The Development of Boiler Water Treatment by the K& ESR L oco Dept.
by Chris Greatley

Some background.

Although there had been some attempt at treatment of loco feed water on the K& ESR
over the yearsit had limited success and events 5 years ago set us off on a
development programme, the story of which follows.

Water isnot just water, it is a solution of water and impurities in the form of dissolved
solids. For humans these impurities are helpful as trace elements, however, they
present considerable problemsin aboiler which are not immediately obvious. The
cost of those impurities to the railway over the years has been considerable in
increased maintenance both labour and materials and significant loss of locomotive
availability.

Our water is taken from the town main and about one third of the dissolved solidsin
the supply is hardness and thus potentially scale forming. Scale deposits cause the
firebox and boiler tubes to overheat. In addition, asthe pure steam is drawn from the
boiler, the other impurities remain and build up to alevel where the water starts to
foam. Rapidly, the foaming becomes so extreme that priming results. Strictly
speaking priming is an effect confined within the boiler, however, the term is used
colloquially to describe the carryover of great slugs of water with the steam. The
water is carried into the valves and cylinders where only steam should go. It washes
off lubrication from within cylinders and because water is not compressible when in
the cylinders with the engine moving, it can cause major damage to the engine.
Furthermore, it is a serious distraction for the crew.

The water chemistry for low pressure boilersis largely historical and for 80 years or so
sodium carbonate has been used to limit scale formation. By adding the chemical to
the loco tank directly it was possible to ‘ soften’ the water in the boiler whilst in
service, but carbonate treatment was never a complete success. In addition, asludgeis
formed from the ‘ hardness material’ which needs to be cleared from the boiler.

The other chemical with a 100 year history is tannin which is extracted from special
types of trees and is an effective oxygen scavenger and reduces corrosion rates.

Over the years the carbonate/tannin regime had been applied widely on low pressure
boilers with moderate success in reducing scale and corrosion but it does not influence
the build up of impurities which leads to priming. Initially, the control of poor quality
boiler water was effected by changing the water. In later years some control over
impurity levels was gained by fitting many (but not all) boilers with special valves
which alowed the removal of impurities with the boiler at pressure, a procedure
known as blowdown. Whilst all K&ESR locos have blowdown valves, many visiting
engines do not have them.

In BR days lineside softening was used to reduce hardness in the feed water and thus
scalein the boiler. The softening currently availableis of limited benefit because
whilst it changes the chemical form of the compound and scale is prevented, the
impurity stays as adissolved solid in the water and adds to priming problems.

Page 1 of 7



The recent railway ‘press has reported the re-appearance of a chemical treatment
developed by Portawho worked primarily in Argentinain the 1960'sand 70’s.

It is based on the standard carbonate/tannin approach but allows alkainity and
dissolved solids to increase to much higher levels than those recommended by the
British Standard. Indeed from the information we have, the alkalinity can be up to
100 times higher than we use and thus logically hasincreased risks. The natural urge
for the water to foam is suppressed by the addition of antifoam chemicals. | think it
fair to describe it as ‘chemically intensive'.

By contrast, the Severn Valley Railway had been using atraditional chemical regime
but in 2000 had encountered quite severe boiler problems. Asaresult, in 2002 they
led the preservation movement into water purification using Reverse Osmosis. Their
experience was recently reported in Steam Railway (issue 331)

The Reverse Osmosis (RO) process uses a high pressure pump to force water through
a specia membrane which provides pure water and |leaves the dissolved impurities to
be flushed to waste. The removal of the impurities means an end to scale and
priming. These days RO iswidely used in power stations, hospitals and shipsand is
regarded as ‘ best practice’ for pre-treatment of boiler water.

In summary, there are four aternative approaches to the problem of feed water for
locos, (i) traditional chemical regime, (ii) Portachemical regime, (iii) lineside
softening and (iv) removal of the impurities by RO.

The Development Process

On the K& ESR we have devel oped aregime using a combination of practices and
equipment, each chosen to suit the limitations and particular location where feed water
is taken by locos. We have partial lineside softening at Northiam and Tenterden with
Reverse Osmosis purification at Rolvenden. Traditional carbonate/tannin chemicals
maintain the boiler water chemistry to the recommendations of the British Standard.

Our records show that in 1996, long before softeners were introduced, the priming
problem had been discussed with the water supply company. In those days the
priming was in addition to massive amounts of scale which demanded boiler washouts
after 6 to 8 steaming days.

By 1998 the K& ESR had been encouraged by water treatment companies to reduce
the scale problem by installing lineside water softeners, the first at Northiam then
Tenterden and finally in 2002 at Rolvenden. By 2002, with full softening of the feed,
massive priming events started after just 3 daysin steam. The only cure wasto take
the engine out of service, allow it to cool for two days and refill with water. It took a
minimum of 39 days to get 25 steaming days from aloco. The phenomenon of
priming is nothing new, it iswell documented historically, softening just makes it
happen much earlier. Theintroduction of softeners had moved the problem of
unacceptabl e scale to unacceptable priming.

The recent development programme started early in 2002 when Lawrence Donaldson,
the then Loco Manager, asked me to investigate the extreme priming difficulties. It
took over two years to really crack the problem, only now, 5 years later, has the
optimum benefit been achieved.
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A treatment company was providing service visits but it became clear they could not
resolve the special issues associated with loco boilers. Land boilers usualy return
condensed steam to the boiler and have very low boiler feed make up, but for locos all
the steam goes up the chimney to draw the fire and the boiler feed make up is 100%, it
isasubstantia difference.

We started 2003 with a new treatment company, and with the helpful tutelage of their
chief chemist | was trained to carry out arange of tests on boiler water. No immediate
solution to the priming was evident but at routine visits he helpfully discussed the
tests and changes to the regime which | wastrying. Hisretirement in mid 2004
heralded a change at the KESR to total ‘in house’ control of water treatment. We are
fortunate to remain in contact with him for occasional advice.

Regular water sampling from the locos was started, often daily by the steam raiser
before the boiler was in steam. Thanks go to Barry Holmes and John Collard for their
role in providing dozens of ‘early morning samples over the months. The analysis
allowed an understanding of the changes to the various measured parameters.

A tremendous amount of work was done. It took almost a year to make real progress
and get improvements because testing is retrospective and limited to the running of
locos. No progress is made in November, January, February and March, and testing is
further frustrated because changes take so long to work through the storage tanks and
loco tanks to the boilers. Only to find the ‘in service' loco has been changed.

Jumping back to September 2002, a chance comment from Paul Hutchinson, then a
KESR Director, sent me to the Severn Valley Railway to see their newly installed
Reverse Osmosis plant. It had been in service afew months and my short visit
confirmed that the future for the KESR lay with removing dissolved solids rather than
trying to cope with them by ladling chemicalsinto the boilers. We remain indebted to
the SVR for their break with railway ‘tradition’ and trying something dramatically
different, also for those early very helpful discussions.

During 2003 tests continued with the blending of raw towns water with softened water
a each of the locations. Gradually the percentage of raw water was increased and the
threshold to priming extended from around three days to around 5 days. A marked
improvement on 2002, but still inadequate to support the availability needs of the
timetable. In parallel, calculations of the effects of Reverse Osmosis on the boiler
chemistry were being carried out, the case for the expenditure was developed and the
most appropriate location for the plant was selected.

At the close of 2003 the board approved expenditure on a Reverse Osmosis plant to be
installed at Rolvenden and the *Norwegian’ Group generously provided some 30% of
the investment needed. Thiswas a great step forward for the railway, introducing an
entirely new technology. A final phone call to SVR confirmed that they remained
happy with their results, so the order was placed for some £10,000 worth of plant. We
were committed.

During manufacture of the plant, the building under the water storage tank at

Rolvenden was prepared. The RO plant was installed by Rolvenden staff, individual
plant items were interconnected by plumbing, instrumentation, and to power and
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drains. Six weeks later, on the 8" August 2004, the plant was commissioned and
since then it has been in continual use.

Operating arrangements were changed to allow over half the water to be drawn from
Rolvenden and this had a massive effect on the water chemistry in the boilers,
analysing the change was an essential and immediate requirement. Predictions had
shown that 10 days between water changes should be possible for the tank engines and
water sampling proved that to be fairly accurate. A washout cycle of 25 days now
only took 29 days minimum to achieve, saving 10 days previoudly lost in each cycle
by water changing.

The big test was the Norwegian which, due to its larger water capacity, could make
the round trip filling only at Rolvenden. Tests demonstrated that 25 days continuous
operation was easily achievable and the water chemistry could be controlled. The
blowdown necessary was minimal because the impurities in the water were so low.
Continuous availability saved 14 days water changing and 2 man days labour each
washout cycle. 2004 ended in fine style.

The RO plant is very efficient and the water produced is really too pure for our use.
Early in 2005 tests were started by blending small amounts of both raw and softened
water to make awater which serves our purposes best. Rolvenden loco water now
consists 90% RO, 4.5% softened, and 5.5% raw water and is very similar to that from
Highland springs except for slightly increased akalinity which provides the alkalinity
needed for boiler protection.

Tank engines cannot make the round trip without drawing water at Northiam and
substantial blowdown remains necessary on those engines to remove the impurities
from that source. Asaresult, during 2005 the amount of blowdown on the tank locos
was increased as atest, immediately the 25 day period between washouts could be
achieved without water changing. In July 2005 the USA tank No DS 238 completed
25 days continuous operation amassing 1500 miles.

The improvement gained at each stage of the development is evident on the graph
below.
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K&ESR Tank Locos Typical Increase of Dissolved Solids with Days in Steam
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The total benefit to the railway is difficult to quantify with accuracy but, an indication
is given in the table below.

Improvement Operating benefit Engineering benefit
Priming (i) Crew distraction removed (i) mechanical damage due to water
eliminated (i) improved safety ingestion to cylinders prevented
(i) wear reduced as lubrication not
washed out
(iii) reduced maintenance costs to
valves cylinders & engine parts
Loco (i) reduced risk of interruption to | (i) reduced number of thermal
availability service fatigue cycles on boilers
maximised (i) availability increased by (i) approx 2 man days effort saved
50% each washout cycle, totalling 32
(iii) Fewer cold starts reduces | man days saved each year
coal consumption
Reduced scale | (i) improved thermal efficiency | (i) Reduced corrosion in water
deposits, (if)Locos free steaming space and fireside due to reduced
(iii)improved crew work load metal surface temperatures
(iv) reduced coal consumption (i1) Reduced maintenance costs for
boilers both labour & materials,
long term saving

Current Boiler Water Chemistry

The degree of partial lineside softening of water at Northiam and Tenterden was set
primarily to extend the number of steaming days between water changes. However,
during testing the benefit of using the alkalinity available in the softened water was
recognised. It now provides the sodium carbonate required for the boilers thus cutting
costs. Whatever the chemical regime, tannin is required to remove oxygen from the
water. At Northiam and Rolvenden the correct concentration of tannin is dosed to the
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feed water by metering pumps. In addition some sodium polyphosphate is injected at
Rolvenden, this appears to keep the feed pipework and clacks clean and reduces
cloudiness of the boiler water in the gauge glasses.

The regime adopted has reduced the amount of chemicals necessary with resultant
environmental benefits.

Water Consumption

Overall, loco water suppliestotal 1% million gallons each year. Of that, around
800,000 gallons is processed annually by the RO plant which removes 1% tonnes of
dissolved solids and almost 400 Kg (8cwt) of scale forming salts from the water.

The following comparison puts our water usage in perspective.

Trias of the A4 Pacific LNER loco 60009 on 22 Feb 1950 on areturn trip Edinburgh
to Newcastle 256 miles, averageload 431 tons, 7136 gallons of water evaporated.
A typical day for the KESR 0-6-0 locos is 63 miles, load ~200 tons, 3500 gallons of
water evaporated.

We are using roughly 50% of the daily water uptake of amain line loco in BR days!

TheFuture

Installation of RO at Northiam would be ideal but unfortunately there are many
practical problems which make it impossible. Costly infrastructure requiring a
building, power supplies and access to main drains would be necessary, but there are
no main drains at Northiam station or nearby. The siteisin engineering terms and,
with the exception of afew trains at Christmas time, trains do not run to Northiam for
5 months of the year.

Given the limitations, the devel opment process is now 95% complete with alittle fine
tuning remaining. However, the storage tanks for the water columns are over 50 years
old and need internal coating and close fitting lids, to minimise contamination of the
processed watersin storage. It ismost important to provide good storage conditions,
to stop the tanks rusting and in time, leaking.

Loco availability and operation has improved phenomenally and the cleanliness of the
water spaces of the boilers raises positive comment from our boiler inspectors. The
project has been most rewarding and my thanks go to Lawrence Donaldson who
believed in it and supported me throughout, thanks also to all those who helped push it
to fruition. The KESR followed the SVR to become the second UK Heritage Railway
to adopt RO water pre-treatment of boiler water, now we have some 3 years
experience and impressive benefits to show, an excellent result!
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Rolvenden Reverse Osmosis Plant
The high pressure pump is lower left on RO skid, the membranes are contained in the
3 horizonta tubes on the wall.
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