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FOREWORD

Note: This Operation and Maintenance Manual is intended to provide general guidelines for the operation and maintenance of Nooter/Eriksen Heat Recovery Steam Generators.  It is not intended to, and cannot, serve as a substitute for the sound judgment of experienced and qualified personnel operating the HRSG safely.

Nothing contained in this manual is to be construed as a warranty extended by Nooter/Eriksen.  ALL WARRANTIES EXPRESS OR IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE SPECIFICALLY INCLUDED.

A.
SCOPE OF MANUAL

This manual describes the operation and maintenance of a Nooter/Eriksen Heat Recovery Steam Generator (HRSG).

1.0
Purpose

This manual should be used:

-
to familiarize personnel with the equipment, not as a training manual.

-
as a guideline for operating and maintaining the equipment.

-
as a reference list to define the Nooter/Eriksen scope of supply.

-
as an outline in helping to develop an extensive, site-specific operation and maintenance plan for the entire HRSG system.

The manual should be provided to startup, maintenance and operations personnel, allowing ample time for studying the manual before operating or performing maintenance on the HRSG. 

2.0
Responsibilities

The final responsibility for the safe and secure operation of this equipment lies with the operator.  In no case should this manual be used as a substitute for the judgment of the boiler operator.  

Nooter/Eriksen can provide engineering or field service personnel on a per diem basis. Contact the N/E office for current rate.  It should be understood that the presence of a Nooter/Eriksen representative does not relieve the operator of his/her responsibility.  

B.
CONTACTS


To discuss field services or for any inquiries regarding our equipment, contact Aftermarket Services at the address/phone/fax number below. Please have the N/E job number (064130) and as much detailed information as possible on the item to be addressed available. 

Mailing Address:

Nooter/Eriksen

P.O. Box 66888

St. Louis, MO. 63166-6888

Aftermarket Services (636) 651-1000  

 Fax (636) 651 - 1505

Shipping Address:
Nooter/Eriksen

1509 Ocello Drive

Fenton, MO 63026

Nooter/Eriksen’s normal business hours are 7:30 - 4:15 CST, Monday through Friday.

Note: For emergency contacts after business hours or on Weekends, please call:

636 - 651 - 1000 

The appropriate Nooter/Eriksen personnel will be notified and respond accordingly.

C.
WARRANTY PROCEDURE

The following is provided, for your convenience, should an occasion occur which is applicable to Nooter/Eriksen warranty coverage.

All warranty claims are to be brought to the attention of Mike Grill, Nooter/Eriksen’s Warranty Manager, Telephone: (636) 651-1081; Fax: (636) 651-1505.

Nooter/Eriksen’s Warranty Claim form is included in this procedure. This form is to be completely filled out, for the benefit of all participants and submitted to Nooter/Eriksen’s Field Service Manager in a timely manner.  Warranty claims will not be processed without this completed form.

The original equipment manufacturer/supplier will be notified by Nooter/Eriksen and have the opportunity to evaluate and, after Nooter/Eriksen’s concurrence on their plan of action, resolve the claim.

In seeking recourse for repair or replacement, please notify the Nooter/Eriksen Warranty Manager of any requirements. This notification should be performed by using the warranty claim form prior to committing an expense “assumed” to be chargeable to Nooter/Eriksen.  N/E will not be responsible for any warranty repairs performed or expenses incurred before submittal of above notification and written approval by a Nooter/Eriksen representative. 

WARRANTY CLAIM FORM
Warranty Claim No.                                    Date:                            
Warranty Claim Information:
Description of Problem:
Operating Conditions Prior to, Or At Time Problem Occurred
(Operators log of HRSG operation for 30 days prior to problem showing operating hours by day with full or part load indicated).

Initiated By:




Of:
(Company)

Date:
Approved By:




Of:
(Company)

Date:
Nooter/Eriksen Response By:
Date










Distribution:     Vice-President Operations

Manager, QA

Director, Systems

Director, Engineering
















    Supervisor of Operations Design

SECTION I: GENERAL DESCRIPTION


A.
SCOPE OF SUPPLY  

SCOPE OF SUPPLY BY NOOTER/ERIKSEN

- Inlet Transition Duct

- Supplemental Gas Fired Duct Burner

- Duct Burner Firing Duct with View Ports

- Duct Burner Fuel Train Skid

Five (5) HRSG Modules containing:

Module 1
Reheater No. 3




HP Superheater No. 2




Reheater No. 2

Module 2
HP Superheater No. 1




Reheater No. 1

Module 3
HP Evaporator No. 1




HP Evaporator No. 2

HP Evaporator No. 3

Module 4
HP Evaporator No. 4




IP Superheater No. 2




HP Economizer No. 2




IP Superheater No. 1




IP Evaporator

Module 5
HP/IP Economizer No. 1

LP Evaporator

Preheater

- CO Catalyst Frame

- CO Catalyst Blocks

- SCR Reactor Housing

- SCR Ammonia Injection Grid

- SCR Ammonia Skid

- SCR Catalyst Blocks

- HP Remote Steam Drum

- IP Remote Steam Drum

- LP Remote Steam Drum

- Platforms, Stairs & Ladders

- Interconnecting Piping & Valves

- Boiler External Piping & Valves

- Boiler Trim and Valves

- Field Seam Material

- Expansion Joint at Stack

- Exhaust Stack with EPA platform & Nozzles

- Code Stamping of each Pressure Level

B.
TECHNICAL DESCRIPTION 

1.0

Module Layout and Flow Schematic

The module layout drawings name and locate the major components of the HRSG. The elevation view shows the flow from coil to coil. The plan view shows flow within each coil (i.e. tube to tube). The flow circuitry within a coil is generically described in Section I B 3.0 and specifically on the thermal data sheets in Section V. The individual pressure levels have been color coded so as to ease the identification of each system.

These drawings are for schematic reference only and should not be scaled or the basis for any engineering calculations.

Module Layout - Elevation View



Replace this page with Elevation view color schematic

Plan View - Replace this page with the plan view color schematic

2.0

Design Philosophy

Nooter/Eriksen HRSGs are specifically designed to meet the customers steam requirements while optimizing the heating surface, pressure drop and mechanical design.  The following criteria forms the basis for this HRSG design:

2.1  The evaporators are based upon a vertical tube, natural circulation design. The evaporator components are engineered to provide vigorous circulation of the water/steam mixture in order to insure proper cooling of evaporator tubes. Buoyant forces are greatest in tubes where the heat flux is the highest and thus water flow is the greatest in the areas of highest heat flux (i.e. where it is needed the most).

2.2
In line tube arrangement is utilized to provide optimum heat transfer within the gas side pressure restrictions of the system.  A staggered pitch tube arrangement maybe used in order to maximize the heat transfer in certain critical sections of the HRSG.

2.3
Tube diameter and spacing are selected to provide optimum heat transfer in each tube bundle, effective cooling of superheater tubes and appropriate fluid velocities to prevent erosion.

2.4
Maximum fin density on finned tubes is limited to six (6) fins per inch (236 fins per m). These fins are serrated, I-footed, high frequency type.

2.5  Primary steam separation in the boiler drums is achieved with inertial separators (baffles). Secondary separation is achieved with chevron/mesh pad banks.

2.6
The N/E standard insulated casing design utilizes a cold, gas tight outer casing.  This casing virtually eliminates thermal expansion and prevents over stressing and cracking due to rapid thermal transients. The casing is internally insulated and lined with a floating liner that is free to move with thermal expansion. Each liner plate is supported with pins welded to the casing. In higher turbulence areas, floating channels are added to the perimeter of each liner plate to provide additional support.  

2.7
Intermediate tube supports are included to eliminate tube vibration due to vortex shedding. Longitudinal baffles are used to eliminate acoustic resonance within the HRSG ductwork.

2.8
The use of top supported tube bundles allows for unrestricted downward expansion, which will vary from the front of the unit to the back.

2.9
All heating coils are completely drainable through the lower headers. 

2.10
Applicable industry standards and design codes are utilized/referenced to insure a safe and reliable boiler. 

3.0

Definitions and Descriptions of Major Components

The following paragraphs describe the major components as they are arranged from the inlet of the HRSG to the outlet of the exhaust stack. The data sheets in Section V (5), the drawings in Section X (10), and the drawings in section IB will be useful in understanding the following descriptions. For specific configuration and material selection, please refer to the thermal data sheets.

A bundle refers to a group of tubes located in the same section of duct.  Module is used to describe a bundle of tubes and the casing surrounding it.  Coil refers to a specific group of tubes, such as 'HP Superheater'.  Note that there may be more than one coil in a tube bundle.

Right and left directions are referenced looking from the Combustion Turbine Generator (CTG) to the stack; in other words, looking in the direction of turbine exhaust gas (TEG) flow.  Front and back refer to the gas side of the HRSG; the front side of a bundle is the first section to see the gas; conversely, the gas exits from the back of a bundle.  First and last are similar terms to front and back, with the first row in a bundle seeing the hottest exhaust gas.  Upstream and downstream are terms used to describe tube side flows, and refer to the direction of the steam/water. 

Rows of tubes are perpendicular to the gas flow, and are numbered in the direction of gas flow, or along the length of the unit; i.e., Row #1 of a particular bundle would be the front, or hottest row of tubes.  Headers are numbered in the same way as rows.  Transverse Sections refer to the number of tubes per row that can be found on the data sheet “HEATING SURFACE”.

Circuitry refers to the fluid flow path in economizer or superheater sections.  The number of circuits in a coil is equal to the total number of parallel flow paths into which the flow is divided equally. Full circuit means that there are an equal amount of circuits and transverse sections in the given coil such that all of the flow is traveling in the same direction in any given row of the coil. Half-circuit means that there are half as many circuits as there are transverse sections in the given coil such that half of the flow is traveling downward and half of the flow is traveling upward in any given row of the coil. Double-circuit means that there are twice as many circuits as there are transverse sections in the given coil. Double -circuit requires two rows of parallel tubing such that half of the flow passes through the 
first row and the other half through the second row.  Tube bends and headers are used so flow direction alternates from tube to tube.

Headers collect the working fluid for a group of tubes, and are typically labeled as either upper or lower headers.  In the evaporators, water flows through the downcomer(s) to the lower header or drum. The circulated excess water and produced steam then flows into the upper headers (STEAM DRUM if integral). If the unit is a small header design the two-phase mixture must then flow up to the remote drum through the risers. The primary drum internals separate the two-phase mixture so that the water can be recirculated and the steam can be routed out of the drum.

Economizer sections are coils designed to raise the feedwater temperature up to within a few degrees of the corresponding saturation temperature in the steam drum. These sections are typically finned rows with an average finned density of 6 fins per inch for a clean fired fuel. Dirty gas applications would generally have a smaller fin density in order to provide allowances for tube cleaning. If the design criterion is such that cold-end corrosion could occur, these sections are designed for recirculation or bypass in order to maintain tube wall temperatures above the exhaust gas acid dew point.

Evaporator sections are coils designed for generating the required steam demands. A typical small header evaporator section consists of a remote steam drum where steam/water separation is carried out by a primary baffle type separator and secondary chevron bank separators, downcomer sections which channel the boiler water to the bottom of the evaporator section and into the inlet headers, evaporator tubes where the two phase mixture is generated, the outlet headers which serve as collector manifolds and risers which then passes the two phase mixture into the steam drum. Split evaporator sections are sometimes used in high fired designs in order to use the front section as a cooling median for the exhaust gas before it passes through the duct burner or to provide an SCR/CO with an efficient operating temperature range.  These sections are typically finned rows with an average finned density of 6 fins per inch for a clean fired fuel. Dirty gas applications would generally have a smaller fin density in order to provide allowances for tube wall cleaning.

Superheater sections are designed to raise the steam temperature above the saturation temperature to a predefined limit that is required for its end use (i.e. steam turbine or process). These coils may have varying fin density from row to row so as to maximize the heat transfer while still maintaining acceptable tube wall temperatures, especially at the inlet of the HRSG.   

Reheater sections are designed to raise the temperature of HP steam turbine discharge back up to a predefined level. The “reheated” steam is generally reintroduced into the IP stage of the steam turbine. This is an effective method of increasing the overall cycle efficiency.  

4.0

Specific Boiler Design for Hopkins Unit 2

This HRSG has been designed to meet the required steam production put forth in the customer specification based upon stipulated input parameters including exhaust flow, temperature, and pressure drop. This unit includes three different pressure levels defined as a high pressure (HP) system, an intermediate pressure (IP) system and a low pressure (LP) system. A reheater (RHTR) system has also been provided to further improve the combined cycle efficiency. The feedwater for all three pressure systems is preheated in a common feedwater bundle (and then passed along to a remote deaerator) before entering the integral deaerator. 
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This HRSG was fabricated as a two wide unit in order to overcome shipping restraints. The modular design of the HRSG allows for two separate bundles each containing individual headers, tubes, and piping to be designed, manufactured and installed parallel to each other to function as a single cohesive section. Each pressure level, however, still contains only one remote steam drum.   

The individual coil circuitry for each coil of the boiler can be determined from the Thermal Data Sheets (Section V, Sheet B) or viewed on the plan view schematic provided (Section I.B.).

The HRSG coil layout may be viewed on the N/E P&ID, the flow schematics (Section I.B.), or the Thermal Data Sheets (Section V) and are discussed in detail below.

4.1
Inlet Transition Duct

This section (composed of three smaller sections) expands the turbine exhaust gas flow to   the full height of the HRSG in order to provide a uniform distribution for the heating surfaces.

4.2
Reheater No. 3 / HP Superheater No. 2/ Reheater No. 2

This is a seven row bundle; the first two rows comprise Reheater No. 3, the next three rows make up HP Superheater No. 2, and the last two rows are Reheater No. 2 

Final heating of the reheat steam is done in Reheater No. 3.  Flow is manifolded together at the outlet.

Final heating of the HP steam is done in Superheater No. 2. Steam from the superheater coils is manifolded together and passed through required valving to the outlet terminal point.

Intermediate heating of the reheat steam is done in Reheater No. 2.  Steam flow at the outlet of each coil is individually piped to the inlets of Reheater No. 3.

4.3
Duct Burner

This section of ductwork contains the John Zink burner, which is utilized to increase the overall steam capacity of the boiler. The duct burner system is described in detail in the vendor provided O&M manual in section VII.

4.4
HP Superheater No. 1/ Reheater No. 1

This is a six row bundle; the first four rows are HP Superheater No. 1, the last two rows are, Reheater No. 1.

High pressure steam is fed from the HP drum to HP Superheater No. 1 for initial heating. Flow is manifolded together prior to being piped to HP Superheater No. 2.

Primary heating of the reheat steam is done in Reheater No. 1.  Steam flow at the outlet of each coil is individually piped to the inlets of Reheater No. 2.  Each line contains a desuperheating station.

4.5
HP Evaporator No. 1, No.2 and No. 3

This is an eight row bundle, with the first three rows being HP Evaporator No. 1 tubes, the next three rows being HP Evaporator No. 2 and the remaining rows corresponding to the HP Evaporator No.3.

Heated feedwater from HP Economizer enters the rear HP Evaporator steam drum from two lines. The steam exits through the top of the drum through provided pipelines. These lines connect the drum to HP Superheater No. 1. (to external piping where the flow is manifolded together and piped through required valving to the outlet terminal point.)

4.6
CO (carbon monoxide) catalysts are provided in this section of ductwork to reduce the carbon monoxide emissions to a predefined limit.  The CO catalyst system is described in detail in the O&M manual provided by the CO vendor.

4.7
A Selective Catalyst Reduction (SCR) system is installed in this section of ductwork to reduce NOx emissions to a predefined limit. The SCR system is described in detail in the O&M manual provided by the SCR vendor.

4.8
HP Evaporator No. 4/IP Superheater No. 2/HP Economizer No. 2/ IP Superheater No. 1/IP Evaporator

This is a 23 row bundle with the first seven rows corresponding to the HP Evaporator No.4 and the IP Superheater No.2; the next nine rows corresponding to the HP Economizer No.2 and the last seven rows corresponding to the IP Superheater No.1 and IP Evaporator.

HP steam generated in the HP Evaporator rows of this coil and is fed to the remote steam drum.

Final heating of the IP steam is done in the IP Superheater No. 2.  The flow is manifolded together and passed through the required valves to the outlet terminal point.  

Water in the HP Economizer No. 2 is heated up close to the saturation temperature of the water in the HP drum. The front row and a half of this coil are upward flow sections.  This allows any steam that might be generated under off design conditions to flow upward in the same direction as the main flow, thereby reducing the potential for steam blockage. Water from this module flows to the HP remote steam drum.

Primary heating of the IP steam is done in the IP Superheater No. 1. 

Heated feedwater from the IP Economizer enters the IP evaporator steam drum from one line. The steam exits through the top of the drum through provided pipelines. These lines connect the drum to IP Superheater No. 1. (to external piping where the flow is manifolded together and piped through required valving to the outlet terminal point.) 

4.9
HP Economizer No. 1/IP Economizer/LP Evaporator/Preheater

This is a 16 row bundle with each of the first five rows including portions of the HP and IP Economizers.  The next three rows correspond to the LP Evaporator  and the final eight rows are the Preheater.

Feedwater from the HP boiler feed pump is heated in HP Economizer No. 1.  Flow is manifolded together at the outlet and piped to HP Economizer No. 2.

Feedwater from the IP boiler feed pump is heated in the IP Economizer.  Flow is manifolded together at the outlet and piped to the IP remote steam drum.

Heated feedwater enters the LP remote steam drum from the LP Preheater (boiler feed pump lines). The steam exits through the top of the drum through provided pipelines. These lines connect the drum to LP Superheater No. 1. (to external piping where the flow is manifolded together and piped through required valving to the outlet terminal point.)


Feedwater from the condensate return and makeup lines are heated in this fourteen row bundle.  The flow is manifolded together at the outlet and piped to the LP remote steam drum.  

4.13
Low Temperature Fabric Expansion Joint

One low temperature fabric‑type expansion joint is furnished to be installed between the HRSG casing and the stack.  It is designed for axial and lateral displacements.

4.14
Exhaust Stack

The 216' (5486 mm) diameter stack extends to a height of 1800' (45720 mm) above grade.  A ladder is provided for access to a 360° EPA platform.

SECTION II: PREPARATION FOR SERVICE

A.
INSPECTIONS

After completing the construction of the HRSG and prior to initial plant startup, a number of items can be addressed to assure that the initial start-up of the HRSG/CTG proceeds as smoothly as possible.  Most of these activities do not require that the balance of plant be complete.  However, certain checkouts are most effectively completed with the plant instruments, electrical power and air supply systems in service.  The following outlines the activities that take place and their dependence on balance of plant equipment.  

1.0
General


A general overview walk-through is required to check for completion in a variety of areas.  The exhaust duct casing must be inspected for completeness of joints, freedom for thermal expansion of liners, gas baffles, and pressure parts. Any debris must be cleaned out. Internal inspection of drums will assure that all steam separation equipment is properly installed and internal piping is securely supported.  A review of overall setting will verify that all pipe supports are properly installed, that the unit is adequately placed on the foundation, and that all structural steel bolting is securely installed. Pipe supports are generally marked with a cold and hot setting. The pipe supports should be rechecked after the unit is heated up to base load conditions to confirm the hot position setting.  While addressed in various sections of this Operation and Maintenance manual, activities and procedures required for boiler start-up and maintenance such as hydro-testing, chemical boil-out, steam blows, handling of gage glasses, pulling up gasketed material and other preparations required for regular operation are the responsibility of the operating company. 

2.0
Valves 

                                                                          

All valves must be inspected to verify that the proper



valves are installed in the proper locations and 




in the proper direction. All valves should be stroked

[image: image16.png]


fully to check the travel limits, seating and packing

tightness. If excessive force is required to open a

valve, then the valve should be lubricated per the valve

suppliers recommendations. 

Some of the manual valves may require 

more than one person when opening. All motor




driven and pneumatic valves and equipment should

be operated prior to start-up to verify that there are no

electrical or mechanical problems with this equipment.  Electrical power and instrument air must be in service to perform this check-out. 

Safety valve vents and drains should be routed to safe discharge points without interfering with the free thermal movement of the valve.  Safety valves set points are set and tested in the manufacturer’s shop per ASME Code Case 2368 where applicable. Additional testing (i.e. popping safeties in the field) is not required.  Inquiries and purchase orders for testing safeties should be addressed directly with the safety valve manufacturer.  

Non-flanged safety valves (i.e. welded), must have the hydrotest plug removed from the valve after the successful field hydrotest. This requires that the valve vendor field service department is contacted and arrangements made for a qualified technician to dismantle required portions of valve.

Note:
The limit and torque switches for all motor operated valves have been calibrated by the valve manufacturer and do not require further adjustment. Nooter/Eriksen will not be held liable for damaged equipment (or costs incurred) as a result of site personnel adjusting or tampering with switches. 

3.0
Control Devices

All control devices need to be checked for proper installation and application, as well as operability. To check operation it is necessary that the plant electric system (power and control), as well as the control air supply system, be operable. Control valves should be fully stroked from the control panel to verify physical operation against control signal.  Electrical transmitters (flow, level, pressure, temperature) need to be checked to see that the signal from these devices is received at the final connected apparatus (controllers, indicators, etc.).  The water column/gauge glass assembly needs checking for proper operation of the electrode probes/relays. This check-out should be done concurrently with the level transmitter check-out.  Local pressure and temperature gauges need checking for proper application/installation.

4.0
Level Control and Indication

Level indication devices are used for signaling drum water level, alarms, and trips. Proper operation of alarms and trips, at the levels noted on the "Internal Details" drawings for each drum should be verified before normal operation begins. The trips and alarms may be simulated but it is preferred to actually fluctuate the drum water level to instigate the action items.

CAUTION: OPERATION BELOW LOW - LOW LEVEL IN ANY OF THE DRUMS MAY DAMAGE THE HRSG, AND MUST INITIATE A GAS TURBINE TRIP.

Note:
The items addressed in this section are also applicable for start-ups after inspections/construction work has been performed on the boiler (i.e. annual maintenance outage) throughout the boiler’s life.  

B.
HYDROSTATIC TEST

After field assembly, each pressure level of the HRSG and any interconnecting piping within the ASME Code boundary must be hydrotested by the assembler and witnessed by their Authorized Inspector (AI).

Additional hydrotests may be necessary during the life of the HRSG if any alterations or repairs are performed within ASME Code boundaries.

The following information is provided to help protect the HRSG before and after hydrostatic tests.

Caution: Nooter/Eriksen does not recommend the use of pneumatic tests in lieu of hydrostatic tests. Hydrostatic tests, when conducted properly, are a safe method to test fabricated equipment before operation. Due to the inherent danger associated with a failure under pressure from compressed gas or air, pressurizing with air or gas can be extremely dangerous.

Verify that all instruments are isolated to prevent damage from over pressurization.

The HRSG components must not be exposed to pressures exceeding 1.5 times the MAWP.

Review hydrotest procedures in the pressure safety valve manufacturer's manual.  For hydrotest pressures that exceed design pressure, the valves must be isolated (pancaked or removed and replaced by blind flanges) from the test pressure.  When safety valve design pressures will not be exceeded during hydrotest, some operators have successfully gagged the valves, but Nooter/Eriksen does not recommend this procedure.

CAUTION:  USE OF SAFETY VALVE "GAGS” WHEN HYDROSTATIC TEST PRESSURES EXCEED DESIGN PRESSURES COULD RESULT IN DAMAGE TO THE VALVE.

Severe corrosion can occur when inappropriate water is used for the hydrotest.  N/E recommends the following:

· Demineralized, deaerated water or polished is recommended.
· If demineralized water is not available, potable water may be used provided all of the following are met:     

a. Water source must be flushed and proven clean prior to discharge into the boiler.

b. Water is to be filtered prior to first fill for hydrotest.

c. The water is to be sampled and tested prior to use. Testing shall be conducted for pH, silica, iron, chloride, etc., for reference.

d. Water samples are to be taken prior to filling the boiler and during draining, and maintained for reference.

e. Water must be drained immediately after hydrotest is complete.

· The hydrotest water, whether demineralized and deaerated or acceptable potable water, must have the pH adjusted to 9.0 as a minimum

· Diethylhydroxylamine (DEHA) oxygen scavenger should be added to hydrotest water to reduce oxygen concentration to 2 to 7 ppb.

· Chemicals should be added in a manner that provides thorough mixing.

· If stainless steel parts are exposed to hydrotest media, chlorine content must not exceed 30 ppm or these parts should be removed for the hydrotest, if possible. 

· Providing a high capacity hydrotest pump to allow filling the HRSG as quickly as possible will provide the best results in expelling air from the system. All vent valves should be open during filling to allow air to escape the system.

· If a potential for freezing weather exists, the unit should be filled with the warmest water available.  (Note, however, that ASME Code defines metal and water temperatures in PG99.  This should be consulted for proper temperatures.)  Interior heating or other precautions may be necessary to prevent freeze damage.

· After the test, the HRSG must be properly laid up to prevent damage from corrosion or freezing.  Unless water treated specifically for lay up was used during the hydrotest and will be chemically maintained over the lay up period, the HRSG must be drained and laid up dry within 24 hours.  (See the Nooter/Eriksen Lay Up recommendations.)

· If the HRSG will be drained, proper precautions must be taken to insure that all water is removed from the unit.  (See the Nooter/Eriksen draining recommendations.)

· Stops on all spring cans should be removed after the field Hydrotest.

CAUTION:  HYDROTEST WATER LEFT IN THE HRSG CAN DO DAMAGE BY FREEZING OR CORROSION.

Note: N/E will not accept any liability resulting from the particular chemistry of the hydrotest water.

C.
TUBESIDE CLEANING

Nooter/Eriksen recommends the use of an experienced cleaning contractor for this service.  The cleaning contractor should inspect the HRSG and submit a cleaning procedure for the owner's review.  Nooter/Eriksen recommends that the cleaning procedure shall include steps for each area listed under Section 2: Hand cleaning, Organic material removal and Chemical scale removal.  

This section contains general information and suggestions that may be used as an aid to evaluate a contractor's procedure or monitor the cleaning and should not be interpreted as an endorsement or any particular type of cleaning. Improper cleaning of the HRSG surfaces or the complete omission of cleaning can result in poor performance and potential damage to the boiler. The HRSG tube/pipe side surface must be thoroughly and properly cleaned prior to being placed in initial service.  Periodic review of the cleanliness of the boiler is required as outlined in Section IV of this manual. 

1.0
General  

The primary function of cleaning the tubeside is to provide a clean, uniform surface for passivation. Passivation is the buildup of a protective magnetite layer on wetted surfaces.  This layer protects the inner surfaces from corrosion during operation.  

Oil, grease and rust can prevent or cause uneven buildup and flaking of the protective magnetite layer during operation.  These contaminants must be removed before operation.

The option to inspect the unit prior to chemically cleaning should be offered to all potential contractors. Lack of pre-inspection may result in an insufficient and/or inefficient cleaning solution being utilized. Improper solutions can significantly add to the circulation time required for cleaning.     

Prior to commencement of a chemical clean for the HRSG, the following systems/controls must be in proper operation in order to insure boiler safeguards:

· All HRSG alarms, trips, and interlocks

· All pressure parts have been installed and hydro-tested

· All insulation has been installed

· Suitable connections to all vents and drains have been installed and are routed to avoid potential hazards

· Gas turbine has been readied for operation

2.0
Types of Cleaning

Depending on the HRSG condition, operating range, and site disposal facilities, a variety of cleaning procedures is available.  The general categories of cleaning are listed below.  N/E recommends that each step listed below be performed to insure that the system is properly prepared for operation.

2.1
Hand Cleaning: The first step should always be to clean accessible areas by hand.  Remove all manhole covers on the steam, collector, and mud drums.  Remove and clean out by hand as much grease, oil, and other foreign material as possible.  Careful hand cleaning will reduce the time required for further cleaning.

2.2
Organic Material Removal: Following hand cleaning, any remaining organics (such as oil, grease, or tube protective coatings) must be removed from the interior of the HRSG.  Organics left on the tubes will impede heat transfer, prevent proper passivation of the metal, and inhibit cleaning.  In addition, any loose foreign materials clinging to the inner tube surfaces should be flushed out.

Typically, this step will involve a preliminary flushing with warm water, followed by circulation of an appropriate cleaning solution.  A heated alkaline solution is typically used, with the alkalinity and circulation temperature developed by the contractor for the specifics of the site.  The cleaning solution should be periodically strained or blown down to remove foreign materials, and the chemistry readjusted as required.  The cleaning should be finished with a warm water flush and blowdown using a good quality condensate that should continue until phosphate content is less than 2 ppm.  An internal inspection should then be done, and the cleaning process repeated if oil or grease is still evident.

2.3
Chemical Scale Removal: This step is used to remove scale or other deposits. The solution is generally heated, and allowed to stand in the HRSG or circulated for a prescribed time or until testing shows the reaction rate has decreased.  After the cleaning has been completed, the pH of the solution should be raised to promote passivation, or the solution should be drained and an alkaline solution circulated.  Manholes should be opened, the seating surfaces flushed, and new gaskets installed.  . Proper procedures must be implemented for laying up the boiler after the chemical cleaning to insure that damaging contaminants do not enter the system.

CAUTION:  THE CLEANING SOLUTION MUST BE COMPLETELY REMOVED FROM ALL THE INTERNAL SURFACES TO PREVENT DAMAGE.

Scale removal will be inhibited if oil and grease are present. An alkaline cleaning should be performed prior to the scale/deposit removal phase of the cleaning.

There are also mechanical means of deposit removal available for accessible tubes, such as in the evaporator.  These include high pressure water lances and pull through scrapers. 

2.4

General HRSG Steam Blow Procedures
Theory
In order to insure a clean steam path after initial erection from the evaporator sections of the HRSG to the terminal points, it is necessary to instigate a thorough cleaning procedure. In general, this is accomplished through a steam blow, air blow, or a combination chemical clean/ steam (air) blow.  

A steam blow procedure entails passing high velocity steam through the steam path in order to generate a sufficient cleaning ratio (CR). The cleaning ratio is defined as the ratio of the product of the density (() and the square of the steam velocity (V) at the steam blow conditions to the same product at the design base load conditions. 
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The shear force generated on the tube walls is proportional to the velocity head of the flowing fluid through the pipe network. Therefore, the larger the cleaning ratio the larger the shear force (i.e. the better the cleaning of the tube walls). A cleaning ratio greater than 1.1 is normally required in power boilers to insure adequate cleaning of all steam path surfaces. Occasionally a lower value may be acceptable for low pressure systems but 1.0 should be considered the absolute minimum.

It is apparent that a low pressure (high specific volume) fluid will result in the minimization of the actual amounts of water required while helping to generate the largest velocity head. Therefore, it is desirable to utilize a low pressure fluid when performing a steam path cleaning.

One should note the importance that all legs of the steam path need to be subjected to proper cleaning ratios. The variable geometry throughout the steam path will require the calculation of several cleaning ratios. 

Steam Blow
When the is available, a steam blow is typically performed. The combustion turbine is generally utilized as the heat source for the boiler to generate the required capacity of steam.

There are two general categories of steam blows - intermittent and continuous.   

Intermittent Blows -
Intermittent steam blows involve the building up of pressure in the appropriate steam drum to a predetermined upper value and then opening a quick acting steam blow valve at the end of the piping network to generate a high velocity steam by flashing water in the drum. When the drum pressure returns to the lower calculated pressure level (minimum for cleaning ratio required), the steam blow valve is closed to repressurize the drum and the sequence repeated. An intermittent blow is generally favored over a continuous blow when insufficient make up water capacity is available for a continuous blow. The required purging sequence of an intermittent blow, which may require as many as 100 cycles, generally makes the intermittent blow a more costly procedure in means of time and man-hours.  

Continuous Blows -

Continuous blows involve operating the boiler at a reduced pressure for a continuous period of time. The reduced pressure generates a large specific volume (high velocity) flow that passes through the steam path on a continual basis. A sacrificial valve is generally utilized at the terminal point of the temporary steam blow piping for maintaining required pressure. By eliminating the cyclic sequencing of an intermittent blow, the required time and subsequent man-hours may be significantly reduced for a continuous blow. However, a continuous blow requires that large amounts of treated water be available for usage. It is not uncommon to empty a large storage tank during the course of a four-hour continuous blow. 

Note: Steam blows may still be performed even though the combustion turbine is unavailable. In this event, a sufficient auxiliary boiler must be utilized to generate the required steam (flow, temperature and pressure).   

2.5  
HRSG Operation for Steam Blowing

The intent of this section is to present general information pertaining to operation of the Heat Recovery Steam Generator (HRSG) during the steam blow process.  The guidelines and advice provided are for information purposes only and the party responsible for the HRSG cleaning is advised to seek the services/advise of a qualified cleaning professional.

The HRSG and the plant design will have an impact on the decisions to be made concerning the steam line cleaning.  Many of these issues are operational in nature and several are highlighted below for consideration when developing a site specific steam blow procedure. 


Combustion Turbine (CT) Loads -

Most steam blows can be accomplished at gas turbine loads below 30%.  The turbine should be operated with the guide vanes wide open.  This maximizes the exhaust flow and steam flow and minimizes the exhaust temperature and fuel usage.  If multiple pressure systems are to be blown at once, significantly higher CT loads are generally required.

Sometimes the steam from one HRSG will be used to blow common steam line piping in cases where the steam from two HRSG's that go to one steam turbine. The ideal scenario would be to identically operate each HRSG.  For units with duct burners, a higher CT load is generally required.


Steam Drum Water Levels -

Water level must be maintained in all steam drums during a steam blow to prevent damage.  These systems are not designed to run dry.  

The extent of drum level fluctuation during a steam blow is a function of the cleaning method applied.  When a continuous blow is utilized, the boiler is able to reach an equilibrium condition and subsequently, the drum level should remain fairly constant. However, the flashing nature of an intermittent steam blow will generate very large swings in drum level. The water level must be maintained between the LLWL and the HHWL. 

During an intermittent type of steam blow where the drum pressure varies, the water level fluctuations will be significant.   The operator should start with a small drum pressure change and work up to larger pressure changes to assure that the water level can be controlled.


Start-Up-

When heating up the boiler for the steam blow process, temporary steam blow valves should be utilized to control the HRSG ramp rates. Refer to the startup requirements in the N/E O&M Manual. 

Steam blow steam must not be discharged through the HRSG main start-up valves. The valve seats would be subjected to damage. 


Water Quality / Water Chemistry -

The quality of water used for steam blows should be the same quality as the water intended for normal operation.  HRSG's will carryover water from the steam drums during the steam blow.  This water should be as clean as possible to avoid chemical deposition in piping and coil sections.  The feedwater pH should be increased to 9 by injecting ammonia. This is equivalent to an ammonia concentration of about 0.3 ppm.   

The boiler must be drained after steam blows unless deaerated water was used.  In this case a wet lay-up may be used.  Consult the N/E O&M manual for lay-up.  

Freezing water can result in tremendous damage to an HRSG.  Consult the N/E O&M Manual on freeze protection.


Operating Pressures- 

HRSG operating conditions can be varied to augment the steam blow process. For example, the HP drum operating pressure should be maximized when blowing an IP system.  This will allow more heat to approach the IP evaporator maximizing the IP steam flow.







Reheaters -

When blowing the HP system of an HRSG with a reheater, the reheater may have to be operated without the benefit of cold reheat steam.  Under these conditions, the IP steam flow must still flow though the reheater.  Vents on the hot reheat line should be open to maximize the IP steam flow and minimize the reheater operating pressure. The CT operating mode should be selected to minimize the exhaust temperature.
Desuperheater Operation -

N/E advises that the water flow to the desuperheaters be isolated during steam blows.  Water sprayed under the wrong conditions can lead to damage.  If desuperheaters are utilized, there must be adequate steam flow and steam superheat to vaporize the water.  The steam must have a minimum of 25°F of superheat after the desuperheater.  In no case must the desuperheater block valve be opened with insufficient steam flow past the desuperheater.

Erection-

Care has been taken to supply all HRSG components in a good condition.  The erector must also strive maintain this condition during all phases of the erection process.

Measurement Devices -

The steam blow process may affect steam flow meters.  The accuracy of these devices is dependent upon the finish of the interior surface.  These devices should be removed if practical.

Non-Return Valves -

The main steam valve must be 100% open during steam blows so as not to cause undo wear on the valve seats. Non-return valve vendors require that the non-return valve disc (cage) be removed during a steam blow.  N/E will not be responsible for damage to the non-return valve in the event that the erector chooses to leave the non-return valve internals in line during the steam blows. 

In many cases, the steam blow may represent the first time that large quantities of heat have been passed through the HRSG.  Therefore, during the heat up process, items typically associated with first fire of the boiler (i.e. thermal expansion of pipelines) must be addressed and inspected to insure proper working order.  

Further questions or support regarding blows should be directed to the N/E Project Manager.
Air Blow

When sufficient water is not available, an air blow may be performed to generate the same end result of a steam blow. External air tanks are pressurized to predetermined levels and connected to the steam path piping.  The air is released through the steam piping at levels sufficient to generate the required cleaning ratios. The external air tanks are then repressurized and the sequence repeated similar to the intermittent steam blow.  This will generally require larger velocities than a steam blow due to the reduced density of the air. 

Combination Chemical Clean/ Steam (Air) Blow
A thorough chemical clean of the steam path piping prior to performing a steam (air) blow may significantly reduce the time required to meet the clean acceptance criteria. The reduction in steam blow time is most noticeable when utilizing the intermittent steam blow method. The chemical clean may be performed simultaneously with the water path cleaning which may help to reduce the additional cost of the chemical cleaning of the steam path.    

Acceptance
Once it has been demonstrated that the required cleaning ratios have been met, steam targets are inserted in the temporary steam piping for testing at the steam blow conditions. The targets are subsequently removed and inspected for marks and impressions.  The cleaning requirements (i.e. number and depth of marks on target) for final acceptance are typically defined by the end user, steam turbine manufacturer, and the BOP contractor.

Issues to Note:

· For best results, the steam blow valve should be a sacrificial butterfly valve or gate valve. The excessive flow obstruction in a globe valve can lead to rapid wear on the valve seats and is more subject to locking up due to impregnated obstructions.  

· In general, the plant demineralization make-up water train does not have sufficient capacity to generate the required amounts of water utilized during a steam blow without subsequently imposing large time delays. It may be advisable to hire an auxiliary demineralization plant for steam blows.  

· Steam blow piping is not generally rated for base load steam temperatures. Care must be taken to insure that the superheated steam is maintained within boiler design values as well as temporary piping design values.

· Power plants are generally flexible so that one can optimize the conditions for a given steam blow. However, flow must be maintained in all pressure systems during a steam blow to provide sufficient cooling of tubes. 

· A temporary desuperheater in the steam blow piping may help to eliminate exceeding design temperatures of temporary piping. Furthermore, by desuperheating the boiler effluent the subsequent reduction in steam velocity helps to minimize the noise generated by the sonic steam flowing through the temporary piping.  

· Boiler operation during steam blows is a very transient operation that requires complete attention of the boiler operator. Large fluctuations in drum level will be encountered during intermittent steam blows and during valve opening modifications of a continuous blow.

· When two units are manifolded together, both boilers must be in operation to generate the required cleaning ratios of the common piping. Care must be taken when bringing both units up simultaneously so as not to develop excessive pressure fluctuations between the boilers.

· If possible, steam sample probes should be removed from the steam path to eliminate possible probe damage or plugging of sample holes. 

· If not required for temperature control during the steam blow, permanent desuperheating stations are to be removed from the steam path during steam blows.

· Pneumatically inserted target plates eliminate the requirement of having to bring the boiler down after reaching the cleaning ratios, inserting the targets, and then starting the boiler up again and reaching the acceptable cleaning ratios.   

· Steam blow steam must not be discharged through the HRSG main start-up valves. These valves are generally globe-type control valves and are subject to damage when passing dirty steam (steam blow steam). When heating up the boiler for the steam blow process, the temporary sacrificial steam blow valves should be utilized to control the ramp rate of the pressure systems.

· HRSG Insulation must be installed prior to heat-up of the boiler.  While providing personnel protection, the insulation also prevents the formation of surface micro-fissures in the event of boiler operation during extreme weather conditions.

· The saturation temperature differential generated between the initial drum pressure and final drum pressure during an intermittent steam blow must be limited to 75°F (41.6°C) 

3.0
Considerations

This section highlights considerations on when to clean the HRSG, protection of the HRSG, and other planning/work that may not be provided by the contractor.

3.1
The unit should always be inspected and cleaned after initial erection.  Future cleanings should be scheduled as required based on inspections and monitoring of performance.

3.2
The decision on whether cleaning for mill scale removal will be necessary should be made by the owner in conjunction with those who will be doing the water treatment of the plant during operation.

3.3
A P&ID should be supplied to the cleaning contractor to lay out the circulation path.

3.4
All pre-boiler piping, including feedwater storage/treatment facilities, should be cleaned when the HRSG is cleaned.  If this will not be possible, it may be best to delay cleaning for scale removal until after operation has removed loose deposits from the feedwater system.

3.5
Control valves, orifices, and other instrumentation that could be damaged during the cleaning should be removed or bypassed.

3.6
A temporary gauge glass is provided for use during the cleaning procedure, if deemed necessary by the cleaning contractor.  Inform the contractor of the maximum working pressure and temperature on this temporary glass. 

WARNING: THE DISPOSABLE TUBE TYPE GAUGE GLASS TYPICALLY USED DURING THE CLEANING PROCESS IS NOT SUITABLE FOR STEAM SERVICE.  THIS GLASS COULD SHATTER UNDER SERVICE PRESSURE AND RESULT IN DAMAGE OR PERSONAL INJURY.  A LOCKOUT PROCEDURE SHOULD BE EMPLOYED TO INSURE THE REMOVAL OF THIS TEMPORARY GAUGE GLASS AFTER THE CHEMICAL CLEAN HAS BEEN COMPLETEED AND PRIOR TO PERMANENT OPERATION.                                                                              


3.7
As it circulates through the HRSG, the cleaning solution will cool. Solution temperature should be monitored at the inlet and outlet points of the HRSG to ensure an effective temperature is maintained.  Restricting air flow through the duct (by covering the stack or closing access doors) will reduce the amount of heat lost in the HRSG.  Heating of the cleaning and rinsing fluid is normally accomplished in an external heat exchanger supplied by the cleaning contractor.

3.8
The contractor should take steps to ensure circulation of the cleaning solution through all sections of the HRSG.  In particular, the path of least resistance in the evaporators may be through the downcomer(s) and not through the tubes.  This may require blocking the downcomer(s) during chemical cleaning.

3.9
Steam drum internals can remain installed during the chemical cleaning.  Note, however, that the mesh pads are made of stainless steel, and must be removed if the cleaning solution will attack this material.  Re-install the mesh pads before steam blow or operation.  If the chevron separators are removed for inspection or additional cleaning, they must be reinstalled with the same orientation.  

CAUTION:  FOREIGN MATTER ON THE INTERNALS COULD RESULT IN STEAM PURITY PROBLEMS.  THEY SHOULD BE INSPECTED AND CLEANED AS REQUIRED.

3.10
Depending on the cleanliness of the pre-boiler water facilities, the deaerator spray nozzles and trays may filter some material during initial operation.  The deaerating function should be monitored for proper operation after startup.

3.11
Sample lines should be closed during steam blow and chemical cleaning to avoid plugging.

3.12
The customer should retain records of the entire cleaning procedure including the chemicals used in the process.

3.13
Safety procedures should be reviewed or developed as necessary prior to any chemical cleaning.

3.14  
When the cleaning is completed, the customer and contractor should verify that 
the unit is clean and all the coils have been completely drained

3.15
Disposal of the cleaning solutions may contribute substantially to the cost of the process.  The cost associated with longer circulation times of weaker cleaning fluids may be offset by the disposal cost of more caustic/acidic fluids. 

3.16
If the combustion turbine is to be used as the source for heating the cleaning solution, care must be taken to insure that the provided cleaning solution pumps are sufficient to maintain drum level. Incorrect pump size will increase the time required to clean the boiler.


3.17
Noise attenuation of the temporary steam blow piping may be required. Generally, a steam blow silencer is provided due to noise constraints. However, the steam flowing through the piping may reach sonic speeds and as such, generate a considerable amount of noise. It does no good to have a silencer rated for 85 dBA when the noise emitting from the upstream pipe is 115 dBA.  A temporary desuperheater station at the outlet of the HRSG piping will help to limit the velocities and therefore the noise generation.

3.18
Following cleaning, proper lay up procedures should be followed.  Reference the Nooter/Eriksen lay up recommendations.

3.19
N/E does not endorse or recommend any particular type of chemical clean / steam blow (including thermal shock steam blows). The above information is provided for information only.


3.20
It is advisable to remove the steam drum mesh pads prior to commencing with a chemical cleaning which will circulate through the steam path.  The mesh pad will act as a sieve in such a situation and would require an extensive cleaning after the chemical cleaning is accomplished.  The mesh pads should be reinstalled prior to commencing with steam blows. 

3.21
Boil out with caustic soda (NaOH) or soda ash (Na2CO3) is not recommended. IF these chemicals are to be utilized, the superheaters must be filled with properly treated condensate during the cleaning.

D.
LIQUID VOLUMES

The following list of volumes is an approximation of the amount of water that will be required for Boil-out and Hydro-testing of the HRSG system.  The quantities listed do not include the volume of water in the interconnecting piping.  An approximation can be made for the interconnecting piping by increasing the HRSG system's total volume as shown below by 10%.
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NOTE: HP/IP Economizer No.1 correspond to one coil. Therefore, the coil volume (155 ft3) has been included in both systems.

SECTION III: OPERATING PROCEDURES

A.
STARTUP

Once all the components of the Gas Turbine/HRSG system are operable, the procedure for startup of the unit as a whole can be implemented.  The availability and serviceability of the following equipment and services are essential for boiler start-up:

Boiler Control System

Level Indicators & Transmitters

Control Valves

Motor Operator Valves

Chemical Feed

Blowdown System

Feedwater System

Electric & Pneumatic Service

Cooling Air Blowers (if Duct Burner System)









SCR Blowers (if provided)

Certain parameters must be held and operator participation is required during startup.  

1.0
General Information


Thermal stresses are induced in the boiler during startup and shutdown (see Section III.F for discussion of shutdown). The greater the rate of temperature rise (or fall) during these periods, the greater the stress.  If ignored, these stresses can cause fatigue and shorten the intended life of the boiler.    

1.1
The heat input to the boiler is controlled by monitoring the rate at which the saturation temperature rises in the drum (the ramp rate) of each pressure level.  This rate is limited by; 1) releasing steam through the startup vent, main steam line, or other vent line, 2) controlling the rate at which heat enters the boiler by limiting the turbine loading.

1.2
It is preferable to start the turbine with the HRSG temperature as hot as possible.  Hot deaerated water may be circulated through the unit to raise the temperature as close to boiling as possible prior to startup. 

1.3
Maintaining proper steam drum water levels is critical during startup and operation of the HRSG.  High water levels can cause carryover and subsequently generate potentially damaging problems in superheaters.  Low water levels can result in damage due to overheating and can lead to forced shutdowns.

1.4
Startup vent valves are typically globe-type control valves with pneumatic operators.  For a cold start, these valves must be fully open prior to firing the gas turbine, and may be closed once all danger of exceeding the ramp rate has passed.  The startup valves may be closed in stages to allow for quicker startup as long as the ramp rate is not exceeded. In no case should the valves be operated at less than 10% open.

Under some circumstances, a motor operated globe valve may be substituted for the pneumatic control valve. However, the motor operated globe valve is designed only for start-up purposes and the utilization of this valve during any other modes of operation may potentially damage the valve and will increase the potential for the valve to leak.  These valves are intended for start-up purposes only.  See section 3.B.2 for specific guidelines addressing start-up vent operation.  Furthermore, the pneumatic control valve may be used during any mode of operation up to the unfired base load conditions. See section 3.B.2.14 for specific guidelines addressing start-up vent operation.  

CAUTION:  START-UP VALVES AND FEEDWATER CONTROL VALVES SHOULD NOT BE OPERATED AT LESS THAN 10% OPEN TO AVOID DAMAGING THE VALVE SEATS. 

1.5
The HRSG start-up procedure to be utilized for bringing the unit on line is dependent upon the state of the unit prior to start-up.  Three (3) pre-start up scenarios are defined below.

Cold Start Up  - The water temperature in the steam drum(s) has dropped below 212°F (100°C) (i.e. there is not a positive pressure indicated in the steam drum).

Warm Start Up - The difference in water temperature in the steam drum(s) is 100°F (55.56°C) or more below the saturation temperature associated with the normal operating pressure of the drum at base load.  However, the water temperature is above 212°F (100°C) (i.e. the unit still maintains a positive pressure)

Hot Start Up - The difference in water temperature in the steam drum(s) is less than 100°F (55.56°C) below the saturation temperature associated with the normal operating pressure of the drum at base load.

The various procedures defined for each scenario of start-up are designed to allow for the shortest possible start-up times while still providing protection for the system from potentially damaging thermal stresses.

2.0
Start Preparations and Suggestions  

This section assumes the unit has not been filled with water.

2.1
Check for and remove any foreign or loose material in all HRSG duct sections and stacks. All manways, duct openings and inspection doors should be secured, except where drum manways require further tightening. 

2.2
Walk down the entire unit to verify the general readiness of the HRSG.  The DCS indications should be verified with local comparisons.  Manual valves with no remote indication should be checked locally, particularly isolation valves which may block off an important boiler function*. 

Note:
In some high temperature units, there is an HP superheater and/or RHTR drain bypass line located between the superheater drains. This valve MUST be open to insure sufficient circulation (i.e. cooling) through the otherwise stagnant drain lines.  

2.3
The HP, IP and LP systems should be filled with the best quality feedwater available (deaerated, demineralized, heated and pretreated is preferable). Utilizing a large capacity pump and filling the boiler as quickly as possible will help to expel air from the tubes. When filling the unit, temperature differentials between the fill water and tube metal temperatures should be minimized and must be below 100°F (55.56°C).  To facilitate the start-up process, the initial fill water must be cooler so as to stay within the maximum temperature differential allowed. However, the feedwater temperature may be increased throughout the filling process so that the drum water temperature, when the drum is filled, may be above 212°F (100°C)

The feedwater heater is a mechanically vented design.  Vent valves for filling are located on top of the unit.  When filling the preheater, the vent valves are to be open to allow for complete flooding of the coil.  After the coil is filled, all vents valves are to be closed.  Vents valves left in the open condition will allow water to bypass and will effect the unit performance.  Coils not properly vented at filling would also have an effect on the unit performance.
2.4
Open start-up vents to allow air to escape.  Continue filling until the water level just enters the visible range at the bottom of the gauge glass or level indication has been confirmed above low-low.

2.5
If any repair work has occurred since the last hydrotest, the unit should be checked for leaks.


2.6
If drum manways were removed, they may need to be re-tightened when the pressure reaches 25 psig to completely seal. Stand to side of manway when tightening. See Section IV.B3.

2.7
If an exhaust stack damper is provided, it must be open prior to initiating the start-up sequence for the gas turbine. This is to be a hard wire link and act as a start permissive for both the combustion turbine and HRSG. Failure to open the stack damper will cause damage to the boiler expansion joints and will create a personnel hazard.   

CAUTION:  OPERATION OF THE HRSG WITH THE STACK DAMPER IN THE CLOSED POSITION WILL DAMAGE THE HRSG.

2.8
Review any start-up limitations listed in the HRSG boiler safeguards (Section III.B).  For desuperheater operation specifically, the operator is directed to thoroughly review Section III.B items 2.10, 2.15, and 2.16.

Note: Warming up of the steam piping downstream of the Nooter/Eriksen scope of supply terminal point should be initialized early in the start-up sequence to prevent thermal shock of customer steam piping
2.9
For HRSG's with remotely operated drain valves, a permissive should be put in the control system such that the reheater drain valves cannot be opened when any other system drain, blowoff or blowdown valve is open.  Operating procedures must be established to drain reheat sections independently.  

3.0
Cold Start-Up  

This section outlines the procedures for starting a unit with the water in the HRSG at temperatures below boiling.  The procedure assumes Sections III.A.1 and III.A.2 have been read and implemented.

3.1
If the unit has been standing full of water for some time, it is a good idea to open the drains on the economizers and evaporators for a short period (until flow is verified) to drain any accumulated solids.   Verify the functioning of the water level alarm system at the existing drum water levels, and check the set point. Insure that all condensed steam has been evacuated from the superheaters/reheaters before starting up the unit by opening the superheater /reheater drains. 

3.2
Start the feedwater pumps and open the HP, IP, and LP feedwater stop valves.  Monitor the evaporator drum levels, which should not be changing.  Fully open the HP, IP, and LP start-up vents.

3.3
Make any necessary changes to valve positions per plant procedures.

3.4
The HRSG is now ready for operation.  The gas turbine may now be fired and brought to minimum load.

3.5
Monitor the drum temperature and water levels in the HP, IP and LP drums. As each pressure system reaches boiling, drum levels will swell as steam is produced. For initial start-up of the HRSG, drum water levels should be set at approximately eight inches below the normal level of the drum. This is to insure that boiler water does not exceed the hi-hi level.  After the level has reached its highest point, place the drum level control in automatic.  Adjust the initial start-up level on future startups so that the peak of the drum swell will occur close to normal level.  

3.6
Steam will first reach full operating pressure in the LP section, then in the IP section, and finally in the HP section.  Time to reach boiling is between 10 and 45 minutes, depending on the starting temperature and turbine speed. Time to base load is dependent upon starting temperature, turbine load, and unit specified ramp rates.

3.7
When pressure has reached 75 psig (5.17 barg) in the HP and IP sections, and 5 psig (35 kPa) in the LP drum, or steam flow has been verified in all sections, operators may begin loading the gas turbine. The superheater drains may also be closed at this point.  The continuous blow down may be placed in service once water demand to the drums has been established.

3.8
From this point, loading of the gas turbine and modulation of the startup vent valves should be adjusted to keep the ramp rate below 5.29°F (2.94°C) per minute in the HP section, 40°F (22.2°C) per minute in the IP section, and 71.1°F (39.5°C) per minute in the LP section.
WARNING:  OPERATION OF START-UP VENTS AT POSITION LESS THAN 10% OPEN, MAY LEAD TO EXCESSIVE WEAR ON THE VALVE SEATS AND SUBSEQUENT LEAKING
3.9
Desuperheater isolation valves may be opened once 25% of the base load steam capacity has been obtained. Furthermore, the operator must be sure that the outlet temperature from the desuperheater stations does not come within 25°F (13.9°C) of saturation. This will insure sufficient heat for evaporation of the spray water.  An alarm should sound in the DCS to warn the operator when this limit has been obtained. Spraying the desuperheater effluent down to saturation can damage tubes. (See section III.B for details regarding desuperheater operation.) Continuous blow down flows should be established after water demand to the drums has been established.  Desuperheater isolation valves should only be opened when the final steam temperature is within 25 oF of the operator setpoint.   

WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY. SEE SECTION III.B, ITEMS 2.10, 2.15, AND 2.16 FOR DIRECTION ON DESUPERHEATER OPERATION.  THE OWNER/OPERATOR IS ULTIMATELY RESPONSIBLE FOR THE ASSURANCE THAT THE INTENT OF THESE GUIDELINES IS ADDRESSED AND ACCOUNTED FOR IN THE CONTROL SYSTEM OF THE BOILER.
3.10
There are several methods of bringing the unit to full pressure, depending on the facilities at the plant.  The important parameter is to not exceed the ramp rates given above.  Time to reach full pressure will depend on the turbine loading schedule and the startup vent valve positioning or other available resources in the plant.  The unit should not be subject to greater than 50% of the base load unfired (i.e. no duct burner in service if so equipped) heat input until the water chemistry in each system is in line with the necessary base load values.

3.11
After the unit has reached full operating pressure, switch to three-element control.  

3.12
Allow the HRSG to stabilize and then begin to bring on line and test the ancillary equipment (i.e. recirculation pump).  After the HRSG is in stable operation, visually inspect the entire HRSG. During operation, steam flow, pressure and temperature must not exceed the design conditions specified by Nooter/Eriksen.

Note:
Recirculation pumps, if provided, should be started within the limits defined in Section VIII.

CAUTION: OPERATION OF RECIRCULATION PUMPS PRIOR TO BASE LOAD CONDITIONS BEING OBTAINED CAN DAMAGE PUMP MOTOR.


Note:
Auxiliary systems such as Duct Burners and SCRs, if provided, are to be brought on line according to the vendor provided start-up recommendations.

3.13
Notes should be kept during this procedure to develop and refine the process for future startups.  In particular, note the time for each system to begin boiling, and the highest level caused by the drum swell.  Initial fill level can then be adjusted accordingly.

4.0
Warm Start-Up  

This section outlines the procedures for starting a unit when a positive pressure is present in the boiler drum(s) AND the drum water temperature is MORE than 100°F (55.56°C) below the drum water saturation temperature associated with the base load conditions.  Conditions listed in 2.7 – 2.8 must be addressed. 

In order to minimize pressure losses during a warm start-up, it is not recommended to open the start-up vent or superheater drains prior to introducing heat into the unit.  It is noted that the NFPA requires an HRSG purge of five (5) volumes prior to ignition in the combustor chamber. This cool air will condense the trapped steam in the superheater/reheater sections, which must be drained at the appropriate time in the start-up cycle. 

4.1
Verify the functioning of the water level alarm system and verify the start-up water level for each drum. Start the feedwater pumps and open the HP, IP, and LP feedwater stop valves. Make any necessary changes to valve positions per plant procedures.

4.2
Initiate the combustion turbine (CT) ignition. The turbine will carryout the purge sequence and then speed down to it’s light off speed.  Once the turbine is fired, it will begin rolling up to the full speed no load (FSNL) condition. Once the CT exhaust temperature has reached a value equal to the current drum water saturation temperature in the HP system, open the superheater/reheater drains on all pressure systems of the unit.  The system pressure will evacuate the superheater tubes of any condensate in an expedient manner. Once the condensate has been removed, approximately 5 – 10 minutes*, close superheater/reheater drains while simultaneously opening the start-up vent to a position commensurate with the level of the steam being produced. 

Note: Under warm start-up conditions where there is a very low pressure in the system, additional time may be required for removal of condensate.

WARNING: COOLING STEAM MUST BE PASSING THROUGH THE SUPERHEATERS AND REHEATERS PRIOR TO EXHAUST INLET TEMPERATURES EXCEEDING 700°F (371°C). NEVER ATTEMPT TO START-UP UNIT IN A BOTTLED UP CONDITION BEYOND THAT STATED IN SECTION 4.2.
4.3
Drum water may flash once the superheater/reheater drains and the start-up vent has been opened.  The operator needs to closely observe the drum levels during start-up.   

4.4
Depending upon starting conditions, the drum pressure may continue to decay with the CT at FSNL.  Increase turbine load until pressure decay in the steam drum ceases. 

4.5
Desuperheater isolation valves should be opened once 25% of the base load steam capacity has been obtained and the final steam temperature is within 25°F (13.9°C) of the desired set point. (See section III.B for details regarding desuperheater operation.)  Furthermore, the operator must be sure that the outlet temperature from the desuperheater stations does not come within 25°F (13.9°C) of saturation. This will insure sufficient heat for evaporation of the spray water.  An alarm should sound in the DCS to warn the operator when this limit has been obtained. Spraying the desuperheater effluent down to saturation can damage tubes.  Desuperheater isolation valves should only be opened when the final steam temperature is within 25 oF of the operator setpoint.   

 WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY. SEE SECTION III.B, ITEMS 2.10, 2.15, AND 2.16 FOR DIRECTION ON DESUPERHEATER OPERATION.  THE OWNER/OPERATOR IS ULTIMATELY RESPONSIBLE FOR THE ASSURANCE THAT THE INTENT OF THESE GUIDELINES IS ADDRESSED AND ACCOUNTED FOR IN THE CONTROL SYSTEM OF THE BOILER.
4.6
Begin loading the CT and modulating the start-up vent valve in order to bring the unit to base load, while observing the drum ramp rates of 5.29°F (2.94°C) per minute in the HP drum, 40°F (22.2°C) in the IP drum, and 71.1°F (39.5°C) per minute in the LP Section.  As CT load is increased, the start-up vent valve position will need to open further to allow control of the start-up ramp rate and to allow sufficient cooling steam flow through the superheaters/reheaters.  

4.7
Once unit has reached base load, follow steps 3.10 – 3.13 in the cold start-up section.
5.0
Hot Start-Up  

This section outlines the procedures for starting a unit when a positive pressure is present in the boiler drum(s) AND the drum water temperature is LESS than 100°F (55.56°C) below the drum water saturation temperature associated with the base load conditions.  Conditions listed in 2.7 – 2.8 must be addressed. 

5.1
Follow steps 4.1 – 4.5

5.2
During a hot start, there is no limitation on the rate of temperature increase in the boiler drum water and the unit can accommodate a nearly instantaneous 100°F (55.56°C) increase in drum water temperature without imposing detrimental effects to the unit.  However, a steam path must still be provided to insure cooling steam flow through the superheaters and reheaters.

WARNING: COOLING STEAM MUST BE PASSED THROUGH THE SUPERHEATERS AND REHEATERS PRIOR TO EXHAUST INLET TEMPERATURES EXCEEDING 700°F (371°C). NEVER ATTEMPT TO START-UP UNIT IN A BOTTLED UP CONDITION BEYOND THAT STATED IN SECTION 4.2.
5.3 

Bring units up to base load conditions and follow steps 3.10 – 3.13

WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY. SEE SECTION III.B, ITEMS 2.10, 2.15, AND 2.16 FOR DIRECTION ON DESUPERHEATER OPERATION.  THE OWNER/OPERATOR IS ULTIMATELY RESPONSIBLE FOR THE ASSURANCE THAT THE INTENT OF THESE GUIDELINES IS ADDRESSED AND ACCOUNTED FOR IN THE CONTROL SYSTEM OF THE BOILER.
6.0
Start-Up Utilizing A Bypass Damper

All possible efforts should be made to utilize the procedures outlined in Sections 3.0, 4.0 and 5.0 when starting up the HRSG.  It is preferred that the combustion turbine (CT) and HRSG are started up simultaneously - with the bypass damper opened 100% prior to initiating the start-up sequence of the combustion turbine. It has been N/E’s experience that starting up an HRSG with a modulating bypass damper and the combustion turbine at base load can damage the HRSG due to exhaust flow stratifications and / or differential thermal growth. If the CT and HRSG start up cannot accommodate the procedures outlined for cold and hot starts, then the following procedure must be adhered to when utilizing a bypass damper:

6.1
Verify the functioning of the water level alarm system and verify the start-up water level for each drum. Start the feedwater pumps and open the HP, IP, and LP feedwater stop valves. Make any necessary changes to valve positions per plant procedures.

6.2
Open start-up vents and superheater/reheater drains.

6.3
The combustion turbine load is reduced to the lowest possible load. This will generally be the full speed no load position of the combustion turbine. As a minimum, the gas turbine exhaust temperature must be reduced to at least 700°F (371.1°C). At this level, the exhaust temperature will be low enough that it will be below the auto-ignition temperature of any fuel that may have accumulated in the ductwork and thus can be safely used as a purging medium. Secondly, it will be below the design metal temperature and differential thermal stresses will be reduced.

6.4
The turbine exhaust flow into the HRSG must be controlled by opening the diverter   damper to no more that 10% open until an HP & IP drum pressure of 10 psig (70 kPa) and an LP drum pressure of 5 psig (35 kPa) is realized. 

6.5
Once the pressures listed in section 6.4 have been reached.  Increase the diverter opening to 100% open.   When diverter position has reached 100%, allow the boiler sufficient time to heat up.  Once boiler drum pressure increase has steadied, begin increasing the combustion turbine load back to base load, while simultaneously modulating the start-up vents, in such a manner as to maintain the specified ramp rates.

6.6
Desuperheater isolation valves may be opened once 25% of the base load steam capacity has been obtained and the measured steam temperature is within 25°F (13.9°C) of the desired setpoint. This will insure sufficient heat for evaporation of the spray water.  Continuous blow down flow for the necessary systems should be established once feed water demand has been established for the respective drum.  Desuperheater isolation valves should only be opened when the final steam temperature is within 25 °F of the operator setpoint.   

WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY. SEE SECTION III.B, ITEMS 2.10, 2.15, AND 2.16 FOR DIRECTION ON DESUPERHEATER OPERATION.  THE OWNER/OPERATOR IS ULTIMATELY RESPONSIBLE FOR THE ASSURANCE THAT THE INTENT OF THESE GUIDELINES IS ADDRESSED AND ACCOUNTED FOR IN THE CONTROL SYSTEM OF THE BOILER.
6.7
Once drum pressures have stabilized, switch to three-element control.

6.8
Allow the HRSG to stabilize and then begin to bring on line and test the ancillary equipment (i.e. recirculation pumps if provided).  After the HRSG is in stable operation, visually inspect the entire HRSG. During operation, steam flow, pressure and temperature must not exceed the design conditions specified by Nooter/Eriksen.

Note: See Section VIII for guidance in operation of recirculation pumps (if provided) 

CAUTION: OPERATION OF RECIRCULATION PUMPS, IF PROVIDED, PRIOR TO BASE LOAD CONDITIONS BEING OBTAINED CAN DAMAGE PUMP MOTOR. (See Section VIII of N/E O&M)


Note: Auxiliary systems such as Duct Burners and SCRs, if provided, are to be brought on line according to the vender provided start-up recommendations.

6.9
Notes should be kept during this procedure to develop and refine the process for future startups.  In particular, note the time for each system to begin boiling, and the highest level caused by the drum swell.  Initial fill level can then be adjusted accordingly





7.0
Start-Up after Periods of Extended Storage

This is beyond the scope of this manual.  Time of storage, internal and external condition, valve and instrument conditions will all affect the work that must be done before the HRSG can be restarted. Nooter/Eriksen can help to perform inspections and develop plans for bringing an HRSG online after extended down periods 

B.
HRSG OPERATIONAL SAFEGUARDS

General philosophies of safeguards, as well as specific design limitations, are discussed in this section.  It is the responsibility of the owner to insure that the plant operators, systems and controls all operate within the stated design parameters.  Site specific operations may require additional safeguards.  Additional alarms, trips, and permissives should be initiated by the HRSG instrumentation as necessary to protect other equipment and plant personnel.

1.0
General Philosophy

1.1
The flow of water to the HRSG must be sufficient to maintain drum levels within the operating range. 

1.2
A heat sink capable of accepting the steam produced in the HRSG must be available.

1.3
A control system and logic must be utilized to monitor the HRSG and automatically shut down the necessary equipment in the event a design parameter is exceeded.

1.4
The necessary instrumentation to provide accurate data to the control system must be maintained in good working order.

1.5
The operating and design requirements in the O&M manuals must be followed.

2.0
Specific Recommendations

Nooter/Eriksen makes the following specific recommendations for the protection of the HRSG while in operation.  Deviation from the specific requirements given here will void the HRSG warranty.  

NOOTER/ERIKSEN SHALL NOT BE RESPONSIBLE FOR DAMAGE TO THE HRSG RESULTING FROM THE TREATMENT OF FEEDWATER AND CONDITIONS OF HEAT TRANSFER MEDIA SUCH AS, BUT NOT LIMITED TO, THE PRESENCE OF OIL, GREASE, SCALE, DEPOSIT ON THE INTERNAL SURFACES, EROSION, FOAMING, WATER HAMMER, TEMPERATURE SHOCK, EXPLOSION, CORROSION OR CAUSTIC EMBRITTLEMENT.  NOR SHALL NOOTER/ERIKSEN BE RESPONSIBLE FOR CARRYOVER RESULTING FROM THE PRESENCE OF OIL, GREASE, OTHER FOAM INDUCING MATERIAL, OR THE IMPROPER TREATMENT OF BOILER FEEDWATER.

NOOTER/ERIKSEN SHALL NOT BE LIABLE AND SHALL NOT BE DEEMED TO HAVE BREACHED ANY WARRANTY FOR DEFECTS CAUSED IN WHOLE OR IN PART BY MISUSE, IMPROPER MAINTENANCE, OPERATION DIFFERENT THAN RATED CAPACITY, MISAPPLICATION, NEGLECT, ACCIDENT, DECOMPOSITION CAUSED BY CHEMICAL ACTION, WEAR CAUSED BY THE PRESENCE OF MATERIALS (OR QUANTITY OF MATERIAL) OR CONDITIONS NOT INCLUDED IN OWNER’S SPECIFICATIONS OR DESIGN.

The HRSG is designed to operate within a specifically defined "operating envelope" that includes, without limitation, operating pressures, steam flows, burner duties, CT loads, etc. This operating envelope was developed during the purchase and design phase based upon specified contract requirements and parameters that may be supplemented with N/E independently developed, internally generated data; various mode curves and other data that could be available from turbine manufacturers is not considered. It is intended that the HRSG be operated only within the operating envelope. Operation outside the operating envelope may result in damage to, or failure of, the HRSG and other BOP equipment. 

Note: N/E assumes no liability for any claims of damage to property or person, including death, from HRSG operation outside the specifically designed operating envelope. 

If plant operations change, resulting in an operating condition outside the specifically designed operating envelope, N/E should be contacted for consultation and advice. N/E may be able to provide physical or operational options to continue expected HRSG performance. Normal costs will be assessed, including engineering, layout, procurement, installation and necessary administration. A proper purchase order is required before N/E can begin work.

The operator must review requirements of other equipment (i.e. SCRs, Burners, etc.) for its protection and for the protection of personnel.  Additional site specific requirements should be made as necessary for the protection of the plant equipment and personnel.

2.1
Drum water levels

Operation below Low-Low level in any of the drums could cause overheating of the tubes and headers, and must initiate a combustion turbine trip.

Low level should alarm the operator to allow corrective action to be taken before Low-Low level is reached.

Operation above High-High level in any of the drums could cause carryover and subsequent fouling of superheater tubes or other downstream equipment.  High- High level should initiate automatic action to immediately reduce water level.

High level should alarm the operator to allow corrective action to be taken before High-High level is reached.

CAUTION:  OPERATION WITH WATER LEVEL BELOW LOW - LOW OR ABOVE HIGH-HIGH IN ANY DRUM MAY DAMAGE THE HRSG AND WILL VOID THE WARRANTY.

2.2
Operating Pressures

It is the operator's responsibility to insure that operating pressures do not exceed the design pressures.

CAUTION:  OPERATION ABOVE DESIGN PRESSURE WILL VOID THE WARRANTY AND MAY CAUSE FAILURE OF PRESSURE PARTS.

Operation at too low an operating pressure may lead to excessive steam velocities and improper moisture separation in the steam drums.  Damage to drum internals and superheaters resulting from operation at excessively low pressure levels will not be deemed warranty items by Nooter/Eriksen.

2.3
Operating Temperatures

The steam temperature out of the primary high pressure superheater (HPSH #1) must not exceed 1055°F. Steam temperature out of the final high pressure superheater (HPSH #2) must be controlled by the desuperheater but must not exceed 1035°F.  The steam temperature out of the primary reheater (RH #1) before the desuperheater must not exceed 1005°F.  Steam temperature our of the intermediate reheater (RH #2) must not exceed 1010°F.  Steam temperature out of the final reheater (RH #3) must be controlled by the desuperheater but must not exceed 1035 °F.

CAUTION:  OPERATION ABOVE DESIGN TEMPERATURES WILL VOID THE WARRANTY AND MAY CAUSE FAILURE OF PRESSURE PARTS 

2.4
Duct Burner

The duct burner should only be fired with the combustion turbine at 95% load  on natural gas and base load (100%) on oil, and the combustion turbine exhaust gas temperature downstream of the burner must not exceed 1700°F.  In addition to monitoring the steam temperature as in 2.3 above, duct burner firing should also be limited by a visual inspection of the flames to insure they are not impinging in the tube field.

CAUTION:  FLAME LENGTHS WILL VARY WITH COMBUSTION TURBINE OPERATING CONDITIONS.  OPERATORS SHOULD INSPECT FLAME LENGTHS AS THESE CONDITIONS CHANGE.

As a secondary check on heat input, the duct burner fuel flow should be limited based on a prorated basis for the number of burner elements in service and the maximum duty listed in the burner manufacturer's O&M manual (see Section VII).  The burner manual should be studied for any other design limitations.

CAUTION:  OVERFIRING OR FLAME IMPINGEMENT IN THE TUBE FIELD MAY CAUSE PHYSICAL DAMAGE NOT DETECTABLE BY STEAM TEMPERATURE MEASUREMENT

The purpose of a viewport precludes the possible use of a protective layer of insulation in the view port area.  Therefore, plant supplied cooling air must be provided in order to prevent damaging the ductwork immediately adjacent to the viewport and to the view port itself. 

CAUTION:  CONTINUOUS COOLING AIR MUST BE PROVIDED FOR DUCT BURNER VIEW PORTS IN ORDER TO PREVENT EXCESSIVE HEATING OF SURROUNDING SURFACE AREA AND DAMAGE TO VIEW PORT GLASS.  

CAUTION:  ALL LIMITATIONS, TRIPS, ALARMS AND MAINTAINENCE ITEMS LISTED IN DUCT BURNER O&M MUST BE STRICTLY ADHERED TOO
2.5
Exhaust Back Pressure

Static exhaust back pressure should not exceed 25" of water between the turbine and the CO catalyst, 20" between the rear HP Evaporator and the stack inlet, and 5" in the stack.  The combustion turbine must be tripped off line at these values.  Consideration should be given to installing alarms to warn the operators that these values are being approached.

CAUTION:  OPERATION WITH EXHAUST PRESSURES OVER THE DESIGN VALUES WILL VOID THE WARRANTY, AND MAY DAMAGE EXPANSION JOINTS OR OTHER HRSG COMPONENTS.

It is possible to exceed safe pressure drop limits across a given section of tubes or catalyst, but not exceed the overall back pressure limits mentioned above. Therefore, overall back pressure must be monitored and recorded during operation; increases over time must be investigated.  Instrumentation should be checked first, followed by internal inspections or pressure drop measurements to determine where blockage is occurring.  Once a blockage is located, the pressure drop across the affected section should be continuously monitored.  If the pressure drop across the CO or SCR catalyst exceeds the maximum value listed in the manufacturer’s manual (see Section VII), the turbine should be taken off line.  If pressure drop across any tube bundle exceeds twice the "gas side pressure drop" value given on the design data sheets (Section V), the combustion turbine should be taken off line.

CAUTION:  EXCESSIVE GAS SIDE PRESSURE DROP CAN DAMAGE THE COIL SUPPORT STRUCTURES OR PUSH THE CATALYST OUT OF ITS HOUSING.  OPERATION UNDER THESE CONDITIONS WILL VOID THE WARRANTY. 

2.6  
Stack Damper 

The stack damper must be opened 100% prior to initiating the combustion turbine start sequence or bringing the HRSG on line.  There should be a hardwire link to the DCS indicating the damper position for utilization as a start permissive. Excessive damage may occur to the HRSG casing and specifically the gas side expansion joints.

CAUTION: OPERATION OF THE HRSG WITH THE STACK DAMPER IN THE CLOSED POSITION MAY DAMAGE THE HRSG CASING, EXPANSION JOINTS AND OTHER COMPONENTS OF THE HRSG. FAILURE TO HAVE THE STACK DAMPER OPEN DURING OPERATION WILL VOID THE WARRANTY.

2.7 Switches for Motor Operated Valves

Torque switches (if provided) and position switches  are preset in the factory and do not require further adjustment in the field. 

CAUTION: N/E WILL NOT BEAR ANY RESPONSIBILITY FOR DAMAGE TO VALVE, MOTOR, OR ANY ASSOCIATED COMPONENT THAT IS CAUSED BY THE FIELD ADJUSTMENT OF FACTORY SETTINGS.

2.8
Motor Operated Valves with Hand Wheels

If power is lost, motor operated valves can be operated manually via the supplied hand wheel on the operator. If motor power is not lost and the motor operator cannot open or close the valve, use of the hand wheel to force the valve position is NOT recommended.  Hand wheel operation in this situation can cause serious injury to personnel and severe valve damage.

CAUTION: N/E WILL NOT BEAR ANY RESPONSIBILITY FOR PERSONNEL INJURY OR DAMAGE TO VALVE, MOTOR, OR ANY ASSOCIATED COMPONENT RESULTING FROM IMPROPER USAGE OF HAND WHEELS.
2.9

Vibration Supports

The tube bundle vibration supports are provided to eliminate excessive tube vibration resulting from the exhaust gas flow. They are not designed for or intended for use as supports for structural riggings or any other dead load.

CAUTION: N/E WILL NOT BEAR ANY RESPONSIBILITY FOR PERSONNEL INJURY OR DAMAGE TO VIBRATION SUPPORT AND/OR TUBE FIELD RESULTING FROM IMPRPOPER USAGE OF VIBRATION SUPPORTS.

2.10
Desuperheater Failure

The superheater tube bundles and associated piping are not designed to accommodate the potential temperatures obtainable in the event of a desuperheater failure. Each desuperheater must be monitored for correct operation. In units with multiple parallel desuperheaters, in no case must temperature control try to be achieved by over compensating one desuperheater for another desuperheater that has failed. In the event of a desuperheater failure, the combustion turbine load must be limited so that coil design temperatures remain within limits (see Item 2.3 above). 

2.11
Reheater and HP Superheater Start-Up Conditions

Reheater coils and HP Superheater coils are not designed for run dry operation at elevated temperatures.  Steam flow through these coils must be established prior to the combustion turbine exhaust gas temperature exceeding 700°F (371.1°C). Lack of steam flow can result in short term overheating and subsequent tube failure.

CAUTION: FAILURE TO ESTABLISH STEAM FLOW THROUGH THE REHEATERS AND HP SUPERHEATERS PRIOR TO THE EXHAUST GAS TEMPERATURE EXCEEDING 700°F (371°C), CAN RESULT IN SHORT TERM OVERHEATING AND EXCESSIVE CREEP DEFORMATION.

2.12
9% Chrome Material

Certain components of this HRSG have been fabricated using 9% Chrome material (SA-213 T91, SA-335 P91, SA-387 Grade P91, SA-234 F91, etc.). Check your project specific drawings for the exact location of this material. 

This material has special welding, fabrication and heat treatment requirements. Therefore, welding (including tack welding and welding of temporary attachments) shall not be performed on this material without an ASME qualified and approved welding procedure. Use of the DC Prod method of magnetic particle testing  (MT) is prohibited and will void the warranty. Furthermore, welding on this material without proper welding procedures will void the Nooter/Eriksen warranty. All accidental arc strikes shall be removed by grinding and verified by non-destructive examination (NDE) as not being detrimental to the material.

CAUTION: Use of the DC Prod method of magnetic particle testing  (MT) is prohibited and will void the warranty. Furthermore, welding on this material without proper welding procedures will void the Nooter/Eriksen warranty.

2.13
Blowdown Tank

The scale and sediment blown from the boiler, which does not remain in the solution, will deposit in the blowdown tank.  The tank must be drained and cleaned at a frequency that will prevent sediment accumulation from reaching a point that would block the tank outlet. 

2.14
Start-Up Vent Pneumatic Control Valve Specific Operation

The pneumatic control valve provided for some start-up vent systems may be utilized under any unfired (i.e. no duct burner in service) conditions when the operating pressure of the respective system is equal to or less than the normal unfired operating pressure.

If it is desired to vent steam through the start-up vent under fired conditions or at pressures exceeding normal unfired operating values, it is recommended that a soft duct burner trip or, at a minimum, a roll back on duct burner duty be performed to reduce the existing pressure (if the duct burner is in service).  Furthermore, when the operating pressure at the start up vent location exceeds the normal unfired operating pressure, the start-up vent valve position must be limited to a maximum open position of 50%.  

2.15
Desuperheater Operation

N/E does not recommend the closing of the interstage desuperheater block valves based upon valve demand.  Once these valves have been opened, they should remain open until one of the below-mentioned limitations is no longer meet.


Desuperheater isolation valves may be opened once 25% of the base load steam capacity has been obtained and should be shut if steam flow drops below this thresh hold. This will insure sufficient heat for evaporation of the spray water.  Furthermore, the isolation valve should only be open once the main steam temperature is within 25°F of the main steam set point.  The operator must be sure that the outlet temperature from the desuperheater stations does not come within 25°F (13.9°C) of saturation. An alarm should sound in the DCS to warn the operator when this limit has been obtained. Spraying the desuperheater effluent down to saturation can damage tubes.  An additional line of logic should insure that the desuperheater isolation valves are closed if the CT megawatt reading is at 0.


Cycling desuperheaters can be symptomatic of improperly tuned controls and can lead to damage or complete failure of desuperheaters, downstream piping, and heat transfer bundles.  The operator must note cycling desuperheater valves and cycling isolation valves and advise N/E immediately.  N/E will not be responsible for damage attributed to neglectful operation of the system. 


WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY.  CYCLING DESUPERHEATERS AND DESUPERHEATER ISOLATION VALVES CAN LEAD TO FAILURES IN DOWNSTREAM PIPING AND HEAT TRANSFER SURFACES. N/E WILL NOT BE RESPONSIBLE FOR DAMAGE ATTRIBUTED TO NEGLECTFUL OPERATION OF THE SYSTEM (S).
2.16
System:  Final Stage Temperature Control During Combined Cycle Start-Up

Purpose:
During the early stages of combined cycle start-up, the characteristics of the exhaust gas entering the HRSG coupled with the desired steam temperatures for the steam turbine prevent interstage desuperheaters from being able to control to the desired final steam temperature without encroaching upon local saturation temperatures.  The final stage attemperators is intended to provide control of the final steam temperature during these early stages of combustion turbine load only.

Controlled Variable:
Final Main/RH steam temperature downstream of HRSG

Modulated Variable:
Final stage desuperheater spray flow and interstage desuperheater spray flow

Input Variables:
Final Main/RH steam temperature downstream of HRSG 


Steam temperature downstream of individual interstage desuperheaters









Individual interstage desuperheater valve position








Individual bundle final steam temperatures 








Drum Operating Pressure (Cold RH Inlet Pressure)








Final Main/RH steam pressure








Demand signal to final stage attemperator

Description:
In a typical cold start-up, the steam turbine stress evaluation routine defines the desired main steam temperature for start-up soaks and subsequent load increases for the steam turbine.  This temperature should serve as controlled variable set point.

The initial position for all of the desuperheater valves is closed.  The interstage desuperheaters should serve as first stage cooling (once the requirements for opening of the spray water block valve has been meet).  The individual interstage desuperheaters should continue to increase spray flow (biased by the individual bundle final steam temperature associated with each desuperheater), as necessary, in response to the desired final steam set point located downstream of the final stage attemperators until either any individual interstage desuperheater indicates a valve position greater than 95% open or the steam temperature being measured immediately downstream of any individual interstage desuperheater encroaches within 25°F of saturation as determined from the HP steam drum pressure (or the cold reheat inlet header for RH controls). At this point, the final stage attemperator should be modulated to control to the desired temperature set point.  At no time during operation should the steam temperature immediately downstream of a desuperheater station be less than saturation plus 25°F


Desuperheater Block Valves

When the demand signal to the final stage attemperator has been less than 5% for more than 5 minutes, the water isolation block valve for the final stage desuperheater should be closed.  

N/E does not recommend the closing of the interstage desuperheater block valves based upon valve demand.  Once these valves have been opened (see below), they should remain open until one of the below-mentioned limitations is no longer meet.

The desuperheater feed water isolation valves (interstage and final) should not be opened until 25% of the base load unfired steam flow has been established in the vicinity of the desuperheater and the final steam temperature is within 25°F of the desired set point. Furthermore, the final stage attemperator block valve should not be allowed to open until the interstage desuperheaters are at a position greater than 85%.  Logic should be in place to insure that if the CT is not in service, the desuperheater block valves are closed.  

WARNING:
SEVERE DAMAGE TO THE STEAM TURBINE AND ASSOCIATED EQUIPMENT MAY RESULT FROM IMPROPER OPERATION OF A FINAL STAGE DESUPERHEATER, WHETHER BY OPERATOR ERROR OR EQUIPMENT MALFUNCTION.  THE RESPONSIBILITY FOR GENERATING AND IMPLEMENTING PROTECTIVE LOGIC FOR THE STEAM TURBINE AND ASSOCIATED EQUIPMENT/PIPING LIES WITH THE OWNER/OPERATOR OR EPC.  SIMILARLY, THE OWNER/OPERATOR/EPC MUST CONSIDER THE POTENTIAL FOR MECHANICAL FAILURE IN THE DESIGN AND LAYOUT OF THE PLANT ASSOCIATED PIPING/STEAM TURBINE EQUIPMENT.  TOPICS PRESENTED IN THIS O&M MANUAL ARE FOR INFORMATION PURPOSES ONLY AND ARE OFFERED FOR THE CUSTOMER’S CONSIDERATION WHEN DEVELOPING A COMPLETE PLANT WIDE CONTROL SYSTEM.  N/E WILL NOT BE HELD RESPONSIBLE FOR DAMAGE TO THE STEAM TURBINE OR ASSOCIATED EQUIPMENT/PIPING RESULTING FROM IMPROPER OPERATION OF DESUPERHEATERS OR DAMAGE RESULTING FROM MECHANICAL FAILURES OF DESUPERHEATERS THAT CAN BE CONTRIBUTED IN PART TO IMPROPER OPERATION OF SAID DESUPERHEATER.

WARNING:  SPRAYING DOWN TO NEAR SATURATED CONDITIONS IN DESUPERHEATER STATIONS MAY CAUSE TUBE FAILURES DUE TO EXCESSIVE TUBE-TO-TUBE DIFFERENTIAL EXPANSION. ANY SUCH FAILURE WILL FALL OUTSIDE THE BOUNDARY OF N/E’S WARRANTY. SEE SECTION III.B, ITEMS 2.10, 2.15, AND 2.16 FOR DIRECTION ON DESUPERHEATER OPERATION.  THE OWNER/OPERATOR IS ULTIMATELY RESPONSIBLE FOR THE ASSURANCE THAT THE INTENT OF THESE GUIDELINES IS ADDRESSED AND ACCOUNTED FOR IN THE CONTROL SYSTEM OF THE BOILER.

2.17 Condensate pots 

The units have been supplied with condensate pots downstream of the desuperheating stations.  The purpose of these pots is protection against quenching of tubes from over spraying, or incomplete evaporation, of water.  The pots are fit with level switches to automatically operate the valves in the case that excessive water builds up in the line.  During the commissioning of the boiler, the frequency of operation should be noted by plant personnel.  If any significant change to this frequency occurs, plant operators are responsible for diagnosing and correcting the root cause of the over spraying of water.  It is advised that an alarm signal be generated upon the opening of the drip leg condensate pot.
2.18

Drum Access


During shutdown, there is the possibility for a vacuum to form in the steam drum as a result of steam collapse.  Prior to opening a steam drum access door, it MUST be confirmed that a vacuum does not exist.  This can be accomplished by opening the SUV on the main steam line (or other adequate vents) prior to opening the access door.  WARNING: Opening a Steam Drum door under vacuum can result in serious personal injury including death.

Prior to entry into a steam drum, one must insure that a proper oxygen level is present to support normal unlabored/unrestrictive breathing.  The O2 level should be greater than 20%.  Opening both access doors will insure a path for air to pas through thus elevating O2 levels to acceptable values.  Blowers/fans may also be used to force ventilation into the drum.

WARNING: Entering a Steam Drum where inadequate oxygen is present can result in serious personal injury including death.

C.
WATER TREATMENT

The blowdown rate must be chosen to maintain correct boiler water chemistry, and will vary from site to site depending on the feedwater quality and chemical program.  The blowdown rate is equal to the ratio between the total dissolved solids (TDS) in the feedwater and the TDS required in the drum.  (For example, if the drum maximum allowable TDS is 50 ppm, and the feedwater has 1 ppm, the blowdown rate would be 2% of the feedwater rate.)  

A qualified water treatment laboratory should be consulted in treating the water, setting the blowdown rate based on the maximum level of TDS in the drum in conjunction with the feedwater solids and the purity requirements, determining the intermittent blow interval, as well as a schedule for testing.

It is important to note that different pressure levels may require different water chemistry.  

CAUTION:  A SINGLE WATER TREATMENT PLAN FOR ALL PRESSURE LEVELS IS GENERALLY NOT SATISFACTORY, AND CAN DAMAGE THE BOILER INTERNAL SURFACES.    

Regular inspections inside the drums and other accessible areas by qualified individuals should be made to insure the water treatment is adequate.  On line monitoring of iron contents in the boiler water is also suggested as an indication of the corrosion levels in the HRSG.

A detailed overview of water chemistry programs is provided below for assistance in developing a plant water chemistry program.

1.0 Objectives 

It is the owner's responsibility to provide proper treatment of feedwater and boiler water to prevent corrosion and deposition in the boiler and other components of the cycle.  To accomplish this successfully, the plant owner must develop a chemical treatment program with the necessary supervision and trained operators to assure that it will be carried out.  He must also provide the essential equipment for treatment and analysis.  Water treatment for boilers is a highly specialized field, and decisions should be placed in the hands of properly qualified individuals.  There are numerous consultants and specialty companies that have this professional expertise and can assist the owner.     

The objective of this section is to explain Nooter/Eriksen's opinions on various aspects of water treatment for boilers.  Although the focus of interest is on Heat Recovery Steam Generators (HRSG's), much of the information applies to natural circulation boilers in general.    The manual is intended to assist the owner/operator in developing and carrying out a suitable chemical treatment program for his specific plant.  The following items are included in the manual:

· A discussion of the effects of water related problems; corrosion and deposition

· A review of commonly employed methods of feedwater treatment

· A review of commonly employed methods of boiler water treatment

· A discussion of fundamental chemistry and the treatment chemicals employed

· Recommended guidelines for controlling feedwater and boiler water chemistry

· Recommended guidelines for dealing with system upsets, startup, and layup

· Recommendations for chemical analysis, instrumentation and control

This document is intended to be introductory and fundamental.  More comprehensive guidelines are available through industry publications.  N/E’s opinions and recommendations are based on many years of experience with boilers operating under similar conditions.  These recommendations are subject to change as new chemicals and techniques are developed.  

2.0 Developing and Carrying Out a Water Treatment Program 

There are various methods of treating feedwater and boiler water for different applications and economic tradeoffs are an essential part of the decision making process. The feedwater and boiler water chemistry must be tailored for the specific boiler, steam condensate cycle, and operating practices.  Because of differences in plant design, water supplies, and local operational constraints, a water treatment program must be custom designed.  The following factors may influence water treatment philosophy and specific treatment decisions:

· Boiler pressure

· Boiler type and configuration

· Type and amount of attemperation

· Steam purity requirements

· Feedwater impurities

· Condenser and feedwater heater alloys

· Use of condensate polishing

· Potential in leakage from condenser and auxiliary heat exchangers

· Availability of auxiliary steam for start-up

· Air in-leakage rates and air-ejector and/or deaerator effectiveness

· Instrumentation available for chemical monitoring and control

· Availability and purity of makeup water

· Fraction and purity of steam returned to the cycle as condensate

· Regulations regarding use and disposal of treatment chemicals

· Load shifting and cycling

· Relative emphasis placed on reliability

· Acceptable chemical cleaning frequency

· Other boilers with which operation is to be coordinated.

The operators should have written procedures available to tell them how to adapt the water treatment as necessary to accommodate sudden upsets (such as condenser leaks) and gradual changes (such as accumulation of deposits in the boiler).  Critical parameters should be monitored and alarmed.  At minimum, these should include the boiler water and feedwater pH values, specific and cation conductivities, sodium, phosphate, silica, iron, and oxygen concentrations.  The owner should provide written procedures and contingency plans that clearly define actions to be taken in response to alarms and to different degrees of deviation from defined operating parameters.  These measures are essential for reliable daily operations and to the integrity of the boiler.  Detailed water chemistry logbooks are essential in the maintenance of operating procedures and are of great value in diagnosing the cause of problems after they have occurred.  Logbook formats must be standardized to assure consistent data collection and facilitate review of critical parameters.

In order to translate water treatment philosophy into practice and make certain that the appropriate decisions are made, the boiler owner must ultimately answer the following questions and inform the responsible decision-makers.

1. What level of deposition and corrosion in the boiler and steam/water system is the owner willing to accept?

2. What plan of action is to be instituted to deal with small condenser leaks or other sources of contamination?

3. Under what conditions must the boiler load be restricted?

4. Under what conditions must the boiler be shutdown?

5. How much latitude is the operating personnel and plant water chemist to have in these decisions? 

6. Who has the authority to risk significant boiler damage where water treatment decisions are required (e.g. whether or not to continue operation of the boiler with water chemistry out of specification)?

Qualified operators are critical.  No set of guidelines or procedures can substitute for formal operator training or for supervision by an experienced water chemist abreast of current industry practices.  An appropriate response to system upsets and changes require the attention of an experienced chemist who understands the interactions of water impurities, treatment chemicals, and cycle components.

3.0 Effects of Deposition, Corrosion, & Carryover

The potential for deposition and corrosion is inherent to all steam cycles and increases with increasing operating pressure.  Corrosion of pre-boiler materials by steam and condensate will introduce corrosion products into the feedwater that will ultimately deposit in the boiler.   Calcium and magnesium salts (hardness) may enter the feedwater through the makeup or through condensate contamination.  The generation of steam allows boiler water impurities and solid treatment chemicals to concentrate and/or precipitate on heat transfer surfaces.  The deposits formed provide a sheltered environment, where boiler water constituents may further concentrate. Depending on their nature, these concentrated solutions may corrode the steam generating surfaces.  Corrosion can occur in clean boilers, but the likelihood of serious corrosion is much greater beneath thick porous deposits that facilitate the concentration process (under deposit corrosion).  Less porous deposits impede heat transfer and may cause tubes to fail from overheating.  The consequences of water related damage might be very costly.  There have been a significant number of catastrophic events, which have had individual costs in the tens-of-millions of dollars. 

Carryover of boiler water with steam may result in deposition and/or corrosion of superheaters, turbines, or other downstream equipment.  Large, high-pressure turbines have little tolerance for carryover, and the economic consequences can be substantial.   

4.0 Feedwater Treatment

Boiler feedwater is comprised of condensate returned from the cycle plus any makeup water required as a result of losses of steam or condensate.  Where steam is produced solely for the production of electricity, nearly all of the condensate can be recovered.  When all, or a portion, of the steam is extracted for some alternate purpose, a significant portion of the steam may be lost, or the condensate may be so contaminated as to preclude its re-use.  The percentage of makeup required for boilers used in industrial plants may vary up to 100% of the total feedwater flow.  Makeup requirements for electric utility boilers are typically less than 2% during normal steady-state operation.  

4.1 
Makeup Water Treatment

In high makeup applications, treatment costs are of proportionately greater concern, and softened water may be used as makeup.  Soft water makeup is generally limited to boiler pressures below 900 psi.  Clarification and filtration usually precede softening to reduce suspended solids and organics.  The Softener will convert hardness salts to soluble sodium equivalents.  Silica is not removed and must be eliminated with the sodium salts through the blowdown of boiler water.  

The relatively small amount of makeup water required in electric utility applications, and the higher operating pressures involved, favors the selection of premium treatment equipment to produce very high purity makeup water.  A variety of arrangements can be employed with the final step being demineralization to remove all dissolved solids including silica. Some power plants own and operate makeup water treatment equipment.  Others out-source this responsibility to vendors who provide makeup water as required.        

4.2
Dissolved Oxygen Control

To minimize formation of oxides that deposit in the boiler, air ingress must be minimized at all points of the cycle, and feed water must be fully deaerated before the feed pump.  The utility industry target is less than one SCFM per 1200 pounds of steam generation.  Air that enters the cycle must be largely ejected from the condenser or dispelled from a deaerator. The feed water must be deaerated before entering the feed water pump.  The oxygen concentrations at the deaerator outlet should be less than 0.007.  

4.3
Oxygen Scavengers

An oxygen scavenger is frequently added at the deaerator storage tank to consume residual oxygen. Other locations include the feed pump suction line. Some studies have indicated an association of flow-accelerated corrosion with very low oxygen levels.  It is not, therefore, recommended to that oxygen levels be reduced below .002 ppm.  Examples of volatile oxygen scavengers include carbohydrazide, erthorbic acid, hydroquinone, diethylhydroxylamine (DEHA), and methylethylketone (MEKO).  Some of these scavengers also act as corrosion inhibitors.  Chemical vendors should be consulted for dosage rates and control methods.  Where an OSHA, NIOSH, FDA, or USDA approved scavenger is required, check with vendors for alternate scavengers regarding their current regulatory status.  

For drum pressures less than 900 psig, sodium sulfite is also an acceptable oxygen scavenger.  Above 900 psig, decomposition of sulfite generates sulfur dioxide (SO2) and hydrogen sulfide (H2S), which carryover with the steam to form acidic steam condensate.  Feedwater containing sodium sulfite must never be used for steam attemperation.

4.4
Ammonia and Neutralizing Amines

Elevating feedwater pH to above 9.0 will significantly reduce iron release from steel surfaces.  In higher-pressure, higher-temperature cycles, pH elevation is accomplished by the feed of ammonium hydroxide.  Ammonia is carried over with the steam and is absorbed into the condensate as it forms.  

Some amines are less "volatile" than ammonia and are absorbed more easily into the condensate droplets as they are formed.  This can result in less corrosion in wet stages of turbines or other condensing surfaces.  Morpholine, cyclohexylamine, and ethanolamine are examples of neutralizing amines that are commonly substituted for ammonia for pH elevation of feedwater.  They are most beneficial in low pressure low temperature cycles without reheat.  At higher temperatures and pressures the amines will breakdown at an increasing rate to form ammonia and other end products that are likely to be acidic.   

Maintaining the feedwater pH above 9.0 can diminish corrosion of steel.  However, higher pH levels accelerate corrosion of copper alloys present in the cycle.  Cycles that contain both iron and copper alloys require a compromise in the selection of feedwater pH that is less than optimum for either metal.

5.0 Blowdown

The continuous blowdown (CBD) is the primary purge for removal of undesirable contaminants from the cycle. All non-volatile materials (solids) that enter the boiler will either (1) accumulate in the boiler, (2) carry over with the steam, or (3) be eliminated through blowdown. Maximizing blowdown removal efficiency is a critical factor in avoiding water-related problems. It is most important in applications where the feedwater is comprised of a significant percentage of softened water makeup. In such cases, the concentration of sodium salts in the feedwater could be in the neighborhood of 100 ppm. Sodium salts are extremely soluble; however, excessively high concentrations can cause carryover. The ratio of the continuous blow down flow to the feed water flow determines the "cycles of concentration" in the boiler. They are inversely proportional. For instance, a 10% blow down ratio corresponds to 10 cycles of concentration, and a salt concentration of 100 ppm in the feed water would be in equilibrium with 1000 ppm in the boiler water. 

The continuous blow down system must be sized to permit the necessary flow for removal of solids from the system. It is equipped with a suitable regulating valve or orifice. Conductivity measurements can be used to control flow automatically and assure that boiler water concentrations are held within reasonable limits. 

Excessive blow down sacrifices thermal efficiency and increases consumption of water treatment chemicals. The blow down rate need only be sufficient to maintain the desired purity of the steam and boiler water. In applications where the feed water is comprised primarily of condensate and/or demineralized makeup, little blow down is required during normal operation. If feed water contamination occurs, the CBD flow must be appropriately increased to purge contaminants and permit maintenance of the desired boiler water environment. 

Intermittent blowoff valves should be employed with caution. The timing and frequency of operation for the intermittent blow off valve should be determined by the plant chemist based on the removal of some specific insoluble constituent; such as, iron oxide or hardness. The discharge of large quantities of water while the boiler is operating may adversely affect chemistry control, drum level, and other operating parameters.

6.0 Boiler Water Treatment

Internal boiler water treatment is intended to protect the boiler from corrosion, eliminate or minimize the effect of deposit forming materials, and assure a high level of steam purity.  It is always preferable to prevent contaminants from entering the boiler than to combat problems after their entry.  Boiler water treatment is a poor substitute for effective makeup water treatment and rigorous protection against contamination of the feed water.

Four broad categories of boiler water treatment will be reviewed and analyzed.  Each has been used extensively in specific boiler applications.  They are as follows: (1) High Alkalinity Phosphate Treatment, (2) High Alkalinity Chelant and Polymer Treatment, (3) Coordinated Phosphate Treatment, and (4) All Volatile Treatment

6.1 
High Alkalinity Phosphate Treatment
High-alkalinity phosphate treatment is most commonly employed in low-pressure systems where soft water makeup is employed.  It features high-pH boiler water in the range of 10.8 to 11.4.  This is optimum for formation of a protective oxide on carbon steel, and at this pH, hardness precipitates are less adherent than those formed at lower pH.  Often, a supplemental polymer treatment is used to further disperse the precipitated hardness and improve blowdown removal.  This treatment method is most beneficial where the boiler feedwater contains a significant amount of hardness (e.g. 0.01-0.5 ppm as CaC03).  

Where high-alkalinity boiler water is excessively concentrated by evaporation, the concentrate can become sufficiently caustic to cause caustic gouging or stress corrosion cracking of carbon steel.  Hence, high-alkalinity boiler water treatment must not be used where waterside deposits are excessive, where there is steam blanketing, or where there is seepage (e.g., through rolled seals or cracks).

Figure 1 presents recommended phosphate concentration limits for high-alkalinity phosphate treatment.  Carbonates/bicarbonates in makeup water will break down in the boiler to form hydroxides, so the chemical feed requirements to produce the desired pH and phosphate concentration will vary from site to site.  The total alkalinity (M-alkalinity in calcium carbonate equivalents) should not exceed 20% of the total boiler water solids concentration.  Over feeding of treatment chemicals can lead to corrosion problems.  Sodium phosphate and (if necessary) sodium hydroxide solutions are introduced into the drum through the chemical feed line. 

6.2
High Alkalinity Chelant and Polymer Treatment

While phosphate treatment precipitates residual calcium and magnesium in a less detrimental form than that which occurs in the absence of phosphate, chelants react with calcium and magnesium to form soluble compounds that remain in solution.  

Most chelant treatment utilizes the salts of etylene-diamine-tetra-acetic acid (EDTA) although other chelants may be employed.  Chelant is not fed directly to the drum.  It is always mixed with feed water. To be most effective, chelant must mix with the feed water and form thermally stable calcium complexes before there is substantial residence time at high temperature, where free chelant is not thermally stable.  Because the combination of free chelant and dissolved oxygen can be corrosive, chelant must be added only after completion of oxygen removal and scavenging.  Also, there must be no copper-bearing components in the feed water train beyond the chelant feed point.  Control limits depend on the feed water chemistry, specific treatment chemicals employed, and other factors.   However, the boiler feed water pH is generally between 9.0 and 9.6 and hardness as calcium carbonate is less than 0.5 ppm.  The boiler water pH is generally maintained in the range of 10.0 to 11.4.  The boiler water pH is attained by a combination of alkalinity derived from the chelant feed (e.g., as Na4EDTA), breakdown of alkalinity from softened feed water, and addition of sodium hydroxide.  Polymeric dispersants are generally used to impede formation of scale by other suspended contaminants, such as metal oxides.  Alternatively, all polymer treatments are also used to keep hardness contaminants in solution.

Chelant treatment can effectively retard formation of internal scale.  However, with chelant treatment, water chemistry control is especially important.  If the chelant feed is inadequate, tenacious scale will form in the boiler.  If the chelant feed is excessive, it may cause corrosion in some areas of the boiler.  Hence, hardness and chelant concentration measurements used to control the chelant feed must be reliable.  As with other treatments, the chemistry of feed solutions and the reliability of metering feed pumps must be ensured.  Boiler water pH measurements must be reliable and pH must remain within specified limits.  The success of these treatments can be evaluated by periodic tube sampling and by periodic analysis of feedwater and boiler water samples for soluble iron.

6.3
Phosphate Treatment - Coordinated pH/Phosphate Control

The previous two categories of treatment are seldom employed in boilers with operating pressures above 1000 psi.  The high concentrations of caustic soda in the boiler water, which are beneficial in preventing objectionable hardness deposits, are more likely to cause corrosion in higher pressure boilers.  Furthermore, most high-pressure boilers employ demineralized makeup water that is essentially free of hardness.  

The initial objective of coordinated phosphate treatment was to provide an alkaline boiler water environment without the presence of "free" caustic soda.  This was accomplished by maintaining the boiler water pH at a value that is less than that which would be produced by chemically pure trisodium phosphate (Na3PO4); that is, a molar ratio of sodium to phosphate of 3.0 to 1.  Figure 2 shows the theoretical curve.  Free caustic is present in the area above the curve, the area below represents ratios of sodium to phosphate that are less than 3.0.  Two arbitrarily selected ranges of coordinated phosphate control are shown.

Phosphates produce alkalinity by hydrolysis.  Less is produced at high pH and more is produced at low pH.  Phosphates act as a buffer in the boiler water, inhibiting change in pH if either acidic or caustic contaminants should enter the cycle.  Variations of this treatment are employed in the majority of steam generators operating at pressures between 900 and 2500 psi. It is primarily used in pure water cycles for corrosion protection although the phosphate residual provides some protection against hardness intrusion.    

At higher operating pressures, phosphate concentrations must be limited to minimize "vaporous carryover" and "phosphate hideout".  This reduces both the pH and the buffering capacity of the boiler water; and precise chemical control is required.  At drum operating pressures above 2500 psi, the potential for vaporous carryover requires that only volatile treatment chemicals be employed.   

Different experts have recommended variations in coordinated phosphate treatment to ameliorate specific potential problems. "Congruent Control" was recommended to minimize the potential for caustic corrosion with control limits too close to the tri-sodium-phosphate curve.  This regimen requires that boiler water pH be held below theoretical curves produced by a mixture of tri-sodium phosphate (Na3PO4) and disodium phosphate (Na2HPO4).  Specifically it was recommended that the molar ratio of sodium to phosphate be held between 2.6 and 2.85 to 1.  Others, concerned with the possibility of acidic corrosion, have recommended that the ratio be held above 2.8 and up to and above the TSP curve, but with a free sodium hydroxide concentration of no more than 1.0 ppm.  This method of control is known as "equilibrium" treatment.  It was adopted to minimize the potential for acid phosphate corrosion under conditions of chemical hideout.  Figure 3, illustrates the pH and phosphate concentration to which the various molar concentrations correspond.  Boiler water pH with phosphate treatment must always be above 9.0.           
6.4
All Volatile Treatment

"All volatile treatment" (AVT) is employed in boilers where dissolved solids must be avoided.  This includes many drum boilers operating at very high pressure and virtually all once-through power boilers, both sub-critical and supercritical.  Historically, AVT was rarely used in fossil fuel fired boilers with pressures below 1000 psig.  It is employed in the low-pressure sections of many HRSG's because the boiler water is used for de-superheating purposes. 

Feedwater treatment establishes boiler water chemistry with AVT.  No chemicals are added to the drum.  AVT provides no means for removal or conditioning of hardness end products, and it provides no buffer against contamination by caustic or acid forming impurities.  For this reason, AVT is recommended only where feedwater is of consistent high purity.  Feedwater total hardness should be below detectable levels (0.003 ppm).  Feedwater cation conductivity should be less than 0.2 uS/cm.  

If condensate polishing is not provided, alarms for quick detection of condenser leaks must be provided and procedures for quick rectification or shutdown established.   

AVT treatment chemicals are those previously discussed for feedwater treatment; namely, ammonia or a volatile amine for pH control, and a volatile oxygen scavenger.  Sufficient amine is added to keep the feedwater pH in the range of 8.8 – 9.2 for units with copper-bearing heaters and 9.3 – 9.6 for units with all ferrous heaters.  Because ammonia and amines distribute preferentially to the vapor phase, bulk boiler water pH will be 0.2-0.4 pH units lower than that of the feedwater and steam.  

Table 1 gives a list of limits, which must be adhered to for AVT water programs.

7.0 Carryover – Steam Purity

High-pressure steam normally goes to a turbine, and turbine blading is much less tolerant of deposits than are boiler surfaces.  A few ounces of deposit in a turbine can significantly reduce the capacity and efficiency of a unit.   

Most solid impurities enter the saturated steam as a result of entrainment of boiler water droplets.  Defined as "mechanical carryover" or "moisture carryover", it is minimized by the proper sizing of steam drums and the inclusion of drum internals that will aid in the physical separation of boiler water from steam.  

Operating factors such as poor drum level control and rapid load swings can exacerbate carryover problems.  Specific constituents in boiler water, particularly those that cause foam, may increase its tendency to carryover.  For this reason, limits must be placed on oils, other organics, suspended solids and alkalinity.  

The American Boiler Manufacturers Association (ABMA) has been responsible for setting steam purity guarantees for the boiler industry for more than fifty years.  Table 2 is derived from the current ABMA standards.  Many low-pressure industrial boilers utilize high solids feedwater and must be able to accommodate a high concentration of solids in the boiler water.  Originally, ABMA guarantees stipulated a limit of 1 ppm of solids in the steam with the maximum allowable solids concentration in the boiler water for a given operating pressure.  Current standards provide for a lower steam purity guarantee if lower boiler water concentrations are maintained.  Carryover is measured by simultaneous analysis of boiler water and steam for a specific constituent, sodium.  With mechanical carryover, all constituents in the boiler water are assumed to carryover proportionately.    

To prevent turbine deposits, the commonly accepted limit on total dissolved solids (TDS) for turbine steam is 0.050 ppm.  This is equivalent to a sodium concentration of about 0.020 ppm.  To meet this limit, boiler water solids must generally be maintained below 100 ppm.  This is easily accomplished in most power plant applications.    

7.1
Vaporous Carryover

Silica is unique among common raw water constituents.  At operating pressures below 900 psi, it has a low volatility.  At these pressures, silica dissolved in feedwater will concentrate in boiler water and can be effectively removed by blowdown with other soluble solids.  The volatile characteristics of silica increase significantly as pressure is increased above 1000 psi.  Its relative solubility in the steam phase is illustrated in Figure 4 that shows the equilibrium distribution ratio of silica between the boiler water and steam phases.  

Silica has an appreciable solubility in high-pressure steam, which declines as pressure drops through the turbine.  It forms adherent deposits on turbine blading that are difficult to remove.  "Vaporous" carryover of this type is unaffected by steam separation in the drum and can only be minimized by limiting the silica concentration in the boiler water.  Figure 5 presents the boiler water silica values that must be maintained at various pressures to keep the silica concentration in the steam sufficiently low (< 0.01 ppm) that deposits will not be a problem.  

Elimination of silica by blowdown at low concentrations is expensive.  The preferred solution is diligence in minimizing silica entry into the cycle.

At substantially higher pressures (> 2400 psi), copper experiences similar vaporous carryover phenomena.  Copper oxide deposits form on the highest pressure stages of the turbine causing substantial and costly loss of unit capacity.  They are very difficult to remove.  On this basis, avoidance of copper alloy tubing in high-pressure power cycles is recommended. 

Vaporous carryover of sodium salts is known to occur to some extent at drum pressures above 2600 psi.  Unlike silica and copper oxide, sodium compounds tend to be water soluble and more easily removed.  However, manufacturers of large turbines have been concerned that trace concentrations of salts in steam may contribute to turbine corrosion.  Limits on sodium and chloride in steam have been specified at very low ppb levels, which would require correspondingly low solids concentrations in the boiler water.  Highly restrictive steam purity specifications restrict the operator's flexibility for chemically treating the boiler.  

8.0 Chemistry Guidelines For Feedwater and Boiler Water

Boiler feedwater systems must be demineralized water or softened water free of oxygen and essentially free of hardness constituents and suspended solids.  Use of high-purity condensate with demineralized or softened makeup water minimizes deposition, corrosion, and carryover problems in the boiler as well as the remainder of the steam/water cycle. For higher-pressure systems (> 1000 psig), the operator must strive to attain feedwater purity equal to the required steam purity.  Recommended feedwater limits are shown in Table 3.  Feedwater is often used for spray attemperation of steam.  Ideally, the purity of desuperheating water should equal to that of the desired steam purity.   

Tables 4-6 present boiler water chemistry guidelines for various operating pressures.  Boiler water limits depend on steam purity requirements, feedwater chemistry, and boiler design.  Consequently, boiler water limits must be customized for each boiler, as discussed previously.  

Within these broad limits, more restrictive limits should be imposed, consistent with the selected method of boiler water treatment.  Coordinated phosphate treatment is recommended for use in high-pressure industrial boilers.  All Volatile Treatment (AVT) is rarely employed below 1000 psig, except in the low-pressure sections of HRSG’s, which are utilized as a source of desuperheating spray water.

Feedwater is the source of solids that enter and concentrate in the boiler water, and boiler water treatment must be tailored to manage expected contaminants.  Feedwater hardness frequently determines type of boiler water treatment that should be employed.  Where substantial hardness (e.g. 0.1 ppm) is routinely present in feedwater, provisions must be made to ensure that the hardness constituents either remain in solution in the boiler or are otherwise treated to minimize the formation of adherent deposits.  Chelant and polymer treatments keep hardness in solution; high-alkalinity phosphate treatment promotes formation of non-adherent hardness precipitates.  Blowdown of dissolved contaminants and colloids is inherently more effective than that of non-colloidal particles.  

Where substantial hardness is not present (e.g. < 0.003 ppm), boiler water treatment can be optimized to minimize impurity carryover in the steam and to minimize the potential for boiler tube corrosion.  There are major advantages to complete or nearly complete removal of hardness constituents from the boiler feedwater.

Condenser leakage is the most common source of feedwater contamination in power cycles.  Because the condenser operates under high vacuum, even minute leaks can introduce significant solids into the condensate.  The impact on boiler water environment depends on the character of the condenser cooling water.  The high magnesium chloride concentration in seawater and brackish water causes significant depression of boiler water pH.  Cooling water from cooling towers is similarly acidic in nature.  Where fresh water sources are used for   condenser cooling, leaks may cause the boiler water pH to rise or change very little.  To prevent serious boiler corrosion, it is essential that the plant be prepared to respond promptly when condenser leaks occur.    

WARNING:
BOILER OPERATION MUST BE DISCONTINUED AND CONDITIONS CORRECTED IMMEDIATELY IF THE BOILER WATER pH FALLS BELOW 8 OR EXCEEDS 12.

9.0 Instrumentation and Control

For safe and efficient operation of boilers, it is necessary to continuously monitor feedwater and boiler water chemistries.  Table 7 lists the minimum water chemistry parameters that should be monitored. Early detection of any contamination entering the cycle is essential, so immediate corrective action can be taken before the boiler and associated equipment are damaged.  To detect major condenser leaks, continuously monitor the cation conductivity of condensate in the hot well immediately downstream of the condenser; and to detect demineralizer upsets, continuously monitor the conductivity of the makeup water in the makeup water storage tank. 

Electrical conductance affords a rapid means for measuring contamination in a water sample.  Electrical conductance of a water sample is a measure of its ability to conduct an electric current and is related to the amount of ionizable chemicals dissolved in the water.  An electrical conductivity measurement can be used to actuate alarm systems or operate equipment in the water system.  For most salts in low concentrations, a specific electrical conductivity (corrected to 77°F) of 2µS/cm normally indicates the presence of about 1 ppm dissolved solids in the absence of ammonia and other dissolved gases.  Electrical conductivity and pH are highly temperature dependent, so accurate temperature correction is essential for these data to be meaningful.  The conductivity is affected by ammonia or amines used for pH control.  To obtain an indication of feed water solids, an acid regenerated cation exchanger is used to remove these volatile alkalizers and convert the salts to their corresponding acids.  The electrical conductivity following this exchange is termed “cation” conductivity, and 7 µS/cm cation conductivity normally indicates the presence of about 1 ppm dissolved solids.

10.0 Startup and Standby

Suspended solid and impurity concentrations are often high as a boiler comes on line.  When blowing down to purge these impurities, the operator must maintain appropriate pH and chemical concentrations in the feed water and boiler water.  Some plant operators increase treatment chemical concentrations during the initial phase of start-up consistent with the reduced operating pressure and load at this time.  Control during reduced load operation is important to minimize deposition rates and the corresponding danger of under-deposit corrosion.  Hold points (load restrictions that depend on the feed water and boiler water chemistries) should be established to limit the potential for deposition, corrosion, and carryover.   

CAUTION: The unit should not be operated above 50% of the boiler’s maximum continuous rating (i.e. design operating pressure and flow) before the feed water and boiler water are within final operating specifications.
Good start-up and lay-up practices are especially important for units that must withstand frequent standby and start-up cycles.  The start-stop operation, with its consequent transients, produces higher levels of contamination in the feed water and greater rates of deposition in the boiler.  These problems can be minimized by ensuring startup feed water purity and by eliminating air in-leakage from the condensate return and feed water systems.

The practice of cold starts with an initial charge of air-saturated water should be discouraged.  Start-up, under these conditions enhances cycle corrosion and adds disproportionately to the burden of corrosion products entering the boiler.  Mechanical deaeration or exclusion of air is the preferred approach; however, procedures for chemical deaeration are available.  Periods of wet layup can also be times of substantial corrosion, which increase the amount of deposit-forming materials entering the steam generator.  Strategies used to minimize out-of-service corrosion of fluid-side surfaces include (1) exclusion of air and (2) draining and drying.

As the boiler is shutdown, operators should observe changes in boiler water chemistry.  A substantial drop in boiler water pH may indicate "recovery" of acid species that have "hidden out" on hot surfaces during operation.  The out-of-service pH of the boiler water should always be greater than 9.3.  Air ingress should be avoided to the extent possible.  A boiler that is not to be opened for maintenance or is to be kept in standby condition can be nitrogen blanketed by providing a nitrogen feed to the boiler steam space while the boiler is at 25 psig, then maintaining a 5-10 psig nitrogen pressure as the boiler cools to ambient temperature and the steam pressure decays.

WARNING: BECAUSE IT DISPLACES OXYGEN, NITROGEN IS A SAFTY CONCERN.  SERIOUS INJURY OR DEATH CAN OCCUR FROM LACK OF OXYGEN.  PERSONNEL MUST NOT ENTER AREAS WHERE AIR MAY HAVE BEEN DISPLACED WITH NITROGEN.  TESTING BEFORE ENTRY IS REQUIRED TO VERIFY ADEQUATE VENTILATION AND OXYGEN LEVELS.

An alternative procedure for long-term lay-up (for several months or years) is to completely dry the boiler internal surfaces by continuously recirculating air that is externally dried to a low dew point. 

See the section in the N/E Operations and Maintenance manual pertaining to Boiler lay-up for additional information. 

11.0 Recommended Reading

While they are not entirely consistent with the above recommendations, the follow references are recommended for additional information and background.

· Consensus on Operating practices for control of Feedwater in Modern Industrial Boilers.  The American Society of Mechanical Engineers, New York, NY.  1994.  Tabulated water chemistry guidelines for industrial boilers.
· Steam.  Its Generation and Use.   Fortieth Edition.  Babcock & Wilcox, Barberton, Ohio.  1992. Detailed overview of boiler design considerations.
· Cycle Chemistry for fossil Plants; Phosphate Treatment for Drum Units.   Electric Power Research Institute, Palo Alto, CA.  1994.  Detailed guidelines for phosphate and equilibrium phosphate boiler water treatment.
· Interim Consensus Guidelines on fossil Plant Cycle chemistry.  Electric Power Research Institute, Palo Alto, CA   1986.  Detailed guidelines for all volatile treatments.
· Interim Cycle Chemistry Guidelines for Combined Cycle Heat Recovery Steam Generators (HRSGs).  Electric Power Research Institute, Palo Alto, CA   1986.  Detailed guidelines for all type programs.
· The ASME Handbook on Water Technology for Thermal Power Systems.  P. Cohen and F.J. Pocock, Jr., Editors.  The American Society of Mechanical Engineers, New York.  1989.  Detailed overview of power plant water chemistry considerations.
· Annual Book of ASTM Standards – Volume 11, Water and Environmental Technology.  American Society for Testing and Materials, Philadelphia, PA Sampling and analytical procedures.
· The Chemical Treatment of Boiler Water.  J.W. McCoy.  Chemical Publishing Company, New York, NY, 1981.  Detailed overview of industrial boiler water chemistry considerations.
· Betz Handbook of Industrial Water Conditioning.  Betz Laboratories, Inc., Trevose, PA 1991.  Detailed overview of industrial water treatment and associated analytical procedures.
· The NALCO Water Handbook.  McGraw-Hill Book Company, New York, NY, 1988.  Overview of water chemistry and water treatment.
· Water Treatment Manual for Industrial Boilers.  The National Association of Corrosion Engineers, Houston, TX.  Detailed review of water chemistry and treatment practices for industrial boilers.
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	Table 1

	Maximum AVT Boiler (Drum) Water Control Limits

	
	
	
	
	
	
	
	
	

	Operating 
	 
	 
	Suspended
	 
	 
	 
	 
	Cation 

	Pressure
	pH
	TDS
	Solids
	Sodium
	Chloride
	Silica
	Sulfate
	Conductivity

	(psig)
	 
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(ppm)
	(uS/cm)

	< 600
	(1)
	3.86
	0.1
	3.8
	0.78
	4.5
	0.75
	27

	601 - 900
	(2)
	2.43
	0.1
	3.4
	0.34
	2.25
	0.31
	17

	901 - 1100
	 
	1.86
	0.1
	3
	0.22
	1.5
	0.22
	13

	1101 - 1300
	 
	1.29
	0.1
	2.7
	0.16
	1
	0.16
	9

	1301 - 1500
	 
	0.90
	0.1
	2.5
	0.12
	0.72
	0.12
	6.3

	1501 - 1700
	 
	0.64
	0.1
	2.2
	0.085
	0.54
	0.085
	4.5

	1701 - 1900
	 
	0.47
	0.1
	1.9
	0.062
	0.38
	0.06
	3.3

	1901 - 2100
	 
	0.36
	0.0
	1.6
	0.045
	0.25
	0.045
	2.5

	2101 - 2300
	 
	0.26
	0.0
	1.1
	0.035
	0.18
	0.032
	1.8

	2301 - 2500
	 
	0.21
	0.0
	0.7
	0.025
	0.13
	0.025
	1.5

	2501 - 2700
	 
	0.17
	0.0
	0.44
	0.017
	0.075
	0.017
	1.2

	2701 - 2850
	 
	0.14
	0.0
	0.32
	0.014
	0.052
	0.014
	1

	(1) 9.0 - 9.5 below 400 psig - non copper bearing cycle
	
	
	
	
	

	(2) 8.8 - 9.6 above 400 psig - non copper bearing cycle
	
	
	
	
	

	(3) AVT is not recommended for Copper Bearing Cycles below 400 psig - All values are per EPRI guidelines except SS


	Table 2

American Boiler Manufactures Association

Boiler Water Solids vs. Steam Purity vs. Carryover Equivalent



	Operating Pressure

(psig)


	Boiler Water Solids

(ppm)
	Steam Purity Solids

(ppm)
	Equivalent Carryover

(Percent)

	(0-300)

(301-450)

(451-600)

(601-750)

(751-900)

(900-1000)

(1001-1800)

(1801-2350)

(2351-2600)

(2601-2900)


	700 / 3500

600 / 3000

500 / 2500

200 / 1000

160 / 750

125 / 625

100

50

25

15


	0.2 / 1.0

0.2 / 1.0

0.2 / 1.0

0.2 / 0.5

0.1 / 0.45

0.875 / 0.44

0.1

0.1

0.05

0.045


	0.029 %

0.033 %

0.040 %

0.050 %

0.060 %

0.070 %

0.100 %

0.200 %

0.200 % 

0.30 %




	Table 3

Feed Water Guidelines



	Drum Pressure, psig


	15-300
	301-600
	601-900
	901-1000
	15-1000 (AVT)
	1000-1500
	>1500

	pH, all ferrous heaters

pH, copper – bearing heaters

Total hardness, as ppm

CaCO3, max

Oxygen, ppm max (b)

Iron, ppm max

Copper, ppm max

Organic, ppm TOC max (c)

Cat.  Conductivity, uS/cm max

Hydrazine, ppm

Silica, ppm SiO2 (f)

Oily Matter (mg/l), max


	9.3 – 10.0

8.8 –9.2

0.3

0.007

0.1

0.05

1

-

-

-

1.0
	9.3 – 10.0

8.8 –9.2

0.2

0.007

0.03

0.02

1

-

-

-

0.5
	9.3 – 10.0

8.8 –9.2

0.1

0.007

0.02

0.01

0.5

-

-

-

0.5
	9.3 – 9.6

8.8 –9.2

0.05

0.007

0.02

0.01

0.2

-

-

-

ND
	9.3 – 9.6

8.8 –9.2 (a)

0.003

0.007

0.01

0.005

0.1

0.2

0.02

-

ND
	9.3 – 9.6

8.8 –9.2

ND

0.007

0.01

0.005

0.2

0.5 / 0.2 (d)

0.02

0.2

ND
	9.3 – 9.6

8.8 –9.2

ND

0.007

0.01

0.002

0.2

0.2 (e)

0.02

0.1

ND

	(a) AVT not recommended for copper–bearing cycles and associated low feedwater pH where the drum pressure is less than 400 psig

(b) 0.002 ppm of oxygen should be retained in the boiler feedwater as a minimum.

(c) TOC – Total Organic Compound

(d) Cation conductivity – A phosphate treatment is first number / the second number is for an AVT program

(e) AVT program / phosphate programs not recommended above 1500 psig

(f) Because of its volatility, the feedwater silica concentration cannot significantly exceed the maximum concentration permitted in       the steam.  When the steam goes to a turbine, this limit is often between 0.020 and 0.010 ppm.

(g) All values represent maximum allowable


	Table 4

Recommended Boiler Water Limits – Drum Pressures < 1000 psig

Phosphate Treatment

	Pressure

Range


	Max. TDS, ppm
	Max. SSs, ppm
	Max. Silica **
	PH Range
	Total Alkalinity (mg/l CaCO3)
	Specific Conductivity

(uS/cm @ 25C w/ neutralization), max

	0 – 300
	3500
	10
	4.5
	9.2– 11.4
	300
	1750

	301 – 450
	3000
	8
	4.5
	9.2 – 11.4
	300
	1500

	451 – 600
	2500
	3
	4.5
	9.2 – 11.4
	250
	1250

	601 – 750
	1000
	2
	2.6
	9.2 – 11.2
	200
	500

	751 – 900
	750
	1
	2.25
	9.2 – 11.2
	150
	375

	901 – 1000
	625
	1
	1.758
	9.2 – 11.2
	100
	310

	*   Max Specific conductivity may not coincide with max allowable alkalinity.  Actual max must be based upon   desired steam quality.  Conductivity based upon 2:1 relation with TDS

** Silica based upon EPRI values for Phosphate Treatment


	Table 5

	Recommended Boiler Water Limits 

	(1000 psig < Drum Pressure < 1500 psig)

	Phosphate Treatment

	 
	 

	pH
	9.4 - 10.2

	TDS, ppm
	100

	Sodium, ppm
	1

	Chloride, ppm
	4

	Silica, ppm
	0.7 *

	Phosphate, ppm
	5.8

	Specific Conductivity, uS/cm
	200

	Cation Conductivity, uS/cm
	700

	 
	 

	* Based upon EPRI values for Phosphate Treatment

	** Specific and Cation Conductivity are based upon 

	   neutralized(degassed) relations of 2:1 and 7:1 
	 

	   with TDS
	 

	*** Phosphate level based upon 2.8:1 ratio with Na
	 


	Table 6

Recommended Boiler Water Limits – Drum Pressures > 1500 psig

Phosphate Treatment

	Pressure (
          Range

           (psig)
	1500 - 1800
	1801 - 2350
	2351 - 2600


	2601 - 2900

	pH
	9 - 10
	9 – 10
	9 – 10
	9 - 10

	TDS, ppm 
	50
	50
	40
	30

	Sodium, ppm *
	3.3
	2
	1.25
	.65

	Chloride, ppm* 
	2.2
	1.25
	0.7
	.25

	Phosphate ppm 
	4.7
	2.7
	1.8
	1

	Total Alkal’y as

CaCO3
	<---------------Nondetectable -------------------(

	Silica, ppm *
	0.45
	.175
	.1
	.05

	Specific Cond.

US/cm
	100
	100
	80
	60


· Based upon EPRI published values. Specific Conductivity based upon 2:1 ratio with TDS for degassed and neutralized 

samples

Note:
The values expressed in the all of the above tables and forms for particular species represent the maximum allowed values.  Desired steam purity may dictate that lower values for particular constituents be imposed.  

	Table 7

Water Chemistry Parameters to Monitor



	Parameter / Monitoring Approach
	Monitoring Points

	Cation Conductivity

Continuous by On line Analyzer
	· Condensate Pump Discharge

· Condensate Polisher Effluent

· Feedwater (or Economizer Inlet)

· Blowdown 

· Saturated Steam and Steam Outlet

	Specific Conductivity

Continuous by On line Analyzer
	· Treated Makeup

· Blowdown 

	PH

Continuous by On line Analyzer
	· Blowdown 

	Dissolved Oxygen

Continuous by On line Analyzer
	· Condensate Pump Discharge

· Feedwater (or Economizer Inlet)

	Sodium

Continuous by On line Analyzer
	· Main Steam / Hot Reheat Steam



	Phosphate

Grab Sample Analysis Each Shift

OR continuous Online Analyzer
	· Blowdown (each drum using a phosphate treatment)

	Silica


	· Treated Makeup
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D.
OPERATOR WALKDOWNS AND PROCEDURES

The boiler operators should be very familiar with the layout of the HRSG. Nooter/Eriksen recommends the entire unit be walked down at least once a shift, and preferably once at the beginning of a shift and again at the end.  There is no substitute for the visual inspection performed by a competent boiler operator.  

1.0
Walkdowns

During the walkdown, the status of the unit should be noted.  As a minimum, the following things should be checked:

1.1
All valves should be checked for tight shutoff.  Leaks through a valve which persist, even when tightly shut off, will erode further with time, and should be attended to as soon as possible.  Leaks from the stem of a valve through the packing should also be corrected immediately.                                                      


1.2
Steam or water leaks from any source should be investigated and repaired as soon as possible.  

1.3
Startup vent valves should be checked for any steam leakage.  Due to their service, these valves may require more frequent attention than others.  

1.4
Local and remote pressure and temperature indicators should be compared with control room readings on a regular basis, and discrepancies noted and resolved.  

1.5
The structural integrity of the unit and auxiliaries should be checked.  

1.6
Gauge glasses should be blown down twice a shift to keep from building up debris in these lines.  The boiler operator, by observing blowdown and return of liquid to glass, will be assured of proper actuation of one of the most important safety devices of the unit.

1.7
Gas side leaks should be noted and scheduled for repair during the next shutdown.  In particular, casing penetrations at inlet and outlet headers and drain lines should be checked for leaks.  While inspecting around the drain lines, note that there is a 1/16"(1.58 mm) condensate drain hole in the bottom of the expansion joint.  Check for a low flow of exhaust gas here to insure this hole is not plugged, and clean the hole out as necessary.

1.8
Regularly drain any condensate built up in gas side lines, such as back pressure tubing or duct burner fuel lines, which might be damaged by corrosion or freezing.

1.9
Inspect the duct burner flame length and color on a regular basis.  Flame length and condition will be affected by the fuel being burned as well as the turbine operating parameters, such as injection flows and ambient conditions.  Abrupt changes in flame length or condition, which cannot be related to a change in operating conditions, should be investigated.
2.0
Procedures


The operators are responsible for maintaining the overall health of the unit. This will involve scheduling the regular maintenance required for the HRSG, and monitoring the performance of the unit.

2.1
Intermittent blowoff schedule should be arranged based on water samples or visual inspection of the discharge water.  It is recommended that intermittent blows be done at least once a shift.

2.2
It may be advisable to blow all coil drains periodically, once below a drum pressure of 100 psig to verify they are clear.  (See the Nooter/Eriksen draining recommendations)

2.3
Startup and shutdown information should be collected by the operator to allow initial parameters (such as startup drum water level) to be set.

2.4
A control room log of major maintenance, operations, and operating parameters should be kept.  DCS trends of operating parameters can indicate problems such as fouling or turbine degradation.  The operators should review this data regularly, looking for any changes in the unit performance.

2.5
Prior to a shutdown, maintenance personnel should be notified of any necessary repairs.  Operating personnel should review the shutdown section of the manual.  If the unit will be laid up for any amount of time, the Layover Section III.G should be reviewed as well.

2.6
The operators should review the entire O&M manual, including sub-vendor provided O&Ms, at least once a year.

E.
PERFORMANCE PARAMETERS

 
This HRSG was designed with a certain set of inputs to meet specific requirements.  Some of the effects of changing these inputs are mentioned below.  General statements about performance are not possible without a complete analysis of the system to define all the operating points as well as the mechanical condition of the unit and ancillary equipment.  

The primary source of heat to the HRSG is the General Electrics 7FA combustion turbine generator (CTG).  The CTG exhaust flow and temperature play the largest role in the performance of the HRSG.  These parameters are affected by the turbine operating conditions, including NOx steam injection rate, guide vane adjustment for partial loading, fuel composition, ambient pressure, temperature and humidity, and the mechanical condition of the turbine. Auxiliary items such as rotor air coolers and fuel gas heaters will also affect performance by adding/subtracting energy from the boiler envelope.  The HRSG output will vary with changes in any of these conditions.  

The secondary source of heat to the HRSG is the John Zink duct burner.  As fuel flow to the duct burner is increased, HP steam production will increase substantially. IP or LP steam production can also be impacted dramatically because of the excess energy absorption in the HP economizer flow.

Typically, any condition that decreases either turbine exhaust flow or temperature will also decrease steam flow and temperature. The effect of raising one parameter while lowering another can cause either an increase or decrease in steam flow.  

The HRSG operating parameters and mechanical conditions will also affect performance to varying degrees.  In particular, as operating pressure drops, steam flow will increase and superheat temperature will decrease.  Feedwater temperature should be as close to design in order to avoid problems.  Steam/water leaks or open drains, although they may not seem substantial to the eye, can decrease production considerably.  Leaking superheated steam is often invisible and extremely dangerous.  Exhaust side leaks can also substantially reduce HRSG performance.  Deposits on the tube surface can reduce steam flows by limiting the heat transfer.

F.
SHUTDOWNS

The procedure for depressurizing the HRSG depends on how soon entry to the HRSG will be necessary.  For normal entry, long scheduled shutdowns, or shutdowns where no boiler entry is required, the 'normal shutdowns' procedure should be used.  If rapid entry is required, guidelines for an 'emergency shutdown' procedure are offered.  Rapid cooling of the boiler, however, will induce thermal stresses on the boiler steel and should be avoided. 

WARNING: N/E WILL NOT ACCEPT RESPONSIBILITY FOR ANY DAMAGE OR COSTS RESULTING FROM A FAST, RAPID QUENCH OF THE HRSG.  THIS INCLUDES THE “FOR INFORMATION ONLY” EMERGENCY SHUTDOWN GUIDELINES PRESENTED IN THE MANUAL.

Other factors that affect shutdown time/type are: on site drain and water facilities, ambient temperatures, and unit freeze protection.  

If the unit will be down for any amount of time, review the Layover Section III.G of this manual.  If freezing weather is possible, review the Freeze Protection Section III.H. In any case, a positive pressure should be maintained in the unit. Steam sparging and N2 blanketing are two options for maintaining a positive pressure on the system(s).

At times, an unexpected incident may shut down the entire plant.  In this situation, the precautions mentioned in the Prior to Shutdown section below can't be carried out.  

1.0
Prior to Shutdown  

Boiler water sludges and other matter are kept in suspension by circulation of the boiler.  When circulation stops, solids will tend to settle and adhere to internal surfaces.  This can inhibit heat transfer and promote corrosion and should be avoided by taking the steps below several hours or more prior to shutdown.

1.1
Increase continuous blowdown by 10% and double the frequency of intermittent blowdown.  

1.2
Increase the alkalinity and dosage of any sludge conditioners based on the recommendation of the plant water treatment expert.

1.3
Assure that feedwater is being properly deaerated before removing the heat source from the HRSG.


2.0
Normal Shutdown  

When the gas turbine is shut down, the HRSG will begin to cool.  Unless entry into the boiler is required, the HRSG should be bottled up on both the gas and steam sides, and allowed to cool and depressurize naturally.  If the intention is to restart the unit within a few days, precautions should be taken to retain as much heat as possible.  If boiler entry is desired, follow these procedures.  

2.1
After the turbine is off, isolate the steam side of the boiler. Maintain drum level above low-low level until HP drum pressure decays to below 75 psig (5.17 barg).  

2.2
Natural circulation through the turbine and up the stack will cool the boiler.  The turbine cranking motor should be put on the lowest speed possible, or shut off altogether.  If available, the stack damper or cap should also be closed.

2.3
Allow the boiler to cool to 75 psig (5.17 barg) (approx. 8 hrs w/o damper and approx. 24 hours w/damper) under these conditions.

2.4
At 75 psig (5.17 barg), venting/draining of the boiler may proceed.  If any drain lines were found to be plugged during inspections prior to shutdown, these should be cleared and draining verified. Draining at a higher pressure will expedite the draining process and assist in removing any accumulated debris.  However, the operating pressure should not exceed 100 psig when opening a wetted surface drain valve (i.e. economizer drain valve).

CAUTION:  OBSERVE THE FREEZE PROTECTION WARNINGS GIVEN IN SECTION III.H. 

3.0
Emergency Shutdown 

If rapid access to the boiler is required, use the following procedure.  This procedure should NOT be used for normal inspection type shutdowns, as it will increase the thermal stress placed on the boiler.  

3.1
Shut off the gas turbine and isolate the water side of the boiler.  Put the gas turbine on crank using the starter motor.  Be sure to check the motor duty cycle and follow recommended procedures.  If the temperature into the HRSG from the gas turbine drops below 70°F (21°C), turn the cranking motor off or to its lowest speed.  


3.2
Use the intermittent blowoff valves on each pressure system to lower the water level in the steam drum to the lowest position on the gauge glass.  Close the blowdown valves, wait five minutes, and add HOT DEAERATED WATER to the economizer of each pressure level until the water reaches high level in the drum.  Wait five minutes and repeat the procedure.  

CAUTION:  THE FEEDWATER TO THE ECONOMIZER FOR THIS PROCEDURE MUST BE 220°F (100°C) OR MORE AND DEAERATED.

3.3
Continue as described above until the pressure is at 75 psig (5.17 barg).  Vent the boiler to prevent a vacuum from forming.  At this point, the superheater, evaporator, and economizer bundles may be drained for work access. Drain lines must be free and clear. If drain lines should be plugged, they should be back blown with air until draining is verified.

3.4
The HRSG should be allowed to air cool from this point.  Leaving all the drains open and opening the vents will increase the cooling rate inside the boiler, as will opening the casing door closest to the turbine.  Do not open other doors, as this will cancel the advantage gained by opening the door near the turbine.  Fans or air horns may be used to force additional air through the unit.  

3.5
If work at the top of the unit is necessary, a mechanical means of forcing the air to vent the upper section may be required.  Air horns, electric fans and/or blocking the bottom coil cross-section of the boiler to force air upward are possible solutions.

3.6
The cold start procedure should be used to restart after the work has been performed.

CAUTION:
OBSERVE THE FREEZE PROTECTION WARNINGS GIVEN IN SECTION III.H. 

Note:  The drains from the blowdown tank or the economizers may go to the sewer, and in many cases must be tempered.                     


4.0
Post Shutdown

4.1
Review other plant procedures regarding layovers, freeze protection, and maintenance inspections.

4.2
Drain any lines that may have collected condensate during the cool down period.  This includes casing drains, duct burner fuel lines, back pressure instrument tubing, or any other gas side connection which might trap condensate and might be damaged by corrosion or freezing.

G.
LAYOVERS


During non-operating periods, whether pre-operational or post-operational, HRSG's must be laid up properly to avoid corrosion and freeze damage.  Because of the exposure to water during operation, proper layup of the water side of the HRSG is generally of greater concern than lay up of the gas side.  (Periodic inspections of the gas side of the HRSG should be made to insure there are no problems that would require special layup procedures.)  The procedure and type of lay up (wet or dry) for the water side of the HRSG is site specific, and should be developed for the plant by qualified personnel. Nooter/Eriksen accepts no responsibility associated with boiler lay-up and provides the following guidelines only for information and review when developing plant procedures.

1.0
Corrosion Factors

Some of the factors, which contribute to waterside and gas side corrosion, are listed below.

1.1
Water Side Factors  

1.1.1
Moisture--Under completely dry conditions, corrosion is negligible.  Moisture can be trapped in the unit or may accumulate due to condensation of moisture in the air.

1.1.2
Oxygen--Corrosion rates are related to the dissolved oxygen concentration in a moist environment. Any conditions, which increase the oxygen concentration in a moist environment, will expedite the corrosion process.

1.1.3
Low pH--Low pH (<7) of moisture or water generally increases the tendency of HRSG metals to corrode.

1.1.4
Deposits--The presence of deposits on water side surfaces may cause corrosion cells that promote localized corrosion during lay up periods.                              


1.2
Gas Side Factors

1.2.1
The presence of moisture absorbent deposits.

1.2.2 
Corrodents such as sulfurous and sulfuric acids that may form and attack the steel under deposits.

1.2.3
Presence of fuel borne contaminants and ash due to long term oil operation, especially heavy oils.         

2.0
Dry Lay Up

Dry lay up should be considered whenever freezing might be a problem, when properly treated water is not available, or a long layup (> 2 weeks) is expected.  Dry lay up prevents corrosion by removal of all liquid from internal surfaces.  


2.1  
Follow the practices developed for your plant to shut down the unit.  (See the 
'Prior to Shutdown' section of the O&M manual.)  If deposits are noted when 
the HRSG is opened up, shutdown procedures and operating parameters should 
be modified until no deposits are noticed.

2.2
As soon as pressure drops to 75 psig (5.17 barg) the HRSG should be drained.  Take the necessary steps to insure all water has drained from the unit.  (See the Nooter/Eriksen Draining recommendations)

2.3
After all the water has been drained, moisture is still present in the form of humidity.  Open the manways and test for relative humidity (RH) in each pressure level.  Corrosion rate is low for RHs below 50%, but a value of less than 30% is desired in the HRSG.  If this value is not achieved, or it will be exceeded with expected drops in ambient temperature, further precautions must be taken.  (Note that the relative humidity is a function of ambient temperature.  The measurement should be made at the coldest expected temperature, or a psychometric chart used to extrapolate to the expected coldest temperature.)  Otherwise, the HRSG can be sealed off from the atmosphere, and regular inspections made. Several methods for isolating the tubeside are presented below.

Method 1)
N2 Blanketing
Replacement of the liquid volume as it is drained with nitrogen is an effective means of eliminating oxygen.  After the unit has cooled to 75 psig (5.17 barg), admit nitrogen to each pressure level at the drums or other upper connections.  Begin draining the unit, allowing nitrogen to flow in to replace the water.  Close the drains as nitrogen is determined to be discharging out from each line.  Maintain nitrogen pressure at 5 psig (35 kPa) to prevent outside air from entering the tubeside of the HRSG. 

If the system was drained and air was allowed to enter the waterside of the HRSG, purging of the system with nitrogen is an effective method of removing moist air.  Each pressure level should be purged individually.  Close off the section and pressurize with nitrogen to 15 psig (105 kPa) from the nitrogen connections on the saturated steam lines.  Wait five minutes and open high point or other vents, venting the compressed air/nitrogen mixture.  As soon as pressure drops back to atmospheric, close the vent and repeat.  Repeat until the concentration of oxygen in the HRSG is 0.5% or less.  Leave the system with 5 psig (35 kPa) nitrogen pressure and attach a continuous monitor.  If the oxygen concentration exceeds 0.5%, purge the system as described above. 

CAUTION:  A NITROGEN ATMOSPHERE WILL NOT SUSTAIN HUMAN LIFE.  BEFORE ENTRY INTO A CONFINED SPACE, WHICH HAS BEEN FILLED WITH NITROGEN, MAY COMMENCE, A SUFFICIENT OXYGEN LEVEL MUST BE DETECTED

Method 2)
Continuous Circulation of Dry Air
Continuous circulation of dry air (less than 30% RH) through the waterside may be an efficient/economical method of maintaining low moisture content.  Excessive moisture in the HRSG volume will be reduced by the passing flow of dry air.  By modulating various openings, assure that all sections of the HRSG are receiving dry air flow.  

Circulation of dry air (less than 20% RH) may also be used to reduce the overall moisture level to below 30% RH.  When the humidity in the HRSG drops to this level, (requiring about a day) it should be sealed to prevent air from entering, and check regularly.  Future applications of dry air may be necessary. 

Method 3)
Desiccant
The use of desiccant to absorb moisture is also a common practice.  Silica gel can absorb up to 25% of its own weight in humidity.  Calculation of the required amount of gel is then based on local temperatures and humidities.  A conservative amount would be 1 pound (1 kg) of desiccant for each 30 ft3 (1.87 m3) of HRSG volume.  (See Section II.D for the volume of each HRSG section) Quicklime as CaO may also be used at two pounds (1 kg) per 30 ft3 (.70 m3) of boiler volume.  Place the desiccant in flat corrosion resistant trays in the steam drums without inhibiting air flow.  Care should be taken to not spill any of the desiccants in the drum.  This will create localized corrosion areas. 

2.4
Condensation may occur if the temperature of any HRSG part drops below the dew point of the air in the unit.  In some cases, it may be most economical to provide enough heat to the gas side of the HRSG to keep all internal parts above this temperature.  With this method, the drums do not have to be sealed shut, which allows easy access for monitoring of humidity or other inspections.  Various points in the HRSG should be monitored to assure none are below the dew point temperature.  External sections such as drains and uninsulated piping may require heat tape or other means of warming. 

3.0
Wet Lay Up   

This procedure may be used when properly treated water is available.  Wet lay up prevents corrosion by raising pH of the lay up media. Great care and attention to detail must be adhered to during a wet lay-up.  Operators must not become complacent with a wet layed up boiler as this will lead to boiler corrosion.

3.1
If the wet layup will be longer than (2 weeks), the HRSG should be drained and inspected for waterside deposits before lay up.  If deposits are noted, shutdown procedures and operating parameters should be modified to prevent these deposits. Remove deposits.

3.2
Follow the practices developed for your plant to shut down the unit.  (See the 'Prior to Shutdown' section of the O&M manual.)

3.3
Lay up water chemistry should be determined by the plant water chemist.  This may or may not be the same type of chemistry used during operation of the plant.  Inorganic or volatile compounds are available for water treatment.  The oxygen concentration in the laid up water should remain the same as the concentration during normal operation.

3.4
If the HRSG will be laid up immediately following shutdown, any adjustments to the water chemistry, to make it suitable for wet layup, should be done before the shut down.  As the HRSG cools, maintain 5-10 psig (35-70 kPa) by adding properly treated feedwater or nitrogen.  (Eventually, all the steam in the drum and superheaters will condense and this volume will be replaced with the water or nitrogen being added.)  

3.5
Check the concentration of the mixture at several points as soon as the HRSG temperature has stabilized.  If concentrations are not as required, additional chemicals will have to be mixed in.  Blowdown with the continuous or intermittent lines and pumping through chemical feed lines, as well as light heating to induce circulation will help mixing.  The heating should not be enough for the HRSG to approach steaming.  Check the concentrations again in a few days, and weekly after that.


3.6

If air enters the water side of the HRSG, this atmosphere will have to be purged 


and water chemistry adjusted to insure no oxygen is left in the system.  Once 


the system has been purged of air, check the concentrations weekly as described 


above.

3.7
Oxygen from the outside air will contribute to corrosion.  Prevent outside air from entering the water side of the HRSG by maintaining a positive pressure.  If positive pressure is lost for a period of time and air may enter the HRSG, the mixture concentration should be checked and adjusted as necessary.

4.0
Conditions and Suggestions

The following items listed include important notes regarding general lay up procedures and specific instances.

4.1
After the initial hydrotest and/or the chemical cleaning, the HRSG may be laid up wet or dry depending on the length of the layover and the site conditions.  For a wet lay up, the hydrotest/rinse water can be pretreated to the concentration described in the wet lay up section.  If the HRSG will be down longer than a week, dry lay up may be the most convenient. Supplemental heat or desiccant may be considered to fully dry the HRSG for dry lay up.

4.2
If there is any danger of freezing, dry lay up is recommended.  Freezing can occur in the unit at the periphery of the HRSG, around drain lines and exposed piping. Even if the HRSG is in a building, cold air can enter the unit through the stack. If wet lay up is necessary during cold weather, heat must be supplied in the duct, and to the drains and other auxiliary lines.  

CAUTION:  FREEZING AND ASSOCIATED DAMAGE CAN OCCUR EVEN WHILE A UNIT IS DRAINING.

4.3
Lay up solutions should be tested weekly, and the chemistry adjusted as necessary to maintain the prescribed conditions.

4.4
Nitrogen caps (5 psig - 35 kPa) on a wet lay up should be applied through the drum vent and superheater outlet header drain/vent as the unit is cooled and the systems pressure drops to atmospheric.  Admission of air through atmospheric vents should be avoided.  

4.5 
Lay up chemicals can be added to HRSG water several hours prior to shutdown to provide for a wet lay up.

4.6
When making humidity inspections, open the HRSG only as long as necessary to prevent air from entering.

4.7
If the unit is down for waterside repairs, drain and open only the required sections, laying up the other pressure levels as appropriate.

4.8
If your plant will be off line more than a few days a year, develop site specific procedures to lay up the HRSG under any expected circumstances.  The following references may be helpful.

4.9
All gas connections to HRSG (i.e. Duct Burner) should be discontinued during lay-up period.

REFERENCES:  

Consensus of Current Practices for Lay Up of Industrial and Utility Boilers, ASME Research Committee on Water in Thermal Power Systems, Library of Congress #79-54898, Copyright 1985

VGB-Guidelines  Preservation of Power Plant Systems, VGB KRAFTWERKSTECHNIK GMBH, Verlag technisch-wissenschaftlicher Schriften, KlinkestraBe 27-31, 4300 Essen, Edition 1981.

Boiler Water Requirements and Associated Steam Purity for Commercial Boilers;  C. 1995  ABMA, 950 North Glebe Road, Suite 160, Arlington, VA 22203.

H.
FREEZE PROTECTION

Water in the HRSG piping or heat transfer sections can cause damage if allowed to freeze.  The owner/operator of the HRSG must implement procedures that will prevent water from freezing in the HRSG.  All circumstances including hydrotests, unplanned shutdowns, and power outages should be considered.  HRSG's located in a building may still be subject to freezing air coming down the stack or in through the turbine.  The following comments are provided to aid in developing a freeze protection strategy.  

1.0
General

Procedures to protect the HRSG from freezing generally involve draining, auxiliary heating, or some combination of the two.  Winterized piping (insulation only) is generally protected from freezing for a period of time based on operating temperature, ambient temperature, pipe size and insulation thickness.  Freeze protected piping, (heat traced and insulated) is protected from freezing continuously provided the heat trace circuit is operating.  The decision on whether to heat trace a line should be based on the expected ambient conditions and the type/quantity of shutdowns intended.

2.0
Heat Tracing

While the unit is operating, the internal sections of the HRSG are safe from freezing.  Any external lines that may collect water and freeze should be heat traced and insulated.  Each heat trace circuit should be checked periodically for proper operation.  As a minimum, Nooter/Eriksen recommends heat tracing the following lines from the outer casing through the second valve in the line.  (Depending on the specific line and the downstream conditions, it may be desirable to continue heat tracing downstream of the first set of valves.)

2.1
The drain lines from all heat transfer modules, drums, storage tanks and interconnecting piping.

2.2
Trim and instrument drain lines (i.e. from drum level gauges, etc.) that are collected and piped to grade.  Atmospheric drains, which are not piped to grade, should be insulated.

2.3
All water gauge piping from the drum to the gauge including the water columns and drains.

2.4
All pressure, level and flow transmitter piping to the instrument freeze protection enclosure. (All pressure, level and flow transmitters should be enclosed in heated freeze protection enclosures.)

Note: For transmitter accuracy the condensate pot or filling tee in the upper section of the level transmitter piping should not be insulated to allow condensation to form.

2.5
All local pressure gauge lines with siphons.

2.6
Valve body drain lines (including safety valves).

2.7
Lines, which are used intermittently, such as the chemical, feed lines, sample lines, or blowdown/blowoff lines.

2.8
Lines which may condense water from the exhaust gas, such as pressure tubing for DP cells, SCR recirculation, or fuel lines for duct burners.

The above recommendations are made to protect the HRSG from freezing during operation.  If protection is required for long term shutdowns during freezing weather, additional lines (such as the feedwater lines and interconnecting piping) must be considered.

3.0
Wet Freeze Protection

This section discusses precautions for periods when the HRSG might be laid up wet.  Whenever the unit is not operating, proper Lay Up procedures should be followed.  (See the Nooter/Eriksen Lay Up recommendations.)

3.1
The heat trace circuits described in Section 2.0 above serve to prevent freezing during operation.  Additional lines such as feedwater lines and interconnecting piping may require heat tracing to prevent freezing during shutdowns. 

3.2
While the HRSG is under pressure, verify the coil drains are not clogged with a brief discharge from each of the lines.  This is preparation in the event the HRSG must eventually be drained.  (See the Nooter/Eriksen Draining recommendations.)

3.3
When the HRSG is warmer than the ambient temperature, there will be a stack effect that drafts outside air in through the turbine and up through the stack.  To minimize this flow, keep all HRSG access doors, stack and inlet dampers, and combustion turbine guide vanes closed.  

3.4
Monitor the ambient air temperature in relation to the HRSG inlet and stack temperatures.  This will indicate to the operators when the turbine section and HRSG modules have cooled to ambient temperatures.  Inlet and stack temperatures, as well as water temperatures, should be monitored to determine when there is a cause for concern about freezing.

3.5
An external heat source (such as sparging steam, circulating hot water or CT exhaust) may be used to maintain fluid temperatures or air temperatures in the duct above freezing.  A site-specific procedure should be developed for this type of freeze protection.

3.6
As the HRSG cools to atmospheric pressure, some steam will condense in the superheater coils.  This steam must be drained out of the unit. Action must be taken so that a vacuum is not generated in the HRSG coils.

3.7
If temperatures cannot be maintained above freezing, the unit must be drained, which will take time.  Sufficient time must be allotted to drain the HRSG before freezing occurs.  (See the Nooter/Eriksen Draining recommendations)

4.0
Dry Freeze Protection


This section discusses precautions when the unit is to be drained to prevent freeze damage.  Whenever the unit is not operating, proper Lay Up procedures should be followed to prevent waterside corrosion.  (See the Nooter/Eriksen Lay Up recommendations.)

4.1
In freezing weather, the heat tracing system on the drain lines must be operational.

4.2
From a thermal stress standpoint, it is preferable to wait for the HRSG to drop to 75 psig (5.17 barg) before draining.  However, if freezing temperatures are expected it may be beneficial to begin draining the HRSG at higher pressures (but not over 100 psig (700 kPa)).  The higher pressure and the reduced viscosity of the water will decrease the draining time.  Extra venting, such as by opening startup vent valves, will also allow for more rapid draining.

4.3
Freezing can occur WHILE A LINE IS DRAINING.  If conditions warrant, draining lines should be monitored for temperature, and heat applied as necessary.

4.4
Review the Nooter/Eriksen Draining recommendations.

I.
DRAINING

Draining of the HRSG may be necessary to affect some repairs and is also desirable in some cases for freeze or corrosion protection.

1.0
During the initial startup phase of the project, the entire HRSG should be inspected to ensure it is fully drainable and that all drain lines are clear.

2.0
All drain lines should be verified as clear before it becomes necessary to drain the HRSG.  This can be done once the drum operating pressure has reduced below 100 psig, either after the CT is taken off line, or during regular operation. A list of any drains which appear to be clogged and cannot be cleared under pressure should be maintained so they can be cleared during the next shutdown.

3.0
A normal practice would be to blow down the drain lines when pressure is not more than 100 psig (700 kPa), after the CT has been shut down.  

4.0
The inner valve in a line should be protected from rough service and reserved for tight shutoff.  When blowing drain lines under pressure, fully open the inner valve, and then open the outer valve.  When satisfied the line is clear, close the outer valve completely, and then close the inner valve.

5.0
Drain valves should not be cracked open for long periods under pressure to prevent damage to the seat.  

6.0
When draining a coil, the valves should be 100% open to maximize fluid velocity and minimize the risk of plugging a line.

SECTION IV:
MAINTENANCE


A.
INSPECTIONS

Operator inspections of the unit should be ongoing while the unit is running.  In addition, inspections with the unit shut down are necessary to ensure safe and proper operation and to extend the service life of the unit.  Normally this inspection is performed along with the annual shutdown of the gas turbine.

1.0
Schedule and Check List

Prior to shutdown the maintenance personnel should develop a schedule of events, obtain the anticipated service parts such as valve packings, gasket and repair parts and schedule the local inspection authorities.  Pre‑shutdown inspections to look for gas side or steam side leaks should be performed.  Lists should also be obtained from the operators of backlog maintenance items.  If required, Nooter/Eriksen service personnel should be contacted and scheduled for their supervision, inspection and/or maintenance services.

The Nooter/Eriksen manual provided with the HRSG should be reviewed in detail to develop the check list.  Many of the component manufacturers also provide inspection and service instructions.

2.0
Minimum Requirements

As a minimum, this inspection should include the following:

2.1
Insure that the HRSG is isolated from any steam header or feedwater source.

2.2
Remove all gas duct access covers.  Be sure all local and state safety practices have been implemented and that the unit is safe for entry and service.

2.3
Fill the entire HRSG with water and pressurize to inspect for leaks.  When the inspection is completed, maintain pressure and blowdown all drain valves.  Each header should be blown down individually to insure no line is clogged, as described in the Nooter/Eriksen draining recommendations.  Lines, which are clogged, will have to be cleared (by some means such as back-blowing with air or removal of lines) after the rest of the HRSG is drained.


In the event a leak is detected, it must be repaired (AI and N/E to be informed prior to repair) and a root cause analysis should be performed to determine the cause of the leak before bringing the unit back on line.  As a minimum, the following areas should be investigated:

2.3.1
HRSG Operation including Upsets and Excursions

2.3.2
Chemical Treatment including Upsets and Excursions

2.3.3
Combustion Turbine Operation including Upsets and Excursions

2.3.4
Operation of Auxiliary Equipment (i.e. SCR, Duct Burners…)

including Upsets and Excursions 

2.3.5
Lay-up/Outages

2.3.6
Earlier repair work in vicinity of tube leak 

2.4
When the drain line blowdown is complete, drain the entire HRSG.


2.5
Inspect the interior of the HRSG.  At the tube bundles, look for deposits, erosion, or damage to the fins and tubes.  In the gas duct, look for damaged or missing liner plates and clips, guide vanes or deflectors and insulation.  Check for loose or detached gas baffles located at the bottom, top, and side of each tube bundle. 

Look for deposits built up on the tubes, particularly at the cold end of the HRSG.  Units with carbon build-up on the exterior of the finned tubes may be water washed.  The casing drain plugs must be removed to allow the wash water to drain.  The wash water should be selected so there is no harmful side affects to the tubes and no residue will remain.  Samples of the material should be analyzed prior to washing and saved for future reference.

Units, which include a selective catalytic reduction (SCR) system, may develop ammonia salt buildup.  Because of potential difficulties in disposing of the wash water, it is recommended that the tubes be cleaned by CO2 (dry ice) blasting.

2.6
Enter the drums and examine all internal surfaces for corrosion, erosion, deposits or mechanical problems.  Insure the integrity of steam separation devices and check the feedwater, blowdown and chemical feed lines for plugged ports.  Inspection ports are located above the front risers in each steam drum that allow for a visual inspection (via borescope) of the front panel of evaporator tubes. These tubes should be inspected and confirmed to be clean and free of any indications of erosion / corrosion. 

2.7
Safety valves must be serviced and calibrated by an authorized service facility per local and state inspection or code requirements.  As a minimum, the safety valves should be serviced every two years.  At the plant's discretion, during start up, after inspection, the valves may be blown at their set pressure to insure their operation.

2.8
All instruments, transmitters, switches and thermocouples and their devices should be inspected and calibrated.  Check impulse lines for obstructions and valves for leaks.

2.9
Inspect valves with operators and check for freedom of operation, travel limits, linkage and packing.  Inspect the I/P‑positioner, calibrate the zero and the span, clean and set the air filter regulator.

2.10
Water columns and other electrical resistance type level indicators must be maintained.  Remove all probes, clean and install with new gaskets.  Remove gauge glass, clean internal surfaces and install with new packing.  Inspect all lines for clear passages and valves for leaks.

2.11
Control panels and junction boxes should be checked for mechanical damage, overheated conductors, corrosion and loose screw connectors.  Additionally, refer to the component manufacturer’s service manuals for specific instructions.

2.12
Manual valves.  Inspect and check for freedom of operation and leaks.  At the plant operator’s discretion:

2.12.1
Blowdown or other valves operated for flow control should be disassembled and the seats checked for erosion.

2.12.2
Disassemble the steam non return valves and check the piston for erosion and freedom of operation.

2.13
Inspect all external surfaces of the HRSG, piping, electrical and pneumatic service lines and the access platforms for structural integrity.

2.14
Perform any inspection/maintenance functions required or recommended by the suppliers of other equipment manufacturers (see Sections VI and VII).  Other preventative maintenance should be performed as noted in the individual component literature.

2.15
Inspect all duct burner viewports and clean the quartz glasses as required.  Replace the gasket under the glass and seal all seams with high temperature RTV.

2.16
Install all gas duct access covers with new bolting tape.

2.17
Finally inspect the HRSG and return the unit to service.

B.
PROCEDURES

1.0
Casing Access Door Usage and Gasketing

1.1
Remove the door and assure it is secured.

1.2
Clean the old bolting tape from both surfaces with a wire wheel grinder.

1.3
Use a bead of silicone RTV or other suitable material to hold new bolting tape to the boiler casing.

1.4
Bolting tape shall be a minimum of 1/8" (3.175 mm) thick and 2" (50.8 mm) wide.  The bolting tape shall lay flat against the surfaces with no laps or gathering of the material.  Teflon impregnated material or semi-liquid coating shall not be used.

1.5
Align the door and finger tighten all bolts.  Continue tightening bolts to seal the gasket. (Approx. 40-60 Ft.‑Lb. (55-80 N-M))  Do not use pneumatic drives of 1/2" (12.5 mm) or greater.

2.0
Grease Fittings

The HRSG remote drum saddles, if fitted with grease zerks, should be lubricated every three or four months using non-water soluble grease. Similarly, the HRSG column slide plates need to be greased on the same schedule

3.0
Drum Manway Cover Usage and Gasketing

All elliptical manway covers follow the same general requirements with 12" (305 mm) x 16" (406 mm), 14" (356 mm) x 18" (457 mm), and 18" (457 mm) x 24" (610 mm) being the most common sizes.

3.1 Open the manway and clean the old gasket from the cover and manway ring.  Both of the surfaces must be cleaned thoroughly with caution.  A method must be used that does not flatten out the required machined roughness.  Gasket surfaces are to be finished to 125-250 RMS.

All covers and rings must be inspected for pits or grooves on the sealing surfaces.  If pits greater than 1/32” (0.8mm) deep exist, it will be necessary to repair the gasket surface by weld repair and remachining under the direction of your ASME National Board Inspector.  If the manway covers, rings and plates cannot be repaired, then they must be replaced.  New covers must be inspected for surface imperfections.

3.2 Proper gasketing, as defined in Table 3.2 and 3.3, is required to install the cover.  Do not flex, twist, bend or deform the gasket in any way before installation.  This could damage the gasket and compromise its structural integrity.

Center the gasket on the manway cover.  Bring the cover and gasket in contact with the manway ring.  Install the studs in the plates or yokes and finger tighten to allow the manway cover and gasket to stay in place.  Make sure the studs, nuts and washers are clean and well lubricated with nickel anti-seize compound to achieve the proper bolt load.  Davits should be adjusted as necessary, to allow the proper alignment when bringing the cover and gasket in contact with the ring.

To provide an effective seal, even compressive forces must be exerted on the gasket.  To accomplish this, tighten the nuts alternating back and forth for bolt and yoke type manways, until the boltings are tight to approximately the torque values listed in Table 3.1.  Torque wrenches should be calibrated and in good working order.


[image: image10]
DR-27V

CAUTION: HEAVY DUTY IMPACT WRENCHES WITH DRIVES GREATER THAN 1/2" (12.7mm) SHOULD NOT BE USED.  IT IS IMPERATIVE THAT THE NUTS BE TIGHTENED ONE (1) FLAT AT A TIME PER NUT ON A ROTATIONAL BASIS WHEREBY NUTS ARE TIGHTENED SEQUENTIALLY ACROSS DIAGONALS.  NEVER TIGHTEN ADJACENT NUTS IN SEQUENCE.

3.3
You may start to pressurize the boiler at this point.  If the gaskets leak, tighten each nut one (1) flat at a time alternating between the nuts (i.e., use the tightening procedure described above) until the leaking stops.  As the boiler is heated, the internal pressure will force the cover against the gasket and, if properly installed, the seal will be effective; however, additional tightening may be required due to the heating/pressurization.  It is to be noted that a "leak", as referenced here, is running water.  A slow drip is acceptable on a cold boiler for this sequence.  When the unit is up to pressure and temperature, if necessary, retighten the bolts to the values noted in Table 3.1. 

CAUTION:  TIGHTENING OF MANWAY BOLTS WHILE THE UNIT IS UNDER PRESSURE SHOULD BE DONE FROM THE SIDE OF THE MANWAY AS A SAFETY PRECAUTION.

If the boiler is shut down and allowed to cool, it is important to again check the torque on the nuts before repressurizing, to assure that the required torque values have been maintained.

Table 3.1
Required Torque Values for Manway Bolts


[image: image11.emf]Type of Cover Torque

DR-27V 170 fl-lb (230 N-m)

Lenape Type "H" 150 ft-lb (203 N-m)

Lenape Type "N" 100 ft-lb (136 N-m)

12" x 16" (305mm x 406mm)



[image: image12.emf]Type of Cover Torque

DR-27V 170 fl-lb (230 N-m)

Lenape Type "S" 150 ft-lb (203 N-m)

Type of Cover Torque

DR-27V 260 ft-lb (353 N-m)

Lenape Type "S" 150 ft-lb (203 N-m)

14" x 18" (356mm x 457mm)

18" x 24" (457mm x 610mm)


Table 3.2
Gaskets for 12" x 16" (305 mm x 406 mm) Manways (unless otherwise specified)
	PRESSURE - PSIG

PRESSURE (BARG)
	TYPE OF COVER
	
GASKET TYPE

	1200 +

(83 +)
	DR-26V 

OR

DR-27V
	1” WIDE CHESTERTON/SELCO “STEEL TRAP” 304SS/GRAPHITE MANWAY GASKET WITH PRESSURE SENSITIVE ADHESIVE ON ONE SIDE.  

	1001 TO 1199

(69 - 82)
	DR-27V
	1/8” (3mm) THICK X 1” (25mm) WIDE REINFORCED FLEXIBLE GRAPHITE WITH STAINLESS STEEL FOIL INSERT AND CORROSION INHIBITED PRESSURE SENSITIVE ADHESIVE ON ONE SIDE 

	100 TO 1000

(7 - 68)
	Lenape Type “H”

OR

DR-27V
	

	LESS THAN 100

(< 7)
	Lenape Type “N”

OR

DR-27V
	THERMO-SURE TACKY CLOTH No. 6250. 

3/16” (5mm) NOMINAL THICK X 1” (25mm) WIDE


Table 3.3 
Gaskets for 14" x 18" (356 mm x 457 mm) Manways (unless otherwise specified)
	PRESSURE (PSI)

PRESSURE (BARG)
	TYPE OF COVER
	
GASKET TYPE

	1200 +

(83 +)
	DR-26V

OR

DR-27V
	1” WIDE CHESTERTON/SELCO “STEEL TRAP” 304SS/GRAPHITE MANWAY GASKET WITH PRESSURE SENSITIVE ADHESIVE ON ONE SIDE.  

	301 TO 1199

(21 - 82)
	DR-27V
	1/8” (3mm) THICK X 1” (25mm) WIDE REINFORCED FLEXIBLE GRAPHITE WITH STAINLESS STEEL FOIL INSERT AND CORROSION INHIBITED PRESSURE SENSITIVE ADHESIVE ON ONE SIDE 

	100 TO 300

(7 - 20)
	Lenape Type “S”

OR

DR-27V
	

	LESS THAN 100

(< 7)
	Lenape Type “S”

 Not Machined

OR DR-27V
	THERMO-SURE TACKY CLOTH No. 6250.

3/16” (5mm) NOMINAL THICK X 1” (25mm) WIDE


Table 3.4 
Gaskets for 18" x 24" (457 mm x 610 mm) Manways (unless otherwise specified)
	PRESSURE (PSI)

PRESSURE (BARG)
	TYPE OF COVER
	
GASKET TYPE

	1200 +

(83 +)
	DR-26V

OR

DR-27V
	1” WIDE CHESTERTON/SELCO “STEEL TRAP” 304SS/GRAPHITE MANWAY GASKET WITH PRESSURE SENSITIVE ADHESIVE ON ONE SIDE.  

	201 TO 1199

(15 - 82)
	DR-27V
	1/8” (3mm) THICK X 1” (25mm) WIDE REINFORCED FLEXIBLE GRAPHITE WITH STAINLESS STEEL FOIL INSERT AND CORROSION INHIBITED PRESSURE SENSITIVE ADHESIVE ON ONE SIDE 

	LESS THAN 200

(14)
	Lenape Type “S”

 Not Machined

OR DR-27V
	


4.0
Pipe Flange Gaskets

Gasket material shall be specified as "Flexitallic style CG" (or equal), spiral wound, Mat'l. 304 SS/Compressed Fiber or equal, for all pressure levels.

5.0
Bolted Casing Connections

5.1 Bolted casing connections (Flanged Thermowells, Flanged Temperature Indicators, Packing gland attachments, Observation ports, Flue gas extraction line, etc.) are to be sealed with a flat, one piece gasket capable of withstanding the design gas temperature in the area were it is installed.

5.2  The bolting gasket shall lay flat against the surfaces with no laps or gathering of the material.

6.0
Packing Glands

6.1
Rope packing shall be used for all nozzle casing penetrations where a packing joint is used.

6.2
The rope packing material shall be braided ceramic fiber.  The rated temperature of the rope shall be the design temperature of the gas in the area the rope is installed, with 1200° F (650°C) as a minimum.

6.3
All packing joints shall have a minimum of three (3) complete wraps of rope, nominal four (4) wraps, with no maximum.  Enough packing rope must be used to insure that the packing gland followers are not bottomed out, but are approximately 3/8” off the gland.

6.4
When packing, or repacking, rope into the joint, the packing gland shall be tightened uniformly with a sequence similar to that of a bolted flange with the same number of bolts.  

Note:
When fabric expansion joints are utilized for ducts and or nozzle penetrations, the insulation and lagging material must not cover the expansion joint.  If safety is an issue, surround the expansion joint area with expanded metal or equal. 

7.0
Miscellaneous

Packing for the Nooter/Eriksen supplied gauge glasses shall be performed according to the manufacturers instructions that accompany the gauge glass.

CAUTION: GASKETS CONTAINING ASBESTOS SHALL NOT BE USED.

SECTION V: THERMAL DATA SHEETS

SECTION VI: BOILER TRIM

This section includes the HRSG "Trim & Instrument List" and the ISA data sheets for this project.  These documents can be used along with the system "P&IDs" to describe the tag number, description, quantity, manufacturer, model number and size for the trim items supplied by Nooter/Eriksen.

The vendor information is then presented in alphabetical order as follows.

P&ID Diagrams
Trim and Instrument List
ISA Data Sheets
Blowdown Valves
Blowoff Valves
Control Valves

Desuperheaters
Flow Elements
Gage Siphons

Instrument Valves
Level Gauges 
Level Switches
Manual Valves
Motor Operated Valves

Non-Return Valves

Pneumatic Valves
Pressure Gauges
Safety Valves

Silencers

Start-up Vents- Silencers

Strainers
Thermocouples-Wells

Temperature Indicators
Transmitters
SECTION VII: ENGINEERED SYSTEMS

A.
DUCT BURNER  (See Vendor O&M Manual) 

B.
SCR SYSTEM (See Vendor O&M Manual)

C.
SCR CATALYST

SECTION VIII: MISC. EQUIPMENT

A.
DAMPER

A stack damper is provided for heat retention during lay up of the HRSG.  During lay up periods, the damper is placed in a closed position.  The damper must be OPEN when starting the gas turbine.  Typically, this must be included as a permissive in the startup logic for the gas turbine.  Failure to open the stack damper will cause excessive gas side pressure that can damage the HRSG’s expansion joints and casing.

CAUTION: FAILURE TO OPEN THE STACK DAMPER DURING OPERATION WILL DAMAGE THE EXPANSION JOINT AND CASING. 
B.
DEAERATOR

C.
EXHAUST SILENCER

D.
CHEVRONS

E.
ELECTRIC CHAIN HOIST

F.
STACK BYPASS

G.
RECIRCULATION PUMPS / BYPASS

Recirculation Pumps
Recirculation pumps are provided to maintain tube wall temperatures above the acid dew point temperature. A fraction of the heated water from the coil is recirculated back and mixed with the inlet feedwater. A control valve (utilizing the signal from the inlet thermocouple) is located in the pump discharge to control the mixed water temperature to the coil.  The set point temperature is 140°F (60°C) for natural gas and 250°F (121°C) for fuel oil. Control of the coil inlet temperature to the set point will prevent coil corrosion and maximize the heat recovery from the exhaust. 
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General Recirculation System. Not all required valving is shown. 

Recirculation Pumps & Bypass
Recirculation pumps are provided to maintain coil temperatures above the acid dew point. A pump station consisting of a pump, two isolation valves, a check valve and a control valve are located on the outlet of the economizer so that preheated water can be recirculated through the bundle. The control valve uses the signal from the thermocouples located at the inlet to the bundle to adjust the required amount of recirculated flow to a sufficient level so that the tube wall temperatures remain above the acid dewpoint. 
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If there is a high content of sulfur in the combustion turbine/duct burner fuel or ambient conditions are extreme, recirculation may not be sufficient to maintain coil temperatures above the acid dewpoint. Therefore, a complete economizer bypass has been provided. By fully bypassing the economizer, the coil temperature will be equal to the exhaust gas temperature entering that bundle since no heat sink is being provided. 

Economizer Bypass
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An economizer bypass has been provided to maintain the coil temperatures above the acid dewpoint when large quantities of sulfur are present in the combustion turbine/duct burner fuel such as in fuel oil.  By fully bypassing the economizer, the coil temperature will be equal to the exhaust gas temperature. Bypass valves are mechanically linked and should be fully open or fully closed.  Partially open, with flow through the coil, will not prevent coil corrosion.  

Recirculation Pump Control Logic

The intent of this document is to define Nooter/Eriksen’s approach for operation of Preheater/Economizer recirculation pumps.

1.0 
Start-Up – Automatic Control

During start-up of the Heat Recovery Steam Generator (HRSG), the recirculation pump should not be placed in an automatic control mode until the unit has achieved steady state operation at an elevated combustion turbine (CT) load.  Each recirculation pump system, when placed in auto control, is designed to accommodate the expected steady state operating conditions provided for in the overall thermal design of the unit and should not be brought on line during transient conditions.  Two key factors are considered in this approach:

1.1.1
During Start-up of the HRSG, the preheater coil effluent temperature has not been increased substantially due to the front end of the HRSG absorbing the bulk of the available energy from the CT.   As a consequence, the recirculation control valve will open to the 100% position in an attempt to elevate the preheater incoming water to 140°F.

1.1.2
The recirculation pump is designed to operate with a certain amount of discharge head pressure present.  This head pressure is equal to the static pressure of the fluid plus the preheater fluid side pressure drop.  During the early stages of start-up, there is very little flow passing through the fluid side of the preheater coil and subsequently very little pressure drop.  

IF placed in automatic control, the recirculation control valve would be 100% open and there would be very little flow through the preheater during initial start-up, the recirculation pump would run out on the power curve and potentially damage the pump motor.

2.0
Start-Up – Manual Control

Starting pump recirculation with the control system in manual and forcing the recirculation control valve open to a minimum 10% position (maximum 25%) is advised.  This will insure that sufficient pressure drop is available to prevent pump run out and help to reduce any potential thermal stresses that may be imposed upon the preheater/LP economizer inlet when starting the HRSG or placing a fully bypassed preheater/LP economizer back into service.

When returning a fully bypassed Preheater/LP economizer back into service it is advised that the recirculation pumps be placed in service with a control set point equal to that of the exhaust temperature in the stack at the same time that the bypass valve begins modulating to the closed position (i.e. no bypass).  The bypass valve should not close by more than 5%/minute. Once the bypass valve has been closed 50%, the temperature set point for the recirculation system may begin to be reduced so as to eventually reach the design controlled inlet value.  The set point adjustment should be a maximum of 20°F (11.1°C)/minute    

3.0

Normal Operation

During normal operation of the HRSG, the recirculation pumps may be operated at reduced flows (i.e. CT loads other than base load) while in automatic.  The precursor to this event is that the unit has been operated for a sufficient time at steady state conditions to insure that the entire HRSG has been heated through the backend.  This is an acceptable mode of operation due to the preheater outlet temperature having now achieved an elevated state above the preheater inlet temperature.  Consequently, the recirculation control valve will modulate accordingly and provide the necessary discharge pressure to insure that the pump is operated in a safe regime.  N/E advises against operation of the recirculation control valve in a position less than 10% open.  

During extended reduced load operation, more heat will typically be available in the back end of the HRSG for recovery depending upon the part load operating conditions..  This may elevate the outlet temperature of the preheater to levels above normal operating values.  The recirculation pump is designed to operate properly within a certain temperature range.  At elevated temperatures, above design, the pump may be subject to cavitation (see pump vendor provided information).  The pumps should be removed from operation under such conditions.

For recirculation systems provided with 2 x 100% pumps (one primary plus one backup), only one pump may operate at any given time.

SECTION IX:  SPARE PARTS 

It is important for the availability and reliability of your plant that only proprietary spares are used.  Recommended spare parts should be ordered through Nooter/Eriksen to insure that the current engineering technology is incorporated into replacement parts. 

To prepare an order for spare parts, locate all items within the spare parts manual, N/E document 064130-SPM-01.

To order spare parts, contact Nooter/Eriksen Aftermarket Services at:

 



Voice:    636-651-1400 





Fax:

636-651-1502 





Email:
aftermarket@ne.com





Mail:
Nooter/Eriksen Aftermarket Services 







1509 Ocello Drive







Fenton, MO 63026

SECTION X: HRSG DRAWINGS

The following "Drawing Index" lists all drawings that have been included in this manual to aid the General Operation and Maintenance of the HRSG.

If more detailed information is required, please refer to the full size drawings previously transmitted as part of this project.

SECTION XI: TECHNICAL BULLETINS
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Steam Pressure - psia

Distribution Ratio: (Silica in Steam) / (Silica In Boiler Water)

Figure 4. Distribution Ratio of Silica
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Figure 1. Recommended Phosphate Concentration Limits for High-Alkalinity Phosphate Treatment
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Na3PO4 + 1 ppm NaOH

* Estimated pH values differ by up to 0.2 pH units depending on the choice of chemical equilibruim constants used, but they more oftenagree to within 0.05 pH units.
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Figure 3. Estimated pH of Sodium Phosphate Solutions*
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Steam Pressure - psia
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Figure 4. Distribution Ratio of Silicon
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Steam Pressure - psia

Distribution Ratio: (Silica in Steam) / (Silica In Boiler Water)

Figure 5. Distribution Ratio of Silicon
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Figure 2. Coordinated Phosphate Treatment
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		12" x 16" (305mm x 406mm)

		Type of Cover		Torque

		DR-27V		170 fl-lb (230 N-m)

		Lenape Type "H"		150 ft-lb (203 N-m)

		Lenape Type "N"		100 ft-lb (136 N-m)
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		14" x 18" (356mm x 457mm)

		Type of Cover		Torque

		DR-27V		170 fl-lb (230 N-m)

		Lenape Type "S"		150 ft-lb (203 N-m)

		18" x 24" (457mm x 610mm)

		Type of Cover		Torque

		DR-27V		260 ft-lb (353 N-m)

		Lenape Type "S"		150 ft-lb (203 N-m)
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		HP System				Volume (ft3)		Gal.		L

		Tubes, headers				1156		8647		32734

		Remote Drum				1485		11109		42051

				Total		2641		19756		74785

		IP System

		Tubes, headers				373		2790		10562

		Remote Drum				489		3658		13847

				Total		862		6448		24409

		LP System

		Tubes, headers				369		2760		10449

		Remote Drum				2198		16442		62240

				Total		2567		19202		72689

		Reheat

		Tubes, headers				376		2813		10647

				Total		376		2813		10647
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Na3PO4 + 1 ppm NaOH

* Estimated pH values differ by up to 0.2 pH units depending on the choice of chemical equilibrium constants used, but they more often agree to within 0.05 pH units.
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Figure 3. Estimated pH of Sodium Phosphate Solutions*
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Figure 1. Recommended Phosphate Concentration Limits for High-Alkalinity Phosphate Treatment
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Na3PO4 + 1 ppm NaOH

* Estimated pH values differ by up to 0.2 pH units depending on the choice of chemical equilibruim constants used, but they more oftenagree to within 0.05 pH units.
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Figure 3. Estimated pH of Sodium Phosphate Solutions*
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