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Summary

The main reason why profits are not max-
imised in retrofit projects on power plants
is the widespread and continuing mis-
conception that materials handling is low
tech in comparison with the high tech of
steam generation plant. Such a mindset
leads inevitably to low tech solutions at
best and ignorance at worst to the nec-
essary and desirable upgrades of the es-
sential materials handling systems on
steam generating plant.

With small changes in the feedstock or
the properties of the feedstock, the guar-
antees of heatrate availability are immedi-
ately at risk. Why therefore is not the han-
dling of the coal, a commodity that has to
be bought, and the handling of the ash, a
commodity that can be sold, considered
as an integral part of the retrofitting and
upgrading of steam plant? This area rep-
resents a major risk to the profitability of
the operator and the contractor. It is,
however, a risk that can be mitigated by
the use of high tech knowledge that is
currently available in the materials han-
dling industry. Projected profits can be
secured by the use of this high tech
knowledge which needs to be spread
widely, particularly amongst the young
and not so young more enlightened engi-
neers. The cost of this high tech knowl-
edge is not great compared to the cost of
lost revenue.

At a recent IMechE Conference, Dr H
Wright presented a paper highlighting six
areas of conceptual high tech application
engineering where, the use of (i) novel di-
agnostic and (ii) retrofit design techniques
had provided solutions to coal and ash
storage failures [1].

The technology outlined in that paper
has, over the last decade, been used to
solve some of the more serious materials
handling problems experienced at Drax,
West Burton, Eggborough, Tilbury,
Kingsnorth, Rugeley, Ironbridge and Lon-
gannet power stations. There is, how-
ever, a continuing need to spread the
benefits of applying this technology to in-
dustry. This paper addresses that need.

1. Introduction and
Background

Over the period 1992 to 1998, Dr H
Wright & Associates (HWA) carried out
consultancy work to provide Materials
Handling Assessment Surveys at the fol-

lowing power stations:

• Drax (January 1992),
• West Burton (July 1994),
• Eggborough (September 1994),
• Aberthaw (December 1995),
• Kingsnorth (November 1996), and
• Longannet (November 1997).

In August 1998 Alstec Ltd (formerly Al-
stom Automation) offered funding to
HWA to undertake such surveys at other
stations. The background to this offer
was the company's desire to move into
the contract servicing and outage areas
of business via the introduction of a high
tech approach to maintenance and refur-
bishment.
Over a four month period from Septem-
ber - December 1998 the following power
stations accepted the offer of this free
survey. These were:
• Didcot (September 1998),
• Ironbridge (September 1998),
• Tilbury (November 1998), and
• Kingsnorth (December 1998).
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This paper analyses the surveys spon-
sored by Alstec with a view to (i) the com-
monality of the problems identified, (ii) the
causes of these especially regarding the
physical and flow properties of the mate-
rials handled and (iii) the possibility of their
solutions using a high tech approach.

2. Coal and Ash Plant
Problems

The following are the main problems en-
countered in the transport and handling
of coal and ash at the power stations vis-
ited.

a) Spillage, especially at belt conveyor
transfer points, chutes, hopper/feeder
interfaces, etc.

b) Control of tramp materials.

c) Chute blockage.

d) Wear in chutes and hoppers/bunkers.

e) Blockage of hopper/bunkers. This is
especially the case regarding feeder
coal flow failures resulting in a loss of
generating power due to mills being
taken out of service.

f) Storage hoppers/bunkers not yielding
their full, rated capacity owing to the
formation of dead regions on the side
walls

3. The Effect of Size
and Moisture on Coal
and Ash Handling

If moisture is present, it is the increase in
the fines content, i.e. % -1 mm fraction
that has the major effect on the deteriora-
tion of handleability.

3.1 Size Distribution

3.1.1 Coal

Data obtained for U.K. coal tends to con-
form to the following dry sieve analysis:

-50.0 mm 100%
-6.3 mm 25-45%
-1.0 mm 10-35%
-0.5 mm 5-15%

Data obtained for European, Australian
and USA coal tends to conform to the fol-
lowing dry sieve analysis:

-50.0 mm 100%
-6.3 mm 55-70%
-1.0 mm 20-35%
-0.5 mm 10-20%

Furthermore, with a wet sieve analysis
there is a considerable increase in the
amount of ultra fines, attributable to the
'piggyback' fines being washed off the
larger lumps. Using this as a basis, the in-

crease in -0.1mm ultra fines has been es-
timated at about 6% for European coal,
12% for Australian coal and variable
3-10% for USA coal, depending on the
type.

3.1.2 Ash

Typical data for power station ash would
indicate that Raw PFA is 100% - 0.5 mm
with a mean size of about 50 µm. As
100% of the material is -1 mm, the addi-
tion of water will have a significant deteri-
oration in handling properties. Certainly,
Fine or Part 1 PFA having a top size of
about 200 µm and a mean size of about
12 µm would be even more onerous to
handle.

Clearly, for an equivalent moisture con-
tent, the general trend will be - the higher
the fines content of the coal or ash, the
more difficult it will be to handle.

3.2 Moisture Content

3.2.1 Coal

This really depends on circumstances but
the following information has been
gleaned from various sources.

Average Total
Source Moisture Content

[% wet weight]

U.K. 10
Europe 10
Australia 9
USA 9
South Africa 8
South America 9.5

The variation on the above could be up to
± 50% of the mean value.

From the handleability viewpoint it is the
'air dried' moisture content that has the
most effect. This is equal to the 'total
moisture content' less what is loosely
termed 'inherent moisture'. 'Total mois-
ture' is the value normally quoted for a
particular coal. Testwork on imported
coals shows that the inherent moisture
tends to be 2.0 - 3.0%. Conversely, for
lower rank coals it can be as high as
12%. For U.K. coals the average inherent
moisture can range from about 1 - 6%.
again with a variation of up to ±50% of
the mean value.

A serious point to bear in mind is that the
fines hold more moisture than the lumps.
For a typical -50 mm coal at an average
of 9.0% free moisture the following data
was determined by drying:

Lump Size [mm] Moisture Content
[% wet weight]

-25 + 12.5 4.1
-12.5 + 9.5 4.8
-9.5 + 6.3 5.4

As the coal contained about 40% of
+6.3mm lumps having an average mois-
ture content of about 5% (as determined
above) then, with an overall average
moisture content of 9.0% the -6.3 mm
fraction will have a moisture content of
approximately:

A graphical analysis of all of the above
data indicates that the actual wet weight
moisture content of the -1 mm fines
could be as high as 21%. The danger of
this scenario is that changes in average
moisture of 1 or 2% can quickly bring a
coal to its critical or most cohesive mois-
ture content.

3.2.2 Ash

Because of the fineness of PFA, even
small amounts of moisture have dramatic
effects on handleability. The 0 - 4% mois-
ture content range is the limit for any re-
medial flow improvement work associ-
ated with boiler tube leaks.

Regarding ash conditioning for sales to
the building materials market, the upper
limit seems to be whatever is able to car-
ried in and discharged from road wag-
ons. Ash is currently being sold at free or
surface moisture contents up to as high
as 25%. However, the extreme difficulty
of handling and storing PFA now being
experienced by purchasers will eventually
lead to the stations installing more high
tech conditioning plant to reduce mois-
ture levels.

Clearly, the general trend will be: the
higher the moisture content of the coal or
ash, the more difficult it will be to handle.
This situation is made worse by the pres-
ence of increased amounts of -1 mm
fines.

4. A Simplified High-
Tech Approach to
Retrofitting Steam
Plant

The high tech in materials handling is to
match the design parameters of the avail-
able plant and equipment to the limiting
requirements for the materials being han-
dled as derived from flow property test-
work.

In 1987 WILKINSON and WRIGHT published
a booklet relating to coal handling [2].
This was followed up by a rule-of-thumb
booklet aimed at a quick technology
transfer of high tech bulk handling
knowhow [3]. The remainder of this paper
refers, where appropriate, to these publi-
cations as they relate to the coal and ash
plant problems referred to in Section 3.

(100 · 9%) − (40 · 5%)
60

= 12% [wet weight] 
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4.1.2 Ash

The experience of the authors is that ash
spillage is usually associated with:

i) the flushing or flooding of hopper/silos
leading to hydrostatic pressure condi-
tions,

ii) structural failure of associated han-
dling equipment such as air
slide/drag-link discharge conveyors
under such conditions, and

iii) poorly designed conditioning plant
where ash flow rate is unable to be
controlled properly.

At one U.K. station an unanticipated
'flush' of PFA via one of the outlets of a
core flow storage bunker resulted in the
generation of a hydrostatic type air pres-
sure that lifted the cover off an air slide
and quickly deposited between 100 and
200 t of material on the floor area. Using
the lower of these estimated tonnages, if
the floor depth had been 150 mm the
area covered would have been about
32 m x 32 m. Actual discharge velocities
during a similar flush with fine iron ore
have been physically measured by Dr
Wright at about 40 m/s.

The main sources of tramp are:

i) mining operations (underground or
opencast),

ii) coal preparation plants,

iii) stockyard bases,

iv) transport operations, especially debris
left in the bottom of wagons and lor-
ries,

v) user's own handling plant, and

vi) contractors' debris when building new
plants and repairing/modifying existing
plants

The tramp may occur through plant un-
tidiness (e.g. debris from maintenance
work not being cleared up), through lazi-
ness (e.g. rubbish being disposed of on
belt conveyors carrying coal), through
bad operating procedures (e.g. tractor
shovels etc. digging up the stockyard
base), through lack of plant maintenance
(e.g. tiles, brackets etc. becoming
worn/corroded and working loose), as a
result of 'make-shift' procedures (e.g.
straw/sacking being used to plug holes in
wagons/containers and working loose)
and for a variety of other reasons.

4.1 Spillage

4.1.1 Coal

Coal spillage is probably the greatest
cause of (i) corrosion to and (ii) overload-
ing of conveyor support structures, al-
though overloading leading to total col-
lapse is still, thankfully, quite a rare
occurrence.

During the four materials handling as-
sessment surveys sponsored by Alstec, it
was noted that one of the stations had
experienced two cases of major spillage
caused by equipment failure which had
also caused serious downtime of a key
coal route. One of these was caused by
support frame corrosion leading to struc-
tural failure. Certainly, a number of con-
veyor structures in each plant visited had
corrosion caused mainly by spillage.
These should be viewed as 'accidents
waiting to happen'.

It should be obvious that most of the U.K.
generating stations coal handling plant,
particularly conveying systems and unit
bunkers, is beyond the end of its life. Over
the last 5 years or so much has been
made of the buzzwords 'asset manage-
ment' and yet, in the author's opinion,
very little seems to have been done to
remedy this in a proper scientific way.

General spillage, when it did occur, had
depths of up to 500 mm which makes
walking hazardous. A simple review of
the whole situation indicates that spillage
at transfer points and deposits under
idlers and GTU's can be attributable to
the following seven primary causes:

i) conveyor overloading and material
'pour-out',

ii) poor design of chute/belt transfer
zone often giving material turbulence
and material 'splash-out',

iii) poor chute design (slope, flow area,
lining, etc.) leading to blockage and
associated overload spillage,

iv) poor skirt design - in one case ballistic
separation occurred where +25 mm
particles were 'batted-out' as spillage,

v) poor belt cleaning and collection,
vi) abrasive and impact wear - such as

experienced in 'reverse-flow' and
'convoluted' transfer chutes having
impact and swirling flow patterns lead-
ing to high wear rates, and

vii) changes in flow properties.

One U.K. station has experienced an av-
erage of (a) one conveyor trip per day and
(b) two chute blockages per day over an
8 month period.

It is such chute blockages as these, fol-
lowed by transient overload on both shut-
down and start-up, that are believed to
be the cause of the majority of general
spillage problems. Overload is particularly

the case where the flat to trough transi-
tion length is too short or the conveyor
angle is too steep.

There is evidence to indicate that one
typical coal handling plant conveyor can
easily incur annual costs as high as £15K
($21,000 USD) to cater for cleaning and
spillage. This data is supported by a 1987
IMechE survey giving the cost of spillage
clearance in a typical power station [4] as
being £160,000 ($225,000 USD) per
annum.

4.2 Control of Tramp Material
in Coal Handling

4.2.1 Sources of Tramp

The presence of tramp material causes
many problems in the handling and pro-
cessing of coal. 'Tramp' may consist of
metal (magnetic or non-magnetic in the
form of large pieces, bolts, tangled wire,
tools, etc.), lumps of rock, bits of con-
crete, slag, stones, tiles, timber, glass,
sacking, nylon stockings, straw, rubber
hose, rubbish - there is almost no limit.

Fossil Fuel Handling



4.2.2 Problems with Tramp

These include:

i) bunker outlets, chutes, etc. becoming
blocked,

ii) belts being ripped by sharp objects
jammed at belt conveyor transfer
points,

iii) crushers, screw conveyors and other
items with being jammed and/or dam-
aged,

iv) 'blinding' of screen mats,
v) explosions caused by sparks,
vi) damage to wear-resistant tiles (espe-

cially glass and ceramic) by impact
from heavy items, and

vii) purchaser of coal effectively getting
'short weight'.

4.2.3 Methods of Dealing with
the Problem

These can be summarized as prevention,
detection coupled with removal and pro-
tection. Unfortunately, methods suitable
for dealing with one type of tramp may be
unsuitable for another type, hence the se-
riousness of the problem. Some of the
methods are as follows:

a) Education of personnel (coal suppliers,
transport contractors and users).

b) Obtaining supplier's cooperation in en-
suring that coal is dispatched free of
tramp. If necessary, augmented by cost
penalties for failure to meet an agreed
specification for tramp-free coal.

c) Using dedicated transport.
d) Regular sampling and checking of coal

supplies to ensure that an agreed spec-
ification is adhered to.

e) Regular inspection and plant mainte-
nance to ensure that items are replaced
before they fall off.

f) Good housekeeping.
g) Use of protective grids over reception

hoppers to prevent entry of oversize
lumps of material.

h) Screening to reject any material larger
than the top size of the coal.

i) Visual inspection of coal as it arrives and
manual rejection of tramp.

j) Use of metal detectors above the belt
conveyors. Such detectors either stop
the belt or cause the tramp to be di-
verted.

k) Use of magnetic separators. These may
be located either above belt conveyors
(disadvantage is that tramp may not be
pulled out of the bottom of the bed of
coal) or along the base of a chute (dis-
advantage is that the magnet will soon
get clogged with tramp if the coal is
highly contaminated). Magnets may be
of the electro or (for small sizes) ceramic
permanent type.

4.3 Chute Flow Improvement

4.3.1 Introduction

A chute (as distinct from a belt conveyor
transfer point) may be defined as a chan-
nel for bulk solid to flow down under grav-
ity. The channel may be either vertical or
sloping, totally enclosed or open-topped
(latter applies only to sloping chutes), with
sides either parallel or converging (occa-
sionally diverging).

4.3.2 Flowrate Design

The cross-sectional area of a totally-en-
closed chute must be large enough to ac-
cept the required flow, using the formula:

Q = ρ · V · A · K

where:

Q = required flow [kg/s]
ρ = loose bulk density of coal [kg/m3]
V = flow velocity at entry to chute [m/s]
A = cross-sectional area of chute [m2]
K = an empirical factor less than 1

For a chute under gravity, a progressive
reduction in A is acceptable, but not be-
yond the blockage ratio limit (i.e. 8 times
the largest lump size).

The parameter K can approach 1.0 for a
chute running full at low velocity but is
likely to be 0.5 or less for coal cascading
down the chute at an appreciable veloc-
ity. Since V will increase as coal flows
down care needs to be taken when a
chute changes direction since this may
be accompanied by a reduction in flow
velocity. An expansion zone at this point
is beneficial.

4.3.3 Geometric Design - General

If the chute is to be fed by coal coming
from a discharge trajectory, the funnel
feeding coal into the chute must be suffi-
ciently large to cover the scatter caused
by segregation of lumps from fines and
changes in cohesiveness. The angle of
impact and the correct use of anti-abra-
sion linings are critical areas of design.
Chutes should always seek to follow the
natural gravity flow of the bulk materials
being handled. Reverse-flow and convo-
luted transfer chutes should be avoided
as these produce impact and swirling
flow patterns leading to high wear rates
and blockage.

4.3.4 Geometric Design - Outlet Size

If the chute is totally enclosed and liable
to run full, it is virtually a bunker and
should be designed to cope with both (i)
particle blockage (see Section 4.3.2) and
(ii) cohesive arching under instantaneous
and impact filling mass flow conditions as
defined by JENIKE (see Sections 4.5.1 and
4.5.2).

Some easing of the above is acceptable if
the chute always runs only partially filled
(allowing the product to dilate) and/or if
the proportion of lumps in the feed is
small. In the case of an open chute the
blockage ratio rule should be applied to
its width. If the open chute can experi-
ence a 'choked' situation at its exit and/or
if it can experience pressure/impact
surges then the mass flow blockage risk
assessment will need to be made.

4.3.5 Geometric Design - Wall Slope

If the chute is totally enclosed and liable
to run full it is virtually a bunker and
should be designed as such with mass
flow wall slopes as defined by JENIKE (see
Sections 4.6.1 and 4.6.2).

A major problem with coal chutes is the
tendency for wet coal fines to adhere to
the sides and gradually bridge over. This
is especially true with unlined mild steel
chutes. The downward slope of the chute
must also be sufficient to allow flow to re-
start unaided after stoppages. The chute
angle to the horizontal for the 'open' con-
dition is a function of the surface friction
and adhesion properties of the lining.

At bed depths between 100 mm and
15 mm, due to low pressure boundary ef-
fects, the wall friction angle with the flow-
ing coal rises markedly and can increase
from 30° to 50°. Using the simple rule of
adding 1° of chute slope for every 1° of
increased wall friction means that wet
coal fines under a low feed condition
need at least a 60° chute slope. This
make the design of trickle feed chutes ex-
tremely difficult.

Fossil Fuel Handling
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Alstec have reported [5] that because of
handling difficulties experienced with
coals from Australia, China and Indone-
sia, their chute specification was modified
to incorporate (i) minimum slopes of 65°,
(ii) ample volumes for coal flows and (iii)
access ports and adjustable flaps at
transfer points. Furthermore, one particu-
lar overseas coal supplier was blending
fuel oil with the coal to increase its overall
calorific value. The resultant 'stickiness'
not only caused coal fines to adhere to
the transfer chute walls but also to struc-
tural cross beams internal to chutework.
It was extremely difficult to clear block-
ages as there were very few access
doors incorporated into chutework. Nec-
essary access points were made during
commissioning. Expensive modifications
to chutework were carried out and the
following experience has been incorpo-
rated into all future projects.

1) The valley angle on chutes increased
to a minimum of 65°.

2) Cross sectional areas on chutes in-
crease by 40%.

3) Linings of chutes to be wear resistant
with low friction surface finish.

4) The number of access ports at points
of potential build-up increased.

5) Adjustable flaps at chute exits required
to centralise belt discharges.

6) The chutes must not be restricted - no
internal cross beams to hinder flow.

4.3.6 Geometric Design - 
Wall Linings

If the coal is wet and if impact resistance
is not a serious concern, the best solution
is to line the chute with ultra-high-molec-
ular-weight (UHMW) polyethylene. This is
a waxy-like material which repels water

(i.e. virtually zero adhesion) and thus in-
hibits build-up. Major successes in im-
proved chute flow have been achieved
with this material and abrasion resistant
types are available (see Section 4.4.1).
With square/rectangular chutes it is ben-
eficial to radius the corners.

In the context of trickle feed chutes there
is strong evidence to indicate that be-
cause of its extremely low adhesive qual-
ities the correct grade of UHMW polyeth-
ylene correctly fitted offers a marked
improvement to the flow of wet coal over
other linings. Other solutions are:
a) Make the chutes of 2B finish stainless

steel. NB. Great care must be taken to
ensure that this grade of surface finish
is actually achieved on-site. There have
been a growing number of instances,
of late, where this has not been the
case, with disastrous consequences.
Suppliers tend to think that 'type 304'
stainless steel is all that needs to be
specified! The desired surface rough-
ness (Ra) should be  0.5 µm.

b) Make the chute of rubber, the flexibility
of which causes any adhering coal
fines to break away once they have
dried out. A further advantage of rub-
ber is that it reduces noise, especially
with lump coal. At least two types of
rubber chute are available. One is the
'space frame' in which sheets of rub-
ber are bolted to an open steel frame-
work. The other is the 'elephant's
trunk' comprising a circular rubber
tube.

4.4 Wear in Chutes, Hoppers
and Bunkers

4.4.1 Background Research

The empirical rule for assessing the aver-
age wear life of a bunker/chute lining is

based on the test results of FRED BOND

whose work on crushing utilized an Abra-
sion Test [6]. The rule is:

Where:

W = Average Wear [mm]
T = Throughput [t]
Ai = BOND's Abrasion Index and is in

fact the weight loss in grammes

The original test consists of measuring
the weight of metal lost during a 1 h abra-
sion test from a standard 3 x 1 x 0.25 in.
(76.2 x 25.4 x 6.4 mm) paddle test piece
of SAE 4325 chrome - nickel - molybde-
num steel hardened to 500 BRINELL. The
paddle, whose tip rotates at a radius of
4.25 in. (108 mm) and a linear speed of
1410 ft/min (430 m/min), is contained in a
12 in. (0.305 m) diameter x 4.5 in.
(114 mm) deep concentric drum which
rotates at 70 rpm, or 90% of its critical
speed (i.e. where the particles are held to
the drum inner surface during rotation) in
the same direction. High speed photog-
raphy has revealed that the paddle spec-
imen is subject to both impact and sliding
wear.

Data extracted from BOND's published
work for normal/stainless steel which is
relevant to the empirical rule is as follows:

Material Abrasion Index (Ai)

Coke 0.3095
Steelworks Materials 0.0784

Extrapolated Ai values for abrasion resis-
tant Perplas RX 5415 based on testwork
are as follows:

Material Abrasion Index (Ai)

Coke 0.8990
Steelworks Materials 0.2278

4.4.2 Worked Examples

Example 1

In 1982, a ship reception hopper at the
former BSC Redcar Works was fitted with
a 48 mm thk RX 5415 slab form abrasion
resistant lining. It is important to note that
only about 12 mm of the slab was avail-
able for abrasion resistance before the re-
taining stud nuts were at risk. This hopper
handled 1.7 million t of miscellaneous
steelworks materials before its lining had
to be changed, mainly due to the latter
handling of 137,000 t of blast furnace
coke from Japan.

Consider first the wear of the RX 5415
UHMW polyethylene lining. The Ai value is
0.2278 for steelworks materials and the
tonnage is 1.563 million t.

W =
25 · Ai · T
1 · 106

Fossil Fuel Handling



Average Wear:

25 x 0.2278 x 1.563 = 8.90 mm

For the blast furnace coke Ai = 0.8890
and the tonnage was 137,000.

Average Wear:

25 x 0.8990 x 0.137 = 3.08 mm

The total average wear is, therefore,
11.98 mm This matches up well with the
on-site wear measurement. It should be
noted that the maximum wear is esti-
mated at being twice this calculated
value, i.e. 23.96 mm.

Example 2
The replacement lining at the Redcar
steelworks was 12 mm thk stainless steel.
At the end of 1984 this new lining had
handled 1.5 million t of miscellaneous
steelworks materials which included
251,000 t of blast furnace coke. The max-
imum wear was about 6 mm at the hop-
per outlet and an average of about 3 mm.

Secondly, consider the wear of the steel-
works materials on the stainless steel lin-
ing. Ai value is 0.0784 for steelworks ma-
terials and the tonnage is 1.249 million t.

Average Wear:

25 x 0.0784 x 1.249 = 2.45 mm

For blast furnace coke on stainless steel
the BOND Ai = 0.3095 and the tonnage
was 251,000.

Average Wear:

25 x 0.3095 x 0.251 = 1.94 mm

The total average wear is, therefore,
4.39 mm This matches up well with the
on-site wear measurement. It should be
noted that the maximum wear is esti-
mated at being twice this calculated
value, i.e. 8.78 mm.

Example 3
Finally, a European steelworks experi-
enced severe wear loss in a 1000 t ca-
pacity raw sinter mix bunker. In this case
a maximum loss of hopper wall thickness
of 12 mm occurred at the outlet with an
average of about 6 mm after the handling
of about 2 million t of throughput. The
BOND averaged Ai values for a mix of
hematite, iron ore concentrate and mag-
netite is 0.1294.

Average Wear:

25 x 0.1294 x 2 = 6.47 mm

The maximum wear would be about
12.94 mm

4.4.3 Conclusions

UHMW polyethylene has an average
wear rate of about 3 times that for stain-
less steel.

There are no BOND Ai values for coal per
se but there is a reference in BOND's pub-

lished work [6] to shale via the Center
Coal Company in Birmingham, Alabama,
USA. The BOND Ai value for shale on steel
is 0.0209. The Ai value for a virgin grade
(100% Hostalen GUR 1000 powder)
UHMW polyethylene extrapolates at
about 0.0607.

This means that a 3 mm thk stainless
steel liner, which is equivalent to a 10 mm
thk UHMW polyethylene liner, could han-
dle about 2.9 million t of coal before ex-
periencing average wear of 1.5 mm. This
tonnage is achieved by a chute handling
2000 t/h x 8h/day x 181 days.

4.5 Storage Hoppers/Bunkers -
Blockage Problem

4.5.1 Coal - Blockage Problems

The JENIKE minimum mass flow slot width
for a typical power station bunker for
using U.K. and overseas coals (i) was cal-
culated as ranging from 400 mm up to
580 mm for the instantaneous condition
and (ii) from 400 mm to 1150 mm for the
static impact and/or 24h of time storage.
Furthermore, an assessment of the coal
flow failure risk in the unit bunkers at Drax
power station [7], indicated that the slot
widths at 900 mm gave good promise of
minimizing such failures. Unfortunately,
slot widths at other stations such as
620 mm (Eggborough), 650 mm (Iron-
bridge), 762 mm (West Burton), 788 mm
(Tilbury), 789 mm (Kingsnorth) and
800 mm (Didcot) have also given rise to
coal flow failures in the past.

The benefits of the use of 'bath-tub' feeder
inserts was pioneered at Drax [7] and has
now been applied at West Burton, Egg-
borough and Kingsnorth [1]. Furthermore,
the use of OIS or equivalent data to assess
the frequency of coal flow failure problems
has now been used at Drax, West Burton,
Kingsnorth and Longannet [1].

4.5.2 Ash - Blockage Problems

When dry, raw PFA will easily pass
through a 200 mm diameter outlet. Over
the 0 - 4% range, the minimum outlet di-
ameter for free flow, can range up to
1.0 m. For Part 1 PFA an outlet of at least
1.5 m diameter may be required.

Regarding pumping for (a) sale condition-
ing of (b) lagoon disposal, Alstec's expe-
rience indicates that (i) water flows were
often inadequate when boilers were on
full load with sootblowing taking place
and (ii) pumping capacities, in the worst
situations, were generally inadequate.

4.6 Storage Hoppers/Bunkers -
Capacity Problems

4.6.1 Coal - Hopper/Bunker Capacity

Published handleability data [8] based on
the -1 mm size fraction of nine U.K. coals,
indicated that they reached their critical,
or most cohesive state, at free (surface)
moisture contents ranging from 14 - 20%
(wet weight).

Minimum mass flow valley angle for coal
utilizing a 2B stainless steel having a sur-
face roughness (Ra) value of < 0.5 µm or
an appropriate grade of UHMW polyeth-
ylene has been found to range from 66°
to 78° to the horizontal.

Whilst the unit bunker valley angles at
Drax, ranging from 60° to 64°, exacer-
bated the situation somewhat, this was
largely remedied by the fitting of UHMW
polyethylene liners to all unit bunkers by
September 1995. Valley angles at other
stations, such as 60° to 66° (Eggbor-
ough), 61° to 63° (Ironbridge), 60° to 64°
(West Burton), 59° to 69° (Tilbury), 64° to
69° (Kingsnorth) and 62° (Didcot) have,
along with Drax, all given rise to coal flow
failures in the past. Since 1995, several
stations including West Burton, Eggbor-
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ough, Ironbridge and Kingsnorth, have
pursued the application of improved wall
linings.

The use of laser scanning technology [1]
to monitor the type of flow regime in unit
bunkers under operating conditions has
now been used at Tilbury, Eggborough,
West Burton, Rugeley and Longannet.

4.6.2 Ash - Hopper/Bunker Capacity

A typical mass flow wall slope would be
65° to the horizontal using a 2B stainless
steel lining having a surface roughness
(Ra) value of < 0.5 µm [4]. The only sta-
tion to rigorously pursue the application
of mass flow modifications to ash plant
hoppers has been Ironbridge [9].

5. Conclusions

Where clear guidance on the application
of high tech knowledge has been given to
both the users and sellers of new and
retrofit materials handling plant and
equipment, there is demonstrable evi-
dence that performance is enhanced and
downside risk reduced.

However, this philosophy of the applica-
tion of technology needs to gain further
widespread appreciation within the in-
dustry.
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