company relied on this alternative monitoring method at Sherco 3 in alighment
with the EPRI 2022 Guidelines. Indeed, because the boiler design of Sherco 3
required very little reheat attemperation, the Main Steam sample that the
Company already monitored was sufficient to meet the Guidelines, and would
have been chemically indistinguishable from a reheat sample.'” As a result, and
as Sherco plant chemist Mr. Duane Wold testified, the Company prudently
weighed the cost and benefits of adding additional monitoring to existing
monitoring and determined that, the sampling points and analyzers they already
had were sufficient to determine if there was contamination in the unit; that
capability would not be enhanced by the addition of a separate reheat sample.'®
That was a reasonable decision on their part and complied with the EPRI 2002

Guidelines which specifically allowed for such plant-specific adaptations.

Mr. Polich’s conclusion further ignores, as I stated in my direct testimony, that

this is a ¢yele and that the Company undertook substantial monitoring of the

16 Polich Direct, Schedule 29 (RAP-D-29) at 95.
17 This was confirmed by Mr. Allmon, the author of the ChemStaff Report, in the GE Litigation. He
testified at trial that he calculated reheat steam sodium by adding attemperator sodium to main steam

sodium and concluded that there was not “much of a difference” between the reheat steam sodium and
the main steam sodium. An excerpt from Mr. Allmon’s trial testimony is included as Exhibit___ (DGD-2),

Schedule 3.
18 An excerpt of Mr. Wold’s trial deposition transcript is included as Exhibit__ (DGD-2), Schedule 4.

12 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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entire steam cycle at Sherco 3. The Company had been monitoring the Main
Steam sample for cation conductivity since the unit was commissioned, and
began monitoring sodium at this sample point in 2008. The Company had also
been continuously monitoring sodium at the demineralizer effluent, at the
condensate pump discharge, and at the boiler since 1987." Therefore, the
Company had the two potential sources of sodium hydroxide contamination at
Sherco 3 covered—the demineralizer and a condenser tube leak. It also
monitored sodium in the boiler, which concentrates any contamination about a
hundred-fold. Thus, even trace amounts of contamination coming in with the
teedwater would be obvious in the chemistry of the boiler sample. Shown in
Figure 1b below (which is Figure 1 from my Direct Testimony, modified to
show all of the continuous monitoring and grab at each sample point on Unit
3) are the grab and continuous monitoring sample location across the steam

chemistry cycle at Unit 3.%

19 Polich Direct, Schedule 29 (RAP-D-29) at 95 (providing alternative to reheat sample).
20 An enlarged copy of Figure 1b is also included as Exhibit  (DGD-2), Schedule 5.

13 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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Figure 1b
Diagram of Unit 3’s Steam Cycle:
Identifying Chemical Monitoring Locations
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Table 1 below further shows chemical parameters analyzed at each sample

location.

Table 1
Unit 3’s Steam Cycle Chemical Monitoring at Each Sample Location

Location Main Steam Boiler Economizer Inlet
1. Sodmum (Na) 1. Sodmm (Na) 1. Specific Conductivity
2. Cation 2. Specific 2. Caton Conductivity
Conductivity Conductivity 3. pH
Grab Sample 3. Ammonia 3. Cation 4. Dissolved Oxygen
Testing 4. pH Conductivity 5. Sodmum
5. Silica 4. Silica 6. Ammonia
6. Specific 5. pH 7. Silica
Conductivity 8. Iron
1. Sodmum (Na) (after 1. Sodmum (Na) 1. Specific Conductivity
2008) 2. Specific 2. Cation Conductivity
2. Cation Conductivity 3. pH
Conductivity 3. Cation
Conductivity
4. Silica
5. pll
14 MPUC Docket No. E999/AA-18-373, et al.
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Table 1 (continued)
Unit 3’s Steam Cycle Chemical Monitoring at Each Sample Location

>

Location Deaerator Polisher Effluent Conde.nsate Pump Demineralizer
Outlet Discharge Effluent
1. Dissolved | 2. Cation 1. Sodmum (Na) No routine grab
Oxygen Conductivity | 2. Specific sample testing at
3. Dissolved Conductivity this location
Grab Sample Oxygen 3. Cation Conductivity
Testing 4. P.I_.l 4. PH
5. Silica 5. Dissolved Oxygen
6. Sodium 6. Ammonia
7. Iron
8. Silica
No continuous 1. Cation 1. Sodium (Na) 1. Sodmum (Na)
momutoring at Conductivity | 2. Specific Specific
this location Conductivity Conductivity
3. Cation Conductivity | 3. Silica
4. Silica

As seen from Figure 1b and Table 1, the Company has monitored key chemical
parameters across the water and steam cycle at Sherco 3 to control steam purity.
Because these sampling points and analyzers would have alerted Sherco 3
operators to significant contamination, I view these practices at Sherco as
reasonable and prudent and sufficient to identify any steam contamination at

Sherco 3 that would have required removal of the blades.

DOES EPRI SET REQUIREMENTS FOR FOSSIL-FIRED PLANTS?

No, it sets guidelines. It is important to remember that EPRI is an advisory (not
regulatory) organization (I have been a contributing author and editor to the
organization for decades.). EPRI’s chemistry guidelines recommend the best
practices intended to encompass the entire range of the types of boilers and
turbines used by their membership. Their recommended practices are

aspirational—intended to improve industry practices among its members and

15 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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not to reflect the entire range of reasonable practices that can be employed by

prudent plant operators.

This is shown through EPRI’s documentation. For example, in EPRI’s 1986
Cycle Chemistry Guidelines, it expressly states: “These guidelines . . . are not
intended to be used as a code or standard. The guidelines . . . can be adapted
and customized to a utility’s individual situation.”? It goes on to acknowledge
that “[a]ll utilities will not be able to monitor all the parameters at all the sample
points nor maintain all the target values and action levels. In each case,
monitoring of cycle chemistry should be consistent with the existing sample
system, instrumentation, and manpower.”? EPRI further recommended
modification of the guidelines based on “plant-specific” design and “local
operating experience.”” Another EPRI Guideline points to the same cost-
benefit analysis that Mr. Wold testified to: “[SJome units may be currently
operating with sufficient availability and efficiency, and without any problems,
that additional expenditures or changes in the current treatment cannot be
justified.”** The other EPRI guidelines on which Mr. Polich relies similatly set
forth recommendations or suggestions and support plant-specific and

experience-based modifications.?

21 Polich Direct, Schedule 26 (RAP-D-206) at 2.

22 Id. at 3.

23 1d. at 6 (“Modification of portions of the Guidelines to reflect actual, plant-specific design characteristics
and local operating experience is recommended when appropriately justified.”).

24 Polich Direct, Schedule 28 (RAD-D-28) at 11.

2 For example, Polich Direct, Schedule 27 (RAP-D-27) at 4 (“Sampling and control range limitations are
suggested on Figure 4-1.”); RAP-D-27 at 10 (“If the addition of a downcomer sample is a burden to the
utility, the utility may consider using the downcomer sample . . . as a matter of convenience.”); Polich
Direct, Schedule 28 (RAP-D-28) at 2 (“Sample points, monitoring parameters, target values, and action
levels . . . may be modified as appropriate.”); RAP-D-28 at 7 “Modification of portions of the Guidelines
to reflect actual, plant specific design characteristics and local operating experience is necessary by all

16 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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The GE documents that Mr. Polich points to similarly state repeatedly that they

are “recommendations,” not requirements.”

They also state up front that they
do “not purport to cover all details or variations in equipment nor to provide
for every possible contingency to be met in connection with installation,

operation ot maintenance.”?’

DOES MR. POLICH CLAIM THERE ARE “OTHER EXAMPLES” OF THE COMPANY’S
FAILURE TO ADEQUATELY MONITOR STEAM CHEMISTRY AT SHERCO 3?
Yes, but again he relies entirely on the ChemStaff Report for this claim rather

than on any independent review of undetlying data or documents.*®

HOW DO YOU RESPOND TO THESE “OTHER EXAMPLES”?

The list of Mr. Polich’s “other examples of Xcel’s failure to adequately monitor
steam chemistry at Sherco 3”% is simply a list of things he states that the
Company did not do, with no context or justification and no consideration of
what the Company did do. As such, he provides no basis to support a claim that
Xcel Energy had an unreasonable chemistry program at Sherco 3.%" As I stated
above, EPRI’s industry guidelines are general guidelines on the whole water and
steam chemistry system of an idealized unit which must be adapted to individual

plant equipment and operating conditions. Based on my extensive experience

utility users.”); RAP-D-28 at 10 (“The purposes of these Guidelines are . . . to provide a document that
can be used by utility personnel as a guide in setting up their own AVT operating guidelines for their own
unique combination of units and current chemistry control.”); RAD-D-28 at 11 (“It is strongly
recommended that these Guidelines be customized and modified to reflect local operation experience and
conditions.”).

26 Polich Direct, Schedules 25 and 30.

27 Polich Direct, Schedule 25 at p.1; Polich Direct, Schedule 30 at p. 1.

28 See Polich Direct, p. 46 line 6.

2 Polich Direct, pp. 46-47.

30 As I have stated, he also has no experience from which to judge the Company’s chemistry program.

17 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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and independent review, the Company’s water and steam chemistry program
tor Sherco 3 fell well within the range of reasonable utility actions.
The list of Mr. Polich’s “other examples of Xcel’s failure to adequately monitor

steam chemistry at Sherco 3” is also riddled with unfounded claims and outright

falsehoods, which I address below.

[PROTECTED DATA BEGINS

PROTECTED DATA ENDS]

18 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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[PROTECTED DATA BEGINS

PROTECTED DATA ENDS].

HOW DO YOU RESPOND TO MR. POLICH’S CLAIM THAT “XCEL’S INTERNAL
REQUIREMENTS FOR WATER CHEMISTRY WERE NOT FOLLOWED AT SHERCO 3.7
Here again, Mr. Polich points to a document and section titled
“recommendations” and takes the position that they are “requirements.” As Mr.
Wold acknowledged, the Company considered the need for a reheat sample and
determined that its existing program — specific to the unit and chemical
monitoring Sherco 3 already had in place — was sufficient to meet the goals of
the water and steam chemistry program.”* Based on my own extensive review
of the Company’s steam chemistry program and my knowledge of industry

guidelines, this was well within the range of reasonable utility actions.

AT PAGES 50 AND 51, MR. POLICH AGAIN PROVIDES HIS INTERPRETATION OF
WHAT HE CALLS “CHEMSTAFF’S FINDINGS IN REGARD TO SHERCO 3’S WATER

CHEMISTRY PRACTICES.” HOW DO YOU RESPOND?

31 Polich Direct, p. 48.
32 Bxhibit (DGD-2), Schedule 4.

22 MPUC Docket No. E999/AA-18-373, et al.
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Again, Mr. Polich does not draw any conclusions from his own independent
review of available information, but instead summarizes the ChemStaff Report,
a Report he did not write or contribute to. Mr. Polich cites the GE Litigation
testimony of the Report’s author, Mr. Allmon, that “reviewing the available
Serco (sic) 3 data collected on sodium, Sherco 3 would have exceeded GE
guidelines for sodium 5% of the time and EPRI guidelines 6% of the time.”?
The referenced statement refers to Mr. Allmon’s analysis of the main steam
sodium analyzer data to which he added a sodium contribution from the reheat
attemperation sprays to produce a “calculated” reheat steam result. He then
used this data to calculate the number of data points above the EPRI and GE
limits of sodium in the reheat steam. In his analysis, Mr. Allmon did not fully
account for elevated results due to sampling issues that occur during startup or
any instrument maintenance or calibration periods. Considering the number of
unit starts and the frequency of periodic maintenance and calibration required
on these instruments, if the data collected during these periods were to be
omitted, the resulting percentages above the normal limits are not what I would
consider unreasonable for an operating power plant. They certainly do not point
to a significant contamination event during this period or imprudent operation

on the part of Sherco.

Mz. Polich tries to quote the ChemStaff Report regarding the findings on cation
conductivity limits on the main steam sample.”* A complete discussion of the
improper assumptions on which the ChemStaff Report relied in order to arrive

at these conclusions are detailed in my rebuttal expert report,” and in particular

33 Polich Direct, p.50, lines 13-15.
3 Polich Direct, Schedule 22 at p. 29.
35 Exhibit_ (DGD-2), Schedule 2 (to this Rebuttal Testimony).
23 MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
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its decision to include chemistry readings taken during unit starts and equipment
maintenance in his results, which Mr. Polich again does not even attempt to
address. In any event, the cation conductivity of the condensate, feedwater,
boiler water or steam are irrelevant to the Event. Chloride and sulfate
concentrations, which are approximated by cation conductivity, do not produce
caustic-induced stress corrosion cracking. Only the level of caustic in the steam,
which is approximated by the sodium concentration, is relevant here. And
despite what Mr. Polich claims, cation conductivity is not equal to the sodium

concentration in any sample.

MR. POLICH DISMISSES THE THIELSCH REPORT DISCUSSION AND CONCLUSIONS
REGARDING THE COMPANY’S WATER AND STEAM CHEMISTRY PRACTICES AS
“NOT VALID”” AND “WITHOUT MERIT.” DO YOU AGREE?

Absolutely not. Again, Mr. Polich did not himself actually review the Company’s
water and steam chemistry practices or data, and has no relevant experience
from which to form an opinion. In contrast, I have significant relevant
experience, I have reviewed all of the relevant data and documents, and I
conducted the chemistry analysis underlying, and agree with conclusions, of the
Thielsch Report. Mr. Polich gives no basis for his dismissal of the Thielsch
Report or his statement that the Thielsch Report “assumed the monitoring of
water chemistry at Sherco 3 was being performed propetly, the water chemistry
monitoring and testing equipment was propetly calibrated, and data was

obtained at the cotrect points in the feedwater and steam cycle.”*

% Polich Direct, pp. 51-52.

24 MPUC Docket No. E999/AA-18-373, et al.
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The Thielsch Report did not make these assumptions. Rather, the Report relied
on my independent review and analysis of the water chemistry practices at
Sherco 3, my assessment of the equipment calibration, and my assessment of

the sufficiency of the steam cycle monitoring done by the Company.

Mr. Polich also asserts that the Thielsch Report could not be valid because
“Sherco 3 was unable to accurately monitor sodium levels of 6 ppb as
recommended by GE nor EPRI recommendations of 3-6 ppb.”?” As I stated
above, this is simply wrong. The Company monitored sodium continuously at
Sherco 3 with on-line analyzers with a detection limit of 0.1 ppb Na at three
separate points in the cycle: the demineralizer effluent, the condensate pump

discharge, and in the boiler.

Next, Mr. Polich states that “Thielsch never verified the water chemistry
monitoring practices or equipment calibration practices of Sherco 3.” The
online chemistry analyzers were indeed routinely maintained and calibrated.
Evidence of this can be found in the calibration logbooks maintained by the
plant.”® The reason for preforming the grab samples was as a second check on

the on-line instruments.

The laboratory also calibrated the laboratory instruments they used including
the instrument (Flame AAS) used for measuring sodium in grab samples. In this
case, the instrument was calibrated every time before it was used. Here again,

Mr. Polich’s statement is completely at odds with the facts.

37 Polich Direct, p.52 lines 7-8.
3 The calibration logs are included as Exhibit__ (DGD-2), Schedule 6.

25 MPUC Docket No. E999/AA-18-373, et al.
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Finally, the Thielsch Report ultimately concluded that the design by GE of the
turbines led to high stress during normal operation that led to the Event: “The
primary causal factor responsible for the stress corrosion cracking of the low-
pressure turbine L.-1 disks was the high static stresses generated during normal
operation [which] are solely a function of the original design and operation at
design conditions. The water chemistry of Unit 3 conformed to EPRI guidelines
and was not a significant factor contributory to the stress corrosion cracking
....” Nevertheless, Mr. Polich misstates the conclusion of the Thielsch Report,
claiming that the Thielsch Report found that the cause of the Event was “pre-
existing SCC . . . likely caused by sodium hydroxide.”?” There is no basis for
this mischaracterization of the Thielsch Report. Indeed, I understand that in
this case, Mr. Tipton’s testimony makes clear that that the Event would have

occurred even with pure steam.

WHAT DOES MR. POLICH STATE IS HIS “CONCLUSION REGARDING THE IMPACT
OF SHERCO 3’S WATER CHEMISTRY PROGRAM ON THE SCC FAILURE” OF UNIT
37

Mz. Polich purports to “conclude”

Sherco 3 failed to monitor and control water chemistry within GE
and EPRI guidelines in accordance with good utility practice. This
resulted in chemical higher concentrations of caustic chemicals in the
steam flowing through the LP turbine and increased accumulation of
SCC inducing chemicals on the L.-2 — L-0 stages of the LP turbine.
Xcel also failed to perform recommended inspections of the LP
turbine rotor disks in accordance with industry standards based upon
the level of chemicals in Sherco 3’s steam. Xcel should have
performed the LP rotor inspection and inspected the LP turbine rotor

3 Polich Direct, p. 19, lines 8-10.

26 MPUC Docket No. E999/AA-18-373, et al.
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L-1 disk finger dovetails using MPI in 2011, which would have
discovered the high level of SCC and avoided the accident.”

In his summary, Mr. Polich similarly claims:

1. Xcel was well aware of the importance of water chemistry and the
potential for poor water chemistry to cause stress corrosion cracking in
portions of the LP turbine.

2. Xcel did not maintain water chemistry in accordance with industry
recommended practices that resulted in sodium induced SCC in the LLP

turbine rotor 1.1 disk.

HOW DO YOU RESPOND?

I strongly disagree with Mr. Polich’s conclusions. First, it is important to note
again that Mr. Polich does not have the training, experience, or knowledge of
the relevant information in this case to draw azy conclusion with regard to the
reasonableness of the water and steam chemistry program at Sherco 3. And Mr.
Polich does not actually present his own conclusions here, relying instead on a
report from a different expert, written and used in a different case in a different
jurisdiction. It is unclear why the Department chose not to present testimony
trom ChemStaff, or any other chemistry expert. Mr. Polich’s attempt to render
testimony not based on his own review and analysis of the underlying facts runs

afoul of the standards for expert testimony.

Second, Mr. Polich is simply wrong with his main allegation that the Company

“failed to monitor and control water chemistry within GE and EPRI guidelines

# Polich Direct, p. 53

27 MPUC Docket No. E999/AA-18-373, et al.
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in accordance with good utility practice” or “did not maintain water chemistry
in accordance with industry recommended practices.” I have been in this
industry for over 40 years, I reviewed the Company’s steam chemistry program
tor Sherco 3, and contrary to Mr. Polich’s conclusion, I can confidently state
that the Company complied with, and at times exceeded, water and steam
chemistry practices at similar large coal-fired units. Moreover, in my review of
the chemistry data, the Company maintained water chemistry for Sherco 3
within reasonable limits and were prudent operators. More important than the
number of on-line monitors and their locations was the overall importance the
plant gave to water and steam chemistry issues. The laboratory was present
during every startup of the unit following an outage (regardless of the time of
day or night it occurred). Operators were aware of and responded to water and
steam chemistry analyzer and equipment alarms. The laboratory always had
someone on call to answer questions or come out to the plant, and look at the
issue, firsthand as required. And, finally, a complete review of the water and
steam chemistry data showed that, during the period in question, Sherco 3 was

operated in such a way as to produce good steam purity.

IV. CONCLUSION

PLEASE SUMMARIZE YOUR TESTIMONY.

My testimony focuses on the Company’s water and steam chemistry program
at Sherco 3 from 2000 through November 2011. I personally researched the
plant chemistry practices, analyzed the data, and interviewed plant personnel to
develop a thorough understanding of the Company’s chemistry practices
specific to Sherco’s Unit 3. Based on this research and analysis, I first explain
(1) that the Company’s practices at Unit 3 generally complied with, and in some

28 MPUC Docket No. E999/AA-18-373, et al.
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cases exceeded, industry practices at similar large, coal-fired units; (2) the
Company prudently operated and monitored the water and steam chemistry of
Unit 3; and (3) from 2000-2011 there were no significant acute or chronic
contamination events which would have sent contaminated steam to the turbine
sufficient to have prompted the Company to remove the L-1 blades to inspect

the finger dovetail attachments for cracks.

Next, Mr. Polich has none of the day-to-day experience or industry knowledge
that would qualify him to provide either a definition of “good industry
practices” for water and steam chemistry from 2000 to 2011 or provide qualified
testimony regarding whether the Company’s water and steam chemistry
practices met that definition. In particular, it does not appear that Mr. Polich
personally reviewed the available water or steam chemistry data for Sherco 3

before providing his testimony.

Finally, he has misinterpreted or misunderstood the information he has
reviewed, in particular the Thielsch Report, in order to reach what appear to
have been his foregone conclusions. In so doing, he has repeatedly manifested
his lack of understanding of basic water and steam chemistry concepts that

anyone should understand to qualify to testify in this area.

DOES THIS CONCLUDE YOUR REBUTTAL TESTIMONY?

Yes, it does.

29 MPUC Docket No. E999/AA-18-373, et al.
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Exhibit___(DGD-2),

Northern States Power Company, doing business as Xcel Energy
Information Request

Docket No.: E002/GR-12-961, E002/GR-13-868; E999/AA-13-599;

Requestor:

E999/AA-14-579; E999/AA-16-523; E999/AA-17-492;
E999/AA-18-373; OAH 65-2500-38476
Sherco 3

Requestor email:  Tara.R.Duginske@xcelenergy.com

Requested from: Minnesota Department of Commerce — Richard A. Polich
Date of Request:  August 9, 2023 Information Request No. 3
Response Due:  August 21, 2023

Reference: Direct Testimony of Mr. Richard Polich

Question:

a)

b)

d)

State all education, degrees, coursework, memberships, etc. Mr. Polich has in
the area of water chemistry.

State all experience Mr. Polich has in operating, monitoring, evaluating, or
analyzing water chemistry.

State all experience Mr. Polich has in analyzing historical water chemistry data.

Provide a list of all matters or cases in which Mr. Polich been offered as an
expert in water chemistry.

i. Indicate if any of these matters or cases in which Mr. Polich has been
offered as an expert in water chemistry involved the steam path in a
fossil unit.

Produce all reports, testimony, opinions and conclusions reached for each
matter or case in which Mr. Polich has been offered as an expert in water
chemistry.

Response:

a)

Mz. Polich does not have any degrees or specific course work in the area of
water chemistry. Mr. Polich has taken college courses in chemistry, understands

1

Schedule 1
Page 1 of 2

Xcel Energy - Tara R. Duginske, Assistant General Counsel, Xcel Energy



Northern States Power Company MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476

Exhibit___ (DGD-2), Schedule 1

Page 2 of 2

the fundamentals of proper water chemistry, and how it affects materials in the
steam turbine. Mr. Polich does not have any memberships in water chemistry.

b) Mr. Polich’s experience with steam turbines are discussed in response to Xcel’s

Information Request No. 2. Some of that experience includes review of water
chemistry impacts on plant operations and damage to plant equipment.

¢) During the startup of Consumers Energy Campbell 3 power plant, Mr. Polich

was part of the team assigned to determine the root cause of the super heater
failure. Mr. Polich reviewed the water chemistry data as well as the boiler
operational data. The final cause of the super heater failure, which had only
been subject to steam conditions for three months, was boiler drum carryover
during a power increase and subsequent plant shutdown shortly afterwards.
Sodium in the boiler drum was carried over into the super heater and left
deposits on the tubes. During the subsequent cooldown and the plant being
idle for three days after the carryover, the boiler tubes experienced stress
corrosion cracking in the weld areas. Upon startup, the welds failed resulting in
the replacement of the superheater. Mr. Polich also analyzed water chemistry
data for Plum Point power station as part of assessment of weld failure in the
boiler economizer. In assessing the low pressure steam turbine last stage blade
failure of Duke Energy Florida’s Bartow combined cycle plant, Mr. Polich
reviewed historical plant water chemistry data. Mr. Polich has also had
discussions with plant personnel at a variety of power plants on water
chemistry as it relates to various plant problems.

d) Mr. Polich has not provided direct testimony on water chemistry in regulatory
proceedings because the equipment failure presented in his testimony was not
related directly to water chemistry. As part of his investigation into equipment
failures, Mr. Polich has reviewed water chemistry because of its potential to
impact material failure.

e) Not applicable.

Preparer: Richard A. Polich
Title: Managing Director
Department: ~ Power Supply
Telephone: 501-316-9805
Date: August 21, 2023

26979708v1
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Northern States Power Company MPUC Docket No. E999/AA-18-373, et al.
OAH Docket No. 65-2500-38476
Exhibit___ (DGD-2), Schedule 2

Schedule 2

Exhibit__ (DGD-2), Schedule 2 has been marked Not-Public in its entirety. This
Schedule was provided by M&M Engineering Associates, Inc. and responds to a report
by William Allmon (Allmon Report), on behalf of General Electric (GE) and subject to a
confidentiality agreement. GE considers the Allmon Report to constitute confidential
and proprietary information to GE. Therefore, the Company considers this Schedule to
be trade secret data as defined by Minn. Stat. § 13.37(1)(b) and Xcel Energy maintains
this information as a trade secret pursuant to Minn. Rule 7829.0500, subp 3.

Pursuant to Minn. R. 7829.0500, subp. 3, the Company provides the following

description of the excised material:

1. Nature of the Material: Rebuttal to Expert Opinion of William Allmon
Regarding the Effects of Chemistry Control on the Failure of the LP Turbine
of Sherco Unit 3
Authors: David G. Daniels, M&M Engineering Associates, Inc.

. Importance: Responds to confidential and proprietary information of GE
and that is subject to a confidentiality agreement between the Company and
GE.

4. Date the Information was Prepared: March 25, 2016

SRS
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STATE OF MINNESOTA DISTRICT COURT
COUNTY OF SHERBURNE TENTH JUDICIAL DISTRICT

Case Type: Property Damage
AEGIS INSURANCE
SERVICES, LTD., AND JURY TRIAL
OTHER INTERESTED
INSURERS AS SUBROGEES File No. 71-CV-13-1472
OF NORTHERN STATES
POWER CO. AND
SOUTHERN MINNESOTA TRANSCRIPT OF
MUNICIPAL POWER PROCEEDINGS
AGENCY,

Plaintiffs,

vS. VOLUME IX

GENERAL ELECTRIC
COMPANY; GENERAL
ELECTRIC
INTERNATIONAL, INC.;
GE ENERGY SERVICES,
INC.,
Defendants.

The above-entitled matter came duly on for
trial before the Honorable Sheridan Hawley, one of the
judges of the above-named court, on October 26, 2018, at the

Sherburne County Courthouse, Elk River, Minnesota.

1554

Michelle Pecharich & Leslie Carver
Official Court Reporters
XCEL_00004429
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William Allmon Continued Direct Examination by Mr. Schupp

Page 3 of 3

truncated data, Action Level 3, the plant would have,
according to the EPRI guidelines, been shut down
within four hours. In the Action Level 2, the plant
should have been shut down within 24 hours, and in
Action Level 1 here, the plant should have been
shutdown within a week. So we have lots of periods
here where the plant should have been shut down based
on main steam sodium and it was not.

And then 1174F?

So I calculated --

Go ahead. Tell us what this chart shows. It says,
calculated reheat steam sodium?

Yes. This is calculated reheat steam sodium.
Essentially, it adds the attemperator sodium in for
the reheat steam that is not accounted for in main
Steam.

Is there much of a difference?

No.

All right. So did you do an action level analysis on
what sodium measurements did exist?

Yes, I did.

And can you refer to your -- refer to your report and
tell us what your analysis showed?

Yes, so the -- in that 12-and-a-half year period they

exceeded the GE limits for 774 hours, which is about

Michelle Pecharich & Leslie Carver 1596
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13:22:14 1 with would be NQ 810131.
13:22:23 2 0. Okay. And what's the title of that?
13:22:25 3 A. And the title is "Piping and Instrument
13:22:30 4 Diagram, Reheat Steam."
13:22:32 5 Q. Okay. Thank you.
13:22:33 6 (Witness handing documents to counsel.)
13:22:42 7 Q. But in any event, after receiving the e-mail
13:22:46 8 on EPR 5.736G, you didn't start monitoring the reheat
13:22:52 9 steam differently than -- Strike that. You hadn't --
13:22:56 10 You didn't start monitoring the reheat steam
13:22:58 11 after receiving that; right?
13:22:59 12 A. No.
13:23:01 13 0. You continued to monitor the main steam, and

13:23:07 14 what you did is you added a continuous sodium monitor

13:23:11 15 after this; right?

13:23:15 16 A. Yeah. On main steam.
13:23:17 17 Q. Right.
13:23:17 18 And is the reason you added that, is that

13:23:20 19 Dbecause of receiving EPR 5.736G?

13:23:29 20 A. No. I think we had -- I actually a year or
13:23:34 21  two earlier put in for it, capital money for a sodium
13:23:39 22 analyzer, but didn't get it. And so we put it in
13:23:43 23 again and then got it in 2008.

13:23:47 24 Q. So you were looking at adding a main steam

13:23:49 25 sodium analyzer earlier, and it just was coincident

STIREWALT & ASSOCIATES
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13:23:54 1 that you received this in 2008 and added the sodium --
13:23:54 2 A. Yeah.
13:23:57 3 0. -- analyzer in 20087
13:23:59 4 A. Yeah.
13:24:00 5 0. Okay.
13:24:00 6 A. And the...
13:24:07 7 Again, you know, it -- I want to emphasize
13:24:10 8 that in my tenure there I do not believe that we
13:24:16 9 exceeded the sodium levels in the steam drum --
13:24:20 10 0. You're talking about the boiler --
13:24:20 11 A. Yep.
13:24:22 12 Q. -- when you talk about the drum; right?
13:24:24 13 A. Yep.
13:24:25 14 And the amount of attemperator steam or

13:24:29 15 water that you use is a very small percentage which

13:24:33 16 would not considerably add to sodium levels that would

13:24:37 17 carry over into the turbine. So my -- the whole
13:24:44 18 premise of -- of recommendations is to try to be as
13:24:49 19 prudent as you can but be as -- as -- from a economic

13:24:55 20 standpoint, and at the same time try to weigh the
13:24:59 21  fruits of benefit to the operation of the plant.
13:25:04 22 And so if they're recommendations, like
13:25:08 23 these are, you have to put those into the budgetary.
13:25:12 24 If they're imminent crisis things that, you know, a

13:25:16 25 memo is coming up with a red flag and it's blinking at

STIREWALT & ASSOCIATES
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13:25:21 1 me you're going to have imminent failure if you don't

13:25:23 2 do this and follow it to the letter, I wouldn't do it.

13:25:29 3 Q. Well according to your thinking then the
13:25:31 4 only places we -- you'd need to monitor would be the
13:25:34 5 boiler and the condensate pump discharge?

13:25:38 6 A. I think you could meet the 2 ppb sodium
13:25:43 7 level at the steam if you monitored the -- the
13:25:46 8 condensate pump discharge coming out of the condenser
13:25:50 9 and you monitored the boiler water and you followed
13:25:53 10 the -- the EPRI guideline limits. They're all based
13:25:57 11 on -- on good technical science.

13:26:00 12 Q. Umnm-hmm. Okay.

13:26:08 13 MR. SCHUPP: Would you mark this as the

13:26:09 14 next one.

13:26:21 15 (Exhibit 347 marked for identification.)
13:26:21 16 BY MR. SCHUPP:

13:26:24 17 Q. You seen this document before, Mr. Wold?
13:26:34 18 A. (Witness reviewing exhibit.) I can't tell
13:27:30 19 you if I've seen it before or not.

13:27:31 20 Q. Okay. Let's just go through the information
13:27:34 21 and see if it's accurate. The first line says, Na,
13:27:38 22 sodium online analyzer (initially 2) located on

13:27:41 23 condensate pump discharge and boiler, main steam added
13:27:44 24 2008.

13:27:45 25 That's an accurate statement; isn't it?

STIREWALT & ASSOCIATES
1-800-553-1953 info@stirewalt.com
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Figure 1b

Diagram of Unit 3’s Steam Cycle Identifying Chemical Monitoring Locations
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