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Managing Deposits and Tube Failures in HP

Evaporators of Combined Cycle / HRSG Plants
Approximate Agenda

* Chemically Influenced Failure / Damage in HRSGs

+ Management Aspects and Repeat Situations

* HRSG Under-deposit corrosion mechanisms

» Sampling and Analyzing HRSG HP Evaporator Deposits
* HRSG Cleaning Options
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The Importance of
HRSG HP Evaporator
Deposits in Influencing
Tube Failures
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The Chemically Influenced Reliability Issues

* HRSG Tube Failures (HTF) - Frequent Number One Problem
* Flow-accelerated Corrosion (FAC) - Leading HTF & Damage

* *Under-deposit corrosion - Keys are deposits, HP evaporator
sampling and optimum chemical cleaning *

* * Steam Turbine Blade and Disc Failures* - Infrequent
Serious Problem (continuous operational and shutdown vigilance)

* Condenser Tube Failures — Especially seawater-cooled plants
» Air-cooled Condenser - Controlling feature if included
» Shutdown/Layup - Important for most of above items
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Leading HTF Mechanisms

(around 70% are cycle chemistry influenced)

The Leading HTF Mechanisms
Have Changed Very Little Over
The Last 15 - 20 years
* FAC in LP Evaps & Econs
(single- and two-phase)
« Thermal Fatigue (Econ/SH/RH)
and Creep-Fatigue (SH/RH)
* Under-deposit Corrosion in
HP Evaporators:
— * Hydrogen Damage*
— Acid Phosphate Corrosion
— Caustic Gouging
+ Corrosion Fatigue in LP
Evaporators and Economizers
« Pitting
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Under-deposit Corrosion
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Optimum Cycle Chemistry for Combined
Cycle / HRSG Plants
(To prevent these HTF)

* Chemistry should be “designed” to address all possible

HRSG Tube Failure (HTF) damage / failure mechanisms

- Flow-accelerated Corrosion (FAC)

- Under-deposit Corrosion (UDC) mainly HD

Operate under oxidizing chemistry (no reducing agents)
to prevent single-phase FAC

Operate with pH levels which minimize two-phase FAC,

and,

Use corrosion product monitoring to reach satisfactory
levels which will not result in heavy HP evaporator
deposits
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Under-deposit Corrosion
(Hydrogen Damage) in HRSGs
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8

HP Evaporator Tube with Hydrogen Damage
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Hydrogen Damage in HP Evaporators
Ingress of chloride when evaporator has deposits. How and why are they allowed?
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Hydrogen Damage in HP Evaporator Tubing
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Acid Phosphate Corrosion
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HP Evaporator
Underdeposit Corrosion (APC)

APC along the Top Crown of a Horizontal HP
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Acid Phosphate Corrosion
Internal Deposit & Corrosion Reaction Product
Managing the Optimum Cycle
 Thick loose deposits within Chemistry in
eI Combined Cycle /HRSG
* Inner layer is white/gray .
(maricite) speckled with Plants using
red (hematite) Repeat Cycle Chemistry Situations
* Phosphorus concentration (RCCS)
f
at base of gouge and
The Latest International Statistics
(May 2022)
Qe Qe
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Repeat Cycle Chemistry Situations (RCCS)

Since the original RCCS paper in 2008 the 2022 detailed

data accumulated from assessments at over 260 plants

worldwide confirms that these failures and damage are

directly related to plants operating with multiples (two or

more) of RCCS in fossil and combined cycle/HRSG plants:
*

Corrosion products
* HRSG evaporator deposition
Contaminant ingress (with no reaction)
Drum carryover
Lack of shutdown protection
Inadequate on-line alarmed instrumentation
Not challenging the status quo
Non-optimum chemical cleaning
High level of air in-leakage

E N I 1

*

See: Dooley et al, PPChem., 2008 & Dooley/Anderson, PPChem,. 2019
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Categories within RCCS

*

Corrosion Products (=#1)

Not Known - Too high (above guidance/achievable values)
Inadequate extent and not sufficient locations

Taken at same time / shift each day

Techniques used - Incorrect detection limit — Soluble only
Sampling systems not adequate

S&W sampling troughs need frequent cleaning

Black S&W sampling troughs on AVT(O), or red ones on AVT(R)

% HRSG HP Evaporator Deposits (#3)

Samples not taken

No knowledge of deposit and/or deposition rate

Samples taken but not analyzed comprehensively

Deposits excessive. Not linked with chemistry in LP Circuits
Unit needs cleaning but management delayed

Application of FFS

g Structural Integrity
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w Technical Guidance Documents

Sampling and Analysis of Corrosion Products. 2014

Suitable methods

* Post sample digestion UV-Vis (Ferrozine) with
a 5 cm cell - Fe only

» Graphite Furnace Atomic Absorption spectrometry (GF-AA) post
sample digestion

* Inductively coupled plasma mass spectrometry (ICP-MS) post
sample digestion

Key points are:

1. Full digestion for all samples required

2. Detection limit of < 2 pg/kg required
(lower the DL the better)

Structural Integrity
Presented Previously: HF Virtual Conference 215t August 2021 Assoaales, Inc.
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Achievable Total Fe & Cu Levels -
Different Plant Types/Optimized Chemistry

Feedwater
OT: Total Fe = <1 pg/kg
AVT: Total Fe = <2 pg/kg
AVT (Mixed): Total Fe & Cu = <2 uglkg
HP/LP Heater Drains: Total Fe & Cu = <10 pg/kg
Combined Cycle/HRSG Evaporators/Drums
AVT/PTICT: Total Fe = < 5 pg/kg
Air-Cooled Condenser (ACC)
ACC Outlet: Total Fe = <10 pg/kg
Post Condensate Filter: Total Fe = < 5 pg/kg
Cogeneration Plants
Condensate Return: Total Fe = <10 pg/kg

Structural Integrity
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Common Repeat Cycle Chemistry Situations

Contaminants

* High number of condenser tube leaks
(seawater cooled plant even with titanium tubes)

» Plant continues to operate when contamination
exceeded action & shutdown limits (sometimes muiltiple
times)

» Plant continues to operate attemperation during
contaminant periods

» Plant continues to inject phosphate or caustic to
the HP drum or ammonia/amine to condensate
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Associates, Inc.

21

22

Categories within Repeat Situations

Challenging the Status Quo

Same chemistry since commissioning

No chemistry manual for plant, OR assembled by chemical
supplier as compared to company guidance

Continue to use wrong phosphate treatment

Continue to use reducing agents in combined cycle/HRSGs
and in all-ferrous fossil plants

No questioning of proprietary chemical additions

Using incorrect or outdated guidelines

Incorrect addition point for chemicals (most often reducing agent)

AVT(O) vs AVT(R) or incorrectly used for either

Lower end of pH ranges is often bad

g Structural Integrity
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RCCS In 151 Fossil In 110 Combined
Categories Plants % Cycle/ HRSG
Plants %

s “

HRSG Evaporator

Deposition
Cyte Chemistry T R
Control T RN,
(261 Piants Worldwide) [ TN N

e T T

Increasing in last 5 years
Decreasing in last 5 years\ Alarmed

Instrument
Not Challenging the
Status Quo

Based on 261 Comprehensive Plant Assessments 2008 — May 2022

Repeat Situations
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Source: Dooley/Anderson, PPChem,. 2019

Typical RCCS which Lead to Hydrogen Damage

All have been observed in numerous assessments & case studies.

Excessive corrosion products (total iron)

- In HRSGs the levels exceed “local” guideline values
Non-monitored feedwater corrosion products
Measuring only soluble corrosion products

Excessive deposits on HP evaporator surfaces,
and no samples taken for analysis

Delayed/postponed chemical cleaning
Repetitive contamination above Action Level
Contaminant ingress above shutdown limit
No operational support for unit shutdown

Lack of, reduced or out of service on-line
instrumentation.

Use of grab samples to control plant
Use of FFS

g Structural Integrity

Associates, Inc.
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Approach to Controlling UDC (Hydrogen Damage)

The data base of failures and assessments has provided direction to
refine the “optimum chemistry” for HRSGs:

. * Control FAC and total iron transport to HP evaporator
. * Be knowledgeable about HP evaporator deposits

. * Regularly remove HP evaporator samples

* Minimize excedances of control / shutdown limits

. Install fundamental level of instrumentation

Don’t think that blowdown and increased phosphate or
NaOH additions will overcome contamination

. Customize IAPWS TGD to plant.

. Challenge the status quo

TMOO W

Ie
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g s e
Second Step is to Identify
Deposits in HRSG HP Evaporators
by
Sample Removal and Analysis

— 7

www.STRUCTINT.com
877-45I-POWER
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HP Evaporator Deposition in HRSGs

* *Is a necessary precursor to the Under-Deposit
Corrosion (UDC) Mechanisms: Hydrogen Damage,
Acid Phosphate Corrosion and Caustic Gouging

» Corrosion products from lower pressure circuits
and feedwater. Therefore, related to FAC in these
circuits

+ * Before 2010 very little was known about HP
Deposition as very few tubes removed (<5%) and
analyzed. Always an excuse not to do this.

* Published the initial story in PowerPlant Chemistry,
April 2010, 12(4). Dooley and Weiss. (45 plants)

« Over 150 plants have now been analyzed to check

& T ez e the IAPWS map
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Tube Sampling

* Why - it’s the only way to identify that a clean is
needed proactively and properly evaluate the
process requirements

* Where - high heat transfer area of the HP evaporator
and locations of UDC

— Near casing or channels between tubes (module gaps)
— High elevation
— Videoscopic examinations

* When — maintenance outages/every 10-15K

operating hours

* How —dry cut, at least 18 inches/0.5 meters

Structural Integrity
Associates, Inc®
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HRSG HP Evaporator Tube Selection Suggestions
» For horizontal gas path (HGP) units.

The lead HP evaporator tube towards the top of the circuit near
to the outlet header should be selected. Preference should be
given to tubes on the extremities of the bundle where gases
bypass along the duct, or near the center of the HP evaporator
if there is a gap due to multiple bundles. (Sometimes heavy
deposits are seen at the bottom of the lead row in situations
with high levels of corrosion products.)

« For vertical gas path (VGP) units (choice not always as clear)
The first and last tube in the bundle will cover the differences in
quality, with preference again for the extremities adjacent to
ducting. Also, when hydrogen damage or another UDC
mechanism occurs, it is often located in the middle of the

MP bundle as well as on leading tubes.
w

Deposit Analysis

* A comprehensive analysis of deposit and tube
conditions is required including:
— deposit loading assessment (mg/cm?, g/ft2) (ASTM D 3483)
— deposit morphology evaluation using optical and SEM,

— elemental mapping (EDX) to determine the distribution
within the deposits, and

— In-situ analysis of deposits

* Major deposit constituents dependent on materials
of construction and treatments

» Constituents associated with cooling water ingress,
other contamination or cycle treatment chemicals
may be present

29
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HP Evaporator 2,000psi (14MPa)
(Optimally: a thin layer of magnetite plus a thin layer of deposit)

Deposits

Protective Indigenous Magnetite

HP Evaporator 2200psi (15.2MPa). 58K hrs

(AVT(O) with only ammonia, only TSP in HP Evaporator at 2 - 5 ppm)

An Optimum HRSG Treatment

Deposits <10g/ft?
(<11mg/ cm?)

Structural Integrity
i Associates, Inc®

Indigenous Magnetite

Dooley / Weiss PowerPlant Chemistry
2010, 12(4) pp 196 - 202
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HP Evaporator 1800psi (12.4MPa). 16K hrs

(AVT(O) with only ammonia, only TSP in HP Evaporator at 2 - 5 ppm)

An Optimum HRSG Treatment

Deposits <10g/ft2 Indigenous Magnetite

(<11mg/ cm?)

Structural Integrit
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HP Evaporator 1800psi (12.4MPa). 30K hrs
(AVT(O), ammonia addition to feedwater, TSP in Evaporator)

0.001 in

Optimum HRSG Treatments

Deposits (<10g/ft? )

Indigenous Magnetite

Gu b G oYy

Associate:
Footer - SLIDE 34

HP Evaporator 1740psi (12 MPa). 73K hrs

(AVT(O), NaOH to LP Drum, Nothing added to IP and HP Drums. pH 9.6)

An Optimum HRSG Treatment
- -
Deposits ~6.5g/ft?
(~7 mg/cm?)
RF e

A
i, e B,

Dooley / Weiss PowerPlant Chemistry
2010, 12(4) pp 196 - 202

——

HP Evaporator 1900psi (13.1 MPa). 35K hrs
(AVT(R), Cyclohexylamine/MOPA, pH 8.6 - 9.0, Carbohydrazide.
TSP + NaOH in Evaporator, 2 - 4 ppm PO,)

A Non Optimum HRSG Treatm

Deposits

Reaction

Products Total Loading 45g/ft?

g Structural Integrity

Associates, Inc.




7/22/2022

HP Evaporator 1900 psi (13MPa). 30K hrs

(Reducing Agent, “Blended” Amine and Phosphate “Blend”)

L] yﬁc Treatment

Magnetite Deposits
~35g/ft? (~38mg/cm?)

Indigenous Magnetite

I Assoc

Dooley / Weiss PowerPlant Chem
2010, 12(4) pp 196 - 202
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HP Evaporator 1900psi (13.1 MPa). 35K hrs

(AVT(R), Cyclohexylamine/MOPA, pH 8.6-9.0, Carbohydrazide.
TSP + NaOH in Evaporator, 2 - 4 ppm PO,)

A Non Optimum HRSG Treatment

Reaction
Products

Total Loading 45g/ft?

Structural Integrity
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HP Evaporator Tubes from Triple-Pressure HRSG
(1860 psi, 12,000 hours. Deposit loading around 43 g/ft2. Ammonia and carbohydrazide to
feedwater. TSP/NaOH to HP Drum, 2 - 6 ppm phosphate and pH 9.4 - 9.8.

A Non Optimum HRSG Treatment

Deposits

Reaction Products start
to form with the deposits

Structural Integrity
Associates, Inc.

Indigenous Magnetite

i Associates, Inc
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HP Evaporator 1800psi (12.4MPa). 11K hrs.

(AVT(R), DEHA & MOPA, Phosphate/NaOH in HP Evaporator. pH 9.4 - 9.8)

E
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HP Evaporator 1900psi (13.1 MPa). 35K hrs

(AVT(R), Cyclohexylamine/MOPA, pH 8.6 - 9.0, Carbohydrazide.
TSP + NaOH in Evaporator, 2 - 4 ppm PO,)

Structural Inlegnly
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IAPWS Deposition Map for HP Evaporators

1 AR Pressure (MPa)
69 82 96 110 124 138 151 16.5
60+ 64.8
504 54
Chemical Cleaning is Needed
404 43.2
Deposit Deposit
Loading 30 32.4Loading
(g/ft?) Think About Chemical Cleaning (mg/em?)
20 Start of Corrosion Products 21.6
within Porous Scales
104 10.8
Optimum HRSG Chemistry and
Meeting “Rule of 2 and 5”

1000 1200 1400 1600 1800 2000 2200 2400

Slructural Integrity
Associates, Inc.

Pressure (psi)
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Typical Repeats which Lead to Deposits

All have been observed in numerous case studies. Do you recognize any?

& Corrosion products
- In HRSGs the levels exceed the “Rule of 2 and 5”.
- Non-monitored feedwater corrosion products
- Measuring only soluble corrosion products
- Change to FFS
& Not challenging the status quo
- In HRSGs continuing to use reducing agents, amines and blends
- In fossil plants not using the correct feedwater AVT(O), AVT(R) or OT
- In fossil plants not changing chemistry with age or change of materials

* Not removing tubes for analysis
h Delayed chemical cleaning
b High level of air in-leakage
- Especially in mixed-metallurgy units
= Inadequate on-line instrumentation

Structural Integrity
Associates, Inc.
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Approach to Controlling Deposition

The data base and deposit map have provided a further
direction to refine the “optimum chemistry” for HRSGs:

. Control single-phase FAC

. No reducing agents and avoid amines, FFS or blends
unless total iron transport is measured

C. Control two-phase FAC by increasing pH with TSP,
NaOH or ammonia

. Minimum addition to HP drum if necessary

Optimize to the “Rule of 2 and 5” on total iron

Remove Evaporator Samples and Analyze

w >

mmo

**Operating outside of this envelope increases deposits and starts to
initiate “reaction” products within the deposits near to the
indigenous magnetite. And may need chemical cleaning -------

I
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34 JAPWS ABHUG

(Australasian Boiler/HRSG Users Group, ABHUG2022)
Brisbane, Australia. 15t — 17th November 2022

Premier Boiler / HRSG / Chemistry event in antipodes
https://na.eventscloud.com/ehome/672250

9th JAPWS EHF

(European HRSG Forum, EHF2023)
16th — 18th May 2023.

Prato, Florence, Italy

Premier HRSG / Cycle Chemistry event in Europe
- Call for presentations to Barry Dooley and Bob Anderson
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