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REPORT SUMMARY

This guide providesinformation to personnel involved in the bottom ash system and its
components, including good maintenance practices, condition monitoring, predictive and
preventive maintenance techniques, probable failure modes, and troubleshooting guidance. The
guide was developed primarily to provide detailed maintenance and troubleshooting information
but also includes basic system information.

Background

Bottom ash system components incur excessive wear rates that require high maintenance activity
and large maintenance costs. Therefore, proper monitoring and maintenance of this plant system
arecritical.

Objectives

e Togivefossil power plant personnel an in-depth understanding of the operation of the
bottom ash system

e To assist with the correct application of bottom ash system components

e To provide information on proper component installation methods

e To provide guidance on failure mechanisms and their causes

e To provide guidance on expected component life under various operating conditions

e To present recommended predictive (diagnostic), preventive, and corrective methods of
mai ntenance to optimize component life and system operation

e To provide guidance on training documentation

Approach

User survey responses, failure modes and effects analysis, and industry failure data indicate that
the major failure mechanisms acting on bottom ash systems and system components include
erosion, corrosion, impact, fatigue, lubrication failure, and misalignment.

The major bottom ash system components affected by these failure mechanisms include the ash
hopper wall and refractory, seal troughs, hopper duice gates, crushers, pumps (centrifugal and
jet), ash transport piping and conveyor systems, settling/surge tanks, dewatering systems, control
systems, and mechanical bottom ash systems.

The recommendations contained in this report were developed from published literature and the
experience and expertise of numerous users and manufacturers of bottom ash systems.



Results

The most effective actions taken by power plant personnel in minimizing the failures of the
bottom ash system are routine surveillance, periodic inspection and lubrication, targeted
predictive/preventive maintenance, precise alignment of equipment (including piping), material
upgrades (where warranted by site-specific conditions), and equipment upgrades or
modifications as needed. From the experience data collected from power plant personnel,
original equipment manufacturers, and vendors, several industry best practices were identified:

e Periodicaly rotating accessible straight lengths of ash transport piping to more evenly
distribute wear

e Using optimum refractory materials, anchors, and stabilization for each ash hopper
application

e In close proximity to ash pumps, utilizing ash transport piping materials that are extremely
resistant to both erosion and impact damage

e Performing routine surveillance to reduce the occurrence of unexpected failures and
performing preventive maintenance during boiler outages to achieve high reliability during
operating cycles of the generating unit

EPRI Perspective

Bottom ash system problems represent major expenditures for power plant operators. This guide
provides information to give power plant personnel a better understanding of the system, its
components and failure modes, and recommended predictive and preventive maintenance
practices. It also provides guidance on troubleshooting bottom ash system problems.
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ABSTRACT

The bottom ash system in afossil plant consists of components that incur excessive wear rates
and thus require high maintenance activity, resulting in large maintenance costs. Due to these
issues, it isone of the more critical plant systems to properly monitor and maintain.

Industry experience and survey responses indicate that similar bottom ash equipment often
provides drastically different service life at different plants. This suggests that site-specific
applications, operating conditions, or operating/maintenance practices may have a significant
effect on the failure rates of systems and components.

This guide provides information on the application, operation, and maintenance of bottom ash
systems. The information presented is intended to assist fossil power plant maintenance,
operating, and engineering personnel in their efforts to improve bottom ash system performance.
The significant causes of bottom ash system component failures are investigated and described,
and methods to optimize service life and minimize maintenance costs through appropriate
predictive and preventive maintenance are presented. The information in this guide should
provide the foundation for an effective and efficient maintenance program.
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INTRODUCTION

A fossil power plant is composed of hundreds of systems and subsystems, all of which must
function reliably to ensure the safe and efficient generation of electricity. All plant resources
must be used cost-effectively and efficiently to enable a power producer to survive and thrivein
today’ s competitive energy marketplace.

EPRI’ s Fossil Maintenance Applications Center (FMAC), in conjunction with member power
producers, hasidentified several magjor systems that typicaly require ahigh level of preventive
and corrective maintenance: one of these is the bottom ash handling system. Such maintenance-
intensive systems jeopardize unit availability and place an undue burden on budgetary and
manpower resources. In most coal-fired plants, the bottom ash handling systems require frequent
component replacements and large expenditures of surveillance, operating, and maintenance
efforts.

1.1 Purpose

Thisguide providesfossil power plant staff with information for establishing an effective
maintenance program for their bottom ash systems using state-of-the-art components and
methods devel oped by equipment manufacturers and users. Component applications outside the
electric power industry have been investigated to provide a cross-functional perspective and take
advantage of innovationsin other heavy industries.

The guide outlines the most probable failure modes, describes appropriate predictive and
preventive maintenance techniques, and provides information on the methods available to
optimize service life and minimize maintenance costs through effective preventive maintenance
and condition monitoring. References are provided for further detailed technical information on
these recommended techniques.

Recommendations in this guide are based on published literature and the experience and
expertise of numerous users and manufacturers. Data sources include the following:

e Power plant maintenance, operating, and engineering personnel

e Boiler origina equipment manufacturers (OEMSs)

e Bottom ash handling system OEMs

e Bottom ash handling component manufacturers and vendors

¢ Results of acomprehensive maintenance survey completed by FMAC members

e Literature provided by boiler and ash handling system and component manufacturers
e EPRI and other technical publications

A complete list of referencesis provided in Section 9.
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1.2

Organization of Guide

Thisguide isorganized in 11 sections and appendices as follows:

1.3

Thr
box

key

Section 1 provides an introduction and general discussion of the guide s purpose and
organization.

Section 2 isaglossary that defines terms and acronyms used throughout the guide or
contained in typical bottom ash system technical literature.

Section 3 provides technical descriptions of systems and components commonly used in the
handling of bottom ash in the electric power industry.

Section 4 explores potentia misapplications of materials and equipment that can result in
poor system reliability, accelerated component wear, and increased costs. Recommendations
are given that should allow the user to determine the optimum application of materials and
components at a given site.

Section 5 describes common failure modes and recommends appropriate preventive and
predictive maintenance activities and remedial courses of action.

Section 6 recommends optimum troubleshooting strategies.
Section 7 outlines suggested training requirements.

Section 8 addresses safety concerns related to operating and maintaining bottom ash systems
and recommends methods for minimizing personnel risk.

Section 9isalist of references used in the creation of this guide. Readers may wish to
consult this literature for more detailed treatment of certain subjects.

Appendix A isasummary of the Pop Outs distributed throughout this guide.

Appendix B provides information on a hydrodynamic rotary seal technology that readers may
wish to investigate for application in crushers.

Pop Outs

oughout this guide, key information is summarized in “Pop Outs.” Pop Outsare bold lettered
eswhich succinctly restate information covered in detail in the surrounding text, making the
point easier to locate.

The primary intent of a Pop Out is to emphasize information that will alow individuas to take

acti

on for the benefit of their plant. The information included in these Pop Outs was selected by

FMAC personnel and the consultants and utility personnel who prepared and reviewed this
guide.

The Pop Outs are organized according to three categories: O&M Costs, Technical, and Human
Performance. Each category has an identifying icon, as shown below, to draw attention to it
when quickly reviewing the guide.
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G) Key O&M Cost Point
D Emphasizesinformation that will result in reduced purchase, operating,

or maintenance costs.

(:O) K ey Technical Point
Targetsinformation that will lead to improved equipment reliability.

0 Key Human Performance Point
Denotesinformation that requires personnel action or consideration in

order to prevent injury or damage or ease completion of the task.

Appendix A containsalisting of all key pointsin each category. The listing restates each key
point and provides reference to itslocation in the body of the report. By reviewing thislisting,

users of this guide can determineif they have taken advantage of key information that the writers

of the guide believe would benefit their plants.
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GLOSSARY

2.1 Definitions

Angle of Repose - The angle from the horizontal that an unrestrained pile of ash assumes when
poured onto a horizontal surface. The angle of repose is a measure of internal shear strength of
the ash in bulk, and hence, of flowability.

Ash - See Fly Ash or Bottom Ash.
Ash Mass Equivalency - Pounds of ash per million Btu heat content of fossil fuel.

Ash Pit Hopper - Archaic name for the bottom ash hopper, either water-impounded or dry, that is
intended to receive and temporarily store bottom ash as it falls through the boiler throat.

Balanced Valves - Branch isolating valves, usually on sluice systems, adapted from butterfly
valves. The names derive from the fact that fluid forces on each side of the butterfly are equal
(balanced), facilitating opening and closing.

Basalt - A mineral substance of very high hardness and excellent abrasion resistance, which is
used as awear lining in ash handling equipment.

Bin - An ash storage structure, usually round and elevated to allow unloading from the bottom.
Typicaly constructed from poured reinforced concrete, concrete stave, or fabricated steel. Radial
tile was a so used as construction material for smaller round bins prior to approximately 1970.

Bituminous - The principal steam coal found mainly in the middle eastern and middle western
states. From the standpoint of ash handling and steam production, bituminous coal is better than
either subbituminous coal or lignite. Because of its higher sulfur content, however, its use has
diminished.

Booster Sections - Sections of reduced diameter piping placed in a pipeline conveyor. They are
intended to increase velocity at points that are either potentially or actually prone to plugging.
Theinclusion of booster sectionsis usually a post-installation fix for these plugging problems.

Bottom Ash - Solid byproduct of combustion that has sufficient mass, either as amonolith or as
an agglomeration of smaller particles, to fal against the gas flow to the bottom of the furnace.

2-1
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Capacity, Net - The specified capacity of the ash handling system over a sustained period of
time. Net capacity should include allowances for sequencing, irregularities of feed,
instrumentation lag, and component response and wear. It should also be based on an average
conveying distance froma "central" intake.

Clinker - Fused chunks of bottom ash.
Clinker Grinder - Also called clinker breaker. See Crusher.

Collection Hopper - The hoppers placed in the furnace ducting, primarily at changes of direction,
where ash falls out of the gas stream. Also refersto the storage hoppers provided for material
collected in electrostatic precipitators and baghouses.

Concentration - See Weight Concentration and V olume Concentration.
Couplings - Pipe conveyor connection sets, including flanges, gaskets, and fasteners.

Crusher - Rotary machine used for reducing the size of large ash clinkers so they can be safely
and easily passed through pipe conveyors. Principal designs are single-roll and counter-rotating
double-roll. Usually a component in bottom ash systems; less frequently used to size economizer
ash.

Conveying Velocity - The design velocity at adesign point carefully chosen so that the velocity
everywhere in the pipeline exceeds an acceptable minimum.

Cylinders- Air or hydraulic actuators used to sequence and control many types of equipment
used in ash handling systems.

Dewatering Bin - Temporary storage vessels used in duice (wet) ash systems. Dewatering bins
separate the ash from the transport water so that the ash can be transported by truck or rail to the
ultimate disposal site.

Discharge Door - A door provided on bottom ash hoppers and dewatering bins through which
stored ash is unloaded.

Drag Chain Conveyor - Also called submerged scraper bar conveyor. A means of continuously
removing bottom ash from a water-impounded tank placed beneath afurnace. See Mechanical
Bottom Ash System.

Enclosure Gate - Enclosure around the discharge door(s) of an ash hopper that provides a dust-
tight or watertight transition from the discharge doorsto the conveyor line.

Expansion Joint - A pipe fitting especially designed to accommodate movementsin the pipeline
without undue stress. Expansion joints are usually sleeve or bellows type.

Firebrick - Refractory brick used to line ash hoppers. Still used on smaller hoppers or industrial
boiler hoppers. On large hoppers, firebrick haslargely been superceded by refractory cement.

2-2
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Flange Clamp - Loose circular or semicircular (flange clamp half) piece through which bolts pass
for connecting bevel end pipe and fittings.

Flow Contactor - Electrical switch activated by fluid flow (air or liquid) used for process control
in ash conveying systems.

Fly Ash - Particulate products of combustion that are light enough to become entrained in the gas
stream and that would exit the stack if not removed by pollution control equipment.

Funnel Flow - Flow of material vertically above the outlet, which flows down and out first, with
material close to the side walls sloughing off into the resulting void. Flow patterns largely
depend on the geometry of the vessel. See a'so Mass Flow.

Gates - The preferred term for valves used in pneumatic pipeline ash conveyors. Availablein
various configurations, including butterfly, dide, swing disc, dome, and segment.

Grate - Framework of crossed or parallel metallic segments that is used to support burning coal,
asin astoker-fired boiler. Used aternatively with grid as aterm to describe adevice used to size
ash and clinkersto dimensions that will not plug the system.

Grid - See Grate.

Guide - A restraint on a pipeline conveyor that restricts lateral movements but allows axial
movement.

Handholes - Small removable panels or segments intended to allow internal access or facilitate
internal inspection of ash handling components, including tanks, vessels, and pipeline fittings.

Hanger - A support on a pipeline conveyor, suspended from above, which allows some random
movement. In the case of a spring hanger, movement is at a controlled rate.

High Level Switch - Used to alarm or stop the process when tripped. Intended to detect high ash
and water levels.

Hopper - Ash collection and storage vessal.

Hydraulic Conveyor - Used to transport solidsin amoving mass of liquid, usually in a pipeline
but sometimesin atrench or flume.

Hydraulic Ejector - See Jet Pump.

Hydroveyor - Trade name of United Conveyor Corporation for a water-powered venturi type
exhauster.

Jet Pump - A water-powered venturi device used to remove slurry or liquid from a vessdl or
sump to which the jet pump is hydraulically connected.

2-3



EPRI Licensed Material

Glossary

Lateral - Pipe fitting for merging flow from abranch into amain line.
Layout - A description of the routing of a pipeline or placement of other conveyor components.

Lignite - Low rank fuel found principally in Texas, North and South Dakota, and to a lesser
extent, Louisiana. Heating value is less than 8,300 Btu per pound (19,306 joules per gram).

Loading - Expression for the concentration of particulate matter in a pipeline conveyor. Unitsfor
pneumatic conveyors are pounds of ash per pound of air. Hydraulic conveyor loading is
expressed as weight percent, for example, 15% solids by weight.

Mass Flow - Flow of material from a silo or hopper such that the entire horizontal cross-section
moves through the vessel at the same rate. Thus, the first material into the vessel is the first out,
and vice versa. Flow patterns largely depend on the geometry of the vessel. See also Funnel
Flow.

Mechanical Bottom Ash Conveyor - Equipment for mechanically dewatering and removing
bottom ash from the bottom of a boiler. Also called de-asher and submerged scraper conveyor.

Mill Rejects - See Pyrites.

P.C. - Common abbreviation for pulverized coal, the fuel, and the firing method of the most
prevalent type of utility boiler.

Poke Holes, Pressurized - Access holesinto a hopper that incorporate a compressed air exhauster
to prevent blowback of furnace gases through the poke hole when it is opened.

Pulverized Coal - See P.C.

Pyrites - Iron pyrites or the waste product from pulverizing coal; also called mill rejects.

Rat Holing - An extreme case of funnel flow out of a hopper or silo, whereby the material above
the outlet vertically flows out and leaves a columnar void (rat hole) in the materia, effectively

stopping the flow.

Refractory - Heat-resistant materials, including firebrick, paving brick, and formable cements
that are used in ash storage vessels directly subjected to furnace heat.

Refractory Anchor - Anchors, arc or resistance-welded to the inside skin of steel vessels, that
reinforce and hold refractory cements applied to the inside of these vessels. They are primarily
needed because of differential expansion between the steel vessel and the refractory material.
Rugosity - Theinverse of sphericity. A cube has rugosity = 1.24.

Saltation - A term used to describe a particular solids pipeline flow pattern in which the solids

pass back and forth between entrained flow and sliding flow. Solids are concentrated in the
bottom part of the pipe during saltation.

2-4
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Saltation Velocity - Velocity at which saltation occurs. See Saltation.

Seal Trough - A water-filled trough around the periphery of a bottom ash hopper, which is fixed
to the hopper. A plate hanging vertically from the periphery of the boiler throat extendsinto the
seal trough. The pressure created by the depth of water in the trough is designed to exceed, by a
specified margin, the maximum boiler pressure. This nonsolid connection accommodates boiler
movement without breaking the seal.

Settling Tank - Gravity water clarifier sized so that the rise rate of water in the tank does not
exceed the settling rate of the particul ates to be removed.

Slag - Ash that has been heated above the fusion point. Slag is an extremely hard, tough, and
abrasive material. It isthe principal ash product of a cyclone bailer.

Slag Breaker - Water-cooled steel arm that oscillates in a horizontal plane below the dlag outlet
of acyclone boiler. It isintended to break the column of slag to prevent it from growing upward
and plugging the slag outlet.

Slag Tank - Water-impound tank placed under cyclone boiler for quenching and temporary
storage of dag.

Slug Flow - The movement of solids through a pipe as a very concentrated mixture, not all of
which isin suspension.

Sluice Trench - Obsolete device (method) for transporting ash through trenches with the
motivating force provided by built-in water nozzles spaced at regular intervals.

Sphericity - A physical characterization of the shape of particlesthat compares the surface area
of the particle to that of a sphere of equal volume. A cube has sphericity = 0.806.

Subbituminous - See Coal and the Coal Deposits map. Generally taken as bituminous type coal
with a heating value less than 10,500 Btu per pound (24,423 joules per gram).

Submerged Chain Conveyor - Also called de-asher and submerged scraper conveyor. See Drag
Chain Conveyor.

Sump - A pit provided near ash handling equipment for cleanup purposes. Ash spills are hosed or
washed into the sump, from which the ash is pumped asadlurry.

Surge Tank - In recirculating water systems, the tank that stores all the water used in the ash
handling system.

T250 - Temperature at which slag has a viscosity of 250 centipoise (0.25 pascal second).

Target Plate - Heavy abrasion-resistant plate against which ash is discharged at the termina of
the conveyor.

2-5
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Transition Hopper - Used in submerged drag bar bottom ash systems. Thisis the stationary
structure between the bottom of the furnace and the drag bar trough, which is usually movable.

Vacuum Breaker - Vacuum relief valve used on pneumatic pipeline conveyors to interrupt the
vacuum, allowing receiving equipment to dump accumulated ash.

Vacuum, Pressure Relief Valves - Venting devices placed on top of silos and on bottom ash door
enclosures to prevent the structure from being pressurized or subjected to vacuums beyond its
design range.

Valley Angle - The angle formed with the horizontal of two adjacent sides of a pyramidal ash
storage hopper.

Velocity - Also called conveying velocity. If not further defined, it isusually taken to be the
superficial velocity or the calculated velocity of a volume of fluid through apipe of given cross-
section. Thisis evaluated by the familiar relationship: V = Q/A. Velocity defined thisway is
usually used in specifications for two-phase pipeline conveyors and in the literature. In fact, it is
not the actual velocity of either the fluid or the solid, but for the sake of convention, it isused in
thisway in thisguide.

Velocity, Saltation - Particle velocity in two-phase flow at which particles pass back and forth
between entrained and diding flow. During saltation, solids are concentrated in the bottom part
of the pipe. At lessthan the saltation velocity, the particles settle out of the fluid stream.

Ve ocity, Starting - Fluid velocity through a pipeline required for the fluid stream to entrain a
given type of particulate from rest at the bottom of the pipe. The starting velocity is determined
empiricaly.

Vibrator - Device used to enhance ash flow. It may be an interna unit or an external one attached
to the outside shell of the ash hopper or tank. The former is usually a vibrating divider baffle
plate that bisects the hopper.

Volume Concentration - The ratio of the volume of solid particles to the total volume of a two-
phase mixture. A measure of concentration.

Water Seal - Provides a pressure seal between parts having differential movements that do not
allow the use of solid seals. Usually a column of water formed by a plate that extendsinto a
water trough.

Water Venturi - See Jet Pump.

Weight Concentration - The ratio of the weight of solidsto the weight of the tota two-phase
mixture. A measure of concentration.

2-6
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ANS|
ASME
BHN
DFC
EPRI
FMAC
HDPE
MBAS
MCR
MTBF
NEM
PDM
SCC
SDCC

SSC

2.3
A

acfm

Acronyms

American National Standards Institute
American Society of Mechanical Engineers
Brinell Hardness Number

Dry Fight Conveyor

Electric Power Research Ingtitute

Fossil Maintenance Applications Center
High-Density Polyethylene

Mechanical Bottom Ash System (same as SSC)
Maximum Continuous Rating (of aboiler)
Mean Time Between Failure

National Electric Manufacturers Association
Predictive Maintenance

Submerged Chain Conveyor

Submerged Drag Chain Conveyor

Submerged Scraper Conveyor (same as MBAS)

Notations and Abbreviations

area

actual cubic feet per minute
coefficient of drag
volumetric concentration
weight concentration

pressure drop

Glossary
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wm

TEL

Tph

i
Vm
Vp
Vs

Vit

2-8

head, usually feet or meters
length

pressure

fluid flow rate

Reynolds number

standard cubic feet per minute
specific gravity of the mixture
specific gravity of the particle
temperature

total equivalent length

tons per hour

velocity

fluid velocity

mixture velocity

particle velocity

dip velocity

terminal velocity

flow rate of solids
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TECHNICAL DESCRIPTIONS

3.1 Basic Equipment

Thefirst part of this section describes the detailed design and construction features of the
components used in ash handling systems. Where possible and/or appropriate, the different types
of components are compared.

3.1.1 Pulverized Bottom Ash Hoppers

The most common boiler bottom design is a water-impounded bottom ash hopper, which
provides the following: a means of continuous removal of ash from the furnace, temporary
storage of ash, and ameans of transporting ash away from the steam generator.

Key Technical Point

The most common boiler bottom design isa water-impounded bottom ash
(:O) hopper, which provides thefollowing: a means of continuousremoval of ash

from the furnace, temporary storage of ash, and a means of transporting ash
away from the steam generator.

Each of these aspects is described more fully in this section, together with construction of bottom
ash hoppers.

The primary function of a hopper isto receive and temporarily store bottom ash that has fallen
from the combustion area of the furnace. Therefore, it isdesigned, in part, on the basis of
volumetric considerations. A bottom ash hopper should store, as a minimum, the amount of ash
that is produced at Maximum Continuous Rating (MCR) during an 8-hour shift, with some extra
capacity for safety.

Key Technical Point

(:O) A bottom ash hopper should store, asa minimum, the amount of ash that is
produced at Maximum Continuous Rating (M CR) during an 8-hour shift,
with some extra capacity for safety.

This sizing should be based on “worst fuel” criteria, meaning the worst coal that might be used
from the standpoint of low heating value and/or high ash content, which would result in the most
ash needing to be processed by the system. It might seem that the more excess capacity the
better, but thisis not so. Because the length and width of the hopper are essentially fixed by the
boiler outlet dimensions, the only variable is hopper height. This can be increased in only two
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ways: by excavating a pit under the boiler (which is not desirable) or by raising the entire boiler
structure to fit ahopper of the required height beneath it. Either course of action affects the
system and increases the cost of the boiler.

In addition to the material problems of providing a deep hopper, there are also operational
problems involved in removing clinkerous ash that is piled high. An optimum storage capacity of
the bottom ash tank isin the range of 10 to 12 boiler hours (36 to 43 Ksec) output, with storage
capacity for 14 hours (50 Ksec) output considered a practical maximum.

Key Technical Point

(:O) An optimum storage capacity of the bottom ash tank isin therangeof 10 to
12 boiler hours (36 to 43 K sec) output, with storage capacity for 14 hours

(50 K sec) output considered a practical maximum.

Periodic “deslagging” of boilers has become a more common practice, especially with the
conversion of many boilers to burn inexpensive coals that tend to increase slag accumulations on
the wall tubes. Usually performed during periods of reduced electricity demand, deslagging is
accomplished by dropping boiler load relatively quickly, which initiates a thermal cycle of the
boiler tubes and sheds accumulated slag and ash. To ensure that adequate capacity isavailablein
the ash hoppers for thistemporary surgein shed material, a complete bottom ash conveying
cycle should be performed shortly before and after commencement of deslagging. All but the
smallest ash hoppers should be constructed of steel plate at |east 3/8 inches (9.5 mm) thick,
reinforced and braced to contain a mixture of ash and water at a density of 100 to120 Ib/ft*(1,602
to 1,922 Kg/m’).

Key Technical Point

(:O) All but the smallest ash hopper s should be constructed of steel plate at |east
3/8 inches (9.5 mm) thick, reinforced and braced to contain a mixture of ash
and water at a density of 100 to 120 Ib/ft* (1,602 to 1,922 K g/m®).

In addition to this normal loading, columns, supports, and braces should be designed with some
allowance for the impact of slag falls, which occasionally occur. The standard plate material used
for bottom ash hoppers and accessoriesis ASTM A-36 carbon steel, with selective upgrading to
stainless steel (type 304, 316, or 316L) as a function of exposure to boiler gases, sulfur content of
the coal, and accessibility of the part for repair or replacement.

Key O&M Cost Point

G) The standard plate material used for bottom ash hoppers and accessoriesis
U ASTM A-36 carbon steel, with selective upgrading to stainless sted (type
304, 316, or 316L) asa function of exposureto boiler gases, sulfur content of
the coal, and accessibility of the part for repair or replacement.

For example, the vertical lifting door enclosures are only occasionally exposed to boiler gas and
can be readily “patched up” or even replaced while the unit is on-line; therefore, they are almost
always furnished in carbon steel. The inner surface of the seal trough, conversely, isaways
exposed to boiler gas, has awet-to-dry interface, is not accessible, and cannot be repaired or
replaced without shutting down the unit. Therefore, the seal trough (or at least parts of it) is
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usually furnished in stainless steel. This same logic extends to overflow boxes, weir boxes,
supply and drain piping, and discharge door compartments.

Lining of Bottom Ash Hoppers

To protect the steel plate of the hopper from corrosion, abrasion, impact, and the effects of high
temperature, the inside of the hopper is lined with refractory material. The inside vertical walls
are lined with either poured or gunnited refractory cement. The sloped hopper sides are lined
with the same material or with vitrified paving bricks set on a concrete fill. Use a combined
thickness of 9 inches (228 mm) of refractory or brick and cement to line the sloped hopper sides.

Key Technical Point
@) Use a combined thickness of 9 inches (228 mm) of refractory or brick and
cement toline the doped hopper sides.

If paving brick isused, the mortar joints may fail, allowing the brick to belifted out of place.
Once this condition begins, it rapidly accelerates, resulting in aloss of refractory protection and
possibly leading to damage to the crusher by the paving bricks. For thisreason, the exclusive use
of monolithic refractory has been gaining favor over paving brick, athough paving brick has
greater resistance to sliding abrasion. In some applications, the sloped hopper bottoms have been
successfully retrofit with alayer of stainless steel over the refractory to reduce siding friction
and facilitate the movement of ash to the duice gate.

Whether cast or gunnited, the hopper refractory is applied over a system of anchors welded to the
inside surface of the hopper side plates. Stainless steel and carbon steel anchors are available,
although stainless steel israrely justified in this case. The most important consideration is the
spacing of the anchors. The system of anchors welded to the inside surface of the hopper side
platesto hold hopper refractory must have a minimum (vertical and horizontal) placement of 15-
inch (331-mm) centers.

Key Technical Point

(:O) The system of anchorswelded to theinside surface of the hopper side plates
to hold hopper refractory must have a minimum (vertical and horizontal)
placement of 15-inch (331-mm) centers.

To prevent refractory failure due to differential expansion between the refractory and the hopper
plate, the inside surface of the steel plate should be painted with two coats of bitumastic asphalt
before the refractory is applied. This effectively connects the refractory to the anchor system for
support and reinforcement but separates the refractory from the hopper steel.

Refractory Cooling

Because refractory cement is exposed to heating by the high-temperature boiler gases and radiant
heat through the boiler throat, it would have a short life (especialy at the water line) if it were
not protected. Protection for the cement is provided by acurtain of cooling water, whichis
introduced at the top of the refractory cement and cascades down the vertical refractory wall to
provide the required cooling and heat absorption.
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The two usual means of introducing thisrefractory cooling water are through a notched weir
plate or through a supply pipe with punched holes punched (see Figure 3-1). A water sourceis
located at the top of the refractory wall and supplied with cooling water at the rate of
approximately 2 gpm per linear foot (126 ml/sec per 300 mm) to protect the refractory cement
from overheating.

Key Technical Point

@) A water sourceislocated at thetop of therefractory wall and supplied with
cooling water at therate of approximately 2 gpm per linear foot (126 ml/sec

per 300 mm) to protect therefractory cement from over heating.

The notched weir receives water from a seal trough, from which water overflows into the hopper.
The notched welir is sensitive to level installation and can be blocked in places by ash, which
interrupts the flow of water at the point of blockage and reduces refractory protection. The pipe-
and-deflector method is more resistant to ash fouling, and because the water inside the pipe is
under pressure, the uniform flow of water is unaffected by “out of level” installation. The
punched pipe is manufactured in segments 10 to 12 feet (3 to 3.6 m) long, each with an
individual supply line. Therefore, the punched pipe cooling water supply is preferable and should
be specified. All vendors of ash hoppers can provide the punched pipe, even those who consider
the notched weir system to be standard.



EPRI Licensed Material

Boiler
Seal Plate

Seal Trough
Flush Water

Refractory
Cooling Water

Emergency

| Overflow

j 00

Overflow
Box

Overflow
Pipe ——~_]

Weir
Box

e

—_—aTsEas T
r-—v-—w—o«

|
L

Skimmer

Refractory

Refractory
Anchor

Section Through Bottom Ash Hopper Wall

Figure 3-1

Bottom Ash Hopper Details

Courtesy of United Conveyor Corp.
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Overflow Weir Cooling
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Figure 3-1 also illustrates the way that sealing is accomplished against air infiltration or
exfiltration of boiler gas. A seal plate isfixed to the boiler tube header around the boiler outlet
and extends downward into atrough of water around the periphery of the water-impounded ash
hopper. The seal plate, which isfurnished as part of the boiler, moves upward and downward as
the boiler expands and contracts while the seal trough attached to the floor-support hopper
remains stationary.
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Note: For completeness, the overflow box, cooling water supply piping, and seal trough overflow
are all shownin Figure 3-1. In actual practice, these would not be located in the same plane.

To ensure that the seal provided by the water in the trough is not lost by evaporation, a constant
supply is piped into the trough and allowed to overflow. This supply of water isintroduced at
several pointsin the trough through nozzles oriented to provide flow around the trough.

Because bottom ash particles inevitably get into the seal trough, the trough must be periodically
flushed to remove the accumul ated sediment. To do this, both anormally closed flushing water
supply valve and normally closed drain valves are opened. A flow three times the normal trough
makeup flow is required to sweep accumulated sediment from the bottom ash tank seal trough.

Key Technical Point
(:O) A flow three timesthe normal trough makeup flow isrequired to sweep
accumulated sediment from the bottom ash tank seal trough.

The increased flow must be carefully calculated to exceed the drain rate to ensure that the water
seal isnot lost. Because flushing sediment from the seal troughis very important, this operation
should not be left to chance or depend on memory. This function should be automated, even for
manual or remote-manual systems. Bottom ash tank seal troughs should be flushed at the end of
each conveying cycle at aminimum of once per day to prevent sediment buildup.

Key Technical Point
(:O) Bottom ash tank seal troughs should beflushed at the end of each conveying
cycle at a minimum of once per day to prevent sediment buildup.

Only fresh water, not salt or brackish water, should be used for flushing seal troughs and hopper
cooling.

The bottom ash hopper must have a pool of water, which causes falling slag to shatter. The slag
thus becomes easier to discharge and dispose of properly. This shattering and disintegration is
due to thermal shock and is most effective if the impounded water temperature does not exceed
140°F (80°C).

Overflows, Bottom Ash Hoppers
Provision must be made for the overflow of the ash hopper cooling water; at the same time, the

floating ash must be removed, and the water seal must be maintained. This function is performed
by weir skimmers, as shown in Figure 3-2.



EPRI Licensed Material

Technical Descriptions

Cooling
Spray Pipe

High Level
Overflow Box

Normal Level
Skimmer Cap

High Level

Alarm Probe
Hopper Plate

and Refractory

Weir (Seal) Box

Figure 3-2
Bottom Ash Hopper Overflow Details
Courtesy of United Conveyor Corp.

Ordinarily, each hopper has at least two skimmers. one at the normal water level and a second
that is an emergency overflow at alevel approximately 6 inches (152 mm) higher, if the
normal-level skimmer becomes plugged. For large hoppers, the skimmers are either made wider
or multiple skimmers are used. Water from the skimmer capsis piped to a compartmented
overflow weir box placed at or near the base of the hopper. This overflow provides awater seal
to prevent boiler gases from escaping.

Typica weir box construction is shown in Figure 3-2. It isdesirable to have the normal and
emergency overflows piped to separate compartments in the weir box. The emergency overflow
compartment can then be fitted with awater detector to provide an alarm if the overflow comes
from the emergency skimmer, which indicates that the normal-level skimmer is plugged.

Hopper Discharge Doors

In the standard water-impounded bottom ash hopper, the discharge doors are fitted to either the
front or aside face of each compartment, depending on the standards of the vendor. Either
arrangement is satisfactory. One or the other may be more adaptable to the required pipe routing,
but this should certainly not be the basis for selecting the system supplier. The discharge doors
are placed inside watertight enclosures, which aso support the crushers and allow observation of
and accessto the doors. Figure 3-3 showsthe layout of atypical hopper discharge door.
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Figure 3-3
Bottom Ash Hopper Discharge Door, Enclosure, and Accessories
Courtesy of United Conveyor Corp.

Discharge doors are available in a number of opening sizes. The advantages of alarger door
opening are largely lost, however, if the size of the crusher is not increased. Generally, the basic
2-ft x 2-ft (0.61-m x 0.61-m) door is adequate for most applications unless the designer knowsin
advance that dagging and/or oversized slag falls can be expected. The engineer should also
consider the materials of construction. Stainless steel is available for the most critical wetted
parts (where corrosive conditions are expected), and rubber is available as a gate face for better
sealing and closure. The engineer should be assured that the discharge door is designed so that
the gate seat and face are not in contact while the gate is being positioned but that they are tightly
wedged together when the gate is closed. The watertight enclosures placed around the discharge
doors should be fabricated from plate at least 3/8 inch (9.5 mm) thick to ensure reliability and
strength.

Key Technical Point

(:O) The watertight enclosures placed around the discharge doors should be
fabricated from plate at least 3/8 inch (9.5 mm) thick to ensurerédiability
and strength.
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Carbon stedl is usually adequate because of the accessibility of the enclosures for patching and
repair, but stainless steel construction can be specified wherever warranted.

As aminimum, the discharge door enclosures should be equipped with the following:

e Waterproof flood light

e Observation window(s)

e Pressurized access door(S)

e Pressure- and vacuum-relief valves

e Dilution water spray

e Manua jetting nozzle

Pressurized Access Door s (Poke Holes)
Although the vast magjority of applications are on balanced-draft units, the pressurized or

aspirated poke hole is recommended for maximum operator safety in the event that aboiler puff
or transient occurs while an operator is using the observation door or poke hole.

Key Human Performance Point

0 Although the vast majority of applications are on balanced-draft units, the

pressurized or aspirated poke holeisrecommended for maximum operator
safety in the event that a boiler puff or transient occurswhile an operator is
using the observation door or poke hole.

This arrangement ensures that the resulting flow is composed of ambient air into the boiler
instead of boiler gases out of it—if the poke hole is opened for visual or rodding access. Note
that a pressurized poke hole seals only the outflow of gases, not water. A poke hole should never
be opened unlessit is located above the hopper water level.

A poke hole is shaped like a venturi, with acompressed air manifold oriented so that airflow is
induced into the boiler. For additional safety, the door should be mechanically interlocked so that
it cannot be opened unless the compressed air valve is opened. Another safety feature worth
considering isalocal pressure gauge on the aspirating air supply. This allows confirmation of
adequate supply pressure before the poke hole is opened. A poke hole should be opened very
dowly to ensure that no boiler gasses flow out.

Because the aspirated poke hole uses a significant amount of plant air, it isimportant to provide
for an adequate supply. Flow ratesin the range of 250 to 500 scfm (117.9 |/sto 234 I/s) at 80 psi
(50 kPa) are not uncommon.



EPRI Licensed Material

Technical Descriptions

Pressure- and Vacuum-Relief Valves

While the ash system pump is operating (whether jet pump or mechanical pump), the door
enclosure is subject to significant negative pressure if the discharge door is closed or blocked.
Conversdly, if the discharge door is closed and the suice line becomes plugged or blocked, the
door enclosure is subjected to positive pressure. To safeguard against either case, each door
enclosure should be fitted with pressure-relief and vacuum-relief valves. The pressure- and
vacuum-relief valves of the door enclosure must be automated so that their purpose of protecting
the equipment and personnel cannot be defeated or manipulated.

Key Technical Point

(:O) The pressure- and vacuum-relief valves of the door enclosure must be
automated so that their purpose of protecting the equipment and personnel
cannot be defeated or manipulated.

Serious injuries have occurred as a consequence of having relief valves that could be defeated by
an operator.

Dilution Pipe

A dilution-spray pipe should be placed near the enclosure outlet. Thisis necessary whenever 1)
the bottom ash hopper isfull of ash and 2) the ash that comes out of the door is very
concentrated. In this concentrated condition, the ash overloads the jet pump, which triesto clear
itself with nozzle water as described earlier in this section. The net result isa very slow feed of
ash into the pipeline. The dilution pipe adds enough water, usually about 100 gpm (6.3 1/s), to
increase the rate of transport.

Emergency Jetting Nozzles

The door enclosure should also be fitted with a manual nozzle aimed through the center of the
discharge door for emergency jetting. Thisis used to dislodge and move ash or clinkers that
become stuck in the door opening. In many instances, it eliminates the need for drawing down
the water level in the hopper and lancing the material .

Dual-Dischar ge Equipment

Discharge doors can be placed on both (opposite) sides of each hopper compartment to increase
redundancy of installed equipment. For example, with dual-discharge equipment, there would be
no time constraint on repairing or replacing either a crusher or an ash pump. In addition, if each
set of discharge doors has its own suice pipe to the disposal point, the ash removal rate can be
doubled (aslong as sufficient water supply and pump capacity are available). Dual-discharge
equipment is a conservative but costly approach and is generdly specified only by power plants
that have experienced such operational difficultiesto justify the added expense. Dual-discharge
equipment may also bejustifiableif thereis a possibility of switchingto afuel that ishigher in
ash content or lower in heating value.
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Jetting Nozzles

Flushing nozzles should be mounted on the slopes of a hopper to flush the ash to the bottom of
the hopper and out through the discharge door. The maximum effective distance of a slope
nozzle from the hopper discharge is generally 13-15 feet (4—4.6 m); if the slope length to the
hopper outlet exceeds this measurement, two banks of nozzles should be used.

Key Technical Point

(:O) The maximum effective distance of a slope nozzle from the hopper discharge
isgenerally 13-15feet (4-4.6 m); if the slope length to the hopper outlet
exceeds this measurement, two banks of nozzles should be used.

Thefirst bank islocated at the top of the Slope and the second approximately halfway down. The
nozzlesin each bank should be spaced approximately 2 feet (0.6 m) apart. Thus, the total number
of nozzlesin each bank isa function of the hopper width (typically four or six nozzles). Typica
nozzle water requirements are 70 to 100 gpm (4.41 to 6.3 |/s) each, depending on the vendor—at
apressure of 100 ps (690 kPa). Higher pressures are not recommended because the water stream
then rat holes through the impounded ash rather than moving it down the slope. For ease of
maintenance, nozzle holders should be designed so that they can be withdrawn from outside the
hopper (although the unit must be shut down and the hopper water drained to allow withdrawal
of the nozzles).

Rear Door Nozzles

While slope nozzles help to move ash downward toward the discharge doors, the converging
geometry of the bottom of the compartment can cause packing and arching of the ash. To guard
against this condition, a pair of nozzlesis placed on the walls opposite the rear door and aimed
through the opening. The door nozzles are usually activated just before opening the discharge
door to agitate and dilute the compacted ash at the bottom of the hopper. They normally operate
during the entire cycle of pulling ash from that particular compartment but can be turned off if
necessary to conserve water.

3.1.2 Slag Tanks

For continuously slagging wet-bottom boilers, sag tanks are applied (see Figure 3-4). Slag enters
the tank through athroat section, which is hung from the boiler. Near the top of the throat, a
water-cooled arm is sometimes used, which swings back and forth periodically to cut off any
strings of chilled dag that may accumulate near the point of discharge. The slag then dropsinto a
pool of water where agitating jets assist in the granulation process. A trough around the upper
periphery of the throat admitsa curtain of water down the sides of the throat lining to prevent
dag from sticking to it. A water seal trough is provided between the throat and the slag tank to
permit movement of the throat due to boiler expansion. To maintain the low temperatures
required for quenching and shattering slag, adag tank system requires considerably higher
makeup water flow than impounded water bottom ash hoppers. Feeding of slag from the tank
into a crusher and pump suction connection is similar to that described above for an ash hopper
under a dry-bottom boiler.
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Slag tanks (and their subcomponents) are functionally analogous to the bottom ash hoppers
described in detail earlier in this section. Because the bottom ash emptying, transport, and
disposal systems downstream of both types of boiler bottoms are identical, no further
differentiation between the two boiler bottom types will be madein this guide.
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Figure 3-4
Typical Slag Tanks
Courtesy of Allen-Sherman-Hoff

3.1.3 Crushers

On hydraulic pipeline ash conveyors, it isimportant that the maximum dimension of the ash (or
dag) not exceed one-half the inside diameter of either the pipe or the internal pump clearance to
ensure that the ash (slag) can be reliably transported without bridging or plugging.

Key Technical Point

On hydraulic pipeline ash conveyors, it isimportant that the maximum
o dimension of theash (or dag) not exceed one-half theinside diameter of

either the pipe or theinternal pump clearanceto ensurethat the ash (slag)
can bereiably transported without bridging or plugging.

Ash and dag are reduced to these dimensions by crushers. The two principal types of crushers
are classified by the number of rotating elements, that is, single-roll crushers and double-roll
crushers. Single-roll crushers reduce using acombination of impact, shear, and compression
methods. Bottom ash, although hard and abrasive, isusually friable—a property that a properly
designed single-roll crusher uses to advantage. The crusher splits or shears the ash between the
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singleroll and an anvil (see Figure 3-5). Double-roll crushers reduce primarily through
compression. As shown in Figure 3-6, the double-roll crusher uses a gear set and compresses the
ash into the clearance between the counter-rotating rolls. Less friable ash and slag may be
processed more effectively by a double-roll crusher.

Flange Mounted
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Hopper Housing

Stuffing
Box Seal

Toothed
Rot_or
. Section Wear Plate

Plain

Rotor
Section

(=]
(=]
i
Access Panel
Anvil Section
Figure 3-5

Single-Roll Crusher
Courtesy of Combustion Engineering Co.
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Figure 3-6

Double-Roll Crusher
Courtesy of Allen-Sherman-Hoff

A well-designed crusher should have sufficient space below the high points of theroll to alow a
clinker to fall into the low spaces, so that the next high segment of the roll gets agood bite on the

clinker. Regularly spaced knobs on double-roll crushers can result in the clinker “walking”
around on top of the rollsto ensure that it is not processed too quickly.

Other important design featuresin a crusher include the bearing type, rotor design, and ease of

accessfor repair and replacement of al wear parts. Manufacturer’s drawings and cut sheets
should be carefully studied during the consideration or evaluation of proposals to assess their
suitability by these criteria. Several manufacturers offer symmetrical (and reversible) roll
segments and wear liners. Reversing the roll segments and wear liners of the crusher at their
half-life will extend the interval between crusher rebuilds.
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Key Technical Point
(:O) Reversing theroll segmentsand wear liners of the crusher at their half-life
will extend theinterval between crusher rebuilds.

To prevent ash from getting into the shaft seals or packing glands, some major ash system
vendors pipe seal water to the shaft seals; thus, the flow consists of clean water into the crusher
hopper rather than ash-laden water out of it. Significant usage of filtered water at rates of 5 to 25
gpm (0.32to 1.5 I/s) while conveying isrequired to keep the seal air clear of ash.

Key Technical Point
(:O) Significant usage of filtered water at ratesof 5to 25 gpm (0.32to 1.51/9)
while conveying isrequired to keep the seal air clear of ash.

Therefore, the evaluating engineer should determine each vendor’ s requirementsfor this water.
Recent innovations in packing systems allow some shafts to be sealed without the use of flush
water. In these cases, grease isused in lieu of water. The grease can be applied either by local
feedersor as part of an automatic lubrication system.

Shaft leakage istypically caused by shaft deflection, improper protection of packing material
against the abrasive slurry, or lack of lubrication of packing material. A floating type seal can be
used to combat this. An outer diaphragm on each end of the shaft allows movement but keeps the
seal arrangement intact (see Figure 3-7).

Information on a potential alternative mechanical seal for the crusher is supplied in Appendix B.
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Figure 3-7
Floating Seal Arrangement
Courtesy of United Conveyor Corp.

3.1.4 Ash Pumps

After crushing, ash isfed into an adapter or sump from which it flowsinto some form of
pumping device. The pump may be an gjector (jet pump) or acentrifugal slurry pump. Figure 3-8
illustrates ajet pump, and Figure 3-9 shows a cross-section through a typical water-sealed
centrifugal pump.
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Typical Ejector
Courtesy of Allen-Sherman-Hoff
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Centrifugal Ash Pump Assembly
Courtesy of Warman, International

In applying either pump, dilution isrequired to provide Slurry that can be pumped. Usually the
solids represent about 20% of the total weight of the lurry pumped. The suction of an gjector is
limited by the system back pressure (head), which a so determines the amount and pressure of

the gector impulse water.

When ajet pump operates, high-pressure water is delivered through the nozzle to create a
vacuum. Water or ash/water slurry isdrawn into theinlet, and the combined total is discharged
through the outlet. The amount of mixture drawn into the inlet isinversely proportional to the
discharge pressure. This unique feature of the jet pump isknown as self-regulation. Self-
regulation dilutes the slurry mixture and helps prevent pluggage.
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Key Technical Point
@) Thisuniquefeature of the jet pump isknown as self-regulation. Self-
regulation dilutes the durry mixture and helpsprevent pluggage.

If an extremely dense mixture of ash and water isfed into ajet pump (and conveyor line), the
amount of additional mixture admitted is reduced if the nozzle water supply isfixed. This dilutes
the mixture and helps prevent plugging. When the system pressure drops as aresult of the
dilution, additional quantities of ash and water can be pulled through the inlet. The minimum
acceptable amount of nozzle supply water required to properly convey the ash equals 75% of the
minimum design flow through the pipe.

Key Technical Point

(:O) The minimum acceptable amount of nozzle supply water required to
properly convey the ash equals 75% of the minimum design flow through the

pipe.

For example, if the minimum velocity of bottom ash durry is 8 ft/s (2.4 m/s), the corresponding
flow through a 10-inch (25.4-cm) pipeis approximately 1,960 gpm (123 I/s). Therefore, the
minimum nozzle flow is 75% of 1,960 gpm (123 1/s), or 1,470 gpm (93 I/s).

The 75% flow requirement stems from the fact that slurry that is already moving does not settle
out when velocity is reduced to 75% of the minimum design value. Hence, even if the
impounded slurry flow from atank or hopper is cut off, the velocity in the pipe is sufficient (due
to the flow of nozzle water) to prevent the solids from settling out and possibly plugging the line.

It isworthwhile to differentiate between ajet pump and another common venturi device, the
water-powered exhauster (see Figure 3-10). The principal difference between a bottom ash jet
pump and a water-powered exhauster isthe water supply nozzles used in each type of equipment.
A jet pump isfitted with asingle, large-diameter nozzle, whereas an exhauster isfitted with
between 12 and 25 small nozzles. Water-powered exhausters are commonly used in hopper
emptying and sluicing applications outside of the bottom ash system, such as economizer ash
systems.
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Throat Liners
Inlet Liner

Throat Casing
Head
Section

Nozzle Tip

Figure 3-10
Water-Powered Exhauster
Courtesy of Allen-Sherman-Hoff

A centrifugal pump pulls the same amount of slurry through its suction asit delivers to the
discharge line. To prevent overloading, a special suction fitting is provided when apump is
directly connected to an ash hopper outlet. Sufficient dilution water must be added at the pump
suction to control the specific gravity of the durry discharged by the pump.

For the same discharge quantity and discharge head, a centrifugal pump is about 40% more
efficient than an gjector, without considering the efficiency of auxiliary pumping equipment that
supplies the gector nozzle. Ejectors can be serviced more easily, but such service may be
reguired much more frequently than for a comparable centrifugal pump. In addition, offsetting
the ease of maintenance of gjectors s the requirement for maintenance of the high-pressure
centrifugal pumps supplying impulse water to the gectors.

Key O&M Cost Point

(] Ejectorscan be serviced more easly, but such service may berequired much
" mor e frequently than for a comparable centrifugal pump. In addition,
offsetting the ease of maintenance of gjectorsistherequirement for
maintenance of the high-pressure centrifugal pumps supplying impulse
water to the gjectors.

Hard metals are employed in the construction of both types of pumpsin areas where abrasion is
most severe. Since abrasive wear is more rapid as velocities increase through pumps, it is
desirable to maintain velocities as low as possible, as long as efficiency of the pump is not
impaired. For gectors, the velocity through the throat is critical, while in the case of centrifugal
pumps, theimpeller peripheral (tip) speed isto be kept to aminimum.
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When system heads exceed about 150 feet (46 m), gjectors generally are not applicable within
reasonable limits for impulse water pressure. Series operation with gjectorsisimpractical. On the
other hand, centrifugal pumps can be conveniently placed in seriesfor high head requirements.

Centrifugal pumps also have an important advantage over gjectorsin closed |oop recirculating
systems. The high pressure usually required by gjector impulse nozzles puts a severe wear
condition on the nozzles and on water pumps, which must handle return water from the
conveying system. Clarity of recirculated water does not present awear problem to a centrifugal
durry pump, but asmall amount of clean, grit-free gland seal water must be available. If a
recirculating system does not have an outside source for this seal water, the system return water
supply can be used by bleeding off the required amount and passing it through a self-cleaning
filter. Thisway, no additional water entersto the system. In systems using centrifugal pumps, the
return water pumps will be required to deliver the recirculated water at arelatively low pressure
compared to gjector requirements. In this case, there will be a significant power savings, and the
return water pumps will be subjected to considerably less wear.

3.1.5 Pipe and Fittings

Pipe and fittings used in ash handling systems can be categorized as metallic or nonmetallic.
They can be further classified as plain-, beveled-, ring-, or flanged-end. Plain-end pipe is easier
and less expensive to produce than other types and, because the exact length required can be cut
from stocked full-length sections, it is more readily available.

Key O&M Cost Point

4
" Plain-end pipeiseasier and less expensive to produce than other typesand,
because the exact length required can be cut from stocked full-length
sections, it ismorereadily available.

Exact lengths of other piping types are usually produced only to order but can be fabricated in
the field with special tooling and techniques. Only with awell-designed and well-executed
support and anchoring system can plain-end pipe can be as satisfactory as the other piping types.

Beveled-end pipe and fittings can make stronger mechanical connections than plain-end ones.
This characteristic ensures that pipe movements are accommodated in the expansion joints
provided for that purpose. This can be important in hydraulic systems, where there may be pipe
stresses due to inertial forces (water hammer).

Ring-end pipe and fittings utilize a coupling design that seals by compressing agasket into a
shoulder provided by agroove or ring at both sides of the joint. Since wear life is so dependent
on wall thickness, externally applied rings are used for bottom ash systems.

Flanged-end pipe and fittings utilize a ssimple flange and face gasket arrangement that provides
maximum end pull strength and precise joint alignment. The numerous bolts at each joint add a
margin of reliability to the connection but, compared to coupled joints, generally require more
time during installation and maintenance activities. Spool piece length must be held to a tight
tolerance to allow proper gasket compression without introducing residual stresses.

3-20



EPRI Licensed Material

Technical Descriptions

Metallic Pipe and Fittings (Unlined and Lined)

Unlined metallic piping systems are commonly used and have the advantages of smple
construction and maintenance along with low initial cost.

G, Key O&M Cost Point
U Unlined metallic piping systems are commonly used and have the advantages
of smple construction and maintenance along with low initial cost.

Common materialsinclude carbon steel and various alloys of cast iron. As the hardness of the
alloy increases, so doesits wear life and cost. Fittings in this type of system are commonly cast
of aharder alloy than the straight lengths to reduce the effects of increased abrasion. Fittings can
also be cast with thickened sections, called wearbacks, to extend their wear life. Basalt-lined
pipe and fittings for hydraulic ash handling systems are an option for higher wear areas that
offers gem-like hardness with abrasion resistance. Their disadvantage istheir weight and
brittleness.

Key Technical Point

(:O) Basalt-lined pipe and fittingsfor hydraulic ash handling systemsare an
option for higher wear areasthat offersgem-like hardnesswith abrasion

resistance. Their disadvantageistheir weight and brittleness.

In the manufacturing process, raw quarried basalt is melted and cast (as a molten metal would
be) into molds that produce linings and shapes. These shapes are then heat treated to produce a
material of gem-like hardness, measuring 7 to 8 on the Mohs scale of material hardness (~650 to
1,000 Brinell hardness number [BHN]). In addition to abrasion resistance resulting from its
hardness, basalt is more resistant to acid and alkaline environments than ferrous pipe. The cast
and heat-treated liners are grouted or cemented into steel shells to produce pipe and fittings. The
quality of the grouting and cementing procedure is of the utmost importance. Even when linings
are not worn and still maintain their integrity, the pipe or fitting will have failed if the lining was
"washed out” of place.

Although basalt isvery hard, it is aso heavy and brittle. This requires extra care in handling and
extra support for itsinstallation. Basalt-lined pipe fittings and liners cost considerably more than
ferrous alloy pipe. They also generally last longer (or handle much more material) before
reguiring replacement. If corrosion aswell as abrasion is a problem, the difference in operating
life can be even higher. The lifetime cost of basalt material can often justify the increasein initial
cost.

G) Key O&M Cost Point
U Thelifetime cost of basalt material can often justify theincreasein initial

cost.

Plastic Pipe and Fittings

This category of pipe includes polypropylene, high-density polyethylene (HDPE), and ceramic-
lined plastic pipe, which are offered for bottom ash slurrying. The main advantages offered by
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nonferrous HDPE pipe material are ease of installation (due to longer, lighter lengths) and longer
life (duein part to its resistance to chemical attack).

Key O&M Cost Point

4
" The main advantages offered by nonferrous HDPE pipe material are ease of
installation (dueto longer, lighter lengths) and longer life (duein part toits
resistance to chemical attack).

At plants burning eastern coa (even low sulfur coal), the ash sluice water can become acidic and
attack ferrous pipe and components. This chemical attack forms an oxide on the metallic
surfaces. Normally, this oxide would protect against further corrosion. However, when
conveying abrasive durries, the oxide isworn away and new layers of metal are continualy
exposed to chemical attack. This combined cycle of corrosion-erosion eventually wears out
ferrous pipe, although the wear is usually blamed on erosion aone.

Section 4, “Material and Equipment Application Recommendations,” includes a summary of
critical parameters and compares avariety of available pipe materials.

Couplings

Freguently, plain-end pipe is connected with general-purpose sleeve-type couplings that rely on
thefriction force of the gasket material to keep the couplings in place (see Figure 3-11). Extra
care must be taken in engineering and constructing a piping system with general-purpose
couplings to minimize the possibility of coupling disengagement due to expansion, contraction,
or impact forces.

Key Technical Point

(:O) Extra care must betaken in engineering and constructing a piping system
with general-purpose couplings to minimize the possibility of coupling

disengagement dueto expansion, contraction, or impact forces.

The possibility of coupling disengagement can be reduced by the use of couplingsthat utilize a
tangentia clamping bolt that "locks" the coupling half onto the pipe (see Figure 3-12). This helps
to ensure that axial pipeline movements are accommodated by expansion joints rather than by
couplings. Locking-type connections for ash lines must be re-torqued after initial operation.

Key Technical Point
(:O) L ocking-type connectionsfor ash linesmust bere-torqued after initial
operation.
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Coupling
Figure 3-11

Typical Sleeve-Type Coupling
Courtesy of United Conveyor Corp.

/ Tangential Clamping Bolt

Locking Type Plain-End Pipe Coupling

Figure 3-12
Typical Tangential Clamping-Type Coupling
Courtesy of United Conveyor Corp.

Ring-ended pipe isjoined with couplings that compress a circumferential gasket into a raised

shoulder at each side of the joint. These couplings generally provide agood seal and adequate

end-pull strength (see Figure 3-13). (Victaulic® isaregistered trademark of Victaulic Company

of America.)

3-23



EPRI Licensed Material

Technical Descriptions

////////\

-

N \
S ]

(

Figure 3-13
Typical Coupling for Ring-Ended Pipe
Courtesy of Victaulic®

Expansion Joints

Although rubber expansion joints are used on air line piping within ash handling systems, the
primary types of expansion joints used in conveyor lines are metallic-sleeve and metallic-
bellows. Sleeve-type and bellow-type expansion joints each have their own advantages. Sleeve-
type expansion joints have lower initial costs and are generally more durable. Bellows-type
expansion joints are lesslikely to leak and require less force to operate, which reducesthe size
(and cost) of pipe anchors.

Key O&M Cost Point

< Sleeve-type and bellow-type expansion joints each have their own
b advantages. Sleeve-type expansion joints havelower initial costsand are

generally moredurable. Bellows-type expansion joints arelesslikely to leak
and require lessforceto operate, which reduces the size (and cost) of pipe
anchors.

Asarule, deeve-type expansion joints require a force of approximately 1,000 Ib/in (175 kN/m)
of nominal diameter to actuate; bellows expansion joints require only about one-tenth as much
force to actuate. Expansion joints in ash systems must be fitted with stopsto prevent
overexpansion or separation. The stops ensure that the entire pipe movement is shared by all
expansion joints.
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Key Technical Point

(:O) Expansion jointsin ash syssems must be fitted with stops to prevent
overexpansion or separation. The stopsensurethat the entire pipe

movement isshared by all expansion joints.

Gaskets

The most important requirement for a gasket isthat it be fabricated from amaterial that is
suitable for the operating environment. The usual parameter is high temperature. It isusually best
to specify the maximum expected temperature and allow the vendor to provide a suitable gasket
that meets certain minimum properties when tested in accordance with ASTM test procedures.

3.1.6 Hydraulic Line Gates

Rotary and straight-line slide gates used in hydraulic conveyor lines have configurations similar
to pneumatic dlide gates (see Figures 3-14 and 3-15). They have (or should have) heavier
construction because of the more abrasive nature of bottom ash transporting, which is the usual
application for hydraulic conveyors. A greater variety of resilient seating materialsis available
for hydraulic dide gates, including polyurethane, which provides good service in abrasive and
contaminated water environments.

Figure 3-14
Rotary Slide Gate
Courtesy of United Conveyor Corp.
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Figure 3-15

Straight-Line Slide Gate
Courtesy of Allen-Sherman-Hoff

3.1.7 Rotary Disc Sluice Valves

Rotary disc sluice valves, once used almost exclusively, have now been largely superceded by
dide gates. A rotary disc gate, however, may still be considered whenever cost is ahigh priority.

Key O&M Cost Point

4
(’ Rotary disc sluice valves, once used almost exclusively, have now been
largely superceded by dide gates. A rotary disc gate, however, may still be
considered whenever cost isa high priority.

A rotary disc duice valve (sometimes called a balanced valve) is made by sandwiching arotary
disc wafer of approximately twice the nominal pipe diameter between eccentric cast aloy inlet
and outlet sections (see Figure 3-16). This configuration resultsin a nearly straight-through flow
path when the rotary disc is opened, minimizing turbulence and pressure drop. Ash lineswith
rotary disc valves must be flushed and purged after each use to prevent pluggage.
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Figure 3-16
Rotary Disc Sluice Valve
Courtesy of United Conveyor Corp.

Key Technical Point
(:O) Ash lineswith rotary disc valves must be flushed and purged after each use
to prevent pluggage.

Because the disc leaks, it decants the water and leaves ash standing in the isolated line.
Therefore, the next time the line is used, the standing ash can be pushed into a"plug” that blocks
theline. Thisflaw, aong with their inherently lower resistance to abrasive wear, has caused
balanced valves to be largely phased out in favor of slide gates.

All of the valves and gates discussed can be fitted with avariety of accessories and operators
ranging from manual handwheelsto air or hydraulic cylinders. The valves can also be fitted with
position-indicating limit switches (which are either recommended or required permissives on
automatic systems) and input devices for graphic or mimic control panels.

3.1.8 Pyrites Hoppers for Pulverizers

Some pulverizers have built-in storage for rgjects (commonly referred to as pyrites). Others
reguire an externa hopper that isusually part of the ash handling equipment and typically
furnished by the ash system vendor. Figure 3-17 shows atypical hopper. The function of mill
hoppersistwofold: to receive and store mill rejects (pyrites) and to do thisin a way that prevents
coal-laden air from escaping from the pulverizer.
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Figure 3-17
Pyrites Hopper
Courtesy of United Conveyor Corp.

Key Technical Point

(:O) Thefunction of mill hoppersistwofold: toreceive and storemill reects
(pyrites) and to do thisin away that prevents coal-laden air from escaping

from the pulverizer.

This seal connection must be accomplished in away that does not allow water to enter themill in
the event that the hydraulic conveyor line becomes plugged.

Hoppers should be fabricated of 1/4-inch (6.4-mm) carbon steel plate for normal service.
Because mill regjects have a high sulfur content, there is a strong possibility that the hopper will
be exposed to acidic water (low pH). If thisis expected, a heavier mild steel or type 316 stainless
steel should be used.

The usual method of attaining the seal against mill pressure iswith a standing leg of water in a
U-tube attached to the hopper. Thiswater leg is calculated to have a pressure in excess of the
maximum mill pressure expected.

A steady flow of approximately 5 gpm (315 ml/s) should be maintained in a seal leg to avoid loss

or evaporation of the water. The bottom of a seal tube should befitted with a manual drain for
periodic removal of accumulated sludge.
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Pyrites mill hoppers should also be fitted with the following:

e High material level detector

e Observation window

e Accessdoor

e Grid to prevent oversized material from entering the pipeline
e Vacuum-relief valve

e Hopper isolating gate (which is closed during conveying or whenever the access door is
open)

e A flushing nozzle directed toward the inlet of the jet pup
e A jet pump, usualy 4 inches (100 mm) in size

3.1.9 Dewatering Bins and Accessories

For installations that handle bottom ash hydraulically and remove it from the site for fina
disposal, dewatering bins separate the ash and conveying water and store the ash until itis
removed (usually by truck and occasionally by rail car) (see Figure 3-18).

Dewatering bins are almost always cylindrical, with a conical bottom and a discharge gate at the
bottom of the cone. To discharge the dewatered ash into the removal vehicles, bins must have
sufficient elevation; also, there must be both horizontal and vertical clearance underneath them.
These requirements can result in having the center of mass of many tons of ash cantilevered at
elevations of 75 feet (22.8 m) or more above grade. The power plant engineer should carefully
check the proposed structure, especially wherever there is arecognized seismic risk.
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Figure 3-18
Dewatering Bin
Courtesy of Allen-Sherman-Hoff

Asin the case of bottom ash hoppers, dewatering bin selection depends primarily on deciding the
required storage volume. Since adequate decanting and dewatering of stored ash can usually be
accomplished within 8 hours (28.8 Ksec), it istheoretically possible to operate with asingle
dewatering bin if aplant has more than 8 hours (28.8 Ksec) storage capacity in the water-
impounded bottom ash hopper under the boiler.

This, however, impliesavery rigid and unrealistic ash-unloading schedule. A system using only
asingle dewatering bin provides no redundancy for planned or corrective maintenance on the
bin. Therefore, at al but the smallest plants, at least a pair of dewatering binsisused. After one
binisfilled to capacity with ash and the dewatering cycle begins, ash is conveyed to the second
bin. Dewatering bins should be sized for a combined net storage capacity representing 72 hours
(260 K sec) production of bottom ash at MCR.
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Key Technical Point
(:O) Dewatering bins should be sized for a combined net stor age capacity
representing 72 hours (260 K sec) production of bottom ash at MCR.

Thisalowsfor storage without removal over the weekend. Since dewatering binsare sized at
MCR and boilers are not always operated at full load (especially on weekends), thisvolumeis
usually sufficient for storage actually required over long holiday weekends. The volume,
however, should be considered on a case-by-case basis. The volume required is calculated on the
basis of an assumed amount of bottom ash, a conservative but realistic density of ash, and the
reguired period of storage.

The diameter of adewatering bin islarge compared to the inside width of a bottom ash hopper,
and ash is discharged from a single central opening in the dewatering bin. To ensure that
dewatered ash discharges from the outlet, afairly steep lower cone angle is required. The quasi-
standard in the industry of 55 to 60 degrees (0.96 to 01.1 radians) from the horizontal is
recommended.

Discharge Skirt

To minimize short-circuiting by incoming mixtures of water and fine ash particles directly to the
overflow weir, a circular skirt is usually provided around the discharge point and should extend
2—3 feet (60-90 cm) below the normal water level. This preventstheinitial downward vel ocity
of the water and ash from being dissipated too rapidly and retains sufficient differences between
the downward velocity of ash particles and the rise rate of the water being displaced.

Underflow Baffle

As bottom ash isformed in the furnace, some clinkers are devel oped that are either porous or
contain sufficient gas pockets to cause the clinkersto float. In the dewatering bin, these
“floaters’ can eventually reach and then travel over the overflow weirs into the drain, eventually
plugging the drain piping system. To prevent this, an overflow baffleisused. Thisisa
circumferential skirt that extends from approximately 1 foot (30 cm) below the water lineto
dightly above the water line. Floaters collect against this baffle until the binisfull and are
discharged with the ash whenever the bin is emptied.

Bar Screen

Most commercia standard designs for dewatering bins discharge the ash/water slurry against a
target plate or bar screen. Both have the same intent: to “throw” ash particles outward to the
sides of the dewatering bins, thus causing more complete filling. The bar screen also allows fine
particlesto go straight through and throws coarse particles to the sides, where they act asa
filter—preventing the fine particles from clogging the screens of the dewatering element.
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Dewatering Elements

All magjor vendors offer dewatering elements with similar primary components, such as stainless
steel screens, placed over steel pipe with windows cut out or over steel channels. The number of
main dewatering elements s, or should be, a function of the bin diameter. The following is
recommended:

e Diametersto 16 feet (4.8 m): 4 elements at 90 degrees (1.6 radians)

e Diameters 16-25 feet (4.8-7.6 m): 6 elements at 60 degrees (1.1 radians)
e Diameters 26-35 feet (7.7-12 m): 8 elements at 45 degrees (0.78 radians)
e Diameters 3645 feet (12.1-14 m): 10 elements

e Diameters 46-55 feet (14-17 m): 12 elements

Key Technical Point

Thenumber of main dewatering elementsis, or should be, a function of the
bin diameter. Thefollowing isrecommended:

e Diametersto 16 feet (4.8 m): 4 elements at 90 degrees (1.6 radians)
(o) e Diameters16-25 feet (4.8-7.6 m): 6 elementsat 60 degrees (1.1 radians)
e Diameters26-35 feet (7.7-12 m): 8 elements at 45 degrees (0.78 radians)
e Diameters 3645 feet (12.1-14 m): 10 elements
e Diameters46-55 feet (14-17 m): 12 elements

A judgment can be made if the size selected for the dewatering bin is approximately at one of the
size breaks. The main dewatering elements should have screens with diameter or slotted holes
from 1/16 to /8 inch (1.6 to 3.2 mm) punched on staggered centers 1-1/2 times the diameter
(that is, 3/32-inch [2.38 mm] centers for 1/16-inch [1.6 mm] holes and 3/16-inch [4.7 mm]
centersfor 1/8-inch [3.2 mm] holes) to allow proper dewatering.

Key Technical Point

holesfrom 1/16 to 1/8inch (1.6 to 3.2 mm) punched on staggered centers 1-
/2 timesthe diameter (that is, 3/32-inch [2.38 mm] centersfor 1/16-inch [1.6
mm] holes and 3/16-inch [4.7 mm] centersfor 1/8-inch [3.2 mm] holes) to
allow proper dewatering.

( ) Themain dewatering e ements should have screens with diameter or slotted

Screens with the minimum recommended size openings minimize the amount of fine particle
carry-over (also called fines) during dewatering. Conversely, the larger size 1/8-inch (3.2 mm)
opening allows some additional carry-over but dewaters more quickly. The size ranges
recommended above provide for acceptable performance in either regard.
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Discharge Doors

Some vendors furnish a vertical-lifting discharge door and enclosure similar to that described
previously for the bottom ash hopper. Several others furnish a horizontal discharge gate with an
inflatable seal for positive shutoff to prevent leakage through the gate. While rubber-sealed
horizontal gates require more maintenance, they arelesslikely to leak and are recommended
where a gate leakage of 3 to 10 gpm (190 to 630 ml/s) cannot be conveniently accepted.

This degree of watertightnessis retained only when both the gate and seal are kept in good
adjustment and repair. To cope with leakage through the gate, most manufacturers provide adrip
trough or pan that directs the flow to adrain. Evenif the gate is expected to be watertight, such a
drain must be provided. Additionally, the drain should be piped to atelltale so that the need for
gate adjustment/maintenance is known as it arises.

Dewatering bin discharge doors are usually hydraulically operated through a four-way valve by
compressed air that pressurizes afluid reservoir. Wherever the dewatering bin complex is too far
from the plant for a supply of its compressed air, the discharge door is operated hydraulically by
amotor-driven hydraulic pump package.

Freeze Protection

Dewatering bin freeze protection is required on the drain lines and valves as well as on the
lowest portion of the bin cone. If the contents of the bin cone just above the discharge door are
kept fluid and can discharge, the material above this can also be made to slough off and
discharge, especially when aided by vibrators. Thermostatically controlled heat applied to the
bottom of the cone—with approximately the lowest 8 feet (2.4 m) insulated by 2 inches (50 mm)
of dense fiberglass or its equivalent—is sufficient to prevent freezing. The heaters control
thermostats should be used in combination with ambient air thermostats to call for heat only in
subfreezing conditions.

Thedrain lines and drain valves should be heat traced and insulated. The heat tracing should also
be controlled by ambient air thermostats, so that heat is called for only in subfreezing weather.

Vibrators

Vibrators are furnished by most vendors as a standard part of the dewatering bin package and
should be specified to be furnished. Vibrators are effective in several situations, including:

e Removing deposits of ash that remain in a nearly empty bin

e Smoothing out erratic discharge

e Reestablishing dischargeif it isinterrupted by arching or rat holing

Brackets should be supplied for mounting four vibrators at 90-degree (1.6-radian) intervals as
part of the dewatering bin structure. Original equipment should include one vibrator on any bin

up to 16 feet (5 m) in diameter and two vibrators 180 degrees (3.1 radians) apart on any bin
larger than 16 feet (5 m) in diameter. Additiona vibrators can be added as dictated by field
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conditions after plant startup. The design of the dewatering bin vibrator control shall be manual
with momentary contact. Never energize the vibrators with the discharge door closed or the ash
will "pack," resulting in plugging of the discharge.

Key Technical Point

(:O) The design of the dewatering bin vibrator control shall be manual with
momentary contact. Never energizethe vibratorswith the discharge door
closad or the ash will " pack," resulting in plugging of the discharge.

Settling Tank

Water that overflows or is decanted from the dewatering binsis drained (almost always by
gravity) into the settling tank. There, further settling of particulates removes most of the fines
that are carried over.

The settling tank should be sized so that the rise rate of the water due to displacement by the total
of all possible smultaneousinputsislessthan the settling velocity of any specified size (weight)
particle. A sizing standard that theoretically resultsin settling out particles greater than 100
microns (100 micrometers) with a specific gravity of 2.0 or higher isused in designing a settling
tank.

Key Technical Point

(:O) A sizing standard that theoretically resultsin settling out particles greater
than 100 microns (100 micrometers) with a specific gravity of 2.0 or higher is

used in designing a settling tank.

To aid the removal of settled-out dudge, the recommended slope for the cone of the settling tank
is45 degrees (0.783 radians). The bottom of the tank should be fitted with a sludge removal
system consisting of aslurry pump that takes suction from the bottom of the settling tank and a
series of agitating nozzles placed to enhance the flow of sludge into the pump inlet piping. It has
been found that continuous or near continuous sludge removal is best. If intermittent removal is
attempted, it is usually impossible to remove the accumulated sludge without using large
guantities of agitating water for extended periods of time. This causes increased particulate
carry-over from the tank and should be avoided.

For reasons noted above, the settling tank is sized to provide a certain cross-sectional area rather
than a specified volume. The cylindrical height of the settling tank, therefore, is minimal—
usually only enough to provide the necessary stiffening and support of the conical bottom.
Typicaly, thisis approximately 4 feet (1.2 m) high.

Settling tank performance is affected significantly by the following characteristics: specific
gravity of the ash particles, the temperature of the water being clarified (viscosity), ash shape,
concentration and turbulence, and the nominal size of particlesthat settle out.
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Surge Tank

In contrast to the settling tank just described, the surge tank in a closed, recirculated water
system isavolumetrically sized storage vessel. A conservatively sized surge tank can store all of
the water used in the recirculating system and release it to the system as required. This storage
requirement is important during plant shutdowns or at any other time that all vessels must be
emptied of water (for example, during inspection and repair).

The construction of the surge tank is similar to that of the settling tank: it usually has a conical
bottom and a sludge-removal system. Aswith a settling tank, sludge suction piping and agitating
nozzles are provided at the bottom of the surge tank. A cone angle of 45 degrees (0.783 radians)
isrecommended for surge tanks; 35 degrees (0.61 radians) from the horizontal is considered the
minimum.

Key Technical Point
(:O) A cone angle of 45 degrees (0.783 radians) isrecommended for surge tanks;
35 degrees (0.61 radians) from the horizontal is considered the minimum.

Thetotal height of the surge tank is determined by severa requirementsin addition to the storage
volume. The pump suction piping system for the system water supply is set about 10 feet (3 m)
above the bottom of the tank to avoid taking in settled dudge. An additional depth of water—
approximately 4 feet (1.2 m)—is needed to provide a positive head above the pump inlets. An
additional “dead band” of water, approximately 2 feet (0.6 m) deep, isallowed for reaction by
level control instrumentation.

The sum of these allowances places the minimum usable water level approximately 16 feet (5 m)
above the bottom of the tank. The required volume of water is then provided above that level; the
top of the tank isplaced 1 foot (/3 m) above this water surface (and 6 inches[15 cm] above the
emergency overflow).

The working volume of the surge tank is thus the total volume contained above the minimum
level that is set as described. For a system with two dewatering bins, this should at least equal the
gross volume of one dewatering bin plus the volume of all hoppers, tanks, and sumps that might
be returned to the surge tank. For each additiona dewatering bin in the system, the gross volume
of the dewatering bin should be added to the required volume of the surge tank.

3.1.10 Mechanical Bottom Ash System

The mechanical bottom ash system (MBAYS) isaso known as submerged chain conveyor (SCC),
submerged scraper conveyor (SSC), submerged drag chain conveyor (SDCC), scraper bar, wet
carrier, or drag bar conveyor. Because of their many advantages including power, water, steel,
installation, and space savings, MBASs are gaining popularity in the power industry. Most
scraper bar conveyorsare similar.

Figures 3-19 and 3-20 show the components of an MBAS. A rectangular water-filled tank is
placed beneath the boiler. Seal plates attached to the boiler-tube headers extend downward into
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the water-filled tank. They provide a seal against changes in boiler pressure and a means to
accommodate the downward expansion of the boiler outlet as the plant heats from shutdown to
operating temperature. The discharge end of the tank (beyond the seal plates) rises at an incline
of approximately 30 degrees (0.52 radians).

Another type of MBAS isadry flight conveyor (DFC). It operates continuously and transports
dry material at elevated temperatures through an enclosed conveyor trough. The DFC has

become aviable option for all types of wet systems because it can transport bottom ash directly
to astorage silo or intermediate point (that is, atransfer tank).
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Figure 3-19
Submerged Chain Conveyor
Courtesy of Combustion Engineering Co.
Breaker Boiler Tubes
Bars and Seal Plate
Drive
Components Chain
Takeup
L
—
= =8| ‘
e -]\ 0=
> D WA ““N;L\z—‘"";
| =l —~
! > >? o /
! Q Transition

Hopper

Trough Section

e

i
e /—‘
o0 \g
&) N
>

Guard Flight Bar

Flight Return Section

Figure 3-20
Submerged Chain Conveyor
Courtesy of Fuller Company
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Through a series of sprockets and idlers on each side of the tank and incline, a pair of chainsis
driven continuously along the length of the tank. Flights, usually in the form of steel angles, are
connected to the driven chains on each side. They sweep across the bottom of the tank, up the
incline, and return through a"false bottom" on the tank. Thisfalse bottom is usually referred to
asthe lower trough while the water-impounded tank is called the upper trough.

The chain and flights (drag bars) are driven by a variable speed drive unit through the head
sprockets at the top of thisincline. Chain tension and adjustment are made by tail shaft takeup
units at the back end of the tank.

Dewatering of the ash is accomplished by draining asit is pushed up the incline by the conveyor
flights. The water runs through the interstitial spaces and back to the tank, so that ash contains
approximately 15-25% moisture by weight when it is discharged at the end of the incline. This
discharge can travel either through a grid, avibrating grizzly, a crusher to size the larger chunks
of ash, or directly to the removal equipment.

The removal equipment isusually a belt conveyor, although on small installations, it can be a
dump truck parked under the discharge until it isfilled. The belt conveyors dischargethe
collected ash through bucket elevatorsinto silos, from which the ash is periodically removed for
ultimate disposal.

To guard the chain and sprockets, protective structural steel iswelded to the tank sides and
extends over the chain to protect it from direct impact by ash and slag. At the top of the incline,
water-jetting nozzles are oriented to wash the chain and remove any ash beforeit is engaged by
the drive sprockets. A variable speed drive train with aturnover of approximately 6:1 isto be
used in the MBAS to alow dewatering and volume control.

Key Technical Point
(:O) A variable speed drive train with aturnover of approximately 6:1isto be
used in the MBAS to allow dewatering and volume control.

In the middle of its speed range, it should be able to meet the design capacity for ash removal.
The drive should be equipped with atorque-limiting device that protects the drive train while
allowing catch-up operation with a filled trough.

Because the comparatively small surface area of the flight barsisin contact with the much larger
area of the trough, wear on the flight bars could occur at arate greater than that on the trough. To
offset this, flight bars are usually fabricated from material of much higher hardness. The incline
and portions of the upper trough are lined with abrasion-resistant plate at least 1/2 inch (12 mm)
thick. Theintent isto get approximately equal, calculable life from both types of components so
that they can be replaced at the same outage interval. In thedry return trough, wear strips are
usually used. Since the wear islocalized, these wear strips should be harder and thicker. The
ultimate success or failure of an MBAS depends largely on the life of the chain used. Replace the
chains with a matched set on both sides of the ash tank.
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Key O&M Cost Point

4
" The ultimate success or failure of an MBAS dependslargely on thelife of the
chain used. Replace the chainswith a matched set on both sides of the ash
tank.

The links (wearing surface) are annealed and case hardened to ~500-600 BHN (~6.5-6.9 Mohs).
The failure mode of these chains seems to be agradual lengthening caused by wear on theinside
of thelinks, resulting in disengagement from the sprockets. The chain, if replaced, should be
replaced as a matched set on both sides of the tank.

The sprocket bearings should have a lubrication system that allows greasing of all bearings from
outside the tank. Some vendors require awater purge of submerged bearings. Since this requires
asignificant amount of filtered water, the prospective user is advised to check this requirement
carefully.

3.2 Ash Handling Systems

Section 3.1 provides an overview of the equipment and components used for ash handling. The
following describes how these devices can be combined into systemsto fulfill the various
reguirementsfor ash handling.

The two principal types of systems are described here: the conventional bottom ash system
(impounded water) and the MBAS. Dry (pneumatic) bottom ash systems are not common and
are therefore not considered a"principa” type of system; however, abrief description isincluded
in Section 3.2.3. Bottom ash control systems are discussed in Section 3.2.4.

Schematic diagrams of these major systems are presented to show system operation and to
identify the required components. The latter information is especially important to project
engineers and those who evaluate proposals. Ash system vendors do not furnish all components,
and noncompliance with specifications (or requirements) is not always clearly stated in bids and
proposals.

The choice of system type can be smple. Some sites preclude the use of ash holding ponds, and
othersrestrict the use of water. Some system choices may not provide the required capacity.

Further, the economies of each choice are site-specific. When al such considerations are taken
into account, the choices are narrowed and perhaps limited to asingle possibility.

3.2.1 Impounded Water Bottom Ash System

The established standard for most U.S. utility power plantsis the impounded water bottom ash
system. This system operates with either amaintained (full) or nonmaintained water level.

Figure 3-21 shows the piping for a bottom ash hopper. With maintained water level, aleve
controller (usually an air-bubbler type) attempts to maintain the hopper full of water. When ash
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is conveyed and large amounts of water are withdrawn, the controls open the water supply valve
to compensate for the loss and maintain the water level. The full level of water provides
maximum protection to the refractory and hopper. It aso imparts buoyancy to the impounded
ash, which makesit easier to duice to the hopper outlet. The maintained level operation isthe
recommended mode, especially for large hoppers.
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Figure 3-21
Bottom Ash Hopper Piping Diagram
Courtesy of United Conveyor Corp.
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The nonmaintained mode, however, is specified by most power plant owners because operators
prefer to allow the water level in the hopper to fall to the point that poke hole(s) can be opened to
observe at least daily the inside of the hopper. This visual inspection ensures that clinkers and
stalagmite are not forming unobserved within the hopper. However, when the level of water is
drawn down, it leaves decanted ash in the hopper. This ash ismore difficult to transport to the
outlet than ash that settles. The slope jetting nozzles—provided to move ash—frequently tunnel
through the impounded ash without moving it.

It is recommended that the maintained level design be specified and used. When the hopper
interior isinspected, the water makeup valve can be disabled and the water drawn down for this
purpose. Most sluice bottom ash systems are designed to handle 100 tons (91,000 kg) per hour.

Key Technical Point
(:O) Most duice bottom ash systems are designed to handle 100 tons (91,000 kg)
per hour.

This"standard" capacity allows vendorsto use predevel oped engineering parameters. It also
allows the bottom ash produced in an 8-hour (28.8 Ksec) shift to be conveyed in approximately
1-1/2 to 2 hours (5.4 to 7.2 Ksec). For even the largest boilers or those firing coa with the
highest ash content, the time to convey is not appreciably increased because most of the elapsed
time is spent on nonconveying activities such as startup, sequencing, and shutdown.

Figure 3-22 illustrates hopper construction and its auxiliary equipment. The following is a brief
description of bottom ash system control operation:

Gate and valve positions and water supply pressures are verified with interlocks.
Water isturned on to the dilution pump, jet pump, and crusher seals.

Nozzles opposite the closed door are turned on to agitate and fluidize the packed ash.
The discharge door is opened, allowing water and ash to be transported.

o > W D P

The uppermost bank of slope nozzles on one side of the compartment is activated for
approximately 5 minutes (300 s), followed by each bank in turn.

6. Either on atimed cycle or as determined by the operator (the sound of water alone being
removed from an empty hopper is different from the sound of an ash-water mixture leaving),
the vertical lifting door is closed.

7. The crusher seal-water and crusher are turned off.

8. Steps 1 through 7 are repeated for each of the other hopper compartment(s).
9. Thejet pump water supply isturned off after a purge period.

10. The seal trough and cooling water pipes are flushed.

11. The system shuts down.
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In this manner, the bottom ash is transported to the dewatering bins or to an ash pond.

The operation issimilar in a system that uses a mechanical pump instead of a jet pump, but
additional instrumentation is required to maintain positive head and flow to the mechanical pump
(for example, whenever the vertical lifting doors are closed).
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Figure 3-22

Automated Impounded Water Bottom Ash System
Courtesy of United Conveyor Corp.
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Recirculating Water Systems

Most plants being built today are required to meet “zero discharge” criteria, which prevent
contaminated water from being discharged.

G) Key O&M Cost Point
U Most plants being built today arerequired to meet “zero discharge” criteria,
which prevent contaminated water from being discharged.

The main components of the recirculating water (storage) systems are rather passive in operation.
They servelargely to decant, clarify, and store the water that is used in the ash handling system.
Information presented earlier in this section provides insight into the way these components
function and is not repeated here. This description concentrates on system operation. Figure 3-23
schematically illustrates atypical recirculating water system.
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Commonly used recirculating water systems include dewatering bins that discharge water to a
settling tank. Thistank in turn discharges to a surge tank, from which system water is pumped.
Entrained solids settle out in the settling tank to form sludge on the bottom and must be pumped
out of the tank. Additional settling occursin the surge tank.

The surge tank handles surge volume, for example, the water that is drained while decanting a
dewatering bin. In addition, makeup water is added to the surge tank to compensate for water
removed with dewatered ash (a certain amount is required to ensure that dewatered ash will
flow) aswell aswater lost by evaporation and other system losses. Makeup water is commonly
controlled by a pneumatic proportional control that consists of atransmitter, controller,
manual/automatic station, and control valve. Accuracy isnot critical if an adequate level is
maintained to meet system requirements.

The surge tank should be equipped with level switchesto alarm high- and low-level conditions,
and on low-low level to shut down the pumps that draw water from the tank.

The settling and surge tanks must be equipped with means of removing the sludge that settles out
in each of them. Sludge removal can be intermittent or continuous. Continuous systems remove
dense dudge through a number of nozzlesin the bottom of the tank. Intermittent removal is
usually accomplished by pumping from a few large nozzles while the sludge on the bottom of the
tank is slurried by agitating nozzles. Intermittent removal arrangements al so require automatic
back-flushing of the sludge suction lines prior to pumping to clear sediment that could plug the
suction lines of the sludge pumps.

Recirculating water pumps generally handle slightly dirty water, while sludge pumps handle
dudge or very dirty water. Both types of pumps typically require clean (filtered) seal water,
usually at a pressure dightly higher than the discharge pressure of the recirculation pumps. Seal
water must be supplied to a pump whenever it can be flooded through the suction or discharge.
Suction and discharge valves should be interlocked so that they do not open unless water is being
supplied to the seals. Pressure or flow switches may be used to prove the supply of seal water.
These pumps should a so be equipped with suction pressure switches and not be allowed to start
unless suction and discharge gates are verified to be open and the pumps supplied with adequate
seal water pressure.

At some plants (particularly the ones burning western coal), the recirculated water can become
alkaline, creating calcium buildup problemsin the water supply and sluice piping. Where this
problem exists, it may be necessary to inject acid into the recirculation system water. This allows
the water to hold a much higher concentration of minerals in suspension and, when performed in
conjunction with blowdown, the scaling problem should be resolved.

3.2.2 Mechanical Bottom Ash System

Advantages of the MBAS include the following: low power requirements, no conveying water
usage, smaller space requirements, lower headroom requirements (steel savings), elimination of
the need for dewatering bins (although these may be replaced by storage silos), and lower capital
cost.
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Key O&M Cost Point

G, Advantages of the MBAS include thefollowing: low power requirements, no
D conveying water usage, smaller space requirements, lower headroom
requirements (steel savings), elimination of the need for dewatering bins
(although these may bereplaced by storage silos), and lower capital cost.

Design and operational challenges that must be overcome for successful application include slag
falls, limited storage capacity within the MBAS, and the need to cool the comparatively small
amount of water used by the system. MBAS layout is shown in Figure 3-24.

% ; ; ; Pyrites Hopper Jet Pump

Supply Typically
150 gpm (9.47 Ips) @
Economizer 125 psig (861.8 kPa)
System
X Pyrites System
High-Pressure
Pumps Xp Heat
Exchangers Economizer | Bottom | Pyrites
@ ﬁ Makeup Water Ash Ash Variable Speed Drive
and pH Control SCpr:oi?]kS\tl anrsi
., Q@ - E Connection { @ Wat%r, : SFS)m
(18.9 Ipm)
S Plate Each Side
I_ Clarifier k44 Chain Takeup
! 2 Py Crusher
| o 4
: ] V
i | A
Cooling SHAEINAT I, <7
Pumps AR L7 I I I
3 Belt
| egand
Surge Tank Y
Submerged Conveyor
Figure 3-24

Mechanical Bottom Ash System Layout
Courtesy of United Conveyor Corp.

The primary part of the MBAS is arectangular water impound tank placed beneath the boiler
with anincline of approximately 30 degrees (0.51 radians) at one end. The drag conveyor within
the tank carries ash up the incline lowly enough that most interstitial water drains from the ash
and runs down the incline into the tank. The dewatered ash is dumped at the top of the incline.

The recommended variable speed drive allows the chain (and hence ash removal) speed to be

varied for optimum dewatering with minimum wear. It also provides for increased speed to catch
up following an upset.
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Conveyor tank overflow is piped to a surge tank or, in some cases, through a parallel plate-
clarifier and then to a surge tank. The surge tank should be able to hold at least the water volume
of the conveyor tank; idedlly, it should hold the total water in the system. At this tank, makeup
water is added to the system asrequired, and pH is controlled.

For installations where the overflow cannot drain into the surge tank, a below grade sump can be
used. In such cases, pump selection and maintenance become more complicated and costly.
Sumps should be avoided (if possible) because draining by gravity will always be more reliable
and inexpensive—if there is adequate elevation difference between vessels. Because a
mechanical conveyor has a smaller amount of water than a conventional impounded water
hopper, the hot ash heats the water and significantly increases the temperature.

Key Technical Point

(:O) Because a mechanical conveyor hasa smaller amount of water than a
conventional impounded water hopper, the hot ash heatsthe water and
significantly increasesthe temperature.

Therefore, some type of ash cooling isrequired. This can be accomplished in an ash pond or a
cooling tower. Because the MBAS isintended to be independent of or to eliminate ash ponds or
cooling towers, heat exchangers are usually used for cooling. However, because the overflow
water contains a significant amount of ash, any heat exchanger used is subject to fouling. For this
reason, two full-capacity units (the recommended configuration) are usually installed. This
allows one unit to be off-line for cleaning while the other carries the full load.

Unless a sump pit with sump pumpsis used, cooling water pumps must be provided. These take
suction from the surge tank and pump the water through the heat exchangers and the rest of the
system. Again, two full-capacity pumps (one standby) are recommended. Because of the
particulate carry-over in this water, slurry pumps or Ni-Hard fitted pumps should be used instead
of ordinary water pumps.

These pumps are adequate for circulating water back to the conveyor tank. However, if pyrites
removal, air-heater ash, or economizer ash isalso part of the system, a booster pump must be
provided. There should be two full-capacity units (onefor standby). Water diverted for such
additional uses should be returned to the conveyor as quickly as possible because it is part of the
total needed to maintain the temperature at the design point.

3.2.3 Dry (Pneumatic) Bottom Ash Systems

Although dry (pneumatic) bottom ash systems are not as common as systems that use water-
filled hoppersor troughs, abrief technical description of such systemsis provided in this section.

The principal complication associated with dry collection and transport of bottom ash is the need
to sufficiently reduce the ash temperature without the quenching effect of awater-filled hopper
or trough at the bottom of the boiler. Adequate cooling of the ash allows the ash transport system
to be constructed of standard, cost-effective materias. This cooling can usually be accomplished
using a suitably sized storage hopper at the bottom of the boiler, which allows sufficient dwell
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time for the hot ash to cool by radiation and conduction. Alternatively, more active (and
expensive) approaches, such aswater-cooled screw conveyors, can be used.

Conceptually, al pneumatic system design types convey bulk material through a pipeline using
compressed or evacuated gas as the conveying medium. Air is the most commonly used gas but
may not be selected for use with reactive materials. The conveying medium may be liberally
mixed with the bulk material, allowing the individual particlesto travel in an airborne condition
along the pipeline, or the bulk material may be completely solid without any fluidization or
mixing with the gas. Between these extreme conveying regimes, awide range of intermediate
regimesis possible, depending on the transfer or injection system design objectives. The
pneumatic conveying system designer should select an appropriate regime to economically target
the objectives of the system requirements while considering any restraints that may be imposed
by the characteristics of the bulk material.

If allowed to convey at high velocities, abrasive materials (such as bottom ash) will quickly
erode the piping system. The system’ s energy consumption also increases as higher conveying
velocities are used. Nonfluidizing dense-phase systems convey at alower velocity than other
types of pneumatic systems and may, therefore, consume less energy and require less
maintenance. Figure 3-25 shows a simplified schematic of a dense-phase pneumatic bottom ash

conveying system.
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Dense-Phase Pneumatic Bottom Ash System
Courtesy of United Conveyor Corp.
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3.2.4 Ash Handling System Controls

Ash handling system controls are the human interface to the system and have a number of points
that must be monitored during operation. Ash handling systems are hydraulic, pneumatic, and
mechanical processes where most variables cannot be observed without instrumentation and
generaly have several components that require operation and monitoring. In addition, these
systems are necessarily distributed throughout the boiler and ash disposal areas. The following
discussion concerns general control practices asthey are applied to ash handling systems and
defines some types of control systems. Monitoring the ash handling system and its components
for safe and correct operation is of primary importance. Safe operation protects the personnel, the
plant, and the ash handling equipment itself.

Key Human Performance Point
0 Monitoring the ash handling system and its componentsfor safe and correct

operation isof primary importance. Safe operation protectsthe personnd,
the plant, and the ash handling equipment itsalf.

Monitoring includes instrumentation to monitor operating temperatures and pressures, motor
currents, and other operating variables. Correct operation of a system alowsit to function asit
was designed. There are safe situations in which the system may not be working correctly. For
example, an incorrect gate or valve position, low pressures, and other conditions can cause low
conveying velocities. These in turn can cause line plugging. These variables should be monitored
so that either an operator or an automatic control System can sense an incorrect situation and take
corrective action before major trouble or an unsafe condition ensues.

A control system also provides the interface through which human operators can operate the
system. Thisincludes control of motorsfor driving pumps and crushers as well as control of
water valves and ash handling gates.

3.2.4.1 Control System Design

A control system’s configuration and design must meet the needs of the operator and the plant
operating philosophy, which include locating the control panels and stations and establishing the
degree of automation to be used. Another consideration is the operator interface, which includes
the amount of information to be presented to the operator and the form in whichit isto be
presented.

Decisions about who will operate the ash handling system, who will clear problems, and who
will maintain the ash handling equipment are critical for determining component and equipment
locations, the extent of automation, and the types of panels to be used.

Inasmall plant, an operator may perform all ash handling system functions, including clearing
problems and performing normal maintenance; the operator may also have additional plant
duties. In such a case, the main control panel should be |ocated conveniently near the equipment
for which the operator isresponsible.
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The extent of automation is determined by the scope of the operator’s duties; that is, the more
that the operator must do or watch at one time (including emergency conditions or other cases of
temporary overload), the more the controls should be automated. The corollary also istrue: if the
operator’s primary responsibility isto perform ash handling functions, the system should be
operated either manually or semiautomatically—both for the operator’ swell being and because
the operator’ s senses and intelligence are useful adjunctsto control systems and transducers. The
continuing activity and responsibility also keep the operator familiar with the process.

A limiting case is the situation in which tedium may cause the operator to become inattentive to
plant operations. Most ash handling systems are at |east partially automated. Even manual
systems include interlocking for most operations.

A complete bottom ash conveying sequence usually takes place in two hoursor less, with several
j€etting nozzle sequence steps and changeovers between hopper sections. Similarly, seal trough
and cooling spray header flushing also are within an operator’ s abilities. Within the bottom ash
system, however, monitoring service water pumpsis atedious task that requires constant
observation. Because nothing changes while the pumps are operating correctly, the task istoo
tedious for an operator and should be performed automatically. Most sluice type ash handling
systems have logic for automatic operation, with provisions for interlocked manual control that
allows the operator to control sequencing optionally.

3.24.2 Control Equipment

A control system includes the following:

e Transducers and process switches

e Control panelsand local stations, including indicators and controls

e Control logic

e Loca controllers, such aslocal logic and motor controls

e Field actuators, including solenoid-operated air valves, motor-operated valves, and motor-
operated pumps

The following information focuses primarily on control panels/stations and the operator
interface.

Field control devicesfor ash handling (except for items in contact with the ash) are quite
conventional and include solenoid-operated air valves, cylinders, limit switches, pressure
switches, and process transmitters. The exceptions are items exposed to extremely abrasive ash
and those within the conveying system water. The pH of the water can vary from acidic to
caustic, and the water can contain calcium, sodium, and other substances that can precipitate and
foul devicesin the system.

Particulate matter can work into pressure switches, causing incorrect operation. As a pressure

sensor breathes, contaminants can enter the sensing chamber and be caught, after which they
may act like the poppet or ball in acheck valve. Gauge isolators should always be used on ash
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water service for breathing-type transducers, transducers unsuitable for the pH range, or those
that will not work wherever silting islikely.

| solation manifolds with test ports are as important in ash handling as in other process
instrumentation, but they must be used with care to avoid the entry of particulatesinto the
manifold, where they can foul the valves.

Field control devices most often are solenoid air-operated gates and valves, motor-driven
equipment, and occasionally motor-operated (hydraulic or electric) valves or gates.

Where closer speed control is necessary (such as that required by sluice doors), air-over-
hydraulic oil or water glycol systems are used instead of direct pneumatic operation. These
applications are found at duice doors for bottom ash hoppers and dewatering bins. Water-glycol
fluid isused at the bottom ash hopper for itsfire resistance properties. Its constant viscosity
index provides consistent characteristics over awide range in temperature.

Key Technical Point

(:O) Water-glycol fluid isused at the bottom ash hopper for itsfireresistance
properties. Itsconstant viscosity index provides consistent characteristics

over awiderangein temperature.

Air-operated devices are common in ash handling systems. At |ocations where compressed air is
not readily available or where freezing may be a problem, motor-operated valves or motor
actuators are used. Dewatering bins are good candidates for this type of operation. The hydraulic
medium chosen in this case must also have a constant viscosity; in addition, some heat tracing
may be required.

3.2.4.3 Control Methods

There are many types of ash handling control systems, each with different degrees of complexity.
No one method is best for every system or plant. Each case should be reviewed to establish the
most suitable selection. Control philosophies that may be applied to ash handling range from
simple manual controls to automatic sequencing. A brief description of the alternatives follows.

Direct Manual Operation

The simplest form of control isdirect manual operation. In such operation, valves and gates are
handwheel-operated; the valve or gate position is observed at the device itself. In small dry
bottom ash systems, ash feed into the conveyor may be controlled by the operator raking it into
the conveyor intake.

In adirect manual system, motors are controlled with pistol grip or pushbutton switches. Motors
are equipped with fuses or circuit breakers to protect both the equipment and the circuit.
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Power-Assisted Manual Operation
Power-assisted manual operation is more complex than direct manual operation.

Valves and gates can be equipped with solenoid, cylinder, or motor operators to gain operating
Speed or to remove some physical burden from the human operator. With power assistance,
manual operation can be made remote control quite smply.

Valve or gate operation can be remotely observed using limit switches (located at both ends of
gate or valve travel) that operate indicator lights at the remote location. Similarly, pressure and
temperature switches can be used to remotely indicate whether process conditions are within or
outside their acceptable ranges.

Interlocked Controls

Remote electrical control and position indication make electrical interlocking simple. For
example, operation of one valve (B) may be made contingent on the fact that another valve (A) is
fully open. Use of such interlocks can limit the operation of a device to only those conditions and
situations selected by the system designer.

Automatic Sequencing

With remote electrical control and interlocking available, the next logical step is automatic
sequencing. Thisrequires some form of timing along with confirmation of appropriate system

sequencing.

3.2.4.4 Environmental Considerations

Control system hardware is affected by its environment, which includes temperature, humidity,
dust, moisture, electrical noise, and exposure to mechanical abuse.

Key O&M Cost Point

4
(’ Control system hardwareisaffected by its environment, which includes
temperature, humidity, dust, moisture, electrical noise, and exposureto
mechanical abuse.

Device ratings must be obeyed with respect to these considerations whenever control devices are
designed or applied. The aternatives are to design for the environment or to change the
environment to suit the equipment used.

Elevated temperatures can affect electrical and electronic equipment in several ways, including
the following:

e Thermal runaway in semiconductors or burnout of other devices may result in permanent
failure

e Certain electronic operations can be made unpredictable, even if failure is not apparent
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L ow temperatures can al so cause spurious and unpredictable operation.

In both cases, component capacitance and resistance change, as do transistor gains and leakage
currents. Resistors have positive temperature coefficients, while semiconductors have negative
thermal coefficients. The combinations can make performance of a device unpredictable when
operating at temperatures outside its rated range.

If thisequipment isinstalled in a panel, the rating applies to the temperature within the panel
where the equipment is actually located. The maximum temperature of any assembled panel
must be lower than the inside equipment rating. A typical rating for programmable controllersis
0-60°C (32-140°F). Confirm the internal equipment temperature rating and use it asalimiting
design criterion.

Key Technical Point

The maximum temperature of any assembled pand must belower than the
(:O) insde equipment rating. A typical rating for programmable controllersis

0-60°C (32-140°F). Confirm theinternal equipment temperaturerating and
useit asalimiting design criterion.

An adequate temperature differential design must be used to transfer the heat through the
enclosure to the outside. This keeps the temperature within the housing below the rated
maximum temperatures.

Although equipment is designed and rated for high temperatures, trouble-free operation is more
likely if it operates below rated temperatures. If an item is rated for operation at 120°F (70°C), it
would be proper to use it in alocation where the temperature occasionally reached nearly 120°F
(70°C) (for example, during the summer months). If the normal temperature, however, is near
120°F (70°C) all or most of the time, the equipment can operate but is likely to have an above
normal failure rate. The solution isto install the equipment in a cooler area or provide cooling for
the equipment. Cooling can range from simple ventilation to vent fansto air conditioning. Other
alternatives include tapping into a plant ventilating duct. For localized hot spots in an equipment
enclosure, it might be adequate to install a circulation fan within the enclosure to disperse the
heat. Humidity leading to condensation is a particular problem in electronic equipment because it
causes high resistance "shorts" or sneak circuits.

Key Technical Point
(:O) Humidity leading to condensation isa particular problem in electronic
equipment because it causes high resistance " shorts' or sneak circuits.

This can be problematic in electromechanical logic applications but is more problematic in solid-
state applications. Thisis especially true with high voltage switching transients that occur
whenever coils are de-energized.

If ahumidity problem is expected, enclosure heaters can be added to maintain air temperatures
above the dew point. If this causes unacceptably high temperatures, air conditioning or
dehumidifying can be used within apane or for a control room. Electrical and electronic
enclosuresfor industrial use are generally designed to a National Electrical Manufacturers
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Association (NEMA) standard that describes the degree of protection that a housing affords or
the type of environment in which it may be used.

Care should be taken not to overspecify environmental requirements for an application. Doing so
inhibits access to equipment and frequently makes equipment larger than necessary. For
example, rather than specifying aNEMA 4 rating for a cabinet that will occasionally be hosed
down for cleaning, it would be better to protect the cabinet while it is being cleaned. The NEMA
4 rating requires that multiple clamps be used to hold the enclosure doors shut, rather than a
convenient vault handle latch that would be suitable for aNEMA 12 or NEMA 1 application.
This exemplifiesthe kinds of construction changes caused by a change of specification.

The NEMA 4 rating also requires the use of gasketed window covers over some front-mounted
items, such as recorders and annunciators. These covers detract from appearance and reliability
and impede access to the equipment.

Control room installations should require no protection, and aNEMA 1 general-purpose design
should be suitable and most appropriate for both size and accessibility.

The manufacturer's environmental ratings for equipment are of extreme importance, asis
experience with that manufacturer's equi pment. Suitable spare parts must be stocked based on
failure history and availability.

3.24.5 Operator Interfacing

Operator interfacing ranges from manually-operated valves and gates, direct reading gauges,
sight glasses, and valve position indicators to completely automated systems that are unattended
by human operators except to respond to alarm annunciations of abnormal conditions.

Control panels should be located near the equipment and can be ssmplelocal stations with afew
control switches, panel boards, mimic-type graphic panels, color CRT graphics, or a combination
of these. Local stations are used for local maintenance and for clearing abnormal conditions,
even in highly automated systems. When manually operating a control panel, the operator should
directly observe the effects of his/her actions. Control panels must be designed to benefit the
operator and fit into the plant design concept, including cost considerations. Simple interface and
visual observation of equipment are critical for operator safety and maximum effectiveness.

Key Human Performance Point

0 Control panelsmust be designed to benefit the operator and fit into the plant
design concept, including cost considerations. Simple interface and visual
observation of equipment arecritical for operator safety and maximum
effectiveness.

To be of maximum effectiveness, the operator interface must be kept simple and easy to observe.

Indications of critical statusthat require operator attention or action should be annunciated with
both a flashing light and an audible alarm. Operation of an "acknowledge" switch should silence
the alarm and change the flashing light indicator to a steady light.
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Ash handling systems are automated to remove a burden from operators. The control panelsfor
these systems must not be designed in such away that returns the burden to the operators by
providing excessive numbers of statusindicators. An operator should not be given more
information or control at a panel than he/she can use directly to operate or dispatch maintenance
on the system.

Printers and loggers can be used in these systems to provide a permanent record of status
changes, including system alarms. In thisway, persistent trouble areas become apparent by
showing up frequently.

When used with a higher level programmable controller or computer system, a controller or
computer can compare system performance. For example, conveying timesfor various parts of
the system can be compared with normal and past performance to provide early warning of
changes and allow preventive maintenance to be performed before a problem worsens.
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MATERIAL AND EQUIPMENT APPLICATION
RECOMMENDATIONS

As confirmed in discussions and correspondence with survey respondents, boiler OEMs, and
manufacturers of bottom ash systems and components, awide variety of materials, designs, and
configurationsis used to collect, convey, dewater, and dispose of bottom ash from utility boilers.
Successrates for agiven material or design vary depending on site-specific operating conditions,
including bottom ash characteristics and compatibility with other system components.

This section focuses on selecting the most suitable components and products for a particul ar
application. Emphasisis placed on materials of construction based on selection criteria, including
the following:

e Abrasionresistance

e |mpact resistance

e Corrosion resistance

e Suitability for expected temperature range
e Materia cost

e |ngtalation cost

e Maintenance requirements
e Easeof handling

e System configuration

e Posshility of fuel changes
e Operational considerations

Detailed component descriptions, illustrations, and design recommendations are presented in
Section 3, and many application issues are described in detail in Section 5. This sectionis
intended for use as a quick reference, providing the reader with key information regarding the
application of components and techniques to improve equipment performance and reliability.
Adherence to optimized application practices reduces unnecessary burdens on operating and
maintenance staff and enabl es the achievement of long-term savings and equipment and system
availability improvements. Where applicable, the discussion includes common
system/component misapplications, their causes, and methods for avoiding them. The pros and
cons of various component designs are discussed to guide the reader in making appropriate
equipment selections.
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4.1 Ash Hopper

4.1.1 Refractory

The most significant application issues pertinent to ash hopper refractory are refractory material
selection, installation method, anchor spacing, surface preparation prior to refractory installation,
and curing of installed refractory.

Key Technical Point

The most significant application issues pertinent to ash hopper refractory
o arerefractory material selection, installation method, anchor spacing,

surface preparation prior torefractory installation, and curing of installed
refractory.

Common misapplications of refractory are generally the result of inaccurate or incomplete
information given to the refractory supplier or alack of emphasis on the importance of properly
drying (and preferably curing) the refractory before boiler operation resumes.

Key Technical Point

Common misapplications of refractory are generally theresult of inaccurate
o or incomplete information given to therefractory supplier or alack of

emphasison theimportance of properly drying (and preferably curing) the
refractory before boiler operation resumes.

Refractory material selection is based on the expected severity of the application in terms of
impact, abrasion, and thermal shock (quenching). A competent refractory supplier can
recommend the optimum material for the known, or expected, operating conditions. Refractories
designed for more severe applications are typically lower in cement content, higher in alumina
content, and considerably more expensive.

The basic refractory installation methods are gunning, casting, bricking, and ramming. Gunning
of refractory in bottom ash hoppersis accomplished by mixing the material in a hopper, from
which it is pumped through anozzle at a velocity sufficient to result in agglomeration on the
surfaces of the hopper. Gunning continues until the nozzle operator estimates that the desired
final thickness has been applied in al areas. The surface of the finished product has a slightly
rough, or beaded, texture. This application method allows installation of the refractory without
erecting and removing forms. Material installed in this manner is commonly referred to as
gunnite.

Casting of refractory requires the erection of suitable forms into which the wet material is placed.
Placement of the material can be accomplished by pumping or by carrying it in buckets and
dumping it. A minimum setting time of 24 hours (86.4 Ksec) istypically required before the
forms are removed.
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Key Technical Point
(:O) A minimum setting time of 24 hours (86.4 K sec) istypically required before
theformsare removed.

With casting, the surface of the finished product has arelatively smooth texture.

Bricking, asthe nameimplies, involvesthe setting of vitrified paving bricksin abed of mortar
on top of aconcretefill. Such a paving brick system is sometimes used on the d oped hopper
sides, although the monolithic refractories described above are commonly applied to both the
vertical and sloped areas of the hoppers.

Ramming istypically used only for small repairsto an existing refractory system. The material is
usually placed by hand into the patch location and pounded into place with a hand-held
pneumatic reciprocating ram. Materials suitable for this application method are typically
supplied in a pre-mixed, ready-to-use condition and are referred to as rammable or plastic
refractories. Optimum anchor spacing can vary for each hopper refractory system, based on
considerations such as refractory thickness and hopper configuration. Ash hopper refractory
should be a minimum of 9 inches (229 mm) thick, with anchor placement on 15-inch (381-mm)
centers (minimum vertical and horizontal).

Key Technical Point

Optimum anchor spacing can vary for each hopper refractory system, based
(:O) on considerations such asrefractory thickness and hopper configuration.

Ash hopper refractory should be a minimum of 9 inches (229 mm) thick,
with anchor placement on 15-inch (381-mm) centers (minimum vertical and
horizontal).

Generally, asystem that uses a thinner refractory layer requires closer spacing of the anchors.
The refractory supplier typically provides the proper anchors and the installation
recommendations.

Preparation of the inside surface of the hopper prior to refractory installation consists mainly of
repairing any damaged hopper plate and painting it with two coats of bitumastic asphalt. The
asphalt coating effectively separates the refractory from the hopper steel, allowing for
differential expansion. For spot repairsto existing refractory, remove any loose material and coat
the refractory with the specified binder before hand-packing the patch material and ramming it
into place.

Heat curing is accomplished by applying aslow, even heat to the inside of the hopper to dry the
refractory and then reaching and maintaining the temperature at which ceramic bonds are formed
within the material, greatly enhancing its strength and durability. Firing temperatures of 1,000°F
(556°C) or higher are often required for optimum curing. Gas-fired or electric heaters can be
used to apply the heat prior to actually firing the boiler. Adjacent equipment that may be
damaged by the elevated temperature must be protected by thermal insulation or temporary
removal. In order to avoid the cost and outage impact associated with a true heat-cure, users may
smply firethe boiler very slowly on initial startup—using ignition fuel only and minimum air

4-3



EPRI Licensed Material

Material and Equipment Application Recommendations

flow—to avoid damage to the new refractory and achieve some degree of bonding within the
material.

Key O&M Cost Point

G) In order to avoid the cost and outage impact associated with a tr ue heat-

U cure, usersmay smply firetheboiler very dowly on initial startup—using
ignition fuel only and minimum air flow—to avoid damage to the new
refractory and achieve some degree of bonding within the material.

4.1.2 Seal Troughs/Plates

Common misapplications include the use of low-alloy steels unsuitable for the operating
environment, inadequate provisions for trough flushing, and use of the trough system asan
overflow weir for refractory cooling. Although carbon stedl is relatively inexpensive and is
available as astandard seal trough/plate material from boiler and hopper suppliers, long-term
viability in thisapplication is questionable.

Key O&M Cost Point

4
" Although carbon stedl isrelatively inexpensive and isavailable asa standard
seal trough/plate material from boiler and hopper suppliers, long-term
viability in thisapplication is questionable.

The seal trough and plate are subjected to the potentially aggressive environment of the lower
furnace, have an inherent gas/water interface, and cannot be repaired without a boiler outage. A
potentially aggressive environment makes the use of a suitable stainless steel economically
justifiable. Type 316 stainless steel provides good service with extended life, making it an
economical long-term choice for seal troughs and plates.

Key O&M Cost Point

G) A potentially aggr essive environment makes the use of a suitable stainless

U steel economically justifiable. Type 316 stainless steel provides good service
with extended life, making it an economical long-term choice for seal troughs
and plates.

Flushing must be routine and effective to ensure the flow of water between the seal plate and the
bottom of the trough, enabling pressure fluctuations within the hopper to be accommodated by
the seal without distortion of the seal plate. The number and placement of flushing nozzles must
be adequate to effectively remove accumulated ash from the bottom of the seal trough, ensuring
proper operation of the seal and minimizing the possibility of damage. The flushing operation
should be automated and performed after each ash emptying cycle or at least once per day during
boiler operation. At least one bottom ash system manufacturer offers a“round bottom” trough
design to enhance the effectiveness of the flushing operation.

In some hopper designs, the seal trough is used as an overflow weir to provide the water curtain

that coolsthe hopper refractory, protecting it from the radiant heat of the boiler and the
detrimental effects of thermal shock. The flow of protective water can be inadequate in some
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areas due to ash pluggage of the notched weir plate or out-of-level installation. Refractory
cooling reliability is greatly improved by the use of apressurized, punched-pipe system for
distribution of the cooling water.

4.2 Ash Transport Piping Systems

Common misapplications generally include the use of piping or components that will not provide
long-term, reliable service for the site-specific conditions. A few fundamental piping layout and
mai ntenance practices must also be adhered to in order to avoid operating problems and
premature failure.

Although there are a number of piping materials sometimes used for bottom ash sluice systems,
the vast majority use hardened cast iron, basalt-lined stedl, or ceramic-lined plastic pipe (see
Table 4-1). All of these materials are well suited for bottom ash sluicing. Because the choice of
piping material is predominantly determined based on short- or long-term cost priorities of the
user, piping material selection is more of an economic issue than an application or
misapplication issue.

Table 4-1
Common Bottom Ash Slurry Piping Materials
Material Weight/Unit Hardness Standard Length pH Range
Length
Hardened cast iron 60-70 Ib/ft 4.8-6.3 Mohs 18 ft 59
(40-47 kg/m) (~300-500 BHN) (5.5m)
Basalt-lined steel 70 Ib/ft 7-8 Mohs 18 ft 1-13
(47 kg/m) (~650—1,000 BHN) (5.5 m)
Ceramic-lined plastic 9.8 Ib/ft 9 Mohs 30 ft 4-12
(6.6 kg/m) (~1,200 BHN) (9 m)

Any piping components considered for use in the bottom ash sluice system must be designed for
abrasive durry applicationsin order to provide adequate service life. Although most designers
and users are aware of the importance of using appropriate pipe material, it is somewhat more
common to use inexpensive knife gates designed for water service, not abrasive slurry service.
This misapplication resultsin leaking or inoperable knife gates, jeopardizing bottom ash system
reliability and substantially increasing overall costs. When evaluating materials and components,
system designers and users should aso keep in mind that |eakage from an ash sluiceline at
certain locations (such asinto a public waterway) could result in aviolation of environmental
regulations.

The considerable turbulence in the piping immediately downstream of an ash pump necessitates
adherence to several basic application principlesin order to improve system reliability and
serviceability. Ash transport piping should be of increased hardness or wall thicknessfor the first
10 to 20 pipe diameters downstream of the ash pump, including the first and sometimes the
second elbow, depending on layout.
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Key Technical Point

(:O) Ash transport piping should be of increased hardness or wall thicknessfor
thefirst 10 to 20 pipe diameter sdownstream of the ash pump, including the

first and sometimesthe second elbow, depending on layout.

Suppliers of hardened cast iron pipe typically make an extra-hard grade that may be desirable for
thisarea of the system, but it is considerably more expensive and brittle. Basalt is unsuitable for
the magnitude of impact experienced in thisarea and is therefore not recommended. Pipe lined
with special alumina corundum or alumina ceramic material usually provides excellent service,
as long as the expected ash particle size does not exceed the manufacturer’ s recommendation.
Reinforced gaskets should be used in any fittings or couplingsin this area. Isolation valves are
sometimes located close to the pump in an effort to facilitate maintenance and minimize the
length of pipe that must be drained to service the pump. Even line valves designed for abrasive
durry applications will experience accelerated wear in this section of piping and so should not be
located in this turbulent region.

Providers of abrasion-resistant piping materials can assist designers and usersin selecting the
proper pipe size and the type and location of supports based on the anticipated system pressure,
durry density, and flow rates. Adequate drains and valves should be provided to ensure that each
section can be completely drained in areasonable time and effectively isolated for maintenance.
An often overlooked fundamental principle of slurry piping layout isthe necessity of using only
vertical risersat anincrease in elevation.

Key Technical Point
(:O) An often overlooked fundamental principle of slurry piping layout isthe
necessity of using only vertical risersat an increasein elevation.

This practice maximizes the ability of the water to carry the ash particles upward and minimizes
the chance that ash particles will drop out of suspension and cause a pluggage. Where the piping
decreasesin elevation, the process may be performed at an angle other than vertical.

Depending on pipe material and site-specific conditions and routing, cathodic protection may be
necessary for duice systems utilizing metallic pipe. Metalic pipe may also require periodic
repainting to minimize the effects of external corrosion or rusting.

4.3 Crushers

Common crusher misapplications include poor access for maintenance, inappropriate shaft seal
design, and inadequate shaft seal flush water supply.

Regardless of design specifics and materials of construction, crushers experience considerable
wear due to the abrasive nature of the dag and ash being processed. Pluggages or jams
occasionally occur and must be manually cleared to enable continued operation and prevent
equipment failure. Inefficient combustion within the boiler can result in bottom ash that is
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difficult to process or an increase in bottom ash quantity, which can increase wear and the
likelihood of pluggages. Proper access must be provided to allow personnel to perform routine
surveillance, lubrication, adjustments, and maintenance. Suitable rigging points or trolley beams
must be provided on overhead structural steel, properly configured and rated for the weight of
the heaviest component.

Accessibility to common wear parts should be considered when evaluating crusher designs.
Some manufacturers offer hinged access doors to enable replacement of wear parts and clearing
of jams without further disassembly of the crusher. If these doors are too heavy, require the
removal of too many bolts, or are inconveniently located for the site-specific conditions, their
advantage may be reduced. In the absence of such an access door on the crusher itself, it is
recommended that an access panel or door be provided near the bottom of the discharge
enclosure to alow clearing of jams and inspection of components such as the roll(s) and
combing plate.

Each crusher manufacturer has one or more shaft seal designs available, based on considerable
research and field-testing. Ruggedness, allowance for expected shaft deflection, sealing
effectiveness, and protection of the shaft and adjacent bearing are primary design considerations.
Hardened shaft sleeves are recommended for use in the seal areas of the crusher.

Key Technical Point
(:O) Hardened shaft sleeves arerecommended for usein the seal areas of the
crusher.

While this feature will not prevent the initial onset of seal contamination and wear, it will
significantly extend the usable life of the seal and confine shaft damage to the replaceable sleeve.
A deflector lip or ring should be used between the seal and the adjacent bearing to reduce the
possibility of bearing contamination and damage from seal leakage water or ash particles. To
maximize the seal protection provided by the packing flush water, an alarm or interlock can be
activated by loss of flow or pressure, which will aert personnel to take corrective action before
excessive wear or damage occurs. If an adequate supply of potable or filtered water cannot be
reliably supplied to the seals at the specified pressure, a flushless seal design should be used.

4.4 Control Systems

Common control system misapplications include the use of inappropriately rated instruments,
panels, boxes, and connectors and a component |ocation whose conditions may cause premature
failure or an unsafe working environment. All motors, panels, shields, and similar electrical
components should be properly grounded to minimize stray voltage problems. Ash system
instruments, panels, junction boxes, and connectors should be rated NEMA 4 (waterproof) when
located in moist aress.

Key Technical Point
(:O) Ash system instruments, panels, junction boxes, and connector s should be
rated NEMA 4 (water proof) when located in moist areas.




EPRI Licensed Material

Material and Equipment Application Recommendations

Moistureinfiltration is one of the leading causes of control system malfunction and failure.
Where the ambient conditions are expected to be acidic (often dueto sulfurous coal dust), these
components should be constructed of corrosion-resistant materials, such as stainless steel or
certain plastics. Where ambient conditions are expected to be dry and controlled (for example, in
control rooms, cable rooms, and other enclosures), NEMA 1 rated components are adequate, less
expensive, and less cumbersome.

Known or expected ambient temperatures must be taken into account during the selection of
instruments and other control system components. The user needs to be sure that equipment
ratings are adequate for any anticipated environmental conditions. Care should be taken to ensure
that equipment and the conduit are not |ocated or routed near hot spots, such as boiler floor steel
or upper hopper steel.

Proximity to equipment and fundamental safety principals must also be properly balanced when
locating bottom ash system local control panels. From an operating standpoint, it is
advantageous, and sometimes essential, to have local control panels positioned such that the
operator can observe the equipment being controlled. From a safety standpoint, it is essential that
local panels not be located where the operator would be harmed if a malfunction were to occur.
For instance, if accessdoors are provided in the lower area of the discharge enclosures, the local
control panel must be located at a safe distance and elevation in case of adoor closure failure
while the discharge gate is open.

4.5 Dewatering Systems

The most common misapplications associated with dewatering bins, settling tanks, and surge
tankstypicaly fall into the category of underestimating the importance of conservative design as
it relates to number of binsg/tanks, size of bins/tanks, cone slopes, and recommended features.
Environmental considerations must also be taken into account.

Two or more dewatering bins should be used in order to allow adequate volumetric margin, to
provide the necessary flexibility for filling, dewatering, and unloading cycles, and to allow for
planned or corrective maintenance. Size the dewatering bins for a combined net storage capacity
representing 72 hours (260 Ksec) of production of bottom ash at MCR.

Key Technical Point
@) Sizethe dewatering binsfor a combined net storage capacity representing 72
hours (260 K sec) of production of bottom ash at M CR.

A discharge skirt and underflow baffle should be provided for each bin. To ensure effective
emptying of ash, the cone angle should be 55 to 60 degrees (0.96 to 1.0 radians) from the
horizontal, and brackets should be provided for mounting four vibrators at 90-degree (1.6-radian)
intervals.

Key Technical Point

(:O) To ensure effective emptying of ash, the cone angle should be 55 to 60
degrees (0.96 to 1.0 radians) from the horizontal, and brackets should be

provided for mounting four vibratorsat 90-degree (1.6-radian) intervals.
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Depending on bin diameter, one or two vibrators should be provided as origina equipment. In
cold climates, thermostatically controlled freeze protection should be provided for the drain lines
and valves as well as the lowest portion of the cone.

The settling tank should be sized such that the rise rate of the water is less than the settling
velocity of the particles that are expected to be handled. To ensure that settled-out Sludge can be
effectively removed, the cone angle should be 45 degrees (0.78 radians) from the horizontal.

Surge tank sizeis determined by the collective volume of therest of the dewatering system. The
surge tank should be ableto store all of the water used in the system and release it as needed. A
cone angle of 35 to 45 degrees (0.61 to 0.78 radians) is recommended. The height of the surge
tank is determined by several performance factors, including the provision of positive suction
head for the pumps and an adequate dead band for level control. The amount of dead band
required is affected by the degree of turbulence expected and the type of level controllers being
used.

Detailed sizing and design recommendations are presented in Section 3.1.9 and are not repeated
here. Designers and users must also keep in mind that any change in coal usage—especially a
switch to afuel with higher ash content, lower heating value, or both—will significantly affect
the dewatering system operation and adequacy.

Asisthe case throughout the plant site, provisions must be made for the proper treatment of any
dewatering system leakage or effluent before it is discharged in order to avoid violation of
environmental regulations.

4.6 Discharge Gates/Doors

Most discharge gates are well designed for the harsh, abrasive service involved in duicing the
ash durry from hoppers and discharging dewatered ash from bins. Misapplications occasionally
occur when material selection is based on short-term savings rather than long-term reliability. In
general, all wear parts of the bottom ash duice gates and doors should be made of a suitable
stainless steel (typically type 316 stainless).

Key Technical Point
(:O) In general, all wear partsof the bottom ash duice gatesand door s should be
made of a suitable stainless sted (typically type 316 stainless).

Gate faces are sometimes made of rubber, which initially providesa more leak-free seal than
stainless steel but is more susceptible to abrasion and cutting by jagged ash and slag. Depending
on site-specific conditions and priorities, rubber faces may provide adequate service, but
stainless steel isrecommended for most applications.

In an effort to minimize leakage with stainless steel gate faces, more than one supplier of heavy-
duty ash gates has recently incorporated “support wheels” into the closing system, which enable
increased sealing pressure around the hopper opening in comparison to wedge blocks alone. This
feature isworthy of consideration by the user or designer.
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4.7 Pumps
4.7.1 Centrifugal Pumps

Common misapplications for centrifugal ash pumps include choice of liner material, sizing of
impeller clearances, and selection of drive mode. Heavy-duty slurry pumps are often provided
with or without wear liners, and liner materials are most often made of rubber or cast iron. The
characteristics of the slurry determine whether wear liners are required and the best choice of
liner material.

The abrasive, jagged nature of bottom ash necessitates wear liners and limits the choice of
material. Rubber-coated impellers and rubber wear liners are occasionally used in bottom ash
pumps but generally provide inadequate wear life. Impellers and wear liners of centrifugal
pumps made of high chrome, hardened cast iron provide the best resistance to degradation and
therefore the best value.

Key Technical Point

(:O) Impellersand wear linersof centrifugal pumps made of high chrome,
hardened cast iron provide the best resistance to degradation and therefore

the best value.

The expected sizing output of the crusher must be taken into consideration during design or
selection of the jet pump. Throat clearance must be at least twice the size of the largest ash
particles expected to be passed by the crusher. Pluggage of the throat may be caused by a crusher
that has a spring-release feature, which allowsiit to pass hard clinkers or tramp oversized
material.

Direct-coupled and belt drive models are available for heavy-duty slurry pumps. Belt drives are
less expensive and easier to align and maintain. Due to the complexity of bottom ash systems, it
isnot unusual for impeller adjustmentsto be required during initial startup testing or after any
changes are made to the system. Performing such adjustments (fine-tuning) on direct-coupled
pumpsisdifficult and expensive but is relatively simple and inexpensive for belt driven models.
Belt drives are the best choice for centrifugal bottom ash pumps.

(:o) K ey Technical Point
Belt drives arethe best choice for centrifugal bottom ash pumps.

4.7.2 Jet Pumps

Although jet pumps are relatively inefficient, they are often chosen for ash duice systems
because they are smple, rugged, and inexpensive. Common misapplicationsfor jet pumps relate
mostly to material selection, accessibility for maintenance, sizing of throat clearance, and system
requirements for devel oped head.

4-10
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For most bottom ash systems, high chrome or nickel-chrome alloys provide the best service life
for combining tubes and tailpieces. Nozzles are commonly made of a hardenable grade of
stainless steel, which provides good service. If ash particles or other abrasives are present, or
expected to be present, in the nozzle water, more abrasion-resi stant nozzles, typicaly made of
tungsten carbide or ceramic, can be used.

Jet pumps contain no moving parts and are constructed such that the common wear parts (nozzle,
combining tube, and tailpiece) can be easily removed, inspected, and replaced as needed.
Suitable galleries and rigging points should be provided to alow safe and efficient inspection
and service of the jet pumps. Ejectors are not suitable for pump head requirements of more than
150 feet (45.6 m).

Key Technical Point
(:O) Ejectorsarenot suitable for pump head requirements of more than 150 feet
(45.6 m).

4.8 Mechanical Bottom Ash Systems

The most common misapplications for MBASsfall into the categories of material selection,
accessibility for maintenance, and dewatering slope angle. Bottom ash chains should be top
quality, case hardened, and annealed to achieve a hard wear surface (550-800 BHN [~6.75—7.6
Mohs]). Abrasion-resistant steel, such as AR400, is commonly used for abrasive wear.

Key Technical Point

(:O) Bottom ash chains should betop quality, case hardened, and annealed to
achieve a hard wear surface (550-800 BHN [~6.75-7.6 Mohs]). Abrasion-
resistant steel, such as AR400, iscommonly used for abrasive wear.

If abrasion is expected to be particularly severe, covering wear surfaces with ceramic or basalt
tile can be effective and result in long-term savings.

Subcomponents that require routine inspection, lubrication, adjustment, and maintenance include
the conveyor chain and flights, chain drive, idlers, and sprockets. Access panels and suitable
galleries must be provided to allow safe and efficient inspection, adjustment, lubrication, and
repairs.

To ensure that ash will be effectively conveyed up the dewatering slope without cascading back

into the bend area and causing pluggage, the slope angle should generally not exceed 30 degrees
(0.52 radians) from horizontal.

4-11
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MAINTENANCE

Because bottom ash systems operate under extremely harsh conditions and are critical to boiler
operation and availability, a disproportionate amount of maintenance is required to keep them
operating reliably. These same factors have resulted in a proliferation of specialized materials,
techniques, and designs that address the most common failure modes.

5.1 Common Failure Modes and Mitigation Recommendations

Based on failure descriptions and data gathered from users and manufacturers, common failure
modes for each component are identified and briefly discussed in this section. Mitigation
recommendations focus on identifying failure mechanisms and utilizing the methods, materials,
and modifications that have provided long-term solutions to these problems within the industry.
This section isintended for use as a quick reference, summarizing key points and best practices
asidentified by surveying numerous users, manufacturers, and vendors during the investigative
phase of producing this guide. Detailed component descriptions and illustrations are presented in
Section 3, and many failure modes and mitigation techniques are described in Section 5.2.

Formal root cause analysis and detailed investigation of specific equipment failures are not
within the scope or intent of this guide. Therefore, the discussion in this section is brief and
general, focusing on the most common causes of the described failures and recommendations
that are helpful in mitigating each failure mode. It isincumbent on the equipment user to
correctly identify the cause of any specific problem so that it can be properly addressed using the
methods described in this guide. Recommendations are examples of techniques that have been
successfully used to solve the problems being discussed. Applicability of any recommended
solution must be determined on a case-by-case basis by personnel familiar with site-specific
equipment details.

5.1.1 Ash Hopper
5.1.1.1 Refractory

The refractory system on bottom ash hopper walls and slopes can be affected by severd failure
modes, including impact damage, cracking or spalling, erosion, and corrosion.

Impact damage most commonly occurs when large pieces of slag or sintered ash fall into the
hoppers. It can aso be caused by falling tramp metal, such as tube shields or spacers. Thetop of
the slope walls (which separate adjacent hoppers) is the most vulnerable location because
protection by the impounded water is at a minimum and falling objects can strike a direct, rather
than glancing, blow.
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e Contact the furnace and/or sootblower supplier for assistance in minimizing slag/ash falls
from the boiler tubes.

e |f tramp metal isasignificant problem, the source must be identified and proper corrective
action taken elsawhere in the boiler. For instance, if tube shields or spacers commonly fall
into the hoppers, then improving the attachment design or installation method will minimize
detachment of these components from the boiler tubes. In some applications, it may be
advantageous to replace tube shields with spray metallizing.

e Substantial metal guards (often referred to as cricket guards) can be fabricated and installed
at the top of the slopes and embedded in the surrounding refractory. This arrangement allows
the energy of falling objects to be distributed over awider area and provides an impact
surface that is much less susceptible to fracture. Depending on the chemistry of the ash
hopper water and the lower boiler atmosphere, stainless steel guards may provide longer
servicelife.

Cracking or spalling primarily occurs due to the inherent thermal cycling in the bottom ash
hopper environment. These effects can be exacerbated by common operational problems.

If any portion of the hopper wall refractory |oses the protective coverage of the water curtain, it
will be alternately heated and quenched, which accel erates cracking and spalling.

e Keep sediment accumulations flushed out of the curtain water supply piping or troughs

e |f awater curtainisprovided by atrough, consider upgrading to a punched pipe system for
improved coverage and reliability.

Erosion is unavoidable and occurs due to the turbulence produced by the flushing nozzles and
the diding abrasion of the ash. It isusually most pronounced on the hopper slopes. Excessive
erosion of ash hopper sides can be caused by misaligned flushing nozzles or flush water pressure
exceeding the manufacturer’ s recommendations.

Key Technical Point

@) Excessive erosion of ash hopper sides can be caused by misaligned flushing
nozzlesor flush water pressure exceeding the manufacturer’s
recommendations.

Carbon monoxide in the lower boiler atmosphere or low pH of hopper water can cause corrosion
in refractory. If thereisaproblem of refractory corrosion, plant personnel must accurately
determine the operating conditions and identify the corrosive agent.

e A competent refractory design company can then be consulted to determineif a suitable
refractory composition is available, which would be more resistant to the specific corrosion
mechanism.

e Alternately, treatment of the sluice water system with a buffering chemical may be preferable
because all wetted components in the sluice system would be protected.
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Personnel can also cause localized refractory damage when poke bars are used to remove ash
bridging or slag accumulations from the slag tap of a wet bottom (sagging) furnace. Damage of
dag tap refractory can result in rapid erosion of floor tubesin the tap and subsequent tube leaks.

Key Technical Point
(:O) Damage of slag tap refractory can result in rapid erosion of floor tubesin the
tap and subsequent tube leaks.

Adequate training in the proper method of rodding taps and the precautions that must be
observed can minimize tube damage.

Industry best practices that have proven to mitigate al of the above failure modes include the
following:

e Addition of stainless steel fibers to the gunnite or castable refractory mix (commonly 2% by
weight) before installation on the hopper walls or dopes. The fibers stabilize the monolithic
refractory and reduce the tendency of cracked or spalled pieces to detach.

e Incaseswhereit can beinstalled without prohibitive expense or interference with other
outage activities, heat-curing the hopper refractory can improve service life by baking out the
inherent moisture and establishing ceramic bonds within the material. A heat cure of this
scope and complexity should be performed only by an experienced contractor, with suitable
protection of adjoining structures and equipment.

e Maintaining hopper water level while pulling ash.

5.1.1.2 Seal Troughs/Plates

The water-filled trough and plate system that provides the seal around the boiler bottom can be
affected by several failure mechanisms. The primary cause of damage is corrosion dueto the
aggressive nature of boiler gasses and the inherent gas/water interface. Due to the lack of on-line
accessibility for repairs, resolution of problems usually involves the use of corrosion-resistant
materials.

e Severa gradesof stainless steel can be considered for fabrication of replacement plates and
troughs. Site-specific corrosion mechanisms will dictate the best alloy choice. See Section 4,
“Material and Equipment Application Recommendations,” for more details on corrosion-
resistant alloys. A polymer coating on the hopper plates and seal troughs will resist corrosion
and elevated temperatures.

Key Technical Point
(:O) A polymer coating on the hopper platesand seal troughswill resist corrosion
and elevated temperatures.

e |f an owner isconsidering such apolymer coating approach, several competent coating
manufacturers should be consulted for a thorough analysis and recommendation.
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e At least one manufacturer offersa“round bottom” seal trough, which is designed to improve
the effectiveness of the flushing operation. Users might consider this option when assessing
ash hopper design or retrofits, especialy if seal trough flushing has been a problem.

5.1.2 Ash Transport Piping Systems

Primary failure mechanisms affecting ash transport piping systemsinclude erosion, corrosion,
and impact. Undercutting of abrasion-resistant liners can also occur. Erosion of piping system
components occurs due to sliding abrasion from the ash slurry being conveyed. Periodically
rotating straight lengths of ash piping in each ash conveyor pipelineis an excellent techniquefor
extending pipe life.

Key Technical Point
(:O) Periodically rotating straight lengths of ash piping in each ash conveyor
pipelineisan excellent technique for extending pipelife.

e To determine the appropriate frequency of rotation, afew straight lengths on each pipeline
should be visually inspected for wear, either on a scheduled basis or during normal
mai ntenance activities. This can be most easily performed by removing an elbow in an
accessible location. Wear on the upstream straight length will be more representative of the
wear throughout the piping system because both the location and severity of abrasion on the
downstream straight length will be affected by the flow disturbance from the elbow.
Comparing the percentage of wall loss to the time in service allows an estimate of the wear
rate. Most erosive wear occursin the bottom quadrant of the piping. Based on the estimated
wear rate, rotations should be scheduled to occur when the pipe wall or abrasion-resistant
liner is expected to be approximately 50—75% worn in the bottom quadrant. Rotations are
typically done in increments of 90 or 120 degrees (1.6 to 2.1 radians). If adequate for the
wear pattern, 90-degree (1.6-radian) rotations are preferred because three rotations can be
performed before the pipe entersits final wear cycle.

Erosion is more prevalent at fittings, where directional changes and/or turbulence may occur.

e Inunlined metallic piping systems, integral wearbacks (increased wall thickness) are often
incorporated at the high-wear areas of fittings.

e Most piping system manufacturers offer optiona fittings constructed of more abrasion-
resistant materials than the straight lengths. The increased cost of such fittingsis usually
justified by the increasein service life.

e Instead of discarding fittings that have experienced localized wear, in many cases the worn
areas can be rebuilt with an abrasion-resistant epoxy and the fittings stocked for reuse. A
variety of ceramic-filled and carbide-filled epoxies is available for this application-specific
recommendation; installation instructions can be obtained from epoxy manufacturers or
vendors.

At some plants, low pH of the sluice water can cause corrosion of the ash piping components. In

these (somewhat uncommon) situations, plastic piping or piping lined with basalt or ceramic will
generally be much more impervious to chemical attack.

54
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Impact damage to the inside of ash piping most commonly occursin the pipe and fittings closest
to an ash pump, including the first elbow after the pump and the elbow at the top of the riser
where the ash pipe emerges from a pit or trench.

e Most manufacturers of ash piping offer impact-resistant pipe and fittings. Depending on the
system layout, impact-resistant pipe and fittings are recommended for the first 10 to 20 pipe
diameters downstream of the ash pumps. A high-impact-resistant lining, such as aumina
ceramic or alumina corundum, isused in unlined high chrome metallic pipein areas closest
to the ash pump, including the first downstream elbow.

Key Technical Point

(:O) A high-impact-resistant lining, such as alumina ceramic or alumina
corundum, isused in unlined high chrome metallic pipein areasclosest to

the ash pump, including thefirst downstream elbow.

Undercutting of abrasion-resistant linersis usually caused by improper alignment at pipe
connections. Manufacturers of lined pipe have developed components and methods that ensure
proper aignment when used correctly during installation.

e Theinstaler of the piping system must use the proper components and techniques.

5.1.3 Crushers

Primary failure mechanisms affecting crushers include erosion, corrosion, binding, and shaft seal
failure. Erosion of theroll(s) and wear plates occurs due to the abrasive nature of the ash being
crushed. Rolls and wear plates are made of hardened cast alloys for maximum resistance to wear.

Some manufacturers offer symmetrical, reversible roll segments and wear plates, which can be
unbolted and reversed at their half-life to extend the interval between required crusher overhauls.
A cost-saving best practice isto rebuild crusher rolls rather than replace them when they have
worn beyond the manufacturer's specification.

G) Key O&M Cost Point
U A cost-saving best practiceisto rebuild crusher rollsrather than replace

them when they have worn beyond the manufacturer's specification.

These rebuilds can be completed on site by plant personnel, in accordance with manufacturer’s
instructions, or the rolls can be sent to the manufacturer for rebuilding. One or more sets of rolls
(new or rebuilt) and other common wear parts should be kept on site to ensure a quick
turnaround in the case of crusher maintenance.

Corrosion of crushers occasionally occurs due to low pH of the ash hopper water or the damp,
acidic ambient conditions that can exist in the ash pit below a boiler. Rolls and wear plates are
usually not significantly affected, and material selection for these partsis restricted by the
overriding need for wear resistance. For special circumstances where corrosion is a significant
problem, casing and frame components are available in stainless steel.



EPRI Licensed Material

Maintenance

Binding of crushers generally occurs due to 1) overloading or 2) tramp material of some kind,
such as detached wall or slope refractory, tube shields, or tube spacers.

If binding is due to overloading, an operational assessment must be performed to determine the
cause.

e Inefficient ash pump operation can cause recirculation of ash in the crusher. Make sure the
ash pump is capable of sluicing the ash at afaster rate than the crusher processesit.

e |nadequate dilution water flow at the bottom of the ash hopper can result in slurry that istoo
concentrated for the crusher and/or the ash pump. Ensure that there is adequate dilution flow
and that ash is durried before opening the duice gate.

e |f binding isdue to the normal ash loading and hardness typical for the boiler, an upgrade of
the motor or the entire crusher may be required. Check with the crusher manufacturer
regarding the feasibility of installing alarger motor. If the existing crusher is not suitable for
use with alarger motor, it may be necessary to upgrade the entire crusher/motor assembly, in
which case severa brands and designs should be considered based on site-specific operating
conditions and mai ntenance experience.

e If binding isdueto tramp material, the source must be identified and proper corrective action
taken elsewherein the boiler. For instance, if tube shields or spacers commonly fall into the
hoppers, then improving the attachment design or installation method will minimize
detachment of these components from the boiler tubes. In some applications, it may be
advantageous to replace tube shields with spray metallizing. If detached refractory isa
significant cause of crusher binding, the refractory must be investigated and appropriate
repairs or replacement performed. Crushers are designed to reduce detrimental effects of
binding by using auto-reverse or spring release of theroll(s). A disadvantage is the potential
for problems with oversized materid in the ash pumps.

Key Technical Point

@) Crushersaredesigned to reduce detrimental effects of binding by using
auto-reverseor spring release of theroll(s). A disadvantage isthe potential

for problemswith oversized material in the ash pumps.

Shaft seal failureis commonly caused by shaft deflection, dirty or inadequate seal flush water,
and improper adjustment or lubrication. Seal failure can damage the crusher shaft and bearings
and, in severe cases, result in an accumulation of water and ash below the crusher. Crusher shaft
sealing is such asignificant problem for users that crusher, seal, and packing manufacturers have
designed an enormous variety of products and features to addressit. The following information
highlights the primary failure modes and the general approaches for mitigation.

Due to the high forces required to effectively crush the bottom ash, shaft deflection isacommon
operating characteristic of crushers. Excessive deflection resultsin eccentric rotation of the shaft,
making it very difficult to seal. Crusher manufacturers attempt to minimize this deflection ina
number of ways, including mounting the shaft bearings directly to the crusher frame or using a
sguare shaft cross-section within the crusher.
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The most common seal design uses several rings of packing and a perforated lantern ring to
allow clean flush water to enter the packing gland. Ideally, the flush water should be of potable
quality and supplied to the gland at the pressure stated on the system drawings or approximately
5 ps (34.5 kPa) above the maximum static head in the hopper.

e Flush water that contains dirt, ash, sludge, or other similar impurities can introduce particles
into the gland, which can embed on the surface of the packing rings and abrade the shaft. If
potable water is unavailable for flushing the seal, a fine-mesh duplex strainer can be installed
to provide suitable filtration before the water enters the gland. This approach demands proper
operation, flushing, and maintenance of the strainer to ensure protection of the seal.

e Incaseswhereit would be impractical to provide flush water of suitable pressure and
cleanliness, seal designsthat require no flush water are available.

Any type of seal will fail if it isnot properly installed, adjusted, and |ubricated.

e Aspacking wearsor consolidates, the packing gland follower must be gradually and evenly
tightened until only asmall amount of seal water flows out of the gland. Overtightening can
cause the packing to act as a brake on the shaft, which will increase shaft wear, possibly
contributing to binding of the crusher.

e Inthe case of flushless, pumpable packing systems, the gland must be periodically pumped
up with grease or packing compound, depending on the design of the seal system.
Manufacturers of such systems offer simple accessories that automatically inject the proper
grease or compound as needed. The best practice for problematic crusher seal applicationsis
to use a hardened shaft sleevein the seal areas.

Key Technical Point
(:O) Thebest practicefor problematic crusher seal applicationsisto usea
hardened shaft sleevein the seal areas.

The sleeve can be made of tool steel or another suitable material, depending on the application.
Although this approach addresses a seal failure symptom rather than root cause, it isrelatively
economical and can significantly extend the life of the seal and shaft.

5.1.4 Control Systems

Primary failure modes affecting bottom ash handling control systems include corrosion or
shorting of wiring, connections, and other components due to the moist, sometimes acidic,
ambient conditions common in the ash pit and elsewhere in the plant. High ambient temperatures
can also shorten the life of electrical insulation and electronic components.

e NEMA 4X waterproof instruments, junction boxes, control panels, and connectors should be
used in the ash pit area and in other parts of the plant where moisture can be expected.
Stainless steel boxes and panel components are especially well justified in the ash pit area.
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e |f casing leaks or deteriorated insulation on hot equipment causes high ambient temperatures,
the leaks or insulation should be repaired for the benefit of al equipment and personnel in the
area. If high ambient temperatures are unavoidable, the control system componentsin such
an areamust be adequately ventilated, cooled, or relocated.

5.1.5 Dewatering Systems

Primary failure modes affecting dewatering bins, settling tanks, and surge tanks include erosion,
impact, and corrosion, with erosion and impact wear amost always confined to the slurry
entrance area of the dewatering bins. Thisis where impact platesor grates are located and
designed specifically to resist wear and dissipate the energy of the entering ash/water mixture.
The impact plates/grates are also designed and oriented to evenly distribute the flow to the bin
below. These plates/grates are typically constructed of wear-resistant high-chrome alloys.
Periodic inspectionsfor wear and structural integrity normally allow adequate time for planned
repair or replacement during an outage, if the need should ever arise. Although rare, erosion
sometimes occursin the lower cone area of the dewatering binsas aresult of diding abrasion
during the emptying process. If thisis a problem at a particular plant, the economics of replacing
the lower cone with stainless steel can be evaluated.

Corrosion of bins and tanks in the dewatering system occasionally occurs on the exterior if dirt,
coal dust, or ash is allowed to accumulate on the surface, especialy in adamp location. Normal
cleaning and painting should ensure that this type of corrosion is a non-issue.

5.1.6 Discharge Gates/Doors

Primary failure modes affecting discharge gatesinclude erosion and corrosion. Erosion of the
gate face, seds, liners, breaker bars, guide angles, rollers, supports, and braces inevitably occurs
due to the abrasive nature of the ash/water mixture being slurried. Mitigation of erosion in
discharge gates consists mainly of using abrasion-resistant components and linings and
consistently employing proper operating techniques.

If the nozzles used for dlurrying operate for too long atime before the discharge gate is opened,
the turbulence can increase erosive wear on the face of the gate. Refer to the system instructions
for the correct durrying procedure.

5.1.7 Pumps
51.7.1 Centrifugal Pumps

Primary failure modes affecting centrifugal pumps in bottom ash systemsinclude erosion,
corrosion, lubrication failure, and belt drive failure. Erosion of impellers and casings inevitably
occurs due to the abrasive nature of the ash/water mixture being pumped. In pumps designed for
durries, abrasion-resistant linings are commonly used on the impellersand casings. Due to the
hard, jagged nature of bottom ash particles, elastomer linings (although less expensive) often
provide poor service. Mitigation of erosion in bottom ash slurry pumps consists mainly of using
impellers and casing linersthat are cast from extremely hard aloys, such as 27% chrome or
Ni-Hard.

5-8
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Key Technical Point

(:O) Mitigation of erosion in bottom ash durry pumps consists mainly of using
impellersand casing linersthat are cast from extremely hard alloys, such as

27% chromeor Ni-Hard.

Corrosion of these pumps s rare because the alloys required for erosion protection are also very
corrosion resistant.

L ubrication failure can be caused by a number of factors, including the entry of water into the
bearings, underlubrication, and overlubrication. If water isfound in apump bearing during
normal inspection activities or if evidence of water (for example, rust) isfoundin afailed
bearing, the source of the water must be identified and the problem corrected. Excessive packing
leakage can often spray enough water on an adjacent bearing to cause infiltration. Packings
should be routinely monitored, adjusted, and maintained to help avoid bearing damage.

The proper amount of the correct [ubricant must be kept in the bearings at al times. Literature
from the pump manufacturer will specify the proper lubricant and lubrication techniques for the
specific application. In the absence of such literature, the necessary information can be obtained
from the pump or bearing manufacturer.

Belt drive failures most commonly occur due to misalignment or improper belt tension. A simple
straightedge alignment of the drive pulley and driven pulley is adequate. Simple, effective belt
tensioners are normally provided by belt vendors.

51.7.2 Jet Pumps

Primary failure modes affecting jet pumps in bottom ash systems are erosion, impact, corrosion,
and lubrication failure.

Erosion and impact of combining tubes and tail pieces inevitably occurs due to the abrasive
nature of the ash/water mixture being pumped and the localized turbulence. Mitigation of erosion
and impact in bottom ash jet pumps consists mainly of using components that are cast from
extremely hard tough alloys, such as 27% chrome or Ni-Hard.

Key Technical Point

(:O) Mitigation of erosion and impact in bottom ash jet pumps consists mainly of
using componentsthat are cast from extremely hard tough alloys, such as

27% chromeor Ni-Hard.

Ceramics have generally not provided an erosion solution for combining tubes and tail pieces
because they lack the toughness required to withstand the impact forces.

Nozzle erosion can be caused by abrasive impurities in the high-pressure ash sluice water. If
nozzle erosion is asignificant problem, contact the manufacturer to obtain appropriate ceramic
nozzles, which will give maximum wear lifein the presence of abrasives.
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Corrosion of these pumps s rare because the alloys required for erosion protection are also very
corrosion resistant. Because they are commonly made of more conventiona aloys, pump bodies
will occasionally suffer corrosive attack dueto low-pH water in the system. Various grades of
stainless steel can be used to fabricate pump bodies to minimize this problem.

5.1.8 Mechanical Bottom Ash Systems

Primary failure modes affecting MBA Ssinclude impact, erosion, and corrosion. Impact damage
most commonly occurs when large pieces of slag or sintered ash fall into the ash tank. If impact
damageisasignificant problem, contact the furnace and/or sootblower supplier for assistance in
minimizing slag/ash falls from the boiler tubes.

Erosion of moving parts within the MBAS isaresult of the abrasive nature of the material being
received and conveyed. Mitigation consists of using extremely hard alloys, cast basalt, or
ceramics at known wear points. Chrome-nickel alloys and case hardening are commonly used for
chain links of MBAS, achieving surface hardnessin the range of 550-800 BHN

(~6.75-7.6 Mohs).

Key Technical Point

(:O) Chrome-nickel alloys and case hardening are commonly used for chain links
of MBAS, achieving surface hardnessin therange of 550-800 BHN
(~6.75-7.6 M ohs).

Conveying trough bottoms, wear strips, and flight bar wear surfaces can be fabricated from
abrasion-resistant steels (such as AR 400) or covered with basalt or ceramic tile. MBAS
components with corrosion problems can be replaced with stainless steel fabrications; however,
it is preferable and more economical to control pH by injecting appropriate chemicals at the
surge tank.

Key Technical Point

@) MBAS componentswith corrosion problems can bereplaced with stainless
steel fabrications; however, it is preferable and mor e economical to control
pH by injecting appropriate chemicals at the surgetank.

5.2 Preventive Maintenance and Replacement Guidelines

This section provides recommendations for an effective, proactive maintenance program. It gives
detailed information for choosing the best replacement or upgrade components for agiven
application based on industry best practices as determined by survey responses and follow-ups
along with manufacturer literature and input. Information is provided regarding lubrication,
operational inspections, and outage inspections for the basic major subsystems. The components,
subsystems, and systems discussed are described in detail in Section 3.

Basic preventive maintenance recommendations for ash handling systems are outlined, including
actionsto be taken on daily, weekly, monthly, and quarterly schedules and during scheduled
outages. The procedures described are generic; that is, the information given for the discharge
doors of bottom ash hoppers aso applies to the discharge doors of dewatering bins and other
tanks.

5-10



EPRI Licensed Material

Maintenance

Thisinformation isintended to provide general insight into the requirements of commonly used
equipment. It should be used in conjunction with the specific information provided by vendors.
In determining the necessity or appropriate frequency of any inspection or maintenance activity,
there is no subgtitute for the judgment of experienced and conscientious plant personnel.
Attentive, observant, and conscientious plant personnel are the key to an effective maintenance
program.

0 Key Human Performance Point
Attentive, observant, and conscientious plant personnel arethe key to an

effective maintenance program.

Preventive maintenance recommendations given in this guide and in manufacturer’s literature are
not meant to replace the observations and experience of staff members who are intimately
familiar with the equipment. Inspection and preventive maintenance activities should be adjusted
and optimized at each site based on plant records and expertise. Long periods of unusually low

or high electrical generation may also necessitate adjustments in preventive maintenance
activities. Thorough documentation and tracking of inspection reports and component failure
historiesis essential for maintenance optimization.

The maintenance information presented in this guide isdivided into the following subsections
that describe work on major systems:

e Hydraulic bottom ash systems

e Recirculating water systems

e Mechanical bottom ash systems

The discussion of each topic isintended to be complete within itself. Consequently, some
information is duplicated because it applies to more than one subsystem or situation. For
example, some actions appear in descriptions of both operational inspections and outage
inspections. Certain information is deliberately repeated to minimize the need for "page flipping”
by areader who isfollowing a specific discussion.

5.2.1 Hydraulic Bottom Ash Systems

Whenever performing any work or inspections in the bottom ash hopper or on the equipment
used in the bottom ash system, it is essential to observe al plant safety rules.

Key Human Performance Point
0 Whenever performing any work or inspectionsin the bottom ash hopper or

on the equipment used in the bottom ash system, it is essential to observe all
plant safety rules.

Review the supplier'sinstruction manuals for safety precautions concerning specific items of
equipment before undertaking work with such equipment.
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521.1 Lubrication

Table 5-1 summarizes the lubrication requirements for bottom ash and mill regjects systems. The
table can be used to develop checklistsfor lubrication at required intervalsfor each component.

Table 5-1
Lubrication Items: Bottom Ash and Mill Rejects Systems

Frequency of Lubrication

ltem Daily Weekly Monthly Quarterly

Compressed-air lubricators X

Crusher drive X

Crusher drive-gear X
motor/drive change
lubricant

Crusher seals and bearings X

Dewatering bin drip pan X
bearings

Dewatering bin floating X
decanter unit

Line gates/valves, bearings X

Line gates/valves, packing X
Level detectors/dewatering X
bins

Mechanical pump drives X
Mill rejects hopper inlet gate X
Mill rejects hopper transfer- X
tank gate

52.1.1.1 Compressed-Air Lubricators

Compressed-air lubricators should be inspected daily and refilled to the specified level.

521.1.2 Crusher Drive

The oil level in the crusher drive should be checked monthly and refilled to the specified level if
itislow.
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Lubricants for a crusher motor and drive should be changed ether on the cycle shown in the
supplier'singtructions or quarterly (in the absence of such instructions). Use the proper [ubricant
for the ambient temperature conditions.

Crusher seals and bearings should be lubricated with the recommended lubricants.

e Do not overlubricate the seal. Overlubrication can lead to a braking effect on the shaft, which
can cause overheating and/or crusher stalling.

521.1.3 Dewatering Bin Drip Pan

If the unit bearings have grease fittings, the bearings should be lubricated weekly. Refer to the
supplier'sdrawings for locations of the lubrication fittings.

5.2.1.1.4 Dewatering Bin Floating Decanter Unit

If the unit has bearings with grease fittings, the bearings should be lubricated monthly. Refer to
the supplier's drawings for locations of the lubrication fittings.

5.21.1.5 Line Gates/Valves
The bearings should be lubricated weekly with the recommended lubricant.

If any gates or valves use packing, the packing should be lubricated as specified on the drawings
or intheinstructions. If there are no instructions, the packing should be [ubricated monthly.

5.2.1.1.6 Level Detectors/Dewatering Bin

If level detectors are used on the dewatering bins or in aslag tank, they should be lubricated
monthly with the recommended |ubricant.

521.1.7 Mechanical Pump Drives

Bearings and other items of mechanical pump drives requiring lubrication should be lubricated
either weekly or monthly, as recommended in the supplier's instructions.

521.1.8 Mill Rejects Hopper

Theinlet gates of amill rejects hopper should be lubricated monthly if they have alubrication
fitting. The supplier's drawings should show the location of the fittings.
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521.1.9 Mill Rejects Transfer Tank Gate

Theinlet gates of amill rejects transfer tank should be lubricated monthly if they have a
lubrication fitting. The supplier's drawings should show the location of the fittings.

5.2.1.2 Operational Inspections

Table 5-2 summarizes the required inspections, and their frequencies, to be performed on
hydraulic bottom ash and mill regjects systems during plant operation. This table can be used to
develop checklistsfor periodic ingpections of the various components. Sections 5.2.1.2.1 through
5.2.1.2.29 provide supplementary information on the inspections.

Table 5-2
Operational Inspections: Bottom Ash and Mill Rejects Systems

Frequency of Inspection

ltem Daily Weekly Monthly Quarterly

Air cylinders/leakage X

Air cylinders/operation

X
Ash hopper discharge—gate enclosure/leakage X
X

Ash hopper discharge—gate/leakage

Ash hopper overflows/temperature X

Ash hopper refractory cooling spray water supply X

Ash hopper seal trough overflow/temperature X

Ash hopper transport nozzles/wear

Compressed-air system filters and traps X

Control valves/leakage X

Crusher roli(s) X
Crusher drive-chain and sprockets X
Crusher housing and wear plates X
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Table 5-2 (cont.)
Operational Inspections: Bottom Ash and Mill Rejects Systems

Frequency of Inspection

ltem Daily Weekly Monthly Quarterly
Crusher seals/leakage X
Dewatering bin element screens X
(visual inspection for plugging)
Dewatering bin discharge gate/leakage X
Discharge line for mineral deposits/wear X
Discharge line connections/leakage X
Discharge line/fittings for leakage X
Discharge line gates/valves X
Hydraulic accumulator X
Hydraulic cylinders/leakage X
Hydraulic cylinders/operation X
Hydraulic pump/oil level X
Hydraulic reservoir levels X
Jet pump combining tube X
Jet pump nozzle X
Mechanical pumps/drive X
Mechanical pumps/packing boxes X
Mill rejects hopper barometric seal/ash X
accumulation
Mill rejects hopper barometric seal/water level X
Mill rejects hopper grid/material accumulation X
Mill rejects hopper mechanical seal/leakage X
Mill rejects isolating gate/valve X
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52121 Air Cylinders

Inspect air cylinders monthly for leakage. In adouble-acting cylinder, leaking in the packing can
usually be detected by aflow of air along the shaft. Sluggish air cylinder operation may be
caused by internal leakage, an incorrectly adjusted flow-control device, low air pressure, or a
malfunctioning solenoid valve. (A malfunctioning solenoid valve can usually be identified by a
continuous flow of air from the vent port.) If an air cylinder is operating sluggishly, determine
the cause and correct the condition.

52122 Ash Hopper Discharge Gate Enclosure

Inspect the ash hopper discharge gate enclosure for leakage caused by wear or corrosion. If the
enclosureisworn, the pressure of the diluting spray may be the cause. Excessive pressure
increases the turbulence in the ash flow from the hopper. If the pressure exceeds that specified on
the supplier's drawings, correct it.

If thereis corrosion, check the pH of the hopper water. If it is below 5.5, contact the supplier for
assistance in selecting amaterial for an enclosure that is more suitable for the existing
conditions. Type 316 stainless steel is commonly used for this application, but identification of
the specific corrodent may indicate another material choice.

Note: A significant leak from a discharge gate may make this inspection impossible until thereis
an outage.

52123 Ash Hopper Discharge Gate

Inspect the gate of the ash hopper monthly for leaks. If leaks are present, the gate should be
readjusted to minimize them. Refer to the supplier's drawingsfor instructions.

Note: In some cases, it isimpossible to correct aleak while the unit is operating. In such cases,
the leak must be corrected during an outage.

Other possible causes for aleaking gate include the following:
e Low air or ail pressurefor the operating cylinder

e Internal leakage in the operating cylinder

e Leakinginthe control valve

Determine the cause of any leak and correct the condition.
If the gate operation is slow or uneven, the piston rod of the operating cylinder may be bent or

out of alignment. Check the piston rod: if alignment is not correct, refer to the supplier's
drawingsfor instructionson aligning it. If it is bent, repair as needed.
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52124 Ash Hopper Overflow

The water temperature should not exceed the temperature specified on the supplier's drawings. If
it does, the water flow to the internal cooling sprays, along with other continuous water input to
the hopper, should be increased. If the temperature is below that specified on the supplier's
drawings, the internal water flow can safely be reduced to the specified water flow for the
hopper.

52125 Ash Hopper Refractory Cooling Spray

To protect the refractory lining in the hopper, the water supply valve(s) for refractory cooling
spray(s) should be checked daily to verify that they are open.

52126 Ash Hopper Seal Trough

The overflow water temperature should not exceed the supplier's specification (usually 125—
140°F [69-80°C]). Refer to the supplier’ sinstructions for the proper temperature. If the
temperature is above that specified, the water flow should be increased until the overflow
temperature is at or below the specified temperature. If the temperature is below that specified,
the water flow may be reduced aslong asit isnot below the supplier's specified minimum flow
rate.

52127 Ash Hopper Transport Nozzles

If the ash hopper system has a mechanical instead of ajet pump, a transport nozzleisrequired to
move the ash to the mechanical pump inlet. The nozzle should be inspected quarterly for wear. If
it isworn beyond the supplier'slimit, it should be replaced. Refer to the supplier'sinstructions
and drawings for the specific maximum wear allowed.

52.1.28 Compressed-Air System

Filters and trapsin a compressed-air system should be inspected daily. Any material found
should be removed to protect air-controlled equipment from plugging or malfunctioning.

52129 Control Valves

Control valves should be inspected weekly for leakage to ensure proper operation of the
equipment controlled by the valve. In most cases, the dewatering bin discharge gates are
controlled manually. If the control valve leaks, the dewatering gates can creep, causing them to
leak. A leaking control valve should be repaired or replaced.

5-17



EPRI Licensed Material

Maintenance

521210 Crusher Roll(s)

Inspect the crusher roll(s) monthly for wear and engagement. If the engagement of the roll(s) and
the mating parts is inadequate, the particle size can increase; the larger particles can plug ajet
pump or damage the impeller ina mechanical pump. Information on the required minimum
engagement should be available from the crusher supplier. If the roll(s) or the mating parts are
worn beyond specifications, they should be repaired or replaced.

On some crushers, it is possible to rebuild the roll(s) with ahard face applied by welding.

e If information regarding the welding rod to be used and the dimensions of the rebuilt face is
not included in the instructions, contact the crusher supplier.

Note: A significant leak from a discharge gate may make it impossible to inspect or repair
crusher rolls on-line. In this case, the inspection should be scheduled as an outage activity.

5.2.1.2.11 Crusher Chain Drive and Sprockets

Inspect the crusher chain drive and sprockets monthly for wear and proper adjustment. If the
chain isincorrectly tensioned, it could fail prematurely. Refer to the supplier's drawingsfor the
correct tension. Worn sprockets could allow the chain to disengage from the teeth and should be
replaced.

521212 Crusher Housing and Wear Plates

Inspect the crusher housing and wear plates monthly for wear. If the wear plates are worn
through, they can expose the crusher housing to wear that causes leakage. Such wear plates
should be replaced at the earliest opportunity. The housing can be worn by the diluting spray if
the spray pressure istoo high. High pressure increases turbulence in the flow of ash from the
hopper, which also increases wear. A spray pressure above that specified on the supplier's
drawings should be reset to conform to specifications.

Note: A significant leak from a discharge gate may make it impossible to perform thisinspection
until there is an outage.

521213 Crusher Seals

Inspect the crusher seals weekly for leakage. If leakage is present, the crusher seals can allow
ash-laden water from the crusher to enter the seals and damage the crusher shaft and the bearings
(if they are face-mounted). If sealsleak, they should be tightened only enough to stop the
leakage. Sealsthat are overtightened can act as a brake on the crusher shaft, causing damage and
even stalling. Overtightening aso reduces the service life of the seals.
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5.2.1.2.14 Dewatering Bin Dewatering Elements

Screensin the dewatering elements can be plugged either by ash that hardens on the screen
surface or by amineral accumulation. If either occurs, the dewatering rateis reduced.

e Perform amonthly visual inspection of the dewatering elements (screens) of the dewatering
bin for plugging. Clean any plugged screens.

In both cases, back-flushing the screens whenever the tank is refilled may help to keep them
clean. Thisrequiresthat the dewatering bin be filled with water before it begins operation. A
water supply line is connected to the dewatering element piping and used to fill the bin. The
reverse flow may remove some of the ash and/or minera deposits.

e |f the dewatering bin has no back-flush connection, contact the system supplier for
information on installing such an arrangement.

If the dewatering bins use tubular elements, a more effective (although inconvenient) back-flush
method isto use ajet from afire hose lowered into the elements from the top of the bin.

If the material that plugs the screens cannot be removed by a back-flush, it is necessary to
remove the screensfor cleaning. Most screens on dewatering elements can be replaced. If thisis
the case, a spare set of screens should be purchased. Plugged screens may then be replaced with
clean screens, and the plugged screens may be cleaned on an available-time basis rather than as
an emergency operation. After the screens are cleaned, they may be restocked for use.

Most screens are fabricated from stainless steel, which allows them to be cleaned manually or
using an acid bath.

e When selecting an acid cleaner (such as muriatic acid), be sure that the solution is not strong
enough to attack either the screens or the structures to which they are attached.

521215 Dewatering Bin Discharge Gate

Inspect the discharge gate of the dewatering bin monthly for leakage. The discharge gate is not
watertight but can be adjusted for minimal leakage.

o |f the gate leaks excessively, readjust as necessary. Refer to the supplier's drawings for
instructions.

The gate may also leak if the air pressure to the operating cylinder is low, the operating cylinder
hasinternal leakage, or the control valve leaks.

e Determine the cause of the leakage and correct the condition.

If the gate operates slowly or unevenly, the piston rod of the operating cylinder may be bent or
out of alignment.

e Check the piston rod. If alignment isincorrect, refer to the supplier's drawings for
instructions on aligning therod. If it is bent, repair as needed.
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Any visible leakage at ground level could be the result of 1eak(s) in the drip pan beneath the
discharge gate enclosure.

e Inspect the drip pan for wear. If it isworn through, repair should be made (ordinarily by
welding a patch over the worn area).

521216 Discharge Line, Bottom Ash

If the coal has a high calcium or sodium content, inspect the bottom ash discharge line quarterly
for mineral deposits. Deposits can reduce the effective inside diameter of the pipe and thus the
system capacity. If deposits are present, either an acid flush or a mechanical pipe-cleaning device
isrequired.

Inspect the pipe for wear. If it isworn at the bottom, it is possible to increase its effective service
life by periodically rotating the pipe in 90- to 120-degree (1.6- to 2.1-radian) increments.

521217 Discharge Line Connections

Inspect discharge line connections monthly for leakage. If leakage is present, the connection
should be tightened or remade (if the gasket is worn or damaged).

521218 Discharge Line Fittings

Inspect the fittings of the discharge line monthly for leakage. If any fittings are beginning to leak,
their replacement should be scheduled.

5.21.2.19 Discharge Line Gates or Valves

The operation of the gates and/or valves of a discharge line should be observed monthly.

0 K ey Human Perfor mance Point
The operation of the gatesand/or valves of a discharge line should be

observed monthly.

Sluggish operation can be caused by leakage in an actuating cylinder or by afaulty motor-driven
operator. An actuating cylinder in an operator can be powered by compressed-air or by a closed
hydraulic system.

e Ingpect the cylinder and the solenoid valve that controlsit for leakage. If either leaks, repair
or replace the unit.

If the operator is motor-driven, inspect the drive for wear, corrosion, and electrical faults. If
problems are found, repair or replace the operator. Refer to the instruction manual for repair
instructions.
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5.2.1.2.20 Hydraulic System Accumulator

Check the accumulator of the hydraulic system weekly for leakage and loss of pressure. If the
accumulator loses pressure, it should be repaired or replaced.

e Refer to the supplier'sinstructions for the proper proceduresfor repairing or replacing the
accumulator.

5.2.1.2.21 Hydraulic Cylinders

The hydraulic cylinders on the dewatering bin discharge gate can be operated by compressed air
over hydraulic fluid or by hydraulic fluid only. The operation should be observed and the
cylindersinspected monthly for leakage. Any internal leakage makes operation of the cylinder
duggish. Inspect the cylinder for leakage, and repair or replace any worn parts. Other possible
causes of duggish operation of a cylinder include low air pressure, low hydraulic pressure, or a
leaking solenoid valvein the air system that supplies a hydraulic reservoir.

e Determine the cause of sluggish operation and correct the condition.

521222 Hydraulic Pump

If the system has a hydraulic pump, the pump operation should be observed monthly. If the pump
pressure is outside the limits shown on the supplier's drawings, the control switches should be

recalibrated. The fluid level in the system should be checked and, if low, fluid should be added to
restore the operating level. Refer to the supplier’ sinstructions for the correct fluid.

5.2.1.2.23 Hydraulic Reservoir
If ahydraulic reservoir is used in the operating mechanism of the discharge gates for either the
ash hopper or dewatering bin, the fluid level should be checked weekly. If the leve islow, fluid

should be added to restore the operating level. An antifreeze type of fluid may be required,
depending on the expected ambient temperature range.

521224 Jet Pump

Inspect the combining tube of the jet pump monthly for wear.
0 K ey Human Perfor mance Point
I nspect the combining tube of thejet pump monthly for wear.

Refer to the supplier's drawings and instructions for the maximum recommended wear allowance
for the throat diameter. If worn beyond this size, the tube should be replaced.

Note: If there is significant leakage from a discharge gate, it may not be possible to perform this
inspection until thereis an outage.
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Inspect the nozzle of the jet pump monthly for wear. The typical allowance for wear is 1/16 inch
(1.6 mm) on the diameter. The nozzle should be replaced if worn to the limit. Note that
suspended solids in the water can reduce the service life of the nozzle.

e If the nozzles require frequent changes, contact the system supplier for information on
nozzles with abrasion-resistant liners, such as ceramic or tungsten carbide.

Note: If there is significant leakage from a discharge gate, it may not be possible to perform this
inspection until thereis an outage.

521225 Mechanical Pumps

Inspect the drive of each mechanical pump monthly for loose or damaged belts.

0 Key Human Performance Point
Inspect the drive of each mechanical pump monthly for loose or damaged

belts.

Any belt that isloose but undamaged should be re-tensioned. If even one belt is damaged, the
entire set of belts must be replaced.

e Refer to the supplier'sinstructions for the correct tensioning procedure.
e |f the pump isdirect connected, check the coupling alignment and lubrication.
The shaft packing boxes should be inspected weekly for leakage. Any packing box that leaks

should be tightened according to the supplier's recommendations. The tightening must be
performed carefully, as overtightening can have adverse effects on the shaft.

5.2.1.2.26 Mill Rejects Hopper Barometric Seal

Inspect the barometric seal of the mill rejects hopper monthly for ash accumulation at the bottom
of theloop. A significant ash accumulation can interfere with correct seal operation.

e Remove any ash found.

If ash isoften found, the seal should be flushed regularly.

o Refer to the supplier’ sdrawings and instructions for the proper flushing procedure.

Check the water level in the seal daily. If it isbelow the design level shown on the drawings,
water should be added. Ensure that the water supply valve for the seal makeup water is open.

5.2.1.2.27 Mill Rejects Hopper Grid

Inspect the grid of the mill rejects hopper daily for any large pieces of material that may have
accumulated, and remove any that are found. If the hopper has no grid to collect pieces large
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enough to plug the hopper outlet or the throat of the combining tube in the jet pump, such a grid
could help system operation. Contact the system supplier for installation information.

5.2.1.2.28 Mill Rejects Hopper Mechanical Seal

Inspect the mechanical seal of amill regjects hopper monthly. If the seal leaks, it may be
defective. If the seal isa pinch-valve (sleeve-valve) type, the air pressure may require
adjustment.

e Refer to the supplier’ sdrawings for instructions on setting the air pressure.
e Ingpect for worn or damaged parts. Repair or replace the sedl if necessary.

5.21.2.29 Mill Rejects Isolating Gates/Valves

Inspect any isolating gates or valves used in the mill rejects system monthly for wear. If the gate
or valve isamechanical unit, repair or replace as required. Refer to the supplier’ s drawings and
instructions for the proper repair procedures.

If adiaphragm valveisused, inspect it for wear and damage. If the diaphragm isworn or
damaged, it should be replaced. Readjust the air pressure after any repairs. Refer to the supplier’s
drawing for instructions on replacing the diaphragm and adjusting the pressure.

5.2.1.3 Outage Inspections

52.1.3.1 Ash Hopper

Safety

e Never enter a bottom ash hopper until the boiler has cooled and al slag has been removed
from the tubes. Thiswill help to avoid injury caused by falling material.

¢ Never enter a bottom ash hopper unless the discharge gate is held in the open position by
wooden supports or an acceptable equivalent. Be sure that all water-supply valves are locked
in the closed position.

e Never enter a bottom ash hopper unless someone is stationed outside the enclosure, prepared
to assist in case of an emergency.

¢ Never enter a bottom ash hopper unless there is a positive method to prevent firing of the
boiler whenever aperson isinside.

Table 5-3 summarizes the inspections that should be performed on bottom ash hoppers at each
scheduled outage and notes their purposes. This table can be used to develop a checklist of the
needed ingpections, each of which is described briefly in the section referenced.
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Table 5-3

Outage Inspections: Bottom Ash Hoppers

Item

Section

Inspection Purpose

Access doors and openings

5.2.1.3.1.1

Leakage, wear

Crusher

5.2.1.31.2

Body wear/corrosion

Cam wear

Chain and chain guard/wear

Rotation detector/wear

Seal wear

Shaft wear/corrosion

Discharge gate

5.2.1.3.1.3

Adjustment

Corrosion

Face/wear

Liners/wear

Operating cylinder/leakage

Seat/wear

Discharge gate enclosure

521314

Access doors/leakage

Corrosion

Wear on the enclosure

Wear on internal supports for the discharge
gate

Ash hopper lining

5.2.1.3.1.5

Spalling

Cracks

Lost bricks

Mortar damage

Nozzles, interior

52.1.3.1.6

Wear

Alignment
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Table 5-3 (cont.)
Outage Inspections: Bottom Ash Hoppers
Item Section Inspection Purpose
Nozzles, transport 5.2.1.3.1.7 Wear
Observation windows 5.2.1.3.1.8 Damage
Leakage
Orifices, water supply 5.2.1.3.1.9 Wear
Overflows 5.2.1.3.1.10 Mineral accumulations
Corrosion
Pressure- or vacuum-relief valves 5.2.1.3.1.11 Pressure-relief valve/wear and damage

Vacuum-relief valve/wear and damage

Refractory water curtain 5.2.1.3.1.12 Trough/ash accumulations

Trough and pipe/mineral accumulations

Trough or pipe/distortion

Seal trough 5.2.1.3.1.13 Ash accumulations

Nozzle wear/alignment

Seal plate distortion

Water level probes 5.2.1.3.1.14 Calibration

Corrosion

521311  AccessDoorsand Openings

Inspect the access doors and openings for |eakage, which may be due to gasket wear. If the
gasket isworn or damaged, it should be replaced. If the door or opening is worn, the worn parts
should be repaired or replaced as required. If pressurized poke holes are used, inspect the throat
for wear or corrosion. If it isdamaged, it should be replaced. The nozzles and manifold should
also be inspected, and any part that shows wear should be replaced.

521312  Crusher
Inspect the crusher body for wear and corrosion. If it isworn, it should be repaired (if possible).
If the crusher body cannot be repaired, a new one should be installed. Inspect the wear plates and

linersfor wear and corrosion; replace any that show excessive wear. Any parts that mesh with
the crusher rolls should be replaced when worn beyond the design limits.
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e Contact the crusher supplier for information on the maximum allowable wear if this
information is not included on the crusher drawings.

If corrosion is present and the hopper water has a pH below 5.5, contact the crusher supplier
regarding corrosion-resistant crusher parts suitable for the conditions experienced. Because the
roll(s) and liners are typically made of alloysthat are both abrasion- and corrosion-resistant, the
body is generally the only part affected by corrosion. Stainless steel bodies (usualy type 316
stainless) are available from all crusher manufacturers.

Inspect the rolls for wear. If information about the maximum allowable wear does not appear on
the drawings of the crusher or rolls, contact the crusher supplier. Some rolls can be rebuilt by
welding using a hard-surface welding rod.

e Contact the crusher supplier regarding 1) resurfacing theralls, 2) the recommended welding
rod to be used, and 3) the finished dimensions of the roll after resurfacing.

If the cams are worn beyond design limits, they should be replaced.

Roll wear can be accelerated if ash is not accepted by the conveyor pump because the ash
concentration in the slurry from the hopper istoo high. If ash remainsin the crusher, the rolls can
churn in stationary ash, which increases wear.

e Ensurethat the ash is correctly surried in the hopper and that the diluting spray is used.
Refer to the system instructions for the correct procedure for durrying ash before the
discharge gate is opened, using internal hopper nozzlesfor durrying.

e Ingpect the drive chain for wear and tension. If the chain isworn, replace either the entire
chain or only the defective links. The tension of the chain should meet the requirements
stated on the supplier's drawings.

e |f thechainisnot correctly tensioned, re-tension it to meet the supplier's requirements.
e Inspect the chain guard for wear. Repair or replace any support that isworn or corroded.

The rotation-detector part(s) on the crusher shaft should be inspected for wear and any worn part
replaced. The sensing unit should also be inspected for wear and any worn part replaced. If any
part is replaced, the rotation sensor should be recalibrated.

Inspect the shaft seals. If the packing or bearings in the seal are worn, the worn part(s) should be
replaced. The seal should be lubricated according to the instructions on the supplier's drawings.
The seal must not be overtightened or overlubricated after repair. Either of these conditions can
act as a brake on the shaft, overheating or possibly stalling the crusher.

Inspect the shaft and the cam support structure for wear and corrosion. Any worn part in the cam
support structure should be replaced. If the shaft isworn, it should be replaced.

o |f thewear islocated near the seals, check the supplier's drawings for instructions on
refinishing the journal area. If there are no instructions, contact the supplier for akit or
instructions on refinishing the shaft.
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5.2.1.3.1.3 Discharge Gate

During the outage and after any repairs, the discharge gate should be adjusted for proper closing
position. Refer to the supplier's drawings for the correct procedure for adjusting the gate to allow
minimum leakage. The alignment of the piston rod on the operating cylinder should aso be
checked. If the piston rod is not properly aligned, it can bind and cause the gate to move slowly.

The gate guides, supports, and other wetted fittings and fasteners should be inspected for wear
and corrosion. If any part isworn, it should be repaired or replaced. If corrosion is present and
the hopper water has a pH below 5.5, contact the hopper supplier regarding corrosion-resistant
parts suitable for the conditions experienced. Type 316 stainless steel is commonly used for this
application, but identification of the specific corrodent may indicate another material choice.

Inspect the gate face for wear that allows leakage. If the nozzles used for durrying operate for
too long atime before the discharge gate is opened, the turbulence can increase wear on the face
of the gate. Refer to the system instructions for the correct durrying procedure.

If the gate has a replaceable face that isworn, anew face should be installed. Some suppliers
offer replaceable gate faces fabricated from either rubber or stainless steel. A rubber gate
provides better sealing when the gate is closed, while a stainless steel gate face provides more
resistance to abrasion and corrosion. Contact the hopper supplier for information on gate faces
fabricated from different materias. If the gate is worn and does not have a replaceable seat, the
entire gate should be replaced.

Many gates have liners within the hopper that protect the hopper shell and refractory from
abrasion by ash when it is flowing out of the hopper. During any outage, such liners should be
inspected. Any liner that is worn should be replaced.

e If the hopper discharge gate has no wear liners, contact the hopper supplier to determine the
availability of such liners.

The operating cylinder should be inspected for leakage. If there are any indications of |eakage,
the cylinder should be repaired. Some water conditions cause amineral accumulation to form on
the walls of the cylinder; others cause corrosion. Inspect the internals of the cylinder for these
conditions. If either condition occurs, contact the ash hopper supplier for information on a
hydraulic fluid that will not damage the seals and piston. Thisfluid should be used instead of
water in the hydraulic reservoir that operates the discharge gate.

The seating surface for the discharge gate should be inspected for wear and replaced (if
possible). If the discharge gate of the hopper does not have a replaceabl e seat, contact the
supplier regarding the availability of one.

5.2.1.3.1.4  Discharge Gate Enclosure

All access doors and openings in the enclosure should be inspected for |eakage, which usually

causes rusty stains on the enclosure. If leakage has occurred, the gaskets should be inspected for
wear or damage. Any that are worn or defective should be replaced.
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The gate enclosure should be inspected for wear and corrosion. If there has been significant wear
on the enclosure, the pressure of the diluting spray should be checked. High pressure in the spray
increases turbulence in the ash flow from the hopper and thus increases wear.

e If the spray pressure exceeds that specified on the drawings, reset the pressure to the correct
value.

If evidence of corrosionis present and the pH of the hopper water is below 5.5, the hopper
supplier should be contacted for corrosion-resistant material for rebuilding or replacing the
enclosure to suit existing conditions. Type 316 stainless steel iscommonly used for this
application, but identification of the specific corrodent may indicate another material choice.

The internal supports of the discharge gate should be inspected for wear and corrosion. If worn,
they should be replaced. See the previous paragraph if there are indications of corrosion.

Note: The supports for the gate cannot be replaced directly by dimensionally identical parts of
corrosion-resistant material. Because corrosion-resistant material s are not always as strong as
carbon steel, supportswith a heavier cross-section should be used for channels or angles.
Analysisisrequired to determine the correct size to use for replacements.

521315  AshHopper Lining

The lining should be inspected for spalling, especially near the normal water level. If spalingis
found, the damaged area should be repaired. One cause of spalling isloss of the cooling spray for
therefractory lining. If thelining isfirst exposed to the radiant heat from the furnace and then
covered with cold water, the abrupt temperature change causes a quenching shock to the lining.

The water-curtain spray pipe or trough should be inspected for plugging and distortion. An ash or
sediment accumulation in the water-curtain pipe or trough indicates that the flushing is
inadequate.

e Refer to the supplier's drawings for the recommended minimum flushing time and pressure.

If the flushing is manually controlled, it may not be performed as frequently as recommended.
Most suppliers can provide an automatic flushing system.

e If theflushing ismanually controlled, contact the system manufacturer for information on
automatic flushing systems.

Radiant heat from the furnace causes a water-curtain spray pipe or trough to be distorted,
indicating that the water flow has been interrupted.

e |nspect the water supply valve daily to ensure that it is open.
If the water curtain comes from either the trough or the overflow weir, accumulation of ash or

sediment in the trough may have caused the interruption. See the previous paragraphs for
information on flushing.
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Any cracksin the lining (often caused by slag falling into the hopper) should be repaired. A
large piece of ash falling into the hopper causes an impact shock as the ash hits the water or the
lining and athermal shock as the hot material falls into the hopper water.

e Contact the boiler or sootblower supplier for assistance in preventing accumulation of ash on
the tubes, because this ash becomes the slag that eventually falls into the hopper.

In ahopper that uses a brick lining on its sloped walls, any missing bricks should be replaced.
Theloss of bricks can be the result of poor installation, impact (described in the previous
paragraph), or misaligned flushing nozzles. Replacement bricks must be correctly installed and
the mortar bed correctly applied.

e Refer to the supplier’ sinstructions for installation of brickwork.
5.2.1.3.1.6  Nozzes, Interior

The nozzles within an ash hopper should be inspected for wear. A nozzle worn more than 1/16
inch on the diameter should be changed. The nozzle holder or coupling should also be inspected
for wear and any worn items replaced. Suspended solidsin the water supply can reduce the life
of the nozzles.

e Contact the system supplier for information on nozzles made of abrasion-resistant material,
which can improve their service life.

Nozzle alignment should also be checked using a short length of pipe or drill rod inserted in the
nozzle. Incorrectly aligned nozzles can cause erosion of the hopper lining.

e Refer to the supplier's drawings for the correct alignment of the nozzles used. The nozzle
holders must be the correct ones for the required nozzle angle.

5.2.1.3.1.7 Nozzles, Transport

Some systems use nozzles to move ash from the crusher outlet to the inlet of the mechanical
durry pump. Such nozzles should be inspected for wear and, if worn more than 1/16 inch (1.6
mm) on the diameter, should be replaced.

521318 Observation Windows

Observation windows should be inspected for damage and leaks, and any damaged window glass
should be replaced. Damage to such windows may be caused by impact and thermal shock from
dag falls. Another possible cause is quenching shock, if the windows are exposed to the radiant
heat from the furnace with no protection by a cooling spray. If the hopper has cooling sprays for
itswindows, they should be used.

L eakage from observation windows can usually be observed as stains on the hopper and is often
the result of worn or damaged window gaskets. Worn or damaged gaskets should be replaced.

5-29



EPRI Licensed Material

Maintenance

521319  Orifices, Water Supply

The orificesin the water supply piping should be inspected and any orifice worn more than 1/16
inch (1.6 mm) on the diameter replaced. The correct sizes of the orifices can be obtained from
either the supplier's or the consulting engineer's drawings. If the sizes are not shown on the
drawings, the plant engineers should be able to calculate the required sizes from the drawings by
using the flow and pressure requirements for the various items of equipment. Worn orifices
affect the water flow and pressure from the nozzles and other components that have orifice
control. For example, worn orifices can cause low water pressure to ajet pump, resulting in
system shutdown.

5.2.1.3.1.10 Overflows

If the ash has high calcium content, amineral deposit may form, plugging the overflow inletsto
the extent that overflows cannot handle the water from the hopper. Then the water may overflow
through the seal trough. Therefore, any minera deposits should be removed. If the overflow
inlets plug between outages, contact the hopper supplier for information on enlarging them.

Inspect the overflow boxes for corrosion. If they are corroded and the pH of the hopper water is
below 5.5, contact the hopper supplier for information on obtaining overflow boxes fabricated
from corrosion-resistant material suitable for the conditions experienced. Type 316 stainless steel
iscommonly used for this application, but identification of the specific corrodent may indicate
another material choice.

5.2.1.3.1.11 Pressure- or Vacuum-Relief Valves

The pressure-relief valve on each discharge door enclosure should be inspected for wear and
damage, especidly if the valve ventsinto the hopper. Leakage from aworn or damaged pressure-
relief valve can allow water to drip into the enclosure, making any work performed in the
enclosure difficult—depending on the amount of |eakage.

e Replace aleaking or damaged pressure-relief valve.

Systemsthat use a rubber flapper pressure-relief valve require cooling water to protect the
flapper from heat and a spray nozzle to flush ash particles from the seat.

The vacuum-relief valve should be inspected for wear and corrosion. A worn or corroded valve
may be unable to relieve vacuum, which can cause damage and possibly lead to injury. The
enclosure will be under the vacuum generated by the conveyor pump until the discharge gateis
opened. Without vacuum relief, the enclosure could befully or partially collapsed by the
vacuum.

¢ Replaceaworn or corroded vacuum-relief valve.
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5.2.1.3.1.12 Refractory Water Curtain

If awater curtain for the refractory is provided through the overflow trough, the trough should be
inspected for accumulations of ash or sediment.

e Remove any ash or sediment accumulation from the overflow trough.

A major accumulation indicates inadequate flushing. Refer to the system instructions for the
flushing requirements. If the flushing is manually controlled, it may not be performed as
frequently as recommended. Most suppliers can provide an automatic flushing system.

e Contact the system manufacturer for information on automatic flushing systemsif the
operation is manually controlled.

If the system uses recirculated water and the ash has a high calcium content, the water curtain
trough or pipe can have a mineral accumulation that interferes with the water flow. This can
damage both the water curtain equipment and the hopper lining.

e |f thereisamineral accumulation, contact the hopper supplier for assistance in minimizing
the problem.

A distorted water curtain pipe or trough (caused by radiant heat from the furnace) indicates that
the water flow has been interrupted. If the water curtain uses a trough, the water flow can be
interrupted by an ash or sediment deposit in the trough.

¢ Ingpect the water supply valve daily to ensure that it is open.
5.2.1.3.1.13 Seal Trough

Although access to the seal trough may be difficult (for example, because the hopper does not
have access openings in the seal trough), it should be inspected for ash accumulations. In such a
case, installing an access opening in the seal trough at each of the four corners allows inspection
with minimal difficulty. Plant personnel can install the access openings during an outage by
making a cutout on each corner and fabricating a cover plate. The cover plates should bolt to the
seal trough, using gaskets to make watertight seals.

A magjor ash accumulation can jam the boiler seal plate, preventing relief of pressure within the
hopper by the water seal—a condition that can damage the seal plate. Any ash accumulation
should be removed, although a major accumulation of ash indicates that flushing is inadequate
for removal. Refer to the system instructions for flushing requirements. If flushing is manually
controlled, it may not be performed as frequently as recommended. Most suppliers can provide
an automatic flushing system.

e Contact the system manufacturer for information on an automatic flushing system if the
operation is manually controlled.

Inspect the flushing nozzles for wear and alignment. Replace nozzles worn more than 1/16 inch

(1.6 mm) on the diameter. If anozzleisreplaced, it should be properly aligned as shown on the
supplier’ sdrawings.
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5.2.1.3.1.14 Woater Level Probes

An ash hopper typically has probes that annunciate high water level and emergency high water
level. In some cases, the normal high level probe can stop the refilling of the hopper. The probes
should be checked for cdibration and any incorrectly calibrated probe recalibrated.

Inspect the probes for corrosion or mineral accumulations that can cause the probe to produce
Spurious annunciations.

e |f theprobeiscorroded and the pH of the hopper water isbelow 5.5, contact the system
supplier regarding a more corrosion-resistant probe.

e |f aprobe hasamineral accumulation and the hopper water pH is above 8.5, contact the
system supplier for information on the availability of aprobe that resists calcium
accumulations.

52132 Bottom Ash Conveyor

When performing any work or inspections on the conveyor line or related equipment, observe al
plant safety regulations and review the supplier’ sinstruction manuals for safety information on
specific items or equipment.

Table 5-4 summarizes the inspections that should be performed on a bottom ash conveyor system

at each scheduled outage and notes their purposes. This table can be used to develop a checklist
for the needed inspections, each of which is described briefly in the section referenced.
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Table 5-4
Outage Inspections: Bottom Ash Conveyor
ltem Section Inspection Purpose

Anchors and guides 5.2.1.3.2.1 Tightness
Expansion joints 5.21.3.22 Anchoring

Corrosion

Wear
Jet pump 5.2.1.3.2.3 Body/wear

Combining tube/wear
Nozzle/wear

Nozzle holder/wear

Line valves 521324 Alignment/disc or slide
Body/wear

Disc/wear

Operating cylinder/leakage, wear

Slide wear

Mechanical pump 5.2.1.3.2.5 Body/corrosion and wear
Drive/belts
Impeller/corrosion and wear

Packing

Pipe 5.2.1.3.2.6 Mineral accumulations

Wear

521321 Anchors and Guides

Inspect the anchors and guides for tightness and tighten any that are loose. L oose anchors can
allow movement at the elbows and the expansion joints, which can cause pipe connections to
fail.

e |f thereisany question about the adequacy of the anchors, refer to the supplier’s drawings for
the forces that must be restrained. Contact the system supplier if the information isnot
included on the drawings.
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If the routing of the conveyor or the conveyor length has changed and the conveyor pump output
has been adjusted to compensate for the change, new or additional anchors may be required to
restrain the pipe.

e Contact the system supplier for information on any resulting changes of the forces that act on
the conveyor.

521322 Expansion Joints

The anchoring at the outlet of the expansion joints should be inspected for tightness. Unless the
expansion joint is anchored, it cannot absorb expansion and contraction in the conveyor line.

Inspect the sliding surfaces of the expansion jointsfor corrosion. If the surfaces are corroded, the
expansion joints may be unable to move correctly to accommodate movement. If possible, clean
the dliding surfaces of the expansion joints. If they cannot be cleaned, install anew part,
including the sliding surface. Some expansion joints have a chromed sliding surface: if thisis
damaged, it may be possible to replaceit.

Any worn parts of the expansion joints or gaskets should be replaced. Some bell-and-spigot
expansion joints use packing instead of gaskets. If the packing isworn, it should be replaced.

521323  Jet Pump

Jet pumps should be inspected for wear in the body, combining tube, nozzle, and nozzle holder.
Replace any worn parts. The manufacturer’ s drawings and instructions provide the maximum
allowable wear on the diameter of the combining tube throat.

e |f the combining tube requires frequent replacement, contact the system supplier for
information on a combining tube fabricated from a more abrasion-resistant alloy.

The nozzle should be replaced if it isworn more than 1/16 inch (1.6 mm) on the diameter.

e |f there are suspended solidsin the water supply that reduce the service life of the nozzle,
contact the system supplier for information on nozzles lined with an abrasion-resistant
material to reduce the frequency of nozzle changes.

521324 Line Valves

Inspect each line valve gate in the closed position. The supplier’ s drawings show the alignment
of the holein the dide to the opening in the body for atotally enclosed rotary dide valve. If a
butterfly valve is used, the closed position of the disc is shown. If any repairs are made, adjust
the valve for the correct closed position.

Inspect each valve in the open position for wear on the slide, disc, and body. If any partisworn,
it should be replaced. Wear on the seat of a butterfly valve in the 2, 4, 8, and 11 o’ clock positions
indicates that it may not be closing completely. The valve must be correctly adjusted in the
closed position.
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A badly worn body of atotally enclosed rotary slide valve and an eccentric hole worn in the slide
indicate that the valve was not correctly adjusted.

e Refer to the supplier’ sdrawingsfor the correct valve adjustment.

Inspect the operating cylinder for leakage. If there is any leakage, repair or replace the operating
cylinder asrequired. The stroke of the cylinder should be readjusted to ensure that the valve
closes and opens correctly after any significant change, such as when the operating cylinder is
repaired or replaced, any parts on the valves are replaced, or avalveis reassembled following an
inspection that involves disassembly.

52.1.3.25  Mechanical Pump

Mechanical pump(s) should be inspected for wear and corrosion, and the internal clearances
between the impeller and the body should be verified. If the clearances are greater than those
specified in the manufacturer’ sinstructions, the worn part(s) should be replaced. Shafts and seals
should also be inspected for wear or damage, and any damaged or worn parts should be replaced.

e Refer to the manufacturer’ s drawings and instructions for detailed information on inspection
and repair procedures.

If signs of corrosion are present, contact the pump manufacturer regarding parts fabricated from
corrosion-resistant materials that are better suited to existing conditions.

Inspect the drive for worn bearings, worn or damaged belts, and worn sheaves on the pump and
motor; replace any worn or damaged parts. If even one belt isworn or damaged, the entire set of
belts must be replaced.

e Refer to the manufacturer’ s drawings and instructions for procedures for installing and
tensioning the belts.

Inspect the packing boxes for wear and leakage. If there is any wear, the packing should be
replaced. Refer to the pump instructions for the proper replacement procedure.

521326 Pipe

Inspect the pipeline by removing selected lengths. If the bottom quadrant is worn, the effective
service life of the pipe can be increased by rotating the pipein 90- to 120-degree (1.6- to 2.1-
radian) increments, depending on the wear. If the pipe is badly worn, it should be replaced.
Highly abrasive ash increases the rate at which the pipe wears. Pipe lined with an abrasion-
resistant liner should increase the effective service life of the conveyor line.

e Contact the original system supplier or an alternative pipe supplier for information on
suitable pipe.

If the ash (coal) has a high calcium content, the line may have a mineral accumulation on the

walls. Any mineral accumulation must be removed using a chemical flushing operation or a
mechanical pipe-cleaning device.
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52133 Dewatering Bin

Safety

e Do not enter a dewatering bin to perform any work or inspections unless 1) the water supply
valvesto the bin have been locked closed and 2) the diverting gates are locked closed so that
no water or ash can enter the bin.

e Do not enter a dewatering bin alone. Another person must be stationed at the top of the bin
and be prepared at all timesto provide assistance in case of emergency.

e Follow all plant safety regulations when working in or around a dewatering bin. The
supplier’ sinstruction manuals must be reviewed for safety information on specific itemsor
equipment.

Table 5-5 summarizes the inspections that should be performed on a dewatering bin at each

scheduled outage and notes their purposes. This table can be used to prepare a checklist for the
needed ingpections, each of which is described briefly in the section referenced.
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Table 5-5
Outage Inspections: Dewatering Bin

ltem Section Inspection Purpose

Anti-turbulence inlet section 5.2.1.3.3.1 Impact plate/corrosion, wear

Skirt/corrosion, wear

Dewatering elements and screens | 5.2.1.3.3.2 Ash accumulation
Mineral accumulation

Wear

Discharge gate 5.2.1.3.3.3 Adjustment

Corrosion

Face/wear

Liners/wear

Operating cylinder/leakage

Seat/wear

Discharge gate enclosure 5.2.1.3.34 Corrosion
Wear on the enclosure

Wear on the internal supports for the
discharge gate

Drip pan 5.2.1.3.35 Wear
Bearing wear

Operating cylinder/leakage, wear

Orifices and dewatering piping 5.2.1.3.3.6 Wear

Overflow weir 5.2.1.3.3.7 Ash accumulations
Wear

Shell (tank) 5.2.1.3.3.8 Corrosion
Wear

5.2.1.3.31  Anti-Turbulence Inlet Section

If abin has an anti-turbulence inlet arrangement, the impact plate should be inspected for
corrosion and wear. If the plateis corroded and the water pH isbelow 5.5, contact the dewatering
bin supplier regarding an impact plate fabricated from a more corrosion-resistant material.
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Type 316 stainless steel is commonly used for this application, but identification of the specific
corrodent may indicate another material choice. If the impact plate has major wear, it should be
replaced. If repairsto the impact plate are attempted, determine whether the plate is fabricated
from aspecia aloy. If itis, ordinary welding procedures may damage the temper of the plate.

e Contact the welding materia supplier for the type of rod and welding procedures to be used
for repairs.

The skirt and supports should aso be inspected for corrosion and wear. If any part isworn or
corroded, it should be repaired or replaced. See the preceding paragraph for information on weld
repairs.

If adewatering bin has no anti-turbulence inlet arrangement, investigate the value of one for
minimizing carry-over from the dewatering bin.

521332  Dewatering Elements and Screens

Screens in the dewatering elements can be plugged by mineral accumulations or by ash that
hardens on the surfaces. Because a plugged screen reduces the dewatering rate, the screens must
be cleaned.

e Visualy inspect the dewatering elements and screens. Clean any that are plugged.

Back-flushing of the screens whenever the tank is refilled may be helpful. Thisinvolvesfilling
the dewatering bin with water before operating it. A water supply line connected to the
dewatering element piping isused to fill the bin. Reverse flow may remove some of the ash
and/or mineral deposits.

e |f the dewatering bin has no back-flush connection, contact the system supplier for
information on installing such an arrangement.

If the dewatering bins use tubular elements, an effective (although inconvenient) back-flush
method isto lower afire hose into the elements from the top of the bin.

If the material plugging the screens cannot be removed by a back-flush, the screens must be
removed for cleaning. Most screens on dewatering elements can be replaced. If thisisthe case, a
gpare set of screens should be purchased. This allows plugged screens to be replaced rapidly by
clean screens. The plugged screens can then be cleaned on an available-time basis rather than as
an emergency operation. After the screens are cleaned, they can be stocked for use whenever the
set in service plugs and requires replacement.

e Contact the bin supplier regarding replacement screens.
Most screens are fabricated from stainless steel, which allows them to be cleaned manually or

using an acid bath. In selecting an acid cleaner (such as muriatic acid), choose a solution that will
not attack the screen material.
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5.2.1.3.33 Discharge Gate

During the outage and after any repairs, the discharge gate should be adjusted to ensure the
proper closing position.

e Refer to the supplier’ sdrawingsfor the proper procedure to adjust the gate for minimum
leakage.

The alignment of the operating cylinder piston rod should also be checked. An incorrectly
aligned piston rod can bind and cause the gate to move slowly.

The gate guides, supports, and other wetted fittings and fasteners should be inspected for wear
and indications of corrosion. Repair or replace any worn part.

e |f corrosion is present and the pH of the system water isbelow 5.5, contact the hopper
supplier regarding corrosion-resistant parts suitable for the conditions experienced. Type 316
stainless steel is commonly used for this application, but identification of the specific
corrodent may indicate another material choice.

Inspect the gate face for wear that allows leakage. If the gate has a replaceable face, anew face
should be installed. Some suppliers offer replaceable gate faces fabricated from rubber or
stainless steel. A rubber gate face provides better sealing when the gate is closed; a stainless steel
gate face provides more resistance to abrasion.

e Contact the hopper supplier regarding the availability of gate faces fabricated from different
materials.

If the gate isworn and does not have a replaceabl e seat, the entire gate should be replaced.

Inspect the operating cylinder for leaks. If indications of leakage are present, the cylinder should
be repaired. Water can contain minerals that accumulate on the walls of the cylinder or cause
corrosion.

e |Inspect theinternals of the cylinders for accumulations and corrosion. If either condition is
found, contact the ash hopper supplier for information on the use of a hydraulic fluid that will
not damage the seals and piston. Thisfluid isto be used instead of water in the hydraulic
reservoir if the system uses a compressed-air actuated reservoir to operate the discharge gate.

The seating surface for the discharge gate should be inspected for wear. Some suppliersuse a
replaceable seat for the discharge gate. If areplaceable seating surface isworn, it should be
replaced. If the discharge gate does not have a replaceable seat, contact the supplier for
information on the availability of thisitem.

521334  Discharge Gate Enclosure
Access doors and openings in the enclosure should be inspected for leakage (any leakage

normally causes stains on the enclosure). If there has been |eakage, the gaskets should be
inspected for wear or damage. Any gasket that is worn or defective should be replaced.
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Inspect the enclosure for wear and corrosion. If corrosion is present and the system water pH is
below 5.5, contact the hopper supplier for assistance in selecting corrosion-resistant materials for
rebuilding or replacing the enclosure to suit the existing conditions. Type 316 stainless steel is
commonly used for this application, but identification of the specific corrodent may indicate
another material choice.

The internal supports for the discharge gate should be inspected for wear and corrosion. If worn,
they should be replaced. See the previous paragraph if indications of corrosion are present.

Note: The supports for the gate cannot be replaced directly by dimensionally identical parts of
corrosion-resistant material. Corrosion-resistant materials are sometimes not as strong as carbon
steel, and a heavier section should be used for channels or angles used as supports. This requires
analysisto determine the correct size to use for replacements.

5.2.1.3.35 DripPan

The drip pan under the discharge gate enclosure should be inspected for wear. If it is worn, there
is probably leakage from the discharge gate area. A worn drip pan should be repaired, which is
ordinarily done by welding a patch over the worn area.

Inspect the bearings on the support shaft for wear or damage. Worn or damaged bearings should
be repaired or replaced as required.

5.21.3.3.6  Oirifices, Dewatering Piping
Inspect the orifices in the dewatering piping for wear. If the orifices are worn more than 1/16
inch (1.6 mm) on the diameter, they should be replaced. The correct diameter of the orificesis

given on the drawings of the dewatering bin and the related instructions. Worn orifices increase
the rate at which the bin dewaters, causing problems with both dewatering and emptying.

521337 Oveflow Weir

Inspect the overflow weir for ash accumulations in the bottom of the trough and remove any
accumulations. A major ash accumulation indicates a high rate of ash carry-over. This can result
from turbulence in the dewatering bin or a changein the water flow characteristics of the system.
If there is no anti-turbulence outlet, installing one could help to reduce carry-over.

If theweir surface isworn, the water flow can short circuit across the surface of the bin and
cause additional carry-over. If the weir is significantly worn, it should be repaired or replaced.

521338  Shel (Tank)
The interior and exterior of the shell of the bin should be inspected for corrosion and wear. If the
system water pH is below 5.5, corrosion could result. Contact the bin supplier for

recommendations on minimizing corrosive damage.

If the bin isworn, repair any worn area. Contact the bin supplier for recommendations on repairs.
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52134 Mill Rejects (Pyrites)

When performing any work or inspections on the mill rejects system, observe all plant safety
regulations and review the supplier'sinstruction manuals for safety information on specific items
of equipment.

Table 5-6 summarizes the inspections that should be performed on amill regjects system at each
scheduled outage and notes their purposes. This table can be used to develop a checklist of the
needed inspections, each of which is described briefly in the section referenced.

Table 5-6
Outage Inspections: Mill Rejects System

ltem Section Inspection Purpose

Hopper 5.2.1.3.4.1 Access doors/leakage and wear
Barometric seal/ash accumulations
Barometric seal/wear
Body/corrosion and wear
Grid/wear

Inlet gate/wear

Inlet gate/operating cylinder
Level-probe/calibration, wear
Mechanical seal/calibration

Mechanical seal/leakage, wear

Isolating gates or valves 5.2.1.3.4.2 Wear

Jet pump 5.2.1.3.4.3 Body/wear
Combining tube/wear
Nozzle/wear

Nozzle holder/wear, corrosion

Mechanical pump 5.2.1.34.4 Body/corrosion and wear
Drive/belts

Impeller/corrosion and wear

Storage and transfer tanks 5.2.1.3.4.5 Body/corrosion and wear

Outlet gate/wear

52.1.34.1  Hopper
Inspect the access doors of each hopper for |leakage and wear; replace any worn part. If

indications of leakage are present (usually in the form of stains on the hopper body), inspect the
gasketsfor wear or damage. If they are defective, they should be replaced.
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Inspect the barometric seal for ash accumulation at the bottom of the loop. A significant ash
accumulation can interfere with the correct operation of the seal. Remove any ash found. A
major ash accumulation, however, indicates a need for the seal to be flushed regularly. Refer to
the supplier's drawings and instructions for the correct flushing procedure.

Inspect the body of the hopper for corrosion and wear. If corrosion is present, contact the hopper
supplier for information regarding a hopper fabricated from corrosion-resistant materia to suit
the existing conditions. Inspect the interior of the body, especially the outlet cone, for wear.

Inspect the grid that is used to collect large pieces of materia discharged by the mill; if the grid
iscorroded or worn, it should be repaired or replaced. If the hopper does not have a grid, it can
pass particles large enough to plug the hopper outlet or the throat of the combining tube of the jet
pump. The addition of such a grid, therefore, could benefit system operation. Contact the system
supplier for information on the installation of such agrid.

Inspect the hopper inlet gate for wear. A worn gate can alow water to enter the mill when the
hopper fills with water as the mill rejects conveyor system shuts down. Any worn parts should be
replaced. Refer to the instruction manual for drawings and instructions on replacing the gate.
Inspect the operating cylinder for wear and leakage. A cylinder with worn parts should be
repaired or replaced as required.

If the hopper uses alevel probe to annunciate a full-hopper condition, check the probe for
calibration, inspect it for wear, and (if necessary) recalibrate it. The procedure for cdibrating the
probe can be found in the manufacturer's instructions. The seal and the part of the probe that
extends into the hopper should be inspected for wear or damage. Any worn or damaged part
should be replaced.

Inspect the mechanical hopper seal for wear and leakage and for worn or damaged parts. If
leakage is present, the seal may be defective and should be repaired or replaced as necessary. If
the seal isapinch-valve (sleeve-valve) type, the air pressure may require adjustment. Refer to
the supplier's drawings for instructions on setting the air pressure.

5.2.1.34.2 Isolating Gatesor Vaves

Inspect any gates or valves for wear on their internals and on their operating mechanisms. Repair
or replace the gate or valve as needed. Refer to the drawingsin the instruction manual for repair
instructions.

If the valve has arubber diaphragm, inspect it for wear and damage. Replace aworn diaphragm,
making sure to readjust the air pressure after replacement. Refer to the valve drawings for
instructions on replacing the diaphragm.

521343 Jet Pump

Jet pumps should be inspected for wear on the body, combining tube, nozzle, and nozzle holder.

Replace any parts that are worn. The drawings and instructions should give the maximum
allowable wear on the diameter of the combining tube throat. The nozzle should be replaced if it
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isworn more than1/16 inch (1.6 mm) on the diameter. If there are suspended solids in the water
supply that reduce the service life of the nozzle, contact the system supplier regarding the
availability of nozzles lined with an abrasion-resistant material (such as ceramic or tungsten
carbide) to decrease the frequency of nozzle changes.

521344  Mechanical Pump

Mechanical pumps should be inspected for wear and corrosion. The internal clearances between
the impeller and the body should aso be checked. If the clearances are greater than those
specified in the manufacturer's instructions, replace the worn part(s). Inspect shafts and seals for
wear or damage, and replace any damaged or worn parts. Refer to the manufacturer's drawings
and instructions for detailed information on inspection and repair procedures.

Inspect the drive for worn bearings, worn or damaged belts, and worn sheaves on the pump and
motor. Replace any worn or damaged parts. If even one belt isworn or damaged, the complete
set must be replaced. Refer to the manufacturer' s manuals for instructions on installing,
tensioning, and re-tensioning belts.

Inspect the packing boxes for indications of leakage and wear. If there is |eakage or wear, replace
the packing. Refer to the supplier's manual for instructions.

5.2.1.345  Storageand Transfer Tanks

If astorage tank or atransfer tank isused in the system, inspect the interior of the tank body for
wear or corrosion. If corrosion is present, consult the tank supplier regarding a more corrosion-
resistant material for the tank. Type 316 stainless steel is commonly used for this application, but
identification of the specific corrodent may indicate another material choice.

The mill-regject material can be very abrasive. If the body of the tank has significant wear, the
shell should be repaired. In most cases, patching the tank is sufficient. Before making repairs,
however, check the supplier's drawings or contact the supplier for information concerning the
material of the tank. If the tank was fabricated from abrasion-resistant material, welding it could
cause damage. Consult the welding material supplier for assistance in choosing the correct
welding rod and technique for the tank material.

If the tank has an outlet gate, it should be inspected for wear and any worn parts repaired or

replaced. Inspect the operating cylinder for leakage. If leakage is present, the cylinder should be
repaired or replaced as required.

5.2.2 Recirculating Water Systems
Safety
When performing any work or inspections on the recirculating system, observe al plant safety

regulations. Review the supplier'sinstruction manuals for safety information on items of
equipment.
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System Design

There are many variations in the design of recirculating systems and many possible combinations
of different typesof pumps for various functions. Some systems use settling and surge tanks,
others use settling and surge ponds, and still others use a combination of settling tanks and surge
ponds. Therefore, the maintenance information presented in this section is limited to general,
common features and does not cover al possible types of systems.

5221 Lubrication

Table 5-7 summarizes the lubrication requirements for recirculating water systems. The table can
be used to develop checklists for lubrication of each component at regular intervals. Additional
information is provided in Sections 5.2.2.1.1 through 5.2.2.1.4.

Table 5-7
Lubrication Items: Recirculating Water Systems

Frequency of Lubrication

ltem Daily Weekly Monthly Quarterly

Compressed-air X
lubricators

Hydraulic pump X

Pump/drive X X

Pump/drive, X
change lubricant

Pump/packing X
box

Valves X

522.1.1 Compressed-Air Lubricators

The lubricant level should be checked daily. If it is low, the lubricator should be refilled.

52212 Hydraulic Pumps

The pump drives should be lubricated at least monthly or as specified on the drawings or in the
supplier'sinstructions.

The lubricants of the pump and the drive should be changed at least quarterly or according to the

schedule provided in the instructions. Use a lubricant specified for the ambient conditions for the
pump and drive.
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52213 Pumps

The pump drives should be lubricated monthly or as specified on the drawingsor in the
supplier'sinstructions.

The lubricants of the pump and the drive should be changed at least quarterly or according to the
schedule provided in the instructions. Use a lubricant specified for the ambient conditions for the
pump and drive.

L ubricate the packing boxes on pumps weekly (if applicable), using the lubricant specified on
the drawings or in the supplier'sinstructions.

52214 Valves

Valvesthat have bearings should be lubricated monthly, using the materials specified in the
supplier'singtructions. If the valves use packing, the packing should be lubricated as
recommended in the supplier'sinstructions.

5.2.2.2 Operational Inspections

Table 5-8 summarizes the required inspections to be performed on recirculating water systems
during plant operation and notes their frequency. The table can be used to develop checklists for
periodic inspections. Additional information on inspection of the various itemsis presented in
Sections 5.2.2.2.1 through 5.2.2.2.11.

5-45



EPRI Licensed Material

Maintenance
Table 5-8
Operational Inspections: Recirculating Water Systems
ltem Daily Weekly Monthly Quarterly
Air cylinders/leakage X
Air cylinders/operation X
Compressed-air system X
filters, traps
Control valves/leakage X
Hydraulic cylinders/leakage X
Hydraulic cylinders/operation X
Hydraulic pump/ail level X
Hydraulic pump/accumulator X
Pumps/body X
Pumps/drive X
Pumps/packing boxes X
Settling tank/operation X
Sumps/operation X
Surge tank/operation X
Valves/operation X
Valves/wear X

52221 Air Cylinders

To ensure proper operation, inspect the various air cylinders monthly for leakage. Any leakage in
the packing of a double-acting cylinder can usually be detected by aflow of air along the shaft.
Sluggish action of the cylinder can bethe result of internal leakage or a malfunctioning solenoid
valve. If asolenoid valve malfunctions, there is usually a continuous flow of air from the vent
port. If an air cylinder operates sluggishly, determine the cause and correct the condition.

52222 Compressed-Air System

Filters and traps should be inspected daily. Any material found in them should be removed to
protect air-controlled equipment from plugging or malfunctioning.

5-46



EPRI Licensed Material

Maintenance

52223 Control Valves

Each control valve should be inspected monthly for |eakage to ensure proper operation of the
equipment controlled by the valve. If a control valve leaks, the equipment moves slowly and may
creep from itsfixed position. A leaking control valve should be repaired or replaced.

52224 Hydraulic Cylinders

The operation of ahydraulic cylinder should be observed monthly and inspected for |eakage.
Internal leakage causes a cylinder to operate sluggishly. Other causes of luggish operation by a
cylinder are 1) leakage in acontrol valve and 2) low hydraulic pressure.

e Inspect each cylinder for leakage and other possible causes of duggish operation. Determine
the cause of sluggishness, and correct the condition. Repair or replace any worn part.

52225 Hydraulic Pump

If thereisahydraulic pump, its operation should be observed weekly. If pump pressureis not
within the limits shown on the supplier's drawings, the control switches should be recalibrated.
Theoil level in the system should be checked weekly. If the oil isbelow the specified level, it
should be replenished.

52226 Hydraulic System Accumulator
Check the hydraulic accumulator monthly for leakage and loss of pressure. If thereis aloss of

pressure, the accumulator should be replaced or recharged. Refer to the supplier'sinstructions for
the correct procedure.

52227 Pumps

In some systems, the timing of the valvesthat control flow to or from certain pumpsiscritical. If
the valve timing isincorrect, the pump can be subject to shock loadings.

Inspect the pump body monthly for cracks. If it is cracked, contact the system supplier regarding
the timing of the system valves.

Inspect the pump drive weekly for loose or damaged belts. Any loose but undamaged belt should
be re-tensioned. If even one belt is damaged, the entire set of matched belts must be replaced.
Refer to the supplier'sinstructions for the correct tensioning procedure.

Pump packing boxes should be inspected weekly for leakage. Any leaking packing boxes should
be tightened according to the supplier's recommendations.
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52228 Settling Tank

Observe the operation of the settling tank at least monthly. A heavy carry-over into the overflow
trough, when there has been no change in the water flow through the system, can indicate a
malfunction in the sludge removal system. Schedule an inspection of the tank at the earliest
opportunity to determine the cause of the carry-over.

52229 Sump(s)

Observe the operation of the sump(s) weekly. A water level overflowing or higher than the
design level indicates a problem, such as an imbalance in the water transfer rate, a malfunction in
the agitating system, or pump wear. Schedule an inspection of the sump and pump as soon as
practical to determine the cause of the problem.

522210 Surge Tank

Observe the operation of a surge tank weekly. A high ash concentration in the water can result
from carry-over from the settling tank, malfunction of the sludge removal system, or wear in the
baffling of the tank. Schedule an inspection of the surge tank to determine the source of the
suspended solids.

Observe the water level in a surge tank weekly. Refer to the system instructions for the correct
water levels under various operating conditions. If the surge tank frequently overflows or
requires a substantial flow of makeup water, the level controller may require adjustment. Refer to
the instruction manual for the correct adjustment of the water level.

522211 Valves

Inspect the system valves monthly for proper operation. If the action is sluggish, inspect the
operating unit, including the valve air cylinder, hydraulic cylinder, and motor operator. If the
valve has a motor operator, inspect the operator for corrosion or wear. Replace any worn or
corroded parts of the drive. Refer to the valve operator manua for details on repairs.

Inspect the valve quarterly or as directed by the instructions for internal wear. In some cases, a
valve must be inspected more frequently because of the material being handled. Experience
determines the necessary frequency of inspections for valvesin high wear locations.

Repair or replacea valve when it isworn. Following any internal inspection of avalve or repairs
to its operator, readjust the valve as directed by the drawings or instructions.

5.2.2.3 Outage Inspections
Table 5-9 summarizes the inspections that should be performed on recirculating water systems at

each scheduled outage and notes their purposes. This table can be used to develop a checklist of
the needed inspections, each of which is described briefly in the text section referenced.
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Table 5-9
Outage Inspections: Recirculating Water Systems

ltem Section Inspection Purpose
Hydraulic pump 5.2.2.3.1 Accumulator/wear
Body/wear
Drive/wear

Impeller/wear

Pumps 5.2.2.3.2 Body/corrosion, wear
Drive/wear

Impeller/wear

Settling tank 5.2.2.3.3 Agitating nozzles/wear
Ash accumulations
Baffle/wear

Overflow weir/wear

Sumps 5.2.2.3.4 Agitating nozzles/wear

Ash accumulations

Surge tank 5.2.2.3.5 Agitating nozzles/wear
Ash accumulations

Baffle/wear

Valves 5.2.2.3.6 Wear

5223.1 Hydraulic Pump

The pump(s) should be inspected for wear and the internal clearances between the impeller and
the body checked. If the clearances are greater than those specified in the manufacturer's
instructions, any worn part should be replaced. Shafts and seals should also be inspected for wear
or damage and any damaged or worn parts replaced.

Refer to the manufacturer's drawings and instructions for detailed information on inspection and
repair procedures.

Inspect the pump drive for worn bearings, worn or damaged belts, and worn sheaves on the
pump and motor. Replace any worn or damaged parts. If even one belt isworn or damaged, the
entire set of belts must be replaced. Refer to the manufacturer's drawings and instructions for the
correct procedure for installing and tensioning the belts.
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Inspect the accumulator for wear and leakage and replace any worn parts or the accumulator
itself. Check the accumulator pressure: if it islow, it should be recharged. Refer to the
instructions for the correct method of recharging.

52232 Pumps

The pump(s) should be inspected for wear and corrosion and the internal clearances between the
impeller and the body checked. If the clearances are greater than those specified in the
manufacturer'sinstructions, any worn part should be replaced. Shafts and seals should aso be
inspected for wear or damage, and any damaged or worn parts should be replaced. Refer to the
manufacturer's drawings and instructions for detailed information on inspection and repair
procedures.

In some systems, the timing of the valvesthat control flow to or from certain pumpsiscritical. If
the valve timing isincorrect, the pump can be subject to shock loadings.

Inspect the pump body for cracks. If it is cracked, contact the system supplier regarding the
timing of the system valves. If pump parts are corroded, contact the pump manufacturer
regarding parts fabricated from corrosion-resistant material that suits the existing conditions.

Inspect the pump drive for worn bearings, worn or damaged belts, and worn sheaves on the
pump and motor. Any worn or damaged parts must be replaced. If even one belt is worn or
damaged, all belts must be replaced. Refer to the manufacturer's drawings and instructions for
the correct procedure for installing and tensioning the belts.

Inspect the packing boxes for leakage and wear; replace any leaking or worn packing. Refer to
the pump supplier'sinstruction manual for the correct procedure.

52233 Settling Tank

Inspect al agitating nozzles for proper sludge remova and wear. Refer to the supplier’s
drawings and system instructions for nozzle size and alowable wear. Replace any worn nozzles,
ensuring proper alignment according to the supplier’ s drawings.

Inspect the bottom of the tank for accumulations of ash or sludge. The presence of accumulations
indicates that the sludge-removal system isnot functioning correctly. Review the operating
instructions for the dudge-removal system to ensure that it is correctly adjusted and operated,
and contact the system supplier for any required assistance.

Inspect the overflow weir for ash accumulations in the bottom of the trough and remove any that
are present. A major ash accumulation indicates a high carry-over of ash, which resultsfrom a
changein the water flow characteristics of the system. If the water flow in the system has
changed, contact the system supplier for recommendations on correcting the carry-over problem.
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52234 Sumps

All agitating nozzles used for ash remova must be inspected for wear. Refer to the drawings and
system instructions for the nozzle sizes and allowable wear. Replace any worn nozzles, ensuring
that they are correctly aligned according to the vendor's drawings.

Inspect the bottom of the sump for accumulations of ash or sludge. The presence of

accumul ations indicates that the system is not functioning correctly. Review the system
operating instructions to ensure that it is correctly adjusted and operated, and contact the system
supplier for any required assistance.

52235 Surge Tank

Inspect for wear all agitating nozzles used for dudge removal. Refer to the drawings and system
instructions for the nozzle sizes and allowable wear. Replace any worn nozzles, ensuring that
they are correctly aligned according to the vendor's drawings.

Inspect the bottom of the tank for accumulations of ash or sludge. The presence of accumulations
indicates that the sludge-removal system isnot functioning correctly. Review the operating
instructions for the dudge-removal system to ensure that it is correctly adjusted and operated,
and contact the system supplier if assistance is required.

Inspect the inlet and baffle system for wear, and repair any worn part. A mineral deposit can
reduce flow through the outlet, thus reducing the system capacity.

Inspect the tank for mineral deposits, especially the outlet of the recirculating pumps. Remove
any deposits found. If amajor chemical deposit is present, it may be necessary to perform
additional inspections between outages while the plant is operating and remove such deposits.

52236 Valves

Inspect the valve operator, which can be an air cylinder, hydraulic cylinder, or motor operator.
Repair or replace a cylinder that hasinternal wear. If the valve has a motor operator, inspect it
for corrosion or wear. Any worn or corroded parts of the drive should be replaced. Refer to the
manual of the valve operator for details on repairs.

Inspect each valve for internal wear, and repair any worn valve. After repairs, readjust each
operator as specified in the drawings or the system instructions.

5.2.3 Mechanical Bottom Ash Systems

One main advantage of the MBAS isits simple maintenance requirements. Generally, lubrication
and visual inspections are sufficient between scheduled outages. Regular inspections allow for
the timely replacement of worn parts before major repairs become necessary. In addition,
maintenance and repairs can usually be carried out by plant personnel rather than by specialist
technicians.
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Safety

When working on or inspecting a bottom ash tank or the equipment in a bottom ash system,
observe al plant safety rules. Review the supplier's instruction manuals for safety precautions
concerning specific items of equipment.

5.2.3.1 Lubrication

Table 5-10 summarizes the MBAS lubrication requirements. The table can be used as the basis
for checklists of lubrications for each component at required intervals. Additional information is
provided in Sections 5.2.3.1.1 through 5.2.3.1.7.

Table 5-10
Lubrication Items: Mechanical Bottom Ash Systems

Frequency of Lubrication

ltem Daily Weekly Monthly Quarterly

Bearings, belt conveyor (if any) X

Bearings, chain idler

X
Bearings, conveyor drives X
X

Bearings, takeup

Conveyor drive fluids change (six months)

Compressed-air system lubricators X

Crusher drive X

Crusher motor/drive fluids X

Crusher motor/drive fluids change X

Crusher bearings and seals X

Pumps X

523.1.1 Belt Conveyor Bearings

If thereisabelt conveyor to transport ash from the submerged conveyor tank, the shaft and idler
bearings should be greased at approximately weekly intervals.
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5.23.1.2 Chain Conveyor Bearings
Idler bearings on a submerged chain conveyor should be greased at approximately weekly

intervals, using waterproof EP grease, preferably lithium-based. The bearings should be
accessible for greasing from outside the tank.

52313 Chain Conveyor Drives

Bearings, chains, sprockets, and couplings at the chain conveyor drive should be lubricated
approximately weekly. At the same time, the drive should be inspected for wear.

5.2.3.1.4 Compressed-Air System Lubricators

L ubricators on the compressed-air system should be inspected daily and refilled to the specified
level.

52315 Conveyor Drive Fluids

Fluid levelsin the chain conveyor drives and belt conveyor drives (if any) should be checked
weekly. Fluid should be drained and refilled approximately every six months.

523.1.6 Crusher Drive

Theoil level of the crusher drive should be checked monthly and the oil replenished if the level
islow.

L ubricants of the crusher motor and drive should be changed quarterly or according to the cycle
shown in the supplier's instructions. Use the correct [ubricant for the ambient temperature
conditions.

Crusher seals and bearings should be lubricated monthly with the recommended lubricants. Do

not overlubricate the seal. Overlubrication can cause a braking effect on the shaft, which could
result in overheating and/or stalling of the crusher.

5.23.1.7 Mechanical Pump Drives
Bearings and other items requiring lubrication should be lubricated on a weekly or monthly basis

as recommended in the supplier'sinstructions. This applies to sludge-removal pumps, cooling
water pumps, high-pressure pumps, and flocculant pumps (if used).

5.2.3.2 Operational Inspections

Table 5-11 summarizesthe MBAS inspections that should be performed during plant operations
and notes their frequency. This table can be used to develop a checklist of periodic inspections.
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See Sections 5.2.3.2.1 through 5.2.3.2.17 for supplementary information on inspection of the
various items.

Table 5-11
Operational Inspections: Mechanical Bottom Ash Systems

ltem Daily Weekly Monthly Quarterly

Ash tank overflows/temperature X

Ash tank refractory cooling water supply X

Ash tank seal trough overflow temperature

Belts, conveyor (if so equipped)

Belt conveyor drives

Belt conveyor idlers

Chain, conveyor

Chain, conveyor drives

Chain, conveyor idlers

X | X | X| X| X| X| X| X

Chain, conveyor shafts

Chain, conveyor wear surfaces X

Chain wash-water flow X

Compressed-air system filters, traps X

Control valves/leakage X

Crusher rolls X

Crusher drive chain/sprockets X

Crusher housing/wear plates X

Crusher seals/leakage X

Heat exchanger/fouling X

Mechanical pump drives X

Mechanical pumps X

Plate clarifier/fouling X
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5.232.1 Ash Tank Overflow

The temperature of the ash tank overflow should be checked weekly. The water temperature
should not exceed the temperature specified on the supplier's drawings (usually 125-140°F
[69-80°C]). If the temperature rises above this, the water flow to the internal cooling sprays as
well as any other continuous water input to the hopper should be increased. If the temperatureis
below that specified on the supplier's drawings, the interna water flow may be reduced to the
specified water flow for the hopper.

52322 Ash Tank Seal Trough

The temperature of the ash tank seal trough should be checked weekly. The water temperature
should not exceed the temperature specified on the supplier's drawings (usually 125-140°F [69—
80°C]). If the temperature is above that specified, the water flow should be increased until the
overflow temperatureisat or below the specified temperature. If the overflow water isbelow the
specified temperature, the water flow may be reduced to the supplier's specified minimum flow
rate.

52323 Compressed-Air System

Filters and traps should be inspected daily, and any foreign materia should be removed to
protect air-controlled equipment from plugging or malfunctioning.

52324 Control Valves

Each control valve should be inspected weekly for |eakage to ensure the correct operation of
equipment controlled by the valve. In most cases, the discharge gates of a dewatering bin are
controlled manually. A leaking control valve can cause the gate to creep and leak and should be
repaired or replaced.

52325 Belt Conveyors

On ingtallations that use belt conveyorsto transport ash to intermediate or final storage, visual
inspections should be made weekly. Inspect the condition of the belting asit passesthe tail
pulley and of drive and idler bearings and shafts. Note any discoloration due to heat, leaking
grease sedls, or accumulations of dirt and ash, indicating leaked lubricants.

52326 Chain, Conveyor

During the first month of operation, the tension of both chains should be checked daily and any
dack removed. The frequent checking isrequired because theinitial contact between the links
and drive is concentrated on the small areas provided by high spots. As each high spot isworn
away by the concentrated load applied to it, the same load is spread over a greater area. When
this processis completed, weekly checks are adequate. Eventually, when the tota range of the
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tailshaft takeup has been used, several links should be removed from each chain to allow the
bearing takeup units to be reset to their original positions.

Marking either aparallél link or aflight bar on each of the chains makesit easier to ensure that
the entire chain has been visually inspected asit passes the tailshaft or an observation point in the
lower trough.

52327 Chain Conveyor Idlers

Chain conveyor idlersin the lower trough should be visible through access panels or inspection
openingsin the tank's plate work. The idlersin the upper (ash-containing) trough can be
inspected only when the trough is empty. In either case, the idlers (especially toothed idlers that
positively support the chains) should be inspected weekly for undue wear and physical damage.
In every case, good design allows idler bearings to be removed and replaced from the outside of
the tank without dismantling or disturbing other components.

52328 Chain Conveyor Drive Sprockets

Chain conveyor or drive sprockets should be accessible for visual inspection at all times. Inspect
weekly for any wear or damage to the teeth that could cause the chain to disengage.

52329 Chain Conveyor Flights and Wear Surfaces

Chain conveyor flights should be inspected when the chain is inspected. The tailshaft end of the
tank is a convenient place to make thisinspection. It is essentia to inspect every flight bar.

Check the flightsfor physical damage, including bending, integrity of the chain connections, and
undue wear on the intended wear surfaces. Repair or replace any worn part.

523210 Chain Wash Water

On systemsthat spray wash water onto the chain just before it engages the drive sprockets, the
adequacy of water flow should be checked weekly. Such water supplies should be equipped with
flow meters (if the same source of water is aso used to purge head and tailshaft seals). Flow
switches should be incorporated to give alarms for adequate flows.

523211 Crusher Roll(s)

Inspect the crusher roll(s) daily for wear and engagement. If the roll(s) and the mating parts have
inadequate engagement, the size of particles that pass can increase and cause plugging in a jet
pump or damage to the impeller in a mechanical pump. The minimum engagement between the
roll(s) and mating parts should be available from the crusher supplier. Roll(s) or mating parts that
are worn beyond specifications should be replaced. On some crushers, it is possible to rebuild the
rollswith ahard face that is applied by welding. If information on the welding rod to be used and
the dimensions of the rebuilt face is not included in the instructions, contact the crusher supplier.
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523212 Crusher Drive Chain and Sprockets

Inspect the crusher drive chain and sprockets monthly for wear and adjustment. An incorrectly
tensioned chain could fail prematurely. Refer to the supplier's drawings for the correct tension.
Because worn sprockets can allow the chain to disengage from the teeth, any worn sprocket
should be replaced.

523213 Crusher Housing and Wear Plates

Inspect the crusher housing and wear plates monthly for wear. Wear plates that are worn through
can expose the crusher housing to wear that causes leakage. If awear plate isworn badly, it
should be replaced at the earliest opportunity.

5.232.14 Crusher Seals

Inspect the crusher seals weekly for leakage. A leaking seal can allow ash-laden water from the
crusher to enter the seal's, damaging the crusher shaft (and bearings, if the seal is face-mounted).
If aseal leaks, it should be tightened only enough to stop theleak. A seal that is overtightened
can act as a brake on the crusher shaft, which can damage the shaft and even cause the crusher to
stall. Overtightening also reduces the service life of asedl.

523215 Heat Exchanger Fouling

If the ash system has heat exchangersfor cooling its circulating water, the exchanger should be
installed in full-load pairs so that one can be a full-capacity standby unit. Each heat exchanger
should be fitted with temperature gauges at both the inlet and the outlet. Noting the temperature
differential when the system begins service establishes a benchmark that can be used to indicate
heat exchanger fouling by areduced temperature differential.

Theresafter, the temperature differential should be checked monthly. If there isadecreasein
cooling, the standby heat exchanger should be brought on line and the active unit opened for
cleaning. Deposits on the heat exchanger surfaces should be removed immediately after the unit
istaken out of service. If left todry for only afew hours, these deposits can set up hard, making
their remova much more difficult.

Key Human Performance Point
0 Depositson the heat exchanger surfaces should be removed immediately

after theunit istaken out of service. If left todry for only afew hours, these
depositscan set up hard, making their removal much more difficult.

523216 Mechanical Pumps
Inspect the drive of amechanical pump weekly for loose or damaged belts. Any belt that isloose

but undamaged should be re-tensioned. If even one belt is damaged and must be replaced, the
complete set of matched belts must be replaced. Refer to the supplier'sinstructions for the
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correct tensioning procedure. If the drive is direct connected, check the coupling alignment and
lubrication.

The shaft packing boxes should be inspected weekly for leakage. If leakage isfound, the packing
boxes should be tightened according to the supplier's recommendations. Do not overtighten the
shaft packing box.

If apump drive uses afluid coupling, a shaft coupling, or a gearmotor, check the fluid levels
monthly and replenish the fluid as necessary.

523217 Plate Clarifier Fouling

If aplate clarifier isused to clean up the overflow from the submerged scraper conveyor, check it
weekly for accumulated solids on the paralel plates and at the bottom of the clarifier. The
accumulations can be "felt"—water temperature permitting—if good visual inspection is
impossible. Any accumulations on the plates should be washed away with a hose jet the next
time the system is down.

Accumulations at the bottom of the clarifier indicate that dudge removal is inadequate. Sludge at
the bottom of the tank should never be allowed to accumulate to within 1 foot (0.3 m) of the
lower parallel plates. Improving sludge removal may require pumping the sludge more
frequently or increasing the rate of sludge removal. Consult the supplier of the clarifier if dudge
removal is unsatisfactory. Deposits on the clarifier surfaces should be removed immediately after
the unit istaken out of service. If left to dry for only afew hours, these deposits can set up hard,
making their removal much moredifficult.

Key Human Performance Point
0 Depositson the clarifier surfaces should be removed immediately after the

unit istaken out of service. If left to dry for only afew hours, these deposits
can set up hard, making their removal much more difficult.

5.2.3.3 Outage Inspections

Safety

¢ Never enter an ash tank until the boiler has cooled and all slag has been removed from the
tubesto prevent possible injury caused by falling material.

e Never enter an ash tank that has not been removed from beneath the boiler unless another
person is stationed outside the tank. Thisdoor attendant should be prepared to assist in case
of an emergency, with rescue equipment available.

e Never enter such atank unlessthereisapositive method of preventing the boiler from being
fired.

Most of the operational inspections described in Section 5.2.3.2 should also be made during
every scheduled outage. Table 5-12 lists additional MBAS inspections that should be made
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during each scheduled outage. The table can be used to develop a checklist of needed
inspections, each of which is described briefly in the sections referenced.

Table 5-12

Outage Inspections: Mechanical Bottom Ash Systems

Maintenance

ltem Section Inspection Purpose
Breaker bars 5.2.3.3.1 Physical damage
Belt conveyor 5.2.3.3.2 Wear
Chain conveyor 5.2.3.3.3 Wear
5.2.3.34 Body/wear, corrosion
Cam/wear
Chain and chain guard/wear
Crusher
Rotation-detector/wear
Seal/wear
Shaft/wear, corrosion
5.2.3.3.5 Wear
Corrosion
Flight bars
Physical damage
Connections
5.2.3.3.6 Fouling
Heat exchangers
Corrosion, erosion
5.2.3.3.7 Spalling
Lining, transition section
Cracks
5.2.3.3.8 Wear
Mechanical pumps Corrosion
Leaks
5.2.3.3.9 Mineral accumulation

Overflows, tank

Corrosion
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Table 5-12 (cont.)
Outage Inspections: Mechanical Bottom Ash Systems

ltem Reference Section Inspection Purpose
5.2.3.3.10 Fouling
Plate clarifier Corrosion
Leaks
5.2.3.3.11 Accumulations
Seal trough Seal plate/distortion

Nozzle/wear, alignment

5.2.3.3.12 Leakage
Tank shell Corrosion
Wear
5.2.3.3.13 Calibration
Water-level probes
Corrosion

5.2.33.1 Breaker Bars

On units that have breaker bars of any type (including chains) in the transition section, the
breakers should be inspected during every outage for damage caused by falling dag or radiant
heat from the boiler (such as warping).

Repair or replace any breaker bars that have been damaged by impact. Use a section with the
same size as the original bars for replacement because the transition stays may be unable to
withstand the additional |oad that a heavier section could hold.

If the breaker bars have deflected or warped from exposure to the boiler's radiant heat, consult
the supplier about upgrading the material of the bars or possibly water-cooling the breaker bars.

52332 Belt Conveyor

Installations that have belt conveyors to transport ash to intermediate or final storage should be
thoroughly inspected during every outage for thefollowing:

e All drive components— nspect the head, tail, and any snubber shafts for "wind-up" and/or
bending. Inspect keys and keyways for wallowing-out.

e Motors and speed-reducers—Check for lubrication, alignment of shafts, and rigidity of
mounting.
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e Chains and sprockets—-Check for wear, alignment, and fatigue. Remove old grease and oil,
and relubricate according to the supplier's instructions.

Search carefully for conditions that accel erate wear on the belting itself. Check the conveyor
support structure for corrosion or physical damage that could reduce its integrity.

Check idlersand idler bearings for evidence of seizure, bearing failure, or seal failure. Repair or
replace any damaged parts as necessary, and grease all bearings.

Verify the correct functioning of any safety-related equipment, including emergency stop
switches.

52333 Chain Conveyor

The most common failure mode of achain conveyor is stretching of the chain after the hardened
surfaces are worn away. Stretching can cause disengagement from drive sprockets, which could

have serious consequences. Inspect each link of the chain for excessive wear, and especially for

stretching.

If achainisreplaced or modified in any way (for example, shortening or removing of links), the
same change must be made in both strands.

Check the chain-conveyor drive train during every outage. Check the shafts for wind-up and
bending, and check keys and keyways for wallowing-out. Check motors and speed-reducers for
lubrication, alignment, and fatigue. Remove old grease and ail, and relubricate according to the
supplier'sinstructions.

Check idlersand idler bearingsfor evidence of seizure, bearing failure, or seal failure. Repair or
replace any worn or damaged parts, and grease al bearings. If there isawater purge for idler-
bearing seals, verify that the water supply passages are unobstructed.

5.2.3.34 Crusher

Inspect the crusher body for wear and corrosion. If the body isworn, it should be repaired (if
possible). If repair isnot possible, install anew crusher body. Inspect the wear plates and liners
for wear and corrosion. Any wear plate or liner that is worn should be replaced. Any part that
meshes with the crusher rolls should be replaced when worn beyond its design limits. If
information on the maximum allowable wear is not included on the crusher drawings, contact the
crusher supplier.

The crusher rolls should be inspected for wear and any cam worn beyond the design limits
replaced. If information on the maximum allowable wear is not included on the crusher or roll
drawings, contact the crusher supplier. Some rolls can be rebuilt usng a hard-surface welding
rod.

5-61



EPRI Licensed Material

Maintenance

Contact the crusher supplier for information about whether the roll on the crusher can be
resurfaced, the recommended welding rod, and the finished dimensions of aresurfaced roll. Roll
wear can be accelerated if ash isnot accepted by the crusher asrapidly asit is delivered by the
chain conveyor. If ash remainsin the crusher, the rolls can churn in stationary ash, which
increases wear. To minimize wear on all components, the chain conveyor should operate at the
lowest speed that keepsit empty of ash. The recommended variable-speed drive should make it
possible to attain this minimum speed.

Inspect the chain drive for wear, alignment, and tension. If the chain is worn, replace the entire
chain or the defective links. Check the tension of the chain. Refer to the supplier's drawingsfor
the correct tension. If the chain is not correctly tensioned, it should be re-tensioned to meet the

supplier's requirements. Inspect the chain guard for wear. Repair or replace any support that is

worn or corroded.

The rotation-detector part(s) on the crusher shaft should be inspected for wear and any worn part
replaced. The sensing unit should also be inspected for wear, and any worn part should be
replaced. Recalibrate the rotation sensor following the replacement of any part.

The shaft seals should be inspected. If the packing or bearings in the seal are worn, the worn
parts should be replaced. The seal should be lubricated as specified by the supplier's drawings.
The seal must not be overtightened or overlubricated after repair. Either of these conditions can
cause the sedl to act as a brake on the shaft, overheating or even stalling the crusher.

Inspect the shaft and the cam support structure for wear and corrosion. Replace any worn part in
the cam structure and the shaft if it isworn. If the wear islocated near the seals, check the
supplier's drawings for instructions on refinishing the journal area. If there are no instructions,
contact the supplier for akit or for instructions on refinishing the shaft. If thereis corrosion,
contact the crusher supplier for the availability of corrosion-resistant crusher parts suitable for
the conditions experienced. Problems with corrosion most commonly affect the crusher body.
Bodies made of stainless steel are available from all crusher manufacturers, with type 316
stainless steel most commonly used for this application. Identification of the specific corrodent
may indicate another material choice.

52335 Flight Bars

After the ash tank isemptied and flushed clean, inspect the conditions of the flight barsfor wear,
physical damage, corrosion, and integrity of the connection to the chain. Repair or replace flight
bars as appropriate.

52336 Heat Exchangers

During every outage, any exchangers used to cool the ash tank overflow water should be cleaned
and inspected for erosion and corrosion. Deposits on the heat exchanger surfaces should be
removed immediately after the unit is taken out of service. If left to dry for only afew hours,
these deposits can set up hard, making their removal much more difficult.
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Key Human Performance Point
0 Depositson the heat exchanger surfaces should be removed immediately

after theunit istaken out of service. If left todry for only afew hours, these
depositscan set up hard, making their removal much more difficult.

The tubes should be brushed and flushed to remove any fouling or deposits. If the heat
exchangers have removabl e tube sheets or removable tube bundles (which allow access to the
shell side), these surfaces should be cleaned and inspected. If corrosion or erosion is present,
contact the supplier for components fabricated from amaterial that could better meet the
operating conditions.

5.23.3.7 Linings, Transition Section

Compared with the refractory lining used in water-impounded hoppers, refractory liningsused in
transition sections are dry and, in many respects, are subjected to more severe operating
conditions. During every outage, this lining should be inspected for damage caused either by
falling ash and dlag or by the radiant heat from the boiler. If portions of the liner are replaced, the
underlying steel must be coated with an asphaltic material. Anchors that are corroded or
otherwise defective must be replaced.

523338 Mechanical Pumps

Inspect the mechanical pumps for wear and corrosion, and measure the internal clearances
between the impeller and the body. If the clearances exceed those specified in the manufacturer's
ingtructions, the worn parts should be replaced. Shafts and seals should also be inspected for
wear or damage, and any damaged or worn part should be replaced. Refer to the manufacturer's
drawings and instructions for detailed information on inspection and repair procedures.

If signs of corrosion are present, contact the pump manufacturer for parts fabricated from
corrosion-resistant material that better suits existing conditions.

Inspect the drive for worn bearings, worn or damaged belts, and worn sheaves on the pump and
motor. Any worn or damaged parts must be replaced. If even one belt is damaged, the entire set
of belts must be replaced. Refer to the manufacturer's drawings and instructions for the correct
way to install and tension belts.

Inspect the packing boxes for wear and |eakage, and replace any worn packing. Refer to the
pump manufacturer'sinstructional manual for the proper procedure.

5.2.3.3.9 Overflows, Tank

Ash with ahigh calcium content may cause amineral deposit that may plug the overflow inlets,
preventing the overflows from handling the water flow from the tank. Then the water may
overflow through the seal trough. Therefore, any mineral deposits should be removed. If
overflow inlets plug between outages, contact the hopper supplier for information on enlarging
them.
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Inspect the overflow boxes for corrosion. If they are corroded and the pH of the tank water is
below 5.5, contact the tank supplier for information on obtaining overflow boxes fabricated from
corrosion-resistant material suitable for the conditions experienced. Type 316 stainless stedl is
commonly used for this application, but identification of the specific corrodent may indicate
another material choice.

5.2.33.10 Plate Clarifier

If aplate clarifier isused, it should be inspected at every outage for leakage, corrosion, and
accumulations. The tank must be flushed free of any residual material immediately after it is
emptied and before the materia has set up.

Check any gasketed panels for discoloration that indicates aleak, and replace any faulty gaskets.

Check the tank and support structures for damage that could be caused by corrosion. Carefully
inspect columns and tank stays for straightness and plumb.

Check each joint for evidence of leakage. If any weld shows signs of leakage, prepare the steel
and re-weld to make it watertight.

Inspect the parallel-plate packs for accumulated material. Inspect the water and sludge outlets for
accumulations that could affect the flow of fluid or sludge; remove any accumulation before it
hardens.

5.2.3.3.11 Seal Trough

Inspect the seal trough for ash accumulations. If the tank has no access openings to the seal
trough, however, inspection may be difficult. In such a case, installing access platesin the seal
trough at each of its four corners allows easy inspection. The access openings can be provided by
making a cutout at each corner and fabricating a cover platefor each one. The cover plates
should bolt to the seal trough and be equipped with gaskets to seal the openings. Thiswork can
be performed by plant personnel during an outage.

A magjor ash accumulation can jam the boiler seal plate. This prevents relief of pressure within
the hopper by the water seal, which can damage the seal plate. Any ash accumulation should
therefore be removed. A major accumulation of ash indicates that flushing is inadequate. Refer to
the system instructions for the flushing requirements. If the flushing operation is manually
controlled, flushing may not be performed as frequently asis recommended. Contact the system
manufacturer regarding the availability of an automatic flushing system.

Inspect the flushing nozzles for wear and alignment. Replace any nozzles that are worn more
than 1/16 inch (1.6 mm) on the diameter. Any nozzles that are replaced must be properly aligned
as shown on the supplier's drawings.
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523312 Tank Shell

The chain-conveyor ash tank should be inspected during every outage for leakage, corrosion, and
wear. The tank must be flushed clear of any residual material immediately after it is emptied and
before there istime for the material to set up.

Check gasketed panels and idler bearing gaskets for discoloration that indicates aleak. Replace
any faulty gaskets.

Check the ash tank and support structure for damage that could have been caused by large slag
fallsthat impact the tank. Carefully check columns and tank stays for straightness and plumb.

Check weldsfor leakage. If there is any evidence of |eakage, prepare the joint for welding and
re-weld it to be watertight.

Inspect the bottoms of the ash trough and incline for excessive wear. Replace any severely worn
areawith abrasion-resistant plate or a ceramic lining, as appropriate.

Inspect the bottom of the return trough and any wear strips for excessive wear. Renew or replace
as appropriate.

523313 Water-Level Probes

The seal troughs should be equipped with high-water-level probesto annunciate high water level.
The probes should be checked for calibration and if incorrect, they should be recalibrated.

Inspect the probes for corrosion or mineral accumulations that could cause the probe to produce
spurious annunciations. If corrosion is present and the pH of the seal trough water is below 5.5,
contact the system supplier regarding the availability of a more corrosion-resistant probe.

If thereisaminera accumulation on the probe and the seal-trough water has a pH above 8.5,
contact the system supplier regarding the availability of a probe that would resist mineral
accumul ation.

5.3 Predictive Maintenance Recommendations

A considerable number of the maintenance recommendations detailed in Section 5.2 fall into the
preventive maintenance category: performing maintenance routines on a scheduled basisin order
to improve overall equipment operation, reliability, and longevity. Predictive maintenance
(PDM), on the other hand, uses special monitoring technol ogiesto assess the condition of
equipment while it is operating, which enables plant personnel to determine if maintenance or
adjustments are needed. Proper use of PDM techniques can help to avoid unnecessary
maintenance and identify component problems before they cause equipment damage or
unscheduled downtime.
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Key O&M Cost Point

4
" Proper use of PDM techniques can help to avoid unnecessary maintenance
and identify component problems befor e they cause equipment damage or
unscheduled downtime.

Two PDM technologies—vibration analysis and thermographic analysis—maost effectively
monitor the type of equipment commonly used in bottom ash systems. Each is explained below,
along with typical application techniques, advantages, and limitations.

5.3.1 Vibration Monitoring and Analysis

Vibration analysis can be used to determine the operating condition of rotating equipment,
identifying developing problems before they cause serious failures and unscheduled downtime.
This can include deteriorating or defective bearings, mechanical looseness, and worn or broken
gears. Vibration analysis can aso detect misalignment or unbalance before these conditions
result in bearing or shaft deterioration. Evaluation of long-term vibration analysis trends can
identify poor maintenance practices, such as improper bearing installation and replacement,
inaccurate shaft alignment, or imprecise rotor balancing.

Key O&M Cost Point

4
(’ Evaluation of long-term vibration analysistrends can identify poor
maintenance practices, such asimproper bearing installation and
replacement, inaccurate shaft alignment, or imprecise rotor balancing.

All rotating machinery produces vibrations that are a function of the alignment and balance of
the rotating parts. Measuring the intensity of vibration at specific frequencies can provide
valuable information about the precision of shaft alignment and balance, the condition of
bearings or gears, and the effect on the machine of resonances from housings, piping, and other
structures. It is an effective, non-intrusive method of monitoring machine condition during
startup, shutdown, or in normal operation.

Vibration analysisis used primarily on rotating equipment such as steam and gas turbines,
pumps, motors, compressors, paper machines, rolling mills, machine tools, and gearboxes.
Recent advances in the technology now allow limited analysis of reciprocating equipment such
aslarge diesel engines and reciprocating compressors.

A vibration analysis system usually consists of five basic parts. signal pickup(s), asignal-
recording device, a signal analyzer, analysis software, and a computer for data analysis and
storage. These basic parts can be configured as a continuous on-line system, a periodic analysis
system using portable measurement and diagnostic equipment, or a multiplexed system that
samples a series of points every few minutes. Hardwired and multiplexed systems are more
expensive per measurement point, so the determination of which configuration is more practical
and economical will depend on the critical nature of the equipment and the value of continuous
or semicontinuous measurement data for that particular application.
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Frequency of Analysis

Spot-checking (monitoring a measurement point once per year or less) isused primarily when
mai ntenance or operations personnel detect unusual noises or vibrations and want to determine if
aserious problem actually exists. If aproblem is detected, additional spectral analyses can be
made to define the problem and estimate how long the machine can continue to operate before a
serious failure occurs.

Spot-checking can be cost-effective for less critical or balance-of-plant equipment, particularly
when budget or manpower is limited. However, its effectiveness relies heavily on someone
detecting unusual noises or vibration, apractice that may not be reliable on large or complex
machines or in noisy areas of aplant. In addition, by the time the problem is serious enough to
cause noticeable noise or vibration, the amount of deterioration or damage may aready be
considerable.

Another application for spot-checking is as an acceptance test to verify that a machine repair has
been performed properly. This analysis can verify proper bearing or gear installation aswell as
alignment and balancing to the required tolerances.

Additional information can be obtained by monitoring machinery on a periodic basis (for
example, once per month or once per quarter). Periodic analysis and trending can provide a more
subtle indication of bearing or gear wear, alowing personnel to forecast machine conditionsin
the near future. This advance notice means that equipment can be repaired during normal
machine shutdowns or unit outages, rather than after a machine failure has caused unscheduled
downtime.

Long-term vibration analysis can identify improper maintenance or repair practices, including
improper bearing installation and replacement, inaccurate shaft alignment, and imprecise rotor
balancing.

L ong-term trends can also identify improper production practices, such as operating equipment
beyond design specifications (that is, at higher temperatures, speeds, or loads). The trends can be
used to compare similar equipment from different manufacturersto determine if design benefits
or flaws will be reflected in increased or decreased service life and operating or maintenance
expenses. Ultimately, long-term analysis can be used as part of an overall program to
significantly improve equipment reliability.

G, Key O&M Cost Point
U Ultimately, long-term analysis can be used as part of an overall program to
significantly improve equipment r eiability.

Equipment reliability can include more precise alignment and balancing, higher quality
installations and repairs, and continuously lowering the average vibration level of equipment in
the plant.
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Advantages/Limitations

Though the costs have been reduced and the ease of use improved significantly over the past five
years, vibration analysisis still one of the more complex and expensive PDM techniques. The
complexity stemsin large part from the relatively subjective nature of interpreting vibration
spectra and the difficulty in setting effective alarm limits for a variety of rotating machinery
configurations.

Therelatively high cost per measurement point is aresult of the need for sophisticated electronic
instruments to collect, analyze, and store the data; the cost of personnel to collect the data; and
the cost of personnel and training to interpret the data. The techniqueisalso limited in its
application to rotating machinery, though recent experience exists with reciprocating egquipment
such as diesel engines and compressors.

For companies willing to make acommitment of manpower and resources, the payback can be
considerable. Some companies report being able to accurately identify specific gearsfailing
within a gearbox, substantially reducing the amount of downtime required for troubleshooting
and repair. Others have been able to identify and solve complex resonance problems causing
damage to shafts, bearings, and couplings.

In spite of the higher cost and complexity, the investment in vibration analysis equipment and
manpower is often paid back within thefirst 18 months to two years. At plants where vibration
analysis equipment and personnel are already being utilized on other systems, the incremental
cost of monitoring applicable bottom ash equipment will be minimal. For companies with limited
budgets, there are a variety of service companiesthat will perform vibration analysison a
contract basis.

5.3.2 Thermography and Thermographic Analysis

Thermographic analysis provides a high-resolution, noncontact means of monitoring the
condition of electrical and electromechanical equipment, roofing and wall insulation, and
refractories. Infrared scanners (sSimilar in appearance to video cameras) detect differencesin
surface temperatures and highlight those differences in black-and-white or color images that are
displayed on atelevision screen. These images can be photographed with conventional films,
recorded on videotape, or captured on computer disks or the newer PCMCIA cards. The images,
called thermograms, are used to analyze patterns of heat gain or loss. Thermographic analysisis
an effective PDM tool because mechanical or electrical breakdowns are often preceded or
accompanied by changes in operating temperatures.

Key O&M Cost Point

4
" Thermographic analysisis an effective PDM tool because mechanical or
electrical breakdownsare often preceded or accompanied by changesin
operating temperatures.
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Thisinformation can be particularly important in electrical machinery where circuits and
connections may show no visible signs of deterioration until moments before a complete failure.
Thermographic analysis can also detect cracks or deterioration in roof or wall insulation and
refractories, which can increase heat loss or reduce the efficiency of production processes. The
infrared camera can aso be used in reverse modeto detect thermally cold spots that indicate
vacuum boundary breaches in condensers and turbines.

Infrared scanning is nondestructive and can be performed at a distance for machinery that is
difficult or awkward to reach. Because surveys are best performed while the equipment isin
operation, there is no need for machine downtime and lost production. In addition to avoiding
costly or even catastrophic equipment failures, thermographic analysis can be used to help
prioritize repairs prior to planned maintenance, evaluate completed repair work, and check new
installations prior to startup.

Frequency of Analysis

Spot-checking is used primarily when maintenance or operations personnel suspect that a
problem exists or prior to planned maintenance to identify developing problems and prioritize
the work. One advantage of thermographic analysis of electrical equipment isthat the scan
provides an immediate and quantifiable indication of the temperature difference between a
properly functioning circuit, motor, or connection and one that is overheating.

Key O&M Cost Point

G) One advantage of thermographic analysisof electrical equipment isthat the
U scan provides an immediate and quantifiable indication of the temperature
difference between a properly functioning circuit, motor, or connection and
onethat isoverheating.

The technician often can determine the seriousness of the electrical problem without having to
review historical patternsor past analyses. This quantitative analysis can also be helpful in
determining how long the equipment can continueto operate before a catastrophic failure occurs.

Additional information can be obtained by performing thermographic analysis on a periodic
basis (for example, once per year) or after each major overhaul or plant turnaround. Periodic
thermographic analysis can provide a more subtle indication of electrical deterioration; bearing,
coupling, or belt wear; roof deterioration or leakage; and refractory cracking. Thiswould allow
personnel to project acceptable performance for the coming six months or year. Advance notice
of developing problems means that they can be resolved or repaired during normal shutdowns
rather than before a catastrophic failure occurs. Because devel oping problems are detected when
they arerelatively minor, they are usually much less expensive to repair.

L ong-term thermographic analysis over severa years can be used to identify improper
maintenance or repair practices, including improper roof installation or repair, improper bearing
or coupling installation or lubrication, improper belt drive installation or alignment, poor quality
electrical installation or repair, and improper refractory installation or repair. Thisinformation
can be particularly useful in reducing or eliminating recurring problemsand improving personnel
safety.
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L ong-term trends can also be used to identify improper operating conditions, such as operating
equipment beyond design specifications (that is, at higher temperatures, speeds, or loads). The
trends can be used to compare similar equipment from different manufacturersto determine if
design benefits or flaws will be reflected in increased or decreased service life and operating or
mai ntenance expenses.

Advantages/Limitations

Thermographic analysis has found particul ar application in scanning large, distant, or hazardous
surfaces for temperature variations. These include roofs and walls, oven or high-temperature
refractory linings, overhead power lines or cables, high voltage transformers, or electrical
connections.

There has been limited application of thermographic analysisin mechanical troubleshooting (for
example, identifying equipment such as hot bearings, couplings, and belt drives). Plants usually
have separate organizations that perform thermographic and mechanical troubleshooting and
historically, the two have had limited interaction. Infrared scanners can only measure the
temperature of visible, radiating surfaces; that is, they cannot take readings through glass or
metal housings or covers, unless the metal covering isthin enough for secondary heat patterns to
appear (which is seldom) or an infrared inspection window has been installed.

Key Technical Point

Infrared scanners can only measurethetemperature of visible, radiating
(:O) surfaces; that is, they cannot take readings through glass or metal housings

or covers, unlessthe metal covering isthin enough for secondary heat
patternsto appear (which isseldom) or an infrared inspection window has
been installed.

Readings are al so affected by the reflective nature of the surface being measured; this reflectivity
value must be taken into account when scanning different objects or surface materials.

The equipment cost ranges from moderate to expensive, particularly when many of the more
sophisticated options are included. Infrared scanners vary in their accuracy, sensitivity,
temperature range, resolution, and portability. Options include a variety of graphic displays,
video/audio capabilities, zoom, interchangeable lenses, battery operation, data logger/printer,
image storage, and digital outputs. Due to the variety of industrial applications, the cost of
infrared scanning equipment can often be recovered in one year or less. At plants where vibration
analysis equipment and personnel are aready being utilized on other systems, the incremental
cost of monitoring applicable bottom ash equipment will be minimal. Companieswith limited
budgets might consult a service company that will perform thermographic analysis on a contract
basis.

Scanner operation isrelatively smple; however, interpretation of the scanned imagesrequires a

moderate amount of training or experience. Training and certification can be obtained from
either the scanner manufacturer or one of several independent certification companies.
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TROUBLESHOOTING

This section begins with a comprehensive treatment of recommended troubl eshooting techniques
to accurately and efficiently assess operational and mechanical problemswith bottom ash
systems. The troubleshooting information is also represented in table format for quick reference.
The goals are to inform plant personnel of methods by which they can keep their systems
operating at high efficiency and to give designers and plant engineers an idea of the requirements
and the potential of the various systems.

The recommended process for solving problemsis explained in this section: establishing the
existence of a problem, identifying the cause of the problem, and correcting the problem.
Troubleshooting successislargely dependent on making keen use of all senses when inspecting
equipment. The sequence of eventsin agiven process must be thoroughly reviewed, and the
knowledge and experience of the personnel who operate and maintain the equipment should be
fully utilized.

Some of the diagnostic and corrective information presented is duplicated in different parts of
this subsection. For example, air cylinder malfunctions are the same whether the cylinder
operates an ash intake or aline gate. A once-through reader of this manual may find the
descriptions in these three sections redundant. Thisrepetition is deliberate, however, to minimize
the need for searching among different sections to find the information needed by the targeted
user of each section; namely, the person who must troubleshoot a malfunction in such a system.

Where amaterial or operating upgrade can alleviate a problem, an appropriate recommendation
ismade. In order to diagnose or troubleshoot a problem, there must be a benchmark of normal
performance for a system.

Key Technical Point
(:O) In order to diagnose or troubleshoot a problem, there must be a benchmark
of normal performancefor a system.

This benchmark should be established when the system is new or rebuilt, "tight,” and in good
operating condition. Usually, this condition occurs just after initial run-in or major
unit/equipment outages, when bugs have been eliminated and the system has been fine-tuned by
the startup engineer.
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6.1 System Operation

6.1.1 System Does Not Start

Note: The diversity of equipment and control schemes available in bottom ash systems makes it
difficult to be very specific on causes for failure of a system to start. The following is therefore
general information.

The system may have interlocks with associated equipment, including the pyrites conveyor, wet
economizer tanks, transfer tanks, transfer sumps, dewatering bins, recirculating systems, and
duicefly ash systems. If any interlocking permissive does not allow the duice bottom ash
system to start, there should be an annunciation.

Grounding within adc control circuit may cause a malfunction of the controls and prevent the
system from starting. Check for groundsin the dc control circuits and repair as needed.

If the circuit breakers or fuses for either the control panel or any of the associated equipment are
open, the system cannot start. Close any open circuit breakers, and replace any fuses that have
been removed.

If any malfunctions are annunciated when the control panel is energized to start the system, the
causes of the annunciations should be investigated and the necessary corrective action taken.

6.1.2 System Stops or Does Not Convey Ash

Note: The diversity of equipment and the variety of control schemes available make it difficult to
provide a specific cause for system shutdown or failure to convey ash.

The system can be shut down due to power loss, which appears as aloss of the indicators on the
control panel or as a malfunction annunciation. The cause of the annunciation should be
determined and the necessary corrective action taken.

Interlocks can cause the system to shut down or stop conveying ash. Typical problems or
malfunctions that may or may not be annunciated include crusher malfunction, loss of conveying
water pressure, discharge gate malfunction, low water level in transfer tanks or sumps, high ash
level in dewatering bins, and recirculating system malfunctions.

Whenever a malfunction is annunciated, determine the cause and take the necessary corrective
action.
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6.2 Ash Hopper

6.2.1 Ash Hopper Empties Slowly

A worn pump reduces the system capacity and causes the hopper to empty more slowly.

e Check the pump for wear. If it isworn, replace or repair it.

Note: With ajet pump, the system capacity is calculated on the basis of aworn combining tube
in the pump. The emptying time should not exceed the value for the tube worn to the diameter
used for the system design.

e Contact the system supplier if the worn sizeis not listed in the system instructions.

Whenever the ash concentration in the slurry istoo high, the pump does not accept the full flow
from the hopper. If the crusher sound indicates that ash is not passing through the crusher at a
normal rate, the probable cause is that the durry concentration has become too great for the

pump.

e Refer to the system instructions for information on the proper use of adiluting spray and the
proper method of durrying the ash before the ash discharge gate is opened. If this
information is not included in the instructions, contact the system supplier.

Large pieces of ash or slag can block the discharge gate opening, reducing the flow of ash from
the hopper.

o If the gateisfrequently plugged by ash or slag, contact the furnace and/or sootblower
supplier for assistance in reducing or eliminating large slag falls.

Calcium accumulations in the discharge line can reduce the inside diameter of the line, thus
reducing system capacity.

e Check the discharge line for depositsif the ash contains calcium oxide or calcium carbonate.
Clean theline as required.

Note: The troubleshooter must also keep in mind whether any fuel changes have taken place.
Different fuels may have significantly different ash contents and characteristics, which can affect
not only the ash hopper emptying times but bottom ash system performance in general.

6.2.2 Discharge Gate

In most systems, the movement of the gate is regulated by speed-control valves that prevent the
gate from opening or closing too rapidly. If the speed-control valves are set beyond the point
needed to allow smooth operation of the gate, it will operate extremely slowly.

e Check the settings of the speed-control valves, if used. Readjust for proper control. Refer to
the system instructions for the recommended opening and closing rates.
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The hopper gate opens or closes slowly if the gate cylinder piston rod is misaligned or bent. This
can cause the piston rod to bind, reducing the rate at which the gate can move.

e Check the piston rod and if misaligned, realign it. If therod is bent, repair as needed.

L ow operating pressure in the gate cylinder also reduces the rate at which the gate opens or
closes and can allow the gate to creep.

e Check theair or hydraulic pressure that operates the gate. If it islow, take corrective action
to provide the correct operating pressure.

If the gate cylinder is operated by air pressure applied to a hydraulic reservoir, alow hydraulic
level can change the way that the gate operates.

e Check thefluid level in the hydraulic reservoir. If the fluid is depleted, fill the reservoir to the
required level.

If the operating cylinder leaks, the hopper gate can creep away from the open or closed position.

o If the gate creeps, check the operating cylinder for leakage. Repair or replace the cylinder as
required.

In some systems with discharge gate limit switches, a cregping gate can stop the conveying
operation. This should be an annunciated malfunction.

In asystem that uses air pressure applied to a water reservoir to operate the gate, impuritiesin
the water can corrode the gate cylinder, damaging the piston seals.

e Inspect theinside of the operating cylinder for signs of corrosion or mineral buildup. If
found, contact the system supplier for recommendations of an oil or hydraulic fluid that can
be used instead of water to operate the cylinder without damaging the seals or packing.

A discharge gate will not normally be watertight because of the abrasive material being handled
and the resulting problems of creating a sealing surface. The gate can, however, be adjusted for
minimum leakage.

e Refer to the gate drawings for instructions on proper gate adjustment.

Some gates use replaceabl e gate seats and faces to minimize leakage.

e At each outage, inspect the gate, face, and seat for wear. If a part is worn, replace it.

The gate can be attacked by acid in the sluice water.

e |f thegate or any other part shows signs of corrosion, check the pH of the water from the
hopper. If the pH is 5.5 or below, contact the hopper supplier for assistance in selecting a
gate with corrosion-resistant partsto withstand the conditionsindicated by the measured pH.
Type 316 stainless steel is commonly used for this application, but identification of the
specific corrodent may indicate another material choice.
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If the control valve in amanually controlled system leaks, the pressure to the cylinder may be
inadequate either to open or close the gate completely or to keep the gate in the fully open or
fully closed position.

e Inspect the control valve for leakage or wear. If the valveisleaks or shows wear, repair or
replace it.

6.2.3 Solenoid Valve Malfunction, Gate Actuator

Suspended solids, scale, or erection debrisin the compressed air supply can plug the solenoid

valve diaphragm relief opening and prevent the piloting function from seating the valve. This
establishestwo air pathsin the valve, allowing air to pass to the exhaust and reducing both the
pressure and the volume of air flowing to the gate cylinder or reservaoir.

e Check the exhaust for airflow. If airflow is found, the valve is not seating correctly. Clean or
rebuild the solenoid valve as required.

A solenoid valve can be plugged by paint unless all openings are sealed whenever painting is
done near the valve (for sealing the valve, use the original shipping plugs or masking tape). If the
interior of the valve has paint in it, the valve must be cleaned and rebuilt.

6.2.4 Gate Enclosure

The discharge gate must empty through a watertight enclosure to direct the flow of ash from the
hopper to the crusher and conveyor line. The enclosure must have apressure relief valve that
accommodates the full flow of the jet pump nozzle water. This protects the enclosure if thereisa
complete plugging of the line or amalfunction of an isolation valve. The pressurerelief valve
should empty into the hopper to contain the flow of water from the jet pump nozzle. If aline
plugs or an isolating valve malfunctions, the water level in the hopper rises. The problem should
be annunciated as high water level in the hopper. When the ash system is started, the enclosure is
under avacuum created by the conveying pump until the discharge gate is opened. It is possible
for this vacuum to collapse the enclosure.

Key Human Performance Point
0 When the ash system is started, the enclosureis under a vacuum created by

the conveying pump until the discharge gateis opened. It ispossible for this
vacuum to collapse the enclosure.

e Inspect the pressure relief valve at each outage to ensure proper operation.

e Regularly inspect the vacuum relief valve for proper operation by listening to it when the
system is started. There should be an inrush of ar until the discharge gate opens. If the
vacuum relief valve is malfunctioning, repair or replace it.
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The gate enclosure can be attacked by acidic water.

e |f thepH of the hopper water isbelow 5.5, contact the hopper supplier for assistance in
obtaining an enclosure fabricated from corrosion-resistant material to withstand the operating
conditions. Type 316 stainless steel is commonly used for this application, but identification
of the specific corrodent may indicate another material choice.

If the water pressure of the diluting spray isincreased for any reason, the resulting increased
turbulence accel erates wear on the enclosure.

e Do not allow the diluting spray to exceed the maximum value recommended by the hopper
supplier.

6.2.5 Overflow

Many hoppers have water level probesin their overflows to annunciate high water levelsin the
hopper.

e Regularly check the calibration of the level probes to ensure that high water levelsin the
hopper will be annunciated.

e |f there are spurious annunciations of high water levels, check the calibration of the probe. If
itisincorrectly calibrated, recalibrate it.

The water flow rate to the hopper must be sufficient to quench the ash being collected and to
maintain a maximum acceptable internal temperature. The flow rate can vary seasonaly if the
temperature of the water supply changes.

e Regularly check the water temperature in the overflow weir box. If it exceeds the maximum
shown on the hopper control drawings or in the system instructions, increase the internal
water flow to reduce the temperature to the specified maximum.

e Measurethe flow of water over the weir in the overflow seal box. If the flow exceedsthe
recommended maximum flow and the temperature is below the specified maximum, reduce
the interna water flow to the recommended rate.

e Contact the hopper supplier if the overflow water temperature and flow are not shown on the
hopper control drawings or in the system instructions.

The overflow boxes should be inspected for wear, corrosion, and calcium deposits. If there are
signs of corrosion, the pH of the overflow water should be measured. If the pH isbelow 5.5,
there may be some acid attack on the material.

e Contact the hopper supplier for assistance in selecting a corrosion-resistant material for the
overflow boxesto suit the conditions existing in the hopper. Type 316 stainless steel is
commonly used for this application, but identification of the specific corrodent may indicate
another material choice.

When ash contains calcium compounds, they can mix with water and cause a mineral
accumulation on the surfaces of the hopper. If the calcium deposits restrict the flow of water
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through the overflows, the hopper can overfill and the water can overflow through the seal
trough.

e At each outage, inspect the overflowsfor calcium deposits. Remove any that are found.

o |f the overflows plug between outages, contact the hopper supplier for recommendations on
modifying the overflows to increase the weir area to accommodate the existing conditions.

6.2.6 Refractory Lining Damage

The refractory lining of the hopper can be damaged by the shock of quenching. A quench can
occur when a section of the lining isfirst exposed to the radiant heat of the furnace and then
flooded with water (for example, during the refilling operation after a hopper has been emptied).
It can also occur if the water curtain islost and the area at the water level is alternately subjected
to cooling and heating by the wave action of the water in the hopper. If one isnot already in
place, awater curtain should be installed to protect the lining. All ash hoppers should have a
water curtain in place to protect the tank lining against radiant heat.

Key Technical Point
(:O) All ash hoppers should have a water curtain in placeto protect the tank
lining against radiant heat.

e Contact the hopper supplier for information and assistance concerning the addition or
modification of a cooling water curtain for refractories.

Quenching shock can also occur if the cooling water curtain isinterrupted. Sediment
accumulationsin either the curtain water supply piping or trough can interrupt the flow. The
curtain water supply piping or trough must be flushed at least daily. An automatic flushing
arrangement should be avail able from the hopper supplier.

Large pieces of ash or slag falling into the hopper can damage the lining as the material hits the
water in the hopper or strikes the hopper lining (if the water level in the hopper islow). In most
cases, there isaso thermal shock when the hot materia strikes the water, heating it rapidly.

e Contact the furnace and/or sootblower supplier for assistance in minimizing sag fallsfrom
the boiler tubes.

6.2.7 Seal Trough

A sedl plate that is distorted or bent indicates that pressure fluctuations within the hopper are not
being accommodated by the seal trough or that mechanical interference may be a problem.

e Ingpect the seal trough for ash accumulations that do not allow water flow between the seal
plate and the bottom of the seal trough. Remove any ash accumulations found.

e Inspect the seal plate and trough for proper alignment. Repair as needed.

Ash accumulations normally result from failure to flush the seal trough at least daily. An
automatic seal trough flushing arrangement should be available, if not already installed.
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e Contact the hopper supplier for information on adding automatic seal trough flushing.

During each outage, the seal trough should be inspected for ash accumulations. Any ash
accumulations found must be removed. Deep ash accumulations indicate that the flushing
operation may be inadequate.

e Contact the hopper supplier for assistance with increasing the effectiveness of the flush cycle.
6.3 Conveyor Line, Sluice

6.3.1 Conveyor Line Leaks

Pipe connections that fail at elbows and cause |eakage indicates that the elbows are not properly
anchored. Thereisan impact on the elbows whenever the feed in the conveyor line changes,
which changes the discharge pressure. The anchors must be ableto withstand the force imparted
to the conveyor.

e Contact the system supplier for the kinetic forces that the anchors must withstand if the
forces are not shown on the conveyor drawings. Modify the anchors to withstand the forces if
they are not designed to do so. Re-tension the anchorsif required.

During startup of some systems, water hammer can occur. This may pull the connections apart.

e Refer to the system operating instructions for information on adjusting the water supply
valves to minimize water hammer.

Pipeline should be constructed with provisionsfor draining the water to prevent freezing.
Alternatively, a continuous flow of water through the line can be used to prevent freezing in
most cases.

Key Technical Point

(:O) Pipeline should be constructed with provisions for draining the water to
prevent freezing. Alternatively, a continuousflow of water through theline

can be used to prevent freezing in most cases.

In extremely cold climates, the water in the pipeline may freeze even with the minimum flow
initiated, damaging the connections and the pipe. To prevent freezing in these conditions, the
pipeline should be constructed with provisions for draining the system.

Pipe connections that are not properly assembled can fail under the forces imposed during
system operation.

e Refer to the connection drawings for the proper method of assembly and the tightening
requirements.

Do not overtighten a connection that uses rubber gaskets because this can cause the gaskets to be
forced under a flange and damaged.
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e |f arubber gasket connection leaks, undo the connection and retighten it until the leakage is
stopped. Refer to the connection drawings for tightening instructions. Connections that are
subjected to high pressure and turbulent water (typically the connections at the outlet of ajet
pump) must have reinforced gaskets to withstand the magnitude of the fluctuating water
pressure.

Key Technical Point

(:O) Connectionsthat are subjected to high pressure and turbulent water
(typically the connections at the outlet of a jet pump) must havereinforced

gasketsto withstand the magnitude of the fluctuating water pressure.

If thereisa problem with gasket blowout at thislocation, contact the system supplier for more
suitable connection components.

For connections that use locking flange clamps, the clamps must be properly tightened. Because
the flange clamps and the pipe are both castings—which have burrs and surface irregul arities—
the full torque force of the flange bolts can be temporarily withstood by such an irregularity. This
prevents the flange from seating properly and allows leakage. Such a connection will not be
sustained under impact. After aflange is torqued, strike the head of the torquing bolt sharply
several times with ahammer. Afterward, re-check the torque. If the connection has loosened, re-
torque the bolt. Repeat this process until thereisno loss of torque when the bolt is struck.

Key Technical Point

After aflangeistorqued, strikethe head of the torquing bolt sharply several
o timeswith a hammer. Afterward, re-check the torque. If the connection has

loosened, re-torque the bolt. Repeat this processuntil thereisno loss of
torque when the bolt isstruck.

Conveyor linefittings are subject to wear, which can cause them to leak. To minimize
replacement downtime, a highly abrasion-resistant aloy elbow should be used at points of high
impact wear. These pointsinclude the first elbow after the jet pump and the elbow at the top of
the riser where the ash pipe emerges from a pit or trench (if used).

6.3.2 Conveyor Line Plugs

In normal operation, the discharge from a sluice system is nearly constant. Discharge that has an
intermittent spurting pattern indicates a pressure buildup that intermittently forces material past
an obstruction in the line. Hence, it islikely that thereisaplug in the line. The conveyor line
must be flushed after each operation to prevent line pluggage.

Key Technical Point
(:O) The conveyor linemust be flushed after each operation to prevent line
pluggage.
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If thelineisnot flushed to remove al of the ash that has dropped out of suspension during
conveying, the resulting accumulations can form a base for additional material that drops out of
suspension during succeeding operations. This can result in apartial or complete plug developing
intheline. A fuel switch that resultsin different bottom ash characteristics may require that
conveying times or velocity be adjusted.

The conveyor line must be flushed for at |east twice as long as the time required for ash to travel
from the ash hopper to the discharge point. This period (in seconds) equals the quotient of the
conveyor linelength (in feet) divided by the minimum conveying velocity (feet per second). The
conveying velocity istypically 5-7.5 ft/sec (1.5-2.3 m/sec). The lower value should be used to
provide a conservative value for the duration of the flush.

Heavy particles, such as pyrites, can fall out of suspension in vertical or angled risers.

e |f thisproblem occurs, contact the system supplier for assistance in increasing the conveying
velocity in risersto retain heavy particlesin suspension.

When coal with a high calcium content is burned, the calcium oxide in the ash can mix with
water and carbon dioxide in the air to form calcium carbonate, or limestone. This tends to
accumulate on the walls of the pipe, which reduces the effective diameter of the pipe. Eventualy,
this causes the equivalent of a pipe plug, which reduces system capacity. The calcium
accumulation must be removed by an acid flush or amechanical pipe-cleaning machine.

6.3.3 Conveyor Line Wear

Because ash is normally conveyed along the bottom of the conveyor pipe, a wear pattern
developsin the lower quadrant of the pipe. Regular inspection of the pipe makesit possible to
determine when there is appreciable wear. Periodically rotating the pipe in increments of 90 to
120 degrees (1.6 to 2.1 radians) increases the effectivelife of the pipe.

Ash that falls out of suspension isdragged along the bottom of the pipe.

e Check the jet pump or durry pump for wear that reduces the conveying velocity and alows
ash to drop out in the pipe. Repair the pump as required to keep ash in suspension.

High-density ash increases wear on the pipe. If the ash has a density greater than 60 |b/ft* (960
Kg/m®), contact the system supplier for assistance in adjusting the power of the pump(s) to keep
the ash in suspension.

Key Technical Point

(:O) If the ash has a density greater than 60 Ib/ft® (960 K g/m?), contact the system
supplier for assistance in adjusting the power of the pump(s) to keep the ash

in suspension.

If pipewears at an unacceptable rate, the use of a pipe lined with ceramic, basalt, or some other
abrasion-resistant material may increase the servicelife.
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e Contact the system supplier or a supplier of lined pipe for assistance in selecting a suitable
alternative pipe and pipe fittings. See Table 4-1 for acomparison of the most commonly used
piping materials.

6.4 Crusher

6.4.1 Crusher Does Not Start
Controls

If the system permits both local and main panel operational control, the crusher will not start if it
isin the incorrect mode.

e Change the controls to the correct mode.

e Check the crusher motor starter controls for an open circuit breaker or afuse that has been
removed. If thereisan open circuit breaker, close it. Replace fuses as necessary.

Many crushers have interlocking equipment with permissive circuits.

e Check the permissive circuits (such as transport nozzle or jet pump nozzle pressure, seal
water pressure, or rotation sensor) for continuity. If any circuit is open, determine the reason
and take correction action to alow it to close.

Drive

If the motor and drive are not filled with lubricant to the proper level, the crusher may overheat
and trip out.

e Check theoil level. If it is below the operating limit, add oil to bring the level to the correct
point.

If the motor issingle-phasing, it may not start.

e Check connections at the motor; check contactors at the motor control center. Repair as
needed.

6.4.2 Crusher Seals

Water at apressure higher than the maximum static head in the hopper is used to protect the shaft
and seals at the point where, in most crushers, the crusher shaft passes through the crusher body.
The seal water should flow inward to prevent ash-laden water from flowing outward to the seals.
If the water pressure istoo high and the water isnot of potable quality, it can damage the shaft
surface. If the water pressure istoo low, the ash from the crusher cavity can reach the seals and
cause wear. The pressure of the crusher seal water should be either the value stated on the system
drawings or approximately the maximum static head in the hopper plus5 psig (34.5 kPa).
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6.4.3 Crusher Stalls

If the crusher stalls as soon as the sluice gate is opened and continues to stall during the initial
emptying of the hopper section, the ash concentration in the slurry from the hopper is probably
too high. In this case, the pump may not accept the ash at the rate at which it is flowing. Most
pumps accept ash only at the rate at which it can be conveyed.

If ash isnot accepted by the pump, it accumulates in the crusher body and the roll(s) will churn
it. If the concentration is too high, the crusher can stall.
e Useadiluting spray to dilute the durry asit is emptied from the hopper into the crusher.

e Useaninterna nozzle (usualy one placed opposite the hopper sluice gate) to slurry the ash
before the suice gate is opened. Refer to the system instructions for the proper slurrying
procedure.

Some material, such as pieces of dag or erection debris, can be difficult for the crusher to
fragment and cause it to stall. If the crusher has an automatic rotation sensor, it should
automatically reverse a predetermined number of timesto clear the stoppage.

e If the system does not have automatic reversal, manually alternate the crusher between
reverse and forward operation to try to clear the obstruction. If thisisineffective, the
obstruction must be cleared manually. Refer to the system instructions for the recommended
method of clearing a crusher obstruction.

If the crusher seals are overtightened or if the seal is overlubricated, the seal can act as abrake on
the crusher shaft.

e Do not overlubricate or overtighten the seal. Relieve the pressure if the condition exists.

If motor is single-phasing, it will stall, especially when under load.

e Check connections at the motor and contactors at the motor control center. Repair as needed.

6.4.4 Crusher Stops

The crusher stops if any control interlock opens during operation. The most common causes are
low pressure at the transport nozzle or jet pump nozzle, low seal water pressure, sluice gate not
completely open, or crusher rotation sensor.

e Check the annunciations for malfunctions. Correct the condition.
If the system does not have annunciations for the listed items, check the system drawings for the

permissive circuits. Inspect each item that has permissive interlocks for operation, and correct
the condition that caused the interruption.
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6.4.5 Crusher Wear

Normal operation causes wear on the crusher rolls. The wear is accelerated if the crusher
operatesin high concentration slurry.

e Besurethat the slurry from the hopper is diluted for the correct feed to the pump.

Large pieces of very hard material can accelerate wear on the rolls. The most common source of
such materia is dslag that falls from the tubes.

e Contact the furnace and/or sootblower supplier for assistance with minimizing slag
accumulations and slag-fallsinto the hopper.

Wear on the crusher rolls reduces the engagement between the elements used to reduce the
material to the required size. Any reduction of the engagement of the elementsleadsto an
increase in the size of the particles discharged from the crusher. This can cause plugging in the
mechanical or jet pumps used to transport the material.

e Contact the crusher supplier for information on the minimum engagement (or maximum
clearance) required between the elements of the crusher for correct operation. Change the
worn element whenever the engagement falls below the design minimum.

Because acid can attack the crusher, the pH of the water in the hopper should be checked. If the
pH of the water isbelow 5.5, thereis a high probability of acid attack on the crusher
components. The attack increases as the pH decreases. The roll(s) and wear liners are typically
made of alloysthat are both abrasion- and corrosion-resistant, although the casings are
commonly made of less expensive materials.

e Contact the crusher supplier for assistance in obtaining crusher components that can
withstand the acid attack at the pH found in the hopper water. Type 316 stainless steel is
commonly used for this application, but identification of the specific corrodent may indicate
another material choice.

6.5 JetPump

6.5.1 Jet Pump, Low Capacity

It may be difficult to define capacity in a system that uses ajet pump to convey ash from a
bottom ash hopper. Net capacity is normally defined as the capacity that the system supplier
guarantees when the system is sold.

System net capacity is calculated on the basis of an allowable degree of wear in the jet
combining tube. The design wear should be listed in the system instructions. For al practical
purposes, the system net capacity is given in terms of how much ash the system can convey
when the jet pump isin need of replacement. The actual capacity isinitially greater than the
supplier's rated capacity and then decreases to that conveying rate as the jet pump wears.
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e To avoid amisunderstanding when communicating with the supplier about capacity
problems, use the emptying time and the conveying rate measured when the jet pump
combining tube isworn to the supplier's specified worn diameter.

When the combining tube is worn beyond the supplier's specifications, the system capacity is
reduced.

¢ Inspect the combining tube regularly for wear and pluggage. Replace the tube when it is
worn to the specified maximum amount.

The service life of the combining tube should be calculated on the basis of tons (kilograms) of
ash handled. Experience gives an average service life in termsof tons of ash conveyed.

When an amount of ash approximately corresponding to the projected lifetime has been
conveyed, inspect the combining tube for wear to determine the need for replacement.

If the nozzle water pressureis reduced, this reduces the capacity of the system.

e Check the water pressure from the sluice water pumps. If it is below the design pressure,
inspect the pump for wear. Repair or replace as required to restore design pressure.

e After repairsto the sluice-water pumps, check the rotation of the pump. If the rotation is
reversed, the pump will not operate properly, and the pressure developed will be lower than
design. Correct the rotation if necessary.

Water pressure to the jet pump is normally reduced as the nozzle wears and allows the flow
through the nozzle to increase.

Inspect the nozzle regularly for wear. If it wears more than 1/16 inch (1.6 mm) past the design
diameter, replaceit.

Water pressure to the jet pump can be reduced by wear of the orifices used to control the water
flow to the hopper'sinternal nozzles. When internal nozzles are in use, the increased flow to
them reduces the water flow and pressure to the jet pump.

e If the operating characteristics of the jet pump change when the internal nozzles arein use,
inspect the orifices in the water supply lines to the internal nozzles. If they are worn, replace
them.

If the crusher isworn, it may not reduce all the ash to a size that passes fredly through the throat
of the combining tube. This can cause formation of a partial plug in the jet pump and reduce its

capacity.

e |Inspect theinlet of the combining tube for chunks of ash that plug the jet pump, and remove
any that are found.

e Inspect the crusher for wear and engagement of the crusher elements. If the elements are
worn, replace them.
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Any mineral deposit on the walls of the ash conveyor pipe reduces the effective inside diameter
of the pipe, which increases the discharge resi stance against which the jet pump conveys the ash.
The suction head decreases as the discharge resistance increases. If the coal being used produces
ash with calcium compounds, the compounds can form chemical deposits on the pipe walls.

e |f achemica deposit isfound, it should be removed by acid flushing or with a mechanical
pipe-cleaning device.

6.5.2 Jet Pump, Slow Feed

Thereisadistinct difference between slow feed to the jet pump and low capacity.

Key Technical Point
(:O) Thereisadistinct difference between slow feed to the jet pump and low
capacity.

Slow feed occurs during the initial emptying of a hopper section and can improve as the section
empties. Low capacity refersto areduction in the rate at which ash is conveyed and remains
consistent during the entire hopper emptying operation.

Slow ash feed to the jet pump may be caused by the concentration of ash in the durry. The jet
pump requires a specific concentration of ash to operate correctly. The inlet suction of ajet pump
decreases as the resistance head increases. A high concentration of ash in the slurry increases the
resistance head in the conveyor line. The reduced suction head reduces the amount of ash that the
pump accepts at the inlet.

Slow feed increases the amount of ash in the crusher (becauseit is not being accepted by the jet
pump). This condition can cause the crusher to stall and to annunciate the problem if the crusher
is equipped with arotation sensor. Crusher wear increases if this condition persists.

If there isfine ash in the hopper, the ash at the bottom can compact as the load in the hopper
increases. When the hopper gate is opened, the ash discharged can be almost dry. To avoid this,
and to improve the rate at which the jet pump accepts the ash, the ash should be durried before
the hopper gate is opened. This can be done by using the internal hopper nozzles before opening
the gate.

e Refer to the system instructions for information on slurrying before opening the gate.

e |nsome cases, it isnecessary to allow the nozzle to operate during theinitial emptying of the
hopper section. Contact the system supplier for assistance in making any control changes that
may be required.

The use of adiluting spray pipe in the enclosure is recommended for diluting the ash flow to
ensure that it is accepted by the jet pump. The diluting spray is apipewith holesin it that can
add 100-150 gpm (6.3-9.45 I/sec) at alow water pressure in the 50-psig (345-kPa) range.

If adiluting spray isinstalled but not in use, it should be used to improve operation.
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If thereisa problem with dow feed to the jet pump and adiluting spray isnot installed, contact
the system supplier for assistance in installing one.

6.5.3 Jet Pump Test

When the combining tube is worn to the diameter specified by the system supplier astheworn
condition, the pressure in the sluice line should be measured at a point, downstream from the
pump, that isfree from turbulence induced by fittings. This should be done at a time when the
conveyor hasanormal ash loading. This pressure should be recorded for reference.

e After changing combining tubesin the jet pump, periodically measure the pressure at the
same point in the conveyor line as the reference pressure. When the pressure drops to the
reference pressure, inspect the combining tube for wear.

6.5.4 Jet Pump Wear

The ash conveyed causes normal abrasive wear on the jet pump components. The jet pump
should be inspected regularly for wear and any worn parts replaced.

Incorrect water pressure and flow into the jet pump can cause cavitation; the turbulence
associated with cavitation increases abrasive wear on the pump. If thereisachangein the
conveyor length, discharge elevation, or the genera routing, the power requirementsfor the
pump can change.

e Contact the system supplier for assistance in recalculating the jet pump requirements.

Before installing either a combining tube or nozzle in the jet pump, the item should be inspected
to ensurethat it is the proper size. If the size of the combining tube or the nozzleisincorrect, jet
pump operation will be adversely affected.

The nature of the ash affects the service life of the jet pump. If the servicelife is unsatisfactory,
contact the system supplier for information on the availability of parts manufactured from amore
abrasion-resistant alloy or manufactured with an abrasion-resistant lining to minimize the
frequency of part replacement. Alloys such as 27% chrome, Ni-Hard, and others are available
from various manufacturers, depending on the site-specific operating conditions. Acidic water
reduces the service life of the jet pump body.

(:o) K ey Technical Point
Acidic water reducesthe servicelife of the jet pump body.

e Check the pH of the hopper water. If the pH isbelow 5.5, contact the system supplier for the
availability of components better suited to existing conditions. Type 316 stainless stedl is
commonly used for this application, but identification of the specific corrodent may indicate
another material choice.

Nozzle wear increases as the amount of suspended solids in the ash sluice water increases. Most
system suppliers have nozzles with abrasion-resistant inserts available.
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6.6 Mechanical Slurry Pump (Centrifugal)

6.6.1 Mechanical Slurry Pump, Low Capacity

If the pump isworn, the system capacity is reduced.

e Check the pump discharge pressure and if it is low, inspect the pump for wear. Repair the
pump as required and replace any worn parts.

A change in either the length of the conveyor line or the discharge elevation changes the
conveying requirements of the pump. If the conveyor line routing, length, or discharge elevation
has been changed, contact the system supplier for assistance in recal culating the pump speed and
power requirements.

If the crusher isworn, it may not reduce all the ash to a size that passes freely through the pump
impeller. This can either plug the pump or damage the impeller or casing, reducing the pump's
conveying capacity.

e Inspect the pump for chunks of ash that plug the pump impeller, and remove any particles
found.

e Inspect the crusher for wear and engagement of the crusher elements. If the crusher elements
are worn, replace them.

Any mineral deposit on the walls of the pipe reduces the pipe's effective inside diameter. This
increases the discharge resistance against which the mechanical slurry pump conveys the ash.
The suction head decreases as the discharge resistance increases. If the ash contains calcium
compounds, they may form a chemical deposit on the pipe walls.

e |f thereisachemical deposit on the pipe, it should be removed by acid flushing or with a
mechanical pipe-cleaning device.

If the pump's rotation isincorrect, the capacity of the pump is reduced.

e Before starting the pump (either initially or after any repairs), check the pump rotation. If
incorrect, correct the rotation before operating the pump.

L oose or damaged belts in the pump drive reduce the power transmitted to the pump and thus the
capacity of the pump.

e Inspect the drive belts. Re-tension loose belts that are undamaged. Replace damaged beltsin
matched sets only. Refer to the drive instructions for the proper procedure for tensioning the
belts.
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6.6.2 Mechanical Slurry Pump, Slow Feed

Slow feed to the mechanical slurry pump isdistinctly different from low capacity. Slow feed
occurs during the initial emptying of a hopper section and can improve as the section empties.
Low capacity refersto areduction of the rate at which ash is conveyed and remains constant
during the entire hopper-emptying operation.

Slow feed of ash to the mechanical durry pump may be due to the ash concentration in the slurry
(the mechanical durry pump requires a specific ash concentration in the slurry to operate
correctly). Inamechanica slurry pump, theinlet suction drops as the resistance head increases.
A high ash concentration in the durry increases the resistance head in the conveyor line, which
reduces the suction head. This in turn reduces the flow of ash to the pump suction.

Slow feed increases the amount of ash in the crusher (becauseit is not being accepted by the
mechanical durry pump). This condition can cause the crusher to stall and to annunciate the
problem if the crusher is equipped with arotation sensor. Crusher wear increasesif this condition
persists.

If the hopper contains fine ash, the ash at the bottom can compact as the hopper fills. When the
hopper gate is opened, the ash discharged can be amost dry. To avoid this and to improve the
rate at which the mechanical slurry pump accepts ash, the ash should be durried before the
hopper gate is opened. This can be done by water flow through one of the internal hopper
nozzles before the gate is opened.

e Refer to the system instructions for information on slurrying before opening the gate.

e |nsome cases, it may be necessary to allow the nozzle to operate throughout the initial
emptying of the hopper section. Contact the system supplier for assistance in making any
required control changes.

A diluting spray pipe should be used in the enclosureto dilute the ash and ensure that it will be
accepted by the pump. Thediluting spray is delivered by a perforated pipe that adds 100-150
gpm (6.3-9.5 I/sec) at low pressure (about 50 psig [345 kPa)).

e If adiluting spray pipeisinstalled but not used, it should be used to improve the operation of
the system.

e |f thefeed to the mechanical surry pump isslow and there is no diluting spray pipe, contact
the system supplier for assistance with installing one.

6.6.3 Mechanical Slurry Pump Test
At atime when the conveyor has anormal ash loading, the pressure in the sluice line

downstream from the mechanical slurry pump should be checked at alocation that isfree from
turbulence induced by bends or fittings. This pressure should be recorded asa reference.
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e Periodically take pressure readings at the same point in the conveyor line asthe reference
pressure measurement. A pressure less than the reference pressure indicates that the pump
should be inspected for wear.

6.6.4 Mechanical Slurry Pump Wear

Because the ash conveyed by the mechanical slurry pump causes abrasive wear of the pump
components, the mechanical slurry pump should be inspected regularly for wear. Any worn parts
should be replaced. Any impediment to the flow into the mechanical slurry pump can cause
cavitation.

Key Technical Point
(:O) Any impediment to the flow into the mechanical durry pump can cause
cavitation.

The turbulence associated with cavitation can increase abrasive wear of the pump. If there has
been a change in the conveyor length, the discharge elevation, or the genera routing, the power
requirements for the pump can change.

e Contact the system supplier for assistance in recal culating the power requirementsfor the
mechanical durry pump.

The nature of the ash affects the service life of the pump.

e If theservicelifeisunsatisfactory, contact the system supplier for information on the
availability of parts manufactured from a more abrasion-resistant alloy or with an abrasion-
resistant lining to minimize the frequency of part replacement.

Acidic water reduces the service life of the slurry pump body and impeller.

e Check the pH of the ash hopper discharge water. If the pH is below 5.5, contact the system
supplier for the availability of components suitable for the existing conditions. High chrome
alloysaretypically used to improve resistance to abrasion and corrosion.

6.7 Line Valves, Sluice
If aline valve leaks, water flows from the line on which the valve is located. In the case of a

conveyor branch isolating valve, there can be aflow of water into the hopper gate enclosure. A
leaking valve can usually be located by observation.

6.7.1 Butterfly Valves

A butterfly valve that does not close completely causes wear to the valve seat. The resulting
|eakage accel erates the wear, reducing the service life of the valve.
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e Beforeinstalling anew butterfly valve, or following repairsto the valve, adjust the stroke of
the air cylinder to ensure that the valve closes completely. Refer to the valve drawings for
instructions on proper adjustment of the air cylinder stroke.

A leaking air cylinder, low air pressure, or a malfunctioning solenoid valve can cause a butterfly
valveto leak.

Turbulence accelerates wear on a butterfly valve. Normally, turbulence is greatest within six pipe
diameters downstream from a change of direction caused by afitting.

e |f avalveislocated in aturbulent area, contact the system supplier to determine whether it
can be moved to a location free from turbulence.

6.7.2 Totally Enclosed Rotary Sluice Valves

If atotally enclosed rotary duice valve does not close or open completely, the holein the dide
can be worn into an eccentric shape. Eddies created by the flow of water past the worn section of
the dlide can accelerate erosion of the dide, body castings, and seats of the valve.

e Before putting into service any totally enclosed rotary slide valve, or following any repairs,
adjust the piston rod of the air cylinder to ensure that the slide closes or opens completely.
Refer to the drawings of the totally enclosed rotary dlide valve for instructions on proper
adjustment of the stroke.

An accumulation of ash in the valve cavity can prevent atotally enclosed rotary slide valve from
closing or opening completely. The control sequence of the valve should include a flushing
arrangement that allows the cavity to drain after conveying stops.

e |f avalve hasaflushing arrangement and does not close or open completely, contact the
system supplier for recommendations on installing a purge seal supply. Thisuses water at a
pressure above the maximum conveying pressure to create a flow from the cavity into the
valve, which prevents ash from entering the cavity.

e |f thevalve has no flushing arrangement, contact the system supplier for instructions on
installing one.

Most totally enclosed rotary slide valves use a bearing on the shaft on which the slide moves. A
bearing that is not lubricated can seize, limiting the movement of the dlide.

e Refer to the manufacturer’ s drawings of the totally enclosed rotary slide valve for lubrication
instructions. If there is a problem with operation of the slide, inspect the bearing for wear. If
worn, the bearing should be replaced.

If theair cylinder leaks, if the air pressureislow, or if the solenoid valve is mafunctioning, the
dide may not close or open completely.
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6.7.3 Sluice Line Valve Actuators

6.7.3.1 Air Cylinder Malfunction

Air cylinder malfunctions cause sluggish operation of the valve and can prevent the valve from
opening or closing completely. This can cause leakage and accel erated wear.

e Check theair pressure and if it is below the specified pressure, correct it.

Internal leakage within an air cylinder (characterized by a flow of air past the piston seal) may
prevent an actuator from overcoming the stroking resistance and thus not completely opening or
closing avalve.

e Totest for leakage while the system is shut down, change the air line from the piston end of
the cylinder to the rod end. This puts pressure into the end of the cylinder that would closeit.
If thereisaconstant flow of air from the air connection at the piston end of the cylinder,
rebuild or replace theair cylinder.

e Remakethe air connection to the correct port of the cylinder before operating the system.

A corroded or pitted piston rod can damage the rod end packing of the air cylinder and cause
leakage along the piston rod.

e Regularly inspect the piston rod; if it is pitted or corroded, clean or replace it.

Totally dry air increases the friction between the cylinder and the piston and a so affects the
resiliency of the piston seal. This reduces the life of the seal and causesinternal leakage in the air
cylinder.

e |f thecompressed air isdried, alubricator should be used on the air supply line to the air
cylinder(s).

6.7.3.2 Air Pressure

Air pressure below the specified minimum reduces the force developed by the air cylinder. The
force may be inadequate to completely open or close the valve.

e Check theair pressure and if it islow, correct it.

6.7.3.3 Solenoid Valve Malfunction

Any suspended solids, scale, or erection debris in the compressed air supply can plug the
solenoid valve diaphragm relief opening and prevent the piloting function from seating the valve.
Thisthen formstwo air pathsin the valve and allows air to pass to the exhaust, reducing both the
pressure and volume of air to the cylinder.
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e When thevalveisclosed, check the exhaust. A constant flow of air from the valve indicates
that the valveis not seating. Clean or rebuild the solenoid valve (as required) to allow the
valve to seat correctly.

If the ambient temperature exceeds the coil rating, the solenoid valve can malfunction.

e Check the ambient temperature near the solenoid valve. If it is above the temperature rating
for the coil of the solenoid valve, contact the system supplier for assistance in obtaining a
coil that has a temperature rating adequate for the actual operating conditions.

e If the cause of the high ambient temperature can be corrected without incurring prohibitive
expense, it may be beneficial to pursue this approach. The operation and service life of dl
equipment in the area would be improved.

Totally dry air can affect the operation of a solenoid valve. The lack of moisturein the air can
cause the solenoid valve to pulse at the 60 Hz frequency of the power supply, which causes rapid
valvefailure.

e Ingpect the plunger in the valve. If the air istotally dry, alubricator should be added to the air
supply line. Special construction solenoid valves are available for use with totally dry air if
lubricators cannot be used.

Whenever painting is done near a solenoid valve, the valve can be plugged by paint unless all
open connections are sealed (seal the valve, use the original shipping plugs or masking tape). If
thereis paint within the valve, the valve must be cleaned and rebuilt.

The voltage for most solenoid valves must be within = 10% of the rated voltage.

e Check the voltage at the solenoid vave. If it is not within tolerance, take action to provide
the correct voltage.

If the solenoid valve will not actuate, it may be due to afailed or burnt coil or an open power
circuit.

e Check any applicable circuit breakers or fuses. If the circuit breaker is open, closeit. If afuse
isnot in place, replaceit. If the circuit breaker is tripped or the fuse is blown, check the
solenoid valve to seeiif the cail is burnt open. Repair as needed.

6.8 Dewatering Bins

6.8.1 Safety

Never enter a dewatering bin, asump, or a settling, surge, storage, or transfer tank unless the
following conditions are met:

e The container isempty.

e Thewater supply valves are locked in the closed position.
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e Thevalveson any conveyor or recirculating water lines that terminate at the unit are locked
in the closed position to prevent any water or material from entering the bin, sump, or tank.

e If pumps are used to convey materia from the bin, sump, or tank, the circuit breakers are
open and locked and any power fuses removed.

e The atmosphere within the bin has been tested and determined to be safe.

e Another person, stationed outside the bin, sump, or tank, is prepared to assist in case of
emergency.

6.8.2 Carry-Over, Solids

Carry-over isafunction of turbulence in the dewatering bin and the velocity of the incoming
water asit travels from the entry point to the overflow weir. The bin design should balance the
water quantity and the bin diameter to limit the flow velocity to a maximum acceptable rate. I
the system inflow isincreased, the flow velocity can become excessive and retain small particles
in suspension. Thisincreases carry-over from the dewatering bin.

e |f the system water requirements increase, contact the dewatering bin supplier for assistance
in reducing increased carry-over.

Excessive carry-over from the dewatering bin can also result from turbulencein the bin. The
turbulence prevents smaller ash particles from dropping out of suspension and settling. Some
dewatering bin designs include an anti-turbulence skirt and impact plate unit. If the bin does not
have such aunit and the carry-over is unacceptable, the dewatering bin may be improved by
adding a skirt around the discharge.

e Contact the dewatering bin supplier for assistance with the design and installation of an anti-
turbulence skirt and impact plate unit. If the supplier cannot provide the design, contact a
consulting engineer who specializesin ash conveyor equipment.

Some light ash particles can float on the surface of the dewatering bin. These particles can enter
the overflow unlessthereisafloater ring within the bin. This ring, which is designed to trap any
floating particles, islocated inside the bin near the overflow, extending above and below the
normal water level.

e |f thebin has no floater ring and there is a problem with floating particles, contact the
supplier of the dewatering bin for assistance with fabricating and installing such aring.

o |f thereisafloater ring and floating particles are still entering the overflow, it may be
necessary to fill the bin with water before conveying ash to it. This prevents floating particles
from passing under the ring while the binisfilling.

6.8.3 Dewatering Operation

e Excessive carry-over into the drainpipe during the dewatering process indicates that the ash
may not have sufficient time to settle before dewatering. Allow additional time before
dewatering begins.
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o Refer to the system instructions for the recommended settling time. If thisperiod is
insufficient, increase the time in small increments until the adequate dewatering interval is
determined. Use this period for resetting the controls.

The dewatering process can be slowed by plugged screensin the dewatering elements. The
dewatering rate can be reduced by any ash accumulation at the surface of the screens. Ash at the
surface of the screens serves as afilter to retain smaller particles and keep them from passing
into the dewatering screens. The dewatering rate is set for normal conditions. If the ash isfine
and the dewatering flow is high, the combination can pack the ash at the screens, reducing the
water flow.

e Inspect the orificesin the dewatering pipe for wear. If they are worn and oversized, replace
them with orifices of the correct size. If the orifices are the correct specified sizes but worn,
contact the system supplier for recommendations on changing them.

In the case of very fine ash, it may be necessary to change the dewatering procedure to
accommodate the ash. This may involve changing the sequence of the dewatering steps or
combining two stepsinto one. In the latter case, the top two sets of dewatering elements can be
used at the same time to reduce the flow rate for individual elements.

e Contact the system supplier for recommendations on modifying the dewatering sequence.

6.8.4 Emptying Problems

Fine ash can pack if it is dewatered too rapidly. Packing can also occur if fine ash sitstoo long
between dewatering and emptying. The operation should be timed to minimize the delay between
dewatering and emptying of the bin. In cases where additional moisture can be tolerated during
theinitial emptying, allowing a small amount of water to remain in the ash helpsit to empty. The
correct amount of moisture must be determined by experiment.

Ash that has a high calcium content can solidify from the chemical reactions of the calcium
compounds mixed with water. If thisisthe case at a particular plant, the interval between
dewatering and emptying of the bin should be minimized.

Ash can accumulate on the bin walls. While the bin is emptying, it may be necessary to use a
vibrator to remove the ash from the walls. The vibrator must be used with care becauseif ashis
fine and flowing freely, a vibrator can pack it and stop the flow.

Use avibrator only if required and only at the end of the operation to remove residual ash from
thewalls.

6.8.5 Discharge Gate
It iscommon practice to use the same type of gates on the dewatering bin discharge as those

fitted to the bottom ash hopper. In most systems, the movement of the gate is regulated by speed-
control valvesthat prevent the gate from opening or closing too rapidly. If the speed-control
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valves are closed beyond the point needed to allow the gate to operate smoothly, it will operate
extremely slowly.

e Check the settings of any speed-control valves. Readjust if necessary for correct control.
Refer to the system instructions for the recommended opening and closing rates.

If the actuating cylinder leaks, the hopper gate can creep from the open or closed position. In
some systems with hopper gate limit switches, a creeping gate can stop the conveying operation.
This should be an annunciated malfunction.

e |f the gate creeps away from the open or closed position, check the operating cylinder for
leakage. Repair or replace the cylinder as required.

The hopper gate opens or closes slowly if the gate cylinder piston rod is misaligned or bent. This
can cause the piston rod to bind, reducing the rate at which the gate can move.

e Check the piston rod: if misaligned, realignit. If the rod is bent, repair as needed.

Low operating pressure in the gate cylinder reduces the rate at which the gate opens or closes,
and also allows the gate to creep.

e Check theair or hydraulic pressure that operates the gate. If it islow, take action to provide
the correct operating pressure.

Normally, two systems are used on dewatering binsto power the discharge gates. One uses
compressed air over water or oil in ahydraulic reservoir. The other uses a constant-pressure oil
system with an accumulator to maintain pressure and an automatic pump to provide flow and
additional pressure as required.

If the control valve in amanually controlled system leaks, the pressure to the cylinder may be
inadequate to open or close the gate completely or to keep the gate in the fully open or closed
position.

Inspect the control valve for leakage or wear. If it isworn or leaking, repair or replace it.

6.8.6 Discharge Gate Solenoid Valve Malfunction

Suspended solids, scale, or erection debrisin the compressed-air supply can plug the solenoid
valve diaphragm relief opening, preventing the piloting function from seating the valve. This
establishestwo air pathsin the valve, alowing the air or oil to pass to the exhaust and reducing
both the pressure and the volume of air or oil to the gate cylinder of the reservoir.

Check the exhaust for a constant flow of air or oil from the valve. If thisis found, it indicates that
the valveis not seating. Clean or rebuild the solenoid valve as required. Whenever painting is
done near a solenoid valve, the valve can be plugged by paint unless all open connections are
closed. To seal the valve, use the original shipping plugs or masking tape.
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Key Technical Point

(:O) Whenever painting isdone near a solenoid valve, the valve can be plugged by
paint unlessall open connectionsare closed. To seal the valve, usethe

original shipping plugsor masking tape.

If thereis paint in the interior of the valve, the valve must be cleaned and rebuilt.

The voltage for most solenoid valves must be within = 10% of the rated voltage.

e Check the voltage at the solenoid vave. If it is not within tolerance, take action to provide
the correct voltage.

If the solenoid valve will not actuate, it may be due to afailed or burnt coil or an open power
circuit.

e Check any applicable circuit breakers or fuses. If the circuit breaker is open, closeit. If afuse
isnot in place, replaceit. If the circuit breaker is tripped or the fuse is blown, check the
solenoid valve to seeiif the cail is burnt open. Repair as needed.

If the gate cylinder is operated by air pressure within ahydraulic reservoir, the operation of the
gate can be affected if the hydraulic fluid is depleted.

e Check the hydraulic reservoir for fluid content. If the fluid is depleted, fill the reservoir to the
required level.

In asystem that uses air pressure above awater reservoir to operate the gate, the condition of the
water can corrode the gate cylinder body. In addition, calcium accumulated on the cylinder walls
can damage the seals or packing.

e Inspect theinside of the operating cylinder for signs of either condition. If found, contact the
system supplier for recommendations on an oil or hydraulic fluid that can be used instead of
water to operate the cylinder without damaging the seals or packing.

In asystem that uses a closed circulation pumping system, loss of system pressure can cause the
gate to creep.

e |f the gate creeps, check the solenoid valves for proper operation. If they are malfunctioning,
they should be repaired or replaced.

e Check the operation of the accumulator. If it islosing pressure rapidly, inspect it for leaks.
Refer to the supplier'sinstructions for inspection and repair procedures.

A hopper gateistypically not watertight because of the abrasive nature of the material being
handled and the problems of creating a sealing surface. The gate can, however, be adjusted for
minimum leakage.

o Refer to the gate manufacturer’ s drawings for instructions on the proper manner of adjusting
the gate.

Some gates have replaceable seats and faces that can be changed to minimize leakage.
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e For agate with replaceable seats and faces, inspect the gate, face, and seat at each outage.
Replace any worn parts.

In some cases, the ash is highly abrasive, which accel erates wear of the discharge gate.

e Contact the supplier for information on a gate with a more abrasion-resistant face. Type 316
stainless steel is commonly used in this application.

6.8.7 Level Probe, Dewatering Bin

Some dewatering bins use alevel probe to annunciate a high ash level in the bin. The probeis
normally amovable arm, powered by an air or hydraulic cylinder, which operates on a timed
cycle. Whenever ash risesto apreset level, the armis stalled by the resistance of the ash to its
movement; the stall is then annunciated.

Thelevel probe must have enough power to pass through a small amount of ash but to be stalled
by alarger amount. The movement of the arm must be smooth because an uneven starting
movement could actuate the stall indicator. The circuit should have a time-delay to minimize
spurious annunciations from short stalls caused by an uneven movement of the arm.

e If thearm gives spurious annunciations, check the adjustment to make the movement of the
arm as smooth as possible. Refer to the supplier's drawings for instructions.

e Check the setting of the time-delay relay. If not in accordance with the drawings, it should be
readjusted.

If the level probe does not have atime delay to minimize spurious annunciations, contact the
system supplier for assistance in modifying the circuitsto incorporate this feature.

6.8.8 Plugged Screens

The screensin the dewatering elements can be partially plugged by ash that hardens on the
surface or by amineral accumulation. Plugged screens reduce the dewatering rate and must be
cleaned.

In both cases, back-flushing the screens while refilling the tank may help to aleviate the
problem. Thisinvolvesfilling the dewatering bin with water before the bin begins to operate. For
back-flushing, awater supply lineis connected to the drain piping and is used to fill the bin. The
reverse flow may remove some of the ash and/or minera deposits.

e |f the dewatering bin has no back-flush connection, contact the system supplier for
information on installing one.

If material that is plugging the screens cannot be removed by a back-flush, it is necessary to
remove the screensfor cleaning. Most screens on dewatering elements can be replaced. If thisis
the case, a spare set of screens should be purchased to allow plugged screensto be readily
replaced with clean ones. The plugged screens can then be cleaned on an available-time basis
rather than as an emergency operation.
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Because most screens are fabricated from stainless steel, they can be cleaned either manually or
using an acid bath. In selecting an acid cleaner (such as muriatic acid), be sure that the solution
used does not attack the screen material. After the screens are cleaned, they can be stocked for
use when the set in service plugs and requires cleaning.

6.9 Recirculating Water Systems (Surge and Settling Tanks)

The components of most recirculating systems include a bottom ash hopper, hopper sump, drain
sumps, settling tank, surge tank, and dewatering bins. There are also options such as wet
economizer systems, mill-rgects systems, transfer tanks, and other items. In a system with such a
variety of equipment, controls, pumps, and other items, it is difficult to provide a universal
troubleshooting guide. The following lists afew items that should be common to all systems.

When arecirculating system begins operation, it is essential to establish the water balance. The
total water in the settling and surge tanks should be adequate to allow the system to operate
without adding water, except to offset losses by evaporation and allow all the equipment to
operate without overflowing the surge tank.

e Refer to the system operating instructions for the proper levelsin all the equipment used
during startup.

If the ash contains calcium, deposits can form in the system and the piping. Check the pH of the
water while the system is operating. If the pH is9.0 or above, there is a high probability of
problems with calcium deposits.

e Contact awater treatment consultant for recommendations on minimizing problems with
calcium deposits.

When a pump and valve must operate in sequence in a recirculating system, it isessential to time
the sequence as specified on the design drawingsand in the instructions. In some cases, the pump
can experience ashock loading if either the startup or shutdown timing of the pump and the
related valveisincorrect.

e |f thereispump damage, contact the system and/or pump supplier to determine the exact
timing sequence for the specific equipment at the plant.

The material that settles in the settling and surge tanks must be removed at frequent intervalsto
prevent re-entrainment of it in the water flow. If fine ash is carried over from any tank in the
system, it may be necessary to increase the frequency of sludge removal from the tank.
Alternatively, the carry-over may be from oneor both of the dewatering bins.

6.10 Transfer Pumps
Some systems use a combination of propulsion units. A typical combination uses jet pumps to

convey ash from the bottom ash hopper to a sump, from which a mechanical pump conveys the
ash to the end of the system.
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If the transfer sump overflows regularly, the agitating nozzles should be inspected for wear and
alignment. Unlessthe ash is durried, the mechanical pump will not convey it at the design rate.
This can cause the sump to overflow from accumulated ash. If the agitating nozzles are worn or
out of alignment, they should be replaced or realigned as necessary to restore correct operation.
The sump design drawings and the system instructions should provide information on the nozzle
Size and aignment.

An incorrect water transfer rate can cause the sump to overflow. The sump may have been
designed for the rated capacity of the jet pumps used on the bottom ash hopper. Because the
capacity of the jet pump normally is greater than the minimum capacity used for design and
given in the system specifications, the sump may be overloaded when the jet pump is new.

e Consult the system supplier for information on the actual maximum conveying capacity of
the jet pumps. If it exceeds the capacity of the mechanical pump in the system, consult the
system supplier for assistance in correcting the problem.

6.11 Troubleshooting Guidelines

Table 6-1 provides troubleshooting techniques to accurately and efficiently assess operational
and mechanical problems with bottom ash systems.
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Troubleshooting

Table 6-1
Troubleshooting Guidelines
Component | Section Problem Probable Cause Recommendation
System 6.1.1 System does not | Interlocks Check for annunciation. Take corrective
Operation start action.
dc control system | Check for grounding problems in the dc
malfunction control circuits. Repair as needed.
Circuit breakers Check the circuit breakers. If any are
or fuses open, close them.
If any fuses have been removed, replace
them.
6.1.2 System stops or | Power loss Determine the cause and take corrective
does not convey action.
ash
Interlocks
Ash Hopper 6.2.1 Ash hopper Pump is worn Check for wear. Repair or replace as
empties slowly needed.
Ash Adequately slurry the ash before
concentration in opening the discharge gate.
the slurry is too
high
Blockage of the Take corrective action to reduce large
discharge gate slag/ash falls.
opening
Calcium Check/clean the line as needed.
accumulations in
the discharge line
Discharge 6.2.2 Discharge gate Speed-control Check settings of the speed-control
Gate operates slowly | valves valves. Adjust as needed.
Cylinder piston If misaligned, realign the piston rod.
rod is misaligned
or bent If the rod is bent, repair as needed.
Low operating Check/adjust the pressure.
pressure in the
gate cylinder
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Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Discharge Check the control valve for leakage or
Gate (cont.) wear. Repair/replace as needed.

Low hydraulic Check the fluid level in the hydraulic
fluid level reservoir. Add fluid as needed.
Hopper gate Operating Check the cylinder for leaks. Repair or
creep cylinder leaks replace as needed.
Corroded gate Impurities in the Switch to a suitable oil or hydraulic fluid.
cylinder water
Excessive gate Wear Inspect/adjust the gate. Repair or
leakage replace components as needed.
6.2.3 Solenoid valve Suspended Clean or rebuild the solenoid valve as
malfunction solids, scale, or required.
erection debris in
the compressed
air supply
Gate 6.2.4 High water level | Line plugged or Inspect the discharge line and valves.
Enclosure in the hopper an isolating valve | Clean/repair as needed.
malfunction
Gate enclosure pH of the hopper | Buffer the hopper water or replace the
attacked by water is below enclosure with stainless steel.
acidic water 5.5
Accelerated Excessive Check/decrease the water pressure.
wear on the diluting spray
enclosure water pressure
Overflow 6.2.5 Spurious high High water level Check/recalibrate as needed.
water level probe
annunciations malfunction

High hopper
water
temperature

Insufficient water
flow rate

Increase the internal water flow.

Temperature is
below the
specified
maximum

Excessive water
flow rate

Reduce the internal water flow.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Overflow Overflow box | pHis below 5.5 Install stainless steel overflow
(cont.) corrosion boxes.

Overflow Ash contains calcium Remove calcium deposits and
plugged by compounds enlarge overflows if needed.
mineral

accumulation

Refractory 6.2.6 Refractory Quenching due to loss of | Check for sediment
Lining lining damage | water curtain accumulations in either the

curtain water supply piping or
trough. Clean/repair as needed.

Impact Take corrective action to reduce
large slag/ash falls.

Seal Trough 6.2.7 Seal plate is Pressure fluctuations Inspect the seal trough for ash
distorted or within the hopper accumulations. Remove as
bent needed.

Misalignment Check for proper alignment of
seal plate and trough. Repair as
needed.

Ash Failure to regularly flush Contact the hopper supplier for
accumulations | the seal trough information on adding automatic
seal trough flushing.

The flushing operation Contact the hopper supplier for

may be inadequate assistance with increasing the
effectiveness of the flush cycle.

Conveyor 6.3.1 The pipe Elbows are not properly Modify the anchors to withstand

Line, Sluice connections anchored the forces if they are not designed
fail at elbows to do so. Re-tension the anchors
and cause if required.
leakage
The Water hammer Adjust the water supply valves to
connections minimize water hammer.
pull apart
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Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Conveyor Freezing Idle, undrained sections Maintain continuous flow or
Line, Sluice during cold weather construct with provisions for
(cont.) draining the water.
Pipe Connections not properly See the connection drawings for
connections assembled the proper method of assembly
fail under the and the tightening requirements.
forces
imposed
during system
operation
Rubber Overtightened Undo and retighten to stop leak.
gaskets found Replace the gasket if needed.
forced under a
flange and
damaged
Conveyor 6.3.2 Pluggage Inadequate flushing Flush the conveyor line after each
Line use.
Inadequate conveying Increase the conveying velocity.
velocity
6.3.3 Pipe wears at | Ash that falls out of Repair/adjust the pump as
an suspension is dragged required to keep the ash in
unacceptable | along the bottom of the suspension.
rate pipe
Highly abrasive ash Pipe lined with ceramic, basalt, or
some other abrasion-resistant
material may increase the service
life.
Crusher 6.4.1 Crusher does | Mode setting incorrect Change the controls to the correct

not start

mode.

Circuit breaker or fuse

Check the crusher motor starter
controls for open circuit breaker
or removed fuse. Close the
breaker or replace the fuse if
needed.

Interlocks

Check the permissive circuits.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Crusher Single phasing of motor Check motor connections and
(cont.) contactors at the motor control
center. Repair as needed.
Crusher drive | Motor and drive are not Check the oil level and refill as
is overheating | filled with lubricant to the needed.
and tripping proper level.
out

6.4.2 Shaft damage | Seal water pressure is too | Add filtration or change to a clean
at seal high and water is not of water source.

potable quality.

Seal water pressure is too | Pressure of the crusher seal

low, allowing ash from the | water should be approximately

crusher cavity to reach the | the maximum static head in the
seals and cause wear. hopper plus 5 psig (34.5 kPa).

6.4.3 Crusher stalls | Ash concentration in the Dilute the slurry as it is emptied
as soon as the | slurry from the hopper is from the hopper into the crusher.
sluice gate is | too high
opened

Slurry the ash before the sluice
gate is opened.

Obstruction Alternate the crusher between
reverse and forward operations to
try to clear the obstruction. If
unsuccessful, clear manually.

Crusher seals are Relieve the pressure if the

overtightened condition exists.

Seal is overlubricated Relieve the pressure if the
condition exists.

6.4.4 Crusher stops; | Low pressure at either the | Check the annunciation for
control transport nozzle or jet malfunctions. Correct the
interlock pump nozzle, low seal condition.
opens during water pressure, sluice gate
operation not completely open, or

crusher rotation sensor.

Inspect each item that has
permissive interlocks for
operation.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Crusher 6.4.5 Accelerated High concentration slurry Dilute the slurry for the correct
(cont.) wear feed to the pump
Large pieces of very hard | Minimize slag accumulations and
material slag-falls into the hopper.
pH of the water is below Use corrosion-resistant materials.
5.5
Jet Pump 6.5.1 Low capacity Combining tube wear Inspect for wear. Replace as
needed.
Inadequate nozzle water Check the water pressure from
pressure the sluice water pumps. Repair or
replace as required to restore
design pressure. After repairs,
ensure that rotation is correct.
Inspect jet pump nozzle for wear.
Replace as needed.
Jet pump nozzle water Inspect the orifices in the water
pressure is reduced supply lines to the hopper internal
nozzles. Replace as needed.
Combining tube pluggage | Inspect the inlet of the combining
tube. Remove pluggage as
needed.
Inspect the crusher for wear and
engagement of the crusher
elements.
Chemical deposits on the Remove any chemical deposits
pipe walls that are found.
6.5.2 Slow feed High concentration of ash | Ash should be slurried before the
in the slurry discharge door is opened.
Use diluting spray.
6.5.4 Service lifeis | Cavitation Contact the system supplier for

unsatisfactory

assistance in recalculating the jet
pump requirements.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Jet Pump Highly abrasive ash Install components that are more
(cont.) abrasion resistant.
Acidic water Check the pH of the hopper
water. If the pH is below 5.5,
contact the system supplier for
the availability of components
better suited to existing
conditions.
Mechanical 6.6.1 Low capacity Pump is worn Check the pump discharge
Slurry Pump pressure. If it is low, inspect the
(Centrifugal) pump for wear. Repair as needed.
The conveyor line routing, | Contact the system supplier for
length, or discharge assistance in recalculating pump
elevation has been requirements.
changed
Suction pluggage: ash is Inspect the pump for chunks of
not reduced to a size that | ash that plug the pump impeller.
passes freely through the Remove any particles that are
pump impeller found.
Inspect the crusher for wear and
engagement of the crusher
elements. If the crusher elements
are worn, replace them.
Mineral deposit on the Remove chemical deposit on the
walls of the pipe pipe by acid flushing or with a
mechanical pipe-cleaning device.
Pump’s rotation is Correct the rotation before
incorrect operating the pump.
Loose or damaged belts in | Inspect the drive belts. Re-tension
the pump drive loose belts if they are
undamaged. Replace damaged
belts only in matched sets.
Mechanical 6.6.2 Slow feed High ash concentration in | Refer to the system instructions
Slurry Pump the slurry for information on slurrying before
opening the gate.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Mechanical Dilute the ash to ensure that it will
Slurry Pump be accepted by the pump.
(cont.)

6.6.4 Service lifeis | Cavitation Contact the system supplier for
unsatisfactory assistance in recalculating pump
requirements.
Highly abrasive ash Install components that are more
abrasion-resistant.
Acidic ash Check the pH of the hopper
water. If the pH is below 5.5,
contact the system supplier for
availability of components better
suited to existing conditions.

Butterfly 6.7.1 Valve leaks Improper stroke length Adjust stroke length.

Valves
Leaking cylinder Replace seals.
Low air pressure in the Ensure that the air supply
cylinder pressure is at the proper level.
Malfunctioning solenoid Replace/repair the solenoid valve.

Turbulence Too close to the cause of Move valve away from the cause

turbulence (for example, of turbulence.
pipe bed or transition
piece)

Totally 6.7.2 Valve does Accumulation of ash in the | Flush the valve.

Enclosed not close or valve cavity
Rotary Sluice open
Valves completely

If the valve has no flushing
arrangement, contact the system
supplier for instructions on
installing one.

Bearing seized up, not
lubricated

Inspect the bearing. Lubricate or
replace as needed.

Air cylinder leak

Inspect/repair as needed.
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Table 6-1 (cont.)

Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Totally Air pressure is low Check/adjust the pressure.
Enclosed
Rotary Sluice
Valves (cont.)

Solenoid valve is Inspect/repair the solenoid valve
malfunctioning as needed.
Sluice Line 6.7.3 Sluggish Air pressure is low Check/adjust the air pressure.
Valve operation of
Actuators the valve

Internal leakage within an
air cylinder

Test for leakage while the system
is shut down. Repair as needed.

Leakage along
the piston rod

Piston rod is pitted or
corroded

Regularly inspect the piston rod. If
it is pitted or corroded, clean or
replace it.

Totally dry air

If the compressed air is dried, a
lubricator should be used on the
air supply line to the air
cylinder(s).

Solenoid valve
malfunction

Plug in the solenoid valve
diaphragm relief opening

Clean or rebuild the solenoid
valve as required.

Temperature exceeds the
coil rating

Contact the system supplier for
assistance in obtaining a coil that
has a temperature rating
adequate for the actual operating
conditions.

Incorrect voltage

Check voltage. Take corrective
actions as needed.

Failed or burnt coil or an
open power circuit

Check circuit breakers and fuses.
If circuit breakers are open, close
them. If fuses are not in place,
replace them.

6-38




EPRI Licensed Material

Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Sluice Line If circuit breakers are tripped, or
Valve fuses are blown, test the solenoid
Actuators coil to determine if it has failed.
(cont.) Repair as needed.
Solenoid valve | Totally dry air If the air is totally dry, a lubricator
pulsing at the should be added to the air supply
60 Hz line.
frequency of
the power
supply
Dewatering 6.8.2 Carry-over, Velocity of incoming water | Balance the water quantity with
Bins solids the bin diameter to limit the flow
velocity to a maximum acceptable
rate.
If the system water requirements
increase, contact the dewatering
bin supplier for assistance in
reducing increased carry-over.
Turbulence in the bin Repair/install the impact plate.
Install an anti-turbulence skirt unit
around the discharge.
Floaters Repair/install the floater ring. Fill
the bin before conveying ash.
6.8.3 Carry-over Ash has insufficient time to | Refer to the system instructions
into drain pipe | settle before dewatering for the recommended settling
during time.
dewatering is
excessive
Dewatering Plugged screens in the Inspect the orifices in the
process is dewatering elements dewatering pipe for wear.
slow Replace as needed.

Contact the system supplier for
recommendations on modifying
the dewatering sequence.
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Table 6-1 (cont.)
Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Dewatering 6.8.4 Emptying Dewatering too Time the operation to minimize
Bins (cont.) problems due | rapidly/excessive delay the delay between dewatering
to ash packing | before emptying and emptying of the bin.
Emptying Ash has a high calcium Minimize the interval between
problems due | content dewatering and emptying of the
to solidified bin.
ash
Ash Ash packing Use a vibrator to remove the ash
accumulations from the walls.
on bin walls
Discharge 6.8.5 Opening or Speed-control valves Check the settings of any speed-
Gate closing too control valves. Readjust if
slowly necessary for correct control. See
the system instructions for the
recommended opening and
closing rates.
Misalignment can cause Check the piston rod alignment. If
the piston rod to bind it is misaligned, realign it.
Low operating pressure in | Check the air or hydraulic
the gate cylinder pressure that operates the gate.
Control valve in a Inspect the control valve for
manually controlled leakage or wear. If it is worn or
system leaks leaking, repair or replace it.
Inadequate hydraulic fluid | Check the hydraulic reservoir for
fluid content. Add as needed.
Corrosion or deposits in Switch to oil or hydraulic fluid.
water cylinder
Hopper gate Actuating cylinder leak Check the operating cylinder for

creep from the
open or closed
position

leakage. Repair or replace the
cylinder as required.

Accumulator leak

Inspect/repair as needed.

6-40




EPRI Licensed Material

Table 6-1 (cont.)
Troubleshooting Guidelines

Troubleshooting

Component | Section Problem Probable Cause Recommendation
Discharge Solenoid valve | Suspended solids, scale, Check the exhaust for a constant
Gate (cont.) malfunction or erection debris in the flow of air or oil from the valve. If
compressed air supply this is found, it indicates that the
valve is not seating. Clean or
rebuild the solenoid valve as
required.

Incorrect voltage Check the voltage at the solenoid
valve. Take corrective action as
needed.

Failed or burnt coil or an Check circuit breakers and fuses.

open power circuit If circuit breakers are open, close
them. If fuses are not in place,
replace them.

If circuit breakers are tripped or
fuses are blown, test the solenoid
coil to determine if it has failed.
Repair as needed.
Solenoid valve plugged by | Check/clean as needed.
paint
Level Probe, | 6.8.7 Spurious high- | Arm is stalled by the Check the adjustment to make
Dewatering level alarms resistance of the ash to its | the movement of the arm as
Bin movement smooth as possible.
Time-delay relay setting Check/adjust the setting.
Dewatering 6.8.8 Pluggage Hardened ash on the Back-flush the screens while
Bin Screens surface refilling the tank.

Mineral accumulations Clean either manually or by using
an acid bath.

Recirculating | 6.9 System Improper water balance Refer to the system operating
Water startup instructions for the proper levels
Systems difficulty in all equipment used during
(Surge and startup.

Settling

Tanks)
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Table 6-1 (cont.)
Troubleshooting Guidelines

Component | Section Problem Probable Cause Recommendation
Recirculating Calcium High calcium content in Contact a water treatment
Water deposits in the | the ash consultant for recommendations
Systems system and on minimizing the problems.
(Surge and piping
Settling

Tanks) (cont.)

Pump damage | Pump/valve sequence
incorrect

Determine the correct sequence.
Adjust as needed.

Transfer sump | Accumulated ash in
overflows transfer sump
regularly

Agitating nozzles should be
inspected for wear and alignment.

If agitating nozzles are worn or
out of alignment, replaced or
realign as necessary to restore
correct operation.

Incorrect water transfer
rate

Correctly balance the flow rates of
system pumps.

6-42




EPRI Licensed Material

4

TRAINING RECOMMENDATIONS

Training of in-house personnel is a site-specific issue that must be decided by plant leadership,
based on the type of equipment used, the type and complexity of maintenance tasks performed
by plant personnel, and the inherent challenges and hazards associated with the equipment and
location. This guide can be used to form the basis of an effective training program for the most
commonly used bottom ash systems and components. The following is a summary of
recommended core competencies for plant personnel responsible for operating and maintaining
bottom ash equipment.

7.1 Safety Training

7.1.1 Lock-Out/Tag-Out

Before beginning any activity that involves equipment disassembly/entry or direct contact with
any portion of the system or its contents that may be dangerous, ensure that equipment is
effectively isolated, both mechanically and electrically. Each maintenance or inspection activity
must be evaluated to determine the necessary precautions for ensuring personnel safety and
equipment protection. These precautions can include:

e Opening circuit breakers/switches and pulling fuses (electrical isolation points)
e Closing valves and dampers (mechanical isolation points)

e Draining fluids and/or relieving pressure from piping and vessels

Be sure to properly document the above with some type of “out-of-service-checklist.” This
indicates that the activity is complete and the system can be properly returned to service, posing
no danger to personnel.

All isolation points must be tagged or locked so that they will not be inadvertently operated
before the equipment is ready to be returned to service.

7.1.2 Confined Space Access

See Section 8.6 for information on confined space access.
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7.1.3 Ambient Heat Protection

Operating and maintaining bottom ash systems can involve work in extremely hot ambient
conditions, especially when work such as rodding of ash hoppers or slag tapsis required directly
under the boiler floor area. Personnel assigned these duties must be familiar with the symptoms
of heat exhaustion and heat stroke. They should also be trained in the use of methods and
equipment designed to minimize these risks.

7.2 Operations Training

7.2.1 System Configuration and Operation

The general information in this guide, along with the system description documents that apply to
the specific equipment at a given plant, should be used to give operating and maintenance
personnel athorough understanding of basic system design and operation concepts. This
foundation of knowledge provides the perspective necessary to effectively perform tasks such as
surveillance, troubleshooting, and adjustments.

7.2.2 System Surveillance

Appropriate personnel should be trained in performing operational inspections. This routine
surveillance, along with the necessary adjustments (for example, lubrication routines and
tightening of packings) typically comprises alarge part of the operator’ s duties in the bottom ash
area.

Other surveillance tasks requiring adequate training include PDM activities, such as the
gathering and analysis of vibration and thermographic information.

7.3 Maintenance Training

Most of the skill setsrequired for maintenance of bottom ash equipment involve genera
competencies that are used throughout the power plant. Of course, effective maintenance of
specialized equipment requires intimate familiarity with the specific components. Such specific
and detailed information is best obtained from sources such as manufacturer’ s drawings and
operating and maintenance manuals. Core competencies are required for routine inspection,
maintenance, repair, or replacement of the following bottom ash equipment:

e Ash hopper subcomponents, such as seal trough, nozzles, refractory system, and discharge
enclosure

e Ash transport piping system subcomponents, such as gaskets, fittings, pipe lengths,
expansion joints, line valves, and actuating cylinders

e Clinker grinder subcomponents, such asroll(s), liners, wear plates, seals, shafts, bearings,
and drive assemblies
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e Control system subcomponents, such asinstruments, the conduit, connectors, junction boxes,
control panels, and electronic devices

e Dewatering system subcomponents, such asimpact plates, level detectors, vibrators, and
screens

e Discharge gate subcomponents, such asthe gate face, seals, liners, breaker bars, guide
angles, rollers, supports, braces, and actuating cylinder

e Centrifugal ash pump subcomponents, such asimpellers, liners, casings, seals, belt drives,
sedls, shafts, and bearings

e Jet pump subcomponents, such as nozzles, bodies, combining tubes, and tailpieces

e MBAS subcomponents, such as breaker bars, drag chains, flights, wear plates and bars,
sprockets, sedls, shafts, bearings, heat exchangers, and plate clarifiers

Many of the core competencies presented in this section are used in al areas of the plant and
therefore require no specialized training for personnel assigned to the bottom ash area. Where
specialized training isrequired, information and training assistance is usually available from the
system supplier or component manufacturers.

Key O&M Cost Point

(] M any of the core competencies presented in this section areused in all areas
" of the plant and therefore require no specialized training for personnel
assigned to the bottom ash area. Where specialized training isrequired,
information and training assistance is usually available from the system
supplier or component manufacturers.
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SAFETY

Operating, inspecting, and maintaining bottom ash systems can expose plant personnel to many
potential hazards. These hazards exist elsewhere in the plant, and comprehensive safety
procedures must be in place—and followed—for the protection of personnel and equipment. A
thorough treatment of all plant hazards would be inappropriate within the scope or intent of this
guide. However, common hazards of particular concern due to the nature or location of bottom
ash equipment are summarized below, along with recommendations for procedures and
equipment features that should be used to minimize the inherent risks. Each person bears primary
responsibility for his’her own safety and must utilize all senses and be constantly vigilant and
observant in order to enjoy the benefits of a safe working environment.

Key Human Performance Point
0 Each person bearsprimary responsibility for hissher own safety and must

utilize all sensesand be constantly vigilant and observant in order to enjoy
the benefits of a safe working environment.

8.1 Electrical Hazards
Live electrical equipment poses the risk of electrical shock or e ectrocution. Before working on

any motor, solenoid, electric actuator, electrical connection, or control system component, be
sureto electrically isolate it.

0 Key Human Performance Point
Beforeworking on any motor, solenoid, electric actuator, electrical

connection, or control system component, be sureto electrically isolateit.

The isolation points (for example, breakers, fuses, and switches) must be locked-out or tagged-
out, in accordance with a suitable plant procedure. Depending on component voltage and other
hazards, protective gear (such as special face shield, gloves, and apron) may need to be worn
while racking breakersin and out or removing and replacing fuses.

Improper or inadequate grounding of equipment may cause equipment to operate incorrectly and
increases the risk of electric shock—especially in wet or damp areas. In addition, all tools and
lights used in damp areas should be double-insulated or plugged into aground fault circuit
interrupter receptacle.
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8.2 Eye Protection

In addition to the customary precautions required throughout the plant (for example, always
wearing protective eyewear), personnel should be careful of boiler pressure excursions when
opening a poke hole. Never look directly at the furnace flame without using a suitable filter, such
asawelding glass.

8.3 Hand Protection

The sharp, jagged nature of bottom ash and slag mandates the wearing of protective gloves when
working with bottom ash system equipment or performing associated activities such as cleaning
or inspection.

A particularly significant hazard exists when manually clearing obstructions from the crusher
roll(s) viathe discharge enclosure access door. Eroded tube shields can be razor sharp.

0 K ey Human Performance Point
Eroded tube shields can berazor sharp.

When possible, atool of some kind, such asametal claw or extractor, should be used to remove
the obstruction.

Use extreme caution when using a “poke bar” to remove bridged material or slag from the boiler
bottom. The dislodged material can fall on thetip of the bar, ripping it from the worker’s grasp
or smashing his/her hands against adjacent steel.

Addition of stainless steel fibers to the gunnite or castable refractory used in bottom ash hoppers
isacommon approach to stabilizing the monolithic refractory and reducing the tendency of
cracked or spalled pieces to detach. When adding these fibers to the refractory mix (during
installation), handle them with protective leather gloves or some type of scoop or claw. During
inspection, maintenance, or demolition of cured refractory containing these fibers, proper hand
protection should also be used.

8.4 High Ambient Temperature

Personnel performing ingpection, operating, or maintenance tasks at any location in the plant
where the ambient temperature is significantly elevated risk heat exhaustion or heat stroke.

Key Human Performance Point
0 Personnel performing inspection, operating, or maintenance tasksat any

location in the plant where the ambient temperatureissignificantly elevated
risk heat exhaustion or heat stroke.
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Bottom ash system tasks that could put personnel at risk include:
e Inspecting or rodding dag taps
e Ingpecting for ash bridging at the boiler bottom

e Ingpecting or performing maintenance in ash hoppers, bins, or tanks where the temperature is
elevated and/or the atmosphere is humid

Fundamental corrective actions that can be taken to improve the ambient working conditions
include proper ventilation with cooler air from elsewhere in the plant or outdoors and insulation
or repair of any boiler steel or other equipment that may be causing aproblem dueto radiant or
convective heat. Personnel who work in an extremely hot environment should not work alone
and should wear a cooling vest to prevent elevations in body temperature.

0 Key Human Performance Point
Personnel who work in an extremely hot environment should not work alone

and should wear a cooling vest to prevent elevationsin body temperature.

8.5 Scald/Burn Hazards

Particularly when working under the bottom of the boiler or in the vicinity of piping that carries
hot water or steam, personnel must be very cautious and observant in order to avoid any dripping
or spraying fluids that may be hot. Such fluids include water, steam, [ubricants, flue gas, and
heated air. Although it isvery unusual, slag can drip from a wet-bottom furnace that has a breach
in floor tube membrane. Heavy, insulated gloves should be worn when touching hot surfaces or
toolsis necessary or likely. A long-sleeved shirt or other protective covering made of heavy cloth
(such as awelding jacket) must be worn in areas where incidental contact with hot surfacesis
possible.

Key Human Performance Point
0 A long-deeved shirt or other protective covering made of heavy cloth (such

asawelding jacket) must beworn in areaswhereincidental contact with hot
surfacesispossible.

8.6 Confined Space Access

A confined spaceis any location that has limited means of ingress and egress and is not designed
for continuous human occupancy. Confined spaces common in bottom ash systemsinclude the
following:

. Bottom ash hoppers

. MBAS tanks

. Discharge enclosures

. Dewatering bins

. Settling and surge tanks
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Plant personnel who are required to enter confined spaces for inspection or maintenance
activities should be trained in accepted methods of testing for suitability of ambient conditions,
fall protection, confined space monitoring, and rescue.

Key Human Performance Point

0 Plant personnel who are required to enter confined spacesfor inspection or
maintenance activities should betrained in accepted methods of testing for

suitability of ambient conditions, fall protection, confined space monitoring,
and rescue.

Fundamental attributes for safely entering and working in a confined space include the
following:

L ock-Out/Tag-Out

All equipment or processes that could cause a hazard within the space must be properly removed
from service in accordance with plant procedure. See Section 7.1.1 for information on lock-
out/tag-out precautions.

Initial Assessment

Qualified personnel must assess what atmospheric or physical hazards could be expected to exist
within the confined space. If necessary, fresh air ventilation of the space can be done to ensure
that the ambient temperature and air quality are suitable. Before entry, atmospheric testing for all
potential hazards must be performed with the proper instruments to ensure that no such hazards
exigt. In the case of ash hopper entry, a thorough inspection must be made to determine whether
dag or ash accumulations exist on the boiler tubes overhead or in the convection pass area. Any
such accumulations must be removed to eliminate the potential hazard of falling debris.

Documentation and Communication

Proper entry forms should be completed and given to the designated supervisory personnel, who
will ensure that no actions are taken that would jeopardize the safety of the work within the
confined space.

Attendant

An attendant should be posted at the entrance of the confined space and be able to communicate
with the entrant(s) to monitor status.

Atmospheric Monitoring
If atmospheric conditions within the space could change, entrant(s) should carry or wear suitable

monitoring devices that would sound an alarm if a hazard developed that would necessitate
ceasing work and evacuating the space.



EPRI Licensed Material

Safety

Sign In/Out

After necessary work within the confined space is completed, the entrant(s) and attendant should
“sign out” and notify the designated supervisory personnel that the space is available for return
to service as needed. No further work within the space could then be performed without a re-
assessment.

8.7 Hazardous Materials

Depending on the composition of the ash being burned, traces of hazardous chemicals (such as
arsenic or heavy metals) may be present in the bottom ash. However, because bottom ash is
relatively inert, this situation rarely poses a hazard to personndl. If site-specific conditions result
in the ash being hazardous, Material Safety Data Sheet (MSDS) information should be on file at
the plant, special handling procedures should be instituted, and training of affected personnel
should be performed.

Key Human Performance Point

0 If site-specific conditionsresult in the ash being hazar dous, M aterial Safety

Data Sheet (M SDS) information should be on file at the plant, special
handling procedures should beinstituted, and training of affected personnel
should be performed.

In almost all cases, concerns about hazardous materials are the result of the various lubricants,
solvents, paints, and cleanersthat are an integral part of maintaining power plant equipment,
including the bottom ash systems. In some older systems, asbestos gaskets may be present
(although thisis unusual). Each plant must thoroughly assess the hazardous materials present on-
site, have the necessary MSDS information on file and available to personnel, and take the
proper precautions for training, personnel protection, work practices, disposal, and spill
prevention/containment.

8.8 Oxygen Displacement

One hazard of particular concern in low-lying areas of the plant, such as ash pits, isthe
possibility that the atmospheric oxygen may be displaced by heavier gaseous discharge from
nearby processes.

Key Human Performance Point
0 Onehazard of particular concern in low-lying areas of the plant, such asash

pits, isthe possibility that the atmospheric oxygen may be displaced by
heavier gaseous discharge from nearby processes.

The most common cause of thistype of hazard is afire protection system that uses carbon
dioxide to suppress combustion. If any oxygen displacement hazard exists at a plant, suitable
warning signs and alarms must be placed to warn personnel that immediate evacuation of low-
lying areasis necessary if a discharge of such a heavy gas occurs. Re-entry of low-lying areas
cannot commence until proper ventilation and testing are satisfactorily completed.
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8.9

Miscellaneous

Slipping and tripping hazards are common, due to the often wet and cramped working
conditions. These hazardous situations require extra caution and wearing of hard hats to
avoid head injuries.

Hearing protection is required wherever the noise level is excessive, especially within the
plant, and in enclosed areas where machinery is operating or loud work is taking place.

Workplace safety dependsin part on the diligence and thoroughness of plant operators when
placing equipment in service. All components including hatches, covers, guards, and
lubrication levels should be checked in addition to all items on the lock-out, tag-out list.
Necessary test runs must be satisfactorily completed before the system is operated.

Access doors on the side of discharge enclosures are essential for providing access to the top
of the crushers for activities such as inspection and clearing of jambs. However, the adequacy
of the doors' closure system significantly affects the safety in the ash pit area. If an access
door closure fails during the sluicing operation, the entire hopper full of water and ash can be
quickly discharged with considerable force into the ash pit. These door closures should be
very robust mechanically, and extra caution and diligence should be exercised when
fastening the doors closed. Personnel should avoid being directly in front of, or below, such
an access door during the sluicing operation.

At any location where aduice line leak would cause a particular hazard to personnel or
equipment, representative thicknesstesting of the fittings and lower quadrant should be
periodically performed to allow thin portions to be replaced before aleak occurs.

Effective communication among al plant personnel, viaradio or other suitable method,
significantly enhances general safety. Thisis especially important during nonstandard operating
conditions, such as during inspection or maintenance activities, deslagging, or while placing
equipment in or out of service.

Comprehensive labeling of system components, piping, and valves promotes safety, facilitates
troubleshooting, and reduces operating and maintenance errors.
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3-2

Pulverized Bottom
Ash Hoppers

The standard plate material used for bottom ash hoppers
and accessories is ASTM A-36 carbon steel, with
selective upgrading to stainless steel (type 304, 316, or
316L) as a function of exposure to boiler gases, sulfur
content of the coal, and accessibility of the part for repair
or replacement.

Centrifugal Ash
Pumps

Ejectors can be serviced more easily, but such service
may be required much more frequently than for a
comparable centrifugal pump. In addition, offsetting the
ease of maintenance of ejectors is the requirement for
maintenance of the high-pressure centrifugal pumps
supplying impulse water to the ejectors.

3-20

Pipe and Fittings

Plain-end pipe is easier and less expensive to produce
than other types and, because the exact length required
can be cut from stocked full-length sections, it is more
readily available.

3-21

Metallic Pipe and
Fittings

Unlined metallic piping systems are commonly used and
have the advantages of simple construction and
maintenance along with low initial cost.

3-21

Metallic Pipe and
Fittings

The lifetime cost of basalt material can often justify the
increase in initial cost.

3-22

Plastic Pipe and
Fittings

The main advantages offered by nonferrous HDPE pipe
material are ease of installation (due to longer, lighter
lengths) and longer life (due in part to its resistance to
chemical attack).

3-24

Expansion Joints

Sleeve-type and bellow-type expansion joints each have
their own advantages. Sleeve-type expansion joints have
lower initial costs and are generally more durable.
Bellows-type expansion joints are less likely to leak and
require less force to operate, which reduces the size
(and cost) of pipe anchors.

3-26

Rotary Disc Sluice
Valves

Rotary disc sluice valves, once used almost exclusively,
have now been largely superceded by slide gates. A
rotary disc gate, however, may still be considered
whenever cost is a high priority.

3-38

Mechanical Bottom
Ash System

The ultimate success or failure of an MBAS depends
largely on the life of the chain used. Replace the chains
with a matched set on both sides of the ash tank.

A-1
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3-43 Recirculating Most plants being built today are required to meet “zero
Water Systems discharge” criteria, which prevent contaminated water

from being discharged.

3-46 Mechanical Bottom | Advantages of the MBAS include the following: low
Ash System power requirements, no conveying water usage, smaller

space requirements, lower headroom requirements
(steel savings), elimination of the need for dewatering
bins (although these may be replaced by storage silos),
and lower capital cost.

3-52 Environmental Control system hardware is affected by its environment,
Considerations which includes temperature, humidity, dust, moisture,

electrical noise, and exposure to mechanical abuse.

4-4 Refractory In order to avoid the cost and outage impact associated
with a true heat-cure, users may simply fire the boiler
very slowly on initial startup—using ignition fuel only and
minimum air flow—to avoid damage to the new refractory
and achieve some degree of bonding within the material.

4-4 Seal Although carbon steel is relatively inexpensive and is
Troughs/Plates available as a standard seal trough/plate material from

boiler and hopper suppliers, long-term viability in this
application is questionable.

4-4 Seal A potentially aggressive environment makes the use of a
Troughs/Plates suitable stainless steel economically justifiable. Type 316

stainless steel provides good service with extended life,
making it an economical long-term choice for seal
troughs and plates.

5-5 Crushers A cost-saving best practice is to rebuild crusher rolls
rather than replace them when they have worn beyond
the manufacturer's specification.

5-66 Predictive Proper use of PDM techniques can help to avoid
Maintenance unnecessary maintenance and identify component
Recommendations | problems before they cause equipment damage or

unscheduled downtime.

5-66 Vibration Evaluation of long-term vibration analysis trends can
Monitoring and identify poor maintenance practices, such as improper
Analysis bearing installation and replacement, inaccurate shaft

alignment, or imprecise rotor balancing.

5-67 Frequency of Ultimately, long-term analysis can be used as part of an
Analysis overall program to significantly improve equipment

reliability.

5-68 Thermography and | Thermographic analysis is an effective PDM tool
Thermographic because mechanical or electrical breakdowns are often
Analysis preceded or accompanied by changes in operating

temperatures.

5-69 Frequency of One advantage of thermographic analysis of electrical
Analysis equipment is that the scan provides an immediate and

quantifiable indication of the temperature difference
between a properly functioning circuit, motor, or
connection and one that is overheating.

A-2
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7-3 Maintenance Many of the core competencies presented in this section
Training are used in all areas of the plant and therefore require no

specialized training for personnel assigned to the bottom
ash area. Where specialized training is required,
information and training assistance is usually available
from the system supplier or component manufacturers.
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3-1 Pulverized Bottom | The most common boiler bottom design is a water-

Ash Hoppers impounded bottom ash hopper, which provides the
following: a means of continuous removal of ash from the
furnace, temporary storage of ash, and a means of
transporting ash away from the steam generator.

3-1 Pulverized Bottom | A bottom ash hopper should store, as a minimum, the

Ash Hoppers amount of ash that is produced at Maximum Continuous
Rating (MCR) during an 8-hour shift, with some extra
capacity for safety.

3-2 Pulverized Bottom | An optimum storage capacity of the bottom ash tank is in

Ash Hoppers the range of 10 to 12 boiler hours (36 to 43 Ksec) output,
with storage capacity for 14 hours (50 Ksec) output
considered a practical maximum.

3-2 Pulverized Bottom | All but the smallest ash hoppers should be constructed of

Ash Hoppers steel plate at least 3/8 inches (9.5 mm) thick, reinforced
and braced to contain a mixture of ash and water at a
density of 100 to 120 Ibs/ft® (1,602 to 1,922 Kg/m®).

3-3 Lining of Bottom Use a combined thickness of 9 inches (228 mm) of

Ash Hoppers refractory or brick and cement to line the sloped hopper
sides.

3-3 Lining of Bottom The system of anchors welded to the inside surface of the

Ash Hoppers hopper side plates to hold hopper refractory must have a
minimum (vertical and horizontal) placement of 15-inch
(331-mm) centers.

3-4 Refractory A water source is located at the top of the refractory wall

Cooling and supplied with cooling water at the rate of
approximately 2 gpm per linear foot (126 ml/sec per 300
mm) to protect the refractory cement from overheating.

3-6 Refractory A flow three times the normal trough makeup flow is

Cooling required to sweep accumulated sediment from the bottom
ash tank seal trough.

3-6 Refractory Bottom ash tank seal troughs should be flushed at the end

Cooling of each conveying cycle at a minimum of once per day to
prevent sediment buildup.

3-8 Hopper Discharge | The watertight enclosures placed around the discharge

Doors doors should be fabricated from plate at least 3/8 inch
(9.5 mm) thick to ensure reliability and strength.

3-10 Pressure- and The pressure- and vacuume-relief valves of the door

Vacuum-Relief enclosure must be automated so that their purpose of

Valves protecting the equipment and personnel cannot be
defeated or manipulated.

3-11 Jetting Nozzles The maximum effective distance of a slope nozzle from the
hopper discharge is generally 13—15 feet (4—4.6 m); if the
slope length to the hopper exceeds this measurement, two
banks of nozzles should be used.
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3-12 Crushers On hydraulic pipeline ash conveyors, it is important that
the maximum dimension of the ash (or slag) not exceed
one-half the inside diameter of either the pipe or the
internal pump clearance to ensure that the ash (slag) can
be reliably transported without bridging or plugging.

3-15 Crushers Reversing the roll segments and wear lines of the crusher
at their half-life will extend the interval between crusher
rebuilds.

3-15 Crushers Significant usage of filtered water at rates of 5 to 25 gpm
(0.32 to 1.5 I/s) while conveying is required to keep the
seal air clear of ash.

3-18 Ash Pumps This unique feature of the jet pump is known self-
regulation. Self-regulation dilutes the slurry mixture and
helps prevent pluggage.

3-18 Ash Pumps The minimum acceptable amount of nozzle supply water
required to properly convey the ash equals 75% of the
minimum design flow through the pipe.

3-21 Metallic Pipe and | Basalt-lined pipe and fittings for hydraulic ash handling
Fittings (Unlined systems are an option for high wear areas that offers gem-
and Lined) like hardness with abrasion resistance. Their disadvantage

is their weight and brittleness.

3-22 Couplings Extra care must be taken in engineering and constructing
a piping system with general-purpose couplings to
minimize the possibility of coupling disengagement due to
expansion, contraction, or impact forces.

3-22 Couplings Locking-type connections for ash lines must be re-torqued
after initial operation.

3-25 Expansion Joints Expansion joints in ash systems must be fitted with stops
to prevent overexpansion or separation. The stops ensure
that the entire pipe movement is shared by all expansion
joints.

3-27 Rotary Disc Sluice | Ash lines with rotary disc valves must be flushed and

Valves purged after each to prevent pluggage.

3-28 Pyrites Hopper The function of mill hoppers is twofold: to receive and store
for Pulverizers mill rejects (pyrites) and to do this in a way that prevents

coal-laden air from escaping from the pulverizer.

3-31 Dewatering Bins Dewatering bins should be sized for a combined net
and Accessories storage capacity representing 72 hours (260 Ksec)

production of bottom ash at MCR.

3-32 Dewatering The number of main dewatering elements is, or should be,
Elements a function of the bin diameter. The following is

recommended:

e Diameters to 16 feet (4.8 m): 4 elements at 90 degrees
(1.6 radians)

o Diameters 1625 feet (4.8—-7.6 m): 6 elements at 60
degrees (1.1 radians)

e Diameters 26-35 feet (7.7-12 m): 8 elements at 45
degrees (0.78 radians)

e Diameters 36—45 feet (12.1-14 m): 10 elements
o Diameters 46-55 feet (14—17 m): 12 elements
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3-32 Dewatering The main dewatering elements should have screens with

Elements diameter or slotted holes from 1/16 to 1/8 inch (1.6 to 3.2
mm) punched on staggered centers 1-1/2 times the
diameter (that is, 3/32-inch [2.38 mm] centers for 1/16-inch
[1.6 mm] holes and 3/16-inch [4.7 mm] centers for 1/8-inch
[3.2 mm] holes) to allow proper dewatering.

3-34 Vibrators The design of the dewatering bin vibrator control shall be
manual with momentary contact. Never energize the
vibrators with the discharge door closed or the ash will
"pack," resulting in plugging of the discharge.

3-34 Settling Tank A sizing standard that theoretically results in settling out
particles greater that 100 microns (100 micrometers) with
a specific gravity of 2.0 or higher is used in designing a
settling tank.

3-35 Surge Tank A cone angle of 45 degrees (0.783 radians) is
recommended for surge tanks; 35 degrees (0.61 radians)
from the horizontal is considered the minimum.

3-37 Mechanical A variable speed drive train with a turnover of

Bottom Ash approximately 6:1 is to be used in the MBAS to allow

System dewatering and volume control.

3-41 Impounded Water | Most sluice bottom ash systems are designed to handle

Bottom Ash 100 tons (91,000 kg) per hour.

System

3-47 Mechanical Because a mechanical conveyor has a smaller amount of

Bottom Ash water than a conventional impounded water hopper, the

System hot ash heats the water and significantly increases the
temperature.

3-51 Control Water-glycol fluid is used at the bottom ash hopper for its

Equipment fire resistance properties. Its constant viscosity index
provides consistent characteristics over a wide range in
temperature.

3-53 Environmental The maximum temperature of any assembled panel must

Considerations be lower than the inside equipment rating. A typical rating
for programmable controllers is 0-60°C (32—140°F).
Confirm the internal equipment temperature rating and use
it as a limiting design criterion.

3-53 Environmental Humidity leading to condensation is a particular problem in

Considerations electronic equipment because it causes high resistance
“shorts” or sneak circuits.

4-2 Refractory The most significant application issues pertinent to ash
hopper refractory are refractory material selection,
installation method, anchor spacing, surface preparation
prior to refractory installation, and curing of installed
refractory.

4-2 Refractory Common misapplications are generally the result of
inaccurate or incomplete information given to the refractory
supplier or a lack of emphasis on the importance of
properly drying (and preferably curing) the refractory
before boiler operation resumes.

4-3 Refractory A minimum setting time of 24 hours (86.4 Ksec) is typically
required before the forms are removed.

A-6
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4-3 Refractory Optimum anchor spacing can vary for each hopper
refractory system, based on considerations such as
refractory thickness and hopper configuration. Ash hopper
refractory should be a minimum of 9 inches (229 mm)
thick, with anchor placement on 15-inch (381-mm) centers
(minimum vertical and horizontal).

4-6 Ash Transport Ash transport piping should be of increased hardness or

Piping Systems wall thickness for the first 10 to 20 pipe diameters
downstream of the ash pump, including the first and
sometimes the second elbow, depending on layout.

4-6 Ash Transport An often overlooked fundamental principle of slurry piping

Piping Systems layout is the necessity of using only vertical risers at an
increase in elevation.

4-7 Crushers Hardened shaft sleeves are recommended for use in the
seal areas of the crusher.

4-8 Control Systems Ash system instruments, panels, junction boxes, and
connectors should be rated NEMA 4 (waterproof) when
located in moist areas.

4-8 Dewatering Size the dewatering bins for a combined net storage

Systems capacity representing 72 hours (260 Ksec) of production of
bottom ash at MCR.

4-8 Dewatering To ensure effective emptying of ash, the cone angle

Systems should be 55 to 60 degrees (0.96 to 1.0 radians) from the
horizontal, and brackets should be provided for mounting
four vibrators at 90-degree (1.6-radian) intervals.

4-9 Discharge In general, all wear parts of the bottom ash sluice gates

Gates/Doors and doors should be made of a suitable stainless steel
(typically type 316 stainless).

4-10 Centrifugal Pumps | Impellers and wear liners of centrifugal pumps made of
high chrome, hardened cast iron provide the best
resistance to degradation and therefore the best value.

4-10 Centrifugal Pumps | Belt drives are the best choice for centrifugal bottom ash
pumps.

4-11 Jet Pumps Ejectors are not suitable for pump head requirements of
more than 150 feet (45.6 m).

4-11 Mechanical Bottom ash chains should be top quality, case hardened,

Bottom Ash and annealed to achieve a hard wear surface (550-800
Systems BHN [~6.75—7.6 Mohs]). Abrasion-resistant steel, such as
AR400, is commonly used for abrasive weatr.

5-2 Refractory Excessive erosion of ash hopper sides can be caused by
misaligned flushing nozzles or flush water pressure
exceeding the manufacturer's recommendations.

5-3 Refractory Damage of slag tap refractory can result in rapid erosion of
floor tubes in the tap and subsequent tube leaks.

5-3 Seal A polymer coating on the hopper plates and seal troughs

Troughs/Plates will resist corrosion and elevated temperatures.
5-4 Ash Transport Periodically rotating straight lengths of ash piping in each
Piping Systems ash conveyor pipeline is an excellent technique for
extending pipe life.
5-5 Ash Transport A high-impact-resistant lining, such as alumina ceramic or

Piping Systems

alumina corundum, is used in unlined high chrome metallic
pipe in areas closest to the ash pump, including the first
downstream elbow.
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5-6 Crushers Crushers are designed to reduce detrimental effects of
binding by using auto-reverse or spring release of the
roll(s). A disadvantage is the potential for problems with
oversized material in the ash pumps.

5-7 Crushers The best practice for problematic crusher seal applications
is to use a hardened shaft sleeve in the seal areas.

5-9 Centrifugal Pumps | Mitigation of erosion in bottom ash slurry pumps consists
mainly of using impellers and casing liners that are cast
from extremely hard alloys, such as 27% chrome or
Ni-Hard.

5-9 Jet Pumps Mitigation of erosion and impact in bottom ash jet pumps
consists mainly of using components that are cast from
extremely hard tough alloys, such as 27% chrome or
Ni-Hard.

5-10 Mechanical Chrome-nickel alloys and case hardening are commonly

Bottom Ash used for chain links of MBAS, achieving surface hardness
Systems in the range of 550-800 BHN (~6.75—7.6 Mohs).

5-10 Mechanical MBAS components with corrosion problems can be
Bottom Ash replaced with stainless steel fabrications; however, it is
Systems preferable and more economical to control pH by injecting

appropriate chemicals at the surge tank.

5-70 Thermography Infrared scanners can only measure the temperature of
and visible, radiating surfaces; that is, they cannot take
Thermographic readings through glass or metal housings or covers,
Analysis unless the metal covering is thin enough for secondary

heat patterns to appear (which is seldom) or an infrared
inspection window has been installed.

6-1 Troubleshooting In order to diagnose or troubleshoot a problem, there must
be a benchmark of normal performance for a system.

6-7 Refractory Lining | All ash hoppers should have a water curtain in place to

Damage protect the tank lining against radiant heat.

6-8 Conveyor Line Pipeline should be constructed with provisions for draining

Leaks the water to prevent freezing. Alternatively, a continuous
flow of water through the line can be used to prevent
freezing in most cases.

6-9 Conveyor Line Connections that are subjected to high pressure and
Leaks turbulent water (typically the connections at the outlet of a

jet pump) must have reinforced gaskets to withstand the
maghnitude of the fluctuating water pressure.

6-9 Conveyor Line After a flange is torqued, strike the head of the torquing
Leaks bolt sharply several times with a hammer. Afterward, re-

check the torque. If the connection has loosened, re-
torque the bolt. Repeat this process until there is no loss of
torque when the bolt is struck.

6-9 Conveyor Line The conveyor line must be flushed after each operation to
Plugs prevent line pluggage.

6-10 Conveyor Line If the ash has a density greater than 60Ib/ft® (960 Kg/m®),
Wear contact the system supplier for assistance in adjusting the

power of the pump(s) to keep the ash in suspension.

6-15 Jet Pump, Slow There is a distinct difference between slow feed to the jet
Feed pump and low capacity.

6-16 Jet Pump Wear Acidic water reduces the service life of the jet pump body.

6-19 Mechanical Slurry | Any impediment to the flow into the mechanical slurry
Pump Wear pump can cause cavitation.
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6-26 Discharge Gate Whenever painting is done near a solenoid valve, the
Solenoid Valve valve can be plugged by paint unless all open connections
Malfunction are closed. To seal the valve, use the original shipping
plugs or masking tape.




EPRI Licensed Material

Pop Out Summary
0 Key Human Performance Point
Page System Key Human Performance Point
3-9 Pressurized Although the vast majority of applications are on balanced-
Access Doors draft units, the pressurized or aspirated poke hole is
(Poke Holes) recommended for maximum operator safety in the event
that a boiler puff or transient occurs while an operator is
using the observation door or poke hole.
3-49 Ash Handling Monitoring the ash handling system and its components
System Controls for safe and correct operation is of primary importance.
Safe operation protects the personnel, the plant, and the
ash handling equipment itself.
3-54 Operator Control panels must be designed to benefit the operator
Interfacing and fit into the plant design concept, including cost
considerations. Simple interface and visual observation of
equipment are critical for operator safety and maximum
effectiveness.
5-11 Preventive Attentive, observant, and conscientious plant personnel
Maintenance and | are the key to an effective maintenance program.
Replacement
Guidelines
5-11 Hydraulic Bottom | Whenever performing any work or inspections in the
Ash Systems bottom ash hopper or on the equipment used in the bottom
ash system, it is essential to observe all plant safety rules.
5-20 Discharge Line The operation of the gates and/or valves of a discharge
Gates or Valves line should be observed monthly.

5-21 Jet Pump Inspect the combining tube of the jet pump monthly for
wear.

5-22 Mechanical Inspect the drive of each mechanical pump monthly for

Pumps loose or damaged belts.
5-57 Heat Exchanger Deposits on the heat exchanger surfaces should be
Fouling removed immediately after the unit is taken out of service.
If left to dry for only a few hours, these deposits can set up
hard, making their removal much more difficult.

5-58 Plate Clarifier Deposits on the clarifier surfaces should be removed

Fouling immediately after the unit is taken out of service. If left to
dry for only a few hours, these deposits can set up hard,
making their removal much more difficult.

5-63 Heat Exchangers | Deposits on the heat exchanger surfaces should be
removed immediately after the unit is taken out of service.
If left to dry for only a few hours, these deposits can set up
hard, making their removal much more difficult.

6-5 Gate Enclosure When the system is started, the enclosure is under a
vacuum created by the conveying pump until the discharge
gate is opened. It is possible for this vacuum to collapse
the enclosure.

8-1 Safety Each person bears primary responsibility for his/her own
safety and must utilize all senses and be constantly
vigilant and observant in order to enjoy the benefits of a
safe working environment.
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8-1 Safety Before working on any motor, solenoid, electric actuator,
electrical connection, or control system component, be
sure to electrically isolate it.
8-2 Hand Protection Eroded tube shields can be razor sharp.
8-2 High Ambient Personnel performing inspection, operating, or
Temperature maintenance tasks at any location in the plant where the
ambient temperature is significantly elevated risk heat
exhaustion or heat stroke.
8-3 High Ambient Personnel who work in an extremely hot environment
Temperature should not work alone and should wear a cooling vest to
prevent elevations in body temperature.
8-3 Scald/Burn A long-sleeved shirt or other protective covering made of
Hazards heavy cloth (such as a welding jacket) must be worn in
areas where incidental contact with hot surfaces is
possible.
8-4 Confined Space Plant personnel who are required to enter confined spaces
Access for inspection or maintenance activities should be trained
in accepted methods of testing for suitability of ambient
conditions, fall protection, confined space monitoring, and
rescue.
8-5 Hazardous If site-specific conditions result in the ash being
Materials hazardous, Material Safety Data Sheet (MSDS)
information should be on file at the plant, special handling
procedures should be instituted, and training of affected
personnel should be performed.
8-5 Oxygen One hazard of particular concern in low-lying areas of the

Displacement

plant, such as ash pits, is the possibility that the
atmospheric oxygen may be displaced by heavier gaseous
discharge from nearby processes.
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HYDRODYNAMIC SEAL FOR CRUSHER APPLICATION

This appendix provides information on a patented hydrodynamic rotary seal technology that has
been successful in severe downhole drilling environmentsin the oilfield and has the potentia to
improve sedl life and reliability in crusher applications. In both applications, the rotary seal is
exposed to harsh abrasives, large shaft deflections, and frequent start/stop or transient conditions.

Hydrodynamic rotary seals are made of conventional elastomeric material (for example, nitrile)
but have awavy geometry that takes advantage of relative rotation to create a "hydroplaning”
action that wedges athin film of fluid between the seal and the shaft surface. This film eliminates
direct rubbing contact and addresses an abrasive wear mechanism that limits the performance
and life of conventional packings and seals. Implementation in a crusher stuffing box would

reguire the introduction of clean fluid between two hydrodynamic seals at a pressure slightly
higher than the environment, as shown in a simplified schematic arrangement in

Figure B-1.

B-1



EPRI Licensed Material

Hydrodynamic Seal for Crusher Application

CLEAN LUBRICATING FLUID

Figure B-1
Typical Seal Installation
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Abstract

This paper describes the principle of operation, laboratory test
results, and field performance of a novel high pressure rotary
shaft seal and the key features of implementations which have
made a number of oilfield drilling and production equipment
innovations technically and economically feasible in recent
years.

Introduction

By far the most critical element in the equipment used in many
drilling and production applications is the rotary shaft seal,
which often becomes the limiting component from the stand-
point of reliability and economics. Conventional elastomeric
and high performance plastic seals, e.g., chevron packings,
spring-energized PTFE seals, V-seals, and U-cup seals, are
used extensively in such applications. All of these seals rely
on the brute force approach and suffer from the same basic
disadvantage, i.e., if they’re doing a good job of sealing,
they’re doing an excellent job of grabbing the shaft and a poor
job of lubricating the shaft-to-seal interface. This results in
high friction, excessive heat, scorching, blistering, and abra-
sive wear of the seal material, and severe grooving of the
shaft, especially as pressure (P) and velocity (V) increase. The
PxV values for the conventional elastomeric and polymeric
seal designs are limited to around 200,000 psi x ft/min or less
as a result of poor lubrication.

A novel seal that works on a fundamentally different princi-
ple of operation (Fig. 1) has been developed which overcomes
these limitations, thus making a number of drilling and pro-
duction equipment innovations technically and economicalily
feasible in the recent years. The patented design is based on
hydrodynamic lubrication principle, which prevents direct
rubbing contact between the seal and shaft by forcing a lubri-

cant film at this interface which eliminates wear, dramatically
lowers the friction coefficients, and extends the PxV capabili-
ties of the seal to 3.7 x 106 psi x f/min. Further developments
in the seal design and implementation hardware, partially
funded by the U.S. Department of Energy, have resulted in
key innovations that have extended its pressure capabilities
and ability to tolerate the large shaft motions encountered in
severe drilling applications and large equipment. The seal has
proven its fieldworthiness, reliability, consistency, long life,
and cost effectiveness in downhole drilling motor sealed bear-
ing applications, high pressure rotary blowout preventers used
in underbalanced drilling, high pressure and high speed
swivels, top drives of progressive cavity artificial lift pumps,
and is now being introduced into a new generation of
advanced rotary steerable systems.

GA3T4 3
KALSI HYDRODYNAMIC
ROTARY SHAFT SEAL

HYDRODYNAMIC
FiLM

HYDRODYNAMIC
EDGE
SEAL

FOOTPRINT

ENVIRONMENT
SIDE

LUBRICANT
SIDE

NON-HYDRODYNAMIC
EXCLUSIONARY EDGE

Fig. 1: Principle of the patented Kalsi Hydrodynamic Rotary Shaft
Seal Operation
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Principle of Operation

The seal is installed with a radial interference in the gland
with the same ease as an O-ring and statically performs in the
same manner. However, as shown in Fig. 1, the seal’s unique
geometry creates a wavy hydrodynamic edge on the lubricant
side of the seal footprint which, during rotation of the shaft,
develops a relative velocity component (V) that wedges a
film of lubricant at the shaft-to-seal interface causing the seal

to hydrodynamically lift and ride on the film. During rotation,
the direct contact between the seal and shaft is eliminated, the
friction coefficients are very low (typical hydrodynamic
range), heat generation is minimized, and wear of both seal
and shaft surfaces is virtually eliminated. The sharp edge of
the seal on the environmental side is designed to exclude
environmental abrasives from entering the seal interface.

WEAR SLEEVE GABS4. 1
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SHAFT:
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ROTARY UNI{ON

COMPUTERIZED DATA
ACQUISITION SYSTEM
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T

I

HIGH PRESSURE
SEAL CARRIER
LUBRICANT INLET

TEST SEALS
MUD CHAMBER

N ]

LOAD CELL

VARIABLE SPEED
AC MOTOR

Fig. 2: Seal Test Fixture and Overall Test Setup
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Development History

The theoretical and experimental research aspects of the basic
seal development included elastohydrodynamic theory of film
thickness generation and optical interferometric studies to
observe and measure the magnitude of the film thickness over
a range of pressures and speeds. These and other development
aspects of the hydrodynamic seal, including its implementa-
tion in rock bits, are covered in detail in Refs. 1 through 4.
After the seal was introduced in the downhole drilling motor
application, our organization won a Small Business Innovation
Research (SBIR) award from the U.S. Department of Energy
(DOE) to further refine and develop the seal design and the
implementation hardware for downhole mud motor sealed
bearing assemblies and to demonstrate their reliability, con-
sistency, and life by field testing.

A systematic matrix of tests (over 10,000 hours) was run
using several special seal test fixtures in our laboratory. Fig. 2
show the cross-section and overall layout of a typical test
setup used to perform parametric tests and long-term life tests.

Parametric tests covered the range of variations encountered
in downhole drilling motor environment and seal design, e.g.,
pressure, speed, temperature, abrasives, shaft runout, seal
material, shaft material, and hard surface coatings (Ref. 5).
The development effort to handle high pressures, low
pressures, zero mean pressure with potential for reversal, and
large shaft deflections due to high bit side loads, provided
insight into prolonging the seal life in this harsh environment
and resulted in a number of patented improvements including
a twist-resistant hydrodynamic seal geometry and an articulat-
ing/floating seal carrier (Refs. 6, 7). Detailed guidelines for
the proper implementation of the seal to consistently achieve
long life and avoid common pitfalls are documented in Using
Kalsi Seals® in Downhole Drilling Mud Motor Sealed Bear-
ing Assemblies available to all users (Ref. 8).

Another SBIR award from DOE, Development of a Higher
Pressure Rotary Blowout Preventer for Safe Directional Drill-
ing in Underbalanced Applications, allowed our company to
develop new seal designs and implementation technology to
handle pressures of 5,000 psi and higher (Ref. 9).

In addition to the DOE-sponsored development effort,
extensive design, analysis, and laboratory testing has been
performed to evaluate application-specific implementations of
the seal for different drilling and production equipment. This
included evaluation of alternative seal and shaft materials/
coatings, thermal analysis to predict under-lip seal tempera-
tures for different applications, and extending the tests to
cover downhole temperatures of 300°F and higher.

The seal has been in commercial use in several of these
drilling and production applications for a number of years,
whereas some applications have only recently been field
tested. The details of these applications and field performance
are presented in the following sections.

Field Performance

Downhole Drilling Motors. Fig. 3 shows a typical sealed
bearing assembly for a downhole mud motor. As shown in
Fig. 3, there are two locations for the rotary shaft seal in this
application that are critical to the reliability of the tool; each of
the locations has its own unique challenge. The lubricant

471

pressure in the sealed bearing chamber is equalized to the
downhole pressure in the drill pipe by the use of a floating
piston or a compensating diaphragm assembly. On the inner
periphery of this piston is a rotary shaft seal that has zero
mean differential pressure across it; however, the friction of
the seals in the piston and changes in the downhole pressures
and temperatures cause a differential pressure to exist across
the seal. This differential may be either positive or negative
between the mud side and the lubricant side. Even though the
severity of this application from a PxV standpoint is low, the
reversal of pressure can cause problems in the operation of
rotary shaft seals at this location. The lower seal is subjected
to the severe combination of high differential pressure, speed,
and shaft motion due to bit side loads. Lack of reliability and
short life of conventional rotary shaft seals at both of these
locations had previously limited the performance, use, and
acceptance of sealed bearing assemblies in general.

CA1192 .1
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DRIVE
SECTION
| T MUD
! / KALS| HYDRODYNAMIC
— ROTARY SHAFT SEAL
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LR ?"‘/ PISTON
= LUBR | CANT
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SEALED
BEARING THRUST /RAD | AL
ASSEMBLY %BEARINGS
R ™~ KALS! HYDRODYNAMIC
- — ROTARY SHAFT SEAL
BIT

Fig. 3: Schematic of a Typical Sealed Bearing Assembly for a
Downhole Mud Motor
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1000 shown in Fig. 4. Both the seal and the shaft surfaces showed
little wear after 500 hours of testing. In addition to the
] 750 laboratory testing, a field test program was conducted to
2] \’\ confirm seal performance.
] 500 '\“\ Based upon the successful conclusion of laboratory and
K] field testing, the hydrodynamic seal was put into commercial
E 250 h‘\h-. use. The novel hydrodynamically lubricated seal has elimi-
g i“"“‘---.. nated problems that had limited the widespread use of sealed
0+ e bearing assemblies. Currently the seal is in use by a number of
250 downhole mud motor companies in various hardware imple-
mentations. The reliability, consistency, ease of maintenance,
and economics of the seal when properly implemented has
150 been proven in over 2,000 motors in use today. Runs of 250
— hours are commonplace and runs up to 450 hours have been
2 reported by a number of users. Best performance under
& 100 differential pressures up to 2,000 psi is achieved when the
é patented (Ref. 7) articulating or floating seal carrier (Fig. 5) is
5 employed. The articulating seal carrier eliminates the net axial
; 50 force due to pressure differential across the carrier by virtue of
* the rotating seal interface diameter, Dy, and the static seal
« diameter, D7, being equal. This permits the seal carrier to
0 ; : ; : easily follow the shaft motion while maintaining a constant
and small extrusion gap and eliminating potential for metal-to-
200 metal contact. The articulating seal carrier can successfully
= 175 LUBR | CANT
g 150 i PRESSURE CAB71.4
g 125
= " STATIC
75 SEAL
50 T T T T b2
»
2000
= 1500
&
£ 1000
2 1 ART | CULAT ING
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=]
g & & § B8
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Fig. 4: Results of a Typical 500-Hour Test Under Simulated
Downhole Drilling Motor Conditions with 1500 psi AP

The systematic development of sealed bearing assemblies
under the DOE SBIR sponsored program clearly demonstrated
that the novel hydrodynamic seals can perform reliably and
consistently met the 500-hour goal under laboratory tests
simulating severe downhole conditions (Ref. 5). Over 10,000
hours of testing was performed to understand the effect of the
design variables and downhole conditions. Typical results of a
500-hour test performed with a 2.75-inch diameter seal are
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Fig. 5: Articulating Seal Carrier Design (Patented) to
Accommodate Large Shaft Motions Due to Bit Side Loads in
Downhole Mud Motors
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accommodate the large shaft deflections due to high bit side
loads which, as discussed in a recent SPE publication (Ref.
10), can be significantly higher than previously believed.
Rotary shaft seals exposed to low, zero, or reversing differ-
ential pressure encountered in the equalizing pistons can
“snake”, i.e., acquire a varying axial location in the gland.
This can cause abrasive impingement wear on the environ-
mental side of the seal. It was found that the seal should be
spring energized, e.g., by wave springs as shown in Fig. 6, to
combat this problem and reliably achieve long life.

KALS! HYDRODYNAMIC
ROTARY SHAFT SEAL

GA1 196, 1

WAVE SPRING

BACKUP WASHER ROTARY SHAFT

Fig. 6: Hydrodynamic Seal Energized by a Wave Spring to Prevent
Seal Snaking in the Groove under Low Pressure Conditions

High Pressure Rotary Blowout Preventers. Fig. 7 shows the
high pressure rotary shaft seal locations which had become the
limiting component for this equipment used in underbalanced
drilling. Five years ago the Kalsi hydrodynamic seal design
and the patented laterally floating seal carrier (Fig. 8) were
introduced into high pressure rotary blowout preventers,
which extended the RBOP performance from approximately
500 psi up to 2,500 psi while rotating. The laterally floating
seal carrier that is implemented eliminates the axial force
across it due to the differential pressure by making the rotary
shaft seal interface diameter, D, the same as the static seal
diameter, D7. Having no net axial force, the frictional resis-
tance to radial motion of the seal carrier is negligible. The seal
carrier bushing, operating in a clean lubricant environment,
causes the carrier to easily follow the large shaft runout
encountered in this application. Currently three manufacturers
are using the hydrodynamic seal in high pressure rotary blow-
out preventer applications worldwide.

The pressures encountered in underbalanced drilling have
continued to increase in recent years (Ref. 11). Under the
DOE SBIR sponsored program, the development effort and
laboratory tests on the new seal geometry successfully ex-
tended the hydrodynamic principle to handle 5,000 psi across

the seal at speeds of 200 to 700 ft/min expected in this appli-
cation while providing very low friction coefficients in the
range of 0.015 to 0.02 (Fig, 9). The 250-hour goal with 5,000
psi across the seal was met with the seal showing excellent
stability, low coefficient of friction, and no degradation at the
sealing interface (Figs. 10 and 11). The new high pressure
seal design and implementation refinements developed under
U.S. DOE which have the capability to handle higher
pressures are being commercially introduced.
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Fig. 7: Schematic of a High Pressure Rotary Blowout Preventer
Showing Rotary Shaft Seal Locations
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Fig. 8: Laterally Floating Seal Carrier (Patented) Used in High
Pressure Rotary Blowout Preventer Applications to
Accommodate Large Radial Motions
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Fig. 9: Low Friction Coefficients Exhibited by the New
Hydrodynamic Seal at 5,000 psi and Speeds Up to 700 f/min

High Pressure, High Speed Swivels (Washpipe
Assemblies). High pressure, high speed swivels present
another extreme challenge to rotary shaft seals. For example,
in high speed coring swivels, the speeds can be as high as 600
to 1,000 rpm with pressures of 3,000 psi. For this severe appli-
cation, the rig manufacturers have found that none of the con-
ventional seals are able to survive for more than eight hours
(e.g., Ref. 12). The hydrodynamic seal was implemented (Fig.
12) and has been in successful field use for several years in
this application, and seal life of over 1,400 hours was achieved
in the first ficld use. Seal implementation is currently under
way for other swivel applications of 7,500 psi and higher.

Progressive Cavity Artificial Lift Pump: Top Drive Stuff-
ing Box. Due to their higher efficiencies and economics, pro-
gressive cavity artificial lift pump applications have increased
rapidly in recent years (Refs. 13, 14, 15). However, stuffing
box leakage is a major source of continuing problems, from
the standpoint of both environmental concerns and mainte-
nance cost.

[n 1995 a systematic development of the hydrodynamic
seal cartridge for this application was initiated by our com-
pany. A matrix of short-term and long-term (up to six months)
tests was performed to cover the range of speeds (125 to 600
rpm), pressures (60 to 700 psi), fluids, and temperatures (up to
180°F) in this application. After six months of successful
laboratory performance, a number of field tests were started in
Texas where stuffing box leakage had been a problem. Figs.
13 and 14 show the implementation of the seal cartridge in the
top drive assembly. The seals have performed reliably, with
the longest test having accumulated more than seven months
of service and still performing well. Fig. 15 shows the results
of the key parameters that are being monitored in this field
test. Based on successful laboratory and field testing, the seal
cartridge is now being introduced commercially.
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Fig.10: The 250-Hour Test Performance Results from the New
Hydrodynamic Seal Design with 5,000 psi AP
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NO NIBBLING DAMAGE
ON THE EXCLUSION EDGE
% w v 3

WAVES AND SEALING SURFACE
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Fig. 11: Excellent Condition of the Seal interface of the New Seal
at the Conclusion of 250-Hour Test with 5,000 psi AP
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Fig.12: A Hydrodynamic Seal Implementation for High Pressure,
High Speed Swivel
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LUBRICANT
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Fig. 13: Progressing Cavity Artificial Lift Pump Top Drive with
Kalsi Seal Cartridge

New Generation of Advanced Rotary Steerable Systems.
Different advanced rotary steerable systems are currently
being developed by a number of companies (Refs. 16 through
19). The rotary shaft seal is a critical element in all of these
different systems. The hydrodynamically lubricated rotary
shaft seal has been implemented on several of these systems
and it has been able to provide satisfactory performance,
enabling the development of these advanced tools to progress.

Conclusion

The hydrodynamic seal and the related innovations, when
implemented with appropriate consideration for the applica-
tion constraints, has provided a reliable solution to some of the
most severe rotary shaft sealing requirements encountered in
drilling and production equipment. This has permitted the
state-of-the-art to progress in petroleum equipment.
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Nomenclature

T: seal torque, R: seal radius, w: seal width, P: differential
pressure, |L: lubricant viscosity, €2: rotational speed, y: seal
geometry-dependent parameter.

e

Fig. 14: Seal Cartridge (Patent Pending) for Progressing Cavity
Artificial Lift Pump Top Drive
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